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Abstract

Ultra-peripheral collisions occur when nuclei pass one another without 

overlapping. The intense electric fields present can be treated as a flux of virtual photons; 

these photons can interact with the other nucleus or each other, producing a range of 

particles, including vector mesons and lepton pairs. In order to effectively study ultra-

peripheral collisions, a Monte Carlo event generator was created to simulate ultra-

relativistic Au-Au interactions.  This was initially written in FORTRAN in 1995, and 

used by the STAR Collaboration to optimize particle selection criteria and to assess 

whether rarer physics processes were possible to study at RHIC.  Since then, changes 

have been made to the program to fit the needs of newer experiments and as a result, 

different versions have been created.  I will present the physics modeled by the program, 

upgrades made to the Monte Carlo since 1995, and comparisons to data.  My work has 

been to consolidate the various existing versions into one C++ application and to extend 

it to include additional final states, asymmetric collisions of d-Au, improved 

expandability, and the ability to generate 100,000 events in 13 minutes on a personal 

computer.
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Chapter 1: Motivation

In 1995, a Monte Carlo event generator called STARlight was written in 

FORTRAN77 to simulate ultra-peripheral collisions occurring at the Solenoidal Tracker 

At the Relativistic Heavy Ion Collider (STAR).  A Monte Carlo is a computer program 

dedicated to modeling physical or mathematical occurrences that can be described with 

statistical distributions.  Common uses of Monte Carlos include testing hedge fund 

investment strategies, forecasting how many products retailers need to produce for 

consumers, molecular modeling with Boltzmann statistics, and, of course, high energy 

nuclear physics.  Further discussion about Monte Carlos and other computational 

techniques used in STARlight is presented in Chapter 2.

As an event generator, STARlight generates user specified products coming from 

an ultra-peripheral collision.  Ultra-peripheral collisions occur when two charged 

particles traveling at speeds near the speed of light pass by one another and interact 

electromagnetically while missing physically.  The charged particles are traveling at ultra-

relativistic speeds and their length contracts in the direction of travel.  This causes the 

electric fields to be stronger in the transverse plane and large amounts of energy are 

available for photon emission.  The photons may interact either directly with the other 

nucleus or with photons emitted from the other nucleus to create a range of products, 

such as mesons and leptons.  Further discussion about ultra-peripheral collisions will be 

presented in Chapter 3.  
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1.1  Experimental Motivation—Heavy Ion Colliders

Heavy ion colliders have been built to study the hot dense matter created 

immediately after smashing two heavy ions together at ultra relativistic speeds.  But the 

colliders also give the opportunity to study ultra-peripheral collisions at high production 

rates.  STARlight was originally designed to model the same type of collisions that the 

STAR experiment would be studying, which was gold ions colliding with each other at 

200 GeV per nucleon.  STAR, in Figure 1.1, is a collection of specialized detectors 

designed to reconstruct collisions taking place in the center of STAR detector1.

2

Figure 1.12:  STAR Detector.
The STAR detector is a collection of sub-detectors used to gather information about the 

collisions and their particles produced. 



The STAR detector is located on the Relativistic Heavy Ion Collider (RHIC) (see 

Figure 1.2), which is located at Brookhaven National Laboratory on Long Island, New 

York.  In addition to collisions of gold atoms, RHIC has collided copper with copper in 

2005,  protons with protons in 2006 and 2009, and deuterons with gold in 2003 and 2008. 

This led to the creation of other stand-alone versions of STARlight dedicated to modeling 

the new colliding species.

Even more stand-alone versions of STARlight have been created in anticipation of 

the Large Hadron Collider (LHC), shown in Figure 1.3, located at the European 

3

Figure 1.23:  Relativistic Heavy Ion Collider
RHIC is located at Brookhaven National Laboratory on Long Island, New York.  It is  
responsible for colliding ultra relativistic particles at six different interaction points.  
One of these is points is the location of the STAR detector at the 6 o'clock position.



Organization for Nuclear Research (CERN).  The LHC will have three large detectors 

that have a good chance to study ultra-peripheral collisions: ALICE, ATLAS, and CMS. 

The LHC's plans are to collide protons with protons at 7 TeV and lead with lead at 2.76 

TeV per nucleon in the near future.  With higher energies at the LHC, we should be able 

to study more massive products from ultra-peripheral collisions.

4

Figure 1.34:  The Large Hadron Collider.
The LHC spans the borders of France and Switzerland just outside of Geneva.  The three 
major detectors that will be able to study ultra-peripheral collisions are ALICE, ATLAS, 

and CMS.



1.2  The Project

STARlight has undergone many changes since 1995 and some of these changes 

have resulted in different stand-alone versions that do not have the same capabilities as 

other versions.  My work has been to consolidate these versions into one stand-alone 

version in fashion that is suitable for publishing.  The additions since the 1995 version of 

STARlight includes new colliding species where both nuclei are the same species, the 

ability to collide different species such as deuteron and gold, and new products.  In 

addition to consolidating these versions, my work has been to upgrade the programming 

language from FORTRAN to C++.

FORTRAN was originally designed in the 1950s by IBM where the programs 

were written on punch cards.  This led to a constrained set of features that carried over to 

FORTRAN77 such as a limit on characters per line and memory banks.  C++, a 

derivative of C, was created in the 1980s by Bjarne Stroustrup.  Improvements over 

FORTRAN77 include the increase in characters allowed per line, the ability to overload 

functions, pointers, references, and class structures.  These new improvements allow for 

an easier consolidation of the different versions and enable a greater expandability of 

STARlight through the creation of objects.  Most importantly, FORTRAN77 has lost 

favor at newer experiments and is no longer supported.  This is true for the experiments 

located along the Large Hadron Collider.  C++ is supported at the newer experiments and 

this has been a reason to push for compiling STARlight into one object-oriented C++ 

version.
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Chapter 2: Computational Techniques

Throughout STARlight different computational techniques are used.  The 

computational tasks in STARlight include calculating different properties of a particle 

and propagating an interaction from the creation of particles in an ultra-peripheral 

collision through the decision of whether the particle needs to be decayed or not.  The 

techniques that are commonly utilized to accomplish these tasks include Monte Carlo 

methods and the discretization of integrals.  

2.1 Introduction to Monte Carlos

Monte Carlos are computational algorithms that are used to simulate physical or 

mathematical events that follow statistical models.  The name Monte Carlo arises from its 

connection to Europe's gambling center in Monaco.  The connection was established by 

the Monte Carlo's ability to model statistical events such as games at a casino.  Through 

the use of Monte Carlo methods, casinos are able to determine the odds and how much to 

pay out for each scenario in a game.  A simple example to demonstrate Monte Carlo 

modeling is through die rolling.  Dice have six faces and have an equal chance of landing 

on any face.  To roll a die through Monte Carlo methods, the program needs to pick a 

random number between zero to one.  If the number picked is between 0 and 1/6, the die 

landed on 1.  If the number picked is greater than 1/6 to 2/6, the die landed on 2 and so on 

for 3, 4, 5, and 6.  The benefit of using a random number is that the model produces a 

uniform distribution from a large sample of rolls.
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To further demonstrate the use of Monte Carlo techniques, consider the 

calculation of pi.  In order to do this, we will be taking advantage of shapes and their 

areas.  Imagine a circular dartboard of radius r fitted inside a square as illustrated in 

Figure 2.1.  

The areas of the corresponding shapes are:

Circle's Area: ⋅r 2  (2.1)

Square's Area: 4⋅r 2  (2.2)
Dividing the circle's area by the square's area and multiplying by 4, we are left with π. 

To implement this in a Monte Carlo, darts are tossed randomly in the square to calculate 

π.  Each dart is randomly assigned a X and Y coordinate within the square.  

If X2 + Y2 < r2 , the dart hits the board and if not, the dart misses.  Each hit inside 

7

Figure 2.1: Dartboard
A dartboard of radius r enclosed on a square backdrop.

r



the dartboard is counted towards the total number of hits and each toss is counted towards 

the total number of hits inside the square.  These numbers are divided to find the ratio and 

multiplied by 4, which approaches π as the number of tosses increase.  The  number of 

tosses is important.  After a few tosses, each area would only have a handful of points 

represented and the ratio may vary significantly from π, but as the number begins to 

increase, the points become difficult to distinguish and eventually fill the area.  By filling 

the area, finding the quotient of the number of darts hitting the circle and total number of 

darts has the same outcome as dividing the actual areas.

In the Monte Carlo dartboard example, an increase in statistics paints the area and 

produces a result closer to π.  Increasing the statistics improves the accuracy of all Monte 

Carlo simulations because by generating a larger number of events, it is more likely the 

numbers selected are evenly distributed across the spectrum of available numbers.

2.2 Role of Statistics in STARlight

Similarly to our dartboard example, STARlight requires the use of random 

numbers.  But in STARlight, each time an ultra-peripheral collision produces a particle or 

particles of interest, which is also known as an event, random numbers are required in 

many different situations.  It makes sense, then, that when comparisons are made between 

FORTRAN and C++ versions of STARlight, the issue of whether enough events have 

been generated is relevant.  Because the two versions use different random number 

generators, it is important to compare the different physical distributions produced by the 
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two programs.   A successful comparison demonstrates that both programs are modeling 

the same physical characteristics in the same way and the random number generators are 

performing in a similar fashion.  One of these comparisons is shown in Figure 2.2.  A 

successful comparison is defined as one where the two distributions produce a ratio of 

one within statistical fluctuations.  In Figure 2.2, there are two pairs of plots comparing 

the mass distribution of the ρ-meson produced by the FORTRAN versions of STARlight 

(red) and the C++ version (blue).  The left pair was generated with 1,000 events and the 

right pair was generated with 1,000,000 events.  The top plot of each pair shows the two 

mass distributions superimposed and the bottom plot shows the ratio between the two 
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Figure 2.2:  Comparisons of mass distributions with differing number of events.
Comparison plots between C++ (blue) and FORTRAN (red) that demonstrate how an 

increased number of generated events stabilizes the distribution.



versions of STARlight.  The increase in generated events causes the C++ version to 

overlap the FORTRAN version to the point where it is difficult to see the FORTRAN 

version's red data points underneath the C++ version's blue data points.  However, the 

overlapping could be an artifact of the scale, which is why having a  ratio to compare the 

distributions is so important.  Comparing the two bottom plots, it can be seen that the 

error bars shrank and the ratios are closer to one.  This is evidence that the two versions 

are producing that same results and the random number generators do similar work and 

any discrepancies seen in the 1,000 event sample are due to low statistics.

2.3 STARlight's Random Number Generator

The random number generator used by the FORTRAN version of STARlight is 

whatever is installed on the program's machine as default. Users may not even be able to 

install STARlight if no function is defined for the random number generator.  This means 

that each user may have a different random number generator.  Not all random number 

generators perform at the same level.  For this reason, the C++ version of STARlight is 

packaged with its own random number generator.  Besides being able to guarantee 

performance at a satisfactory level and enabling users to compile the program, having the 

same random number generator allows users to compare results by supplying identical 

random number seeds.  

The random number generator used in the C++ version of STARlight is the 

Mersenne Twistor created by Makoto Matsumoto and Takuji Nishimura5.  It has a large 
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period of 219937-1, compared to a period of 234-16 for the default random number generator 

on Red Hat Linux.  It is fast for such a large period, but slower compared to many of the 

default random number generators used.  The trade-off is acceptable since the user gains 

a more reliable source of random numbers and the speed difference does not make too 

much of a difference in comparison to the rest of the calculations performed.  The quality 

of the generator is also better than the default one.  The default's smaller period of  234-16 

leaves room for redundancy in the selection of random numbers.  Also, if an improper 

seed is selected, the default's period can shrink dramatically.

2.4  Discretization of Integrals

Discretization of integrals is another computational technique used throughout 

STARlight.  In order to perform integrals in STARlight, the integral must be written out 

as a discrete set of values.  In  Figure 2.3, the integral of the function illustrated is 

represented by the following equation:

 ∫
a

b

f x  dx  (2.3)

One way to discretize the integral is to treat the area of the function as a collection of 

many individual slivers.  Then each sliver may be added together to find the total area or 

in our case, evaluate an integral.  An illustration of what a sliver might look like is in 

Figure 2.3, where the width of the sliver is δx wide and the height is f(x) at that point.  

By multiplying the height and width, the area of the rectangular sliver is given.  If 

the width is chosen such that it is infinitesimal, the height will be close to the same on 
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both sides of the area and a rectangle is a good approximation of the area.  Then all of the 

rectangles of infinitesimal width may be summed together to find the total area, which is 

the integral of the function as shown in:

∫
a

b

f x  dx = Total area = ∑
a

b

f x   x . (2.4)

Hence, integrals can be discretized into sums.  These sums can be computed inside the 

program through the use of for loops.  However, if the number of rectangles is too small, 

the difference in heights will be too great and lead to an inaccurate approximation of the 

area.  To ensure an accurate calculation of the area, the total number of rectangles needs 

to be large.
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Figure 2.3: Slivering the area under a curve.
f(x) plotted versus x  to demonstrate how the area under the curve may be broken into 

parts.



A similar computational technique used inside STARlight is called Gaussian 

quadrature.  It is an improvement over the rectangular addition discussed previously. 

Gaussian quadrature allows the user to fit a 2n-1 polynomial to the curve instead of a 

straight line.  The n stands for the number of points in the Gaussian quadrature evaluated 

along the x-axis.  Each evaluation is given a specific weight, cn, for its contribution to the 

area under the curve and in turn, a limit of n is placed on the number of iterations 

required to be computed.  By comparison, in the rectangular approximation, the number 

of iterations needs to be large and slows down the computation.  

To exemplify the application of Gaussian quadrature technique, let's apply a two-

point Gaussian quadrature to the same function shown in Figure 2.3.  The equation of 

integration becomes:

∫
a

b

f x  dx ≈ c1 f x1c2 f  x2  (2.5)

The equation has four unknowns, c1, c2, x1, and x2.  In order to solve for the four 

unknowns, Equation 2.5 needs to be expanded out to four terms as a third order 

polynomial. 

∫
a

b

f x  dx = ∫
a

b

a0a1 xa2 x2a3 x3 dx = [ a0 xa1
x2

2
a2

x3

3
a3

x4

4
]b
a

= a0b−a a1
b2−a2

2
a2

b3−a3
3

a3
b4−a4

4
≈ c1 f x1c2 f x2

 (2.6)

Then it is set equal to the expansion of the two quadrature points.  This way we are able 

to solve for the unknown coefficients. The expansions of f(x1) and f(x2) are:

f x1 = a0a1 x1a2 x1
2a3 x1

3 f x2 = a0a1 x2a2 x2
2a3 x2

3  (2.7)
Plugging in the expansions of f(x1) and f(x2) and collecting powers, the equations give:
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a0b−a a1
b2−a2

2
a2

b3−a3
3

a3
b4−a4

4
=

a0c1c2a1c1 x1c2 x2a2c1 x1
2c2 x2

2a3c1 x1
3c2 x2

3
 (2.8)

The a coefficients are arbitrary constants, and may be equated.  When the two sides of the 

equation are set equal, the coefficients drop out and there are four unknowns and four 

equations left to solve:

b−a = c1c2
b2−a2

2
= c1 x1c2 x2

b3−a3
3

= c1 x1
2c2 x2

2 b4−a4
4

= c1 x1
3c2 x2

3
 (2.9)

Once the four unknowns are determined, they are used to approximate future integrals 

with the same limits.  For example, if the function had the limits from -1 to 1, the four 

equations to solve would be:

2 = c1c2 0= c1 x1c2 x2

2
3
= c1 x1

2c2 x2
2 0 = c1 x1

3c2 x2
3 . (2.10)

The solution is found to be c1 = 0.5, c2 = 0.5, x1 = 1
3

, and x2 = − 1
3

. 

Then any function with limits from -1 to 1 can be integrated as

∫
−1

1

f x  dx ≈ 0.5 f  1
3

  0.5 f −1
3

 . (2.11)

By going to higher number of points, a more accurate approximation of the 

function is obtained.  In STARlight, six-point Gaussian quadratures are used for this 

approximation technique and the integrals are expressed as:

∫
a

b

f x  dx ≈ c1 f x1c2 f  x2c3 f x3c4 f x4c5 f  x5c6 f x6 . (2.12)

 To find the twelve unknowns, the functions are expanded to an 11th order polynomial, 

and the same methodology as for the two-point Gaussian quadrature is used to solve for 

14



the unknowns.  Then the values of c's and x's are used to calculate the integral.
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Chapter 3: Ultra-Peripheral Collisions

3.1  The Standard Model

Created in the 1970's, the Standard Model predicts a set of fundamental particles, 

analogous to the Periodic Table of the elements.  The particles represent the basic 

building blocks of matter.  In contrast to the Periodic Table, these fundamental particles 

also mediate the basic interactions.  The particles described by the Standard Model are 

listed in Table 3.1.

Quarks Leptons
Charge (e) +2/3 -1/3 -1 0

Flavors
u d e υe

c s µ υµ

t b τ υτ

Forces Mediator
Strong G

Electromagnetic γ
Weak W±, Z0

Gravity g
Table 3.1:  The Standard Model.

The top half of the table represents the building blocks of matter and the bottom half  
represents the basic forces and their mediators.

The building blocks of matter are known as fermions and have an intrinsic spin of 

½.  Fermions can be divided into two sets of particle categories: leptons and quarks. 

Leptons are sorted into three pairs, such as the electron and anti-electron neutrino. 
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Leptons do not interact strongly.  Quarks are also organized into three pairs, such as up 

and down.  Quarks interact strongly.  They have not been found free, but in bound pairs 

or triplets, known respectively as mesons and baryons.

Forces are split into four types: strong, electromagnetic, weak, and gravity.  Their 

relative strength, in the instance where two protons are touching6, is approximately   

1:10-2:10-7:10-39.  The strong force has a short range on the order of 1fm and is responsible 

for binding quarks together.  The binding is mediated through the exchange of gluons. 

Electromagnetic forces act over an infinite range and are mediated by photons.  The weak 

force acts on the shortest scale of about 0.001fm and is mediated by W±, Z0 bosons. 

Gravity acts over an infinite range and interacts with all types of particles.  It is mediated 

by the yet to be observed graviton.

3.2  Background to Ultra-Peripheral Collisions

Ultra-peripheral collisions usually occur during the time two charged relativistic 

particles pass by each other with an impact parameter greater than the sum of their radii. 

Having such a large impact parameter means that the particles do not interact 

hadronically, but interact electromagnetically, which can be explained through the use of 

equivalent photons.

The idea of using equivalent photons was first implemented by Enrico Fermi7. 

Equivalent photons, also known as virtual photons, are used in place of fields to represent 

the way forces interact.  Enrico Fermi was studying charged particles and took note that 
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when the fields interact, the fields behave as a pulse of radiation.  This pulse can be 

converted into a spectrum of virtual photons.  It is through this interpretation and 

technique that interactions with these fields can be viewed as interactions with virtual 

photons.  Ten years later8,9, Weizsäcker and Williams independently came up with a 

similar idea, which has become to be known as the Weizsäcker-Williams method.  The 

method treats the fields of charged relativistic particles as an equivalent flux of virtual 

photons.  Since the particles are relativistic, their fields become Lorentz contracted and 

stronger in directions perpendicular to the direction of motion, as seen in Figure 3.1. 

Since these fields can be represented by virtual photons, the maximum energy of the 

photons increases as the fields become stronger.
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Figure 3.1:  Charged particle at rest and traveling at speed v.
A charged particle and its electric field lines before and after accelerating to a speed of 

v.

+ +Lorentz
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3.3  Photonuclear Interactions

Photonuclear interactions occur when two relativistic charged particles pass by 

each other and a photon is emitted by one particle and scatters off the other particle.  An 

example of a Au-Au photonuclear interaction is shown in Figure 3.2.  In this example, a 

gold nucleus emits a virtual photon from its contracted fields, as explained by the 

Weizsäcker-Williams method.  The virtual photon then has a tendency to fluctuate into a 

quark anti-quark pair.  Because the photon has a spin of one, negative parity, and negative 

charge parity conjugation, this pair generally takes the form of a virtual vector meson 

since it has the same quantum numbers for spin, parity, and charge conjugation parity. 

The virtual vector meson then scatters off the other gold nucleus via the strong force and 

becomes real.  In this example, the vector meson is a neutral rho meson.  This vector 

meson has a very short lifetime, on the order of 10-24 s, and decays into a pair of 

oppositely charged pions 98.9% of the time.  Other vector mesons can also be produced 

in ultra-peripheral collisions.  Vector mesons modeled by STARlight include ρ, ω, φ, J/ψ, 

ψ(2S), Υ, Υ(2S), and Υ(3S).  A more detailed discussion of the modeling of photonuclear 

interactions in STARlight is presented in Chapter 4.
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3.4  Photon-Photon Interactions

Photon-photon interactions occur when one nucleus emits a photon that strikes a 

photon emitted from the other nucleus.  An example of a photon-photon interaction is 

shown in Figure 3.3.  In this example, each gold nucleus emits a photon.  The photons 

interact and produce an electron and positron.  This is possible because each photon 

carries a spin of one.  Then the products' total spin can either be zero, one, or two.  The 

electron and positron pair has a spin of zero or one since each lepton has a spin-1/2.

Generally, photon-photon interactions can produce lepton pairs, as in the example, 

or single mesons that have a total charge of zero and spin equal to 0, 1, or 2.  STARlight 

models photon-photon events that produce e+e-, μ+μ-, τ+τ-, f2, f'2, z”/z3
0, a2 ,η, η', ηc, and f0. 

A more detailed discussion of the modeling of photon-photon interactions is presented in 
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Figure 3.2:  Two gold nuclei undergoing a photonuclear interaction.  
The top nucleus emits a virtual photon that scatters off the bottom nucleus and produces 
a rho vector meson, represented by the gray oval, which immediately decays into a pair  

of pions. 



Chapter 5.
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Figure 3.3:  Two gold nuclei undergoing a photon-photon interaction.
Gold nuclei are emitting photons that interact and produce an electron-positron pair.



Chapter 4: Photonuclear Interactions

In STARlight, photonuclear interactions are used to model vector meson 

production.  Earlier FORTRAN versions of STARlight only modeled vector meson 

production from ultra-peripheral collisions between two heavy nuclei of the same species. 

This chapter will focus on this earlier work.  Recent advancements to vector meson 

modeling will be presented in Chapter 6.  

The generation of vector mesons begins with the creation of a total cross-section 

look-up table for photonuclear interactions that produce vector mesons.  The table works 

by storing total cross-section values at specific center of mass energy and rapidity values 

for the photon and nucleus colliding system.  After the creation of the table, it is used as 

reference for the start of individual event modeling.  When an event is generated, the 

center of mass energy and rapidity are randomly selected for the center of mass frame. 

Then the values are cross-checked with the look-up table.  If the values fit on the table, 

the event is valid and the interaction proceeds into the production of the desired event and 

ultimately decaying that event.

4.1  Total Vector Meson Cross-Section

Section 4.1 presents the total vector meson cross-section calculation used to 

generate the look-up table.  The total cross-section for vector meson production is the 

integration over photon energy of the product of the photon flux and photonuclear cross-

section and is expressed in Equation 4.1:
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 AA AAV  = 2∫ A  VA n d  , 4.1
where A is for nucleus, V is for vector meson, ω is the photon energy, n(ω) is the photon 

flux, and σγA→VA(ω) is the photonuclear cross-section.  The integral is multiplied by two 

because each nucleus in a symmetric collision has the same likelihood of emitting the 

photon that becomes a vector meson.

4.1.1  Photon Flux Calculation

The photon flux is approximated by using the Weizsäcker-Williams method10 as:

n  ;b  = Z 2 
2


2 [K1

b
 ]

2
, (4.2)

where ω is the photon energy, b is the impact parameter, Z is the nuclear charge, α is the 

fine structure constant, γ is the Lorentz contraction factor, and K1 is a modified Bessel 

function.  This function depends on the impact parameter and needs to be integrated over 

all possible values of the impact parameter to use in the total cross-section calculation.  

Determining the lower limit for the integration over the impact parameter is 

important.  If the limit is too low, hadronic interactions will occur instead of ultra-

peripheral collisions.  The simplest way to avoid this problem is to choose a lower limit 

greater than the sum of the two nuclear radii. While this is an option available for the user 

to select for STARlight to use during the simulation, there is another, more accurate 

option available.  This option uses a Woods-Saxon distribution and a Glauber calculation 

to determine whether an ultra-peripheral collision may occur or not.  This gives a chance 

for slight overlapping of the nuclei without a hadronic interaction.  To account for the 
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chance to produce an ultra-peripheral collision with impact parameters smaller than the 

sum of the two radii, STARlight integrates from an impact parameter of zero while 

implementing a Woods-Saxon distribution in the Glauber model calculation. 

The Glauber model treats the colliding nuclei as a collection of nucleons 

following the Woods-Saxon distribution.  In the collision, each nucleon is treated 

independently, travels in straight lines, and continues in a straight line even while passing 

through the opposing nucleus.  Using this model, the probability, P0H, for not having a 

hadronic interaction comes out in the form of a Poisson distribution in Equation 4.311 and 

is incorporated as a multiplicative factor in the photon flux calculation.

P0Hb = e−T AA b NN  (4.3)
where 0H stands for no hadronic interaction, b is the impact parameter, TAA(b) is the 

function used to express the overlapping of nuclei, and σNN is the total nucleon-nucleon 

interaction cross-section.  The σNN  values for 100 GeV beams (peak beam energy at 

RHIC) and 2.74 TeV beams (peak beam energy at the LHC) are 52 mb and 88 mb12.  The 

overlapping function for two nuclei is

T AA∣b∣ = ∫ d 2r T A r  T Ar−b  , (4.4)
where b and r are orthogonal to the velocity vector and T Ar  is the nuclear 

thickness.  The nuclear thickness is found through

T Ar  = ∫
−7.5

7.5

dz A∣r∣2z 2  , (4.5)

where z is the velocity vector, and ρA is the Woods-Saxon density distribution. 

Combining these expressions to determine the probability of interaction gives a more 

accurate representation of the photon flux in an ultra-peripheral collision.
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The Woods-Saxon distribution for symmetric nuclei is used to describe the 

nuclear density at some distance away from the center and is expressed as:

A s =
0

1exp[
 s−RWS

d
]

 , (4.6)

where RWS is the nuclear radius, d is the skin-thickness, which is the distance over which 

the nuclear density falls from 0.9 to 0.1, s is the distance away from the center of the 

nucleus, and ρ0 is used to normalize the distribution.  Once the integration over the 

impact parameter is complete, the photon flux can be determined. 

4.1.2  Photonuclear Cross-Section

Having determined the photon flux, the last bit of information needed for the total 

cross-section is the photonuclear cross-section.  The photonuclear cross-section is derived 

from fits to experimental data.  However, when STARlight was created, no data for 

photoproduction in heavy ion collisions existed, but there did exist data from fixed target 

experiments on the low end to electron-proton collisions on the high end of the energy 

scale.  This data has been fitted to a model that describes the cross-section of 

photoproduction from protons.  STARlight takes the model and scales it up treating the 

nucleus as a collection of protons.

The fits are performed with the photon-proton to vector meson-proton, γp→Vp, 

cross-section model to find the specific vector meson and the scattering proton 

contributions to the cross-section based on the center of mass energy.  Using the values 
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found through the fits, a γp→Vp cross-section for a given center of mass energy may be 

found.  

The fit function for the γp→Vp cross-section is Equation 4.711:

d  pVp
dt t=0

= b⋅ X ⋅W   Y ⋅W −  , (4.7)

where b, X, ε, Y, and η are all fit parameters.  The vector meson contribution is 

represented by the second term in the sum, and the scattering nucleus contribution is 

represented by the first term in the sum.  W is the center of mass energy, b is a parameter 

that accounts for the transverse momentum dependence of the cross-section, and t is the 

squared momentum transfer, or transverse momentum squared.  The transverse 

momentum dependence, from fits to data13, follows:

d  p Vp
d∣t∣

= d 
dt t=0

e−b∣t∣

 , (4.8)

and determines the value of b.  Values for X, ε, Y, and η come from fits of Equation 4.7 to 

data13 and are listed in Table 4.1.  

Depending upon which vector meson is being modeled by STARlight, the 

contributions to the γp→Vp cross-section may behave differently.  For more massive 

vector mesons, more center of mass energy is required for them to be created and as 

consequence the vector meson contribution is negligible.  Examples of these more 

massive vector mesons include φ, J/ψ, and Υ. 
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Vector 
Meson

b (GeV-2) X (μbarns) Y (μbarns) ε η

ρ 11 5 26 0.22 1.23
ω 10 0.55 18 0.22 1.92
φ 7 0.34 N/A 0.22 N/A

J/ψ 4 0.0015 N/A 0.8 N/A
Υ 4 8.00E-006 N/A 1.7 N/A

Table 4.111:  Fit parameters as a function of the center of mass energy for vector mesons. 
Fit parameters for vector meson and scattering nucleus contributions to the photon-

proton to vector meson-proton  cross-section in Equation 4.7.

The vector meson dominance model gives the following relation14:

d  p Vp
dt t=0

= 4
f v

2
d VpVp

dt t=0
 , (4.9)

where α is the electromagnetic coupling and fv is the vector meson-photon coupling.  The 

vector meson-photon coupling is found through 

f v
2

4
=

M v
2

3ve e−

 , (4.10)

where Mv is the mass of the vector meson and Γv→e-e+ is the decay partial width for the 

vector meson to a lepton pair.  By inserting Equation 4.7 on the left side of Equation 4.9 

the differential Vp→Vp cross-section is found.  Then the optical theorem is used to find 

the total cross-section for vector mesons interacting with protons in Equation 4.11.

tot
2 Vp = 16 

d  VpVp
dt t=0

 . (4.11)

The total Vp cross-section is then used as input for a Glauber calculation to 

determine the total vector meson-nucleus, VA, cross-section, which is expressed as11

tot VA = ∫ d 2r 1−e−  tot Vp T AA r   . (4.12)
Using a procedure similar to that used to obtain the total Vp cross-section, we 

work back from the total VA cross-section to find the differential photon-nucleus to 
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vector meson-nucleus cross-section.  The optical theorem implemented gives

d VAVA
dt t=0

=
 tot

2 VA
16

 , (4.13)

and within the vector meson dominance model, the differential photon-nucleus to vector 

meson-nucleus cross-section is found:

d  AVA
dt t=0

=
4 tot

2 VA
16 f v

2  . (4.14)

The total photon-nucleus to vector meson-nucleus cross-section is dependent upon the 

nuclear form factor squared.  When the differential cross-section is integrated to find the 

total γA→VA cross-section, the form factor needs to be included as such11:

 AVA =
d  AVA

dt ∫ dt ∣F t ∣2  , (4.15)

where F(t) is the nuclear form factor and 
d  AVA

dt  is found through Equation 

4.14.

The nuclear form factor is a Fourier transform of a Woods-Saxon nuclear density 

distribution and a Yukawa potential combined.  The form factor is expressed as11

F t  =
40

A t
3
2

[sin  t RA− t RA cos  t RA] [ 1
1a2t ]  , (4.16)

where RA is the nuclear radius, ρ0 is the inverse of the volume, t is the squared momentum 

transfer, and a = 0.7 fm is the range of the Yukawa potential.  

With everything combined together, the calculation for the total vector meson 

production cross-section through photonuclear interaction can then be expressed as

 AA AAV  = 2 ∫n wdw ∫ dt d  AVA
dt

∣F t ∣2  . (4.17)

Equation 4.17 is the calculation performed to find the total cross-section.  It includes the 
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photon flux, n(w), from Equation 4.1, multiplied by the photonuclear cross-section, in 

Equation 4.15, and the form factor squared from Equation 4.16.

However, for wide vector mesons such as ρ, the cross-section needs to include a 

relativistic Breit-Wigner resonance, which describes the mass distribution of mesons.  In 

addition to the Breit-Wigner, STARlight also includes the option to take into account the 

inability to distinguish the source of the final states of the products and this gives an 

interference between the possible sources in the experiment.  The products could either 

have been produced by a vector meson or produced directly by the photon.  The 

contribution from the vector meson is given by the amplitude A and the directly produced 

products by amplitude B in Equation 4.1815,16:

∣ A M final M vmvm

M final
2 −M vm

2 i M vm vm

B∣
2

 , (4.18)

where A and B are values found by fits to the vector meson's mass spectrum, Mfinal is the 

mass of the decay products, Mvm is the listed mass for the vector meson, Γvm is the width 

of the vector meson.  The user has the option to set the direct production contribution to 

zero or to include it by adjusting the B parameter inside STARlight or selecting the 

proper particle of interest.

The width, Γvm, is equivalent to

0[ p final

p0 ]
3 M vm

M final
 , (4.19)

where Γ0 is the listed vector meson width, pfinal is the momentum of a decay product in the 

vector meson's rest frame, and p0 is the minimum momentum of a decay product in the 

vector meson's rest frame.  The minimum momentum is determined by the difference 
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between the rest mass energy of the vector meson and its decay product. Tacking on the 

relativistic Breit-Wigner resonance to the total cross-section enables STARlight to model 

wide vector mesons and the total cross-section calculation becomes

 AA AAV  =

2∫n w dw∫ dt d  AVA
dt

∣F t ∣2∣ AM final M vm vm

M final
2 −M vm

2 i M vmvm

B∣
2

. (4.20)

4.2  Photonuclear Event Generation

As the total cross-section is found for a range of center of mass energy and 

rapidity values determined by the user, the data is stored in a text file called slight.txt. 

When event generation begins, the cross-sections for these range of values are read into 

STARlight and then normalized to the total cross-section found to produce a probability 

distribution for production as a function of center of mass energy and rapidity.  From 

here, collisions are produced to fit to this probability distribution.  Each collision 

randomly draws a center of mass energy and rapidity value within the range for which the 

total cross-section was determined and uses these values to select a corresponding cross-

section.  If the cross-section fits the probability distribution as determined through a 

Monte Carlo technique, the values are accepted and if not, the values are rejected and 

redrawn.

With the rapidity and center of mass energy values selected, STARlight collides 

the system and produces the desired vector meson.  Since the collision is between the 

emitted photon and scattering nucleus, STARlight needs to determine their energies.  This 

30



can be done through their relationships to the center of mass and rapidity.  The 

relationships are17 

E = 1
2

W eY  and E A = 1
2

W e−Y , (4.21)

where W is the center of mass energy, Y is the rapidity, Eγ is the photon's energy, and EA 

is the scattering nucleus' energy.  The relationships come from the fact that the center of 

mass energy of the system and rapidity are17

W ≈  4 E A E   and Y ≈ 1
2

ln E

EA  . (4.22)

Next, STARlight determines the momentum components of the photon and 

nucleus.  The angles, ϕ, for each object are randomly chosen from 0 to 2π in the xy plane 

perpendicular to the beamline, and the transverse momenta are selected to fit the 

transverse momentum spectrum for each object.  Figure 4.1 illustrates the coordinate 

system involved in the momentum and angle selection.
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The photon's transverse momentum spectrum follows18

dN 

dpT
∝ ∣F t ∣2 pT

3

t 2  , (4.23)

where pT is the magnitude of the transverse momentum and t is the squared momentum 

transfer, and F(t) is nuclear form factor given by Equation 4.16.  The scattering nucleus' 

transverse momentum spectrum follows19

dN A

dpT
∝ ∣F t ∣2 pT  . (4.24)

Knowing the magnitude of the transverse momentum and angle for the photon and 

nucleus allows STARlight to fix each object's momentum in the x and y directions.  This 

ultimately allows STARlight to calculate the vector meson's momentum components and 
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Figure 4.1:  Beam coordinate system.
Illustration of the coordinate system used in determining the momentum components for  

the photon and scattering nucleus.



its energy.

Each object's respective px and py are added to the other object's px and py to find 

the total px and py components and, as a result, the total pT of the vector meson. 

STARlight is then capable of calculating the vector meson's energy and momentum in the 

z direction using the center of mass energy and rapidity of the system:

p z = W 2 p⊥
2 sinh Y  and E = W 2 p⊥

2 cosh Y  . (4.25)
With this information, STARlight is capable of decaying the vector meson.

STARlight decays vector mesons immediately because vector mesons have a short 

lifetime.  For example, the rho meson has a lifetime on the order of 10-24 seconds.  

At the moment, STARlight only models vector mesons that decay into two-body final 

states.  However, there exist functions that may be implemented into STARlight in the 

future that handle three- and four-body decays.  The implementation of these functions 

could be done easily without disrupting the main flow and functionality of STARlight 

since STARlight has been written in an object-oriented fashion.  

At the beginning of the decay, STARlight assigns angles in the vector meson's 

center of mass frame at which the daughter particles will decay.  The two angles assigned 

for a single daughter are theta and phi.  Theta is the angle between the daughter and the 

beam line while phi is orthogonal to the beam line in a 2π plane.  Phi is randomly 

selected.  Theta, however, follows a decay distribution determined by spin and helicity. 

Vector mesons all have spin 1.  Therefore, the angular distributions from one vector 

meson to another varies only when their decay products' spins differ.  In STARlight, the 

vector mesons either decay into particles with spins of 0 or ½.  Vector mesons that decay 

into daughters that have spin of 0 will follow the distribution13:
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dN
d 

∝ sin 1−cos cos  . (4.26)

Vector mesons that decay into daughters with the spin of ½ will follow the distribution20:

dN
d 

∝ sin 1cos cos  . (4.27)

The momenta of the daughters in the vector meson's center of mass frame are

p x = sincos  p , (4.28)
p y = sin sin  p , and (4.29)

p z = cos  p , (4.30)
where p is the daughter's magnitude found through momentum conservation.  The 

daughters will have the same magnitude in momentum, but opposite signs for each 

component in the center of mass frame of the decaying vector meson.  Finally, the 

daughter particles are Lorentz transformed from the center of mass frame to the 

laboratory frame.  

4.3  Storing Events

The event generation is repeated until the desired number of vector mesons is 

produced.  STARlight prints out the results of each event into a text file called slight.out. 

The file for each event contains information about the daughters pertaining to their type, 

charge, and momenta in x, y, and z.  An example of the output is in Figure 4.2.  The 

following is information on how to decode slight.out (Figure 4.2) line by line.  EVENT: 

Event number, number of tracks in the event, and number of vertices in the event. 

VERTEX: x location (cm), y location (cm), z location(cm), time(s), vertex number, 0 

(arbitrary ID to represent type of physical process), parent track number (this is zero for 
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the initial vertex), number of tracks produced by the vertex.  TRACK: particle ID in 

Geant notation, x-component of momentum (GeV/c), y-component of momentum 

(GeV/c), z-component of momentum (GeV/c), event number, track number, vertex 

number of the point where the track terminates (0 indicates the track does not terminate 

within the event), particle ID in Pythia notation.  The user also has the option to save the 

output as a ROOT file or a more basic text file.

The utility of slight.out is twofold.  The first function is to provide information 
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Figure 4.2:  Sample event information stored in slight.out.  
Slight.out allows for easy access to data in a compact form.  It is a list that contains  

information about each event and the daughter particles generated.



about the products to the user.  The user can study the properties of the decay products, or 

reconstruct the vector meson.  This allows the user to study the physical characteristics of 

the vector meson in a vacuum and to check if the characteristics make sense.  The second 

function is to serve as an input file for a detector's Monte Carlo and model how vector 

meson decays would appear in the detector.  In Figure 4.3, there is a rho meson decaying 

at the STAR experiment.

4.4  Photonuclear Interactions with Interference

During a photonuclear interaction, it cannot be experimentally determined which 
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Figure 4.3: Example of a STARlight event inside a detector.
   This figure contains a pair of oppositely charged pions decayed from a rho meson in 

STAR's Time Projection Chamber.



nucleus emits the photon and which nucleus scatters the photon.  Because of this, the 

vector meson is thought of as being emitted from two different sources.  This is 

analogous to a two source interferometer with destructive interference.  As an option 

available to the user, STARlight can model the interference from these two sources.  The 

interference cross-section19 follows Equation 4.31.

b  = [ Ab , y −Ab ,− y e i  pT⋅b] 2 , (4.31)

where b is the impact parameter, pT is the transverse momentum, y is rapidity of the 

produced vector meson, and A(b,y) and A(b,-y) are the amplitudes for photon emission 

from either nucleus, which are also equivalent to the square roots of the cross-sections 

coming from either photon source.  The directions of b and pT are covered by considering 

all angles, 0 to 2π, between the vectors.

 Vector mesons have such a short life time in comparison to the separation between 

the emissions sources, that it is unlikely that the wave functions from the vector mesons 

will overlap and interfere prior to the vector meson decay.  However, the decay products 

may overlap and do interfere.  This is an example of the Einstein-Podolsky-Rosen 

paradox21 since the interference cannot be seen unless the observer looks at both decay 

products.  To determine the decay products' transverse momentum, STARlight generates 

a table based on the vector meson's transverse momentum as if the vector meson does not 

decay too quickly to experience the interference.  The table provides a reference for the 

transverse momentum selection of the generated vector mesons later on in the flow of 

STARlight, which will decay and give their products the proper transverse momentum. 

This information is stored with the cross-section table dependent on center of mass 
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energy and rapidity in slight.txt.

To calculate Equation 4.30, the cross-sections A(b,y)2 and A(b,-y)2  need to be 

determined.  The amplitude squared, A(b,y)2, because of the transverse momentum 

suppression, follows Equation 4.32,

Ab , y 2 = ∫ nw dw ∫ dt d   AVA
dt

∣F t ∣2⋅ pT contribution , (4.32)

where the differences from the original total cross-section calculation in Equation 4.18 

are the factor of two and the pT contribution.  The factor of two present in Equation 4.18 

is missing in Equation 4.32 since only the cross-section for a single source is being 

calculated, and the pT contribution is the normalized suppression that the transverse 

momentum has on the cross-section, which is given in Equation 4.33. 

pT contribution=∫F 1 pT 1F 2 pT−pT 1dpT 1  , (4.33)
 where pT 1 is the transverse momentum of the photon and pT is the vector meson's 

transverse momentum and F1 and F2 are the form factors for the photon and nucleus, 

given in Equations 4.22 and 4.23.

The amplitude squared for negative rapidity, A(b,-y)2, where the photon is emitted 

in the opposite direction from the other nucleus, uses the same calculation, but switches 

the positions of the photon and nucleus.  Once A(b,y)2 and A(b,-y)2 are determined, next 

to be determined is the mixed term that represents the destructive interference in the 

following cross-section equation:

b  = Ab , y2Ab ,− y 2−2 Ab , y 2 Ab ,− y 2 cos pT⋅b . (4.34)
Ultimately, the values that measured for the total cross-section are integrated over all 

impact parameters and all possible angles between b and pT from 0 to 2π.  As an example 
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of the interference, consider what happens at mid-rapidity, y = 0.  Equation 4.34 

becomes:

b  = 2 Ab , 02 [1−cos  pT⋅b]  . (4.35)
This equation resembles that of a two slit interferometer with slit separation of b and, for 

small pT, there is a suppression in the cross-section—destructive interference.

 When modeling the vector meson's production and decay, STARlight starts as if 

there was no interference and randomly draws center of mass energy and rapidity values 

that fit the probability distribution determined by Equation 4.20.  STARlight then selects 

a transverse momentum value for the vector meson whose magnitude fits the interference 

table generated.  The transverse momentum is assigned a random angle between 0 and 2π 

in plane orthogonal to the beam.  This is enough information to find the vector meson's 

momentum components and energy.  From here, STARlight follows the same program 

flow for decaying the vector meson without interference.  The interference modeling is an 

option the user may choose to turn on or off.

4.5  Photonuclear Summary

STARlight is capable of modeling the photonuclear production of vector mesons 

from ultra-peripheral collisions.  In general, STARlight begins with the generation of a 

total cross-section reference table for a range of center of mass energy and rapidity values 

that is based on Equation 4.20.  The table is used as a reference to create vector mesons 

with center of mass energy and rapidity values that fit the probability distribution.  The 
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vector mesons are immediately decayed and the daughter's identity and momentum 

components are stored in slight.out for further analysis and/or modeling.  Results from 

STARlight's modeling of vector meson production will be presented in Chapter 7. 
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Chapter 5: Photon-Photon Interactions

In STARlight, photon-photon interactions are responsible for the production of 

single mesons and lepton pairs.  Modeling starts by generating a look-up table for the 

photon-photon interactions based on a range of rapidity and center of mass energy values 

for the system of interacting photons.  

5.1  Photon-Photon Differential Luminosity

In photon-photon interactions, both nuclei are interacting through their emission 

of photons.  To find the luminosity for this kind of event, the frequency spectrum of 

photons emitted from each individual nucleus is determined through the Weizsäcker-

Williams approximation,

n w ,b = w2

22 K1
w
 b

2

 ,
(5.1)

where n is the flux, w is the photon energy, b is the impact parameter, γ is the Lorentz 

factor, and K1 is a modified Bessel function of the second kind. 

The luminosity combines both photon spectra integrated over the distance from 

the interaction to the center of each nucleus, the impact parameter, and is expressed as

dL

dw1 dw2
= LAA∫∫ nw1, b1n w2, b2P0H bd

2b1 d 2b2  , (5.2)

where Lγγ is the differential luminosity for photon-photon interactions, n is the photon 

flux from a single nucleus, LAA is the nucleus-nucleus luminosity,  P0H is the probability 

of no hadronic interaction as presented in Equation 4.4,  and b is the impact parameter. 
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LAA is a constant and drops out when the differential luminosity is normalized. The 

normalization is done by summing the differential luminosity over the range of energy of 

mass energy and rapidity values specified by the user and then dividing the differential 

luminosity by the total. 

5.2 Photon-photon Event Generation

The luminosity is generated for a user specified range of rapidity and center of 

mass energy values  of the photon-photon system and is stored as a look-up table in 

slight.txt.  To create the luminosity table from the rapidity and center of mass energy 

values, the values are converted into the photon energies.  The conversion is done 

through

w1 = 1
2

W eY  and w2 = 1
2

W e−Y , (5.3)

where w1 and w2 are the two photon energies used in the differential luminosity equation, 

W is the center of mass energy and Y is the rapidity.  Once the table has been created, 

STARlight is ready to read in the luminosity table.  The table is used to scale the cross-

sections for the production of single mesons or lepton pairs in Equations 5.4 and 5.11 

respectively.  

STARlight will then proceed in one of two ways depending upon the user's 

desired product: 1) the modeling of lepton pair production and 2) the production and 

decay of these single mesons f2, f2', or Z''/Z0
3.  Regardless of which product is chosen, all 

final products are stored in slight.txt.
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5.2.1 Single Meson Generation

If the user selects a single meson to model, the differential cross-section17 used to 

build the reference table for the user specified rapidity and center of mass energy values 

is

d 2
dWdY

= 42J1 1
M 

2 d 2 L
dWdY

, (5.4)

where J is the meson's spin, M is the meson's mass, Γγγ is the two photon decay width for 

the specified single meson, and d 2 L
dWdY

is the differential luminosity given by Equation 

5.2.  The cross-section is stored and used as the criteria for selecting the system's center 

of mass energy and rapidity values.  To generate a single meson event, first the center of 

mass energy value is selected.  A random value is drawn for the center of mass energy 

and it is then compared to the cross-section distribution, given by Equation 5.4.  Next, the 

rapidity value is randomly drawn and checked against the cross-section distribution with 

the previously selected center of mass value.  With the rapidity and center of mass energy 

values selected, the event starts and photons are emitted.  The photon energies are 

assigned by the relation given in Equation 5.3.

The magnitude of the transverse momentum, and angle in the transverse plane at 

which the photons are emitted, are determined next.  The angle in the plane orthogonal to 

the beam is randomly chosen.  The magnitude of the transverse momentum is selected to 

fit the distribution22,
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dN
dpT

=
2 F [ E

 ]
2

 pT
2 

2

pT
3

22 [ E

]
2

pT
2 

2 , (5.5)

where F is the nuclear form factor in Equation 4.16, pT is the transverse momentum of the 

photon, γ is the Lorentz factor of the accelerated nuclei, and E is the photon's energy.

The magnitude of the transverse momentum and angle in the transverse plane give 

the x and y momentum components for the momentum of each photon with the following 

equations

p x = pT cos  and p y = pT sin  . (5.6)
These are combined to find the produced single meson's momentum components in the x 

and y directions and ultimately the meson's transverse momentum.  Using the rapidity 

and 

transverse momentum, the single meson's energy and momentum in the z direction is 

obtained through 

p z = W 2 pT
2 sinhY  and E = W 2 pT

2 cosh Y  . (5.7)
Once the single meson has been produced, it needs to be handled for decay.  If the 

single meson is f2, f2', or Z''/Z0
3, STARlight handles the decay.  If the single meson is a2, 

η, η', ηc, or f0, STARlight exports the single meson to Pythia 823 for decay.  These single 

mesons are decayed by Pythia because they have a variety of decay channels without a 

clear dominant channel and Pythia has all of the decay channels properly implemented. 

Pythia 8 decays the single mesons and then returns their daughter particles back to 

STARlight to print out into slight.out, as explained in Chapter 4.  

The decay channels handled in STARlight are:  f2 decays to a pion pair, f2' decays 
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to either a pair of charged kaons or a pair of neutral kaons, and Z''/Z0
3 decays to a pair of 

rho vector mesons, which are immediately decayed into two pairs of oppositely charged 

pions.  When decaying, the daughter particles follow an angular distribution in theta, 

which is the angle between the beam and the daughter particle.  The theta dependence is 

the same for each of the single mesons since each one has a spin of two.  The dependence 

must fit the distribution

dN
d 

∝ sin5 . (5.8)

The angle, phi, in the plane orthogonal to the beam line, follows a flat distribution.  

The momenta for the daughters in the meson's center of mass frame are found 

through

p x = sincos p , p y = sinsin p , and p z = cos p ,  (5.9)
where p is the magnitude of momentum found through momentum conservation.  The 

daughters will have the same magnitude of momentum, but opposite signs for each 

component in the center of mass frame of the decaying meson.  Lastly, the daughters 

undergo a Lorentz transformation from the center of mass frame to the lab frame.  The 

information about the daughter particles is stored in slight.out, as explained in Chapter 4.

5.2.2  Lepton Pair Generation

Lepton pair production is handled by STARlight in a similar manner to single 

mesons.  The photon-photon interaction luminosity is read in and used as a table in the 

computation of cross-section values for user specified center of mass energy and rapidity 
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values.  The differential lepton pair cross-section STARlight uses for specific center of 

mass energy and rapidity values is24

d 2
dWdY

=
d 2 L

dWdY
42

W 2 [14m2

W 2 −
8m4

W 4  L− 1
W 2

4m2

W 4  t] , (5.10)

where m is the lepton's mass, W is the center of mass energy, Y is the rapidity, 

L = 2 ln[ W
2m

 W 2

4m 2−1] , and  t = W 21−4m2

W 2 . (5.11)

The cross-section values are used to help generate appropriate center of mass and 

rapidity values for events in the same way as in the production of a single meson.  Each 

emitted photon is assigned a random angle in the plane orthogonal to the beam and the 

magnitude of its transverse momentum fits the same distribution used for the single 

meson.  

Each of the produced leptons are assigned two angles describing their direction of 

motion, ϕ and θ.  ϕ is orthogonal to the beam and is assigned randomly between 0 and 2π. 

θ is the angle between the lepton and beam, which is determined by the distribution25,

dN
d 

= [241− m2

W 2 
1− m2

W 2 sin2 cos2 m2

W 2

[1−1− m2

W 2 cos2]
2 ]sin . (5.12)

This equation for the distribution has been modified from the expression in the reference4 

because STARlight is working in the center of mass frame.

Given the angles and magnitude of the momentum, STARlight determines the 

momentum components for each lepton and their energy as it would for single mesons. 

At this point, if the lepton pair is a tau pair, STARlight will change it into an 

electron/postiron pair because tauons have such short lifetime and typically change flavor 
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into electrons or positrons.  The lepton pair is then Lorentz transformed from the center 

of mass into the laboratory frame where the pair's information is stored in slight.out. 

Results for lepton pair and single meson pair production will be presented in Chapter 7. 
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Chapter 6: Additions to the Old STARlight

Since its initial development, STARlight has been modified into different stand-

alone versions adapted for different experimental configurations.  As part of this project, 

these adaptations have been combined as options in a single C++ object-oriented version 

of the code.  The two major additions to the original STARlight code are: 1) vector meson 

production in deuteron-gold collisions and 2) the modeling of both photonuclear and 

photon-photon interactions in proton-proton collisions.  Deuteron-gold collisions were 

added to STARlight to model the deuteron-gold collisions at RHIC.  Proton-proton 

collisions were added to model proton-proton collisions at both RHIC and LHC.

6.1  Deuteron-Gold Collisions

Photonuclear interactions in ultra-peripheral deuteron-gold collisions are modeled 

in STARlight with two options: coherent or incoherent interactions.  The coherent label 

refers to the case when the deuteron does not break up and incoherent label refers to the 

case when the deuteron does break up.  The distinguishing factor in modeling the two 

options is the form factor used for the detueron.  As with the other photonuclear 

interactions in STARlight, the modeling begins by generating the total vector meson 

cross-section table for a range of event rapidity and center of mass energy values.  The 

total cross-section for two nuclei of the same species, as previously determined in 

Equation 4.20, is
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 AA AAV  =

2∫ nwdw∫ dt d  AVA
dt

∣F  t ∣2∣ A M final M vmvm

M final
2 −M vm

2 i M vmvm

B∣
2  (6.1)

The factor of two arose from the fact that both nuclei were of the same species and the 

photon could have been emitted from either of the nuclei with the same likelihood. 

However, if the two species are not the same, the terms need to be determined 

individually.

In the case of deuteron-gold collisions, the approximation can be made that only 

the gold nucleus emits a photon.  This is reasonable since gold has a much larger charge 

than the proton.  The photon spectrum, as previously described in Equation 4.2, depends 

on the atomic charge squared is

n ;b  = Z 2 
2


2 [K 1

b
]

2

 . (6.2)

Z2 for gold is 6241 versus 1 for deuteron.  By assuming that only the gold is the photon 

emitter, STARlight is only neglecting the <1% of the time that deuteron emits a photon. 

The total cross-section is then generated assuming the gold emits the photon and the 

deuteron is the scattering nucleus.  Since a deuteron is just a proton with a neutron 

attached, STARlight does not scale the differential photon-proton to vector meson-proton 

cross-section but simply uses the photon-proton cross-section.  

The momentum transfer, t, dependence is estimated by the nuclear form factor. 

The nuclear form factor of the deuteron for vector meson production from combined 

coherent and incoherent interactions is given by Eisenberg et al.26.

F t  = e−b t 1
2
1S t −G1 e

−3
4 bt

, (6.3)

where G1,  the Glauber shadowing correction, is 0.068, S(t) is the deuteron form factor, 
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and b is found from fits to data to describe the exponential t dependence.  STARlight uses 

b =9.5 based on a fit to STAR's 2003 deuteron-gold data.

S t  = 0.34 e−141.5t0.058e−26.1 t0.08 e−15.5 t  (6.4)
is defined by Franco and Varma27.  The form factor for coherent interactions alone is

F t  = S  t
4


2

e−b t−G 1 S  t
4
e

−3
4 b t

. (6.5)

Subtracting the coherent contribution from the total contribution for the form factors, we 

obtain the incoherent contribution used in STARlight:

F t  = e−b t 1
2
[1S t ]−G1 e

− 3
4 b t

[1−S  t
4
]−S  t

4


2

e−b t . (6.6)

The Breit-Wigner resonance is the same as for symmetric collisions given in 

Equation 4.19 and remains in the total cross-section to appropriately model the wide 

vector mesons.  Then the total cross-section calculation performed in STARlight is

 Ad  AdV =

∫n w dw∫ dt d   p Vp
dt

∣F t ∣∣ A M final M vmvm

M final
2 −M vm

2 i M vmvm

B∣
2

, (6.7)

where n(w) is the photon flux from the gold nucleus and F(t) is the deuteron's form factor. 

The differential cross-section calculation is computed for a range of rapidity and center of 

mass energy values and stored to slight.txt.  The table is read in at beginning of event 

modeling and is normalized with the total cross-section so that the table can be used to 

generate a proper distribution for center of mass energy and rapidity values.

Once the reference table is read in, STARlight selects center of mass energy and 

rapidity values that fit the probability distribution.  The emitted photon and deuteron are 

assigned energies in the center of mass frame with the relationships
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E photon = 1
2

W eY and Edeuteron = 1
2

W e−Y , (6.8)

where Ephoton is the photon energy, Edeuteron is the deuteron energy, W is the center of mass 

energy, and Y is the rapidity of the photon.  The momenta of the photon and deuteron are 

found through each object's transerve momentum spectrum and angle in the plane 

orthogonal to the beam.  The angles are randomly chosen within the 2π plane.  The 

magnitude of the emitted photon's transverse momentum is fitted to the transverse 

momentum spectrum given in Equation 4.24, which is

∣F  t ∣2
pT

3

t 2 , (6.9)

where the nuclear form factor is the gold's form factor.  The deuteron's transverse 

momentum is selected to fit its transverse momentum spectrum described by26

pT∣F t ∣ , (6.10)
where F(t) is deuteron's form factor.

STARlight assigns the x and y momentum components for each object with the 

relationships

p x = pT cos  and p y = pT sin  , (6.11)
where ϕ is the randomly-chosen angle in the orthogonal plane.  The components are 

combined to find the total x and y components of the interacting system and ultimately 

the vector meson.  The vector meson's x and y momentum components are combined to 

find its transverse momentum.  With the vector meson's transverse momentum and the 

system's rapidity, the vector meson's momentum in the z component and its energy are 

found.  STARlight then takes the vector meson and decays it as it would with an 

interaction between two nuclei of the same species.  Then STARlight boosts the daughter 
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particles into the laboratory frame and stores the information in slight.out.

6.2  Proton-Proton Collisions

The other major addition to STARlight is the ultra-peripheral collisions of 

protons.  The option to collide protons has been implemented for the study of both 

photonuclear and photon-photon interactions.  In photon-photon interactions, the only 

difference between the modeling approach in Chapter 5 and proton-proton ultra-

peripheral collisions is the form factor.  The form factor for the proton is6

F t  =  1

1 t
0.71GeV2 

2

. (6.12)

There are a greater number of differences in the photonuclear approach to 

modeling proton-proton collisions.  Beginning with the total cross-section calculation for 

the production of vector mesons, the calculation is

  pp ppV =

2 ∫ nwdw∫ dt d  pVp
dt ∣ A M final M vm vm

M final
2 −M vm

2 i M vm vm

B∣
2

. (6.13)

The calculation is similar to that of Equation 6.1, but the photon flux calculation, n(w),  is 

different and the nuclear form factor is absent.

The photon flux used for proton-proton collisions is28

n w = 2


q2

c  c
v 

2

[xK 0 x K1x −1
2

v 2

c2 x2K 1
2x −K 0

2x ] , (6.14)

where q is the charge, c is the speed of light, v is the velocity, K0 and K1 are the modified 

Bessel function of the second kind, and
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x = w b
 v . (6.15)

Here b is the impact parameter, γ is the Lorentz factor and w is the photon's energy.  The 

photon flux here differs from the one presented in Equation 6.1 because Equation 6.1 

assumes that K1 >> K0, and therefore keeps only the term with K1
2.

Following the same recipe as described earlier in the chapter, the normalized 

differential cross-section is stored and used as a look up table in slight.txt to generate 

appropriate center of mass energy and rapidity values.  Then momentum components are 

found for the emitted photon and the scattering proton.  The angles are selected and the 

transverse momenta are selected from the appropriate spectrum.  The emitted photon 

follows the transverse spectrum previously, in Equation 6.9.  However, the nuclear form 

factor used is the form factor for the proton given by Equation 6.11.  The transverse 

momentum for the scattering proton follows13

A e−b t , (6.16)
where t is the momentum transfer and b is the slope found by fitting Equation 6.15 to 

data, which is vector meson specific and is listed in Table 4.1.

From here, STARlight follows the same approach for vector meson production as 

described in Chapter 4.  This entails finding the momentum for the vector meson and 

decaying it into its daughters for storage in slight.out.
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Chapter 7:   STARlight's Success

Comparisons between the FORTRAN version of STARlight and data have been 

made.  The comparisons demonstrate that STARlight models ultra-peripheral collisions 

well for both photonuclear and photon-photon interactions. 

7.1  Photonuclear Comparisons between Data and Simulation

 The first comparison is for ρ-meson production in 200 GeV Au-Au collisions at 

the STAR experiment.  The data was taken with a minimum bias trigger and required no 

nuclear break up.  Figure 7.129 shows the rapidity distribution for produced ρ-mesons. 

The open histogram shows the ρ-mesons generated by STARlight in a vacuum.  The blue 

points are STAR data.  The shadowed histogram shows STARlight's production after 

being processed by the STAR experiment's Monte Carlo detector simulator, 

reconstructed, and passed through the same selection criteria as the data points.
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Figure 7.230 shows the ρ-mesons' rapidity and mass distributions for the same data 

set with the minimum bias trigger and a requirement for both nuclei to break up with their 

neutrons being detected.  The data was taken with a minimum bias trigger and required 

both nuclei to break up with their neutrons being detected.  For both nuclei to break up 

and a vector meson to be produced, three independent photon interactions take place.  In 

Figure 7.2, the open histogram shows the reconstructed STARlight distributions; the 

points are STAR data.  For all three distributions, Monte Carlo and data points match up. 

This indicates that STARlight models photonuclear interactions well.

Using the same data set and trigger, Figure 7.330 shows the interference effect on 
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Figure 7.129:  Comparison between STARlight and STAR production of ρ-mesons.  
The open histogram is the STARlight production in a vacuum.  The shaded histogram is 

the STARlight production after application of the STAR experiment's Monte Carlo 
detector simulator and of the same selection criteria applied to the data points.  The blue 

points are STAR data from Au-Au collisions at 200 GeV.



the t
┴
 distribution for ρ-meson production, where t

┴
 is approximately the transverse 

momentum squared.  The triangles represent the data.  The solid line is the distribution 

generated by STARlight with the interference option turned off and processed by the 

STAR experiment's detector Monte Carlo with the same selection criteria as the data. 

The dashed line is the distribution generated by STARlight with the interference option 

turned on and processed by the STAR experiment's detector with the same selection 

criteria as the data.  The data and the STARlight generation with interference match up 

and the matching indicates that the interference model is an accurate model.
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Figure 7.230:  ρ-meson production from gold nuclei.  
The left plot is a rapidity distribution and the right plot is the mass distribution for the 
reconstructed ρ-mesons.  The solid line is the STARlight generated ρ-mesons that have 
been applied to the STAR experiment's detector Monte Carlo and the same selection 

criteria as the data, which are the points with the statistical error bars.



In Figure 7.431, the production of ρ-mesons from coherent deuteron-gold 

collisions is compared with STARlight.  The black line is the reconstructed STARlight 

production while the blue hash marks are data from the 2003 d-Au run at the STAR 

experiment.  The left plot shows the transverse momentum distribution and the right plot 

shows the rapidity distribution.  The rapidity distribution looks different than the Au-Au 

of the rapidity plots because of its lack of symmetry.  This is because the collision is not 

symmetric; the gold emits the photon and it scatters off the deuteron.  Again, the 

reconstructed events generated by STARlight and the data match. 
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Figure 7.330:  ρ-meson production from gold nuclei with interference.
The data is the triangles.  The solid line is the STARlight generated ρ-mesons with 
interfernece turned off.  The dashed line is the STARlight generated ρ-mesons with 

interference.

▲ Data
--- MC w/ Int.
— MC w/out Int.



7.2  Photon-Photon Comparisons between Data and Simulation

STARlight also models photon-photon interactions well.  The next two examples 

involve the photoproduction of electron-positron pairs.  The first example comes from the 

STAR experiment32.  During 2001, the STAR experiment collected data from Au-Au 

collisions at 200 GeV with the magnetic field at 0.25 T half of its normal value.  Figure 

7.5 shows the transverse momentum distribution and the mass distribution for electron-

positron pairs produced in these collisions.  The open histogram shows the reconstructed 

STARlight events subject to the same selection criteria as the data.  The points are STAR 
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Figure 7.431:  Photonuclear production of ρ-mesons in coherent deuteron-gold collisions.  
The left panel shows the tranverse momentum distribution and the right panel shows the 
rapidity distribution.  The blue hash marks are data and the black line is reconstructed 

STARlight events subject to the same cuts as the data.



data.  The data and STARlight match well except for the lowest of the transverse 

momentum bins.

The next example covers a higher invariant mass range.  In this case, the electron-

positron pairs from photon-photon production are removed as background to show the 
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Figure 7.532:  Photoproduction of electron-positron pairs.  
The top panel shows their invariant mass and the bottom panel shows the transverse 

momentum.  The open histogram shows the reconstructed STARlight production and the 
points are STAR data.



electron-positron pairs from the decay of the J/ψ produced through a photonuclear 

interaction20.  Figure 7.620 shows the electron-positron invariant mass distributions in the 

J/ψ signal range before and after background subtraction.  After the subtraction, the J/ψ 

signal stands out.  The background in this analysis, estimated by STARlight, is shown in 

Figure 7.6a as the solid green background with the dashed green lines representing the 

minimum and maximum possible values for the pairs.  The minimum and maximum lines 

were determined by shifting the fitted slope parameters of the background distribution by 

±3σ.  The successful subtraction of background shows that STARlight models the 

photon-photon production of electron-positron pairs well.
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Figure 7.620:  STARlight's aid in extracting a J/ψ signal.
  Panel (a) shows the invariant mass distribution of electron-positron pairs prior to 
background removal.  Panel (b) shows the invariant mass distribution of electron-

positron pairs from the decay of J/ψ after the removal of background.  The background of 
photoproduced electron-positron pairs was estimated by STARlight.



7.3  Photonuclear C++ versus FORTRAN Comparisons

Comparisons with data show that STARlight models both photonuclear and 

photon-photon interactions well.  However, these comparisons were made with the 

stand-alone versions written in FORTRAN.  As evidence that the conversion to C++ did 

not alter the ability to model photonuclear and photon-photon interactions, examples of 

comparisons between C++ and FORTRAN STARlight versions are presented in Figures 

7.7-7.12.  We compare the mass, rapidity, and transverse momentum distributions for 

both ρ-mesons and electron-positron pairs.  In each plot, the top panel shows the 

FORTRAN distribution; in red, overlaid with the C++ distribution; in blue.  The bottom 

panel shows the ratio between the two distributions.  In all cases, the ratio of the 

distributions is one within the error bars.  This is convincing evidence that the translation 

was successful.  The current C++ version of STARlight can be found in the Appendix.

61



62

Figure 7.7:  ρ-mesons mass distributions for C++ and FORTRAN versions.
The top panels shows a comparison between FORTRAN(red) and C++(blue) versions of  

STARlight for the mass distribution of ρ-mesons.  The bottom panel shows the ratio 
between the two distributions.
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Figure 7.8:  ρ-mesons rapidity distributions for C++ and FORTRAN versions.
The top panel shows a comparison between FORTRAN(red) and C++(blue) versions of  
STARlight for the rapidity distribution of ρ-mesons.  The bottom panel shows the ratio 

between the two distributions.
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Figure 7.9:  ρ-mesons transverse momentum distributions for C++ and FORTRAN 
versions.

The top panel shows a comparison between FORTRAN(red) and C++(blue) versions of  
STARlight for the transverse momentum distribution of ρ-mesons.  The bottom panel  

shows the ratio between the two distributions.



7.4  Photon-photon C++ versus FORTRAN Comparisons
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Figure 7.10:  Electron-positron pairs mass distributions for C++ and FORTRAN 
versions.

The top panel shows a comparison between FORTRAN(red) and C++(blue) versions of  
STARlight for the mass distribution of electron-positron pairs.  The bottom panel shows 

the ratio between the two distributions.
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Figure 7.11:  Electron-positron pairs rapidity distributions for C++ and FORTRAN 
versions.

The top panel shows a comparison between FORTRAN(red) and C++(blue) versions of  
STARlight for the rapidity of electron-positron pairs.  The bottom panel shows the ratio 

between the two distributions.



Chapter 8:  Conclusion
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Figure 7.12:  Electron-positron pairs transverse momentum distributions for C++ and 
FORTRAN versions.

The top panel shows a comparison between FORTRAN(red) and C++(blue) versions of  
STARlight for the transverse momentum distribution of electron-positron pairs.  The 

bottom panel shows the ratio between the two distributions.



The project has led to the creation of a C++ object-oriented Monte Carlo event 

generator for ultra-peripheral collisions.  This event generator includes the ability to 

model ultra-peripheral collisions with the same capabilities as the original version of 

STARlight created in 1995. These capabilities include both photonuclear and photon-

photon interactions for ultra-peripheral collisions between nuclei of the same species. 

The event generator also incorporates capabilities from other stand-alone versions of 

STARlight such the ability to model deuteron-gold and proton-proton collisions.   In 

Chapter 7, it was shown that STARlight models ultra-peripheral collisions well and that 

the conversion from FORTRAN to C++ has been performed successfully.

The most up-to-date version of STARlight may be found on SourceForge at 

http://upcstarlight.sourceforge.net/.  SourceForge provides a free hosting location and 

makes tracking changes and releases of STARlight easy.  In addition, it allows easy 

access for all users.  This is important because STARlight is being tested by different 

independent parties in preparation for publishing the program.  STARlight is also being 

used to make predictions for ultra-peripheral collisions at the LHC.

Future work for STARlight could include expanding the program to include three 

body decays, such as ω→π+π-π0 and four body decays, such as ρ`→ππππ.  Also, 

STARlight could be expanded to include incoherent collisions, where the photon is 

emitted from a single proton and not the whole nucleus.
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Appendix

A.1  C++ STARlight

To run and operate STARlight, download Pythia 8 from 

http://home.thep.lu.se/~torbjorn/Pythia.html and STARlight from SourceForge at 

http://upcstarlight.sourceforge.net/ .  It is assumed that you already have a copy of ROOT 

installed.  A copy may be found at http://root.cern.ch.

Install Pythia (Documentation provided by Pythia).  Change STARlight's Main.cpp's line: 

pythia = new Pythia("/home/butter/pythia/pythia8120/xmldoc"); to give the path for 

xmldoc on your machine.

Install STARlight by running the Makefile (attached) with the command: gmake.  Make 

sure all of the libraries are properly linked inside the Makefile.

Once compiled, run STARlight with the command: ./starlight 

This is will submit the input file slight.in and generate events in slight.out.

The input file lets the user to specify various properties on the collisions taking place. 

Here is an example of slight.in(remove #s prior to running the file):

79    #Z of projectile
197   #A of projectile
79    #Z of target   (if running deuteron, it is the target)
197   #A of target
108.4 #Gamma of the colliding ions
1.5   #Max value of w(center of mass energy)
-1    #Min value of w
40    #Bins i w
4.    #max y  (rapidity)
80    #Bins i y
2     #gg or gP switch (1 = 2-photon, 2 = vector meson (narrow), 3 = vector meson 
(wide) )
100   #Number of events
443   #Channel of interest(type of particle you want to produce)
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34533 #Random number seed
2     #Form of the output  (2 is a .out file, 3 is a .root file)
5     #Controls the nuclear breakup  (5 different options check inputparameters.h for info)
0     #Interference (0 = off, 1 = on)
1.    #% of interference (0.0 - 0.1)
1     (deuteron collisions, coherent=1, incoherent=0)
9.5   (b parameter for deuteron form factor)
0.24  #Maximum pt considered, when interference is turned on
120   #Number of pt bins when interference is turned on

For further explanation about input values and their meaning consult Inputparameters.h in 

the STARlight code.

Also, if you want to run psi or upsilon family members, be sure to check that the proper 

daughters(ee and/or mumu) are selected for the Briet-Wigner calculation (in 

gammaacrosssection.cpp) and decay channel (in psifamily.cpp and gammaavm.cpp).

Here, the most up-to-date version of STARlight is attached.  The files are arranged in an 

alphabetical fashion.  Further notes and updates may be found on SourceForge.net at 

http://upcstarlight.sourceforge.net .

The current file list is:

Beam.cpp
Beam.h
Beambeamsytstem.cpp
Beambeamsystem.h
Bessel.cpp
Bessesl.h
Eventchannel.cpp
Eventchannel.h
Gammaacrosssection.cpp
Gammaacrosssection.h
Gammaaluminosity.cpp
Gammaaluminosity.h
Gammaavm.cpp
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Gammaavm.h
Gammagammaleptonpair.cpp
Gammagammaleptonpair.h
Gammagammasingle.cpp
Gammagammasingle.h
Inputparameters.cpp
Inputparameters.h
Main.cpp
Main.h
Makefile
Masses.h
Nucleus.cpp
Nucleus.h
Particle.cpp
Particle.h
Psifamily.cpp
Psifamily.h
PythiaStarlight.h
Randomgenerator.cpp
Randomgenerator.h
Readinluminosity.cpp
Readinluminosity.h
Slight.in.example
Starlightconstants.h
Starlightlimits.h
Twophotonluminosity.cpp
Twophotonluminosity.h
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A.1.1 Beam.cpp

#include <iostream>
#include <fstream>
using namespace std;

#include <math.h>
#include "beam.h"
#include "starlightconstants.h"
#include "inputparameters.h"
#include "bessel.h"
Beam::Beam(int Zin, int Ain, double bdeuteron, int in_or_co, Inputparameters& input) 
: Nucleus(Zin,Ain,bdeuteron,in_or_co)
{

//Setting needed inputparameters to protected variables
BeamInputGamma_em=input.getgamma_em();

//just a lorentz boost for the time being, maybe make a separate function for 
//this and the constructor pretty harmless?  
//Otherwise, we will need to insert momenta
//so for the moment it does nothing, 
//but has the boost in place.do it as an array?
//Which gamma? Egamma or gamma_em, I say Egamma? 
//Either energy of the photon or the lorentz value from the beam.

//If done right, this might allow for linear accelerators?

/*
double betax,betay,betaz;
double Ecm,W;
double px0,py0,pz0;
Egamma = gamma;
Ecm = sqrt(W*W+px0*px0+py0*py0+pz0*pz0);
betax = -px0/Ecm;
betay = -py0/Ecm;
betaz = -pz0/Ecm;

*/

}

double Beam::nofe(double impactparameter)
{
//Function for the calculation of the "photon density".
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//nofe=numberofgammas/(energy*area)
//Assume beta=1.0 and gamma>>1, i.e. neglect the (1/gamma^2)*K0(x) term
    double X=0.,nofex=0.,factor1=0.,factor2=0.,factor3=0.;
    
    X = (impactparameter*Egamma)/(BeamInputGamma_em*StarlightConstants::hbarc);
    if( X <= 0.0) cout<<"In nofe, X= "<<X<<endl;
    
    factor1 = (double(getZin()*getZin())*StarlightConstants::alpha)/
    (StarlightConstants::pi*StarlightConstants::pi);
    
    factor2 = 1./(Egamma*impactparameter*impactparameter);
    factor3 = X*X*(bessel::dbesk1(X))*(bessel::dbesk1(X));
    nofex    = factor1*factor2*factor3;

    return nofex;

}

Beam::~Beam()
{
}
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A.1.2 Beam.h
#ifndef BEAM_H
#define BEAM_H
//This calls inclues a single beam of nucleons
#include "nucleus.h"
#include "inputparameters.h"

class Beam: public Nucleus
{

public:
Beam(int Zin, int Ain, double bdeuteron, int in_or_co, Inputparameters& 

input);
double nofe(double impactparameter);//photon density
double Egamma;
~Beam();

protected:
//Inputparameters inputbeam;
double BeamInputGamma_em;

};

#endif //BEAM_H
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A.1.3 Beambeamsystem.cpp
#include <iostream>
#include <fstream>
using namespace std;

#include <math.h>
#include "beambeamsystem.h"
#include "beam.h"
#include "inputparameters.h"
#include "starlightconstants.h"
#include "nucleus.h"
#include "bessel.h"

Beambeamsystem::Beambeamsystem(Beam& beam_1,Beam& beam_2,double 
luminosity,
Inputparameters& input):Beam1( beam_1 ), Beam2( beam_2 )
{

}

Beambeamsystem::Beambeamsystem(Beam& beam_1,Beam& 
beam_2,Inputparameters& input)
:Beam1( beam_1 ), Beam2( beam_2 )
{

//cout <<"bbsys, beam1 woodsaxon: "<<beam_1.getWoodSaxonradius()<<endl;
//cout <<"bbsys, beam2 woodsaxon: "<<beam_2.getWoodSaxonradius()<<endl;
//Storing input parameters to protected variables
BBSInputGamma_em=input.getgamma_em();
BBSInputBreakupmode=input.getbreakupmode();

}

Beam Beambeamsystem::getBeam1()
{

return Beam1;
}

Beam Beambeamsystem::getBeam2()
{

return Beam2;
}
/*double Beambeamsystem::getluminosity()
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{
//which luminosity? Differential or nucleus luminosity?
//I am thinking differential now?  This way the base has a way of 
//returning all of the possible differential ones depending upon physics
//gammaA,gammagamma.
//im going with nucleus, how to set this up generically/asymmetrically? 
// Im just using beam1's nucleus for now
//Should probably enumerate this.

int Zin;
Zin=Beam1.getZin();

        if (Zin==79)  {
                        lum  =   2.0;  //Au
                        }
    else if (Zin==53)  {
                        lum  =   27.;      //I
                        }
    else if (Zin==49)  {
                        lum  =   27.;      //Indium, use same as for Iodine.
                        }

    else if (Zin==29)  {
                        lum  =   95.;      //Cu
                        }
    else if (Zin==14)  {
                        lum  =   440.;      //Si
                        }
    else if (Zin==8)   {
                        lum  =   980.;      //O
                        }
    else if (Zin==82)  {
                        lum  =   1.;      //Pb
                        }
    else if (Zin==20)  {
                        lum  =   2000.;      //Ca
                        }
    else if (Zin==1)  {
                        lum  =   1.E8;      //protons
                        }

    else {
    cout << "Warning: Luminosity not defined for this projectile!";
    lum   = 1.0;
    }

return lum;
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}
*/

double Beambeamsystem::probabilityofbreakup(double D)
{

    static int ifirst = 0;
    double BIter=0., Bmin=0., Step=0., kmax=0., PHadr=0., PPhoton=0.;
    double gammatarg=0., P1n=0., Pxn=0., DLow=0., DeltaD=0., DeltaP=0.;
    double PofB = 0.;
    static double ProbTot[1000];
    static int NStep = 1426;// 1000;
    int Zz = 0, Az = 0;
        
    Bmin = 1.75*(Beam1.RNuc());  
    //Using the 1st nucleus, not sure which to start with...symmetry
    if (ifirst==0) {
        NStep = 1000;
        //kmax  = 1.E7;  //Done in pphotonbreakup now
        //if (gamma_em > 500) kmax = 1.E10;
        Az =(Beam1.getAin()); ///Using first nucleus....symmetry
        Zz = (Beam1.getZin());
        //Bmin = 1.75*RNuc; //for hard sphere ions Bmin = 2*RNuc
        Step = 1.007;//.01; //We will multiplicateively increase Biter by 1%
        //a bunch of commenting ifs
        BIter = 1.0*Bmin;

    //PofB = 1 means that there will be a UPC event and PofB=0 means no UPC

        if(BBSInputBreakupmode==1) //Replacing RGeo, should be Rnuc1+Rnuc2?
        cout<<"Hard Sphere Break criteria. b > "<<2.*Beam1.RNuc()<<endl;
        if(BBSInputBreakupmode==2) 
        cout<<"Requiring XnXn [Coulomb] breakup. bmin= "<<Bmin<<endl;
        if(BBSInputBreakupmode==3) 
        cout<<"Requiring 1n1n [Coulomb only] breakup. bmin = "<<Bmin<<endl;
        if(BBSInputBreakupmode==4) 
        cout<<"Requiring both nuclei to remain intact. bmin = "<<Bmin<<endl;
        if(BBSInputBreakupmode==5) 
        cout<<"Requiring no hadronic interactions. bmin= "<<Bmin<<endl;
        if(BBSInputBreakupmode==6) 
        cout<<"Requiring breakup of one or both nuclei. bmin= "<<Bmin<<endl;
        if(BBSInputBreakupmode==7) 
        cout<<"Requiring breakup of one nucleus (Xn,0n). bmin= "<<Bmin<<endl;
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        if( (Beam1.getZin())!=1 && (Beam1.getAin())!=1){
        //pp may cause segmentation fault in here and it does not use this...
            for ( int k = 1;k <= NStep; k++) {
                phadronbreakup = 0.;
                pphotonbreakup = 0.;

                probabilityofhadronbreakup(BIter); 
                //moved gammatarg into photonbreakup
                probabilityofphotonbreakup(BIter,BBSInputBreakupmode);

//What was probability of photonbreakup depending upon mode selection,
        // is now done in the photonbreakupfunction
                if (( BBSInputBreakupmode) == 1) {
                        if (BIter > 2.*( Beam1.RNuc())) {   //Symmetry
                            phadronbreakup = 0.0;
                            }
                        else                 {
                            phadronbreakup = 999.;
                            }
                }
//cout <<"BIter= "<<BIter<<" PHadr= "<<PHadr<<" P1n= "<<P1n<<" Pxn= "
//<<Pxn<<" PPhoton= "<<PPhoton<<endl;
                BIter = BIter*Step;
                ProbTot[k] = exp(-1*phadronbreakup)*pphotonbreakup;
                }
          ifirst = 1;
          }

}
// Do pp here
        if( (Beam1.getZin())==1 && (Beam1.getAin())==1){  
            //Again, using first beam, should be split up to be more specific
                //ppslope=19.8;
                //GammaProfile = exp(-D*D/(2.*hbarc*hbarc*ppslope));
                //PofB = (1.-GammaProfile)*(1.-GammaProfile);
                if( D < 2.*(Beam1.RNuc())){   
                    //Should be the total of RNuc1+Rnuc2,used only beam #1
                        PofB = 0.0;
                }
                else{
                        PofB=1.0;
                }
                return PofB;
        }
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 //use the lookup table and return...
 PofB = 1.;
 if (D > 0.0) {             
       //Now we must determine which step number in d corresponds to this D,
       // and use appropiate Ptot(D_i)
              //int i = (int)(log(D/Bmin)/log(1.01));
              int i = (int)(log(D/Bmin)/log(1.007));
              if ( i <= 0 ) {
                 PofB = ProbTot[1];
                 }
              else{
                 if ( i >= NStep ) {
                    PofB = ProbTot[NStep];
                    }
                 else{
                 //DLow = Bmin*pow((1.01),i);
                 DLow = Bmin*pow((1.007),i);
                 //DeltaD = .01*DLow;
                 DeltaD = .007*DLow;
                 DeltaP = ProbTot[i+1]-ProbTot[i];
                 PofB   = ProbTot[i]+DeltaP*(D-DLow)/DeltaD;
                      }//else
              }//else
       }//if(D>0.0)
//        cout <<"PofB= "<<PofB<<endl;
 return PofB;

}

double Beambeamsystem::probabilityofhadronbreakup(double impactparameter)
{
// double pbreakup =0.; 
//probability of hadron breakup, 
//this is what is returned when the function is called

double gamma = BBSInputGamma_em; 
    //input for gamma_em
    //this will need to be StarlightInputParameters::gamma or whatever

double b = impactparameter;
int ap = Beam1.getAin();  

    //Notice this is  taking from Nucleus 1.Still assuming symmetric system?

    static int IFIRSTH = 0;
    static double DELL=0., DELR=0., SIGNN=0., R1=0., A1=0., R2=0., RHO1=0.;
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    static double RHO2=0., NZ1=0., NZ2=0., NR1=0., NR2=0.,RR1=0., NY=0., NX=0.;
    static double AN1=0., AN2=0.;
    double delo=0.,RSQ=0.,Z1=0.,Y=0.,X=0.,XB=0.,RPU=0.,IRUP=0.,RTU=0.;
    double IRUT=0.,T1=0.,T2=0.;
    static double DEN1[20002], DEN2[20002];
    if (IFIRSTH != 0) goto L100;
        //Initialize
        //Integration delta x, delta z
    IFIRSTH = 1;
    DELL   = .05;
    DELR   = .01;

    //use two sigma_NN's. 52mb at rhic 100gev/beam, 88mb at LHC 2.9tev/beam, gamma 
is in cm system
    SIGNN = 5.2;
    if ( gamma > 500. ) SIGNN = 8.8;
    //use parameter from Constants
    R1 = ( Beam1.RNuc());  //remember beam2? better way to do this generically
    A1 = 0.535; //This is woodsaxonskindepth?
    //write(6,12)r1,a1,signn  Here is where we could probably set this up asymmetrically 
R2=Beam2.RNuc() and RHO2=ap2=Beam2.getAin()
    R2 = R1;
    RHO1 = ap;
    RHO2 = RHO1;
    NZ1  = ((R1+5.)/DELR);
    NR1  = NZ1;
    NZ2  = ((R2+5.)/DELR);
    NR2  = NZ2;
    RR1  = -DELR;
    NY   = ((R1+5.)/DELL);
    NX   = 2*NY;
    for ( int IR1 = 1; IR1 <= NR1; IR1++) {
        DEN1[IR1] = 0.;
        RR1       = RR1+DELR;
        Z1        = -DELR/2;

        for ( int IZ1 = 1; IZ1 <= NZ1; IZ1++) {
              Z1  = Z1+DELR;
              RSQ = RR1*RR1+Z1*Z1;
              DEN1[IR1] = DEN1[IR1]+1./(1.+exp((sqrt(RSQ)-R1)/A1));
              }//for(IZ)

        DEN1[IR1] = DEN1[IR1]*2.*DELR;
        DEN2[IR1] = DEN1[IR1];
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        }//for(IR)

    AN1 = 0.;
    RR1 = 0.;
    
    for ( int IR1 =1; IR1 <= NR1; IR1++) {
        RR1 = RR1+DELR;
        AN1 = AN1+RR1*DEN1[IR1]*DELR*2.*3.141592654;
        }//for(IR)
        
    AN2 = AN1; //This will also probably need to be changed?

    delo = .05;
    //.1 to turn mb into fm^2
    //Calculate breakup probability here
    L100:
        phadronbreakup = 0.;
    if ( b > 25. ) return phadronbreakup;
    Y = -.5*DELL;
    for ( int IY = 1; IY <= NY; IY++) {
        Y = Y+DELL;
        X = -DELL*float(NY+1);

        for ( int IX = 1; IX <=NX; IX++) {
            X = X+DELL;
            XB = b-X;
            RPU = sqrt(X*X+Y*Y);
            IRUP = (RPU/DELR)+1;
            RTU  = sqrt(XB*XB+Y*Y);
            IRUT = (RTU/DELR)+1;
            T1   = DEN2[(int)IRUT]*RHO2/AN2;
            T2   = DEN1[(int)IRUP]*RHO1/AN1;
    //Eq.6 BCW, Baltz, Chasman, White, Nucl. Inst. & Methods A 417, 1 (1998)
            phadronbreakup=phadronbreakup+2.*T1*(1.-exp(-SIGNN*T2))*DELL*DELL;
            }//for(IX)
    }//for(IY)

return phadronbreakup;

}

double Beambeamsystem::probabilityofphotonbreakup(double impactparameter,int 
mode)
{
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static double ee[10001], eee[162], se[10001];

   //double gamma_em=108.4;  //This will be an input value.
   pphotonbreakup =0.;   //Might default the probability with a different value?
   double b = impactparameter;
   int zp = Beam1.getZin();  //What about beam2? Generic approach?
   int ap = Beam1.getAin();

   //Was initialized at the start of the function originally, been moved inward.
   double pxn=0.;
   double p1n=0.;

//Used to be done prior to entering the function. Done properly for assymetric?
   double gammatarg = 2.*BBSInputGamma_em*BBSInputGamma_em-1.;
   double omaxx =0.;

//This was done prior entering the function as well
   if (BBSInputGamma_em > 500.){

omaxx=1.E10;
}
else{
omaxx=1.E7;
}

   double e1[23]= {0.,103.,106.,112.,119.,127.,132.,145.,171.,199.,230.,235.,
          254.,280.,300.,320.,330.,333.,373.,390.,420.,426.,440.};
   double s1[23]= {0.,12.0,11.5,12.0,12.0,12.0,15.0,17.0,28.0,33.0,
          52.0,60.0,70.0,76.0,85.0,86.0,89.0,89.0,75.0,76.0,69.0,59.0,61.0};
   double e2[12]={0.,2000.,3270.,4100.,4810.,6210.,6600.,
          7790.,8400.,9510.,13600.,16400.};
   double s2[12]={0.,.1266,.1080,.0805,.1017,.0942,.0844,.0841,.0755,.0827,
          .0626,.0740};
   double e3[29]={0.,26.,28.,30.,32.,34.,36.,38.,40.,44.,46.,48.,50.,52.,55.,
          57.,62.,64.,66.,69.,72.,74.,76.,79.,82.,86.,92.,98.,103.};
   double s3[29]={0.,30.,21.5,22.5,18.5,17.5,15.,14.5,19.,17.5,16.,14.,
          20.,16.5,17.5,17.,15.5,18.,15.5,15.5,15.,13.5,18.,14.5,15.5,12.5,13.,
          13.,12.};
   static double sa[161]={0.,0.,.004,.008,.013,.017,.021,.025,.029,.034,.038,.042,.046,
                   .051,.055,.059,.063,.067,.072,.076,.08,.085,.09,.095,.1,.108,.116,
                   .124,.132,.14,.152,.164,.176,.188,.2,.22,.24,.26,.28,.3,.32,.34,
                   .36,.38,.4,.417,.433,.450,.467,.483,.5,.51,.516,.52,.523,.5245,
                   .525,.5242,
                   .5214,.518,.512,.505,.495,.482,.469,.456,.442,.428,.414,.4,.386,
                   .370,.355,.34,.325,.310,.295,.280,.265,.25,.236,.222,.208,.194,
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                   .180,.166,
                   .152,.138,.124,.11,.101,.095,.09,.085,.08,.076,.072,.069,.066,
                   .063,.06,.0575,.055,.0525,.05,.04875,.0475,.04625,.045,.04375,
                   .0425,.04125,.04,.03875,.0375,.03625,.035,.03375,.0325,.03125,.03,
                   .02925,.0285,.02775,.027,.02625,.0255,.02475,.024,.02325,.0225,
                   .02175,.021,.02025,.0195,.01875,.018,.01725,.0165,.01575,.015,
                   .01425,.0135,.01275,.012,.01125,.0105,.00975,.009,.00825,.0075,
                   .00675,.006,.00525,.0045,.00375,.003,.00225,.0015,.00075,0.};

   double sen[161]={0.,0.,.012,.025,.038,.028,.028,.038,.035,.029,.039,.035,
                    .038,.032,.038,.041,.041,.049,.055,.061,.072,.076,.070,.067,
                    .080,.103,.125,.138,.118,.103,.129,.155,.170,.180,.190,.200,
                    .215,.250,.302,.310,.301,.315,.330,.355,.380,.400,.410,.420,
                    .438,.456,.474,.492,.510,.533,.556,.578,.6,.62,.63,.638,
                    .640,.640,.637,.631,.625,.618,.610,.600,.580,.555,.530,.505,
                    .480,.455,.435,.410,.385,.360,.340,.320,.300,.285,.270,.255,
                    .240,.225,.210,.180,.165,.150,.140,.132,.124,.116,.108,.100,
                    .092,.084,.077,.071,.066,.060,.055,.051,.048,.046,.044,.042,
                    .040,.038,.036,.034,.032,.030,.028,.027,.026,.025,.025,.025,
                    .024,.024,.024,.024,.024,.023,.023,.023,.023,.023,.022,.022,
                    .022,.022,.022,.021,.021,.021,.020,.020,
                    .020,.019,.018,.017,.016,.015,.014,.013,.012,.011,.010,.009,
                    .008,.007,.006,.005,.004,.003,.002,.001,0.};

   // gammay,p gamma,n of Armstrong begin at 265 incr 25

   double sigt[160]={0.,.4245,.4870,.5269,.4778,.4066,.3341,.2444,.2245,.2005,
                     .1783,.1769,.1869,.1940,.2117,.2226,.2327,.2395,.2646,.2790,.2756,
                     .2607,.2447,.2211,.2063,.2137,.2088,.2017,.2050,.2015,.2121,.2175,
                     .2152,.1917,.1911,.1747,.1650,.1587,.1622,.1496,.1486,.1438,.1556,
                     .1468,.1536,.1544,.1536,.1468,.1535,.1442,.1515,.1559,.1541,.1461,
                     .1388,.1565,.1502,.1503,.1454,.1389,.1445,.1425,.1415,.1424,.1432,
                     .1486,.1539,.1354,.1480,.1443,.1435,.1491,.1435,.1380,.1317,.1445,
                     .1375,.1449,.1359,.1383,.1390,.1361,.1286,.1359,.1395,.1327,.1387,
                     .1431,.1403,.1404,.1389,.1410,.1304,.1363,.1241,.1284,.1299,.1325,
                     .1343,.1387,.1328,.1444,.1334,.1362,.1302,.1338,.1339,.1304,.1314,
                     .1287,.1404,.1383,.1292,.1436,.1280,.1326,.1321,.1268,.1278,.1243,
                     .1239,.1271,.1213,.1338,.1287,.1343,.1231,.1317,.1214,.1370,.1232,
                     .1301,.1348,.1294,.1278,.1227,.1218,.1198,.1193,.1342,.1323,.1248,
                     .1220,.1139,.1271,.1224,.1347,.1249,.1163,.1362,.1236,.1462,.1356,
                     .1198,.1419,.1324,.1288,.1336,.1335,.1266};

84



      double sigtn[160]={0.,.3125,.3930,.4401,.4582,.3774,.3329,.2996,.2715,.2165,
                       .2297,.1861,.1551,.2020,.2073,.2064,.2193,.2275,.2384,.2150,.2494,
                       .2133,.2023,.1969,.1797,.1693,.1642,.1463,.1280,.1555,.1489,.1435,
                       .1398,.1573,.1479,.1493,.1417,.1403,.1258,.1354,.1394,.1420,.1364,
                       .1325,.1455,.1326,.1397,.1286,.1260,.1314,.1378,.1353,.1264,.1471,
                       .1650,.1311,.1261,.1348,.1277,.1518,.1297,.1452,.1453,.1598,.1323,
                       .1234,.1212,.1333,.1434,.1380,.1330,.12,.12,.12,.12,.12,.12,.12,.12,
                        .12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,
                        .12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,
                        .12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,
                        .12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,
                        .12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12,.12};
                        //89*.12};

      static int IFIRSTP=0;

      //  Initialization needed?
      //double hbar=197.3;
      //double pi=3.141592654;

      // added
      double si1=0, g1 =0,   o1=0;
      int   ne = 0, ij =0;
      double delo=0, omax =0, gk1m=0;
      static double scon=0., zcon=0.,o0=0.;

      double x=0,y=0,eps=0,eta=0,em=0,exx=0,s=0,ictr=0,pom=0,vec=0,gk1=0;

      //  maximum energy for GDR dissocation (in target frame, in MeV)

      double omax1n=24.01;

      if (IFIRSTP != 0) goto L100;

      IFIRSTP=1;

//This whole thing is dependenant on gold or lead....Might need to expand
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      if(zp == 79)
        {

        ap=197;
        si1=540.;
        g1=4.75;

        // peak and minimum energies for GDR excitation (in MeV)
        o1=13.70;
        o0=8.1;
        }
      else
        {
          zp=82;   //assumed to be lead
          ap=208;
          si1=640.;
          g1=4.05;
          o1=13.42;
          o0=7.4;
          for(int j=1;j<=160;j++)
            {

              sa[j]=sen[j];
        }
     }
     //Part II of initialization
     delo = .05;
     //.1 to turn mb into fm^2
     scon = .1*g1*g1*si1;
     zcon = zp/(gammatarg*( StarlightConstants::pi)*( 
     StarlightConstants::hbarcmev))*zp/(gammatarg*( StarlightConstants::pi)*
     ( StarlightConstants::hbarcmev))/137.04;

     //single neutron from GDR, Veyssiere et al. Nucl. Phys. A159, 561 (1970)
     for ( int i = 1; i <= 160; i++) {
           eee[i] = o0+.1*(i-1);
           sa[i]  = 100.*sa[i];
           }
     //See Baltz, Rhoades-Brown, and Weneser, Phys. Rev. E 54, 4233 (1996) 
     //for details of the following photo cross-sections
     eee[161]=24.1;
     ne=int((25.-o0)/delo)+1;
     //GDR any number of neutrons, Veyssiere et al., Nucl. Phys. A159, 561 (1970)
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     for ( int i = 1; i <= ne; i++ ) {
         ee[i] = o0+(i-1)*delo;
         se[i] = scon*ee[i]*ee[i]/(((o1*o1-ee[i]*ee[i])*(o1*o1-ee[i]*ee[i]))
         +ee[i]*ee[i]*g1*g1);
         }
     ij = ne;   //Risky?
     //25-103 MeV, Lepretre, et al., Nucl. Phys. A367, 237 (1981)
     for ( int j = 1; j <= 27; j++ ) {
                                    ij = ij+1;
                                    ee[ij] = e3[j];
                                    se[ij] = .1*ap*s3[j]/208.;
                                    }
     //103-440 MeV, Carlos, et al., Nucl. Phys. A431, 573 (1984)
     for ( int j = 1; j <= 22; j++ ) {
                                     ij = ij+1;
                                     ee[ij] = e1[j];
                                     se[ij] = .1*ap*s1[j]/208.;
                                     }
     //440 MeV-2 GeV Armstrong et al.
     for ( int j = 9; j <= 70; j++) {
                                    ij = ij+1;
                                    ee[ij] = ee[ij-1]+25.;
                                    se[ij] = .1*(zp*sigt[j]+(ap-zp)*sigtn[j]);
                                    }
     //2-16.4 GeV Michalowski; Caldwell
     for ( int j = 1; j <= 11; j++) {
                                    ij = ij+1;
                                    ee[ij] = e2[j];
                                    se[ij] = .1*ap*s2[j];
                                    }
     //Regge paramteres
     x = .0677;
     y = .129;
     eps = .0808;
     eta = .4525;
     em = .94;
     exx = pow(10,.05);

     //Regge model for high energy
     s = .002*em*ee[ij];
     //make sure we reach LHC energies
     ictr = 100;
     if ( gammatarg > (2.*150.*150.)) ictr = 150;
     for ( int j = 1; j <= ictr; j++ ) {
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                                       ij = ij+1;
                                       s = s*exx;
                                       ee[ij] = 1000.*.5*(s-em*em)/em;
                                       pom = x*pow(s,eps);
                                       vec = y*pow(s,(-eta));
                                       se[ij] = .1*.65*ap*(pom+vec);
                                       }
     ee[ij+1] = 99999999999.;
     //done with initaliation
     //write(6,99)o0;
     //clear counters for 1N, XN
     L100:

     p1n = 0.;
     pxn = 0.;
     //start XN calculation
     //what's the b-dependent highest energy of interest?

     omax = min(omaxx,4.*gammatarg*( StarlightConstants::hbarcmev)/b);
     if ( omax < o0 ) return pphotonbreakup;
     gk1m = bessel::dbesk1(ee[1]*b/(( StarlightConstants::hbarcmev)*gammatarg));
     int k = 2;
     L212:
     if (ee[k] < omax ) {
        gk1 = bessel::dbesk1(ee[k]*b/(( StarlightConstants::hbarcmev)*gammatarg));
        //Eq. 3 of BCW--NIM in Physics Research A 417 (1998) pp1-8:
        pxn=pxn+zcon*(ee[k]-ee[k-1])*.5*(se[k-1]*ee[k-
1]*gk1m*gk1m+se[k]*ee[k]*gk1*gk1);
        k = k + 1;
        gk1m = gk1;
        goto L212;
        }
     //one neutron dissociation
     omax = min(omax1n,4.*gammatarg*( StarlightConstants::hbarcmev)/b);
     gk1m = bessel::dbesk1(eee[1]*b/(( StarlightConstants::hbarcmev)*gammatarg));
     k = 2;
     L102:
     if (eee[k] < omax ) {
        gk1 = bessel::dbesk1(eee[k]*b/(( StarlightConstants::hbarcmev)*gammatarg));
        //Like Eq3 but with only the one neutron out GDR photo cross section input
        p1n = p1n+zcon*(eee[k]-eee[k-1])*.5*(sa[k-1]*eee[k-
1]*gk1m*gk1m+sa[k]*eee[k]*gk1*gk1);
        k = k+1;
        gk1m = gk1;
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        goto L102;
        }

//This used to be done externally, now it is done internally.
    if (( mode) == 1) pphotonbreakup = 1.;
    if (( mode) == 2) pphotonbreakup = (1-exp(-1*pxn))*(1-exp(-1*pxn));
    if (( mode) == 3) pphotonbreakup = (p1n*exp(-1*pxn))*(p1n*exp(-1*pxn));
    if (( mode) == 4) pphotonbreakup = exp(-2*pxn);
    if (( mode) == 5) pphotonbreakup = 1.;
    if (( mode) == 6) pphotonbreakup = (1. - exp(-2.*pxn));
    if (( mode) == 7) pphotonbreakup = 2.*exp(-pxn)*(1.-exp(-pxn));

     return pphotonbreakup;

}

Beambeamsystem::~Beambeamsystem()
{

}
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A.1.4 Beambeamsystem.h
#ifndef BEAMBEAMSYSTEM_H
#define BEAMBEAMSYSTEM_H

//This class covers a coliding beam system SK
#include "nucleus.h"
#include "beam.h"

class Beambeamsystem
{

 public:
//Better way to do this? Memory issues creating all of theses Beams?
Beambeamsystem(Beam& beam_1,Beam& beam_2,double 

luminosity,Inputparameters& input);
Beambeamsystem(Beam& beam_1, Beam& beam_2,Inputparameters& input);

// Beam Beam1;
// Beam Beam2;
    Beam getBeam1();
    Beam getBeam2();
// double getluminosity();
    double probabilityofbreakup(double D);
    /*double probabilityofhadronbreakup(double impactparameter);
    double probabilityofphotonbreakup(double impactparameter,int mode);
    */ //mode is for which type of breakup desired, 1=hardsphere.
    ~Beambeamsystem();
    //Inputparameters inputbbs;

 private:
// int ibreakup;//temporary solution until read in parameters are done
    double probabilityofhadronbreakup(double impactparameter);
    double probabilityofphotonbreakup(double impactparameter,int mode);

    double phadronbreakup;
    double pphotonbreakup;
    //Inputparameters inputbbs;
    double BBSInputGamma_em;
    int BBSInputBreakupmode;
    Beam Beam1;
    Beam Beam2;
// double luminosity;
};

#endif //BEAMBEAMSYSTEM_H
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A.1.5 Bessel.cpp

#include <iostream>
#include <fstream>
using namespace std;

#include <math.h>

//#include "main.h"
//#include "difflum.h"
//#include "constants.h"
//#include "particle.h"
//#include "nucleus.h"
//#include "particle.h"
//#include "difflum.h"
//#include "pofb.h"
#include "bessel.h" // 

// class constructor
//bessel::bessel()
//{

//}

// class destructor
//bessel::~bessel()
//{

// insert your code here
//}
//NamespaceImp (bessel)
// No description
double bessel::besI0(double x)
{
       //FROM ROOT...

// Parameters of the polynomial approximation
   const double p1=1.0,          p2=3.5156229,    p3=3.0899424,
                  p4=1.2067492,    p5=0.2659732,    p6=3.60768e-2,  p7=4.5813e-3;

   const double q1= 0.39894228,  q2= 1.328592e-2, q3= 2.25319e-3,
                  q4=-1.57565e-3,  q5= 9.16281e-3,  q6=-2.057706e-2,
                  q7= 2.635537e-2, q8=-1.647633e-2, q9= 3.92377e-3;

   const double k1 = 3.75;
   double ax = fabs(x);
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   double y=0., result=0.;

   if (ax < k1) {
      double xx = x/k1;
      y = xx*xx;
      result = p1+y*(p2+y*(p3+y*(p4+y*(p5+y*(p6+y*p7)))));
   } else {
      y = k1/ax;
      result = 
(exp(ax)/sqrt(ax))*(q1+y*(q2+y*(q3+y*(q4+y*(q5+y*(q6+y*(q7+y*(q8+y*q9))))))));
   }
   return result;
}

// No description
double bessel::dbesk0(double x)
{
   // Compute the modified Bessel function K_0(x) for positive real x.  //should be k0?
   //
   //  M.Abramowitz and I.A.Stegun, Handbook of Mathematical Functions,
   //     Applied Mathematics Series vol. 55 (1964), Washington.
   //
   //--- NvE 12-mar-2000 UU-SAP Utrecht

   // Parameters of the polynomial approximation
   const double p1= -0.57721566,   p2= 0.42278420,  p3=0.23069756,
                  p4=3.488590e-2,  p5=2.62698e-3, p6=1.0750e-4,  p7=7.4e-6;

   const double q1= 1.25331414,  q2= -7.832358e-2,  q3=2.189568e-2,
                  q4= -1.062446e-2, q5=5.87872e-3,  q6= -2.51540e-3,  q7= 5.3208e-4;

   if (x <= 0) {
      cout << "BesselK0 *K0* Invalid argument x = " << x << endl;  //Should be k0?
      return 0;
   }

   double y=0.,result=0.;

   if (x <= 2) {
      y = x*x/4.;
      result = (-log(x/2.)*bessel::besI0(x))+
(p1+y*(p2+y*(p3+y*(p4+y*(p5+y*(p6+y*p7))))));
   } else {
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      y = 2./x;
      result = (exp(-x)/sqrt(x))*(q1+y*(q2+y*(q3+y*(q4+y*(q5+y*(q6+y*q7))))));
   }
   return result;
}

// No description
double bessel::besI1(double x)
{
   // Compute the modified Bessel function I_1(x) for any real x.
   //
   //  M.Abramowitz and I.A.Stegun, Handbook of Mathematical Functions,
   //     Applied Mathematics Series vol. 55 (1964), Washington.
   //
   //--- NvE 12-mar-2000 UU-SAP Utrecht

   // Parameters of the polynomial approximation
   const double p1=0.5,          p2=0.87890594,   p3=0.51498869,
                  p4=0.15084934,   p5=2.658733e-2,  p6=3.01532e-3,  p7=3.2411e-4;

   const double q1= 0.39894228,  q2=-3.988024e-2, q3=-3.62018e-3,
                  q4= 1.63801e-3,  q5=-1.031555e-2, q6= 2.282967e-2,
                  q7=-2.895312e-2, q8= 1.787654e-2, q9=-4.20059e-3;

   const double k1 = 3.75;
   double ax = fabs(x);

   double y=0., result=0.;

   if (ax < k1) {
      double xx = x/k1;
      y = xx*xx;
      result = x*(p1+y*(p2+y*(p3+y*(p4+y*(p5+y*(p6+y*p7))))));
   } else {
      y = k1/ax;
      result = 
(exp(ax)/sqrt(ax))*(q1+y*(q2+y*(q3+y*(q4+y*(q5+y*(q6+y*(q7+y*(q8+y*q9))))))));
      if (x < 0) result = -result;
   }
   return result;
}

// No description
double bessel::dbesk1(double x)
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{
   // Compute the modified Bessel function K_1(x) for positive real x.
   //
   //  M.Abramowitz and I.A.Stegun, Handbook of Mathematical Functions,
   //     Applied Mathematics Series vol. 55 (1964), Washington.
   //
   //--- NvE 12-mar-2000 UU-SAP Utrecht

   // Parameters of the polynomial approximation
   const double p1= 1.,          p2= 0.15443144,  p3=-0.67278579,
                  p4=-0.18156897,  p5=-1.919402e-2, p6=-1.10404e-3,  p7=-4.686e-5;

   const double q1= 1.25331414,  q2= 0.23498619,  q3=-3.655620e-2,
                  q4= 1.504268e-2, q5=-7.80353e-3,  q6= 3.25614e-3,  q7=-6.8245e-4;

   if (x <= 0) {
      cout << "bessel:dbesk1 *K1* Invalid argument x = " << x << endl;
      return 0;
   }

   double y=0.,result=0.;

   if (x <= 2) {
      y = x*x/4.;
      result = (log(x/2.)*bessel::besI1(x))
+(1./x)*(p1+y*(p2+y*(p3+y*(p4+y*(p5+y*(p6+y*p7))))));
   } else {
      y = 2./x;
      result = (exp(-x)/sqrt(x))*(q1+y*(q2+y*(q3+y*(q4+y*(q5+y*(q6+y*q7))))));
   }
   return result;
}
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A.1.6 Bessel.h

#ifndef BESSEL_H
#define BESSEL_H

/*
 * bessel class
 */
//Supplied by ROOT
namespace bessel
{
//class bessel
//{
// public:

// class constructor
// bessel();

// class destructor
// ~bessel();

// No description
double besI0(double x);
// No description
double dbesk0(double x);
// No description
double dbesk1(double x);
// No description
double besI1(double x);

};

#endif // BESSEL_H
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A.1.7 Eventchannel.cpp
#include <iostream>
#include <fstream>
#include <cmath>
using namespace std;

#include "eventchannel.h"

Eventchannel::Eventchannel(Inputparameters& input,Beambeamsystem& bbsystem):
          Readinluminosity(input),bbs(bbsystem)
{

Randy.SetSeed(input.getseed());

}

Eventchannel::~Eventchannel()
{

}

StarlightConstants::event Eventchannel::produceevent(int &ievent)
{

}

void Eventchannel::transform(double betax,double betay,double betaz,double &E,
                             double &px,double &py,double &pz,int &iFbadevent)
{
  
  //     carries out a lorentz transform of the frame.  (Not a
  //     boost!)
  double beta,gamma,gob;
  double E0,px0,py0,pz0;
  
  E0 = E;
  px0 = px;
  py0 = py;
  pz0 = pz;
//cout <<"transform betax, y, z="<<betax<<" "<<betay<<" "<<betaz<<endl;
  beta = sqrt(betax*betax + betay*betay + betaz*betaz);
//cout <<"transform beta= "<<beta<<endl;
  if(beta >= 1.0)  iFbadevent = 1;
  gamma = 1./sqrt(1. - beta*beta);
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  gob = (gamma-1)/(beta*beta);
  
  E = gamma*(E0 - betax*px0 - betay*py0 - betaz*pz0);
  
  px = -gamma*betax*E0 + (1. + gob*betax*betax)*px0  +  gob*betax*betay*py0 + 
gob*betax*betaz*pz0;
  
  py = -gamma*betay*E0 + gob*betay*betax*px0+  (1. + gob*betay*betay)*py0 + 
gob*betay*betaz*pz0;
  
  pz = -gamma*betaz*E0 +  gob*betaz*betax*px0 +  gob*betaz*betay*py0 + (1. + 
gob*betaz*betaz)*pz0;
  
}
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A.1.8 Eventchannel.h
#ifndef EVENTCHANNEL_H
#define EVENTCHANNEL_H

#include <vector>
#include "starlightconstants.h"
#include "readinluminosity.h"
#include "beambeamsystem.h"
#include "randomgenerator.h"

class Eventchannel:public Readinluminosity
{

public:
Eventchannel(Inputparameters& input, Beambeamsystem& bbsystem);
virtual ~Eventchannel();
virtual StarlightConstants::event produceevent(int &ievent);
void transform(double betax,double betay,double betaz,double &E,

                              double &px,double &py,double &pz,int &iFbadevent);
Randomgenerator Randy;
Beambeamsystem bbs;

};

#endif //EVENTCHANNEL_H
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A.1.9 Gammaacrosssection.cpp
#include <iostream>
#include <fstream>
using namespace std;

#include <math.h>
#include "starlightconstants.h"
#include "gammaacrosssection.h"
#include "bessel.h"

Gammaacrosssection::Gammaacrosssection (Inputparameters& input,
                                       Beambeamsystem& bbsystem):bbs(bbsystem)
{

SigmaProtonEnergy=input.getProtonEnergy();
SigmaGamma_em=input.getgamma_em();
SigmaPID=input.getpidtest();
SigmaBreakup=input.getbreakupmode();
switch(bbs.getBeam1().getZin())

        {
                case 79://Au
                        lum=2.0;
                        break;
                case 53://I
                        lum=27.;
                        break;
                case 49://Indium,uses same as Iodine
                        lum-27.;
                        break;
                case 29://Cu
                        lum=95.;
                        break;
                case 14://Si
                        lum=440.;
                        break;
                case 8://O
                        lum=980.;
                        break;
                case 82://Pb
                        lum=1.;
                        break;
                case 20://Ca
                        lum=2000.;
                        break;
                case 1://proton
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                        lum=1.E8;
                        break;
                default:
        cout <<"Warning:Luminosity not defined.Gammaacrosssection::getlum"<<endl;

}
switch(SigmaPID)

        {
                case StarlightConstants::RHO:
                        bslope= 11.0;

f2o4pi= 2.02;
ANORM= -2.75;
BNORM= 0.0;
defaultC=     1.0;
channelmass=0.7685;
width=0.1507;

                        break;
                case StarlightConstants::RHOZEUS:
                        bslope=11.0;

f2o4pi=2.02;
ANORM=-2.75;
BNORM=1.84;
defaultC=1.0;
channelmass=0.7685;
width=0.1507;

                        break;
                case StarlightConstants::OMEGA:
                        bslope=10.0;

f2o4pi=23.13;
ANORM=-2.75;
BNORM=0.0;
defaultC=1.0;
channelmass=0.78194;
width=0.00843;

                        break;
                case StarlightConstants::PHI:
                        bslope=7.0;

f2o4pi=13.71;
ANORM=-2.75;
BNORM=0.0;
defaultC=1.0;
channelmass=1.019413;
width=0.00443;

                        break;
                case StarlightConstants::JPSI:
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                        bslope=4.0;
f2o4pi=10.45;
ANORM=-2.75;//Artificial Breit-Wigner parameters--no direct 

pions
BNORM=0.0;
defaultC=1.0;
channelmass=3.09692;//JN 3.09688
width=0.000091;//JN 0.000087

                        break;
                case StarlightConstants::JPSI2S:
                        bslope=4.3;

f2o4pi=26.39;
ANORM=-2.75;//Artificial
BNORM=0.0;
defaultC=1.0;
channelmass=3.686093;
width=0.000337;

                        break;
                case StarlightConstants::UPSILON:
                        bslope=4.0;

f2o4pi=125.37;
ANORM=-2.75;//Artificial
BNORM=0.0;
defaultC=1.0;
channelmass=9.46030;
width=0.00005402;

                        break;
                case StarlightConstants::UPSILON2S:
                        bslope=4.0;

f2o4pi=290.84;
ANORM=-2.75;
BNORM=0.0;
defaultC=1.0;
channelmass=10.02326;
width=0.00003198;

                        break;
                case StarlightConstants::UPSILON3S:
                        bslope=4.0;

f2o4pi=415.10;
ANORM=-2.75;
BNORM=0.0;
defaultC=1.0;
channelmass=10.3552;
width=0.00002032;
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                        break;
                default:
   cout <<"No sigma constants parameterized for pid: "<<SigmaPID
   <<" GammaAcrosssection"<<endl;
        }

EgMax= 
4.*SigmaGamma_em*StarlightConstants::hbarc/bbs.getBeam1().RNuc(); 

//Max photon energy( for VM only, in GeV, lab frame, use beam energy
    //, nuclear size cutoff)

}

Gammaacrosssection::~Gammaacrosssection()
{
}

Beambeamsystem Gammaacrosssection::getbbs()
{
return bbs;
}

double Gammaacrosssection::getBNORM()
{
return BNORM;
}

double Gammaacrosssection::getlum()
{
return lum;
}
double Gammaacrosssection::getf2o4pi()
{
return f2o4pi;
}

double Gammaacrosssection::getchannelmass()
{
return channelmass;
}
double Gammaacrosssection::getbslope()
{
return bslope;
}
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void Gammaacrosssection::crosssectioncalculation(double bwnormsave)
{
cout <<"Neither narrow/wide resonance cross-section calculation.--Derived"<<endl;
}

double Gammaacrosssection::getcsgA(double Egamma,double W)
{

//This function returns the cross-section for photon-nucleus interaction 
    //producing vectormesons

double Av,Wgp,cs,cvma;
//double W,dW,dY;
//double Egamma,Y;
double t,tmin,tmax;
double csgA,ax,bx;
int NGAUSS; 

  
//     DATA FOR GAUSS INTEGRATION
double 

xg[6]={0,0.1488743390,0.4333953941,0.6794095683,0.8650633667,0.9739065285};
double 

ag[6]={0,0.2955242247,0.2692667193,0.2190863625,0.1494513492,0.0666713443};
NGAUSS = 6;

//       Find gamma-proton CM energy
    Wgp=sqrt(2.*Egamma*(SigmaProtonEnergy+sqrt(SigmaProtonEnergy*SigmaProtonE
nergy-
    StarlightConstants::mp*StarlightConstants::mp))
+StarlightConstants::mp*StarlightConstants::mp);

//cout<<"getcsgaa, Egamma: "<<Egamma<<" Ep: 
"<<SigmaProtonEnergy<<endl;

//cout<<"getcsgab, W: "<<W<<" Gamma_em: "<<SigmaGamma_em<<endl;

//Used for d-A and A-A
tmin   = (W*W/(4.*Egamma*SigmaGamma_em) )*(W*W/

(4.*Egamma*SigmaGamma_em) );

 //how to make this more generic???
//cout<<"getcsgA1, Wgp:"<<Wgp<<" tmin: "<<tmin<<endl;
if(bbs.getBeam1().getAin()==1&&bbs.getBeam2().getAin()==1)
{  //Proton-proton, no scaling needed.

csgA = sigmagp(Wgp);
}
else if(bbs.getBeam2().getZin()==1&&bbs.getBeam2().getAin()==2)
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{  //Deuteron-A interaction
Av = bslope*sigmagp(Wgp);

        tmax   = tmin + 0.64;   //0.64
       ax     = 0.5*(tmax-tmin);
       bx     = 0.5*(tmax+tmin);
       csgA   = 0.;

        for( int k=1;k<NGAUSS;k++)
       {                                                                                                                   
      t    = ax*xg[k]+bx;

//We use beam2 here since the input stores the deuteron as nucleus 
2

//and nucleus 2 is the pomeron field source
//Also this is the way sergey formatted the formfactor.

     csgA = csgA + ag[k]*bbs.getBeam2().formfactor(t); 
     t    = ax*(-xg[k])+bx;
     csgA = csgA + ag[k]*bbs.getBeam2().formfactor(t);
      }
      csgA = 0.5*(tmax-tmin)*csgA;
      csgA = Av*csgA;

}
else { //For typical AA interactions.

//cout<<"Calculating the Gamma-A cross-section for a symmetric collision"<<endl;
//      Calculate V.M.+proton cross section

     cs=sqrt(16.*StarlightConstants::pi*f2o4pi*bslope
         *StarlightConstants::hbarc*StarlightConstants::hbarc*sigmagp(Wgp)
         /StarlightConstants::alpha);

//cout<<"csga2, cs: "<<cs<<endl;

  //  Calculate V.M.+Nucleus cross section
        cvma=sigma_A(cs); 
 
// Calculate Av = dsigma/dt(t=0) Note Units: fm**s/Gev**2
        Av=(StarlightConstants::alpha*cvma*cvma)/
        (16.*StarlightConstants::pi*f2o4pi*StarlightConstants::hbarc*StarlightConstants::h
barc);

//cout<<"csga3,cvma: "<<cvma<<" Av: "<<Av<<endl;
        tmax   = tmin + 0.25;
       ax     = 0.5*(tmax-tmin);
        bx     = 0.5*(tmax+tmin);
       csgA   = 0.;
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        for( int k=1;k<NGAUSS;k++)
        {                                                                                                                   
          t    = ax*xg[k]+bx;
       csgA = csgA + 
ag[k]*bbs.getBeam1().formfactor(t)*bbs.getBeam2().formfactor(t);
        //cout<<"csga1, beam1formfactor: "<<bbs.getBeam1().formfactor(t)<<endl;

//cout<<"csga2, beam2formfactor: 
"<<bbs.getBeam2().formfactor(t)<<endl;
          t    = ax*(-xg[k])+bx;
         csgA = csgA + 
ag[k]*bbs.getBeam1().formfactor(t)*bbs.getBeam2().formfactor(t);
          }

        csgA = 0.5*(tmax-tmin)*csgA;
        csgA = Av*csgA;

}
return csgA;

}

double Gammaacrosssection::photonflux(double Egamma)
{
  // DOUBLE PRECISION FUNCTION flux(Egamma)
  // This routine gives the photon flux as a function of energy Egamma
  //  It works for arbitrary nuclei and gamma; the first time it is
  //  called, it calculates a lookup table which is used on
  // subsequent calls
  //  x
  // it returns dN_gamma/dE (dimensions 1/E), not dI/dE
  // energies are in GeV, in the lab frame
  //  rewritten 4/25/2001 by SRK

double lEgamma,Emin,Emax;
static double lnEmax, lnEmin, dlnE;

  double stepmult,energy,rZ,rA;
  int nbstep,nrstep,nphistep,nstep;
  double bmin,bmax,bmult,biter,bold,integratedflux;
  double fluxelement,deltar,riter;
  double deltaphi,phiiter,dist;
  static double dide[401];
  double lnElt;
  double rA2, rZ2; //Added sergey
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  double flux_r; //Returns the flux.
double Xvar;

  int Ilt;
double RNuc=0.,RNuc2=0.;

RNuc=bbs.getBeam1().RNuc();
RNuc2=bbs.getBeam2().RNuc();

  // static ->>> dide,lnEMax,lnEmin,dlnE
  static int  Icheck = 0;

  //Check first to see if pp (JN0705)
  if( bbs.getBeam1().getZin()==1 && bbs.getBeam2().getAin()==1 ){
        bmin = RNuc+RNuc;
        flux_r = nepoint(Egamma,bmin);
        return flux_r;
  }
  //   first call?  - initialize - calculate photon flux

  Icheck=Icheck+1;
  if(Icheck > 1) goto L1000f;
  
  rZ=double(bbs.getBeam1().getZin());
  rA=double(bbs.getBeam1().getAin());
  rZ2=double(bbs.getBeam2().getZin());  //Sergey--dAu
  rA2=double(bbs.getBeam2().getAin());  //Sergey
     
  //  Nuclear breakup is done by PofB
  //  collect number of integration steps here, in one place

  nbstep=400;
  nrstep=60;
  nphistep=40;
  
  //  this last one is the number of energy steps
  nstep=100;
  
  // following previous choices, take Emin=10 keV at LHC, Emin = 1 MeV at RHIC
  
  Emin=1.E-5;
  if (SigmaGamma_em < 500) Emin=1.E-3;
  
  //  maximum energy is 12 times the cutoff
  //  25 GeV for gold at RHIC, 650 GeV for lead at LHC
  

106



  Emax=12.*StarlightConstants::hbarc*SigmaGamma_em/RNuc;
      //Will this be diff for dAu?
  
  //     >> lnEmin <-> ln(Egamma) for the 0th bin
  //     >> lnEmax <-> ln(Egamma) for the last bin
  
  lnEmin=log(Emin);
  lnEmax=log(Emax);
  dlnE=(lnEmax-lnEmin)/nstep; 
  cout<<" Calculating flux for photon energies from E= "<<Emin 
      <<" to  "<<Emax<<"  GeV (lab frame) "<<endl; 
  stepmult= exp(log(Emax/Emin)/double(nstep));
  energy=Emin;
        

for (int j = 1; j<=nstep;j++)
  {

   energy=energy*stepmult;
                                                    

   //  integrate flux over 2R_A < b < 2R_A+ 6* gamma hbar/energy
   //  use exponential steps

        
   bmin=RNuc+RNuc2; //2.*RNuc; Sergey

       bmax=bmin + 6.*StarlightConstants::hbarc*SigmaGamma_em/energy;
   

   //      cout <<"FluxAAA RNuc,RNuc2: "<<RNuc<<" "<<RNuc2<<endl;
   bmult=exp(log(bmax/bmin)/double(nbstep));

       biter=bmin;
   integratedflux=0.;

       if (bbs.getBeam2().getZin()==1&&bbs.getBeam1().getAin()==2){
       //This is for deuteron-gold
                                                                                                                                     
         Xvar = (RNuc+RNuc2)*energy/(StarlightConstants::hbarc*(SigmaGamma_em));

         fluxelement = (2.0/StarlightConstants::pi)*rZ*rZ*StarlightConstants::alpha/
         energy*(Xvar*bessel::dbesk0(Xvar)*bessel::dbesk1(Xvar)-(1/2)*Xvar*Xvar*
         (bessel::dbesk1(Xvar)*bessel::dbesk1(Xvar)-
bessel::dbesk0(Xvar)*bessel::dbesk0(Xvar)));

         integratedflux=integratedflux+fluxelement;
                

}//if dAu
else{
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     for (int jb = 1; jb<=nbstep;jb++)
     {

    bold=biter;
         biter=biter*bmult;

// When we get to b>20R_A change methods - just take the photon flux
//  at the center of the nucleus.
        if (biter > (10.*RNuc))

        {
       // if there is no nuclear breakup or only hadronic breakup, which only
      // occurs at smaller b, we can analytically integrate the flux from b~20R_A
      // to infinity, following Jackson (2nd edition), Eq. 15.54
     Xvar=energy*biter/
(StarlightConstants::hbarc*SigmaGamma_em);
         // if (ibreakup .eq. 1 .or. ibreakup .eq. 5) then

//                   beta=dsqrt(1.-1./gamma_em**2)
//                   fluxelement=(2.0/pi)*rZ*rZ*alpha/energy*
//     * (Xvar*bessel::dbesk0(Xvar)*bessel::dbesk1(Xvar) -

        //     *beta*beta/2*Xvar*Xvar*(dbesk1(Xvar)**2-dbesk0(Xvar)**2))
    //                   integratedflux=integratedflux+fluxelement

        // branch out of the b loop.  We're done at this photon energy
        //                   GOTO 95
        // ENDIF
        // Here, there is nuclear breakup.  So, we can't use the integrated flux

    //  However, we can do a single flux calculation, at the center of the
        //  nucleus
           
        // Eq. 41 of Vidovic, Greiner and Soff, Phys.Rev.C47,2308(1993), among other 
places

//  this is the flux per unit area
           fluxelement  = (rZ*rZ*StarlightConstants::alpha*energy)*

                   (bessel::dbesk1(Xvar))*(bessel::dbesk1(Xvar))/
                   ((StarlightConstants::pi*SigmaGamma_em*StarlightConstants::hbarc)*
                   (StarlightConstants::pi*SigmaGamma_em*StarlightConstants::hbarc));

                  }//if biter>10
                  else
                  {
        // integrate over nuclear surface. n.b. this assumes total shadowing -
        // treat photons hitting the nucleus the same no matter where they strike
                    fluxelement=0.;

    deltar=RNuc/double(nrstep);
    riter=-deltar/2.;
            
    for (int jr =1; jr<=nrstep;jr++)

108



    {
             riter=riter+deltar;
     // use symmetry;  only integrate from 0 to pi (half circle)
        deltaphi=StarlightConstants::pi/double(nphistep);
        phiiter=0.;
                
        for( int jphi=1;jphi<= nphistep;jphi++)
        {

               phiiter=(double(jphi)-0.5)*deltaphi;
      //  dist is the distance from the center of the emitting nucleus to the point in question
             dist=sqrt((biter+riter*cos(phiiter))*(biter+riter*
                           cos(phiiter))+(riter*sin(phiiter))*(riter*sin(phiiter)));

                           Xvar=energy*dist/(StarlightConstants::hbarc*SigmaGamma_em);

                           flux_r = (rZ*rZ*StarlightConstants::alpha*energy)*
                           (bessel::dbesk1(Xvar)*bessel::dbesk1(Xvar))/
                           ((StarlightConstants::pi*SigmaGamma_em*StarlightConstants::hbarc)*
                           (StarlightConstants::pi*SigmaGamma_em*StarlightConstants::hbarc));

                           //  The surface  element is 2.* delta phi* r * delta r
                           //  The '2' is because the phi integral only goes from 0 to pi
                           fluxelement=fluxelement+flux_r*2.*deltaphi*riter*deltar;
                           //  end phi and r integrations
                           }//for(jphi)
                     }//for(jr)
                     //  average fluxelement over the nuclear surface
                     fluxelement=fluxelement/(StarlightConstants::pi*RNuc*RNuc);
// cout<< " flux element else statement "<<fluxelement<<" "<<Xvar<<"  "<<biter<<endl;

          }//else
             //  multiply by volume element to get total flux in the volume element
             fluxelement=fluxelement*2.*StarlightConstants::pi*biter*(biter-bold);
             //      cout<<" flux element "<<fluxelement<<endl;
             //  modulate by the probability of nuclear breakup as f(biter)
             if (SigmaBreakup > 1)
             {
           fluxelement=fluxelement*bbs.probabilityofbreakup(biter);
             }
             integratedflux=integratedflux+fluxelement;

           }//end of for
}  //end of else
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// end energy integration
// nobody going here any more

                                            
//  In lookup table, store k*dN/dk because it changes less
//  so the interpolation should be better

                
        dide[j]=integratedflux*energy;

//      cout <<"FluxD integratedflux,energy, dide[j], j: "
        //<<integratedflux<<" "<<energy<<" "<<dide[j]<<" "<<j<<endl;
                                     
 }//end of for.
       

//  for 2nd and subsequent calls, use lookup table immediately
                                                                                                                                          
 L1000f:
 

lEgamma=log(Egamma);
 if (lEgamma < (lnEmin+dlnE) ||  lEgamma  > lnEmax)
   {
     flux_r=0.0;
     cout<<"  ERROR: Egamma outside defined range. Egamma= "<<Egamma
             <<"   "<<lnEmax<<" "<<(lnEmin+dlnE)<<endl;
   }

else
   {
     //       >> Egamma between Ilt and Ilt+1
     Ilt = int((lEgamma-lnEmin)/dlnE);
     //       >> ln(Egamma) for first point 
     lnElt = lnEmin + Ilt*dlnE; 

//       >> Interpolate
     flux_r = dide[Ilt] + ((lEgamma-lnElt)/dlnE)*(dide[Ilt+1]- dide[Ilt]);

//      cout<<"FluxE Ilt,dide[Ilt],lEgamma,lnElt,dlnE,dide[Ilt+1]: "
        //<<Ilt<<" "<<dide[Ilt]<<"  "<<lEgamma<<" "<<lnElt<<"  "<<dlnE<<" 
"<<dide[Ilt+1]<<endl;
     flux_r = flux_r/Egamma;
   }

    return flux_r;
}

double Gammaacrosssection::nepoint(double Egamma, double bmin)
{

//     >> Function for the spectrum of virtual photons,
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//     >> dn/dEgamma, for a point charge q=Ze sweeping
//     >> past the origin with velocity gamma
//     >> (=1/SQRT(1-(V/c)**2)) integrated over impact
//     >> parameter from bmin to infinity
//     >> See Jackson eq15.54 Classical Electrodynamics
//     >> Declare Local Variables
      double beta,X,C1,bracket,nepoint_r;

      beta = sqrt(1.-(1./(SigmaGamma_em*SigmaGamma_em)));
      X = (bmin*Egamma)/(beta*SigmaGamma_em*StarlightConstants::hbarc);

      bracket = -0.5*beta*beta*X*X*(bessel::dbesk1(X)*bessel::dbesk1(X)
      -bessel::dbesk0(X)*bessel::dbesk0(X));

      bracket = bracket+X*bessel::dbesk0(X)*bessel::dbesk1(X);

      C1=(2.*double((bbs.getBeam1().getZin())*(bbs.getBeam1().getZin()))*
      StarlightConstants::alpha)/StarlightConstants::pi;

//Looks like this is only used in photonflux for the case of pp collisions..
    //might be able to remove the Zs.
      nepoint_r = C1*(1./beta)*(1./beta)*(1./Egamma)*bracket;

return nepoint_r;
  
}

double Gammaacrosssection::sigmagp(double Wgp)
{
//     >> Function for the gamma-proton --> VectorMeson
//     >> cross section. Wgp is the gamma-proton CM energy.
//     >> Unit for cross section: fm**2
  
  double sigmagp_r=0.;
  
  switch(SigmaPID)

{ 
  //    these are rhos
  case StarlightConstants::RHO:

case StarlightConstants::RHOZEUS:
    sigmagp_r=1.E-4*(5.0*exp(0.22*log(Wgp))+26.0*exp(-1.23*log(Wgp)));
                break;
  //    these are omegas
  case StarlightConstants::OMEGA:
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    sigmagp_r=1.E-4*(0.55*exp(0.22*log(Wgp))+18.0*exp(-
1.92*log(Wgp)));
                break;                                                      
  //    these are phis

case StarlightConstants::PHI:
sigmagp_r=1.E-4*0.34*exp(0.22*log(Wgp));

                break;
  //    these are J/psis

case StarlightConstants::JPSI:
   sigmagp_r=1.E-4*0.0015*exp(0.80*log(Wgp));

                break;
//       these are Psi(2S)

case StarlightConstants::JPSI2S:
    sigmagp_r=0.166*(1.E-4*0.0015*exp(0.80*log(Wgp)));
                break;
//       these are Upsilon(1S)

case StarlightConstants::UPSILON:
//       >> This is W**1.7 dependence from QCD calculations
    sigmagp_r=1.E-10*(0.060)*exp(1.70*log(Wgp));
                break;
//       >> This is Upsilon(2S) scaled with the couplings ratio 0.249/0.577

case StarlightConstants::UPSILON2S:
    sigmagp_r=1.E-10*(0.0259)*exp(1.70*log(Wgp));
                break;
//       >> This is Upsilon(3S) scaled with the couplings ratio 0.174/0.577

case StarlightConstants::UPSILON3S:
sigmagp_r=1.E-10*(0.0181)*exp(1.70*log(Wgp));

                break;
default: cout<< "!!!  ERROR: Unidentified Vector Meson: "<< SigmaPID <<endl;

        }                                                                  
return sigmagp_r;

}

double Gammaacrosssection::sigma_A(double sig_N)
{ 
  //     >> Nuclear Cross Section
  //     >> sig_N,sigma_A in (fm**2)
  
  
  double sum;
  double b,bmax,Pint,arg;
  
  int NGAUSS;
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  double xg[17]=
    {.0,
     .0483076656877383162,.144471961582796493,
     .239287362252137075, .331868602282127650,
     .421351276130635345, .506899908932229390,
     .587715757240762329, .663044266930215201,
     .732182118740289680, .794483795967942407,
     .849367613732569970, .896321155766052124,
     .934906075937739689, .964762255587506430,
     .985611511545268335, .997263861849481564
    };
  
  
  double ag[17]=
    {.0,
     .0965400885147278006, .0956387200792748594,
     .0938443990808045654, .0911738786957638847,
     .0876520930044038111, .0833119242269467552,
     .0781938957870703065, .0723457941088485062,
     .0658222227763618468, .0586840934785355471,
     .0509980592623761762, .0428358980222266807,
     .0342738629130214331, .0253920653092620595,
     .0162743947309056706, .00701861000947009660
    };
  
      NGAUSS=16;
  
      bmax = 25.0;
      sum  = 0.;
      //     >> CALCULATE P(int) FOR b=0.0 - bmax (fm)
  
  
      for(int IB=1;IB<=NGAUSS;IB++)
        {
  
          b = 0.5*bmax*xg[IB]+0.5*bmax;
  
          arg=-sig_N*bbs.getBeam1().getrho0()*bbs.getBeam1().Thickness(b);
    // cout<<" arg first "<<sig_N<<" "<<rho0<<"  "<<Thickness(b)<<" b "<<b<<endl;
          Pint=1.0-exp(arg);
          sum=sum+2.*StarlightConstants::pi*b*Pint*ag[IB];
    //cout<<" 1 "<<sum<<" "<<Pint<<" "<<pi<<" "<<b<<endl;
          b = 0.5*bmax*(-xg[IB])+0.5*bmax;
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          arg=-sig_N*bbs.getBeam1().getrho0()*bbs.getBeam1().Thickness(b);
          Pint=1.0-exp(arg);
          sum=sum+2.*StarlightConstants::pi*b*Pint*ag[IB];
          //cout<<" 2 "<<Pint<<" "<<pi<<" "<<b<<endl;
          //    write(*,*) 'T,xg,ag',T(b),xg(IB),ag(IB)
          //cout<<" T "<<Thickness(b)<<" "<<xg[IB]<<" "<<ag[IB]<<" "<<sum<<endl;
        }
  
      sum=0.5*bmax*sum;
  
      double sigma_A_r=sum;
      //      WRITE(*,*) 'Cross Section (mb):',10.*sum
  
      return sigma_A_r;

}

double Gammaacrosssection::getdefaultC()
{
return defaultC;
}

double Gammaacrosssection::breitwigner(double W,double C)
{
                                                                                                                                               
                                                                                                                                               
  //Relativistic Breit-Wigner according to J.D. Jackson,
  //    Nuovo Cimento 34, 6692 (1964), with nonresonant term. A is the strength
  //    of the resonant term and b the strength of the non-resonant
  //     term. C is an overall normalization.
  //I think the page is 1644, you can find a copy on Jackson's page on lbl.gov?
                                                                                                                                               
                                                                                                                                               
                                                                                                                                               
  double ppi=0.,ppi0=0.,GammaPrim,rat;
  double aa,bb,cc;
                                                                                                                                               
  // return value
                                                                                                                                               
  double nrbw_r;
                                                                                                                                               
                                                                                                                                               
  // width depends on energy - Jackson Eq. A.2
  // if below threshold, then return 0.  Added 5/3/2001 SRK
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  // 0.5% extra added for safety margin
      if( SigmaPID==StarlightConstants::RHO ||
SigmaPID==StarlightConstants::RHOZEUS){ 
 
    if (W < 2.01*StarlightConstants::mpi)
         {
          nrbw_r=0.;
          return nrbw_r;
         }
                                                                                                                                               
      ppi=sqrt( ((W/2.)*(W/2.)) - StarlightConstants::mpi*StarlightConstants::mpi );
      ppi0=0.358;

} 
                                                                                                                                               
      // handle phi-->K+K- properly
      if (SigmaPID  ==  StarlightConstants::PHI)
        {
          if (W < 2.*StarlightConstants::mK)
            {
              nrbw_r=0.;
              return nrbw_r;
                                                                                                                                               
            }
          ppi=sqrt( ((W/2.)*(W/2.))- StarlightConstants::mK*StarlightConstants::mK);
          ppi0=sqrt( ((channelmass/2.)*(channelmass/2.))-
StarlightConstants::mK*StarlightConstants::mK);
        }
      //handle J/Psi-->e+e- properly
      if (SigmaPID==StarlightConstants::JPSI || SigmaPID==StarlightConstants::JPSI2S){

if(W<2.*StarlightConstants::mel)
{

nrbw_r=0.;
return nrbw_r;

}
//cout<<"psi family ->e+e- gammaacrosssection::bw()"<<endl;

        ppi=sqrt(((W/2.)*(W/2.))-StarlightConstants::mel*StarlightConstants::mel);
        ppi0=sqrt(((channelmass/2.)*(channelmass/2.))-
StarlightConstants::mel*StarlightConstants::mel);

        /*//handle J/Psi-->mu+mu- properly
        if(W<2.*StarlightConstants::mmu)

        {
                nrbw_r=0.;

115



                return nrbw_r;
        }

cout<<"J/psi->mu+mu- gammaacrosssection::bw()"<<endl;
        ppi=sqrt(((W/2.)*(W/2.))-StarlightConstants::mmu*StarlightConstants::mmu);
        ppi0=sqrt(((channelmass/2.)*(channelmass/2.))-
StarlightConstants::mmu*StarlightConstants::mmu);
       //we need Upsilon too?
        */

        }
      if(SigmaPID==StarlightConstants::UPSILON || 
SigmaPID==StarlightConstants::UPSILON2S ||
SigmaPID==StarlightConstants::UPSILON3S ){

//cout<<"Upsilons ->mu+mu- gammaacrosssection::bw()"<<endl;
  if (W<2.*StarlightConstants::mmu)

{
nrbw_r=0.;
return nrbw_r;
}

ppi=sqrt(((W/2.)*(W/2.))-StarlightConstants::mmu*StarlightConstants::mmu);
ppi0=sqrt(((channelmass/2.)*(channelmass/2.))-

StarlightConstants::mmu*StarlightConstants::mmu);

/*cout<<"Upsilons ->e+e- gammaacrosssection::bw()"<<endl;
          if (W<2.*StarlightConstants::mel)
                {
                nrbw_r=0.;
                return nrbw_r;
                }

        ppi=sqrt(((W/2.)*(W/2.))-StarlightConstants::mel*StarlightConstants::mel);
        ppi0=sqrt(((channelmass/2.)*(channelmass/2.))-
StarlightConstants::mel*StarlightConstants::mel);

*/
}

         
if(ppi==0.&&ppi0==0.) cout<<"Improper Gammaacrosssection::breitwigner, 

ppi&ppi0=0."<<endl;
      rat=ppi/ppi0;
      GammaPrim=width*(channelmass/W)*rat*rat*rat;
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      aa=ANORM*sqrt(GammaPrim*channelmass*W);
      bb=W*W-channelmass*channelmass;
      cc=channelmass*GammaPrim;
                                                                                                                                               
      //  real part^2
                                                                                                                                               
      nrbw_r = (( (aa*bb)/(bb*bb+cc*cc) + BNORM)*( (aa*bb)/(bb*bb+cc*cc) + 
BNORM));
                                                                                                                                               
      // imaginary part^2
                                                                                                                                               
      nrbw_r = nrbw_r + (( (aa*cc)/(bb*bb+cc*cc) )*( (aa*cc)/(bb*bb+cc*cc) ));
                                                                                                                                               
                                                                                                                                               
        //  Alternative, a simple, no-background BW, following J. Breitweg et al.
        //  Eq. 15 of Eur. Phys. J. C2, 247 (1998).  SRK 11/10/2000
        //      nrbw_r = (ANORM*mass*GammaPrim/(bb*bb+cc*cc))**2
                                                                                                                                               
      nrbw_r = C*nrbw_r;
                                                                                                                                               
                                                                                                                                               
      return nrbw_r;
    
}

double Gammaacrosssection::getMaxPhotonEnergy()
{

return EgMax;
}

///////////////~~WIDE~~/////////
Wideresonancesigma::Wideresonancesigma(Inputparameters& input,Beambeamsystem& 
bbsystem)
                                       :Gammaacrosssection(input,bbsystem)//hrm
{

WideWmax=input.getWmax();
WideWmin=input.getWmin();
WideYmax=input.getYmax();
WideYmin=-1.0*WideYmax;
Ep=input.getProtonEnergy();

}
Wideresonancesigma::~Wideresonancesigma()
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{
}
void Wideresonancesigma::crosssectioncalculation(double bwnormsave)
{
  //     This subroutine calculates the cross-section assuming a wide
  //     (Breit-Wigner) resonance.
  
  //DOUBLE PRECISION formf,flux,sigmagp,nrbw,sigma_A
  double Av,Wgp,cs,cvma;
  double W,dW,dY;
  double y1,y2,y12,ega1,ega2,ega12;
  double t,tmin,tmax;
  double csgA1,csgA2,csgA12,int_r,dR,rate;
  double dsigdW,dsigdWalt,dndW,tmp;
  double dsigdW2;
  double ax,bx, Eth;
  int          I,J,K,NW,NY,NGAUSS;
  
  // ----------------- !!!!!!!!!!!!!!!!!!!! -----------------------------
  
  double bwnorm =bwnormsave;//used to transfer the bwnorm from the luminosity tables

  // --------------------------------------------------------------------
//gamma+nucleon threshold.

  Eth=0.5*(((WideWmin+StarlightConstants::mp)*(WideWmin+StarlightConstants::mp)
  -StarlightConstants::mp*StarlightConstants::mp)/(Ep+sqrt(Ep*Ep-
StarlightConstants::mp*StarlightConstants::mp)));
  
  NW   = 100;
  dW   = (WideWmax-WideWmin)/double(NW);
  
  NY   =  1200;
  dY   = (WideYmax-WideYmin)/double(NY);
  
  if (getBNORM()  ==  0.)
    {
      cout<<" Using Breit-Wigner Resonance Profile."<<endl;
    }
  else
    {
      cout<<" Using Breit-Wigner plus direct pi+pi- profile."<<endl;
    }
  
  cout<<" Integrating over W from "<<WideWmin<<" to "<<WideWmax<<endl;
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  int_r=0.;
  //  DO 200 I=0,NW-1
  for(I=0;I<=NW-1;I++)
    {
  
      W = WideWmin + double(I)*dW + 0.5*dW;
  
      tmp = 0.0;
      dsigdW=0.0;
      dsigdW2=0.0;
      dsigdWalt=0.0;
      dndW=0.0;
  
      //        DO 150 J=0,NY-1
  
      for(J=0;J<=NY-1;J++)
        {
         
          y1  = WideYmin + double(J)*dY;
          y2  = WideYmin + double(J+1)*dY;
          y12 = 0.5*(y1+y2);
          
          ega1  = 0.5*W*exp(y1);
          ega2  = 0.5*W*exp(y2);
          ega12 = 0.5*W*exp(y12);
          
          if(ega1 < Eth) continue;
          if(ega2 > getMaxPhotonEnergy()) continue;
          // check it !!
          
          if(J == 0)
            {
              // >> 1st Point (Calculated only the first time)     =====>>>
              //ega1 used.                                                        

csgA1=getcsgA(ega1,W);
            }
          else
            {
              csgA1 = csgA2;
            }
          
          //         >> Middle Point                      =====>>>

csgA12=getcsgA(ega12,W);         
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            //         >> Second Point                      =====>>>
            csgA2=getcsgA(ega2,W);
            
      //>> Sum the contribution for this W,Y. The 2 accounts for the 2 beams
            dR  = ega1*photonflux(ega1)*csgA1;
            dR  = dR + 4.*ega12*photonflux(ega12)*csgA12;
            dR  = dR + ega2*photonflux(ega2)*csgA2;
            tmp = tmp+2.*dR*(dY/6.);
            dR  = dR*(dY/6.)*breitwigner(W,bwnorm)*dW;

//For identical beams, we double.  Either may emit photon/scatter
//For large differences in Z, we approx, that only beam1 emits photon
//and beam2 scatters, eg d-Au where beam1=au and beam2=d

        if(getbbs().getBeam1().getAin()==getbbs().getBeam2().getAin()){
            dR  = 2.*dR;
        }
            int_r = int_r+dR;
  
           }
  
     // if(((I%NW)/10) == 0) cout<< " W, sigma: " 
     //<<W<<"  "<<10.*int_r<<"  "<<bwnormsave<<endl;
    
    }
  
  rate=getlum()*int_r;
 
  cout<<" Cross section (mb): "<<10.*int_r<<endl;
  cout<<" Production rate   : "<<rate<<" Hz"<<endl;
  

}

/////////////~~NARROW~~////////
Narrowresonancesigma::Narrowresonancesigma(Inputparameters& 
input,Beambeamsystem& bbsystem)
                                           :Gammaacrosssection(input,bbsystem)
{

        NarrowYmax=input.getYmax();
        NarrowYmin=-1.0*NarrowYmax;
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NarrowNumY=input.getnumy();
        Ep=input.getProtonEnergy();

}
Narrowresonancesigma::~Narrowresonancesigma()
{
}
void Narrowresonancesigma::crosssectioncalculation(double bwnormsave)
{
                                                                                                                                     
                                                                                                                                     
  //     This subroutine calculates the vector meson cross section assuming
  //     a narrow resonance.  For reference, see STAR Note 386.
                                                                                                                                     
                                                                                                                                     
                                                                                                                                     
                                                                                                                                     
  //  DOUBLE PRECISION formf,flux,sigmagp,sigma_A
                                                                                                                                     
  double Av,Wgp,cs,cvma;
  double W,dY;
  double y1,y2,y12,ega1,ega2,ega12;
  double t,tmin,tmax;
  double csgA1,csgA2,csgA12,int_r,dR,rate;
  double tmp;
  double ax,bx, Eth;
  int          J,K,NY,NGAUSS;
 
  NY   =  NarrowNumY;
  dY   = (NarrowYmax-NarrowYmin)/double(NY);
                                                                                                                                     
  cout<<" Using Narrow Resonance ..."<<endl;
                                                                                                                                     
  W = getchannelmass();
  Eth=0.5*(((W+StarlightConstants::mp)*(W+StarlightConstants::mp)-
  StarlightConstants::mp*StarlightConstants::mp)/(Ep+sqrt(Ep*Ep-
StarlightConstants::mp*StarlightConstants::mp)));

  cout<<" gamma+nucleon  Threshold: "<<Eth<<endl;
  int_r=0.;
                                                                                                                                     
  tmp = 0.0;
                                                                                                                                     
  for(J=0;J<=(NY-1);J++)
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    {
                                                                                                                                     
      y1  = NarrowYmin + double(J)*dY;
      y2  = NarrowYmin + double(J+1)*dY;
      y12 = 0.5*(y1+y2);
                                                                                                                                     
      ega1  = 0.5*W*exp(y1);
      ega2  = 0.5*W*exp(y2);
      ega12 = 0.5*W*exp(y12);
                                                                                                                                     
      if(ega1 < Eth)   continue;
      if(ega2 > getMaxPhotonEnergy()) continue;
                                                                                                                                     

csgA1=getcsgA(ega1,W);
                                                                                                                                     
        //       >> Middle Point                      =====>>>
        

csgA12=getcsgA(ega12,W); 
        //       >> Second Point                      =====>>>
        csgA2=getcsgA(ega2,W);
         
        //       >> Sum the contribution for this W,Y.
        dR  = ega1*photonflux(ega1)*csgA1;
        dR  = dR + 4.*ega12*photonflux(ega12)*csgA12;
        dR  = dR + ega2*photonflux(ega2)*csgA2;
        tmp = tmp+2.*dR*(dY/6.);
        dR  = dR*(dY/6.);
        //       >> The 2 accounts for the 2 beams

//Not dAu
//Double for identical beams.  
//If the beams are different in Z by a large amount
//eg dAu, then only beam1(Au) emits the photon and beam2(d) scatters it

        if(getbbs().getBeam1().getAin()==getbbs().getBeam2().getAin()){
        dR  = 2.*dR;
        }
        int_r = int_r+dR;
                                                                                                                                     
                                                                                                                                     
    }
                                                                                                                                     
  rate=getlum()*int_r;
  cout<<" Cross section (mb): " <<10.*int_r<<endl;
  cout<<" Production rate   : "<<rate<<" Hz"<<endl;
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}
Gammaacrosssection.h

#ifndef GAMMAACROSSSECTION_H
#define GAMMAACROSSSECTION_H
  
#include "starlightconstants.h"
#include "beambeamsystem.h"
  
class Gammaacrosssection
{
  
   public:
        Gammaacrosssection(Inputparameters& input,Beambeamsystem& bbsystem);
        ~Gammaacrosssection();

double getcsgA(double Egamma,double W);
double getbslope();

        //Made public since it is used in checking values for pp elsewhere

void crosssectioncalculation(double bwnormsave);
        // Will think about it...For VMs we just calculate it

//So just use the wide or narrow constructor to calculate it
        // wide/narrow will inherit this.

double getchannelmass();
double getBNORM();
double getlum();
double photonflux(double Egamma);
double getMaxPhotonEnergy();
double getdefaultC();
double breitwigner(double W,double C);
Beambeamsystem getbbs();
double sigmagp(double Wgp);

                double sigma_A(double sig_N);
double getf2o4pi();

        private:
                Beambeamsystem bbs;

// double getf2o4pi();
// double sigmagp(double Wgp);
// double sigma_A(double sig_N);

double nepoint(double Egamma, double bmin);
// double getMaxPhotonEnergy();
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                StarlightConstants::particle SigmaPID;
                double SigmaProtonEnergy;
                double SigmaGamma_em;

        int SigmaBreakup;
double bslope;
double f2o4pi;
double ANORM;
double BNORM;
double defaultC;
double channelmass;
double lum;
double EgMax;
double width;

};

//Now let's define narrow and wide, which derive from here.
class Wideresonancesigma:public Gammaacrosssection
{

public:
Wideresonancesigma(Inputparameters& input,Beambeamsystem& 

bbsystem);
~Wideresonancesigma();
void crosssectioncalculation(double bwnormsave);

private:
double Ep;//Proton Energy
double WideWmax;
double WideWmin;
double WideYmax;
double WideYmin;

};

class Narrowresonancesigma:public Gammaacrosssection
{

public:
Narrowresonancesigma(Inputparameters& input,Beambeamsystem& 

bbsystem);
~Narrowresonancesigma();
void crosssectioncalculation(double bwnormsave);

private:
double NarrowYmax;

        double NarrowYmin;
        int NarrowNumY;
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        double Ep;

};
  
#endif //GAMMAACROSSSECTION_H
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A.1.10 Gammaaluminosity.cpp
#include <iostream>
#include <fstream>
using namespace std;
  
#include <math.h>
#include "inputparameters.h"
#include "beambeamsystem.h"
#include "beam.h"
#include "starlightconstants.h"
#include "nucleus.h"
#include "bessel.h"
#include "gammaaluminosity.h"
  
  
Gammaaluminosity::Gammaaluminosity(Inputparameters& input, Beambeamsystem& 
bbsystem)
                             :Gammaacrosssection(input,bbsystem),inputgammaa(input)
{
 

cout <<"Creating Luminosity Tables."<<endl;
gammaadifferentialluminosity();
cout <<"Luminosity Tables created."<<endl;

}
                                                                                                                                   
void Gammaaluminosity::gammaadifferentialluminosity()
{
  double Av,Wgp,cs,cvma;
  double W,dW,dY;
  double Egamma,Y;
  double t,tmin,tmax,testint,dndWdY;
  double csgA,ax,bx;
  double C;
  
  ofstream wylumfile;
  wylumfile.precision(15);
  // added
  
  
  double  bwnorm,Eth;

  //    WRITE(*,*) 'Generating W/Y map for Monte Carlo ...'
  
  dW = (inputgammaa.getWmax()-inputgammaa.getWmin())/inputgammaa.getnumw();
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  dY  = (inputgammaa.getYmax()-(-
1.0)*inputgammaa.getYmax())/inputgammaa.getnumy();
 
  //     Normalize the Breit-Wigner Distribution
  testint=0.0;
  
  // Write the values of W used in the calculation to starlight.dat.
 
        wylumfile.open("slight.txt");
        wylumfile << getbbs().getBeam1().getZin() <<endl;
        wylumfile << getbbs().getBeam1().getAin() <<endl;
        wylumfile << getbbs().getBeam2().getZin() <<endl;
        wylumfile << getbbs().getBeam2().getAin() <<endl;
        wylumfile << inputgammaa.getgamma_em() <<endl;
        wylumfile << inputgammaa.getWmax() <<endl;
        wylumfile << inputgammaa.getWmin() <<endl;
        wylumfile << inputgammaa.getnumw() <<endl;
        wylumfile << inputgammaa.getYmax() <<endl;
        wylumfile << inputgammaa.getnumy() <<endl;
        wylumfile << inputgammaa.getgg_or_gP() <<endl;
        wylumfile << inputgammaa.getbreakupmode() <<endl;
        wylumfile << inputgammaa.getinterferencemode() <<endl;
        wylumfile << inputgammaa.getinterferencepercent() <<endl;
        wylumfile << inputgammaa.getincoherentorcoherent() <<endl;
        wylumfile << inputgammaa.getbford() <<endl;
        wylumfile << inputgammaa.getmaximuminterpt() <<endl;
        wylumfile << inputgammaa.getNPT() <<endl;
  

//Grabbing default value for C in the breit-wigner calculation
C=getdefaultC();

  for(int i=0;i<=inputgammaa.getnumw()-1;i++)
    {
      W = inputgammaa.getWmin() + double(i)*dW + 0.5*dW;
      testint = testint + breitwigner(W,C)*dW;
        wylumfile << W << endl;
    }
        
  //     Write the values of Y used in the calculation to starlight.dat.
                      
  for(int i=0;i<=inputgammaa.getnumy()-1;i++)
    {
      Y = -1.0*inputgammaa.getYmax() + double(i)*dY + 0.5*dY;
        wylumfile << Y << endl;
    }
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  bwnorm = 1./testint;
 
  cout<<" BW Norm: "<<bwnorm<<endl;
   
  Eth=0.5*(((inputgammaa.getWmin()
+StarlightConstants::mp)*(inputgammaa.getWmin()
  +StarlightConstants::mp)-StarlightConstants::mp*StarlightConstants::mp)/
  (inputgammaa.getProtonEnergy()+sqrt(inputgammaa.getProtonEnergy()*
  inputgammaa.getProtonEnergy()-StarlightConstants::mp*StarlightConstants::mp)));
                                                                                                                                         
  for(int i=0;i<=inputgammaa.getnumw()-1;i++)
    {
    W = inputgammaa.getWmin() + double(i)*dW + 0.5*dW;
                                  
  for(int j=0;j<=inputgammaa.getnumy()-1;j++)
    {
      Y = -1.0*inputgammaa.getYmax() + double(j)*dY + 0.5*dY;
      Egamma = 0.5*W*exp(Y);
             
      //  if below threshold, the cross section is 0.
      //  (this used to set Egamma = Ethreshold
   // cout <<"Egamma: "<<Egamma<<" Eth: "<<Eth<<" Y: "<<Y<<endl;  
      if(Egamma < Eth)
        {
          dndWdY=0.;
          goto L80_vm;
     }
      //  at very high photon energies, the flux ~ 0 anyway, so this
      //  cutoff is fine.
       
          if(Egamma > getMaxPhotonEnergy())
            {
              Egamma = getMaxPhotonEnergy();
            }

          csgA=getcsgA(Egamma,W);

                  dndWdY = Egamma*photonflux(Egamma)*csgA*breitwigner(W,bwnorm);
        //cout <<"difflumFb bwnorm constants W,bwnorm: "<<W<<" ,  "<<bwnorm<<endl;
        //cout <<"difflumF dndWdY,Egamma,csgA,flux_nuc,nrbw: "<<Egamma<<" "
        //<<csgA<<" "<<photonflux(Egamma)<<" "<<breitwigner(W,bwnorm)<<endl;
L80_vm:
         // cout<<"dndWdY,Egamma,nrbw: "<<dndWdY<<" "<<Egamma<<" "

128



         //<<nrbw(W,ANORM,BNORM,bwnorm)<<endl;
        
        wylumfile << dndWdY << endl;

            }
    }
        wylumfile.close();
        
        if(inputgammaa.getinterferencemode()==1) pttablegen();
        wylumfile.open("slight.txt",ios::app);
        
        cout << "bwnorm: "<< bwnorm <<endl;
        
        wylumfile << bwnorm << endl;
        
        wylumfile.close();

}

void Gammaaluminosity::pttablegen()
{
//  Calculates the pt spectra for VM production with interference
//  Follows S. Klein and J. Nystrand, Phys. Rev Lett. 84, 2330 (2000).
//  Written by S. Klein, 8/2002

//  fill in table pttable in one call
//  Integrate over all y (using the same y values as in table yarray
// note that the cross section goes from ymin (<0) to ymax (>0), in numy points
// here,  we go from 0 to ymax in (numy/2)+1 points
//  numy must be even.
 
//  At each y, calculate the photon energies Egamma1 and Egamma2
// and the two photon-A cross sections
 
// loop over each p_t entry in the table.

//  Then, loop over b and phi (the angle between the VM \vec{p_t} and \vec{b}
//  and calculate the cross section at each step.
// Put the results in pttable
ofstream wylumfile;
wylumfile.precision(15);
wylumfile.open("slight.txt",ios::app);
double param1pt[500],param2pt[500];
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double  *ptparam1=param1pt;
double  *ptparam2=param2pt;
double 
dY=0.,Yp=0.,Egamma1=0.,Egamma2=0.,Wgp=0.,cs=0.,cvma=0.,Av=0.,tmin=0.,tmax=0.
,ax=0.,bx=0.;
double 
csgA=0.,t=0.,sig_ga_1=0.,sig_ga_2=0.,bmax=0.,bmin=0.,db=0.,pt=0.,sum1=0.,b=0.,A1=
0.,A2=0.;
double sumg=0.,theta=0.,amp_i_2=0.,sumint=0.;
int NGAUSS=0,NBIN=0,NThetaBIN=0;
double xg[16]={.0483076656877383162E0,.144471961582796493E0,
        .239287362252137075E0, .331868602282127650E0,
        .421351276130635345E0, .506899908932229390E0,
        .587715757240762329E0, .663044266930215201E0,
        .732182118740289680E0, .794483795967942407E0,
        .849367613732569970E0, .896321155766052124E0,
        .934906075937739689E0, .964762255587506430E0,
        .985611511545268335E0, .997263861849481564E0};
double ag[16]={.0965400885147278006E0, .0956387200792748594E0,
        .0938443990808045654E0, .0911738786957638847E0,
        .0876520930044038111E0, .0833119242269467552E0,
        .0781938957870703065E0, .0723457941088485062E0,
        .0658222227763618468E0, .0586840934785355471E0,
        .0509980592623761762E0, .0428358980222266807E0,
        .0342738629130214331E0, .0253920653092620595E0,
        .0162743947309056706E0, .00701861000947009660E0};
      NGAUSS=16;
//Setting input calls to variables/less calls this way.
double Ymax=inputgammaa.getYmax();
int numy = inputgammaa.getnumy();
double Ep = inputgammaa.getProtonEnergy();
int ibreakup = inputgammaa.getbreakupmode();
double NPT = inputgammaa.getNPT();
double gamma_em=inputgammaa.getgamma_em();
double mass= getchannelmass();
 

      
//  loop over y from 0 (not -ymax) to ymax
    
      //dpt=ptmax/float(NPT);

      dY=(2.*Ymax)/numy;
      for(int jy=1;jy<=numy/2;jy++)
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      {
              Yp=(double(jy)-0.5)*dY;

//  Find the photon energies.  Yp >= 0, so Egamma2 is smaller

//  Use the vector meson mass for W here - neglect the width

            Egamma1 = 0.5*mass*exp(Yp);
            Egamma2 = 0.5*mass*exp(-Yp);

//  Find the sigma(gammaA) for the two directions

//  Photonuclear Cross Section 1

//  Gamma-proton CM energy

            Wgp=sqrt(2.*Egamma1*(Ep+sqrt(Ep*Ep-StarlightConstants::mp*
            StarlightConstants::mp))+StarlightConstants::mp*StarlightConstants::mp);

// Calculate V.M.+proton cross section

            cs=sqrt(16.*StarlightConstants::pi*getf2o4pi()*getbslope()*
            StarlightConstants::hbarc*StarlightConstants::hbarc*sigmagp(Wgp)
            /StarlightConstants::alpha);

// Calculate V.M.+Nucleus cross section

            cvma=sigma_A(cs);

// Calculate Av = dsigma/dt(t=0) Note Units: fm**2/Gev**2

            Av=(StarlightConstants::alpha*cvma*cvma)/(16.*StarlightConstants::pi
            *getf2o4pi()*StarlightConstants::hbarc*StarlightConstants::hbarc);

            tmin  = ((mass*mass)/(4.*Egamma1*gamma_em)*(mass*mass)/
(4.*Egamma1*gamma_em));
            tmax  = tmin + 0.25;
            ax    = 0.5*(tmax-tmin);
            bx    = 0.5*(tmax+tmin);
            csgA  = 0.;

           for(int k=0;k<NGAUSS;k++)
           {
               t     = sqrt(ax*xg[k]+bx);
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               csgA  = csgA + 
ag[k]*getbbs().getBeam2().formfactor(t)*getbbs().getBeam2().formfactor(t);
               t     = sqrt(ax*(-xg[k])+bx);
               csgA  = csgA + 
ag[k]*getbbs().getBeam2().formfactor(t)*getbbs().getBeam2().formfactor(t);
           }

            csgA = 0.5*(tmax-tmin)*csgA;
            csgA = Av*csgA;
            sig_ga_1 = csgA;

// Photonuclear Cross Section 2

            Wgp=sqrt(2.*Egamma2*(Ep+sqrt(Ep*Ep-StarlightConstants::mp*
            StarlightConstants::mp))+StarlightConstants::mp*StarlightConstants::mp);

            cs=sqrt(16.*StarlightConstants::pi*getf2o4pi()*getbslope()*
            StarlightConstants::hbarc*StarlightConstants::hbarc*sigmagp(Wgp)/StarlightCon
stants::alpha);
            
            cvma=sigma_A(cs);
            
            Av=(StarlightConstants::alpha*cvma*cvma)/(16.*StarlightConstants::pi
            *getf2o4pi()*StarlightConstants::hbarc*StarlightConstants::hbarc);
            
            tmin  = (((mass*mass)/(4.*Egamma2*gamma_em))*((mass*mass)/
(4.*Egamma2*gamma_em)));
            tmax  = tmin + 0.25;
            ax    = 0.5*(tmax-tmin);
            bx    = 0.5*(tmax+tmin);
            csgA  = 0.;
            for(int k=0;k<NGAUSS;k++)
            {
                    t     = sqrt(ax*xg[k]+bx);
                    csgA  = csgA + 
ag[k]*getbbs().getBeam2().formfactor(t)*getbbs().getBeam2().formfactor(t);
                    t     = sqrt(ax*(-xg[k])+bx);
                    csgA  = csgA + 
ag[k]*getbbs().getBeam2().formfactor(t)*getbbs().getBeam2().formfactor(t);
            }
            
            csgA = 0.5*(tmax-tmin)*csgA;
            csgA = Av*csgA;
            sig_ga_2 = csgA;
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//  Set up pttables - they find the reduction in sigma(pt)
//  due to the nuclear form factors.
           
//  Use the vector meson mass for W here - neglect width in
//  interference calculation

           ptparam1=vmsigmapt(mass,Egamma1,ptparam1);
           ptparam2=vmsigmapt(mass,Egamma2,ptparam2);

//  set  bmax according to the smaller photon energy, following flux.f

           bmax=bmin+6.*StarlightConstants::hbarc*gamma_em/Egamma2;
           
           bmin = getbbs().getBeam1().RNuc()+getbbs().getBeam2().RNuc();
//  if we allow for nuclear breakup, use a slightly smaller bmin

         if (ibreakup != 1) bmin=0.95*bmin;
//  set number of bins to a reasonable number to start
         NBIN = 2000;
         NThetaBIN = 1000;
         db   = (bmax-bmin)/float(NBIN);
// loop over pt
         for(int i=1;i<=NPT;i++)
         {
              pt = (float(i)-0.5)*inputgammaa.getdpt();
              sum1=0.0;
// loop over b
               for(int j=1;j<=NBIN;j++)
              {
                      b = bmin + (float(j)-0.5)*db;
//  nofe is the photon flux function
                      A1 = Egamma1*nofe(Egamma1,b)*sig_ga_1*ptparam1[i];
                      A2 = Egamma2*nofe(Egamma2,b)*sig_ga_2*ptparam2[i];
                      sumg=0.0;
//  do this as a Gaussian integral, from 0 to pi
                      for(int k=0;k<NGAUSS;k++)
                      {
                              theta=xg[k]*StarlightConstants::pi;
//  allow for a linear sum of interfering and non-interfering amplitudes
                              amp_i_2 = A1 + A2 - 2.*inputgammaa.getinterferencepercent()
                              *sqrt(A1*A2)*cos(pt*b*cos(theta)/StarlightConstants::hbarc);

                              sumg  = sumg+ag[k]*amp_i_2;
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                       }
//  this is dn/dpt^2
//  The factor of 2 is because the theta integral is only from 0 to pi
                       sumint=2.*sumg*b*db;
                       if (ibreakup > 1) sumint=sumint*getbbs().probabilityofbreakup(b);
                       sum1 = sum1 + sumint;
                 }
//  normalization is done in readDiffLum.f
//  This is d^2sigma/dpt^2; convert to dsigma/dpt
//CHECK THIS OUT---->      write(20,*)sum1*pt*dpt
        wylumfile << sum1*pt*inputgammaa.getdpt() <<endl;
//  end of pt loop
        }
//  end of y loop
     }
        wylumfile.close();
}

double *Gammaaluminosity::vmsigmapt(double W,double Egamma,double *SIGMAPT)
{
//
//  This subroutine calculates the effect of the nuclear form factor
// on the pt spectrum, for use in interference calculations
// For an interaction with mass W and photon energy Egamma,
// it calculates the cross section suppression SIGMAPT(PT)
// as a function of pt.

// The input pt values come from pttable.inc

        //double SIGMAPT[500];
        double pxmax=0.,pymax=0.,dx=0.,Epom=0.,pt=0.,px0=0.,py0=0.,sum=0.,sumy=0.;
        double py=0.,px=0.,pt1=0.,pt2=0.,f1=0.,f2=0.,q1=0.,q2=0.,norm=0.;
        int NGAUSS =0,Nxbin=0;
      double xg[16]={.0483076656877383162e0,.144471961582796493e0,
             .239287362252137075e0, .331868602282127650e0,
             .421351276130635345e0, .506899908932229390e0,
             .587715757240762329e0, .663044266930215201e0,
             .732182118740289680e0, .794483795967942407e0,
             .849367613732569970e0, .896321155766052124e0,
             .934906075937739689e0, .964762255587506430e0,
             .985611511545268335e0, .997263861849481564e0};
       double ag[16]={.0965400885147278006e0, .0956387200792748594e0,
             .0938443990808045654e0, .0911738786957638847e0,
             .0876520930044038111e0, .0833119242269467552e0,
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             .0781938957870703065e0, .0723457941088485062e0,
             .0658222227763618468e0, .0586840934785355471e0,
             .0509980592623761762e0, .0428358980222266807e0,
             .0342738629130214331e0, .0253920653092620595e0,
             .0162743947309056706e0, .00701861000947009660e0};
       NGAUSS=16;

//     >> Initialize
      pxmax = 10.*(StarlightConstants::hbarc/getbbs().getBeam1().RNuc());
      pymax = 10.*(StarlightConstants::hbarc/getbbs().getBeam1().RNuc());
      
      Nxbin = 500;
      
      dx = 2.*pxmax/double(Nxbin);
     
      Epom   = W*W/(4.*Egamma);
      
//     >> Loop over total Pt to find distribution
      
      for(int k=1;k<=inputgammaa.getNPT();k++)
      {
              pt=inputgammaa.getdpt()*(double(k)-0.5);
              
              px0 = pt;
              py0 = 0.0;
              
              //  For each total Pt, integrate over Pt1, , the photon pt
              //  The pt of the Pomeron  is the difference
              //  pt1 is
              sum=0.;
              for(int i=1;i<=Nxbin;i++)
              {
                 px = -pxmax + (double(i)-0.5)*dx;
                 sumy=0.0;
                 for(int j=0;j<NGAUSS;j++)
                      {
                      py = 0.5*pymax*xg[j]+0.5*pymax;
//  photon pt
                      pt1 = sqrt( px*px + py*py );
//  pomeron pt
                      pt2 = sqrt( (px-px0)*(px-px0) + (py-py0)*(py-py0) );
                      q1  = 
sqrt( ((Egamma/inputgammaa.getgamma_em())*(Egamma/inputgammaa.getgamma_em(
))) + pt1*pt1 );        
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                      q2  = 
sqrt( ((Epom/inputgammaa.getgamma_em())*(Epom/inputgammaa.getgamma_em()))   + 
pt2*pt2 );

//  photon form factor
// add in phase space factor?
     
                      f1  = 
(getbbs().getBeam1().formfactor(q1*q1)*getbbs().getBeam1().formfactor(q1*q1)*pt1*pt
1)/(q1*q1*q1*q1);
//  Pomeron form factor

                       f2  = 
getbbs().getBeam1().formfactor(q2*q2)*getbbs().getBeam1().formfactor(q2*q2);
                       sumy= sumy + ag[j]*f1*f2;

//  now consider other half of py phase space - why is this split?

                       py = 0.5*pymax*(-xg[j])+0.5*pymax;
                       pt1 = sqrt( px*px + py*py );
                       pt2 = sqrt( (px-px0)*(px-px0) + (py-py0)*(py-py0) );
                       q1  = 
sqrt( ((Egamma/inputgammaa.getgamma_em())*Egamma/inputgammaa.getgamma_em()
) + pt1*pt1 );
                       q2  = 
sqrt( ((Epom/inputgammaa.getgamma_em())*(Epom/inputgammaa.getgamma_em()))   + 
pt2*pt2 );
//  add in phase space factor?
                       f1  = 
(getbbs().getBeam1().formfactor(q1*q1)*getbbs().getBeam1().formfactor(q1*q1)*pt1*pt
1)/(q1*q1*q1*q1);
                       f2  = 
getbbs().getBeam1().formfactor(q2*q2)*getbbs().getBeam1().formfactor(q2*q2);
                       sumy= sumy + ag[j]*f1*f2;
      
                    }
//         >> This is to normalize the gaussian integration
                   sumy = 0.5*pymax*sumy;
//         >> The 2 is to account for py: 0 -- pymax
                   sum  = sum + 2.*sumy*dx;
               }
         
        if(k==1) norm=1./sum;
        SIGMAPT[k]=sum*norm;
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        }
        return (SIGMAPT);
                                                                                                                                              
                                                                                                                                              
}

double Gammaaluminosity::nofe(double Egamma,double bimp)
{
//Function for the calculation of the "photon density".
//nofe=numberofgammas/(energy*area)
//Assume beta=1.0 and gamma>>1, i.e. neglect the (1/gamma^2)*K0(x) term
        double X=0.,nofex=0.,factor1=0.,factor2=0.,factor3=0.;
        X = (bimp*Egamma)/(inputgammaa.getgamma_em()*StarlightConstants::hbarc);
        if( X <= 0.0) cout<<"In nofe, X= "<<X<<endl;
        factor1 = (double(getbbs().getBeam1().getZin()*getbbs().getBeam1().getZin())
        *StarlightConstants::alpha)/(StarlightConstants::pi*StarlightConstants::pi);

        factor2 = 1./(Egamma*bimp*bimp);
        factor3 = X*X*(bessel::dbesk1(X))*(bessel::dbesk1(X));
        nofex    = factor1*factor2*factor3;
return nofex;

}

Gammaaluminosity::~Gammaaluminosity()
{
}
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A.1.11 Gammaaluminosity.h
#ifndef GAMMAALUMINOSITY_H
#define GAMMAALUMINOSITY_H
  
//This class covers a coliding beam system SK

#include "beambeamsystem.h"
#include "inputparameters.h"
#include "gammaacrosssection.h" 
class Gammaaluminosity: Gammaacrosssection
{
  
        public:
                Gammaaluminosity(Inputparameters& input, Beambeamsystem& bbsystem);
                ~Gammaaluminosity();

        private:
Inputparameters inputgammaa;

                void gammaadifferentialluminosity();
double *vmsigmapt(double W,double Egamma,double *SIGMAPT);
double nofe(double Egamma,double bimp);
void pttablegen();

};
  
  
  
#endif //GAMMAALUMINOSITY_H
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A.1.12 Gammaavm.cpp
#include <iostream>
#include <fstream>
using namespace std;
                                                                                
#include <math.h>
//#include <cmath>
//#include <vector>
//#include "starlightconstants.h"
#include "gammaavm.h"
#include "gammaacrosssection.h"

Gammaavectormeson::Gammaavectormeson(Inputparameters& 
input,Beambeamsystem& 
bbsystem):Eventchannel(input,bbsystem)//:Readinluminosity(input),bbs(bbsystem)
{

VMNPT=input.getNPT();
VMWmax=input.getWmax();
VMWmin=input.getWmin();
VMYmax=input.getYmax();
VMYmin=-1.*VMYmax;
VMnumw=input.getnumw();
VMnumy=input.getnumy();
VMgamma_em=input.getgamma_em();
VMinterferencemode=input.getinterferencemode();
VMbslope=0.;//Will define in wide/narrow constructor
VMpidtest=input.getpidtest();
VMptmax=input.getmaximuminterpt();
VMdpt=input.getdpt();
Randy.SetSeed(input.getseed());
switch(VMpidtest){

                case StarlightConstants::RHO:
                case StarlightConstants::RHOZEUS:

width=0.1507;
mass=0.7685;

break;
                case StarlightConstants::OMEGA:

width=0.00843;
mass=0.78194;

                break;
                case StarlightConstants::PHI:

width=0.00443;
mass=1.019413;

                break;
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               /* case StarlightConstants::JPSI:
width=0.000091;
mass=3.09692;

break;
                case StarlightConstants::JPSI2S:

width=0.000337;
mass=3.686093;

break;
*/

                case StarlightConstants::UPSILON:
width=0.00005402;
mass=9.46030;

break;
                case StarlightConstants::UPSILON2S:

width=0.00003198;
mass=10.02326;

break;
                case StarlightConstants::UPSILON3S:

width=0.00002032;
mass=10.3552;

                break;
                default: cout<<"No proper vector meson defined, 
gammaavectormeson::gammaavectormeson"<<endl;
         }

}

Gammaavectormeson::~Gammaavectormeson()
{

}

void Gammaavectormeson::pickwy(double &W, double &Y)
{

        //cout <<"momentapickwya"<<endl;
  double dW, dY, xw,xy,xtest;
  int  IW,IY;

  dW = (VMWmax-VMWmin)/double(VMnumw);
  dY = (VMYmax-VMYmin)/double(VMnumy);
  //       >> DRAW xw,xy
 L201pwy:
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  xw = Randy.Rndom();// random()/(RAND_MAX+1.0);

  W = VMWmin + xw*(VMWmax-VMWmin);
//      cout <<"W= "<<W<<endl;
  //  C  protect against sub-threshold events

  if (W < 2*StarlightConstants::mpi)
    goto L201pwy;

  IW = int((W-VMWmin)/dW); //+ 1;
  xy = Randy.Rndom();//random()/(RAND_MAX+1.0);
  Y = VMYmin + xy*(VMYmax-VMYmin);
  IY = int((Y-VMYmin)/dY); //+ 1;
//  cout <<"Y IW IY= "<<Y<<" "<<IW<<" "<<IY<<endl;
  //       >> Check if this matches the map
    //if(Y < 0.) goto L201pwy;  commented out in sergey's

  xtest = Randy.Rndom();//random()/(RAND_MAX+1.0);

  if( xtest > Farray[IW][IY] )
    goto L201pwy;

 //       >> W,Y should now have the right distribution
//      cout <<"pick xw,xy,xtest,w,y= "<<xw<<" "<<" "<<xy<<" "<<xtest<<" "<<W<<" 
"<<Y<<endl;

//      Egam = 0.5*W*exp(Y);
//      Epom = 0.5*W*exp(-Y);

//      if(Z2==1&&Epom>30.) goto L201pwy;

}         

                                                                                                       
void Gammaavectormeson::twodecay(StarlightConstants::particle &ipid,double E,double 
W,double px0,double py0,double pz0,double &px1,double &py1,double&pz1,double 
&px2,double &py2,double &pz2,int &iFbadevent)
{
                                                                                                                
  //     This routine decays a particle into two particles of mass mdec,
  //     taking spin into account
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  //  subroutine twodecay 
(ipid,E,W,px0,py0,pz0,mdec,px1,py1,pz1,E1,px2,py2,pz2,E2,iFbadevent)
  double pmag, anglelep[20001],ytest=0.;
  double phi,theta,xtest,dndtheta,Ecm;
  double  betax,betay,betaz;
  double mdec=0.0;
  double E1=0.0,E2=0.0;
  //    set the mass of the daughter particles

mdec=getdaughtermass(ipid);
        //     calculate the magnitude of the momenta
              if(W < 2*mdec)
                {
                  cout<<" ERROR: W="<<W<<endl;
                  iFbadevent = 1;
                  return;
                }
              pmag = sqrt(W*W/4. - mdec*mdec);
                                                                                                                
        //     pick an orientation, based on the spin
        //      phi has a flat distribution in 2*pi
        phi = Randy.Rndom()*2.*StarlightConstants::pi;//(random()/(RAND_MAX+1.0))* 
2.*pi;
                                                                                                                
        //     find theta, the angle between one of the outgoing particles and
        //    the beamline, in the frame of the two photons

//Make a get theta function with dowhile...this would allow it to be overloaded?

      //if(spin == 1.) theta=gettheta();
      //if(spin != 1) cout<<" This model cannot yet handle this spin value: "<<spin<<endl;

//We know it is spin==1...
// cout<<"Grabbing theta"<<endl;

theta=gettheta(ipid);
// cout<<"Theta grabbed"<<endl;
      
      //     compute unboosted momenta
      px1 = sin(theta)*cos(phi)*pmag;
      py1 = sin(theta)*sin(phi)*pmag;
      pz1 = cos(theta)*pmag;
      px2 = -px1;
      py2 = -py1;
      pz2 = -pz1;
//      cout <<"2decay1 px1 py1 pz1= "<<px1<<" "<<py1<<" "<<pz1<<endl;
      //        compute energies
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      //      if(ip.eq.33) then
                                                                                                                
      //Changed mass to W 11/9/2000 SRK
//      cout<<"spin1, theta,xtest, px1,py1,pz1: "<<theta<<" "<<xtest<<" "<<px1<<" 
"<<py1<<" "<<pz1<<endl;
      Ecm = sqrt(W*W+px0*px0+py0*py0+pz0*pz0);
                                                                                                                
          //      else
          //      Ecm = sqrt(E**2 + px0**2 + py0**2 + pz0**2)
          //      endif
      E1 = sqrt(mdec*mdec+px1*px1+py1*py1+pz1*pz1);
      E2 = sqrt(mdec*mdec+px2*px2+py2*py2+pz2*pz2);
//      cout<<"Ecm E1 E2= "<<Ecm<<" "<<E1<<" "<<E2<<endl;
                                                                                                                
      //     Lorentz transform into the lab frame
      // betax,betay,betaz are the boost of the complete system
      betax = -(px0/Ecm);
      betay = -(py0/Ecm);
      betaz = -(pz0/Ecm);
//      cout <<"2decaybetax Ecm px1 px0= "<<betax<<" "<<Ecm<<" "<<px1<<" 
"<<px0<<endl;
      transform (betax,betay,betaz,E1,px1,py1,pz1,iFbadevent);
      transform (betax,betay,betaz,E2,px2,py2,pz2,iFbadevent);
//      cout <<"2decay2 px1= "<<px1<<endl;
//      cout<<"iFbadevent: "<<iFbadevent<<endl;
      if(iFbadevent == 1)
        return;

//      cout<<"twodecayend px1 py1 pz1 E1 px2 py2 pz2 E2= "<<px1<<" "<<py1<<" 
"<<pz1<<" "<<E1<<" "<<px2<<" "<<py2<<" "<<pz2<<" "<<E2<<endl;

}
double Gammaavectormeson::getdaughtermass(StarlightConstants::particle &ipid)
{

//This will return the daughter particles mass, and the final particles outputed id...
double ytest=0.,mdec=0.;

switch(VMpidtest){
case StarlightConstants::RHO:
case StarlightConstants::RHOZEUS:
case StarlightConstants::OMEGA:

 mdec = StarlightConstants::mpi;
 ipid = StarlightConstants::PION;
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break;
case StarlightConstants::PHI:

 mdec = StarlightConstants::mK;
 ipid = StarlightConstants::KAONCHARGE;

break;
//case StarlightConstants::JPSI:
//case StarlightConstants::JPSI2S:
case StarlightConstants::UPSILON:
case StarlightConstants::UPSILON2S:
case StarlightConstants::UPSILON3S:

            //  decays 50% to e+/e-, 50% to mu+/mu-
            ytest = Randy.Rndom();//random()/(RAND_MAX+1.0);
                //    if(ytest >= 0.5)
              //    {
                // mdec = StarlightConstants::mel;

// ipid = StarlightConstants::ELECTRON;
              //    }
            //    else
              //    {
                mdec = StarlightConstants::mmu;

ipid = StarlightConstants::MUON;
              //     }

break;
default: cout<<"No daughtermass defined, 

gammaavectormeson::getdaughtermass"<<endl;
         }

return mdec;
}
double Gammaavectormeson::gettheta(StarlightConstants::particle ipid)
{
//This depends on the decay angular distribution
//Valid for rho, phi, omega.
double theta=0.;
double xtest=0.;
double dndtheta=0.;
        L200td:
  
          theta = StarlightConstants::pi*Randy.Rndom();//random()/(RAND_MAX+1.0);
          xtest = Randy.Rndom();//random()/(RAND_MAX+1.0);
          //  Follow distribution for helicity +/-1
          //  Eq. 19 of J. Breitweg et al., Eur. Phys. J. C2, 247 (1998)
          //  SRK 11/14/2000
//        cout<<"spin1"<<endl;
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switch(ipid){

case StarlightConstants::MUON:
case StarlightConstants::ELECTRON:
//primarily for upsilon/j/psi.  VM->ee/mumu

dndtheta = sin(theta)*(1.+((cos(theta))*(cos(theta))));
break;

case StarlightConstants::PION:
case StarlightConstants::KAONCHARGE:
//rhos etc

          dndtheta= sin(theta)*(1.-((cos(theta))*(cos(theta))));
break;

default: cout<<"No proper theta dependence defined, check 
gammaavectormeson::gettheta"<<endl;

}//end of switch

          if(xtest > dndtheta)
            goto L200td;

return theta;

}

/*void Gammaavectormeson::transform(double betax,double betay,double betaz,double 
&E,double &px,double &py,double &pz,int &iFbadevent)
{

  //     carries out a lorentz transform of the frame.  (Not a
  //     boost!)
  double beta,gamma,gob;
  double E0,px0,py0,pz0;

  E0 = E;
  px0 = px;
  py0 = py;
  pz0 = pz;
//cout <<"transform betax, y, z="<<betax<<" "<<betay<<" "<<betaz<<endl;
  beta = sqrt(betax*betax + betay*betay + betaz*betaz);
//cout <<"transform beta= "<<beta<<endl;
  if(beta >= 1.0)  iFbadevent = 1;
  gamma = 1./sqrt(1. - beta*beta);
  gob = (gamma-1)/(beta*beta);
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  E = gamma*(E0 - betax*px0 - betay*py0 - betaz*pz0);

  px = -gamma*betax*E0 + (1. + gob*betax*betax)*px0  +  gob*betax*betay*py0 + 
gob*betax*betaz*pz0;
  
  py = -gamma*betay*E0 + gob*betay*betax*px0+  (1. + gob*betay*betay)*py0 + 
gob*betay*betaz*pz0;
  
  pz = -gamma*betaz*E0 +  gob*betaz*betax*px0 +  gob*betaz*betay*py0 + (1. + 
gob*betaz*betaz)*pz0;
 
}
*/
double Gammaavectormeson::getwidth()
{
return width;
}
double Gammaavectormeson::getmass()
{
return mass;
}

double Gammaavectormeson::getspin()
{
return 1.0; //VM spins are the same
}

void Gammaavectormeson::momenta(double W,double Y,double &E,double &px,double 
&py,double &pz,int &tcheck)//may want to remove double w, y//better way for 
bslope...maybe store it as a vm parameter instead of cs parameter...not sure.
{
// This subroutine calculates momentum and energy of vector meson
  //     given W and Y,   without interference.  Subroutine vmpt.f handles
  //     production with interference

  //    SUBROUTINE VMOMENTA(W,Y,E,px,py,pz,tcheck)
//cout <<"vmomentaa W= "<<W<<" Y= "<<Y<<endl;

  double dW,dY;

  double Egam,Epom,tmin,pt1,pt2,phi1,phi2;
  double px1,py1,px2,py2;
  double pt,xt,xtest;
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  double photon_spectrum;
  double t1,t2;

  dW = (VMWmax-VMWmin)/double(VMnumw);
  dY  = (VMYmax-VMYmin)/double(VMnumy);

  //       >> Find Egam,Epom in CM frame
  Egam = 0.5*W*exp(Y);
  Epom = 0.5*W*exp(-Y);
  
  //       >> Draw pt1 (for the photon) according to photon pt spectrum (Ref ?)
 L202vm:
  xt = Randy.Rndom();//random()/(RAND_MAX+1.0);
  pt1  = 0.5*xt;
  //       >> Check tmin
  tmin = ((Egam/VMgamma_em)*(Egam/VMgamma_em));
  if(tmin > 0.5)
    {
      cout<< " WARNING: tmin= "<<tmin<<endl;
      cout<< " Will pick a new W,Y "<<endl;
      tcheck = 1;
      return;
    }
 
  xtest = Randy.Rndom();//random()/(RAND_MAX+1.0);
  t1 = tmin + pt1*pt1;
  photon_spectrum = 
(bbs.getBeam1().formfactor(t1)*bbs.getBeam1().formfactor(t1)*pt1*pt1*pt1)/(t1*t1);
                                                                                                                                  
  //cout << "photospeci,form: "<<photon_spectrum<<" "<<formf_nuc(t1,Z)<<endl;
  //       >> Normalize so that photon_spectrum always is < 1
  photon_spectrum = 16.*sqrt(tmin)*photon_spectrum/(3.*sqrt(3.));
                                                                                                                                  
        if( photon_spectrum >  1.0 )
          {
            cout<< "WARNING: photon pt spectrum error "<<" 
photon_spectrum="<<photon_spectrum<<endl;
          }
        if( xtest > photon_spectrum )
          goto L202vm;
//      cout <<"PASS1"<<endl;
        phi1 = 2.*StarlightConstants::pi*Randy.Rndom();//random()/(RAND_MAX+1.0);
                                                                                                                                  
        //       >> Draw pt2 (for the Pomeron) according to form factor
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        // Separate out pp
        if( bbs.getBeam1().getZin()==1 && bbs.getBeam1().getAin()==1) {
        //dsig/dt= exp(-VMbslope*t)
        xtest = Randy.Rndom();//random()/(RAND_MAX+1.0);
        t2 = (-1./VMbslope)*log(xtest);
        pt2 = sqrt(1.*t2);
        }
        else{
 L203vm:
        xt = Randy.Rndom(); //random()/(RAND_MAX+1.0);
        //dAu--Sergey
   if(bbs.getBeam2().getZin()==1&&bbs.getBeam2().getAin()==2){
        pt2  = 0.8*xt; //it was 0.5,0.8, 1.0  (Sergey)
   }
   else{
        pt2  = 0.5*xt;
    }
        //       >> Check tmin
        tmin = ((Epom/VMgamma_em)*(Epom/VMgamma_em));

        if(tmin > 0.5)
          {
            cout<<" WARNING: tmin= "<<tmin<<endl;
            cout<<" Will pick a new W,Y "<<endl;
            tcheck = 1;
            return;
          }

xtest = Randy.Rndom();

//      xtest = random()/(RAND_MAX+1.0);
        t2 = tmin + pt2*pt2;
        //cout<<"vmom formfsqrdpt2= "<<formf_nuc(t2)*formf_nuc(t2)*pt2<<endl;
   if(bbs.getBeam2().getZin()==1&&bbs.getBeam2().getAin()==2){
        if(1.0 < bbs.getBeam2().formfactor(t2)*pt2)  cout <<"POMERON"<<endl;
        if( xtest > bbs.getBeam2().formfactor(t2)*pt2) goto L203vm;
    }
    else{
        if(1.0 < bbs.getBeam2().formfactor(t2)*bbs.getBeam2().formfactor(t2)*pt2) cout 
<<"POMERON:Sergey"<<endl;
        if( xtest > bbs.getBeam2().formfactor(t2)*bbs.getBeam2().formfactor(t2)*pt2 )
          goto L203vm;
    }//dAu else end
//      cout<<"PASS2"<<endl;
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        }//else end from pp
        phi2 = 2.*StarlightConstants::pi*Randy.Rndom();//random()/(RAND_MAX+1.0);
       
        //       >> Compute px1,py1,px2,py2
        px1 = pt1*cos(phi1);
        py1 = pt1*sin(phi1);
        px2 = pt2*cos(phi2);
        py2 = pt2*sin(phi2);
        
        px = px1 + px2;
        py = py1 + py2;
        
        //       Compute vector sum Pt = Pt1 + Pt2 to find pt for the vector meson
        pt = sqrt( px*px + py*py );
       
        //      I guess W is the mass of the vector meson (not necessarily
        //      on-mass-shell), and E is the energy
        E  = sqrt(W*W+pt*pt)*cosh(Y);
        pz = sqrt(W*W+pt*pt)*sinh(Y);
        //      randomly choose to make pz negative 50% of the time
        if(bbs.getBeam2().getZin()==1&&bbs.getBeam2().getAin()==2){
        pz = -pz;
        }
        else{
        if (Randy.Rndom() >= 0.5) pz = -pz;
        }

//cout<<"vmomentab px= "<<px<<" py= "<<py<<" pz= "<<pz<<" E= "<<E<<endl;

}
void Gammaavectormeson::vmpt(double W,double Y,double &E,double &px,double 
&py, double &pz,int &tcheck)//may want to remove double w, y
{
//    This function calculates momentum and energy of vector meson
//     given W and Y, including interference.
//     It gets the pt distribution from a lookup table.
        double 
dW=0.,dY=0.,yleft=0.,yfract=0.,xpt=0.,pt1=0.,ptfract=0.,pt=0.,pt2=0.,theta=0.;
        int IY=0,j=0;
                                                                                                                                  
      dW = (VMWmax-VMWmin)/double(VMnumw);
                                                                                                                                  
      dY  = (VMYmax-VMYmin)/double(VMnumy);
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//  Y is already fixed; choose a pt
//  Follow the approavh in pickwy.f
                                                                                                                                  
// in   fptarray(IY,pt) IY=1 corresponds to Y=0, IY=numy/2 corresponds to +y
                                                                                                                                  
      IY=int(fabs(Y)/dY);//+1;
      if (IY > (VMnumy/2)-1){
            IY=(VMnumy/2)-1;
            }
                                                                                                                                  
//      yfract=ABS(Y)-(2.*IY-numy)*dY
      yleft=fabs(Y)-(IY)*dY;
      yfract=yleft*dY;
                                                                                                                                  
//      cout << "vmpt IY,yleft,yfract,dY= "<<IY<<" "<<yleft<<" "<<yfract<<" 
"<<dY<<endl;
//      if (fract .lt. 0. .or. fract .gt. 1) write(6,23)fract,Y,IY
//   format(' error in vmpt.  fract=',E11.3,'  Y,IY=',F7.4,2X,I5)
                                                                                                                                  
//       write(6,111)Y,IY,ptmax,dpt
//  111  format(' VMPT. Y,IY,PTMAX,dpt=',F7.4,2X,I5,2X,F7.4,2X,F7.4)
                                                                                                                                  
      xpt=Randy.Rndom(); //random()/(RAND_MAX+1.0);
                                                                                                                                  
      for(j=0;j<VMNPT+1;j++)
      {
              if (xpt < fptarray[IY][j]) goto L60;
      }
L60:
                                                                                                                                  
//  now do linear interpolation - start with extremes
                                                                                                                                  
      if (j == 0){//1) {
               pt1=xpt/fptarray[IY][j]*VMdpt/2.;
               goto L80;
      }
      if (j == VMNPT){//+1){
         pt1=(VMptmax-VMdpt/2.) + VMdpt/2.*(xpt-fptarray[IY][j])/(1.-fptarray[IY][j]);
         goto L80;
      }
                                                                                                                                  
//  we're in the middle
                                                                                                                                  
      ptfract=(xpt-fptarray[IY][j])/(fptarray[IY][j+1]-fptarray[IY][j]);
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      pt1=(j+1)*VMdpt+ptfract*VMdpt;
                                                                                                                                  
//  at an extreme in y?
      if (IY == (VMnumy/2)-1){
         pt=pt1;
         goto L120;
      }
                                                                                                                                  
                                                                                                                                  
L80:
//  interpolate in y repeat for next fractional y bin
                                                                                                                                  
      for(j=0;j<VMNPT+1;j++)
      {
              if (xpt < fptarray[IY+1][j]) goto L90;
      }
L90:
                                                                                                                                  
//  now do linear interpolation - start with extremes
                                                                                                                                  
      if (j == 0){//1){
         pt2=xpt/fptarray[IY+1][j]*VMdpt/2.;
         goto L100;
         }
      if (j == VMNPT){//+1){
         pt2=(VMptmax-VMdpt/2.) + VMdpt/2.*(xpt-fptarray[IY+1][j])/(1.-fptarray[IY+1]
[j]);
         goto L100;
      }
                                                                                                                                  
//  we're in the middle
                                                                                                                                  
      ptfract=(xpt-fptarray[IY+1][j])/(fptarray[IY+1][j+1]-fptarray[IY+1][j]);
      pt2=(j+1)*VMdpt+ptfract*VMdpt;
                                                                                                                                  
L100:
                                                                                                                                  
//  now interpolate in y
                                                                                                                                  
      pt=yfract*pt2+(1-yfract)*pt1;
                                                                                                                                  
L120:
                                                                                                                                  
//  we have a pt

151



                                                                                                                                  
      theta=2.*StarlightConstants::pi*Randy.Rndom();//(random()/
(RAND_MAX+1.0))*2.*pi;
      px=pt*cos(theta);
      py=pt*sin(theta);
                                                                                                                                  
//      I guess W is the mass of the vector meson (not necessarily
//      on-mass-shell), and E is the energy
                                                                                                                                  
        E  = sqrt(W*W+pt*pt)*cosh(Y);
        pz = sqrt(W*W+pt*pt)*sinh(Y);
//      randomly choose to make pz negative 50% of the time
        //if (random()/(RAND_MAX+1.0) >= 0.5) pz = -pz;

if(Randy.Rndom()>=0.5) pz = -pz;

//cout <<"vmpt2 px,py,pz,E,pt= "<<px<<" "<<py<<" "<<pz<<" "<<E<<" "<<pt<<endl;
//cout <<"vmpt2b ptfract,dpt,j,px,py= "<<ptfract<<" "<<dpt<<" "<<j<<" "<<px<<" 
"<<py<<endl;
//cout <<"vmpt2c pt1,pt2,yfract,pz,E= "<<pt1<<" "<<pt2<<" "<<yfract<<" "<<pz<<" 
"<<E<<endl;

}

StarlightConstants::event Gammaavectormeson::produceevent(int &ievent)
{
//returns the vector with the decay particles inside.
        StarlightConstants::event vmeson; //This object will store all the tracks for a single 
event
        double comenergy = 0.;
        double rapidity = 0.;
        double E = 0.;
        double momx=0.,momy=0.,momz=0.;
        int iFbadevent=0;

int tcheck=0;
        StarlightConstants::particle ipid = StarlightConstants::UNKNOWN;
  
        double px2=0.,px1=0.,py2=0.,py1=0.,pz2=0.,pz1=0.;
//this function decays particles and writes events to a file
        //zero out the event structure
                vmeson.numberoftracks=0;
        for(int i=0;i<4;i++)
        {
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                vmeson.px[i]=0.;
                vmeson.py[i]=0.;
                vmeson.pz[i]=0.;
                vmeson.fsparticle[i]=StarlightConstants::UNKNOWN;
                vmeson.charge[i]=0;
        }
                 
                pickwy(comenergy,rapidity);
                if(VMinterferencemode==0)momenta(comenergy,rapidity,E,momx,momy,mom
z,tcheck);

//bslope...maybe this should be stored in vm instead of sigma...

if(VMinterferencemode==1)vmpt(comenergy,rapidity,E,momx,momy,momz,tcheck); 
                twodecay(ipid,E,comenergy,momx,momy,momz,px1,py1,pz1,px2,py2,pz2,iFba
devent);
        if (iFbadevent==0&&tcheck==0){
                int q1=0,q2=0;
  
                double xtest = Randy.Rndom();//random()/(RAND_MAX+1.0);
                if (xtest<0.5)
                {
                        q1=1;
                        q2=-1;
                }
                else{
                        q1=-1;
                        q2=1;
                }
                vmeson.numberoftracks=2;//daughter particles are two tracks...
                vmeson.px[0]=px1;
                vmeson.py[0]=py1;
                vmeson.pz[0]=pz1;
                vmeson.fsparticle[0]=ipid;
                vmeson.charge[0]=q1;
  
                vmeson.px[1]=px2;
                vmeson.py[1]=py2;
                vmeson.pz[1]=pz2;
                vmeson.fsparticle[1]=ipid;
                vmeson.charge[1]=q2;
  
                ievent=ievent+1;
                }
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        return vmeson;

}

Gammaanarrowvm::Gammaanarrowvm(Inputparameters& input,Beambeamsystem& 
bbsystem):Gammaavectormeson(input,bbsystem)
{
//Need to make sigma object/run it and read in luminosity tables.
//will just do that outside...of it?

cout<<"Reading in luminosity tables. Gammaanarrowvm()"<<endl;
read();
cout<<"Creating and calculating crosssection. Gammaanarrowvm()"<<endl;
Narrowresonancesigma sigma(input,bbsystem);
sigma.crosssectioncalculation(bwnormsave);
VMbslope=sigma.getbslope();

}
Gammaanarrowvm::~Gammaanarrowvm()
{
}

Gammaawidevm::Gammaawidevm(Inputparameters& input,Beambeamsystem& 
bbsystem):Gammaavectormeson(input,bbsystem)
{

cout<<"Reading in luminosity tables. Gammaawidevm()"<<endl;
        read();
        cout<<"Creating and calculating crosssection. Gammaawidevm()"<<endl;
        Wideresonancesigma sigma(input,bbsystem);
        sigma.crosssectioncalculation(bwnormsave);
        VMbslope=sigma.getbslope();
}

/*double Gammaawidevm::gettheta()
{
//This depends on the decay angular distribution
//Valid for rho, phi, omega.
cout<<"WIDE THETA TEST LOOK AT ME PLZZZZZ"<<endl;

double theta=0.;
double xtest=0.;
double dndtheta=0.;
        L200td:
  
          theta = StarlightConstants::pi*Randy.Rndom();//random()/(RAND_MAX+1.0);
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          xtest = Randy.Rndom();//random()/(RAND_MAX+1.0);
          //  Follow distribution for helicity +/-1
          //  Eq. 19 of J. Breitweg et al., Eur. Phys. J. C2, 247 (1998)
          //  SRK 11/14/2000
//        cout<<"spin1"<<endl;
          dndtheta= sin(theta)*(1.-((cos(theta))*(cos(theta))));
          //    dndtheta = sin(theta)*cos(theta)*cos(theta)
          //if(pid==443||pid==444) dndtheta = sin(theta)*(1.+((cos(theta))*(cos(theta))));will 
add to psipsiprime code.
          if(xtest > dndtheta)
            goto L200td;
        return theta;
  
}
*/

Gammaawidevm::~Gammaawidevm()
{

}

/*
StarlightConstants::event Gammaanarrowvm::produceevent(int &ievent)
{
//Same as for general wide.  We are just picking W and Y then decaying it...
//Psis will have their own class that inherits from this
}
*/
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A.1.13 Gammaavm.h
#ifndef GAMMAAVM_H
#define GAMMAAVM_H

#include <vector>
#include "starlightconstants.h"
#include "readinluminosity.h"
#include "beambeamsystem.h"
#include "randomgenerator.h"
#include "eventchannel.h"
class Gammaavectormeson:public Eventchannel//:public Readinluminosity
{
                                                                                                                               
        public:
                Gammaavectormeson(Inputparameters& input,Beambeamsystem& bbsystem);
                virtual ~Gammaavectormeson();

StarlightConstants::event produceevent(int &ievent);
                                                                                                                               
                //Randomgenerator Randy;
                //Beambeamsystem bbs;
                                                                                                                               
                void pickwy(double &W, double &Y);

void momenta(double W,double Y,double &E,double &px,double 
&py,double &pz,int &tcheck);

void vmpt(double W,double Y,double &E,double &px,double &py, double 
&pz,int &tcheck);
                void twodecay(StarlightConstants::particle &ipid,double E,double W,double 
px0,double py0,double pz0,double &px1,double &py1,double&pz1,double &px2,double 
&py2,double &pz2,int &iFbadevent);
                //void transform(double betax,double betay,double betaz,double &E,double 
&px,double &py,double &pz,int &iFbadevent);
                double getmass();
                double getwidth();

virtual double gettheta(StarlightConstants::particle ipid);
                double getspin();
                double VMbslope;

virtual double getdaughtermass(StarlightConstants::particle &ipid); 
                                                                                                               
        private:
                StarlightConstants::particle VMpidtest;
                int VMnumw;
                int VMnumy;
                double VMgamma_em;
                double VMNPT;
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                double VMWmax;
                double VMWmin;
                double VMYmax;
                double VMYmin;
                int VMinterferencemode;

double mass;
double width;
double VMptmax;
double VMdpt;

};

class Gammaanarrowvm:public Gammaavectormeson
{
        public:
                Gammaanarrowvm(Inputparameters& input,Beambeamsystem& bbsystem);
                virtual ~Gammaanarrowvm();
                                                                                                                               
                //StarlightConstants::event produceevent(int &ievent);
                //double getmass();  will just initialize the value in constructor and use the 
base's returnfunction
                //double getwidth();
                //double getspin();
                //include cross-section object
//      private:
                                                                                                                               
};
                                                                                                                               
class Gammaawidevm:public Gammaavectormeson
{       public:
                Gammaawidevm(Inputparameters& input,Beambeamsystem& bbsystem);
                virtual ~Gammaawidevm();

// double gettheta();
                //StarlightConstants::event produceevent(int &ievent);
                //double getmass();
                //double getwidth();
                //double getspin();
                //include crosssectrion object
//      private:
                                                                                                                               
};

#endif //GAMMAAVM_H
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A.1.14 Gammagammaleptonpair.cpp
#include <iostream>
#include <fstream>
using namespace std;

#include <math.h>
#include <vector>
#include "starlightconstants.h"
#include "gammagammaleptonpair.h"

Gammagammaleptonpair::Gammagammaleptonpair(Inputparameters& 
input,Beambeamsystem& bbsystem):Eventchannel(input,bbsystem)
{

    //Initialize randomgenerator with our seed.
    Randy.SetSeed(input.getseed());
    cout<<"Randy in leptonpair construction: "<<Randy.Rndom()<<endl;
    //Storing inputparameters into protected members for use
    GGlepInputnumw=input.getnumw();
    GGlepInputnumy=input.getnumy();
    GGlepInputpidtest=input.getpidtest();
    GGlepInputGamma_em=input.getgamma_em();
    //Let us read in the luminosity tables
    read();
    //Now we will calculate the crosssection
    twoleptoncrosssection();
    //If it is a tauon, calculate its tables
    if(input.getparticleid()==StarlightConstants::TAUON) tablecalc();
}

void Gammagammaleptonpair::twoleptoncrosssection()
{

    //This function calculates section for 2-particle decay. For reference, see STAR Note 
243, Eq. 9.
    //calculate the 2-lepton differential cross section
    //the 100 is to convert to barns
    //the 2 is to account for the fact that we integrate only over one half of the rapidity 
range
    //Multiply all Farray[] by f_max

    for(int i=0;i<GGlepInputnumw;i++)
    {
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for(int j=0;j<GGlepInputnumy;j++)
{
    // sigmax[i]

[j]=2.*Gammagammaleptonpair::twomuoncrosssection(Warray[i])*f_max*Farray[i]
[j]/100.;

    sigmax[i]
[j]=2.*Gammagammaleptonpair::twomuoncrosssection(Warray[i])*f_max*Farray[i]
[j]/100.;

}
    }
    //calculate the total two-lepton cross section
    double sigmasum =0.;
    for(int i=0;i<GGlepInputnumw-1;i++)
    {

for(int j=0;j<GGlepInputnumy-1;j++)
{
    // sigmasum = sigmasum +2.*((sigmax[i][j]+sigmax[i+1][j]+sigmax[i]

[j+1]+sigmax[i+1][j+1])/4.*(Yarray[j+1]-Yarray[j])*(Warray[i+1]-Warray[i])/
((Warray[i+1]+Warray[i])/2.));

    sigmasum = sigmasum +((sigmax[i][j]+sigmax[i+1][j]+sigmax[i]
[j+1]+sigmax[i+1][j+1])/4.*(Yarray[j+1]-Yarray[j])*(Warray[i+1]-Warray[i])/
((Warray[i+1]+Warray[i])/2.));

}
    }
    cout << "The total "<<GGlepInputpidtest<<" cross-section is: "<<sigmasum<<" 
barns."<<endl;
    /*
      if(pid==11)
      {
      cout << "The total electron cross-section is: "<<sigmasum<<" barns."<<endl;
      }
      if(pid==13)
      {
      cout << "The total muon cross-section is: "<<sigmasum<<" barns."<<endl;
      }
      if(pid==15)
      {
      cout << "The total tauon cross-section is: "<<sigmasum<<" barns."<<endl;
      }
    */
    return;

}
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double Gammagammaleptonpair::twomuoncrosssection(double w)
{
    //This function gives the two muon cross section as a function of Y&W. Using the 
formula given in G.Soff et. al Nuclear Equation of State, part B, 579
    double s=0.,Etest=0.,deltat=0.,xL=0.,sigmuix=0.,alphasquared=0.,hbarcsquared=0.;
    s = w*w;
    Etest = 4.*getmass()*getmass()/s;  
    deltat = s * sqrt(1.-Etest);
    xL = 2.*log(sqrt(s)/(2.*getmass())+sqrt(1./Etest-1.));
    alphasquared = StarlightConstants::alpha*StarlightConstants::alpha;
    hbarcsquared = StarlightConstants::hbarc*StarlightConstants::hbarc;
    sigmuix = 4.*StarlightConstants::pi*alphasquared/s*hbarcsquared*((1+Etest-
0.5*Etest*Etest)*xL-(1./s+Etest/s)*deltat);
    if(Etest > 1.) 

sigmuix = 0.;
    return sigmuix;

}

void Gammagammaleptonpair::pickw(double &w)
{

//        double sigofw[500],sgfint[500];
    double sgf=0.,signorm=0.,x=0.,remainarea=0.,remainw=0.,a=0.,b=0.,c=0.;
    int ivalw=0;

    double * sigofw;
    double * sgfint;
    sigofw = new double[StarlightLimits::MAXWBINS];
    sgfint = new double[StarlightLimits::MAXYBINS];

//      srand(iseed);
//This function picks a w for the 2-photon calculation.
    if(wdelta != 0)
    {

w=wdelta;
ivalw=ivalwd;
remainw=remainwd;

    }
    else{

//deal with the case where sigma is an array

160



//sigofw is simga integrated over y using a linear interpolation
//sigint is the integral of sgfint, normalized

//integrate sigma down to a function of just w
for(int i=0;i<GGlepInputnumw;i++)
{
    sigofw[i]=0.;
    for(int j=0;j<GGlepInputnumy-1;j++)
    {

sigofw[i] = sigofw[i]+(Yarray[j+1]-Yarray[j])*(sigmax[i][j+1]+sigmax[i]
[j])/2.;

    }
}
//calculate the unnormalized sgfint array
sgfint[0]=0.;
for(int i=0;i<GGlepInputnumw-1;i++)
{
    sgf=(sigofw[i+1]+sigofw[i])*(Warray[i+1]-Warray[i])/2.;
    sgfint[i+1]=sgfint[i]+sgf;
}
//normalize sgfint array
signorm=sgfint[GGlepInputnumw-1];

                
for(int i=0;i<GGlepInputnumw;i++)
{
    sgfint[i]=sgfint[i]/signorm;
}
//pick a random number
x = Randy.Rndom();//random()/(RAND_MAX+1.0);
//compare x and sgfint to find the ivalue which is just less than the random 

number x
for(int i=0;i<GGlepInputnumw;i++)
{
    if(x > sgfint[i]) ivalw=i;
}
//remainder above ivalw
remainarea = x - sgfint[ivalw];

//figure out what point corresponds to the excess area in remainarea
c = -remainarea*signorm/(Warray[ivalw+1]-Warray[ivalw]);
b = sigofw[ivalw];
a = (sigofw[ivalw+1]-sigofw[ivalw])/2.;
if(a==0.)
{
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    remainw = -c/b;
}
else{
    remainw = (-b+sqrt(b*b-4.*a*c))/(2.*a);
}
ivalwd = ivalw;
remainwd = remainw;
//calculate the w value
w = Warray[ivalw]+(Warray[ivalw+1]-Warray[ivalw])*remainw;

//              cout <<"pickww= "<<w<<endl;
    }

    delete[] sigofw;
    delete[] sgfint;

}

void Gammagammaleptonpair::picky(double &y)
{

// cout <<"SEGEMENTATION FAULT"<<endl;
//        double sigofy[500],sgfint[500];
    double * sigofy;
    double * sgfint;
    sigofy = new double[StarlightLimits::MAXYBINS];
    sgfint = new double[StarlightLimits::MAXWBINS];

    double remainw =0.,remainarea=0.,remainy=0.,a=0.,b=0.,c=0.,sgf=0.,signorm=0.,x=0.;
    int ivalw=0,ivaly=0;
//  cout <<"SEGEMENTATION FAULT A"<<endl;

    ivalw=ivalwd;
    remainw=remainwd;
    //average over two colums to get y array
    for(int j=0;j<GGlepInputnumy;j++)
    {

sigofy[j]=sigmax[ivalw][j]+(sigmax[ivalw+1][j]-sigmax[ivalw][j])*remainw;
    }
    //calculate the unnormalized sgfint
// cout <<"SEGEMENTATION FAULT B"<<endl;

    sgfint[0]=0.;
    for(int j=0;j<GGlepInputnumy-1;j++)
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    {
sgf = (sigofy[j+1]+sigofy[j])/2.;
sgfint[j+1]=sgfint[j]+sgf*(Yarray[j+1]-Yarray[j]);

    }
//cout <<"SEGEMENTATION FAULT C"<<endl;

    //normalize the sgfint array
    signorm = sgfint[GGlepInputnumy-1];

    for(int j=0;j<GGlepInputnumy;j++)
    {

sgfint[j]=sgfint[j]/signorm;
    }
    //pick a random number
    x = Randy.Rndom();//random()/(RAND_MAX+1.0);
    //compare x and sgfint to find the ivalue which is just less then the random number x
    for(int i=0;i<GGlepInputnumy;i++)
    {

if(x > sgfint[i]) ivaly = i;
    }
    //remainder above ivaly
    remainarea = x - sgfint[ivaly];

    //figure what point corresponds to the leftover area in remainarea
    c = -remainarea*signorm/(Yarray[ivaly+1]-Yarray[ivaly]);
    b = sigofy[ivaly];
    a = (sigofy[ivaly+1]-sigofy[ivaly])/2.;
    if(a==0.)
    {

remainy = -c/b;
    }
    else{

remainy = (-b + sqrt(b*b-4.*a*c))/(2.*a);
    }
    //calculate the y value
    y = Yarray[ivaly]+(Yarray[ivaly+1]-Yarray[ivaly])*remainy;
    delete[] sigofy;
    delete[] sgfint;

}

void Gammagammaleptonpair::pairmomentum(double w,double y,double &E,double 
&px,double &py,double &pz)
{
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//this function calculates px,py,pz,and E given w and y
    double anglepp1=0.,anglepp2=0.,pp1=0.,pp2=0.,E1=0.,E2=0.,signpx=0.,pt=0.;

    //E1 and E2 are for the 2 photons in the CM frame
    E1 = w*exp(y)/2.;
    E2 = w*exp(-y)/2.;
    //I think this way to calculate pz is wrong...it assumes pt =0; ill do it in the way I think 
is right after getting pt
    //pz = E1-E2;
    //calculate px and py
    //to get x and y components-- phi is random between 0 and 2*pi
    anglepp1 = Randy.Rndom();//random()/(RAND_MAX+1.0);
    anglepp2 = Randy.Rndom();//random()/(RAND_MAX+1.0);

    pp1 = pp(E1);
    pp2 = pp(E2);
    px = 
pp1*cos(2.*StarlightConstants::pi*anglepp1)+pp2*cos(2.*StarlightConstants::pi*anglep
p2);
    py = 
pp1*sin(2.*StarlightConstants::pi*anglepp1)+pp2*sin(2.*StarlightConstants::pi*anglepp
2);
    //Compute vector sum Pt=Pt1+Pt2 to find pt for the produced particle
    pt = sqrt(px*px+py*py);
    //W is the mass of the produced particle (not necessarily on-mass-shell).Now compute 
its energy and pz
    E = sqrt(w*w+pt*pt)*cosh(y);
    pz= sqrt(w*w+pt*pt)*sinh(y);
    signpx = Randy.Rndom();//random()/(RAND_MAX+1.0);
    //pick the z direction
    if(signpx > 0.5) pz = -pz;

}

double Gammagammaleptonpair::pp(double E)
{
//will probably have to pass in beambeamsys? that way we can do beam1.formfactor(t) or 
beam2..., careful with the way sergey did it for asymmetry

//returns on random draw from pp(E) distribution
    double ereds =0.,Cm=0.,Coef=0.,x=0.,pp=0.,test=0.,u=0.;
    double singleformfactorCm=0.,singleformfactorpp1=0.,singleformfactorpp2=0.;
    int satisfy =0;
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    ereds = (E/GGlepInputGamma_em)*(E/GGlepInputGamma_em);
    //sqrt(3)*E/gamma_em is p_t where the distribution is a maximum
    Cm = sqrt(3.)*E/GGlepInputGamma_em;
    //the amplitude of the p_t spectrum at the maximum
    singleformfactorCm=bbs.getBeam1().formfactor(Cm*Cm+ereds);//Doing this once 
and then storing it as a double, which we square later...SYMMETRY?using beam1 for 
now.
    Coef = 3.0*(singleformfactorCm*singleformfactorCm*Cm*Cm*Cm)/
((2.*(StarlightConstants::pi)*(ereds+Cm*Cm))*(2.*(StarlightConstants::pi)*(ereds+Cm*
Cm)));
        
    //pick a test value pp, and find the amplitude there
    x = Randy.Rndom();//random()/(RAND_MAX+1.0);
    pp = x*5.*StarlightConstants::hbarc/bbs.getBeam1().RNuc(); //Will use nucleus #1, 
there should be two for symmetry//nextline
    singleformfactorpp1=bbs.getBeam1().formfactor(pp*pp+ereds);
    test = (singleformfactorpp1*singleformfactorpp1)*pp*pp*pp/
((2.*StarlightConstants::pi*(ereds+pp*pp))*(2.*StarlightConstants::pi*(ereds+pp*pp)));

    while(satisfy==0){
u = Randy.Rndom();//random()/(RAND_MAX+1.0);
if(u*Coef <= test)
{
    satisfy =1;
}
else{
    x =Randy.Rndom();//random()/(RAND_MAX+1.0);
    pp = 5*StarlightConstants::hbarc/bbs.getBeam1().RNuc()*x;
    singleformfactorpp2=bbs.getBeam1().formfactor(pp*pp+ereds);//Symmetry
    test = (singleformfactorpp2*singleformfactorpp2)*pp*pp*pp/

(2.*StarlightConstants::pi*(ereds+pp*pp)*2.*StarlightConstants::pi*(ereds+pp*pp));
}

    }

    return pp;

}

void Gammagammaleptonpair::twodecay(StarlightConstants::particle &ipid,double 
E,double W,double px0,double py0,double pz0,double &px1,double &py1,double 
&pz1,double &px2,double &py2,double &pz2,int &iFbadevent)
{
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    //     This routine decays a particle into two particles of mass mdec,
    //     taking spin into account

    double mdec=0.,E1=0.,E2=0.;
    double pmag, anglelep[20001],ytest=0.;
    double phi,theta,xtest,dndtheta,Ecm;
    double  betax,betay,betaz;
    double hirestheta,hirestest,hiresw;  //added from JN->needed precision

    //    set the mass of the daughter particles

    mdec = getmass();
    if(W < 2*mdec)
    {

cout<<" ERROR: W="<<W<<endl;
iFbadevent = 1;
return;

    }
    pmag = sqrt(W*W/4. - mdec*mdec);

    //     pick an orientation, based on the spin
    //      phi has a flat distribution in 2*pi
    phi = Randy.Rndom()*2.*StarlightConstants::pi; //(random()/(RAND_MAX+1.0))* 
2.*StarlightConstants::pi;

    //     find theta, the angle between one of the outgoing particles and
    //    the beamline, in the frame of the two photons

    if(getspin()==0.5){
//     calculate a table of integrated angle values for leptons
//JN05 Go from 1000->20000bins, use double precision for anglelep and thetalep. 

needed when W >6Gev.
hiresw = W;

anglelep[0] = 0.;

for(int i =1;i<=20000;i++)
{
    hirestheta = StarlightConstants::pi * double(i) /20000.;

    //  Added sin(theta) phase space factor (not in thetalep) and changed E to W in 
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thetalep call
    //  11/9/2000 SRK
    //  Note that thetalep is form invariant, so it could be called for E, theta_lab just
    //  as well as W,theta_cm.  Since there is a boost from cm to lab below, the 

former is fine.

    anglelep[i] = anglelep[i-1] + thetalep(hiresw,hirestheta)*sin(hirestheta);
}

hirestheta = 0.;
xtest = Randy.Rndom();//random()/(RAND_MAX+1.0);
hirestest = xtest;
for(int i =1;i<=20000;i++)
{
    if(xtest > (anglelep[i]/anglelep[20000]))

                hirestheta = StarlightConstants::pi * double(i) / 20000.;
}
theta=hirestheta;

    }
    //cout<<"2dcy.5 theta= "<<theta<<endl;

    if(getspin() != 0.5)

        cout<<" This model cannot yet handle this spin value for lepton pairs: 
"<<getspin()<<endl; //Say we are in lepton?

    //     compute unboosted momenta
    px1 = sin(theta)*cos(phi)*pmag;
    py1 = sin(theta)*sin(phi)*pmag;
    pz1 = cos(theta)*pmag;
    px2 = -px1;
    py2 = -py1;
    pz2 = -pz1;
    //        compute energies

    //Changed mass to W 11/9/2000 SRK
    Ecm = sqrt(W*W+px0*px0+py0*py0+pz0*pz0);

    E1 = sqrt(mdec*mdec+px1*px1+py1*py1+pz1*pz1);
    E2 = sqrt(mdec*mdec+px2*px2+py2*py2+pz2*pz2);
    //        decay tau to electrons
    //        note that after this routine px1, etc., refer to the electrons
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    if(GGlepInputpidtest == StarlightConstants::TAUON)
        taudecay(px1,py1,pz1,E1,px2,py2,pz2,E2);

    //     Lorentz transform into the lab frame
    // betax,betay,betaz are the boost of the complete system
    betax = -(px0/Ecm);
    betay = -(py0/Ecm);
    betaz = -(pz0/Ecm);

    transform (betax,betay,betaz,E1,px1,py1,pz1,iFbadevent);
    transform (betax,betay,betaz,E2,px2,py2,pz2,iFbadevent);

    if(iFbadevent == 1)
        return;

    //       change particle id from that of parent to that of daughters
    // change taoun id into electron id, already switched particles in taudecay
    if(GGlepInputpidtest == StarlightConstants::TAUON)
        ipid = StarlightConstants::ELECTRON;
    //        electrons remain electrons; muons remain muons
    if ((GGlepInputpidtest == StarlightConstants::ELECTRON) || (GGlepInputpidtest == 
StarlightConstants::MUON))
        ipid = GGlepInputpidtest;

}

/*void Gammagammaleptonpair::transform(double betax,double betay,double 
betaz,double &E,double &px,double &py,double &pz,int &iFbadevent)
  {

  //     carries out a lorentz transform of the frame.  (Not a
  //     boost!)

  double beta,gamma,gob;
  double E0,px0,py0,pz0;

  E0 = E;
  px0 = px;
  py0 = py;
  pz0 = pz;
//cout <<"transform betax, y, z="<<betax<<" "<<betay<<" "<<betaz<<endl;
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beta = sqrt(betax*betax + betay*betay + betaz*betaz);
//cout <<"transform beta= "<<beta<<endl;
if(beta >= 1.0)
iFbadevent = 1;

gamma = 1./sqrt(1. - beta*beta);
gob = (gamma-1)/(beta*beta);

E = gamma*(E0 - betax*px0 - betay*py0 - betaz*pz0);

px = -gamma*betax*E0 + (1. + gob*betax*betax)*px0  +  gob*betax*betay*py0 + 
gob*betax*betaz*pz0;

py = -gamma*betay*E0 + gob*betay*betax*px0+  (1. + gob*betay*betay)*py0 + 
gob*betay*betaz*pz0;

pz = -gamma*betaz*E0 +  gob*betaz*betax*px0 +  gob*betaz*betay*py0 + (1. + 
gob*betaz*betaz)*pz0;

}
*/
double Gammagammaleptonpair::thetalep(double W,double theta)
{
    //     This function calculates the cross-section as a function of
    //     angle for a given W and Y, for the production of two muons.
    //     (or tauons)
    //    expression is taken from Brodsky et al. PRD 1971, 1532
    //     equation 5.7
    //     factor that are not dependant on theta are scrapped, so the
    //     the absolute crosssections given by this function are inaccurate
    //     here we are working in the CM frame of the photons and the last
    //     term is 0

    //    real function thetalep (W,theta)

    double moverw=0., W1sq=0.;
    double thetalep_r=0.,denominator=0.;

    W1sq = (W / 2.)*(W/2.);
    moverw = getmass()*getmass() / W1sq;
    denominator = (1. - (1. - moverw)*(cos(theta)*cos(theta)));
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    thetalep_r = 2. + 4.*(1.-moverw)*((1.-
moverw)*sin(theta)*sin(theta)*cos(theta)*cos(theta) + moverw) / 
(denominator*denominator);

    return thetalep_r;

}

StarlightConstants::event Gammagammaleptonpair::produceevent(int &ievent)
{//returns the vector with the decay particles inside.
    StarlightConstants::event leptonpair; //This object will store all the tracks for a single 
event
    double comenergy = 0.;
    double rapidity = 0.;
    double pairE = 0.;
    double pairmomx=0.,pairmomy=0.,pairmomz=0.;
    int iFbadevent=0;
    StarlightConstants::particle ipid = StarlightConstants::UNKNOWN;

    double px2=0.,px1=0.,py2=0.,py1=0.,pz2=0.,pz1=0.;
//this function decays particles and writes events to a file
    //zero out the event structure
    leptonpair.numberoftracks=0;
    for(int i=0;i<4;i++)
    {

leptonpair.px[i]=0.;
leptonpair.py[i]=0.;
leptonpair.pz[i]=0.;
leptonpair.fsparticle[i]=StarlightConstants::UNKNOWN;
leptonpair.charge[i]=0;

    }

    pickw(comenergy);

    picky(rapidity);

    pairmomentum(comenergy,rapidity,pairE,pairmomx,pairmomy,pairmomz);

    twodecay(ipid,pairE,comenergy,pairmomx,pairmomy,pairmomz,px1,py1,pz1,px2,py2,
pz2,iFbadevent);

    if (iFbadevent==0){
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int q1=0,q2=0; 

double xtest = Randy.Rndom();//random()/(RAND_MAX+1.0);
if (xtest<0.5)
{
    q1=1;
    q2=-1;
}
else{
    q1=-1;
    q2=1;
}
leptonpair.numberoftracks=2;//leptonpairs are two tracks...
leptonpair.px[0]=px1;
leptonpair.py[0]=py1;
leptonpair.pz[0]=pz1;
leptonpair.fsparticle[0]=ipid; 
leptonpair.charge[0]=q1;

leptonpair.px[1]=px2;
leptonpair.py[1]=py2;
leptonpair.pz[1]=pz2;
leptonpair.fsparticle[1]=ipid;
leptonpair.charge[1]=q2;

ievent=ievent+1;
    }

    return leptonpair;
}

void Gammagammaleptonpair::tablecalc()
{

    //     this subroutine calculates the tables that are used
    //     elsewhere in the montecarlo
    //     the tauon decay is taken from V-A theory, 1 - 1/3 cos(theta)
    //     the energy of each of the two leptons in tau decay
    //     is calculated using formula 10.35 given
    //     in introduction to elementary particles by D. griffiths
    //     which assmes that the mass of the electron is 0.
    //     the highest energy attainable by the electron in such a system is
    //     .5 * mass of the tau
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    //    subroutine tablecalc

    double E,theta;

    tautolangle[0] = 0.;
    dgammade[0] = 0.;

    for(int i =1;i<=100;i++)
    {

//     calculate energy of tau decay
E = double(i)/100. * .5 * StarlightConstants::mtau;
dgammade[i] = dgammade[i-1] + E*E * (1. - 4.*E/(3.*StarlightConstants::mtau));

//     calculate angles for tau
theta = StarlightConstants::pi * double(i) / 100.;
tautolangle[i] = tautolangle[i-1] + (1 + 0.3333333 * cos(theta));

    }

}

void Gammagammaleptonpair::taudecay(double &px1,double &py1,double &pz1,double 
&E1,double &px2,double &py2,double &pz2,double &E2)
{

    //     this routine assumes that the tauons decay to electrons and
    //     calculates the directons of the decays

    double Ee1,Ee2,theta1,theta2,phi1,phi2, ran1, ran2 ;
    double pmag1,pex1,pey1,pez1,pex2,pey2,pez2,pmag2;
    double betax,betay,betaz,dir;

    int Tmp_Par=0; // temp variable for the transform function .. kind of starnge - being 
called with 7 parameter instead of 8

    //     the highest energy attainable by the electron in this system is
    //     .5 * mass of the tau

    //     get two random numbers to compare with
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    ran1 = Randy.Rndom()*dgammade[100];//(random()/(RAND_MAX+1.0)) * 
dgammade[100];
    ran2 = Randy.Rndom()*dgammade[100];//(random()/(RAND_MAX+1.0)) * 
dgammade[100];

    //     compute the energies that correspond to those numbers
    Ee1 = 0.;
    Ee2 = 0.;

    for( int i =1;i<=100;i++)
    {

if (ran1 > dgammade[i])
    Ee1 = double(i) /100. * .5 * getmass();
if (ran2 > dgammade[i])
    Ee2 = double(i) /100. * .5 * getmass();

    }

    //     to find the direction of emmission, first
    //     we determine if the tauons have spin of +1 or -1 along the
    //     direction of the beam line
    dir = 1.;
    if ( Randy.Rndom() < 0.5 )//(random()/(RAND_MAX+1.0)) < 0.5)

dir = -1.;

    //     get two random numbers to compare with
    ran1 = Randy.Rndom()*tautolangle[100];//(random()/(RAND_MAX+1.0))  * 
tautolangle[100];
    ran2 = Randy.Rndom()*tautolangle[100];//(random()/(RAND_MAX+1.0))  * 
tautolangle[100];

    //     find the angles corrsponding to those numbers
    theta1 = 0.;
    theta2 = 0.;
    for( int i =1;i<=100;i++)
    {

if (ran1 > tautolangle[i]) theta1 = StarlightConstants::pi * double(i) /100.;
if (ran2 > tautolangle[i]) theta2 = StarlightConstants::pi * double(i) /100.;

    }

    //     grab another two random numbers to determine phi's
    phi1 = Randy.Rndom()*2.*StarlightConstants::pi;// (random()/(RAND_MAX+1.0))* 
2. * StarlightConstants::pi;
    phi2 = Randy.Rndom()*2.*StarlightConstants::pi;// (random()/(RAND_MAX+1.0))* 
2. * StarlightConstants::pi;
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    //     figure out the momenta of the electron in the frames of the
    //     tauons from which they decayed, that is electron1 is in the
    //     rest frame of tauon1 and e2 is in the rest fram of tau2
    //     again the electrons are assumed to be massless
    pmag1 = Ee1;
    pex1 = cos(phi1)*sin(theta1)*pmag1;
    pey1 = sin(phi1)*sin(theta1)*pmag1;
    pez1 = cos(theta1)*pmag1*dir;
    pmag2 = Ee2;
    pex2 = cos(phi2)*sin(theta2)*pmag2;
    pey2 = sin(phi2)*sin(theta2)*pmag2;
    pez2 = cos(theta2)*pmag2*(-1.*dir);
    //     now Lorentz transform into the frame of each of the particles
    //     do particle one first
    betax = -(px1/E1);
    betay = -(py1/E1);
    betaz = -(pz1/E1);
//cout<<"2decay betax,pex1= "<<betax<<" "<<pex1<<endl;
    transform (betax,betay,betaz,Ee1,pex1,pey1,pez1,Tmp_Par);
    //     then do particle two
    betax = -(px1/E2);
    betay = -(py1/E2);
    betaz = -(pz1/E2);

    transform (betax,betay,betaz,Ee2,pex2,pey2,pez2, Tmp_Par);
    //     finally dump the electron values into the approriate
    //     variables
    E1 = Ee1;
    E2 = Ee2;
    px1 = pex1;
    px2 = pex2;
    py1 = pey1;
    py2 = pey2;
    pz1 = pez1;
    pz2 = pez2;
}

double Gammagammaleptonpair::getmass()
{

    double leptonmass=0.;
    switch(GGlepInputpidtest){
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    case StarlightConstants::ELECTRON:
leptonmass=StarlightConstants::mel;
break;

    case StarlightConstants::MUON:
leptonmass=StarlightConstants::mmu;
break;

    case StarlightConstants::TAUON:
leptonmass=StarlightConstants::mtau;
break;

    default:
cout<<"Not a recognized lepton, Gammagammaleptonpair::getmass(), mass = 

0."<<endl;
    }

    return leptonmass;
}
double Gammagammaleptonpair::getwidth()
{

    double leptonwidth=0.;
    return leptonwidth;

}

double Gammagammaleptonpair::getspin()
{
    double leptonspin=0.5;

    return leptonspin;
}

Gammagammaleptonpair::~Gammagammaleptonpair()
{

}
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A.1.15 Gammagammaleptonpair.h
#ifndef GAMMAGAMMALEPTONPAIR_H
#define GAMMAGAMMALEPTONPAIR_H

#include <vector>
#include "starlightconstants.h"
#include "readinluminosity.h"
//#include "beambeamsystem.h"
//#include "randomgenerator.h"
#include "eventchannel.h"
#include "starlightlimits.h"

class Gammagammaleptonpair:  public Eventchannel
{

        public:
                Gammagammaleptonpair(Inputparameters& input,Beambeamsystem& 
bbsystem);
                ~Gammagammaleptonpair();

void twoleptoncrosssection();
                void tablecalc();

                StarlightConstants::event produceevent(int &ievent);

        private:
//Randomgenerator Randy;
//Beambeamsystem bbs;
double sigmax[StarlightLimits::MAXWBINS]

[StarlightLimits::MAXYBINS];//=new double[500][500];   //decreased from 1000*1000; 
too big! causes fault!

double sigmasum;
                double wdelta;  //Added 7/26/07 for passing sigmadelta to pickw
                double remainwd;// "
                int ivalwd;     // "

double dgammade[1000];
                double tautolangle[100];

                double twomuoncrosssection(double w);
                void pickw(double &w);
                void picky(double &y);

                void pairmomentum(double w,double y,double &E,double &px,double 
&py,double&pz);
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                double pp(double E);
                void twodecay(StarlightConstants::particle &ipid,double E,double W,double 
px0,double py0,double pz0,double &px1,double &py1,double&pz1,double &px2,double 
&py2,/*double &py2,*/double &pz2,int &iFbadevent);
                //void transform(double betax,double betay,double betaz,double &E,double 
&px,double &py,double &pz,int &iFbadevent);
                double thetalep(double W,double theta);
                void taudecay(double &px1,double &py1,double &pz1,double &E1,double 
&px2,double &py2,double &pz2,double &E2);

                double getmass();
                double getwidth();
                double getspin();

StarlightConstants::particle GGlepInputpidtest;
int GGlepInputnumw;
int GGlepInputnumy;
double GGlepInputGamma_em;

};

#endif //GAMMAGAMMALEPTONPAIR_H
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A.1.16 Gammagammasingle.cpp
#include <iostream>
#include <fstream>
using namespace std;

#include <math.h>
#include <vector>
#include "starlightconstants.h"
#include "gammagammasingle.h"
#include "PythiaStarlight.h"

extern Pythia *pythia;

Gammagammasingle::Gammagammasingle(Inputparameters& input,Beambeamsystem& 
bbsystem):Eventchannel(input,bbsystem)
{

//Initialize randomgenerator with our seed.
Randy.SetSeed(input.getseed());
cout<<"Randy in Single Meson construction: "<<Randy.Rndom()<<endl;
//Storing inputparameters into protected members for use
GGsingInputnumw=input.getnumw();
GGsingInputnumy=input.getnumy();
GGsingInputpidtest=input.getpidtest();
GGsingInputGamma_em=input.getgamma_em();
cout<<"SINGLE MESON pid test: "<<GGsingInputpidtest<<endl;
//reading in luminosity tables
read();
//Now calculating crosssection
singlecrosssection();

}

void Gammagammasingle::singlecrosssection()
{

        //This function carries out a delta function cross-section calculation. For reference, 
see STAR Note 243, Eq. 8
        //Multiply all Farray[] by f_max
        double sigmasum=0.,remainw=0.;//remainwd=0.;
        int ivalw =0;//ivalwd;
        //calculate the differential cross section and place in the sigma table
        wdelta=getmass();
        for(int i=0;i<GGsingInputnumw;i++)
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        {
                for(int j=0;j<GGsingInputnumy;j++)
                {
                //Change 8 to 4 in the following equation, to fix integration of a delta function.
                //Now, it matches the standard literature(cf. Eq. 67 of G.Baur et al., Phys. Rep. 
364, 359(2002).
                //STAR Note 243 gives the incorrect 4.
                sigmax[i]
[j]=(getspin()*2.+1.)*4*StarlightConstants::pi*StarlightConstants::pi*getwidth()/
(getmass()*getmass()*getmass())*f_max*Farray[i]
[j]*StarlightConstants::hbarc*StarlightConstants::hbarc/100.;
                }
        }
        //find the index, i,for the value of w just less than the mass because we want to use 
the value from the sigma table that has w=mass
        for(int i=0;i<GGsingInputnumw;i++)
        {
                if(getmass()>Warray[i]) ivalw=i;
        }
        remainw = (getmass()-Warray[ivalw])/(Warray[ivalw+1]-Warray[ivalw+1]-
Warray[ivalw]);
        ivalwd = ivalw;
        remainwd = remainw;
        //if we are interested rho pairs at threshold, the just set sigma to 100nb
  switch(GGsingInputpidtest){

case StarlightConstants::ZOVERZ03:

                sigmasum =0.;
                for(int j=0;j<GGsingInputnumy-1;j++)
                {
                        sigmasum = sigmasum +2.0*(Yarray[j+1]-Yarray[j])*100.0E-
9*(.1/getmass())*((1.-remainw)*f_max*(Farray[ivalw][j]+Farray[ivalw]
[j])/2.+remainw*f_max*(Farray[ivalw+1][j]+Farray[ivalw+1][j+1])/2.);
                }
        break;
        default:
                //Sum to find the total cross-section
                //The two iss to account for the fact that we integrate over just 1/2 of the 
rapidity range
                sigmasum =0.;
                for(int j =0;j<GGsingInputnumy-1;j++)
                {
                        sigmasum = sigmasum+2.*(Yarray[j+1]-Yarray[j])*((1.-
remainw)*(sigmax[ivalw][j]+sigmax[ivalw][j+1])/2.+remainw*(sigmax[ivalw+1][j]
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+sigmax[ivalw+1][j+1])/2.);
                }
        }
        cout <<"The total cross-section is: "<<sigmasum<<" barns."<<endl;
        return;

}

void Gammagammasingle::pickw(double &w)
{

//        double sigofw[500],sgfint[500];
        double sgf=0.,signorm=0.,x=0.,remainarea=0.,remainw=0.,a=0.,b=0.,c=0.;
        int ivalw=0;

        double * sigofw;
        double * sgfint;
        sigofw = new double[StarlightLimits::MAXWBINS];
        sgfint = new double[StarlightLimits::MAXYBINS];

//      srand(iseed);
//This function picks a w for the 2-photon calculation.
        if(wdelta != 0)
        {
                w=wdelta;
                ivalw=ivalwd;
                remainw=remainwd;
        }
        else{
                //deal with the case where sigma is an array
                //sigofw is simga integrated over y using a linear interpolation
                //sigint is the integral of sgfint, normalized

                //integrate sigma down to a function of just w
                for(int i=0;i<GGsingInputnumw;i++)
                {
                        sigofw[i]=0.;
                        for(int j=0;j<GGsingInputnumy-1;j++)
                        {
                                sigofw[i] = sigofw[i]+(Yarray[j+1]-Yarray[j])*(sigmax[i]
[j+1]+sigmax[i][j])/2.;
                        }
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                }
                //calculate the unnormalized sgfint array
                sgfint[0]=0.;
                for(int i=0;i<GGsingInputnumw-1;i++)
                {
                        sgf=(sigofw[i+1]+sigofw[i])*(Warray[i+1]-Warray[i])/2.;
                        sgfint[i+1]=sgfint[i]+sgf;
                }
                //normalize sgfint array
                signorm=sgfint[GGsingInputnumw-1];
                
                for(int i=0;i<GGsingInputnumw;i++)
                {
                        sgfint[i]=sgfint[i]/signorm;
                }
                //pick a random number
                x = Randy.Rndom();//random()/(RAND_MAX+1.0);
                //compare x and sgfint to find the ivalue which is just less than the random 
number x
                for(int i=0;i<GGsingInputnumw;i++)
                {
                        if(x > sgfint[i]) ivalw=i;
                }
                //remainder above ivalw
                remainarea = x - sgfint[ivalw];

                //figure out what point corresponds to the excess area in remainarea
                c = -remainarea*signorm/(Warray[ivalw+1]-Warray[ivalw]);
                b = sigofw[ivalw];
                a = (sigofw[ivalw+1]-sigofw[ivalw])/2.;
                if(a==0.)
                {
                        remainw = -c/b;
                }
                else{
                        remainw = (-b+sqrt(b*b-4.*a*c))/(2.*a);
                }
                ivalwd = ivalw;
                remainwd = remainw;
                //calculate the w value
                w = Warray[ivalw]+(Warray[ivalw+1]-Warray[ivalw])*remainw;
//              cout <<"pickww= "<<w<<endl;
        }
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delete[] sigofw;
delete[] sgfint;

}

void Gammagammasingle::picky(double &y)
{

double * sigofy;
double * sgfint;
sigofy = new double[StarlightLimits::MAXYBINS];
sgfint = new double[StarlightLimits::MAXYBINS];

        double remainw 
=0.,remainarea=0.,remainy=0.,a=0.,b=0.,c=0.,sgf=0.,signorm=0.,x=0.;
        int ivalw=0,ivaly=0;

        ivalw=ivalwd;
        remainw=remainwd;
        //average over two colums to get y array
        for(int j=0;j<GGsingInputnumy;j++)
        {
                sigofy[j]=sigmax[ivalw][j]+(sigmax[ivalw+1][j]-sigmax[ivalw][j])*remainw;
        }
        //calculate the unnormalized sgfint

        sgfint[0]=0.;
        for(int j=0;j<GGsingInputnumy-1;j++)
        {
                sgf = (sigofy[j+1]+sigofy[j])/2.;
                sgfint[j+1]=sgfint[j]+sgf*(Yarray[j+1]-Yarray[j]);
        }

        //normalize the sgfint array
        signorm = sgfint[GGsingInputnumy-1];

        for(int j=0;j<GGsingInputnumy;j++)
        {
                sgfint[j]=sgfint[j]/signorm;
        }
        //pick a random number
        x = Randy.Rndom();//random()/(RAND_MAX+1.0);
        //compare x and sgfint to find the ivalue which is just less then the random number x
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        for(int i=0;i<GGsingInputnumy;i++)
        {
                if(x > sgfint[i]) ivaly = i;
        }
        //remainder above ivaly
        remainarea = x - sgfint[ivaly];

        //figure what point corresponds to the leftover area in remainarea
        c = -remainarea*signorm/(Yarray[ivaly+1]-Yarray[ivaly]);
        b = sigofy[ivaly];
        a = (sigofy[ivaly+1]-sigofy[ivaly])/2.;
        if(a==0.)
        {
                remainy = -c/b;
        }
        else{
                remainy = (-b + sqrt(b*b-4.*a*c))/(2.*a);
        }
        //calculate the y value
        y = Yarray[ivaly]+(Yarray[ivaly+1]-Yarray[ivaly])*remainy;

delete[] sigofy;
delete[] sgfint;

}

void Gammagammasingle::parentmomentum(double w,double y,double &E,double 
&px,double &py,double &pz)
{

//this function calculates px,py,pz,and E given w and y
        double anglepp1=0.,anglepp2=0.,pp1=0.,pp2=0.,E1=0.,E2=0.,signpx=0.,pt=0.;

        //E1 and E2 are for the 2 photons in the CM frame
        E1 = w*exp(y)/2.;
        E2 = w*exp(-y)/2.;
        //I think this way to calculate pz is wrong...it assumes pt =0; ill do it in the way I 
think is right after getting pt
        //pz = E1-E2;
        //calculate px and py
        //to get x and y components-- phi is random between 0 and 2*pi
        anglepp1 = Randy.Rndom();//random()/(RAND_MAX+1.0);
        anglepp2 = Randy.Rndom();//random()/(RAND_MAX+1.0);

        pp1 = pp(E1);

183



        pp2 = pp(E2);
        px = 
pp1*cos(2.*StarlightConstants::pi*anglepp1)+pp2*cos(2.*StarlightConstants::pi*anglep
p2);
        py = 
pp1*sin(2.*StarlightConstants::pi*anglepp1)+pp2*sin(2.*StarlightConstants::pi*anglepp
2);
        //Compute vector sum Pt=Pt1+Pt2 to find pt for the produced particle
        pt = sqrt(px*px+py*py);
        //W is the mass of the produced particle (not necessarily on-mass-shell).Now 
compute its energy and pz
        E = sqrt(w*w+pt*pt)*cosh(y);
        pz= sqrt(w*w+pt*pt)*sinh(y);
        signpx = Randy.Rndom();//random()/(RAND_MAX+1.0);

//pick the z direction
        if(signpx > 0.5) pz = -pz;

}

double Gammagammasingle::pp(double E)
{
//will probably have to pass in beambeamsys? that way we can do beam1.formfactor(t) or 
beam2..., careful with the way sergey did it for asymmetry

//returns on random draw from pp(E) distribution
        double ereds =0.,Cm=0.,Coef=0.,x=0.,pp=0.,test=0.,u=0.;

double singleformfactorCm=0.,singleformfactorpp1=0.,singleformfactorpp2=0.;
        int satisfy =0;
        
        ereds = (E/GGsingInputGamma_em)*(E/GGsingInputGamma_em);
        //sqrt(3)*E/gamma_em is p_t where the distribution is a maximum
        Cm = sqrt(3.)*E/GGsingInputGamma_em;
        //the amplitude of the p_t spectrum at the maximum

singleformfactorCm=bbs.getBeam1().formfactor(Cm*Cm+ereds);//Doing this 
once and then storing it as a double, which we square later...SYMMETRY?using beam1 
for now.
        Coef = 3.0*(singleformfactorCm*singleformfactorCm*Cm*Cm*Cm)/
((2.*(StarlightConstants::pi)*(ereds+Cm*Cm))*(2.*(StarlightConstants::pi)*(ereds+Cm*
Cm)));
        

//pick a test value pp, and find the amplitude there
        x = Randy.Rndom();//random()/(RAND_MAX+1.0);
        pp = x*5.*StarlightConstants::hbarc/bbs.getBeam1().RNuc(); //Will use nucleus #1, 
there should be two for symmetry//nextline

184



singleformfactorpp1=bbs.getBeam1().formfactor(pp*pp+ereds);
        test = (singleformfactorpp1*singleformfactorpp1)*pp*pp*pp/
((2.*StarlightConstants::pi*(ereds+pp*pp))*(2.*StarlightConstants::pi*(ereds+pp*pp)));

        while(satisfy==0){
                u = Randy.Rndom();//random()/(RAND_MAX+1.0);
                if(u*Coef <= test)
                {
                        satisfy =1;
                }
                else{
                        x =Randy.Rndom();//random()/(RAND_MAX+1.0);
                        pp = 5*StarlightConstants::hbarc/bbs.getBeam1().RNuc()*x;

singleformfactorpp2=bbs.getBeam1().formfactor(pp*pp+ereds);//Symmetry
                        test = (singleformfactorpp2*singleformfactorpp2)*pp*pp*pp/
(2.*StarlightConstants::pi*(ereds+pp*pp)*2.*StarlightConstants::pi*(ereds+pp*pp));
                }
        }

        return pp;

}

void Gammagammasingle::twodecay(StarlightConstants::particle &ipid,double E,double 
W,double px0,double py0,double pz0,double &px1,double &py1,double &pz1,double 
&px2,double &py2,double &pz2,int &iFbadevent)
{

  //     This routine decays a particle into two particles of mass mdec,
  //     taking spin into account

  double mdec=0.,E1=0.,E2=0.;
  double pmag,ytest=0.;
  double phi,theta,xtest,dndtheta,Ecm;
  double  betax,betay,betaz;

  //    set the mass of the daughter particles
  switch(GGsingInputpidtest){ 
  case StarlightConstants::ZOVERZ03:
  case StarlightConstants::F2:
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 mdec = StarlightConstants::mpi;
break;

  case StarlightConstants::F2PRIME:
            //  decays 50% to K+/K-, 50% to K_0's
           ytest = Randy.Rndom();
           if(ytest >= 0.5)
             {
               mdec = StarlightConstants::mK;
             }
           else
             {
               mdec = 0.493677;
             }

break;
  default :

cout<<"No default mass selected for single photon-photon particle, expect errant 
results"<<endl;
  }
 

//Calculating the momentum's magnitude
//add switch for rho pairs at threshold and everything else.

  switch(GGsingInputpidtest){
  case StarlightConstants::ZOVERZ03: //the rho pairs produced at threshold

 pmag = sqrt(getmass()*getmass()/4. - mdec*mdec);
break;

  default :
             if(W < 2*mdec)
                {
                  cout<<" ERROR: W="<<W<<endl;
                  iFbadevent = 1;
                  return;
                }
              pmag = sqrt(W*W/4. - mdec*mdec);
  }
        //     pick an orientation, based on the spin
        //      phi has a flat distribution in 2*pi
        phi = Randy.Rndom()*2.*StarlightConstants::pi; //(random()/(RAND_MAX+1.0))* 
2.*StarlightConstants::pi;

        //     find theta, the angle between one of the outgoing particles and
        //    the beamline, in the frame of the two photons

//this will depend on spin, F2,F2' and z/z03 all have spin 2, all other 
photonphoton-single mesons are handled by jetset

//Applies to spin2 mesons.
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L300td:
        theta = StarlightConstants::pi*Randy.Rndom();
        xtest = Randy.Rndom();
        dndtheta = sin(theta)*sin(theta)*sin(theta)*sin(theta)*sin(theta);
        if(xtest > dndtheta)
          goto L300td;

      //     compute unboosted momenta
      px1 = sin(theta)*cos(phi)*pmag;
      py1 = sin(theta)*sin(phi)*pmag;
      pz1 = cos(theta)*pmag;
      px2 = -px1;
      py2 = -py1;
      pz2 = -pz1;
      //        compute energies

      //Changed mass to W 11/9/2000 SRK
      Ecm = sqrt(W*W+px0*px0+py0*py0+pz0*pz0);

      E1 = sqrt(mdec*mdec+px1*px1+py1*py1+pz1*pz1);
      E2 = sqrt(mdec*mdec+px2*px2+py2*py2+pz2*pz2);

      //     Lorentz transform into the lab frame
      // betax,betay,betaz are the boost of the complete system
      betax = -(px0/Ecm);
      betay = -(py0/Ecm);
      betaz = -(pz0/Ecm);

      transform (betax,betay,betaz,E1,px1,py1,pz1,iFbadevent);
      transform (betax,betay,betaz,E2,px2,py2,pz2,iFbadevent);

      if(iFbadevent == 1)
        return;

            //       change particle id from that of parent to that of daughters

  switch(GGsingInputpidtest){
//These decay into a pi+ pi- pair

  case StarlightConstants::ZOVERZ03:
  case StarlightConstants::F2:

ipid=StarlightConstants::PION;
break;

  case StarlightConstants::F2PRIME:
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if( ytest >= 0.5 )
{
//Decays 50/50 into k+ k- or k_s k_l
ipid=StarlightConstants::KAONCHARGE;
}
else
{
ipid=StarlightConstants::KAONNEUTRAL;
}
break;
default:
cout<<"Rethink the daughter particles"<<endl;

  }

}

/*void Gammagammasingle::transform(double betax,double betay,double betaz,double 
&E,double &px,double &py,double &pz,int &iFbadevent)
{

  //     carries out a lorentz transform of the frame.  (Not a
  //     boost!)

  double beta,gamma,gob;
  double E0,px0,py0,pz0;

  E0 = E;
  px0 = px;
  py0 = py;
  pz0 = pz;
//cout <<"transform betax, y, z="<<betax<<" "<<betay<<" "<<betaz<<endl;
  beta = sqrt(betax*betax + betay*betay + betaz*betaz);
//cout <<"transform beta= "<<beta<<endl;
  if(beta >= 1.0)
    iFbadevent = 1;

  gamma = 1./sqrt(1. - beta*beta);
  gob = (gamma-1)/(beta*beta);

  E = gamma*(E0 - betax*px0 - betay*py0 - betaz*pz0);

  px = -gamma*betax*E0 + (1. + gob*betax*betax)*px0  +  gob*betax*betay*py0 + 
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gob*betax*betaz*pz0;

  py = -gamma*betay*E0 + gob*betay*betax*px0+  (1. + gob*betay*betay)*py0 + 
gob*betay*betaz*pz0;

  pz = -gamma*betaz*E0 +  gob*betaz*betax*px0 +  gob*betaz*betay*py0 + (1. + 
gob*betaz*betaz)*pz0;

}

*/
StarlightConstants::event Gammagammasingle::produceevent(int &ievent)
{//returns the vector with the decay particles inside.
// onedecayparticle single;

StarlightConstants::event single;
double comenergy = 0.;
double rapidity = 0.;
double parentE = 0.;
double parentmomx=0.,parentmomy=0.,parentmomz=0.;

        int iFbadevent=0;
StarlightConstants::particle ipid = StarlightConstants::UNKNOWN;
double px2=0.,px1=0.,py2=0.,py1=0.,pz2=0.,pz1=0.;
double px3=0.,px4=0.,py3=0.,py4=0.,pz3=0.,pz4=0.;
double theta=0.,phi=0.;//angles from jetset

//this function decays particles and writes events to a file
//zeroing out the event structure

                single.numberoftracks=0;
        for(int i=0;i<4;i++)
        {
                single.px[i]=0.;
                single.py[i]=0.;
                single.pz[i]=0.;
                single.fsparticle[i]=StarlightConstants::UNKNOWN;
                single.charge[i]=0;
        }

double xtest=0.,ztest=0.;

pickw(comenergy);

                picky(rapidity);
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                parentmomentum(comenergy,rapidity,parentE,parentmomx,parentmomy,parent
momz);

switch(GGsingInputpidtest){
        case StarlightConstants::ZOVERZ03:

//Decays into two pairs.
parentmomx=parentmomx/2.;
parentmomy=parentmomy/2.;
parentmomz=parentmomz/2.;
//Pair #1

twodecay(ipid,parentE,comenergy,parentmomx,parentmomy,parentmomz,px1,py1,pz1,px
2,py2,pz2,iFbadevent);

//Pair #2

twodecay(ipid,parentE,comenergy,parentmomx,parentmomy,parentmomz,px3,py3,pz3,px
4,py4,pz4,iFbadevent);

//Now add them to vectors to be written out later.

single.numberoftracks=4;//number of tracks per event
if (iFbadevent==0){

  
                        xtest = Randy.Rndom();//random()/(RAND_MAX+1.0);

ztest = Randy.Rndom();
//Assigning charges randomly.

                        if (xtest<0.5)
                        {
                                single.charge[0]=1;//q1=1;
                                single.charge[1]=-1;//q2=-1;
                        }
                        else{
                                single.charge[0]=1;//q1=-1;
                                single.charge[1]=-1;//q2=1;
                        }

if (ztest<0.5)
{

single.charge[2]=1;//q3=1;
single.charge[3]=-1;//q4=-1;

}
else{

single.charge[2]=-1;//q3=-1;
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single.charge[3]=1;//q4=1;
}

                        //Track #1
                        single.px[0]=px1;
                        single.py[0]=py1;
                        single.pz[0]=pz1;
                        single.fsparticle[0]=ipid;
                        //Track #2 
                        single.px[1]=px2;
                        single.py[1]=py2;
                        single.pz[1]=pz2;
                        single.fsparticle[1]=ipid;

//Track #3
single.px[2]=px3;

                        single.py[2]=py3;
                        single.pz[2]=pz3;
                        single.fsparticle[2]=ipid;

//Track #4
single.px[3]=px4;

                        single.py[3]=py4;
                        single.pz[3]=pz4;
                        single.fsparticle[3]=ipid;

                        ievent=ievent+1;
}

break;
case StarlightConstants::F2:
case StarlightConstants::F2PRIME:
 

twodecay(ipid,parentE,comenergy,parentmomx,parentmomy,parentmomz,px1,py1,pz1,px
2,py2,pz2,iFbadevent);

single.numberoftracks=2;
if (iFbadevent==0){

xtest = Randy.Rndom();//random()/(RAND_MAX+1.0);
if (xtest<0.5)
{

single.charge[0]=1;//q1=1;
single.charge[1]=-1;//q2=-1;

}
else{

single.charge[0]=-1;//q1=-1;
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single.charge[1]=1;//q2=1;
}
//Track #1
single.px[0]=px1;
single.py[0]=py1;
single.pz[0]=pz1;
single.fsparticle[0]=ipid; 
//Track #2

                single.px[1]=px2;
                single.py[1]=py2;

                single.pz[1]=pz2;
                single.fsparticle[1]=ipid;

ievent=ievent+1;
}
break;

default://This will be jetset stuff...just need to add link to jetset program

//cout << "Submitting "<<GGsingInputpidtest<<" to jetset to 
decay."<<endl;

//calculate theta and phi of the particle being submitted to jetset.
//We do not need to do this anymore?  Pythia takes pid,px,py,pz,e, and m
//thephi(comenergy,parentmomx,parentmomy,parentmomz,parentE,theta,p

hi);
///lu1ent(0,pid,E,theta,phi);
//Lets begin to link Pythia8 into Starlight.  Probably best to do this in 

main.cpp
//However, we only do pythia here for the time being.  Lets be self 

contained in case
//We want to remove it later or whatever other reason.
/*#include "Pythia.h"
using namespace Pythia8;
// Generator; shorthand for event.

  Pythia pythia;
  Event& event = pythia.event;

// Key requirement: switch off ProcessLevel, and thereby also 
PartonLevel.
  pythia.readString("ProcessLevel:all = off");
  //When limittau0 is on, only particles with tau0<tau0max are decayed.
  pythia.readString("ParticleDecays:limitTau0 = on");
  //Default tau0 max is 10mm/c, we are setting it to 1mm/c
  pythia.readString("ParticleDecays:tau0Max = 1");

// Provide printout of initial information.
 pythia.settings.listChanged();//Useful for earlier stages.
  // Initialize.
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  pythia.init();*/

//Reseting the event.
Event &event = pythia->event;
event.reset();
//Adding an event to pythia
//Adding Particles information 

(id,status,color,anticolor,px,py,pz,energy,restmass)
double restmass=0.;
restmass=getmass();
double tempx=0.,tempy=0.,tempz=0.;

event.append(GGsingInputpidtest,1,0,0,parentmomx,parentmomy,parentmomz,parentE,re
stmass);

// Generate events. Quit if failure.
    if (!pythia->next()) {
      cout << " Event generation aborted prematurely, owing to error! 
Gammagammasingle::produceevent\n";
      break;
    }

single.vertx[0]=0.;
single.verty[0]=0.;
single.vertz[0]=0.;
single.numberofvertices=1;

//cout<<"Event statistics that I can output: "<<endl;
        //cout<<"Event size: "<<event.size()<<endl;

single.numberoftracks=(event.size()-1);
        for(int j=1;j<event.size();j++){//skipping event[0], this just outputs the mother as 
if the beam/system

int b=j-1;//start counting at 0 for arrays in single
single.charge[b]=1;//Charge should be returned on the id
single.px[b]=event[j].px();
single.py[b]=event[j].py();
single.pz[b]=event[j].pz();
single.fsparticle[b]=event[j].id();
single.mother1[b]=event[j].mother1();
single.mother2[b]=event[j].mother2();
single.daughter1[b]=event[j].daughter1();
single.daughter2[b]=event[j].daughter2();

//might have to change the type for fsparticle since pythia could return 
something we do not have defined.
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if(!
(event[j].xProd()==tempx&&event[j].yProd()==tempy&&event[j].zProd()==tempz)){

single.numberofvertices++;
single.vertx[single.numberofvertices-1]=event[j].xProd();
single.verty[single.numberofvertices-1]=event[j].yProd();
single.vertz[single.numberofvertices-1]=event[j].zProd();
tempx=event[j].xProd();

                                tempy=event[j].yProd();
                                tempz=event[j].zProd();

}
/*
        cout<<"Event["<<j<<"] pid: "<<event[j].id()<<" p: "<<event[j].px()<<" 
"<<event[j].py()<<" "<<event[j].pz()<<endl;
        cout<<" E: "<<event[j].e()<<" m: "<<event[j].m()<<endl;
        cout<<"Vertex(x,y,z) : "<<setprecision(10)<<event[j].xProd()<<" 
"<<event[j].yProd()<<" "<<event[j].zProd()<<endl;

cout<<"Mother1,2: "<<event[j].mother1()<<" "<<event[j].mother2()<<" 
Daughters1,2: "<<event[j].daughter1()<<" "<<event[j].daughter2()<<endl;

}//forloop
for(int c=0;c<single.numberofvertices;c++){

cout<<"vertex: "<<single.vertx[c]<<" "<<single.verty[c]<<" 
"<<single.vertz[c]<<endl;*/

}
ievent=ievent+1;

}
return single;

}

void Gammagammasingle::thephi(double W,double px,double py,double pz,double 
E,double &theta,double &phi)
{

  //     This subroutine calculates angles for channels decayed by jetset.
  //    subroutine thephi(W,px,py,pz,E,theta,phi)

  E = sqrt (W*W+px*px+py*py+pz*pz);
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  theta = acos(pz/sqrt(px*px+py*py+pz*pz));
  phi = acos(px/sqrt(px*px+py*py));

  if ((px == 0)  && (py == 0))
    phi = 0.;
  if (py < 0)
    phi = 2*StarlightConstants::pi - phi;
}

double Gammagammasingle::getmass()
{

double singlemass=0.;
switch(GGsingInputpidtest){

case StarlightConstants::ETA:
singlemass=0.54730;
break;

case StarlightConstants::ETAPRIME:
singlemass=0.95777;
break;

case StarlightConstants::ETAC:
singlemass=2.980;
break;

                case StarlightConstants::F0:
                        singlemass=0.980;
                        break;
                case StarlightConstants::F2:
                        singlemass=1.2754;
                        break;
                case StarlightConstants::A2:
                        singlemass=1.318;
                        break;
                case StarlightConstants::F2PRIME:
                        singlemass=1.525;
                        break;
                case StarlightConstants::ZOVERZ03:
                        singlemass=1.540;
                        break;

default:
cout<<"Not a recognized single particle, 

Gammagammasingle::getmass(), mass = 0."<<endl;
}
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return singlemass;
}
double Gammagammasingle::getwidth()
{

        double singlewidth=0.;
        switch(GGsingInputpidtest){
                case StarlightConstants::ETA:
                        singlewidth=1.E-6;
                        break;
                case StarlightConstants::ETAPRIME:
                        singlewidth=5.E-6;
                        break;
                case StarlightConstants::ETAC:
                        singlewidth=6.3E-6;
                        break;
                case StarlightConstants::F0:
                        singlewidth=0.56E-6;
                        break;
                case StarlightConstants::F2:
                        singlewidth=2.6E-6;
                        break;
                case StarlightConstants::A2:
                        singlewidth=1.04E-6;
                        break;
                case StarlightConstants::F2PRIME:
                        singlewidth=0.1E-6;
                        break;
                case StarlightConstants::ZOVERZ03:
                        singlewidth=0.1E-6;
                        break;

                default:
                        cout<<"Not a recognized single particle, Gammagammasingle::getwidth(), 
width = 0."<<endl;
                        }

        return singlewidth;

}
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double Gammagammasingle::getspin()
{
        double singlespin=0.5;
        switch(GGsingInputpidtest){
                case StarlightConstants::ETA:
                        singlespin=0.0;
                        break;
                case StarlightConstants::ETAPRIME:
                        singlespin=0.0;
                        break;
                case StarlightConstants::ETAC:
                        singlespin=0.0;
                        break;
                case StarlightConstants::F0:
                        singlespin=0.0;
                        break;
                case StarlightConstants::F2:
                        singlespin=2.0;
                        break;
                case StarlightConstants::A2:
                        singlespin=2.0;
                        break;
                case StarlightConstants::F2PRIME:
                        singlespin=2.0;
                        break;
                case StarlightConstants::ZOVERZ03:
                        singlespin=2.0;
                        break;

                default:
                        cout<<"Not a recognized single particle, Gammagammasingle::getspin(), 
spin = 0."<<endl;
                        }

        return singlespin;
}

Gammagammasingle::~Gammagammasingle()
{

}
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A.1.17 Gammagammasingle.h
#ifndef GAMMAGAMMASINGLE_H
#define GAMMAGAMMASINGLE_H

#include <vector>
#include "starlightconstants.h"
#include "readinluminosity.h"
#include "beambeamsystem.h"
#include "randomgenerator.h"
#include "eventchannel.h"
class Gammagammasingle:  public Eventchannel
{

        public:
                Gammagammasingle(Inputparameters& input,Beambeamsystem& bbsystem);
                ~Gammagammasingle();

void singlecrosssection();
                StarlightConstants::event produceevent(int &ievent);

        private:
//Randomgenerator Randy;
//Beambeamsystem bbs;
double sigmax[StarlightLimits::MAXWBINS]

[StarlightLimits::MAXYBINS];//=new double[500][500];   //decreased from 1000*1000; 
too big! causes fault!

double sigmasum;
                double wdelta;  //Added 7/26/07 for passing sigmadelta to pickw
                double remainwd;// "
                int ivalwd;     // "

                void pickw(double &w);
                void picky(double &y);

                void parentmomentum(double w,double y,double &E,double &px,double 
&py,double&pz);
                double pp(double E);
                void twodecay(StarlightConstants::particle &ipid,double E,double W,double 
px0,double py0,double pz0,double &px1,double &py1,double&pz1,double &px2,double 
&py2,/*double &py2,*/double &pz2,int &iFbadevent);
               // void transform(double betax,double betay,double betaz,double &E,double 
&px,double &py,double &pz,int &iFbadevent);

void thephi(double W,double px,double py,double pz,double E,double 
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&theta,double &phi);

                double getmass();
                double getwidth();
                double getspin();

StarlightConstants::particle GGsingInputpidtest;
int GGsingInputnumw;
int GGsingInputnumy;
double GGsingInputGamma_em;

};

#endif //GAMMAGAMMASINGLE_H
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A.1.18 Inputparameters.cpp
#include <iostream>
#include <fstream>
using namespace std;
#include "inputparameters.h"
#include "starlightconstants.h"

Inputparameters::Inputparameters()
{
        ifstream inputfile;
        inputfile.open("slight.in");

double Wmininput=0.;
double Wmaxinput=0.;

// double Wmindefault=0.;
cout<<"CONSTRUCTING THE INPUT PARAMETERS"<<endl;

        inputfile >> Z1; //Number of protons in #1 nucleus
        inputfile >> A1; //Number of nucleons in #1 nucleus
        inputfile >> Z2; //Number of protons in #2 nucleus
        inputfile >> A2; //Number of nucleons in #2 nucleus
        inputfile >> gamma_em;  //Lorentz gamma of the collider for one beam...
        inputfile >> Wmaxinput;  //Maximum value for center of mass energy--might 
change depending upon which channel
        inputfile >> Wmininput; //Minimum center of mass energy, for default values 
use -1
        inputfile >> numw; //Number of center of mass bins to use
        inputfile >> Ymax; //Sets the maximum rapidity value...more like abs. value
        inputfile >> numy; //Number of rapidity bins
        inputfile >> gg_or_gP;  //Is it a photonphoton, photonA-narrow, or photonA-
wide:1,2,3
        inputfile >> ievents;  //Number of events to generate
        inputfile >> pid; //Channel one wants to produce.
        inputfile >> iseed; //Number seed for the random number gen.
        inputfile >> iout;//Output format,1:txt,2:formatted text for gstar,3:ROOT?
        inputfile >> ibreakup; //Breakup modes, 1-...
        inputfile >> iinterfere; //Interference 0-no,1-yes
        inputfile >> xinterfere; //Percentage of interference
        inputfile >> in_or_co; //dAu, coherent or incoherent
        inputfile >> bford; //
        inputfile >> ptmax; //
        inputfile >> NPT; //
        inputfile.close();

dpt = ptmax/NPT;
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ProtonEnergy=gamma_em*StarlightConstants::mp;

//Defining Interaction Type
if(gg_or_gP==1){

interactiontest=StarlightConstants::PHOTONPHOTON;
//decaytest=StarlightConstants::LEPTONPAIR;
}

if(gg_or_gP==2){
interactiontest=StarlightConstants::PHOTONPOMERONNARROW;
}

if(gg_or_gP==3){
interactiontest=StarlightConstants::PHOTONPOMERONWIDE;
}

//Trying to define the proper Wmins and Wmaxs. a TEMPORARY fix....Better 
solution=??

                   double mass         = 0.0;
                   double Wmin_default = 0.0; //This is the dault for Wmin, unless defined later
                   double width        = 0.0;
              if(pid==11){
                                                //electron
              Wmin_default = 0.01; //Wmin is settable in constants--default is 0.01; Wmin up 
to 0.15 is safe for Summer 2000 triggering for e+e- pairs

Wmax=Wmaxinput;
pidtest=StarlightConstants::ELECTRON;
decaytest=StarlightConstants::LEPTONPAIR;

                                         }
              else if(pid==13){
                                           //muon
                                  Wmin_default   =  2.*StarlightConstants::mmu;

Wmax=Wmaxinput;
pidtest=StarlightConstants::MUON;
decaytest=StarlightConstants::LEPTONPAIR;

                                  }
              else if(pid==15){
                                     //tauon
                                  Wmin_default   =  2*StarlightConstants::mtau;
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Wmax=Wmaxinput;
pidtest=StarlightConstants::TAUON;
decaytest=StarlightConstants::LEPTONPAIR;

                                  }
              else if(pid==115){
                                             //a2(1320)

Wmax=Wmaxinput;
pidtest=StarlightConstants::A2;
decaytest=StarlightConstants::SINGLEMESON;

                                   }
              else if(pid==221){
                                              //eta
                                Wmax=Wmaxinput;

pidtest=StarlightConstants::ETA;
decaytest=StarlightConstants::SINGLEMESON;

                                   }
              else if(pid==225){
                                                    //f2(1270)
                                Wmax=Wmaxinput;

pidtest=StarlightConstants::F2;
decaytest=StarlightConstants::SINGLEMESON;

                                   }
              else if(pid==331){
                                                   //eta'(958)
                                Wmax=Wmaxinput;

pidtest=StarlightConstants::ETAPRIME;
decaytest=StarlightConstants::SINGLEMESON;

                                   }
              else if(pid==335){
                                                    //f2'(1525)
                                Wmax=Wmaxinput;

pidtest=StarlightConstants::F2PRIME;
decaytest=StarlightConstants::SINGLEMESON;

                                   }
              else if(pid==441){
                                                   //eta-c
                                Wmax=Wmaxinput;

pidtest=StarlightConstants::ETAC;
decaytest=StarlightConstants::SINGLEMESON;

                }
              else if(pid==9010221){//f0(980)--was orginally called 10221? updated to 
standard number
                                Wmax=Wmaxinput;
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pidtest=StarlightConstants::F0;
decaytest=StarlightConstants::SINGLEMESON;

                                     }
              else if(pid==33)    {

//Z"/Z03
                                Wmax=Wmaxinput;

pidtest=StarlightConstants::ZOVERZ03;
decaytest=StarlightConstants::SINGLEMESON;

                                     }
              else if(pid==113)   {
                                     mass        =  0.7685;                 //rho(770)0
                                     width       =  0.1507;
                                     Wmin_default=  2.*StarlightConstants::mpi;
                                     Wmax        =  mass+5.*width;

pidtest=StarlightConstants::RHO;
decaytest=StarlightConstants::WIDEVMDEFAULT;

                                     }
              else if(pid==913)   {
                                     mass        =  0.7685;                      //rho(770)0 direct pi+pi- decay, 
interference given by ZEUS
                                     width       =  0.1507;
                                     Wmin_default=  2.*StarlightConstants::mpi;
                                     Wmax        =  mass+5.*width;    //Use the same (ZEUS) 1.5GeV 
max mass

pidtest=StarlightConstants::RHOZEUS;
decaytest=StarlightConstants::WIDEVMDEFAULT;

                                     }
              else if(pid==223){
                                   mass          =  0.78194;          //omega(782)
                                   width         =  0.00843;
                 Wmax          =  mass+5.*width;

                   Wmin_default  =  mass - 5.*width;
pidtest=StarlightConstants::OMEGA;

decaytest=StarlightConstants::NARROWVMDEFAULT;//will probably be shifted 
to 3body decay

     }
              else if(pid==333) {
                                   mass          =  1.019413;     //phi(1020)
                                   width         =  0.00443;
                                   Wmin_default  =  2*StarlightConstants::mK;
                                   Wmax          =  mass+5.*width;

pidtest=StarlightConstants::PHI;
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decaytest=StarlightConstants::NARROWVMDEFAULT;
                                   }
              else if(pid==443){
                                   mass          =  3.09692;  // JN  3.09688;      //J/psi
                                   width         =  0.000091; //JN  0.000087;
                                   Wmin_default  =  mass - 5.*width;
                                   Wmax          =  mass + 5.*width;

pidtest=StarlightConstants::JPSI;
decaytest=StarlightConstants::PSIFAMILY;

                                   }
              else if(pid==444){
                                   mass          =  3.686093;      //J/psi
                                   width         =  0.000337;
                                   Wmin_default  =  mass - 5.*width;
                                   Wmax          =  mass + 5.*width;

pidtest=StarlightConstants::JPSI2S;
decaytest=StarlightConstants::PSIFAMILY;

                                   }
              else if(pid==553){
                                   mass          =  9.46030;      //Upsilon
                                   width         =  0.00005402;
                                   Wmin_default  =  mass - 5.*width;
                                   Wmax          =  mass + 5.*width;

pidtest=StarlightConstants::UPSILON;

decaytest=StarlightConstants::NARROWVMDEFAULT;
                                   }

              else if(pid==554){
                                   mass          =  10.02326;      //Upsilon(2S)
                                   width         =  0.00003198;
                                   Wmin_default  =  mass - 5.*width;
                                   Wmax          =  mass + 5.*width;

pidtest=StarlightConstants::UPSILON2S;

decaytest=StarlightConstants::NARROWVMDEFAULT;
                                   }
              else if(pid==555){
                                   mass          =  10.3552;      //Upsilon(3S)
                                   width         =  0.00002032;
                                   Wmin_default  =  mass - 5.*width;
                                   Wmax          =  mass + 5.*width;

pidtest=StarlightConstants::UPSILON3S;
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decaytest=StarlightConstants::NARROWVMDEFAULT;
                                   }

     else  {
Wmax=Wmaxinput;

}

        if (Wmininput==-1)
{ Wmin = Wmin_default;
}

else {  Wmin = Wmininput;
}

}

int Inputparameters::getZ1()
{
return Z1;
}

int Inputparameters::getA1()
{
return A1;
}

int Inputparameters::getZ2()
{
return Z2;
}

int Inputparameters::getA2()
{
return A2;
}

double Inputparameters::getgamma_em()
{
return gamma_em;
}
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double Inputparameters::getWmax()
{
return Wmax;
}

double Inputparameters::getWmin()
{
return Wmin;
}

int Inputparameters::getnumw()
{
return numw;
}

double Inputparameters::getYmax()
{
return Ymax;
}

int Inputparameters::getnumy()
{
return numy;
}

int Inputparameters::getgg_or_gP()
{
return gg_or_gP;
}

int Inputparameters::getnumberofevents()
{
return ievents;
}

int Inputparameters::getseed()
{
return iseed;
}

int Inputparameters::getparticleid()
{
return pid;
}
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int Inputparameters::getoutputmode()
{
return iout;
}

int Inputparameters::getbreakupmode()
{
return ibreakup;
}

int Inputparameters::getinterferencemode()
{
return iinterfere;
}

double Inputparameters::getinterferencepercent()
{
return xinterfere;
}

int Inputparameters::getincoherentorcoherent()
{
return in_or_co;
}

double Inputparameters::getbford()
{
//cout<<"Inputparameters::getbford()= "<<bford<<endl;
return bford;
}

double Inputparameters::getmaximuminterpt()
{
return ptmax;
}

int Inputparameters::getNPT()
{
return NPT;
}

double Inputparameters::getdpt()
{
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return dpt;
}

StarlightConstants::particle Inputparameters::getpidtest()
{
return pidtest;
}

StarlightConstants::decaytype Inputparameters::getdecaytest()
{
return decaytest;
}

StarlightConstants::interactiontype Inputparameters::getinteractiontest()
{
return interactiontest;
}

/*double Inputparameters::getf2o4pi()
{
return f2o4pi;
}

double Inputparameters::getbslope()
{
return bslope;
}
*/
double Inputparameters::getProtonEnergy()
{
return ProtonEnergy;
}

Inputparameters::~Inputparameters()
{
}
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A.1.19 Inputparameters.h
#ifndef INPUTPARAMETERS_H
#define INPUTPARAMETERS_H

#include "starlightconstants.h"
//This is where we read in our input values.

class Inputparameters
{

public:
Inputparameters();
~Inputparameters();
int getZ1();
int getA1();
int getZ2();
int getA2();
double getgamma_em();
double getWmax();
double getWmin();
int getnumw();
double getYmax();
int getnumy();
int getgg_or_gP();
int getnumberofevents();
int getparticleid();
int getseed();
int getoutputmode();
int getbreakupmode();
int getinterferencemode();
double getinterferencepercent();
int getincoherentorcoherent();
double getbford();
double getmaximuminterpt();
int getNPT();
double getdpt();
StarlightConstants::particle getpidtest();
StarlightConstants::decaytype getdecaytest();
StarlightConstants::interactiontype getinteractiontest();
double getf2o4pi();
double getbslope();
double getProtonEnergy();

private:
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  int    Z1;          // Atomic Number
                  int    A1;          //Atomic Mass
                  int    Z2;
                  int    A2;
                  double gamma_em;   //gamma for the colliding ions
                  double Wmax;       //gamma-gamma center of mass Energy, max
                  double Wmin;       //min for Energy, -1 is default
                  int    numw;          //number of bins for energy in the calculations
                  double Ymax;       //max value for the rapidity
                  int    numy;       //number of bins used
                  int    gg_or_gP;   //1=2 photon channels,2=vector meson with narrow 
resonance,3=vector meson with wide resonance(B-W)
                  int    ievents;          //number of events to generate
                  int    pid;           //pdg ID --channel choice //ip
                  int    iseed;        //random number seed
                  int    iout;             //output format,1=text,2=GSTARtext,3=ntuple
                  int    ibreakup;             //1=hard sphere nuclei (b>2),2=both nuclei break up 
(XnXn),3=a single neutron from each nucleus (1n1n),
                         //4=require that neither nucleon break up (with b>2R),5=require that there 
be no hadronic break up (This is similar to option one, but with the actual hadronic 
interaction)
                  int    iinterfere;             //0= no interference, 1= interference
                  double xinterfere;            //When there is interference, this gives the %age of 
interference, 0=none to 1=full
                  int    in_or_co;//0 for incoherent 1 for coherent
                  double bford;
                  double ptmax;          //When there is interference, this is the max pt considered
                  int    NPT;           //When there is interference, this is the number of pt bins
                  double dpt;

  StarlightConstants::particle pidtest;   //Testing the starlightconstants 
particle enumeration here...

  StarlightConstants::decaytype decaytest;
  StarlightConstants::interactiontype interactiontest;
  double ProtonEnergy;

};

#endif // INPUTPARAMETERS_H
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A.1.20 Main.cpp

#include <fstream>
#include <iostream>
using namespace std;
#include <math.h>
#include <time.h>

#include "main.h"
//#include "inputparameters.h"
#include "starlightconstants.h"
#include "nucleus.h"
#include "beam.h"
#include "beambeamsystem.h"
#include "twophotonluminosity.h"
#include "readinluminosity.h"
#include "gammagammaleptonpair.h"
#include "gammagammasingle.h"
#include "gammaaluminosity.h"
#include "gammaavm.h"
#include "psifamily.h"
#include <TTree.h>
#include <TClonesArray.h>
#include <TFile.h>
#include <TNtuple.h>
#include <TParticle.h>
#include "Particle.h"
#include "masses.h"

//#include "Pythia.h"
#include "PythiaStarlight.h"

//using namespace Pythia8;//Doubling up on namespaces =/

Pythia *pythia;
//Event& event; //Then it will be used in gammagammasinglemeson for pythia

//linked via extern in that file.
//Initializing masses.h values for mac OS

const Double_t Masses::fMassMu = 0.105658;
const Double_t Masses::fMassEl = 0.00051099891;
const Double_t Masses::fMassPi = 0.13957018;
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int main() {
         //Storing time.
        time_t currenttime=0;
        //Structure to read the time easily
        struct tm * readabletime;
//Reading time at the beginning of the calculation
        time(&currenttime);
        readabletime=localtime(&currenttime);
        cout<<"Beginning  at: "<<asctime(readabletime)<<endl;

// Generator; shorthand for event.
        pythia = new Pythia("/home/butter/pythia/pythia8120/xmldoc");

//Event& event = pythia.event;
//event=pythia.event;        

        // Key requirement: switch off ProcessLevel, and thereby also PartonLevel.
        pythia->readString("ProcessLevel:all = off");
        //When limittau0 is on, only particles with tau0<tau0max are decayed.
        pythia->readString("ParticleDecays:limitTau0 = on");
        //Default tau0 max is 10mm/c, we are setting it to 1mm/c
        pythia->readString("ParticleDecays:tau0Max = 1");
        // Provide printout of initial information.

pythia->settings.listChanged();//Useful for earlier stages.
//Initialize pythia
pythia->init();
//Reseting the event record
//pythia->event.reset();
PythiaOutput=false;//If we use pythia, it will be set true elsewhere.

// Inputparameters InputInformation; 
    InputInformation;
    Beam 
beam1(InputInformation.getZ1(),InputInformation.getA1(),InputInformation.getbford(),I
nputInformation.getincoherentorcoherent(),InputInformation);
    Beam 
beam2(InputInformation.getZ2(),InputInformation.getA2(),InputInformation.getbford(),I
nputInformation.getincoherentorcoherent(),InputInformation);
    Beambeamsystem bbs1(beam1,beam2,InputInformation); //redundant to construct 
two...
//

Twophotonluminosity(beam1,beam2,InputInformation.ibreakup,InputInformation);
// Gammaainteraction(beam1,beam2,Inputparameters::ibreakup);
// cout<<"woodsaxonskin: "<<beam1.getWoodSaxonskindepth()<<endl;
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// cout<<"A,Z: "<<beam1.getAin()<<" "<<beam1.getZin()<<endl;
// cout<<"nofe: "<<beam1.nofe(3.)<<endl;
    streamsize precision(15);
    cout.setf(ios_base::fixed,ios_base::floatfield);
    cout.precision(15);
    bool flag;

    //Vector to store all the events
    vector<StarlightConstants::event> allevents;
    allevents.reserve(InputInformation.getnumberofevents());//This way the proper 
memory is allocated for the vector

    checkforluminositytable(flag);

    //Determine luminosity tables for the interaction type
    //Should put flag==true outside of switch, less code and prettier.

    switch(InputInformation.getinteractiontest())
    {
    case StarlightConstants::PHOTONPHOTON:

if(flag==true){
    cout<<"Flag is True"<<endl;
 

Twophotonluminosity(beam1,beam2,InputInformation.getbreakupmode(),InputInformati
on);

}
break;

    case StarlightConstants::PHOTONPOMERONNARROW://Both narrow and wide use 
the same luminosity function.
    case StarlightConstants::PHOTONPOMERONWIDE:

if(flag==true){
    cout<<"Flag is True"<<endl;
    //Luminosity function
    Gammaaluminosity(InputInformation,bbs1);
}
break;

    default :
cout << "Please go back and define an appropriate interaction type. Thank 

you."<<endl;
    }

    //Now do it based on decay type...
    int j =0; //while counter
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    StarlightConstants::event thisevent;
    Eventchannel* channel = CreateEventChannel(InputInformation,bbs1);
    while(j<InputInformation.getnumberofevents())
    {

thisevent=channel->produceevent(j);
        //Now store this to a vector defined earlier with numberofevents. We will do the 
writing out later.

allevents.push_back(thisevent);
    }//while loop

/*
  switch(InputInformation.getdecaytest())
  {
  case StarlightConstants::LEPTONPAIR:
  {
  Gammagammaleptonpair leptonpair(InputInformation,bbs1);
  cout<<"Leptonpairs being produced"<<endl;
  //leptonpair.read();
  //leptonpair.twoleptoncrosssection();
  //if(InputInformation.getparticleid()==StarlightConstants::TAUON) 
leptonpair.tablecalc();

  //StarlightConstants::event thisevent;

  while(j<InputInformation.getnumberofevents())
  {
  thisevent=leptonpair.produceevent(j);
  //Now store this to a vector defined earlier with numberofevents. We will do the writing 
out later.
  allevents.push_back(thisevent);
  }//while loop

  break;
  }//scoping the case
  case StarlightConstants::SINGLEMESON:
  {
  Gammagammasingle singlemeson(InputInformation,bbs1);
  //singlemeson.read();
  //singlemeson.singlecrosssection();
  cout<<"Single Meson In The Codeee"<<endl;
  while(j<InputInformation.getnumberofevents())
  {
  thisevent=singlemeson.produceevent(j);
  allevents.push_back(thisevent);
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  }//while loop

  break;
  }//scoping case, do this so the destruct on singlemeson object is activated
  case StarlightConstants::NARROWVMDEFAULT:
  {
  Gammaanarrowvm narrowvm(InputInformation,bbs1);
  while(j<InputInformation.getnumberofevents())
  {
  thisevent=narrowvm.produceevent(j);
  allevents.push_back(thisevent);
  }//while loop
  break;
  }

  case StarlightConstants::WIDEVMDEFAULT:
  {
  Gammaawidevm widevm(InputInformation,bbs1);
  while(j<InputInformation.getnumberofevents())
  {
  thisevent=widevm.produceevent(j);
  allevents.push_back(thisevent);
  }//while loop
  break;
  }
  case StarlightConstants::PSIFAMILY:
  {
  Psifamily psi(InputInformation,bbs1);
  while(j<InputInformation.getnumberofevents())
  {
  thisevent=psi.produceevent(j);
  allevents.push_back(thisevent);
  }//while loop
  break;
  }

  default:
  cout <<"Welcome to default mode"<<endl;
  }//mode switch
*/
    ofstream outputfile;
    outputfile.open("slight.out");
    int numberoftracks = 0;
    int eventnumber=1;
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    for(vector<StarlightConstants::event>::iterator VD = allevents.begin();VD!
=allevents.end();VD++){

numberoftracks=(*VD).numberoftracks;
outputfile <<"EVENT: "<<eventnumber<<" "<<numberoftracks<<" "<<1<<endl;
if(PythiaOutput==false){

        outputfile <<"VERTEX: "<<0.<<" "<<0.<<" "<<0.<<" "<<0.<<" "<<1<<" 
"<<0<<" "<<0<<" "<<numberoftracks<<endl;

for(int i=0;i<numberoftracks;i++){
    outputfile << "TRACK: " <<" 

"<<jtog((*VD).charge[i]*(*VD).fsparticle[i])<<" "<<(*VD).px[i]<<" 
"<<(*VD).py[i]<<" "<<(*VD).pz[i]<<" "<<eventnumber<<" "<<i<<" "<<0<<" 
"<<(*VD).charge[i]*(*VD).fsparticle[i]<<endl;

}//end of track for loop
}//if pythiafalse loop

//In the process of making a pythia output function....checking into how to handle the 
verticies.

if(PythiaOutput==true){

for(int t=0;t<(*VD).numberofvertices;t++){
        outputfile <<"VERTEX: "<<(*VD).vertx[t]/10.<<" 
"<<(*VD).verty[t]/10.<<" "<<(*VD).vertz[t]/10.<<" "<<0.<<" "<<1<<" "<<0<<" 
"<<0<<" "<<numberoftracks<<endl; //convert from mm to cm for Geant

}

for(int i=0;i<numberoftracks;i++){
                        outputfile << "TRACK: " <<" 
"<<jtog((*VD).charge[i]*(*VD).fsparticle[i])<<" "<<(*VD).px[i]<<" 
"<<(*VD).py[i]<<" "<<(*VD).pz[i]<<" "<<eventnumber<<" "<<i<<" 
"<<(*VD).mother1[i]<<" "<<(*VD).mother2[i]<<" "<<(*VD).daughter1[i]<<" 
"<<(*VD).daughter2[i]<<" "<<(*VD).charge[i]*(*VD).fsparticle[i]<<endl;
                }//end of track for loop

}//if pythiatrue loop

eventnumber++;
    }//end of vector for loop
    outputfile.close();

    TFile g("slightNtuple.root", "RECREATE");
    
    TNtuple outntuple("outntuple","Data from Starlight simulation", 
"eventNumber:numberOfTracks:jtogFsparticle:px:py:pz:psparticle");
    /* for(vector<StarlightConstants::event>::iterator VD = allevents.begin();VD!
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=allevents.end();VD++){
outdata.Fill();

}*/
    
//    TTree outdata("outdata","Data from Starlight simulation");
//    TBranch *outbranch = outdata.Branch("outbranch", &);
    
    //Rootfile for the outdata
    TFile f("slight.root", "RECREATE");    
    
    //TTree for the outdata
    TTree outdata("outdata", "Data from Starlight simulation", 2);
    //TClonesArray for the tracks of each event.
    TClonesArray *particleArray = new TClonesArray("TParticle", 4);
    //Reference to particleArray
    TClonesArray &ar = *particleArray;
    //Making a branch in the tree
    outdata.Branch("branch", &particleArray);
    
    eventnumber = 1;
    
    //Looping over the events
    for(vector<StarlightConstants::event>::iterator VD = allevents.begin();VD!
=allevents.end();VD++){

numberoftracks = (*VD).numberoftracks;
ar.Clear();

//Looping over the tracks
for(int i=0;i<numberoftracks;i++){
  
  //Calculating the total energy of the particle
  Double_t mass = Masses::getMass((*VD).charge[i]*(*VD).fsparticle[i]);
  Double_t etot = sqrt(mass*mass + (*VD).px[i]*(*VD).px[i] + 

(*VD).py[i]*(*VD).py[i] + (*VD).pz[i]*(*VD).pz[i]);
  
  //Creating a new TParticle for each track and putting it in the TClonesArray
  new (ar[i]) TParticle((*VD).charge[i]*(*VD).fsparticle[i], -1, -1, -1, -1, -1, 

(*VD).px[i], (*VD).py[i], (*VD).pz[i],
etot , 0, 0, 0, -1);   

  
  outntuple.Fill(eventnumber, 

numberoftracks,jtog((*VD).charge[i]*(*VD).fsparticle[i]),

217



 (*VD).px[i],(*VD).py[i], (*VD).pz[i], 
(*VD).charge[i]*(*VD).fsparticle[i]);

  
}
eventnumber++;
//Filling the TTree for each event. 
outdata.Fill();

    }
    outdata.Print();
    
    outdata.Write();
    g.Write();
    
    
        //Reading out the time at the finish
        currenttime=0;
        time(&currenttime);
        readabletime=localtime(&currenttime);
        cout<<"Time finished: "<<asctime(readabletime)<<endl;
    
    
    cout <<"Done?"<<endl;
}

void checkforluminositytable(bool &flag)
{
    cout<<"ISEED: "<<InputInformation.getseed()<<endl;
    ifstream wylumfile;
    wylumfile.precision(15);
    wylumfile.open("slight.txt");
    int 
Z1test=0,A1test=0,Z2test=0,A2test=0,numwtest=0,numytest=0,gg_or_gPtest=0,ibreakup
test=0,iinterferetest=0,NPTtest=0,in_or_cotest=0;
    double 
Gammatest=0.,Wmaxtest=0.,Wmintest=0.,Ymaxtest=0.,xinterferetest=0.,ptmaxtest=0.,bf
ordtest=0.;
    flag = false;
    bool b;
    wylumfile >> Z1test;
    wylumfile >> A1test;
    wylumfile >> Z2test;
    wylumfile >> A2test;
    wylumfile >> Gammatest;
    wylumfile >> Wmaxtest;
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    wylumfile >> Wmintest;
    wylumfile >> numwtest;
    wylumfile >> Ymaxtest;
    wylumfile >> numytest;
    wylumfile >> gg_or_gPtest;
    wylumfile >> ibreakuptest;
    wylumfile >> iinterferetest;
    wylumfile >> xinterferetest;
    wylumfile >> in_or_cotest;
    wylumfile >> bfordtest;
    wylumfile >> ptmaxtest;
    wylumfile >> NPTtest;
    wylumfile.close();
    /* if( !(((Beam1.getZin()) == Z1test)&&((Beam1.getAin()) == 
A1test)&&((Beam2.getZin()) == Z2test)&&((Beam2.getAin()) == 
A2test)&&((inputbbs.gamma_em) == Gammatest)&&((inputbbs.numw) == 
numwtest)&&((inputbbs.Wmin) == Wmintest)&&((inputbbs.Ymax) == 
Ymaxtest)&&((inputbbs.numy) == numytest)&&((inputbbs.gg_or_gP) == 
gg_or_gPtest)&&((inputbbs.ibreakup) == ibreakuptest)&&((inputbbs.iinterfere) == 
iinterferetest)&&((inputbbs.xinterfere) == xinterferetest)&&((inputbbs.bford) == 
bfordtest)&&((inputbbs.in_or_co) == in_or_cotest)&&((inputbbs.ptmax) == 
ptmaxtest)&&((inputbbs.NPT) == NPTtest))){// == false){
     */
    if( !(((InputInformation.getZ1()) == Z1test)&&((InputInformation.getA1()) == 
A1test)&&((InputInformation.getZ2()) == Z2test)&&((InputInformation.getA2()) == 
A2test)&&((InputInformation.getgamma_em()) == 
Gammatest)&&((InputInformation.getnumw()) == 
numwtest)&&((InputInformation.getWmin()) == 
Wmintest)&&((InputInformation.getYmax()) == 
Ymaxtest)&&((InputInformation.getnumy()) == 
numytest)&&((InputInformation.getgg_or_gP()) == 
gg_or_gPtest)&&((InputInformation.getbreakupmode()) == 
ibreakuptest)&&((InputInformation.getinterferencemode()) == 
iinterferetest)&&((InputInformation.getinterferencepercent()) == 
xinterferetest)&&((InputInformation.getbford()) == 
bfordtest)&&((InputInformation.getincoherentorcoherent()) == 
in_or_cotest)&&((InputInformation.getmaximuminterpt()) == 
ptmaxtest)&&((InputInformation.getNPT()) == NPTtest))){// == false){

        cout<<"INSIDE THE LUMIN IF LOOP"<<endl;
        //okay, if we are in this loop, it means the input parameters are different than the 
one's used to create the last set of luminosity tables
        //Now lets create a new set
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        flag=true;

    }

}

int jtog(int particleid)
{
//this function takes a jetset particle number and converts it to GEANT
    int jtogx =0;
    if(particleid==22) jtogx = 1;
    if(particleid==-11) jtogx = 2;
    if(particleid==11) jtogx = 3;
    if(particleid==12||particleid==-12||particleid==14||particleid==-14||particleid==16||
particleid==-16) jtogx = 4;
    if(particleid==13) jtogx = 5;
    if(particleid==-13) jtogx = 6;
    if(particleid==111) jtogx = 7;
    if(particleid==211) jtogx = 8;
    if(particleid==-211) jtogx = 9;
    if(particleid==130) jtogx = 10;
    if(particleid==321) jtogx = 11;
    if(particleid==-321) jtogx = 12;
    if(particleid==2112) jtogx = 13;
    if(particleid==2212) jtogx = 14;
    if(particleid==-2212) jtogx = 15;
    if(particleid==310) jtogx = 16;
    if(particleid==-310) jtogx = 10;
    if(particleid==221) jtogx = 17;
    if(particleid==3122) jtogx = 18;
    if(particleid==3222) jtogx = 19;
    if(particleid==3212) jtogx = 20;
    if(particleid==3112) jtogx = 21;
    if(particleid==3322) jtogx = 22;
    if(particleid==3312) jtogx = 23;
    if(particleid==3334) jtogx = 24;
    if(particleid==-2112) jtogx = 25;
    if(particleid==-3122) jtogx = 26;
    if(particleid==-3222) jtogx = 27;
    if(particleid==-3212) jtogx = 28;
    if(particleid==-3112) jtogx = 29;
    if(particleid==-3322) jtogx = 30;
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    if(particleid==-3312) jtogx = 31;
    if(particleid==-3334) jtogx = 32;
    return jtogx;
}

Eventchannel* CreateEventChannel(Inputparameters& input,Beambeamsystem& bbs)
{
    switch(input.getpidtest()){
    case StarlightConstants::ELECTRON:
    case StarlightConstants::MUON:
    case StarlightConstants::TAUON:
    { Gammagammaleptonpair* leptonpair = new Gammagammaleptonpair(input,bbs);

    return leptonpair;
    break;

    }
    case StarlightConstants::A2://jetset
    case StarlightConstants::ETA://jetset
    case StarlightConstants::ETAPRIME://jetset
    case StarlightConstants::ETAC://jetset
    case StarlightConstants::F0://jetset
    {

PythiaOutput=true;
//This way we can output mother and daughter listings.

    }
    case StarlightConstants::F2:
    case StarlightConstants::F2PRIME:
    case StarlightConstants::ZOVERZ03:
    {

Gammagammasingle* singlemeson = new Gammagammasingle(input,bbs);
return singlemeson;
break;

    }
    case StarlightConstants::RHO:
    case StarlightConstants::RHOZEUS:
    case StarlightConstants::OMEGA://Will probably be three body
    case StarlightConstants::PHI:
    case StarlightConstants::UPSILON:
    case StarlightConstants::UPSILON2S:
    case StarlightConstants::UPSILON3S:
    {

if(input.getinteractiontest()==2){
Gammaanarrowvm* narrowvm= new Gammaanarrowvm(input,bbs);
return narrowvm;
break;
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}

if(input.getinteractiontest()==3){
        Gammaawidevm* widevm = new Gammaawidevm(input,bbs);
        return widevm;
        break;

}
cout<<"Please go back and adjust gg_or_gp to 2 or 3 for a VM, main.cpp"<<endl;
return 0;

    }
    case StarlightConstants::JPSI:
    case StarlightConstants::JPSI2S:
    {

Psifamily* Psi = new Psifamily(input,bbs);
return Psi;
break;

    }
    //rhoprime
    default:  cout<<"Hi and welcome to default event channel(null), 
main::CreateEventChannel"<<endl;

return 0;//Maybe return empty Eventchannel object?
    }

}
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A.1.21 Main.h

#ifndef MAIN_H
#define MAIN_H
#include "inputparameters.h"
#include "eventchannel.h"
//void constants();
//void nucleus();
//void particle();
//void diffLum();
int jtog(int particleid);
void checkforluminositytable(bool &flag);
Inputparameters InputInformation;
Eventchannel* CreateEventChannel(Inputparameters& input,Beambeamsystem& bbs);
bool PythiaOutput;
#endif 
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A.1.22 Makefile
#
# The PROGRAM macro defines the name of the program or project.  It
# allows the program name to be changed by editing in only one
# location
#

PROGRAM = starlight

#
# The INCLUDEDIRS macro contains a list of include directories
# to pass to the compiler so it can find necessary header files.
#
# The LIBDIRS macro contains a list of library directories
# to pass to the linker so it can find necessary libraries.
#
# The LIBS macro contains a list of libraries that the the
# executable must be linked against.
#

INCLUDEDIRS = \
-I/home/butter/pythia/pythia8120/include \
-I/usr/local/root/include

LIBDIRS = \
-L/usr/local/root/lib \
-L/home/butter/pythia/pythia8120/lib/archive

LIBS =  -lCore -lCint -lRIO  -lGpad  -lRint -lGui -lPhysics -lMathCore\
        -lGraf -lGraf3d -lHist -lHtml -lMatrix  -lMinuit -lNet \
        -lPostscript -lProof -lTree -lThread  -lVMC -lGeom \

-lEG -ldl -lpthread -lTreePlayer -lProofPlayer -lpythia8 -llhapdfdummy

#
# The CXXSOURCES macro contains a list of source files.
#
# The CXXOBJECTS macro converts the CXXSOURCES macro into a list
# of object files.
#
# The CXXFLAGS macro contains a list of options to be passed to
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# the compiler.  Adding "-g" to this line will cause the compiler
# to add debugging information to the executable.
#
# The CXX macro defines the C++ compiler.
#
# The LDFLAGS macro contains all of the library and library
# directory information to be passed to the linker.
#

CXXSOURCES = main.cpp inputparameters.cpp nucleus.cpp bessel.cpp beam.cpp 
beambeamsystem.cpp twophotonluminosity.cpp gammagammaleptonpair.cpp 
readinluminosity.cpp   randomgenerator.cpp psifamily.cpp   gammagammasingle.cpp 
gammaavm.cpp gammaaluminosity.cpp gammaacrosssection.cpp eventchannel.cpp 
Particle.cpp StarlightDICT.cpp # list of source files 
CXXOBJECTS = $(CXXSOURCES:.cpp=.o)  # expands to list of object files
CXXFLAGS =  $(INCLUDEDIRS)
CXX = g++

LDFLAGS = $(LIBDIRS) $(LIBS)

#
# Default target: the first target is the default target.
# Just type "make -f Makefile.Linux" to build it.
#

all: $(PROGRAM)

#
# Link target: automatically builds its object dependencies before
# executing its link command.
#

$(PROGRAM): $(CXXOBJECTS)
$(CXX) -o $@ $(CXXOBJECTS) $(LDFLAGS)

#
# Object targets: rules that define objects, their dependencies, and
# a list of commands for compilation.
#
#
#basic_sample.o: basic_sample.cpp basic_sample.h
# $(CXX) $(CXXFLAGS) -c -o basic_sample.o basic_sample.cpp
#
#
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# Clean target: "make -f Makefile.Linux clean" to remove unwanted objects and 
executables.
#

clean:
$(RM) -f $(CXXOBJECTS) $(PROGRAM) StarlightDICT.*

###
particle.o: particle.h

StarlightDICT.cpp: Particle.h
@echo "Generating dictionary file ..."
@rootcint -f StarlightDICT.cpp -c Particle.h
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A.1.23 Masses.h
#ifndef MASSES_H
#define MASSES_H

class Masses
{
public:
    static Double_t getMass(Int_t pid)
    {

switch(pid)
{
case 11:
case -11:
    return fMassEl;
    break;
case 13:
case -13:
    return fMassMu;
    break;
case 211:
case -211:
    return fMassPi;
    break;
default:
    return -1;
    
}

    }
    
private://improper definitions...macs dont like it.will initialize in main.cpp
    static const Double_t fMassMu;// = 0.105658; //GeV/c^2
    static const Double_t fMassEl;// = 0.00051099891; //GeV/c^2
    static const Double_t fMassPi;// = 0.13957018; //GeV/c^2
};

#endif
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A.1.24 Nucleus.cpp
#include <iostream>
#include <fstream>
using namespace std;

#include <math.h>
#include "starlightconstants.h"
#include "nucleus.h"

// class constructor
Nucleus::Nucleus(int Zin, int Ain, double bdeuteron,int in_or_co)
{

Zint=Zin;//Used within the class
Aint=Ain;//"
bford=bdeuteron;
NUCin_or_co=in_or_co;//dAu incoherent or coherent
//cout<<"bdeuteron, bford: "<<bdeuteron<<" "<<bford<<endl;

        if (Zin==79)  {
                        Q0   =   0.060;
                        rho0 =   0.159407;
                        }
    else if (Zin==53)  {
                        Q0   =   0.069;
                        rho0 =   0.161626;
                        }
    else if (Zin==49)  {
                        Q0   =   0.069;
                        rho0 =   0.161626;
                        }

    else if (Zin==29)  {
                        Q0   =   0.087;
                        rho0 =   0.166878;
                        }
    else if (Zin==14)  {
                        Q0   =   0.115;
                        rho0 =   0.177128;
                        }
    else if (Zin==8)   {
                        Q0   =   0.138;
                        rho0 =   0.188459;
                        }
    else if (Zin==82)  {
                        Q0   =   0.059;
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                        rho0 =   0.159176;
                        }
    else if (Zin==20)  {

Q0   =  0.102;
rho0 =  0.171907;
}

    else if (Zin==1)  {
                        //Q0 and rho) are not relevant for protons.
                        Q0   =   -1.0;
                        rho0 =   -1.0;
                        }

    else                       {
                               cout << "Warning:  Density not defined for this projectile!";
                               rho0  = 0.16;  //'typical' density
                               Q0    = 0.0;   // not used.
                               }

r0=1.16*(1.-1.16*pow(Aint,(-2./3.)));//For FRITIOF and FormFactor.
}

double Nucleus::getrho0()
{

return rho0;
}

double Nucleus::getQ0()
{

return Q0;
}

int Nucleus::getZin()
{

return Zint;
}
int Nucleus::getAin()
{

return Aint;
}
double Nucleus::getWoodSaxonradius()
{

double WSradius = 0.;
WSradius = 1.2*pow(Aint,(1.0/3.0));
return WSradius;

}
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double Nucleus::getWoodSaxonskindepth()
{

double WSskindepth =0.;
      WSskindepth=.53;  //.53fermis, also known as diffuseness constant--Au

      return WSskindepth;
}
double Nucleus::RNuc()
{

double nuclearradius; //we use this for specific nuclei, au,pb,protons...
if(Zint==79)  nuclearradius = 6.38;
else if(Zint==82)  nuclearradius = 6.62;
else if(Zint==1&&Aint==1) nuclearradius = 0.7;
else if(Zint==1&&Aint==2) nuclearradius = 1.9;
else nuclearradius = getWoodSaxonradius();
return nuclearradius;

}
double Nucleus::fritiofr0()
{

double fritiof;
//r0=1.16*(1.-1.16*pow(Aint,(-2./3.)));
fritiof=r0*pow(Aint,(1./3.));
return fritiof;

}

double Nucleus::rws(double r)
{

 double rws_r=1.0/( 1. + exp( (r-fritiofr0())/getWoodSaxonskindepth() ) );
 return rws_r;

}

double Nucleus::formfactor(double t)
{
// double bford=0.;//SPACE HOLDERS!!!being stored as private now
// int in_or_co=0;

double q,sph,yuk,a0,formf_r,rec;//R is just FRITIOF
double st,st4; //sergey's stuff, also replaced b with bford and dropped t02 since it 

wasnt used

q   = sqrt(t);
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if(Zint==1 && Aint==1){
        //This is for protons
        //em formfactor of a proton
        rec = 1./(1.+(q*q)/0.71E0);
        formf_r = rec*rec;
  }
  else if(Zint==1&&Aint==2){   //careful with this line on dAu
        //This is for dAu//Sergey
        //incoherent f-f F(t)=0.34e(141.5t)+0.58e(26.1t)+0.08e(15.5t)
        st=0.34*exp(-141.5*t)+0.58*exp(-26.1*t)+0.08*exp(-15.5*t);
        st4=0.34*exp(-141.5*t/4)+0.58*exp(-26.1*t/4)+0.08*exp(-15.5*t/4);
//      cout <<"t,st,st4: "<<t<<" "<<st<<" "<<st4<<endl;
        //st Paramters from Franco and Varma for st eqn PRL33 ...
        //formf_R from nuclear physics B 104 Eisenberg
        if(NUCin_or_co==0){
                formf_r=exp(-bford*t)*0.5*(1+st)-0.068*exp(-bford*t*3/4)-st4*st4*exp(-
bford*t)+0.068*st4*exp(-bford*t*3/4);
        }
        if(NUCin_or_co==1){
                formf_r=(st4*st4*exp(-bford*t)-0.068*st4*exp(-bford*t*3/4));
        }
        //cout <<"formf formf_r,bford,in_or_co: "<<formf_r<<" "<<bford<<" 
"<<in_or_co<<endl;
  }
  else{

  //     >> Use Parameterization from FRITIOF
  //     r0=1.16*(1.-1.16*pow(A,(-2./3.)));
//  R=r0*pow(A,(1./3.));

  sph = sin(q*fritiofr0()/StarlightConstants::hbarc) - 
(q*fritiofr0()/StarlightConstants::hbarc)*cos(q*fritiofr0()/StarlightConstants::hbarc);
  sph = 
((3.*StarlightConstants::hbarc*StarlightConstants::hbarc*StarlightConstants::hbarc)/
(q*q*q*r0*r0*r0))*sph;
  sph = sph/double(Aint);

  a0  = 0.70;//fm
  yuk = 1./( 1. + ((a0*a0*q*q)/
(StarlightConstants::hbarc*StarlightConstants::hbarc)) );
  formf_r = sph*yuk;
  }
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  return formf_r;

}

double Nucleus::Thickness(double b_thick)
{
  
  //    JS      This code calculates the nuclear thickness function as per Eq. 4 in
  //    Klein and Nystrand, PRC 60.
  //    former DOUBLE PRECISION FUNCTION T(b)
  
  
  double zsp,zmin,zmax,r,sum;
  int NGAUSS;
  double T;
  
  
  zmin=0.0;
  zmax=15.0;
  NGAUSS=5;
  
  
        //     >> DATA FOR GAUSS INTEGRATION
      double xg[6]=
        {
          0.,0.1488743390,0.4333953941,0.6794095683,0.8650633667,0.9739065285
        };
      double ag[6]=
        {
          0.,0.2955242247,0.2692667193,0.2190863625,0.1494513492,0.0666713443
        };
  
      sum=0.;
  
  
      for(int I=1;I<=NGAUSS;I++)
        {
          zsp = 0.5*(zmax-zmin)*xg[I] + 0.5*(zmax+zmin);
          r   = sqrt(b_thick*b_thick+zsp*zsp);
          sum = sum + ag[I]*rws(r);
          zsp = 0.5*(zmax-zmin)*(-xg[I]) + 0.5*(zmax+zmin);
          r   = sqrt(b_thick*b_thick+zsp*zsp);
          sum = sum + ag[I]*rws(r);
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        }
  
      sum = 0.5*(zmax-zmin)*2.*sum;
  
      T=sum;
  
      return T;

}

// class destructor
Nucleus::~Nucleus()
{
        // insert your code here
}
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A.1.25 Nucleus.h
#ifndef NUCLEUS_H
#define NUCLEUS_H

//This class holds the information for a target nucleus

class Nucleus
{

public:
Nucleus(int Zin, int Ain, double bdeuteron, int in_or_co);
~Nucleus();
int getZin();
int getAin();
double getWoodSaxonradius();
double getWoodSaxonskindepth();
double RNuc(); //was used as wood-saxon anyway?
double fritiofr0(); //Fritiof r0 (rws)/formfactor
double rws(double r); //Woodsaxon nuclear density
double formfactor(double t);  //Formfactor function
double getQ0();
double getrho0();
double Thickness(double b);
private:
double r0;
double rho0;
double Q0;
int Zint;
int Aint;
double bford;
int NUCin_or_co;

};
#endif //NUCLEUS_H
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A.1.26 Particle.cpp
#include "Particle.h"
#include <TMath.h>
#include "masses.h"

ClassImp(Particle);

Particle::Particle(Int_t jtogPid, Int_t pid, Double_t px, Double_t py, Double_t pz, 
Double_t E) :
    TObject(),
    /*   TLorentzVector(),*/
    fJtogPid(jtogPid),
    fPid(pid),
    fPx(px),
    fPy(py),
    fPz(pz),
    fE(E)
{
    // if(E==0){

    Double_t mass = Masses::getMass(pid);
    fE =  sqrt(mass*mass + px*px + py*py + pz*pz);
    
// SetPxPyPzE(px, py, pz, sqrt(mass*mass + px*px + py*py + pz*pz));

// }
    
}

Particle::~Particle()
{
    
}
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A.1.27 Particle.h
#ifndef PARTICLE_H
#define PARTICLE_H

//#include <TLorentzVector.h>
#include <TObject.h>

class Particle : public TObject
{
public:
    Particle(Int_t jtogPid, Int_t pid, Double_t px, Double_t py, Double_t pz, Double_t E = 
0);
    virtual ~Particle();
    
    
    void setPid(Int_t pid) {fPid = pid;}
    Int_t getPid() {return fPid;}
    Int_t getJtogPid() {return fJtogPid;}
    
    
    
private:
    Int_t fPid;
    Int_t fJtogPid;
    Double_t fPx;
    Double_t fPy;
    Double_t fPz;
    Double_t fE;
    
    
    ClassDef(Particle, 1);
    
};

#endif
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A.1.28 Psifamily.cpp
#include <iostream>
#include <fstream>
using namespace std;

#include <math.h>
#include "psifamily.h"

Psifamily::Psifamily(Inputparameters& input,Beambeamsystem& 
bbsystem):Gammaanarrowvm(input,bbsystem)
{
//Defining width and mass...

switch(input.getpidtest()){
case StarlightConstants::JPSI:

                        width=0.000091;
                        mass=3.09692;
                break;
                case StarlightConstants::JPSI2S:
                        width=0.000337;
                        mass=3.686093;
                break;

default: cout<<"This PSI Family Member Has Not Been Defined, 
Psifamily::Psifamily()"<<endl;

}

}

Psifamily::~Psifamily()
{
}

double Psifamily::gettheta(StarlightConstants::particle ipid)
{
//should probably merge the psi fmaily back to the vm stuff.

//This depends on the decay angular distribution
//Valid for J/Psi, Psi(2s)?
//cout<<"Psi family theta"<<endl;
double theta=0.;
double xtest=0.;
double dndtheta=0.;
        L200td:
          theta = StarlightConstants::pi*Randy.Rndom();//random()/(RAND_MAX+1.0);
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          xtest = Randy.Rndom();//random()/(RAND_MAX+1.0);
          //  Follow distribution for helicity +/-1
          //  Eq. 19 of J. Breitweg et al., Eur. Phys. J. C2, 247 (1998)//Does Not Apply for 
J/psi?
          //  SRK 11/14/2000

          dndtheta = sin(theta)*(1.+((cos(theta))*(cos(theta))));
          if(xtest > dndtheta)
            goto L200td;
        return theta;
}

double Psifamily::getdaughtermass(StarlightConstants::particle &ipid)
{

double ytest=0.,mdec=0.;
//  decays 50% to e+/e-, 50% to mu+/mu-

        ytest = Randy.Rndom();//random()/(RAND_MAX+1.0);
        if(ytest >= 0.5)
        {

        mdec = StarlightConstants::mel;
        ipid = StarlightConstants::ELECTRON;
        }
        else
        {

        mdec = StarlightConstants::mmu;
        ipid = StarlightConstants::MUON;
        }

return mdec;

}
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A.1.29 Psifamily.h
#ifndef PSIFAMILY_H
#define PSIFAMILY_H

#include <vector>
#include "starlightconstants.h"
#include "beambeamsystem.h"
#include "randomgenerator.h"
#include "gammaavm.h"

class Psifamily:public Gammaanarrowvm
{

public:
Psifamily(Inputparameters& input, Beambeamsystem& bbsystem);
~Psifamily();
double gettheta(StarlightConstants::particle ipid);
double getdaughtermass(StarlightConstants::particle &ipid);

private:
double width;
double mass;

};

#endif //PSIFAMILY_H
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A.1.30 Pythiastarlight.h
#ifndef PYTHIASTARLIGHT_H
#define PYTHIASTARLIGHT_H

#include "Pythia.h"
using namespace Pythia8;

// Generator; shorthand for event.
        //Pythia pythia("/home/butter/pythia/pythia8120/xmldoc");
        //Event& event = pythia.event;

#endif//PYTHIASTARLIGHT_H
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A.1.31 Randomgenerator.cpp
#include <iostream>
#include <fstream>
using namespace std;

#include <math.h>
#include "randomgenerator.h"

//USED IN ROOT under TRANDOM3
// Random number generator class based on
//   M. Matsumoto and T. Nishimura,
//   Mersenne Twistor: A 623-diminsionally equidistributed
//   uniform pseudorandom number generator
//   ACM Transactions on Modeling and Computer Simulation,
//   Vol. 8, No. 1, January 1998, pp 3--30.
//
// For more information see the Mersenne Twistor homepage
//   http://www.math.keio.ac.jp/~matumoto/emt.html
//
// Advantage: large period 2**19937-1
//            relativly fast
//              (only two times slower than TRandom, but
//               two times faster than TRandom2)
// Drawback:  a relative large internal state of 624 integers
//
//
// Aug.99 ROOT implementation based on CLHEP by P.Malzacher
//
// the original code contains the following copyright notice:
/* This library is free software; you can redistribute it and/or   */
/* modify it under the terms of the GNU Library General Public     */
/* License as published by the Free Software Foundation; either    */
/* version 2 of the License, or (at your option) any later         */
/* version.                                                        */
/* This library is distributed in the hope that it will be useful, */
/* but WITHOUT ANY WARRANTY; without even the implied warranty of  */
/* MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.            */
/* See the GNU Library General Public License for more details.    */
/* You should have received a copy of the GNU Library General      */
/* Public License along with this library; if not, write to the    */
/* Free Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA   */
/* 02111-1307  USA                                                 */
/* Copyright (C) 1997 Makoto Matsumoto and Takuji Nishimura.       */
/* When you use this, send an email to: matumoto@math.keio.ac.jp   */
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/* with an appropriate reference to your work.                     */
/////////////////////////////////////////////////////////////////////

void Randomgenerator::SetSeed(unsigned int seed)
{
//  Set the random generator sequence
// if seed is 0 (default value) a TUUID is generated and used to fill
// the first 8 integers of the seed array.
// In this case the seed is guaranteed to be unique in space and time.
// Use upgraded seeding procedure to fix a known problem when seeding with values
// with many zero in the bit pattern (like 2**28).
// see http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html

   fCount624 = 624;
   int i,j;
   //if (seed > 0) {
      fMt[0] = seed;
      j = 1;
   //} else {
     // TUUID uid;
      //UChar_t uuid[16];
     // uid.GetUUID(uuid);
      //for (i=0;i<8;i++) {
       //  fMt[i] = uuid[2*i]*256 +uuid[2*i+1];
        // if (i > 1) fMt[i] += fMt[0];
    //  }
    //  j = 8;
  // }
   // use multipliers from  Knuth's "Art of Computer Programming" Vol. 2, 3rd Ed. p.106
   for(i=j; i<624; i++) {
      fMt[i] = (1812433253 * ( fMt[i-1]  ^ ( fMt[i-1] >> 30)) + i);
   }
}

double Randomgenerator::Rndom(int)
{

//  Machine independent random number generator.
//  Produces uniformly-distributed floating points in ]0,1]
//  Method: Mersenne Twistor

   unsigned int y;

   const int  kM = 397;
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   const int  kN = 624;
   const unsigned int kTemperingMaskB =  0x9d2c5680;
   const unsigned int kTemperingMaskC =  0xefc60000;
   const unsigned int kUpperMask =       0x80000000;
   const unsigned int kLowerMask =       0x7fffffff;
   const unsigned int kMatrixA =         0x9908b0df;

   if (fCount624 >= kN) {
      register int i;

      for (i=0; i < kN-kM; i++) {
         y = (fMt[i] & kUpperMask) | (fMt[i+1] & kLowerMask);
         fMt[i] = fMt[i+kM] ^ (y >> 1) ^ ((y & 0x1) ? kMatrixA : 0x0);
      }

      for (   ; i < kN-1    ; i++) {
         y = (fMt[i] & kUpperMask) | (fMt[i+1] & kLowerMask);
         fMt[i] = fMt[i+kM-kN] ^ (y >> 1) ^ ((y & 0x1) ? kMatrixA : 0x0);
      }

      y = (fMt[kN-1] & kUpperMask) | (fMt[0] & kLowerMask);
      fMt[kN-1] = fMt[kM-1] ^ (y >> 1) ^ ((y & 0x1) ? kMatrixA : 0x0);
      fCount624 = 0;
   }

   y = fMt[fCount624++];
   y ^=  (y >> 11);
   y ^= ((y << 7 ) & kTemperingMaskB );
   y ^= ((y << 15) & kTemperingMaskC );
   y ^=  (y >> 18);

   if (y) return ( (double) y * 2.3283064365386963e-10); // * Power(2,-32)
   return Rndom();
}
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A.1.32 Randomgenerator.h
#ifndef RANDOMGENERATOR_H
#define RANDOMGENERATOR_H

class Randomgenerator
{

public:
void SetSeed(unsigned int seed);
double Rndom(int i=0);

private:
unsigned int fMt[624];
int fCount624;

};

#endif //RANDOMGENERATOR_H
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A.1.33 Readinluminosity.cpp
#include <iostream>
#include <fstream>
using namespace std;

#include "readinluminosity.h"
#include "starlightconstants.h"
#include "inputparameters.h"

Readinluminosity::Readinluminosity(Inputparameters& input)//:inputread(input)
{

//storing inputparameters into protected variables for the object to use them
ReadInputNPT=input.getNPT();
ReadInputnumy=input.getnumy();
ReadInputnumw=input.getnumw();
ReadInputgg_or_gP=input.getgg_or_gP();
ReadInputinterferencemode=input.getinterferencemode();

}

Readinluminosity::~Readinluminosity()
{
}

void Readinluminosity::read()
{
//  cout <<"ENTERHERE"<<endl;
        double dummy[18]; //14
//      double Yarray[1000],Warray[1000],Farray[1000][1000];
        double (*finterm)[StarlightLimits::MAXWBINS]=new 
double[StarlightLimits::MAXWBINS][StarlightLimits::MAXYBINS];  //decreased from 
1000*1000; too big! causes fault!
        f_max=0.0;
        double fpart =0.;
        //double fptarray[500][500];  
        double fptsum=0.;
//      cout << "Aread" << endl;
        ifstream wylumfile;
        wylumfile.open("slight.txt");
        for(int i=0;i < 18;i++) // was 14; this is to account for sergei's additional parameters 
ie d-Au
        {
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                wylumfile >> dummy[i];
                //cout << "Dummy[i]= "<<dummy[i]<<endl;
        }
        for(int i=0;i<ReadInputnumw;i++)
        {
                wylumfile >> Warray[i];
                //      cout << "Warray[i]= "<<Warray[i]<<endl;
        }
        for(int i=0;i<ReadInputnumy;i++)
        {
                wylumfile >> Yarray[i];
                //cout << "Yarray[i]= "<<Yarray[i]<<endl;
        }
//      cout << "Bread" <<endl;
        for(int i=0;i<ReadInputnumw;i++)
        {
                for(int j=0;j<ReadInputnumy;j++)
                {
                        wylumfile >> Farray[i][j];
                        //cout << "Farray[i,j]= "<<Farray[i][j]<<endl;
                        if( Farray[i][j] > f_max ) f_max=Farray[i][j];
                        //cout << "Farray[i,j],fmax= "<<Farray[i][j]<<" "<<f_max<<endl;

                }
        }
        //Normalize farray (JN 010402)
        for(int i=0;i<ReadInputnumw;i++)
        {
                for(int j=0;j<ReadInputnumy;j++)
                {
                        Farray[i][j]=Farray[i][j]/f_max;
                        //      cout <<"NormFarray[i][j]= "<<Farray[i][j]<<endl;
                }
        }
//              cout << "Cread"<<endl;
        //Is there a pt table ( for vector mesons with interference)?
        if(ReadInputgg_or_gP == 1) goto L1000;
        if(ReadInputinterferencemode == 0) goto L1000;
        // only numy/2 y bins here, from 0 (not -ymax) to ymax
        for (int i=0;i<ReadInputnumy/2;i++)
        {
                //fmax=0;
                //we want to convert fptarray to an integral array where fpt(i,j) is near 0, and 
fpt(j,NPT) ~1. This will facilitate a simple table loookup
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                fptsum=0.;
                for(int j=0;j<ReadInputNPT;j++)
                {
                        wylumfile >> fpart;
                        finterm[i][j] = fpart;
                        fptarray[i][j]=0.;
                        fptsum=fptsum+fpart;
                        //cout << "fpart, fptsum= "<<fpart<<" "<<fptsum<<endl;
                }
                //convert array to integral
                fptarray[i][0]=finterm[i][0]/fptsum;
                //cout <<"finterm[i][0],fptarray[i][0]= "<<finterm[i][0]<<" "<<fptarray[i]
[0]<<endl;
                for(int j=1;j<ReadInputNPT;j++)
                {
                        for(int k=0;k<=j;k++)
                        {
                                fptarray[i][j]=fptarray[i][j]+finterm[i][k];
                                //cout <<"fptarray[i][j],finterm[i][k]= "<<fptarray[i][j]<<" 
"<<finterm[i][k]<<endl;
                        }
                fptarray[i][j]=fptarray[i][j]/fptsum;
//              cout <<"sigma fptarray[i][j]= "<<fptarray[i][j]<<endl;
                }
        }

L1000:
//      cout <<"Dread"<<endl;
        wylumfile >> bwnormsave;
        wylumfile.close();

delete[] finterm;
//         cout <<"Eread"<<endl;
        return;
}
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A.1.34 Readinluminosity.h
#ifndef READINLUMINOSITY_H
#define READINLUMINOSITY_H

#include "inputparameters.h"
#include "starlightlimits.h"

class Readinluminosity

{
public:

Readinluminosity(Inputparameters& input);
~Readinluminosity();

void read();
                double Warray[StarlightLimits::MAXWBINS];   //decreased from 1000; too 
big! causes fault!
                double Yarray[StarlightLimits::MAXYBINS];    
                double Farray[StarlightLimits::MAXWBINS][StarlightLimits::MAXYBINS];
                double f_max;
                double fptarray[500][500];
// Inputparameters inputread;

double bwnormsave;
protected:

int ReadInputNPT;
int ReadInputnumy;
int ReadInputnumw;
int ReadInputgg_or_gP;
int ReadInputinterferencemode;

};
#endif //READINLUMINOSITY_H
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A.1.35 slight.in.example
#Example input file

79    #Z of projectile
197   #A of projectile
79    #Z of target
197   #A of target
108.4 #Gamma of the colliding ions
1.5   #Max value of w
-1    #Min value of w
40    #Bins i w
4.    #max y
80    #Bins i y
2     #gg or gP switch (1 = 2-photon, 2 = vector meson (narrow), 3 = vector meson 
(wide) )
100   #Number of events
443   #Channel of interest
34533 #Random number seed
2     #Form of the output
5     #Controls the nuclear breakup
0     #Interference (0 = off, 1 = on)
1.    #% of intefernce (0.0 - 0.1)
1     
9.5
0.24  #Maximum pt considered, when interference is turned on
120   #Number of pt bins when interference is turned on
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A.1.35 Starlightconstants.h
#ifndef STARLIGHTCONSTANTS_H_INCLUDE
#define STARLIGHTCONSTANTS_H_INCLUDE
/*
 * Constants are set here
 */
namespace StarlightConstants
{
    static const double hbarc =    0.197327053;
    static const double hbarcmev = hbarc*1000.;
    static const double pi       = 3.141592654;
    static const double alpha    = 1/137.0359895;
    static const double mp       = 0.93827231;
    static const double mpi      = 0.13956995;
    static const double mK       = 0.493677;
    static const double mel      = 0.00051099907;
    static const double mmu      = 0.105658389;
    static const double mtau     = 1.777;
    enum particle {UNKNOWN=0, ELECTRON=11, PION=211, MUON=13, 
TAUON=15, KAONCHARGE=321,KAONNEUTRAL=310, 
PROTON=212,A2=115,ETA=221,F2=225,ETAPRIME=331,F2PRIME=335,ETAC=441,
F0=9010221,ZOVERZ03=33,RHO=113,RHOZEUS=913,OMEGA=223,PHI=333,JPSI=
443,JPSI2S=444,UPSILON=553,UPSILON2S=554,UPSILON3S=555};
    enum decaytype 
{NOTKNOWN,NARROWVMDEFAULT,WIDEVMDEFAULT,PSIFAMILY,LEPTONP
AIR,SINGLEMESON};
    enum interactiontype {UNSPECIFIED, 
PHOTONPHOTON,PHOTONPOMERONNARROW,PHOTONPOMERONWIDE};
    //Structure for each event's set of tracks.
    struct event{
    public:

int numberoftracks;
 //Right now this is set up for a maximum of 4 tracks,if we want more, just 

increase the arrays
//Moved it to 30, this way when pythia returns, it wont complain too 

much...hedging bets...not sure how many
double px[30],py[30],pz[30];
//StarlightConstants::particle fsparticle[30];
int fsparticle[30];
int charge[30];
//To help track mothers and daughters produced through pythia.
int mother1[30];
int mother2[30];
int daughter1[30];
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int daughter2[30];
//Normally we just set vertices to 0
//But for pythia, we decay additional states
int numberofvertices;
double vertx[10],verty[10],vertz[10];

    };

}

#endif // STARLIGHTCONSTANTS_H_INCLUDE
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A.1.37 Starlightlimits.h
#ifndef STARLIGHTLIMITS_H_INCLUDE
#define STARLIGHTLIMITS_H_INCLUDE
namespace StarlightLimits
{
    static const int MAXWBINS = 3000;
    static const int MAXYBINS = 3000;
    
};

#endif
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A.1.38 Twophotonluminosity.cpp
#include <iostream>
#include <fstream>
using namespace std;

#include <math.h>
#include "inputparameters.h"
#include "beambeamsystem.h"
#include "beam.h"
#include "starlightconstants.h"
#include "nucleus.h"
#include "bessel.h"
#include "twophotonluminosity.h"

Twophotonluminosity::Twophotonluminosity(Beam& beam_1,Beam& beam_2,int 
mode,double luminosity,Inputparameters& 
input):Beambeamsystem(beam_1,beam_2,luminosity,input),input2photon(input)
{

}

Twophotonluminosity::Twophotonluminosity(Beam& beam_1,Beam& beam_2,int 
mode,Inputparameters& 
input):Beambeamsystem(beam_1,beam_2,input),input2photon(input)
{

cout <<"Inside 2photonlumin, beam_1 woodsaxon: 
"<<beam_1.getWoodSaxonradius()<<endl;

cout <<"Inside 2photonlumin, beam_2 woodsaxon: 
"<<beam_2.getWoodSaxonradius()<<endl;

//Lets check to see if we need to recalculate the luminosity tables
/* ifstream wylumfile;
        wylumfile.precision(15);
        wylumfile.open("slight.txt");
        int 
Z1test=0,A1test=0,Z2test=0,A2test=0,numwtest=0,numytest=0,gg_or_gPtest=0,ibreakup
test=0,iinterferetest=0,NPTtest=0,in_or_cotest=0;
        double 
Gammatest=0.,Wmaxtest=0.,Wmintest=0.,Ymaxtest=0.,xinterferetest=0.,ptmaxtest=0.,bf
ordtest=0.;
        bool newtest = false;
        bool b;
        wylumfile >> Z1test;
        wylumfile >> A1test;
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        wylumfile >> Z2test;
        wylumfile >> A2test;
        wylumfile >> Gammatest;
        wylumfile >> Wmaxtest;
        wylumfile >> Wmintest;
        wylumfile >> numwtest;
        wylumfile >> Ymaxtest;
        wylumfile >> numytest;
        wylumfile >> gg_or_gPtest;
        wylumfile >> ibreakuptest;
        wylumfile >> iinterferetest;
        wylumfile >> xinterferetest;
        wylumfile >> in_or_cotest;
        wylumfile >> bfordtest;
        wylumfile >> ptmaxtest;
        wylumfile >> NPTtest;
        wylumfile.close();
        if( !(((Beam1.getZin()) == Z1test)&&((Beam1.getAin()) == 
A1test)&&((Beam2.getZin()) == Z2test)&&((Beam2.getAin()) == 
A2test)&&((inputbbs.gamma_em) == Gammatest)&&((inputbbs.numw) == 
numwtest)&&((inputbbs.Wmin) == Wmintest)&&((inputbbs.Ymax) == 
Ymaxtest)&&((inputbbs.numy) == numytest)&&((inputbbs.gg_or_gP) == 
gg_or_gPtest)&&((inputbbs.ibreakup) == ibreakuptest)&&((inputbbs.iinterfere) == 
iinterferetest)&&((inputbbs.xinterfere) == xinterferetest)&&((inputbbs.bford) == 
bfordtest)&&((inputbbs.in_or_co) == in_or_cotest)&&((inputbbs.ptmax) == 
ptmaxtest)&&((inputbbs.NPT) == NPTtest))){// == false){

cout<<"INSIDE THE LUMIN IF LOOP"<<endl;
//okay, if we are in this loop, it means the input parameters are different than the 

one's used to create the last set of luminosity tables
//Now lets create a new set
twophotondifferentialluminosity();

}
cout<<"Finished with the Tables"<<endl;

*/
twophotondifferentialluminosity();

}

Twophotonluminosity::~Twophotonluminosity()
{

}
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void Twophotonluminosity::twophotondifferentialluminosity()
{

      //Smile?
// cout<<"Finding seg fault"<<endl;
       ofstream wylumfile;
       wylumfile.precision(15);
       wylumfile.open("slight.txt");
       double w[StarlightLimits::MAXWBINS];
       double y[StarlightLimits::MAXYBINS];
       double xlum = 0.;
       double wmev;
       double Normalize = 0.;
// cout <<"looking for seg. fault"<<endl;
           Normalize = 
1./sqrt(1*(double)input2photon.getnumw()*input2photon.getnumy()); //if your grid is 
very fine, you'll want high accuracy-->small Normalize
           double OldNorm   = Normalize;

//Writing out our input parameters+(w,y)grid+diff.lum.
                wylumfile << getBeam1().getZin() <<endl;
                wylumfile << getBeam1().getAin() <<endl;
                wylumfile << getBeam2().getZin() <<endl;
                wylumfile << getBeam2().getAin() <<endl;
                wylumfile << input2photon.getgamma_em() <<endl;
                wylumfile << input2photon.getWmax() <<endl;
                wylumfile << input2photon.getWmin() <<endl;
                wylumfile << input2photon.getnumw() <<endl;
                wylumfile << input2photon.getYmax() <<endl;
                wylumfile << input2photon.getnumy() <<endl;
                wylumfile << input2photon.getgg_or_gP() <<endl;
                wylumfile << input2photon.getbreakupmode() <<endl;
                wylumfile << input2photon.getinterferencemode() <<endl;
                wylumfile << input2photon.getinterferencepercent() <<endl;
                wylumfile << input2photon.getincoherentorcoherent() <<endl;
                wylumfile << input2photon.getbford() <<endl;
                wylumfile << input2photon.getmaximuminterpt() <<endl;
                wylumfile << input2photon.getNPT() <<endl;
           for (int i = 1; i <= input2photon.getnumw(); i++)
        {
           w[i] = input2photon.getWmin() + (input2photon.getWmax()-
input2photon.getWmin())/input2photon.getnumw()*i;
           //Old code had it write to a table for looking up...
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//                cout << "w[i]= " << w[i]<<" diffWmin= "<<inputbbs.Wmin<<" diffWmax= 
"<<inputbbs.Wmax << endl;
                wylumfile << w[i] <<endl;
           }
       for (int i = 1; i<=input2photon.getnumy(); i++)
       {
           y[i] = input2photon.getYmax()*(i-1.)/input2photon.getnumy();
           //Old code had it write to a table for looking up...
                wylumfile << y[i] <<endl;
           }
       for (int i = 1; i<=input2photon.getnumw(); i++)   //For each (w,y) pair, calculate the 
diff. lum.
       {
          //double SUM = 0.;not used
           for (int j = 1; j<=input2photon.getnumy(); j++)
           {
               wmev = w[i]*1000.;
           //     cout << "wmev = " << wmev << endl;
                //cout <<"LuminNormalize= " <<Normalize<<endl;
               xlum = wmev * D2LDMDY(wmev,y[j],Normalize);   //Convert photon flux 
dN/dW to Lorentz invariant photon number WdN/dW
               if (j==1) OldNorm = Normalize;       //Save value of Integral for each new W(i) 
and Y(i)

             //  cout << " xlum = " << xlum <<  endl;
                wylumfile << xlum <<endl;
           }
           Normalize = OldNorm;
                //cout <<"Normalizeluminb= "<<Normalize<<endl;
       }

       wylumfile.close();
return;
}

// luminosity function
double Twophotonluminosity::D2LDMDY(double M,double Y,double &Normalize)
{
//      double W1 = 0.;
//      double W2 = 0.;
//      double gamma = 0.;
        double D2LDMDYx = 0.;
        //double W1=0., W2=0.;
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        W1    =  M/2.0*exp(Y);
        W2    =  M/2.0*exp(-Y);
//      cout <<"W1= " <<W1<<endl;
//      cout <<"W2= " <<W2<<endl;
         gamma = input2photon.getgamma_em();
// cout<<"Beam1: "<<getBeam1().getZin()<<" alpha: 
"<<StarlightConstants::alpha<<endl;
//      cout << "D2LDMDYNormalize= " <<Normalize<<endl;

int Zin=getBeam1().getZin();
// cout<<"Zin: "<<Zin<<endl;
        D2LDMDYx = 
2.0/M*Zin*Zin*Zin*Zin*(StarlightConstants::alpha*StarlightConstants::alpha)*Integral(
Normalize);  //treats it as a symmetric collision
//      cout <<"D2LDMDYx= "<<D2LDMDYx<<endl;
        Normalize = D2LDMDYx*M/
(2.0*getBeam1().getZin()*getBeam1().getZin()*getBeam1().getZin()*getBeam1().getZin
()*StarlightConstants::alpha*StarlightConstants::alpha);  //Normalization also treats it as 
symmetric
//      cout <<"NormalizeD2L= " << Normalize << endl;
        return D2LDMDYx;

}

// 
double Twophotonluminosity::Integral(double Normalize)
{
// cout <<"welcome to integral"<<endl;
        int NIter = 0;
        int NIterMin = 0;
        double EPS = 0.;
        double RM = 0.;
        double u1 = 0.;
        double u2 = 0.;
        double B1 = 0.;
        double B2 = 0.;
        double Integrala = 0.;
        double totsummary = 0.;
        double NEval      = 0.;
        double Lower[3];
        double Upper[3];
//      double Eps;
//      cout <<"IS it the array for 1000000?"<<endl; it was...
        double WK[500000]; //used to be [1000000]
        double Result;
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        double Summary;
        double ResErr;
        double NFNEVL;
//      cout <<"IntegralNormalize= "<<Normalize<<endl;
        EPS = .01*Normalize;   //This is EPS for integration, 1% of previous integral value.
        RM  = getBeam1().RNuc()/StarlightConstants::hbarcmev;  //Assumes symmetry?
//      cout <<"RM= "<<RM<<" EPS= "<<EPS<<endl;
        NIter = 10000 + (int)1000000*(int)Normalize; //if integral value is very small, we 
don't do too many intertions to get precision down to 1%
        NIterMin = 600;
        u1 = 9.*gamma/W1; //upper boundary in B1
        u2 = 9.*gamma/W2; //upper boundary in B2
        B1 = .4*gamma/W1; //intermediate boundary in B1
        B2 = .4*gamma/W2; //intermediate boundary in B2
  //    cout <<"IntegralW1= "<<W1<<" Integralgamma= "<<gamma<<" u1= "<<u1<<" 
u2= "<<u2<<" B1= "<<B1<<" B2= "<<B2<<endl;
        //The trick is that u1,2 and b1,2 could be less than RM-the lower integration 
boundary, thus integration area splits into 4,2 or 1 pieces
        if (u1 < RM) {
                  Integrala = 0;
                  totsummary = 0;
                  NEval      = 0;
                  }
    else if (B1 > RM) {
                       if (u2 < RM) {
                                       Integrala = 0;
                                       totsummary = 0;
                                       NEval      = 0;
                                       }
                       else if (B2 > RM) {            //integral has 4 parts
                                         Integrala = 0;
                                         totsummary = 40000;
                                         NEval      = 0;
                                         Lower[0]   = RM;       //1
                                         Lower[1]   = RM;       //2
                                         Lower[2]   = 0.;       //3
                                         Upper[2]   = 2.*StarlightConstants::pi;    //3
                                         Upper[0]   = B1;       //1
                                         Upper[1]   = B2;       //2
                                         //1
//                                      cout <<"A!"<<endl;
//                                      cout <<"Lower1= "<<Lower[0]<<" Lower2= "<<Lower[1]<<" 
Lower3 "<<Lower[2]<<endl;
//                                      cout <<"Upper1= "<<Upper[0]<<" Upper2= "<<Upper[1]<<" 
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Upper3 "<<Upper[2]<<endl;
                                         radmul(3,Lower,Upper,NIterMin,NIter,EPS,WK,NIter,Result,R
esErr,NFNEVL,Summary);
 //                                        cout << "Int = " << Result << ", Err = " << ResErr << ", 
NFNEVL = " << NFNEVL << endl;
//                                         cout <<"B!"<<endl;
                                         Integrala   = Integrala + Result;
                                         totsummary = totsummary + 1000*Summary;
                                         NEval      = NEval + NFNEVL;
                                         Upper[0]   = u1;       //1
                                         Upper[1]   = B2;       //2
                                         Lower[0]   = B1;       //1
                                         Lower[1]   = RM;       //2
                                         //2
//                                      cout <<"Lower1= "<<Lower[0]<<" Lower2= 
"<<Lower[1]<<endl;
//                                        cout <<"Upper1= "<<Upper[0]<<" Upper2= 
"<<Upper[1]<<endl;

                                         radmul(3,Lower,Upper,NIterMin,NIter,EPS,WK,NIter,Result,R
esErr,NFNEVL,Summary);
//                                          cout << "Int = " << Result << ", Err = " << ResErr << ", 
NFNEVL = " << NFNEVL << endl;
//                                         cout <<"C!"<<endl;
                                         Integrala   = Integrala + Result;
                                         totsummary = totsummary + 100*Summary;
                                         NEval      = NEval + NFNEVL;
                                         Upper[0]   = B1;       //1
                                         Upper[1]   = u2;       //2
                                         Lower[0]   = RM;       //1
                                         Lower[1]   = B2;       //2
                                         //3
//                                      cout <<"Lower1= "<<Lower[0]<<" Lower2= 
"<<Lower[1]<<endl;
//                                        cout <<"Upper1= "<<Upper[0]<<" Upper2= 
"<<Upper[1]<<endl;

                                         radmul(3,Lower,Upper,NIterMin,NIter,EPS,WK,NIter,Result,R
esErr,NFNEVL,Summary);
//                                          cout << "Int = " << Result << ", Err = " << ResErr << ", 
NFNEVL = " << NFNEVL << endl;
 //                                        cout <<"D!"<<endl;
                                         Integrala   = Integrala + Result;
                                         totsummary = totsummary + 100*Summary;
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                                         NEval      = NEval + NFNEVL;
                                         Upper[0]   = u1;       //1
                                         Upper[1]   = u2;       //2
                                         Lower[0]   = B1;       //1
                                         Lower[1]   = B2;       //2
                                         //4
//                                      cout <<"Lower1= "<<Lower[0]<<" Lower2= 
"<<Lower[1]<<endl;
//                                        cout <<"Upper1= "<<Upper[0]<<" Upper2= 
"<<Upper[1]<<endl;

                                         radmul(3,Lower,Upper,NIterMin,NIter,EPS,WK,NIter,Result,R
esErr,NFNEVL,Summary);
//                                          cout << "Int = " << Result << ", Err = " << ResErr << ", 
NFNEVL = " << NFNEVL << endl;
//                                         cout<<"E!"<<endl;
                                         Integrala   = Integrala + Result;
                                         totsummary = totsummary + Summary;
                                         NEval      = NEval + NFNEVL;
                                         }
                       else {
                            //Integral has 2 parts, b2 integral has only 1 component
                                         Integrala   = 0;
                                         totsummary = 20000;
                                         NEval      = 0;
                                         Lower[0]   = RM;       //1
                                         Lower[1]   = RM;       //2
                                         Lower[2]   = 0.;       //3
                                         Upper[2]   = 2.*StarlightConstants::pi;    //3
                                         Upper[0]   = B1;       //1
                                         Upper[1]   = u2;       //2
                                         //1
//                                      cout <<"Lower1= "<<Lower[0]<<" Lower2= "<<Lower[1]<<" 
Lower3 "<<Lower[2]<<endl;
//                                        cout <<"Upper1= "<<Upper[0]<<" Upper2= "<<Upper[1]<<" 
Upper3 "<<Upper[2]<<endl;

                                         radmul(3,Lower,Upper,NIterMin,NIter,EPS,WK,NIter,Result,R
esErr,NFNEVL,Summary);
//                                          cout << "Int = " << Result << ", Err = " << ResErr << ", 
NFNEVL = " << NFNEVL << endl;

                                         Integrala   = Integrala + Result;
                                         totsummary = totsummary + 100*Summary;
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                                         NEval      = NEval + NFNEVL;
                                         Upper[0]   = u1;       //1
                                         Lower[0]   = B1;       //1
                                         //2
//                                      cout <<"Lower1= "<<Lower[0]<<endl;
//                                        cout <<"Upper1= "<<Upper[0]<<endl;

                                         radmul(3,Lower,Upper,NIterMin,NIter,EPS,WK,NIter,Result,R
esErr,NFNEVL,Summary);
//                                          cout << "Int = " << Result << ", Err = " << ResErr << ", 
NFNEVL = " << NFNEVL << endl;

                                         Integrala   = Integrala + Result;
                                         totsummary = totsummary + Summary;
                                         NEval      = NEval + NFNEVL;
                                         }
                       }
    else {
                                         if (u2 < RM ) {
                                                        Integrala   = 0;
                                                        totsummary = 0;
                                                        NEval      = 0;
                                                        }
                                         else if (B2 > RM) {
                                         //Integral has 2 parts, b1 integral has only 1 component
                                         Integrala   = 0;
                                         totsummary = 20000;
                                         NEval      = 0;
                                         Lower[0]   = RM;       //1
                                         Lower[1]   = RM;       //2
                                         Lower[2]   = 0.;       //2
                                         Upper[2]   = 2.*StarlightConstants::pi;    //3
                                         Upper[0]   = u1;       //1
                                         Upper[1]   = B2;       //2
                                         //1
//                                      cout <<"Lower1= "<<Lower[0]<<" Lower2= "<<Lower[1]<<" 
Lower3 "<<Lower[2]<<endl;
//                                        cout <<"Upper1= "<<Upper[0]<<" Upper2= "<<Upper[1]<<" 
Upper3 "<<Upper[2]<<endl;

                                         radmul(3,Lower,Upper,NIterMin,NIter,EPS,WK,NIter,Result,R
esErr,NFNEVL,Summary);
//                                          cout << "Int = " << Result << ", Err = " << ResErr << ", 
NFNEVL = " << NFNEVL << endl;
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                                         Integrala   = Integrala + Result;
                                         totsummary = totsummary + 100*Summary;
                                         NEval      = NEval + NFNEVL;
                                         Upper[1]   = u2;       //2
                                         Lower[1]   = B2;       //2
                                         //2
//                                      cout <<" Lower2= "<<Lower[1]<<endl;
//                                        cout <<" Upper2= "<<Upper[1]<<endl;

                                         radmul(3,Lower,Upper,NIterMin,NIter,EPS,WK,NIter,Result,R
esErr,NFNEVL,Summary);
//                                          cout << "Int = " << Result << ", Err = " << ResErr << ", 
NFNEVL = " << NFNEVL << endl;

                                         Integrala   = Integrala + Result;
                                         totsummary = totsummary + Summary;
                                         NEval      = NEval + NFNEVL;
                                         }
                                         else               {                 //Integral has 1 part
                                         Integrala   = 0;
                                         totsummary = 10000;
                                         NEval      = 0;
                                         Lower[0]   = RM;       //1
                                         Lower[1]   = RM;       //2
                                         Lower[2]   = 0.;       //3
                                         Upper[2]   = 2.*StarlightConstants::pi;    //3
                                         Upper[0]   = u1;       //1
                                         Upper[1]   = u2;       //2
                                         //1
//                                      cout <<"Lower1= "<<Lower[0]<<" Lower2= "<<Lower[1]<<" 
Lower3 "<<Lower[2]<<endl;
//                                        cout <<"Upper1= "<<Upper[0]<<" Upper2= "<<Upper[1]<<" 
Upper3 "<<Upper[2]<<endl;

                                         radmul(3,Lower,Upper,NIterMin,NIter,EPS,WK,NIter,Result,R
esErr,NFNEVL,Summary);
//                                          cout << "Int = " << Result << ", Err = " << ResErr << ", 
NFNEVL = " << NFNEVL << endl;

                                         Integrala   = Integrala + Result;
                                         totsummary = totsummary + Summary;
                                         NEval      = NEval + NFNEVL;
                                         }
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                       }
                       //multiply your integral by 2*pi to account for one ommitted phi integral
                       Integrala = 2*StarlightConstants::pi*Integrala;
//                      cout <<"Integrala= " <<Integrala<<endl;
                       return Integrala;

}

// 
double Twophotonluminosity::radmul(int N,double *A,double *B,int MINPTS,int 
MAXPTS,double EPS,double *WK,int IWK,double &RESULT,double 
&RELERR,double &NFNEVL,double &IFAIL)
{

        double wn1[14] = {       -0.193872885230909911, -0.555606360818980835,
          -0.876695625666819078, -1.15714067977442459,  -1.39694152314179743,
          -1.59609815576893754,  -1.75461057765584494,  -1.87247878880251983,
          -1.94970278920896201,  -1.98628257887517146,  -1.98221815780114818,
          -1.93750952598689219,  -1.85215668343240347,  -1.72615963013768225};

    double wn3[14] = {        0.0518213686937966768,    0.0314992633236803330,
      0.0111771579535639891, -0.00914494741655235473,  -0.0294670527866686986,
     -0.0497891581567850424, -0.0701112635269013768,   -0.0904333688970177241,
     -0.110755474267134071,  -0.131077579637250419,    -0.151399685007366752,
     -0.171721790377483099,  -0.192043895747599447,    -0.212366001117715794};

    double wn5[14] = {        0.871183254585174982e-01,  0.435591627292587508e-01,
    0.217795813646293754e-01, 0.108897906823146873e-01,  0.544489534115734364e-
02,
    0.272244767057867193e-02, 0.136122383528933596e-02,  0.680611917644667955e-
03,
    0.340305958822333977e-03, 0.170152979411166995e-03,  0.850764897055834977e-
04,
    0.425382448527917472e-04, 0.212691224263958736e-04,  0.106345612131979372e-
04};

    double wpn1[14] = {       -1.33196159122085045, -2.29218106995884763,
        -3.11522633744855959, -3.80109739368998611, -4.34979423868312742,
        -4.76131687242798352, -5.03566529492455417, -5.17283950617283939,
        -5.17283950617283939, -5.03566529492455417, -4.76131687242798352,
        -4.34979423868312742, -3.80109739368998611, -3.11522633744855959};
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    double wpn3[14] = {        0.0445816186556927292, -0.0240054869684499309,
      -0.0925925925925925875, -0.161179698216735251,  -0.229766803840877915,
      -0.298353909465020564,  -0.366941015089163228,  -0.435528120713305891,
      -0.504115226337448555,  -0.572702331961591218,  -0.641289437585733882,
      -0.709876543209876532,  -0.778463648834019195,  -0.847050754458161859};

    RESULT = 0;
    double ABSERR = 0.;
    double ctr[15], wth[15], wthl[15], z[15];
    double R1  = 1.;
    double HF  = R1/2.;
    double xl2 = 0.358568582800318073;
    double xl4 = 0.948683298050513796;
    double xl5 = 0.688247201611685289;
    double w2  = 980./6561.;
    double w4  = 200./19683.;
    double wp2 = 245./486.;
    double wp4 = 25./729.;
        int j1 =0;
        double SUM1, SUM2, SUM3, SUM4, SUM5, RGNCMP=0., RGNVAL, RGNERR, 
F2, F3, DIF, DIFMAX, IDVAXN =0.;
    IFAIL  = 3;
    if (N < 2 || N > 15) return 0;
    if (MINPTS > MAXPTS) return 0;
    int IFNCLS = 0;
    int IDVAX0 = 0;
    bool LDV = false;
    double TWONDM = pow(2.,(double)(N));
    int IRGNST = 2*N+3;
    int IRLCLS = (int)pow(2.,(N))+2*N*(N+1)+1;
    int ISBRGN = IRGNST;
    int ISBTMP, ISBTPP;
    int ISBRGS = IRGNST;

    if ( MAXPTS < IRLCLS ) return 0;
    for ( int j = 0; j < N; j++ ){  //10
                                 ctr[j]=(B[j] + A[j])*HF;
                                 wth[j]=(B[j] - A[j])*HF;

                                 }
    L20:
    double RGNVOL = TWONDM; //20
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    for ( int j = 0; j < N; j++ ){            //30
                                 RGNVOL = RGNVOL*wth[j];
                                 z[j] = ctr[j];

                                 }

    SUM1 = integrand(N,z); 

    DIFMAX = 0;
    SUM2   = 0;
    SUM3   = 0;
    for ( int j = 0; j < N; j++ ) {   //40
                                  z[j]=ctr[j]-xl2*wth[j];
                                  F2=integrand(N,z);

                                  z[j]=ctr[j]+xl2*wth[j];
                                  F2=F2+integrand(N,z);
                                  wthl[j]=xl4*wth[j];

                                  z[j]=ctr[j]-wthl[j];
                                  F3=integrand(N,z);

                                  z[j]=ctr[j]+wthl[j];
                                  F3=F3+integrand(N,z);
                                  SUM2=SUM2+F2;
                                  SUM3=SUM3+F3;
                                  DIF=fabs(7.*F2-F3-12.*SUM1);
                                  DIFMAX=max(DIF,DIFMAX);

                                  if ( DIFMAX == DIF) IDVAXN = j+1;
                                  z[j]=ctr[j];

                                  }

   SUM4   = 0;
   for ( int j = 1; j < N; j++) { //70
                               

j1=j-1;
        for ( int k = j; k < N; k++) {  //60
        for ( int l = 0; l < 2; l++) {      //50
                wthl[j1]=-wthl[j1];
                        z[j1]=ctr[j1]+wthl[j1];
                        for ( int m = 0; m < 2; m++) {   //50
                        wthl[k]=-wthl[k];
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                                z[k]=ctr[k]+wthl[k];
                                SUM4=SUM4+integrand(N,z);
                                }
                        }
                z[k]=ctr[k];
                }
        z[j1]=ctr[j1];
        }

   SUM5  = 0;

   for ( int j = 0; j < N; j++) {             //80
                                wthl[j]=-xl5*wth[j];
                                z[j]=ctr[j]+wthl[j];
                                }
L90:
   SUM5=SUM5+integrand(N,z);   //line 90

   for (int j = 0; j < N; j++) { //100
                               wthl[j]=-wthl[j];
                               z[j]=ctr[j]+wthl[j];

                               if ( wthl[j] > 0. ) goto L90;
                                }

   RGNCMP = RGNVOL*(wpn1[N-2]*SUM1+wp2*SUM2+wpn3[N-
2]*SUM3+wp4*SUM4);
   RGNVAL = wn1[N-2]*SUM1+w2*SUM2+wn3[N-2]*SUM3+w4*SUM4+wn5[N-
2]*SUM5;

   RGNVAL = RGNVOL*RGNVAL;
   RGNERR = fabs(RGNVAL-RGNCMP);
   RESULT = RESULT+RGNVAL;
   ABSERR = ABSERR+RGNERR;
   IFNCLS = IFNCLS+IRLCLS;

   if (LDV) {
   L110:

ISBTMP = 2*ISBRGN;

        if ( ISBTMP > ISBRGS ) goto L160;
        if ( ISBTMP < ISBRGS ) {
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        ISBTPP = ISBTMP + IRGNST;

                if ( WK[ISBTMP-1] < WK[ISBTPP-1] ) ISBTMP = ISBTPP;
                }

        if ( RGNERR >= WK[ISBTMP-1] ) goto L160;
        for ( int k = 0; k < IRGNST; k++) {
        WK[ISBRGN-k-1] = WK[ISBTMP-k-1];
                }
        ISBRGN = ISBTMP;
        goto L110;
        }
   L140:

   ISBTMP = (ISBRGN/(2*IRGNST))*IRGNST;

   if ( ISBTMP >= IRGNST && RGNERR > WK[ISBTMP-1] ) {
   for ( int k = 0; k < IRGNST; k++) {
        WK[ISBRGN-k-1]=WK[ISBTMP-k-1];
        }
   ISBRGN = ISBTMP;
        goto L140;
        }
   L160:

   WK[ISBRGN-1] = RGNERR;
   WK[ISBRGN-2] = RGNVAL;
   WK[ISBRGN-3] = IDVAXN;

   for ( int j = 0; j < N; j++) {

   ISBTMP = ISBRGN-2*j-4;
        WK[ISBTMP]=ctr[j];
        WK[ISBTMP-1]=wth[j];
        }
   if (LDV) {
            LDV = false;
            ctr[IDVAX0-1]=ctr[IDVAX0-1]+2*wth[IDVAX0-1];
            ISBRGS = ISBRGS + IRGNST;
            ISBRGN = ISBRGS;
            goto L20;
            }

   RELERR=ABSERR/fabs(RESULT);
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   if ( ISBRGS + IRGNST > IWK ) IFAIL = 2;
   if ( IFNCLS + 2*IRLCLS > MAXPTS ) IFAIL = 1;
   if ( RELERR < EPS && IFNCLS >= MINPTS ) IFAIL = 0;

   if ( IFAIL == 3 ) {
                    LDV = true;
                    ISBRGN = IRGNST;
                    ABSERR = ABSERR-WK[ISBRGN-1];
                    RESULT = RESULT-WK[ISBRGN-2];
                    IDVAX0 = (int)WK[ISBRGN-3];

                    for ( int j = 0; j < N; j++) {
                                                 ISBTMP = ISBRGN-2*j-4;
                                                 ctr[j] = WK[ISBTMP];
                                                 wth[j] = WK[ISBTMP-1];
                                                 }

                    wth[IDVAX0-1] = HF*wth[IDVAX0-1];
                    ctr[IDVAX0-1] = ctr[IDVAX0-1]-wth[IDVAX0-1];
                    goto L20;
                    }
   NFNEVL=IFNCLS;
   return 1;

}

// 
double Twophotonluminosity::integrand(double N,double X[])
{
        //b1, b2 are in units of MeV^-1
double  b1 = X[0];      //1
double  b2 = X[1];      //2
double  theta = X[2];   //3
        //breakup effects distances in fermis, so convert to fermis(factor of hbarcmev)
double  D = sqrt(b1*b1+b2*b2-2*b1*b2*cos(theta))*StarlightConstants::hbarcmev;
//      cout<<"Integrand1"<<" b1= "<<b1<<" b2= "<<b2<<" theta= "<<theta<<" D= 
"<<D<<endl;
double  integrandx = 
Nphoton(W1,gamma,b1)*Nphoton(W2,gamma,b2)*b1*b2*probabilityofbreakup(D); 
//why not just use gamma?//switching input2photon.getgamma_em()to gamma
//double  integrandx = 
Nphoton(W1,input2photon.getgamma_em(),b1)*Nphoton(W2,input2photon.getgamma_e
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m(),b2)*b1*b2*probabilityofbreakup(D); //why not just use gamma?
//      cout<<"Integrand2"<<" integrandx= "<<integrandx<<endl;
        return integrandx;
}

// No description
double Twophotonluminosity::Nphoton(double W,double gamma,double Rho)
{
 double Nphoton1 =0.;
 double WGamma = W/gamma;
 double WGR    = 1.0*WGamma*Rho;
 //factor of Z^2*alpha is omitted
//cout <<"Nphoton1"<<" W= "<<W<<" gamma= "<<gamma<<" WGamma= 
"<<WGamma<<" WGR= "<<WGR<<endl;
 double Wphib = WGamma*bessel::dbesk1(WGR);
 Nphoton1 = 1.0/(StarlightConstants::pi*StarlightConstants::pi)*(Wphib*Wphib);
//cout <<"Nphoton2"<<" Nphoton= "<<Nphoton1<<endl;
 return Nphoton1;

}
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A.1.39 Twophotonluminosity.h
#ifndef TWOPHOTONLUMINOSITY_H
#define TWOPHOTONLUMINOSITY_H

//This class covers a coliding beam system SK
#include "nucleus.h"
#include "beam.h"
#include "beambeamsystem.h"
#include "starlightlimits.h"

class Twophotonluminosity: Beambeamsystem
{

public:
Twophotonluminosity(Beam& beam_1,Beam& beam_2,int mode,double 

luminosity,Inputparameters& input);
Twophotonluminosity(Beam& beam_1, Beam& beam_2,int 

mode,Inputparameters& input);
~Twophotonluminosity();

private:
void twophotondifferentialluminosity();

                double D2LDMDY(double M,double Y,double &Normalize);
                double Integral(double Normalize);
                double radmul(int N,double *Lower,double *Upper,int NIterMin,int 
NIterMax,double EPS,double *WK,int NIter,double &Result,double &ResErr,double 
&NFNEVL,double &Summary);
                double integrand(double N,double X[15]);
                double Nphoton(double W,double gamma,double Rho);

                double W1; //Energy of photon #1
                double W2; //Energy of photon #2
                double gamma; //Gamma of the system

Inputparameters input2photon;
};

#endif //TWOPHOTONLUMINOSITY_H
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