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ABSTRACT

     Local polarimetry at STAR and PHENIX  is being done with the very forward ZDC and the BBC counters.  The physics processes giving these analyzing powers are not currently understood, and the asymmetries are treated separately for BBC and ZDC.

  If both of these are due to the same  simple process which involves two bodies in the forward direction, we could use a coincidence of detectors to both vastly reduce backgrounds and make the asymmetry less sensitive to things like beam direction.

      Both Diffraction Dissociation and Coulomb dissociation into two bodies have kinematics which place the neutron in the neutron counter a large fraction of events, and the pion in the BBC for some events at roots of 500, and more at root s of 200.

Multi-body Diffraction dissociation is the most likely source of backgrounds in the BBC which dilute the analyzing power.

  A Monte-Carlo of diffraction dissociation or Coulomb Dissociation  for p -> n pi+ with effective mass near 1440 MeV/C  puts the neutron exactly where it is seen in the ZDC at 250 GeV/beam. 

                                        INTRODUCTION 
    There are two physics processes of the type p X -> X n pi+ which have the right kinematics to put the neutron into the ZDC and the pion into the BBC.  These are exclusive diffraction dissociation, and Coulomb dissociation,  also called Primakoff effect.  These are both characterized by small  momentum transfers to the  opposite going proton in the RHIC collider.  In the case of  Coulomb dissociation, this can be pt  of order 3 KeV/C  (t of order  10^-11  (GeV)2 ), while for diffraction it can be of order  pt of 300 MeV/C (t of order 0.1 (GeV)2).   What is interesting about  Coulomb dissociation is that it has a measured high analyzing power over  a sizeable part of the effective mass range produced [C1],  and the t  values are low enough to map this CM analyzing power into the very small  angles of the ZDC calorimeters (of of order 3 milliradian ).   The

kinematics also puts the pi+ from this process into the very inner part  of the BBC. The Diffraction dissociation also maps into the ZDC and there is an analyzing power in a similar channel at low energy.  The cross section for Diffraction dissociation is much higher than that for Coulomb dissociation.  Unless there is some very unusual angular distribution in the decay products, Diffraction will dominate what is seen.
STAR ZDC BBC diffraction introduction

     Diffraction dissociation and Coulomb dissociation are very low transverse momentum processes which are universally observed. These processes are seen in fixed target experiments down to 6 GeV, in a Fermilab neutron beam at 350 GeV, at ISR at root S of 60 GeV,  in Tevatron colliding beams (CDF) at root s of 546 and 1800 GeV, in e p interactions at HERA H1, etc.   Diffraction dissociation  is described in various ways, but most modern descriptions involve primarily the proton (nucleon) virtually dissociate into states with one or more pions, and the pions  then scatter. This scattering is basically elastic,  whether off oncoming nucleons or electrons.
    Diffraction Dissociation is studied in two different ways in different kinematic regions, which can lead to some confusion.

Fixed target experiments have typically been able to study the few particle exclusive final states in detail at low effective mass by looking at forward products.
     Collider experiments have typically studied diffraction dissociation in an inclusive way, defined by  small (1-x), by looking at the opposite going beam particle at small angles and momenta near the momentum of the beam.  Such studies typically look at effective masses up to tens or more  GeV, and a wide range of particle multiplicities.  
Experiments which use information on the recoil proton

such as XXXX at  ISR and CDF  at Tevatron to measure  (1-x)^n

are exploring very large diffractive masses and (small cross sections)

compared to our spin analyzing power signal region.  
For example, with ISR resolution, the minimum mass

(at about 1 sigma of resolution,) M2/S of .005,  corresponds to mass of 38 GeV/c2.  Armitage, et al, PR B194 p365 (1982)

CDF has much better momentum resolution, but ( 1-X) of 2x10-5 still corresponds to a mass of 2.4 GeV/C2, and 75 percent of the cross section is within 2 sigma of their resolution. 
Collider experiments often do not study the low effective mass exclusive processes because of insufficient acceptance in the forward direction, or insufficient momentum resolution on the opposite going beam particle used to define (1-x).  A Fermilab fixed target experiment with a neutron beam from 50 to 350 GeV studied the low mass exclusive part of the cross section in great detail.    The spherical harmonics as a function of  effective mass  were mapped out over most of the  observable mass range.  There are a number of  other experiments at lower energies as well.   One at 6 GeV with polarized beam showed large analyzing power.   There are other examples of studies of Diffraction dissociation  such as 800 GeV protons going to Lambda K very forward.

Diffraction References:

[D5] “Diffraction Dissociation in Proton-Proton Collisions at ISR Energies”, J.C.M.Armitage, et al,  NucPhys B194 p365 (1982)

[D6] “ Measurement of PbarP Single Diffraction Dissociation at root(s)=546 and 1800 GeV » F. Abe et al,  CDF,  Fermilab-Pub-93/233-E and PhysRevD.

[D4] “Study of the dissociation reaction n + p -> p pi- + p for incident neutron momentum between 50 and 300 GeV/c”, J. Biel, et al, Phys Rev D 18 #9, p3079, (1978)
      Diffraction dissociation has the right kinematics to produce forward neutrons in the ZDC and pions in the  BBC.

Exclusive processes  with multiplicity 2  either have known analyzing power or have known  spherical harmonics as a function of effective mass to account for the spin asymmetries seen in the ZDC and BBC.  Inclusive  diffraction dissociation,  essentially responsible for anything that goes roughly forward in the general area of the ZDC and inner BBC,  accounts for the dilution of analyzing power and dilution of left-right correlations between the BBC and ZDC.

Possible  Figures here?

a) Fermilab E27 mass and t spectrum,

b) Fermilab E704 Primakov mass spectrum 

        ( marking region of high analyzing power),

c) ISR (1-x) and mass^2,

d) CDF root(s)=540 - (1-x) and mass ^2.  

e) Particle multiplicity vs mass from our MC?

                   Primakoff / Coulomb Dissociation

    Coulomb dissociation is the t-channel version of a process studied in the s channel in low energy (e.g. 500 MeV) photoproduction.  It peaks at extremely low t, around 10-5 (GeV)2 at Fermilab fixed target energies, and around  10-11 (GeV)2  for root(s) of 500.  This low t is what preserves the mapping between the spin asymmetries in the n pi+ CM and the lab.
  Primakoff [abcd] showed how to relate the low energy photoproduction in the S channel to Coulomb dissociation in the field of a nucleon or nucleus in the T channel.

  One can  calculate the Coulomb dissociation cross section from first principles using the low energy (500 MeV) photoproduction data in each mass bin along with the electromagnetic formula for the cross section.

     Two forms of the formula are:

d2sig/dtdM* =4Z^2/pi   alpha  |F(q)|^2 sig(gam X -> X*)  M*/(M*^2 –M^2)   

(t -tmin)/t^2

  d sig/ d t  = 16 pi/3   Z^2  alpha (M/ (M^2-m^2) )^3  Gam(M* -> M gam) |F(t)|^2

(t-tmin)/t^2

The Primakoff  cross  section is known to grow with energy, from t-min effects.
Coulomb References: [A] Fermilab Primakoff polarimeter paper has data at 185 GeV for pol  p-> p pi0 analyzing power.

[B] Fukushima data for  gamma p -> n pi + analyzing power is in 
“Proton Polarimeters at High Energy” K. Kuroda, LAPP Annecy-le-Vieux,

High Energy Spin Physics-1982 AIP conf. proc. No95, part. And Fields no 28,  0094-243X/83/950618-16 (1983)
       We have done Monte-Carlo acceptance studies of  the Primakoff process (Coulomb dissociation)  which was measured to have an analyzing power  (65 to 90 %, depending on isospin)  for a range of effective neutron  pi+ masses. The process at root(s) of 500 is an excellent match to the acceptance of the ZDC, and probably is at root(s) of 200.   While this process is basically electromagnetic and probably does not have the cross section to account for all the spin asymmetries in STAR ZDC and BBC, it illustrates the basic features. The simple Monte Carlo  Shows large neutron spin analyzing power in the ZDC. This large asymmetry would be diluted by all the other known diffracion dissociation products going forward.  The MC also shows spin analyzing power in the inner BBC from pi+. The acceptance is rather small at root(s) of 500, so that the effect would be further diluted.   The MC shows a strong correlation between hits in the left slats of the ZDC SMD and hits in the right inner BBC counters.  In the data, this is seen to be about a 10% effect at root(s) of 500, as it could be if diluted by all the  forward diffraction pions.

    Coulomb dissociation is the t-channel version of a process studied in the s channel in low energy (e.g. 500 MeV) photoproduction.  It peaks at extremely low t, around 10-5 (GeV)2 at Fermilab fixed target energies, and around  10-11 (GeV)2  for root(s) of 500.  This low t is what preserves the mapping between the spin asymmetries in the n pi+ CM and the lab.

Coulomb References: [A] Fermilab Primakoff polarimeter paper has data at 185 GeV for pol  p-> p pi0 analyzing power.

[B] Fukushima data for  gamma p -> n pi + analyzing power is in 
“Proton Polarimeters at High Energy” K. Kuroda, LAPP Annecy-le-Vieux,
High Energy Spin Physics-1982 AIP conf. proc. No95, part. And Fields no 28,  0094-243X/83/950618-16 (1983)
[E}

Possibilities to Monte-Carlo further for STAR studies:

i) my current programs

ii)  Plans to MC the fermilab YLM data

iii)  the CDF diffractive MC program description, and what we would have to do to imitate it.

iv) what is in Pythia ?

v) Geometry as exists in my program because it is simple?
       Low-t nucleon dissociation processes such as p A -> A n pi+ ,  p p -> p p pi0,  

n p -> p p pi-, etc  have been studied in fixed target experiments for some time. [1][2][3][4][5][6]    There are two basic processes, and these have very different structure in t (momentum transfer).  Coulomb dissociation, also known as the Primakoff effect, has an extremely sharp t distribution.  Diffraction dissociation has a t distribution representing to some extent the radius of the target nucleus or nucleon, and to some extent the elastic scattering which is believed to be the basis of much of  the production.

                                   SIMULATIONS
        We have done a number of 2-body simulations of diffraction and Coulomb dissociation.  We have a plan to include the more general multibody diffraction seen in collider experiments. 
My guess about procedure for collider diffraction MC: 
    1) For root s of 500 , use CDF formulas to get cross section vs M, 
(M2)and Nbar vs M (M2).  modify CDF formula at low Nbar. 
    2) try two things in parallel to gain a feeling for distributions: 
       a) i)generate Nbar vs mass with simple approximate formula. 
         ii)generate n vs Nbar with gamma dist (u from root s of 500 ) 
              convert some of fake particles to pi+pi- pairs 
            (maybe a subtlety is assigning one particle 
               as  neutron or proton ? 
           the phase space program and n generator are for 
              high multiplicity 
         where one does not worry about baryon conservation. ) 
       iii) take the 2-body part (which has  a baryon) 
           and convert low mass part 
             to match Fermilab E27 data 
              (need to integrate formula data up to some M2 
              in order to do this) 
       iv) see if it can all be matched up to tie into 
               the high  mass part 2 body. 
       v) run phase space generator to find multiplicity 
          and  momenta and angles. 
              (Another subtlety is how to use the event weights 
              that come from the phase space generator. 
               if we use them at all) 
       vi) low mass, 2 body  part is signal 
         (or at least part of  mass spectrum is) 
          and everything else of any multiplicity  is background. 
   b) generate mass spectrum like 1/M2  (s dep. ?) 
        take integral up to some mass and replace with FNAL E27 
          data. 
       issue is how do we do 3 body realistically 
       if we do this step first? 
       then do as above 
  3) we can make a spin asymmetry phi distribution of some magnitude 
       within the part of the 2 body mass spectrum where it looks 
       like YLM could allow spin flip, 
         and base judgement on Primakoff observed  effects as well. 

One issue we could look at:  The asymmetries in BBC and ZDC may be the 
same sign?   The data at 6 GeV fixed target is opposite at neg cos(theta 
cm) which might give something like this?  (but this data is probably 
not right at higher energy) 


Parts I have (  either programs or data to incorporate:  ) 

1) CDF parameterizations of cross section vs mass and Nbar vs mass and 
reference for distribution of n around nbar.  I stuck the formula into 
one program, just to see what it looked like. 
  Why is this not quite adequate: 
     a) cross section goes as 1/M2,  infinity at 0. 
    (Is it really M2 or available energy ^2? ) Maybe the 
integral to some finite mass like  2.0 GeV or 2.5 should be used to 
cover the low mass part. 
     b) their formula for nbar is primarily for high mass and seems to 
turn up near the lower end of the parameterization.  I think it should 
go to 2 at mass=mproton+mpion 
My guess is that 3 body will turn on gradually. (one can run the phase 
space generator to check this guess- it has weights for events) 
Also, One can look in particle data book for which resonances go to 3 body. 
(Resonances vs mass known from fermilab E27/305) 


2) Diffraction diss. data  from neutron beam at Fermilab  has  mass 
spectrum, t spectrum,  YLM vs mass,  angles in GJ frome, and some info 
in helicity frame. 
This is all just 2 body, but is probably pretty independent of root(s). 
Why is this not adequate? 
a) we need more than 2  body for background simulation. (although,  some 
of the background is  2 body, just not  in the mass region with high 
polarization.) 
b) GJ frame is probably not so good for finding forward direction 
effects to ZDC. 
   There is one plot in helicity frame, averaged over mass, t, etc. 
c) The ratio of high mass to low mass may be different at root s of 20 
vs 500 
   (parameterization vs 1/M2 not so much (is this at one root(s)?, 
parameterization vs (1-x)2 or similar gives more at each root(s) . 
Maybe I should read more carefully. 
I am temped to summarize all this with one average mass spectrum for low 
t where the cross section is big, and look at Ylm plots to see where 
polarization could possibly exist vs mass. 

3) In principle we need the branching ratios based on isospin, charge, 
energy conservation, etc. 
   a) The reference in the CDF paper to the gamma distribution 
paper seems to have an extremely simple approximate way to deal with 
branching ratio, charge conservation. 
   b) The phase space generator rambo  deals with energy conservation 
and directions of particles if you don't know  Ylm, or at high  mass 
where Ylm is all averaged out anyway. 

4) There is more information on Primakov than has previously been used, 
like low energy photoproduction for gamma p -> n pi + instead of to p 
pi0.  However, I don't know if we need this if the coulomb dissociation 
is overwhelmed by the diffraction.
We have run a multiparticle phase space generator, so far just to evaluate how far to go in generating multiplicity at low mass.   The program, rambo, gives a phase space weight for each event.  (The program was originally in fortran, but converted to c)
	WT
	M=1.4
	M=1.8
	M=2.2

	N=2
	1.16
	1.27
	1.35

	N=3
	1.25
	2.45
	4.1

	N=4
	0.38
	1.38
	3.7

	N=5
	0.034
	0.23
	1.1

	N=6
	0.0032
	0.056
	0.40


Table XYZ  Weights vs Multiplicity.  For various Effective Masses  From Phase space program.  The cross section falls roughly like 1/M^2 above mass of 1.9 or so.
                     2-BODY

      In the 2-body  simulations for the spin asymmetry in the STAR forward ZDC and also the BBC counters, we have looked at two different scenarios.  
1) In a toy version for educational purposes,  we assume that all the analyzing power comes from the Primakoff (Coulomb dissociation) which has a known large  analyzing power over part of the production mass range, but a small  cross section ( 5 to perhaps as large as 12 ub). We assume that diffraction  dissociation (mainly Deck effect) is a large background with no analyzing power and a large cross section (300 ub) .  With an ad-hoc  correlation between the n pi+ plane in the decay frame and the production t direction in the Deck effect, we can get the background in the ZDC down so that one sees  almost exactly the 8% observed asymmetry, and also get more pion background in the  BBC giving an analyzing power  of around 0.4%, close to what is observed.

      In this version, the issue is that the correlation is probably very exaggerated.  There is a known correlation in data of about a factor of 5 greater than isotropic, but there is also an issue of not knowing what the sign of the correlation  is in the published data.

          At the moment it looks like we can replicate the cross section and 

analyzing power at root(s)=500  by using  the following assumptions:

     1)  All the analyzing power comes from the Primakoff effect, and the Diffraction dissociation is a background with no analyzing power.

     2) The cross section for nucleon-nucleon exclusive diffraction dissociation has no energy dependence from Fermilab 300 GeV/c fixed target energy  to RHIC energy.

     3) The coulomb cross section scales in the theoretically known way  from t-min effects at each effective mass produced.

     4) The scaling of the Coulomb /Primakoff process from a Pb target  to proton target uses the larger of two optical corrections found in two  different theses.

     5) An ad-hoc correlation of CM angles in the Diffraction (Deck  effect) with the production pt is used in the MC. This reduces the  background.
     6) The  isospin factors  in gamma p -> n pi+ compared to gamma p -> p pi0  are not included.

With these assumptions we also see two other known features: the ratio of analyzing power in the BBC compared to the ZDC would be small due to diffractive background, and the fall off of  analyzing power in the outer slat of the ZDC-SMD would also occur due to diffractive background. 
2) In the second, realistic,  version, we assume that the Deck effect has some analyzing power, and the cross section overwhelms the Coulomb production.  We find that there is a large degree  of mapping of a (1+A cos(phi))  in the  decay cm onto the ZDC,  even though it is somewhat smeared by the production  momentum transfer, t,  which has a distribution of order  e(-10t) varying with mass.  There is not any obvious mechanism to make the analyzing power smaller in the outer ZDC SMD slat as is observed experimentally and in model 1. The asymmetry in the BBC is as large as in the ZDC, but we have not at this point included the multi-body diffraction dissociation which would dilute it.

    The most relevant data on possible analyzing power is in fixed target diffraction dissociation studies.  There is  low energy fixed target data from the ZGS, (up to 12 GeV/c polarized p beam),  and from Fermilab, 300 GeV/c, where the Ylm as a function of effective mass were measured.  In the lowenergy polarized beam data ,   p p -> delta++ pi-   with 6 and 12 GeV polarized beam [Wicklund 76]  [Finley PRD33]. There is a clear 40% analyzing power peaked in cos(th_cm) In the 6 GeV data and it is stated to be similar at 12 GeV.
       One issue is in how to simulate this realistically.  We have begun by using a simple method which ignores completely the known strong correlation between the

decay plane of the n pi+ and the production t.  
The methods are:

    A) Generate the decay in the n pi+ cm  flat in cos(th) and with (1+A cos(phi)) with respect to spin polarization  direction.  Generate the  production t direction random in phi, independent of the decay plane.  This is what is done so far but it is probably  not adequate, as correlations are clear in the Fermilab data. 
    B) The plan is to next generate the CM  angle  phi as (1 + A cos(phi)) and a theta distribution more or less like the measured  distribution in the helicity frame.

   Then generate the t production with a strong correlation with this decay plane, as seen in Fermilab 300 GeV diffractive data. [Biel..] (Doing this accurately is hard because of the correlation between theta and phi, and because most of the published correlations are in the Gottfried-Jackson frame, not the helicity frame.)   This will induce a strong phi dependence in the production.  In the Fermilab data with unpolarized beam  there are different Ylm as a function of mass.

     The relationship between the known strong phi dependence with respect to t direction 

(spin independent) and the phi dependence from spin effects (with respect to polarization direction)  may be  taken care of in the method B above.

PHYSICS ISSUES
     There are a few physics issues which are not completely known for  the purposes of simulating the cross sections and analyzing powers.  At  lower energies, such as Fermilab fixed target, the Coulomb cross section  is much smaller than the diffractive cross section. The Primakoff  cross  section is known to grow with energy, from t-min effects.  There is an  issue of scaling the Primakoff cross section from Pb to protons because of  optical model absorption corrections when the process is at  extremely low t.   Alternatively, one can try to calculate the cross section from first principles using the low energy (500 MeV) photoproduction data in each mass bin along with the electromagnetic formula for the cross section.

     Two forms of the formula are:

d2sig/dtdM* =4Z^2/pi   alpha  |F(q)|^2 sig(gam X -> X*)  M*/(M*^2 –M^2)   
(t -tmin)/t^2

  d sig/ d t  = 16 pi/3   Z^2  alpha (M/ (M^2-m^2) )^3  Gam(M* -> M gam) |F(t)|^2

(t-tmin)/t^2

In the Fermilab data [xx] there is a correlation  between the  CM angular distributions  and the production  pt direction in diffraction dissociation, but the details are not yet  understood well enough, although there may be enough information in the  literature if the  frame directions can be implemented.  
     We need to consider all combinations of these processes in  evaluating the source of the ZDC and BBC asymmetries if we are to use a  physics model to help in analyzing data or improving detectors and  triggers.

1) Does diffraction dissociation cross section rise with energy? Or stay flat? 
E305 PRL paper shows almost flat, mentions s^-.4 theory (which does not fit)

E305 later PRD paper seems to show rise from 80 to 350 fixed target.

Is t-min vs mass relevant for this process? Probably not, since most of the cross section is at “high t” above 0.001 (GeV)^2 anyway.
2)  What is a reasonable CM angle distribution to use in diffraction dissociation? 
Isotropic is clearly wrong.  Our kluge-Deck has the spirit of one Deck diagram, and gives lab distributions which look  reasonable, but is there any easy way understand how much of this picture is correct? We have the real part of Ylm as a function of mass in the Fermilab paper. 
3) How do we scale the Coulomb / Primakoff cross section from Pb at 200 GeV lab energy to proton at appropriate RHIC energy?

What I have done so far

    a) I first  calculated  t-min in the rest frame of the opposite-going proton in the RHIC case. This is done for each production mass bin.

         I then calculated a new cross section from integral of  t-prime/t^2  at each effective mass.

    b) Find an optical model suppression of the cross section in Pb – two theses seem to disagree by a very large factor.

 4) It looks like the relevant direction for the spin asymmetry in Primakoff production is with respect to the proton spin direction, and the photon of the momentum transfer can come from any direction with respect to this.
The Margolis and Thomas theory paper seems to conclude this implicitly.

5) Are spin effects, (interference of flip with non-flip)  really 0 in the diffraction dissociation?  Basic elastic scattering of pi and p which go into the Deck effect are measured to have extremely small analyzing power at low t.

There are many conference proceedings which point out that the angular distributions at higher mass could have large spin flip contributions.

      We look at several factors....

A) The kinematics fits the ZDC very well at 500 and STAR BBC well at 200. There is still about 30% pion acceptance in the BBC at 500.

B)  Diffraction has  a sizeable cross sect but spin effects are not known at high energy.
C) The Primakoff effect has a  known large analyzing power but small cross section.

   The analyzing power of Coulomb dissociation is about 65% in p pi0 and up to 90% in n pi+  over a range of the mass spectrum.  If we accept the entire mass spectrum, this gets diluted.

D) There is a huge   azimuthal asymmetry in the helicity frame in diffraction dissociation but this is not correlated with spin by itself, and might be washed out if the production t exchange is azimuthally symmetric independent of spin.  
The dominant diagrams are Deck effect which involves elastic scattering of proton or pi, and these asymmetries have been measured to be very  small.  [ref E61]  leading to an S-wave in the Deck effect [Wicklund 76]
      We do one of our simulations with a very simplified form of the correlation.

       The Coulomb dissociation p -> n pi+ was  studied in E704 at Fermilab at beam energies of  185 GeV with p Pb-> Pb p pi0.   ref [1].  The spin analyzing power in coulomb dissociation is large and known from  measurements in both s and t channels.  The two channels are related by the Primakoff effect, and the measurements demonstrate this.

What is needed  in the process is a very small minimum momentum transfer needed to make the effective mass of the beam particle increase from that of the proton, .93825 GeV to some effective nucleon-meson mass typically from 1.1 to 2 GeV.  Even at a fixed target energy of 300 GeV/c, the minimum momentum transfer  tmin is of order (2MeV/c)^2.  This is basically the same as the CM at RHIC if we don’t look too carefully at the other proton.  Actually, we can do a t-min calculation in the frame where the opposite proton as a fixed target, then transfer to the lab, and get this. 
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	Fig A. Analyzing power in Diffraction      dissociation  Dissociation at 6 GeV Fixed Target.     


	B.  Low energy photoproduction asymmetry  data   for p p -> n pi+ in the s channel which maps to the t channel at high energy. 
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Fig DDg. Diagrams contributing to Deck Effect

Amplitudes.  from PRD20#1. ref [..]

[image: image4.png]7 1§00
3

S 1200

gg 800

400

=

50 -90

0
¢.. (deq)

30

180



[image: image5.png](£b)

do
d cos6,

200
160
120

80
40

-1.00-060-0.20 0.20 060 1.00
cosfy,




Fig prd18 phith. Decay CM angular distributions in helicity frame at 300 GeV.  The PRD18  paper has extensive pages of distributions in the GJ frame, but these distributions in the helicity frame are highly suggestive for a simple MC model.
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Fig DDm.  Diffraction dissociation mass spectrum from E305
PRD18#9 ref [2]
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Fig. PPm. Coulomb/Primakoff mass spectrum from
E704 PRL64#4 ref [1]
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ANALYSIS

     The main factor in energy scaling of the Primakoff cross sections  is a t-min  effect coming from the energy and momentum conservation needed to  convert a proton of mass .938 to a delta at 1.2 or an nstar at 1.4 to  1.6 GeV going in the same direction.  This depends somewhat on mass since t-min depends on mass.

We do the scaling in many mass bins for both Coulomb processes.

       For diffractive dissociation, momentum transfer t is much larger than t-min in essentially all cases at low fixed target energy up through RHIC. This means that all relevant cross section is not limited by t-min at low energy.
See tables 1 and 2 below.

	
	primakoff mass spectrum
	
	
	185
	125K
	
	
	

	
	
	
	N
	N*wid
	mave
	tmin
	tmin
	Ratio cross
	new sig
	hi-pol

	1.15
	1.175
	0.025
	110
	2.75
	1.1625
	1.623E-06
	3.555E-12
	1.977
	5.438
	

	1.175
	1.2
	0.025
	600
	15
	1.1875
	2.053E-06
	4.497E-12
	1.995
	29.92
	

	1.2
	1.225
	0.025
	1250
	31.25
	1.2125
	2.544E-06
	5.572E-12
	2.01
	62.86
	

	1.225
	1.25
	0.025
	1800
	45
	1.2375
	3.099E-06
	6.789E-12
	2.027
	91.23
	

	1.25
	1.275
	0.025
	1650
	41.25
	1.2625
	3.722E-06
	8.154E-12
	2.04
	84.25
	

	1.275
	1.3
	0.025
	1300
	32.5
	1.2875
	4.417E-06
	9.675E-12
	2.056
	66.84
	

	1.3
	1.325
	0.025
	1000
	25
	1.3125
	5.186E-06
	1.136E-11
	2.070
	51.77
	

	1.325
	1.35
	0.025
	700
	17.5
	1.3375
	6.034E-06
	1.321E-11
	2.084
	36.47
	

	1.35
	1.4
	0.05
	560
	28
	1.375
	7.460E-06
	1.634E-11
	2.103
	58.90
	58.90

	1.4
	1.45
	0.05
	400
	20
	1.425
	9.670E-06
	2.118E-11
	2.128
	42.57
	42.57

	1.45
	1.5
	0.05
	375
	18.75
	1.475
	1.226E-05
	2.685E-11
	2.152
	40.35
	40.35

	1.5
	1.55
	0.05
	390
	19.5
	1.525
	1.526E-05
	3.343E-11
	2.175
	42.41
	42.41

	1.55
	1.6
	0.05
	250
	12.5
	1.575
	1.871E-05
	4.099E-11
	2.197
	27.46
	

	1.6
	1.65
	0.05
	120
	6
	1.625
	2.264E-05
	4.959E-11
	2.218
	13.31
	

	1.65
	1.7
	0.05
	75
	3.75
	1.675
	2.708E-05
	5.932E-11
	2.23
	8.396
	

	1.7
	1.75
	0.05
	50
	2.5
	1.725
	3.207E-05
	7.026E-11
	2.259
	5.648
	

	1.75
	1.8
	0.05
	25
	1.25
	1.775
	3.766E-05
	8.249E-11
	2.279
	2.849
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	322.5
	
	
	
	
	670.72
	184.24

	
	
	
	
	
	
	
	
	
	
	

	sum N*wid should be total cross sect
	
	
	
	
	
	
	

	roughly   2.6 to 5.5 ub
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	for new sig roughly 5.4 to 11.4
	
	
	
	
	
	
	
	

	for high pol part roughly 1.5 to 3.1 ub
	
	
	
	
	
	
	


CROSS SECTIONS AND ACCEPTANCE

       The simple  model is that coulomb dissociation provides the large analyzing power in the ZDC, and probably the BBC. The sharp t distribution maps the CM analyzing power onto the ZDC.   Actually, the mass region 1.36 to 1.52 maps pretty will with the sharp coulomb cross section.  The other process present is diffraction dissociation, which has a larger cross section but probably has no analyzing power, and what analyzing power it might have would be e.g left-right smeared by the wider t distribution.

      In order to get an effective analyzing power, we need the cross sections and acceptance for both these processes.  There are measurements and calculations of the cross sections at 22 GeV and 300 GeV for fixed target experiments.

      At first glance, the Coulomb dissociation (Inverse Primakoff process)  would seem to be much smaller than the diffraction in our case, since it was measured on Pb targets and would scale down as 1/Z^2 to our case with proton on proton. However, there are several factors: The cross section increases with energy  (in the frame of a fixed target) due to it being dominated by t-min for the production.  Also, the cross section on Pb is not what one would expect from all the protons in the nucleus, due to absorption and peripherial production.  Calculations of  the absorption were done in optical models at 22 GeV fixed target for both p->p pi0, similar to our process of interest, and also for pi- -> pi- pi0. These gave a suppression of about a factor of 2.5 for the proton process and about 5.5 for the pion process on Pb. 

       Tmin is the longitudinal momentum transfer necessary to boost the  mass of a beam proton up to the mass of delta or N*, etc.  This is small even at Fermilab fixed target energies, on order (2 MeV/C)^2  

       We can calculate the t-min scaling of the Coulomb cross section as follows:

In the frame of the backward going proton or fixed target, 

   tmin = (Mres^2 –mp*2)^2 / (4 Pbeam^2)

and the cross section has a part (t-tmin)/t^2

we can integrate the cross section by parts  U=(t-tmin) and dV=1/t^2 where the lower limit on the integral is tmin. This gives the cross section going as ln(tmin) or like ln(Pbeam^2) 

An example is as follows:  

 pbeam                                      ln (pb^2)   calculated cross section on Pb (mb)

 24                                                6.35        1.85  (mass from 1.15 to 1.28) 

                                                                                  Ref  [Scott Thesis]

 200                                             10.6          7        Ref [Fermilab proposal  27]

The scaling to higher equivalent fixed target energy is done in each mass bin in tables 1 and 2.

After the extrapolation to the higher energies, scale down by 1/Z^2, and scale up by the optical model suppression for Pb.

Crudely this gives maybe 5 to 12  uB at root(s) of 500 , depending on the optical model for Pb. 
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Fig YY.  Looking at actual cross section data for diffraction from PRD18#9.

We assume that the cross section is flat with energy.  There could be a bias in this data since the cross section was calibrated with the Primakoff effect and there were acceptance corrections varying with energy and presumably the optical model was energy independent.  We cannot find the paper describing how the calibration of this measurement was done.
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Fig. Y2.  Diffractive cross section vs mom. For

Two mass bands of E305 data from PRL36#10.

Also, we should look at the measured cross section into the ZDC and compare with our theory. An example at root (s) of 500:

L=10^31 /cm^2/sec

rate = L * sigma

Just to set the scale, for 10^7 evts/sec, sigma = 10^7/10^31 = 10^-24  cm^-2= 1 barn

STAR 2004 running  ZDC Data:
8e6 events/hour  is 2222/sec

sigma = 222 u b for ZDC  “measured”  - -  how good is this?

CONNECTION BETWEEN  CROSS SECTIONS AND MC
   


1) For coulomb, take mass spectrum from E704 paper and correct it for t-min ar RHICenergies.   This will enhance the higher mass and higher analyzing power mass as 

(1.36 to 1.52) relative to delta 1.260.

      The high analyzing power part is 1.36 to 1.52 in the E704 paper

PRL 64 #4 p 357  (1990)
This has been done as of Aug 7, 2009.  (table 2)


2) For diffractive, take mass spectrum from some paper, like neutrons on proton PR D  18 # 9, p 3079 (1978)  paper.  
Also, we put into MC the  slope vs mass table from PR paper and how much of each mass to generate  with each slope.  This is shown in Table 1 (missing).

MONTE CARLO RESULTS and PLANS

      In  simulations for the spin asymmetry in the STAR forward ZDC and also the BBC counters, we look at two different scenarios.  
1) In the first  version we assume that all the analyzing power comes from the Primakoff (Coulomb dissociation) which has a known large  analyzing power over part of the production mass range, but a small  cross section ( Perhaps as large as 12 ub). We assume that diffraction  dissociation (mainly Deck effect) is a large background with no 
analyzing power and a large cross section (300 ub) .  With an ad-hoc  correlation between the n pi+ plane in the decay frame and the production t direction in the Deck effect, we can get the background in the ZDC down so that one sees  almost exactly the 8% observed asymmetry, and also get more pion background in the  BBC giving an analyzing power  of around 0.4%, close to what is observed.

  The Monte Carlo so far does both coulomb and diffractive dissociation at the beam momentum of 250  equivalent of root(s)=500.  The tmin is calculated in the rest frame of the backward going proton, so the effective fixed target momentum for this would be about 125000 GeV/c.  The actual calculations are done boosting between the forward proton cm frame and the lab.  The boost is  along the direction of the resonance to the lab. (Boosts along t and then the beam direction would not commute,  so a general  Lorentz transform an any direction is used.)   

     It is known that the Diffraction decay in the n pi+ CM is not isotropic, and furthermore, there is a strong correlation with the t direction.   {ref  [dgu Seattle 75]  [Phys.Rev.D18:3079,1978]  
    We have two versions of the MC,   one version  with isotropic, uncorrelated decay, and one with an extreme correlation similar to one of the diagrams in the Deck effect.

     The Diffractive and Coulomb  processes are run separately, since we do not yet know the relative cross sections very well. This is  primarily because of the scaling of Primakoff process from Pb to proton with an optical model, also perhaps because Diffractive data could have had  residual meson exchange  along with Pomeron at the Fermilab energies.

   For isotropic diffractive,  at each of 15 mass bins, a number of events are generated proportional to the scaled cross section at each mass, and with the t distribution from ref [yyy] known for each mass region.  Also we can find the number in each of the 7 x slats of the ZDC:

(d_hodo) 267 474 700 839 742 501 287 .


   For Coulomb / Primakoff, at each of 17 mass bins, a number of events are generated proportional to the scaled cross section at each mass.  The t distribution is generated with tmin of 10^-9 rather than various t-min of 10^-12 to 10^-10. This is unobservable in the results and was much easier to program.

 A total of   6701 events were generated .(Later, we generated this many events for each for each polarization direction.)  6605 of these had a neutron in the ZDC, and 1906 had a pion in the BBC.   The population of the 7 x slats in the ZDC hodoscope is 

(p_hodo) 167 571 1648 1795 1650 559 171 
Furthermore, we can find this population after selecting on the part of the Coulomb mass spectrum which has high analyzing power:

(pp_hodo) 109 293 331 349 351 289 114

	Calculation
	   Of 
	Analyzing
	Powers
	Based on
	Simple 
	kDeck +
	Coulomb

	Obsolete
	
	
	
	
	
	
	

	kDeck  n
	99
	88
	71
	49
	58
	85
	114

	kDeck ub
	9.611
	8.543
	6.893
	4.757
	5.631
	8.252
	11.067

	p-tot   n
	162
	572
	1625
	1814
	1669
	539
	171

	p-tot  ub
	0.290
	1.025
	2.912
	3.250
	2.991
	0.965
	0.306

	pp    n
	104
	285
	341
	338
	358
	288
	118

	pp  ub
	0.186
	0.510
	0.611
	0.605
	0.641
	0.516
	0.211

	
	0.0188
	0.0533
	0.0623
	0.0756
	0.0744
	0.0559
	0.0185

	A 
	0.0122
	0.0346
	0.0405
	0.0491
	0.0483
	0.0363
	0.0120

	
	
	
	
	
	
	
	

	diff 
	5172 ev
	is  500 ub
	10.3 ev per ub
	
	
	

	Prim
	6701 ev
	is  12  ub
	558 ev per ub
	
	
	

	
	
	
	
	
	
	
	

	BBC 
	1858 all prim
	maybe 1/3 good pol? 
	1.6 ub
	
	

	
	3856 diff
	
	
	
	385 ub
	.0027   A
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Table 3.  Obsolete Calculations to estimate the analyzing power in various regions, based on the simulation of the Diffractive process by a kluge  Deck effect providing CM angles and correlations, along with the Coulomb/Primakoff being simulated with an isotropic distribution.

	Diff V2
	ZDC 1
	
	
	
	
	
	ZDC 7

	Pol +
	161
	233
	549
	823
	924
	661
	435

	Pol -
	415
	691
	964
	812
	513
	278
	133

	Sum
	576
	924
	1513
	1645
	1437
	939
	568

	Assym
	-.44
	-.49
	-.27
	.006
	.28
	.41
	.53


Table XX.  Neutron populations in ZDC SMD slats in scenario 2 with no Coulomb.
The  associated BBC asymmetries are 54% Left and 33% Right with big error bars.

The Efficiency of hitting the BBC is 41%, and only 5 scintillators on each side out of 18 total define the L and R counts.  This ZDC distribution is peaked in the middle, not like the data and not like the scenario 1 with Primakoff plus a background.
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Fig UU. ZDC slat population Data from

Day 72 of rt(s)=500 Run.
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[image: image16]
FIG 11 a,b.  Generated t distributions. For diffractive events, t is generated with a slope which depends on the mass bin. 
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[image: image18]
Fig 12, a,b. x distribution of neutrons at the ZDC for the two processes.  In the case of the Primakoff process, the distribution depends primarily on the effective mass of the (n pi+), while for Diffractive processes the t distribution makes a substantial contribution as well.

Note that the Diffractive process is known to have a CM distribution highly peaked as predicted by the “Deck effect” while we have used an isotropic distribution so far.
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Fig. 13. Distribution of neutrons in x at ZDC resulting

from “ fake  kDeck” CM  distribution/correlation.
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[image: image21]
Fig 14, a,b. Neutron distribution at ZDC and pion distribution at BBC  from the isotropic (known to be wrong)  simulation of the Diffractive process.  The pion distribution is extremely close to the beam pipe at  Root(s) of 500. 
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Fig 15. Neutron distribution at ZDC and pion distribution at BBC  from the kluge-Deck version of Diffractive process.  There is very little neutron background in the center near the ZDC  from this distribution. The pion  is distributed much further from the beampipe than for the isotropic version at Root(s) of 500. 
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Fig 16, a,b. Neutron distribution at the ZDC and pion distribution at the BBC from Coulomb / Primakoff events.   Again, the pions are extremely close to the beam pipe.
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[image: image27]
Fig 17 a,b. The neutron distributions at the ZDC coming from spin up and spin down assuming the 1+0.65cos(phi) from only the small segment of the overall Primakoff mass spectrum known to have a large analyzing power.  Note that the neutron goes more left for minus and the in the BBC goes more right for minus.
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[image: image29]
Fig 18 a,b. The pi+ distributions at the BBC coming from spin up and spin down assuming the 1+0.65cos(phi) from only the small segment of the overall Primakoff mass spectrum known to have a large analyzing power.    Note that the neutron goes more left for minus and the in the BBC goes more right for minus.
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Fig 19, a,b. This figure is for the second scenario where the Primakoff is ignored and the Diffraction dissociation is assumed to have significant analyzing power. It shows the neutron distribution at the ZDC, with  a much broader distribution than is seen in the Coulomb dissociation. The mean of the distribution moves about +- 1.2 cm depending on polarization direction with 65% analyzing power and a very simplified CM angular distribution. 
CONCLUSIONS AND PREDICTIONS
     Either of our two scenarios involving the two basic low-t exclusive processes

 Could fit the asymmetry observations in the STAR BBC and ZDC. The kinematics is right, and one or the other combination of cross section and analyzing power can be consistent.  The cross section favors the Diffraction by a large factor.
     There is interesting physics in knowing which physics scenario is correct.  The main differentiating feature is the radial distribution of the analyzing power in the BBC, although the  observed fall-off of analyzing power in the outer slat of the ZDC could be an indication of Coulomb dissociation if it is not due to e.g charged background. 
      Some useful things to do:

1) Calculate the cross section for Primakoff production starting with the basic photoproduction data,  and including factors like  tmin for RHIC in the opposite proton CM,    and the data for  n pi+ instead of p pi0.  
   References to the original gamma p -> p pi0 photoproduction data can be found in Scott’s thesis of 1975, and Underwood’s ANL note of 1977.
2)    One might use square root asymmetries of coincident counts in various parts of the existing  ZDC SMD and the radius within the inner BBC to determine if the basic physics asymmetry has a relatively broad distribution in the BBC like diffraction dissociation  or a distribution extremely close to the beam pipe  typical of Coulomb dissociation.
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       Here BBClZDCr is number of coincident counts in BBC left and ZDC right. This is only the generic form , but there are 3 SMD slats on each side of the ZDC, and 3 rings of scintillators in the BBC.

3) Instrument all the SMD strips in the  STAR ZDC, not just groups of 3 or 4,  in order to get better spatial resolution for kinematic constraints, ie effective mass measurement.

4) Install SMD strips over a subset of the inner BBC counters in order to measure the pion angles more accurately.

5) Make a Deck effect Monte Carlo with the measured 2D angular distributions in the GJ frame to see how these map to the lab and to the helicity frame.

     We could improve the RHIC polarimetry situation by understanding the physics of the combined STAR BBC and ZDC neutron asymmetry.  In particular, if as we propose, it is due to some simple process which involves two bodies in the forward direction, we could use a coincidence of detectors to both vastly reduce backgrounds and make the asymmetry less sensitive to things like beam direction.

============================================================
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Appendix  A
TMIN EXAMPLES
Formula for t-min in  a ”target” frame
..tmin =  (Em^2 -beam^2) /( 2*p)    = (M4^2 -M2^2)^2/4 pbeam^2

try this at 200 GeV fixed target  and mass 1.236    get  (1.527696 -.88)^2 / 4*200^2  =.4195/160000

  tmin = 2.6e-6 GeV^2   and pmin is 1.6 MeV/C

(we used p mass instead of n mass)

try this at 21317  GeV (equivalent of 100 on 100 )

  and get .4195/    = 2.3 e-10  GeV/C^2

pmin = 23. e-6 GeV/c = 23 KeV/c

for 250 on 250, p approx 125000 GeV/C and tmin=6.7e-12

We need to do the integral of d sig/ d t from t min to infinity for the

three cases of  pbeam = 200,  21317, and higher

integral of  (x-x0)/x^2  from xmin to inf.

integration by parts gives something like ln(x) from a to inf

so ratio of cross sect is like ln(tmin)

ln (tmin at 22.7) = -8.5

ln (tmin 200 ) = -12.86

ln (tmin 21317) = -22.19

ln  (tmin at 125000) = -25.7

Appendix B
BEAM PHASE SPACE VS ZDC RESOLUTION
Method:

1) We have a measurement of beam size at known beta where angle does not dominate, namely the IP.     We can use this to find the phase space.

2) We know beta at a position where beam size is completely dominated by angular divergence, so we can find the angular divergence if we know phase space.

3) Then we can find the spread of events at the ZDC using the beam divergence spread.

     A measurement of beam size by scanning in 2005 gave 230 micron (I take this as rms)

variables are eps (phase space in mm-mr)  we will find this beta the machine beam size parameter  =1meter  at IP

  (from a chart, beta is 625 at a distance of 25 m from the IP)

and (beta*gamma) relativistic quantities for beam  =100

sigma = sqrt((eps * beta)/ (6*pi*(beta*gamma) ) )

Inputting the 230 u and solving gives e=100 x 10-6, or 31 pi in usual notation.

( I think this is consistent with claims from CAD in 2005.  In 2008, 2009 they have a fancier source with smaller phase space.)

Then we use this phase space to find size at 25 meters where beta =625.

This gives 5.76 mm rms.  From this we get angle divergence = 2.3x10-4 rms

(Note that this is a pt in the machine beam of 23 MeV/c at mom of 100 GeV/C)

The ZDC is at 18 meters, which is less than the 25 meters where we did the calculation.

The smearing in the ZDC would be about 4 mm rms at 100 GeV/C per beam.

Do we combine the rms of the two beams in quadrature for interactions?

For 250 GeV/c, if  the pt in the beam is preserved, the size goes down by sqrt(100/250)   
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