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Preface to the Series 
The RIKEN BNL Research Center (RBRC) was established in April 1997 

at Brookhaven National Laboratory. It is funded by the "Rikagaku 
Kenkyusho" (RIKEN, The Institute of Physical and Chemical Research) of 
Japan. The Center is dedicated to the study of strong interactions, including 
spin physics, lattice QCD, and RHIC physics through the nurturing of a new 
generation of young physicists. 

The RBRC has both a theory and experimental component. The RBRC 
Theory Group currently consists of about twenty researchers, and the RBRC 
Experimental Group, of about fifteen researchers. Positions include the 
following: full time RBRC Fellow, half-time RHIC Physics Fellow, and full- 
time, post-doctoral Research Associate. The RHIC Physics Fellows hold joint 
appointments with RBRC and other institutions and have tenure track positions 
at their respective universities or BNL. To date, RBRC has -40 graduates of 
which 14 theorists and 6 experimenters have attained tenure positions at major 
institutions worldwide. 

Beginning in 2001 a new RIKEN Spin Program (RSP) category was 
implemented at RBRC. These appointments are joint positions of RBRC and 
RIKEN and include the following positions in theory and experiment: RSP 
Researchers, RSP Research Associates, and Young Researchers, who are 
mentored by senior RBRC Scientists. A number of RIKEN Jr. Research 
Associates and Visiting Scientists also contribute to the physics program at the 
Center e 

RBRC has an active workshop program on strong interaction physics 
with each workshop focused on a specific physics problem. Each workshop 
speaker is encouraged to select a few of the most important transparencies from 
his or her presentation, accompanied by a page of explanation. This material is 
collected at the end of the workshop by the organizer to form proceedings, 
which can therefore be available within a short time. To date there are seventy- 
three proceeding volumes available. 

A 10 teraflops RBRC QCDOC computer funded by RIKEN, Japan, was 
unveiled at a dedication ceremony at BNL on May 26, 2005. This 
supercomputer was designed and built by individuals from Columbia 
University, IBM, BNL, RBRC, and the University of Edinburgh, with the U.S. 
D.O.E. Office of Science providing infrastructure support at BNL. Physics 
results were reported at the RBRC QCDOC Symposium following the 
dedication. A 0.6 teraflops parallel processor, dedicated to lattice QCD, begun 
at the Center on February 19, 1998, was completed on August 28, 1998 and is 
still operational. 

N. P. Samios, Director 
May 2005 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886. 



CONTENTS 

Preface to the Series 

Introduction: Odderon Searches at RHIC Workshop ' Wlodek Gu ryn, Yuri Kovchegov, Larry Trueman and Werner Vogelsang ......... 

The Present Situation of the Odderon Intercept - Experiment, Theory and 
Phenomenology 

Basarab Nicolescu ........ :. ................................................................ 

The.Odderon, Past and Present 
Elliot Leader ................................................................................ 

Experimental Possibilities at RHIC 
Wi'odek Guryn ............................................................................... 

The Odderon and the Spin-Dependence of Proton-Proton Scattering 
Larry Trueman ............................................................................... 

How to Measure Pomeron Phase and Discover Odderon at H E M  and RHIC 
Ilya Ginzburg ................................................................................ 

The Odderon - a Fundamental Object in QCD? 
Jochen Bartels ............................................................................... 

Reggeized Gluon States in Multi-Colour QCD: Pomeron vs. Odderon 
Jan Kotanski ................................................................................ 

Some Aspects of the Perturbative QCD Odderon 
Gian Paolo Vacca ........................................................................... 

Single Spin Asymmetry of Very Forward Neutron at PHENIX 
Kiyoshi Tanida .............................................................................. 

Search for Odderon in the,Parity Violating Amplitudes' Asymptotics 
Leszek Lukaszuk ............................................................................ 

Oddball Regge Trajectory and a Low Odderon Intercept 
Stephen Cotanch .............................................................................. 

A Classical Odderon in High Energy QCD 
Raju Venugopalan ............................................................................ 

Perturbative Odderon in the Color Glass Condensate 
. Yoshitaka Hatta ............................................................................. 

Perturbative Odderon in the Dipole Model 
Yuri Kovchegov .............................................................................. 

i 

1 

7 

13 

17 

23 

31 

37 

43 

49 

55 

61 

67 

73 

79 



Ultra-Peripheral Au-Au Physics at STAR 
~ Ron Longacre ................................................................................. 

Present Status of the Odderon 
Carlo Ewerz ................................................................................. 

List of Registered Participants ..................................................................... 

Agenda ................................................................................................ 

Additional RKEN BNL Research Center Proceeding Volumes .............................. 

Contact Information 

85 

91 

97 

99 

101 



Odderon Searches at RHIC Workshop 
September 27-29,2005 

Wlodek Guryn, Yuri Kovchegov, Larry Trueinan and Werner Vogelsang 

The Odderon, a charge-conjugation-odd partner of the Pomeron, has been a puzzle ever since its 
introduction in 1973. The Pomeron describes a colorless exchange with vacuum quantum numbers in the t- 
channel of hadronic scatteiing at high energies. The concept was originally formulated for the non- 
perturbative regime of Quantum Chromodynamics (QCD). In perturbation theory, the simplest picture of 
the Poineron is that of a two-gluon exchange process, whereas an Odderon can be thought of as an 
exchange of three gluons. Both the Pomeron and the Odderon are expected in QCD. However, while there 
exists plenty of experimental data that could be successfully described by Pomeron exchanges (for example 
in electron-proton and hadron-hadron scattering at high energies), no experimental sign of the Odderon has 
been observed. One of the very few hints so far is the difference in the diffiactive minima of elastic proton- 
proton and proton-antiproton scattering measured at the ISR. 

The Odderon has recently received renewed attention by QCD researchers, mainly for the following two 
reasons. First of all, RHIC has entered the scene, offering exciting unique new opportunities for Odderon 
searches. RHIC provides collisions of nuclei at center-of-mass energies far exceeding those at all previous 
experiments. RHIC also provides collisions of protons of the highest center-of-mass energy, and in the 

. interval, which has not been explored previously in p 6 collisions. In addition, it also has the unique feature 
of polarization for the proton beams, promising to become a crucial tool in Odderon searches. Indeed, 
theorists have proposed possible signatures of the Odderon in some spin asymmetries measurable at RHIC. 
Qualitatively unique signals should be seen in these observables if the Odderon coupling is large. 

Secondly, the Odderon has recently been shown to naturally emerge from the Color Glass Condensate 
(CGC), a theory for the high-energy asymptotics of QCD. It has been argued that saturatiodCGC effects 
tend to decrease the Odderon intercept, possibly providing an explanation for the lack of experimental 
evidence for the Odderon so far. This has added further motivation for pursuing searches for the Odderon. 

During the workshop the status of the Odderon in QCD and its phenomenology were reviewed. The 
participants also agreed on the most promising observables for the Odderon search at RHIC, which we list 
'in the following table: 

i 



Observable Range Exp. Error Comments Rating 
do/dt(dip) ds=500 GeV 
PPVSP P 0.12<-t<1.3 GeV2 determined shape in pp, Phase I1 

lo4 evts.10.05 GeV2 Limited by p 6 errors, but well *** - 

~ Can measure shape well * 
otot 

doldt 0.003<-t<0.04 GeV2 >lo4 evts./bin F+(p) and F. (p) to extract F. by 

50 < ds < 500 GeV 
Phase I and I1 

comparing with p p, limited by p 6 
errors. Phase I 

** 

** ANN 0.003<-t<0.04 AAm=0.005 If peak 3 then 0, is unique, energy 
Am - 0.01-0.02? dep. is important 

ds=200 Phase I 

Some of the conclusions from various participants follow. 

Elliot Leader: 

I )  For It( << A , ,  we are in a truly non-perturbative region where we are unable to calculate any 
scattering amplitudes. However, veTy detailed and accurate calculations are possible just outside this 
region, and these unambiguously show that QCD amplitudes have both a pomeronic and odderonic 
component at high-energies. The Pomeron exchange amplitude is clearly seen at HEM at v e y  small x. 
Thus there is eveiy reason to expect that the calculation of an Odderon amplitude is believable, and ifQCD 
is correct, we should see it experimentally. 

2) However, we do not have unambiguous evidence for the Odderon component, but iJ; as seems necessay, 
the dflerence between p-p and p pdflerential cross-sections at the ISR is due to the Odderon, then we 
expect the magnitude of the Odderon amplitude to be much smaller than the Pomeron, say of order 5% of 
it. This would explain why it is not seen at HERA, but why it should be clearly seen at RHIC with its much 
larger luminosity. 

What are the best possibilities for seeing the Odderon? 

1) Because the Odderon amplitude is 90 degrees out of phase with the Pomeron one, it might contribute 
strongly to certain spin-dependent obsentables, which are highly sensitive to phases. One example is Am 
whose shape and energy dependence could show a remarkable an unambiguous signatwe of the Odderon. 
RHIC is ideally suited for this kind of experiment. 

2) The Odderon is expected to create a dflerence between the p-p and p ;total cross sections. This could 
be investigated by comparing a RHIC p-p measurement with the known p ;result porn the CERN Sp 3 
collider. 

3) If the ISR difference between p-p andp ;d#erential cross-sections continues to exist at RHIC energies 
that would be unambiguous proof of an Odderon amplitude. 

4) A ineasurenzent of the ratio of real to imaginaiy parts of the forward p-p amplitude at RHIC energies 
would help, via dispersion Felations, in determining the properties of the Odderon amplitude. 

5) Because we cannot calculate the ratio of spin-flip to non-flip of the Odderon coupling to nucleons, a 
wide attack based on all of the above set of experiments is recommended. 

11 



Basarab Nicolescu: 

I am convinced that the “banner“ ofthe project must be the Color Glass Condensate (CGC) approach. It is 
fully formulated in the framework of QCD but it is more intuitive than other similar approaches of the 
Odderon (iny own approach, based on asymptotic theorems, included). CGC fully shows that the Pomeron- 
Odderon phase is an un-escapable feature of the QCD at high energies and this is, of course, really 
fundamental. In such a fornzulation, one can assert that the Odderon is a crucial test of QCD. 

Yuri Kovchegov: 

Why is Odderon a fundamental object of QCD? 

It is predicted perturbatively, and is not prohibited non-perturbatively. Along with the Pomeron, it is 
intimately tied to the properties of high-energy scattering in QCD. We have theoretical control over it in 
some cases (mostly DIS). It‘s just as fundamental as any other perturbative or non-perturbative QCD 
calculation: it‘s as fundamental as structure functions, parton model, sum rules, the Pomeron, etc. 

How does one state what we are doing’? 

Odderon is probably just as fundainental as (and is possibly related to) various spin flip amplitudes - and 
we can learn much about it by studying various spin observables. Experimental program to search for the 
odder071 at RHIC would be complementaly to RHIC spin program. 

Also, since the Odderon naturally follows j?om the Color Glass Condensate (CGC) formalism, searching 
for it would allow LIS to fesf CGC, which, in turn, is important for heavy ion collisions, in which CGC may 
be responsible for providing initial conditions for quark-gluon plasma formation. An intriguing new 
evidence for CGC has been generated in d+Au collisions at RHIC already. Some of the experimentalists 
involved in analyzing CGC signals in d+Au collisions at RHIC may also be interested in filrther testing 
CGC through the search for the Odderon. 

Finally, with RHIC upgrade (RHIC II) being discussed a lot, it appears that most of the proposed RHIC II 
measurements are more of precision measurements than “discove y measurements“. Odderon search 
proposal would really have the potential of a discoveiy measurement, a f  a relatively low cost. 

WORKSHOP CONCLUSIOS 

The conclusion of the workshop is that the best available setup to address 
experimental questions related to the search for the Odderon at RHIC is the 
proposed combination of STAR experiment and Roman pots of pp2pp experiment, 
described in the proposal “Physics with Tagged Forward Protons with the STAR 
detector at RHIC”. 

... 
111 
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1 EXPERIMENTAL EVIDENCE FOR THE ODDERON 

6 

5 

I I I I I 

P 44+ 

4 s  = 53GeV 

~~~ 

0.6 1.0 1.4 1.8 2.2 
Itt - (GeV*) 

2.6 

BNL, Odderon Searches at RHlC 

I 

I ( d o  / d t )  
FP R =  

( d o  / d t )  
PP 

tl= 1.3 GeV2, -& = 52.8 GeV 

for this Odderon effect 

A. Breakstone et al., Phys. Rev. Lett. 54 (1985) 2180. 
S. Erhan et al., Phys. Lett. B152 (1985) 13 1. 

p+ = 2 2 0.005, p- = 2 k 0.05 

Basarab Nicolescu 



Experimentally, one sees a dramatic change of shape in the polarization 
in z - p  -+ Ton, in going from pL = 5 GeVlc to pL = 40 GeVlc 

_ _  - 

D. Hill et al., Phys. Rev. Lett. 30 (1973) 239 
P. Bonamy et al., Nucl. Phys. 52B (1973) 392 
D. Apokin et al., 2. Phys. C15 (1982) 293 

w 

BNL, Odderon Searches at RHlC 

5 Gev/c 
r 

I - .  r . I  ~ 1 . 1  t . !  y .  * 
-10 - 

50 T 
Y 

-I 

1 

I 

Basarab Nicolescu 



P 

A strange effect is seen in the UA4/2 dN/df data at &= 541 GeV, namely bump at It1 = 2 GeV2. 

I I ---I- 
I-- UA4/2 Coll. C. Augier et al., Phys. Lett. B316 (1993) 448 

____ ._ 
._________ - - 

P. Gauron, B. Nicolescu and 0. Selyugin, 
pllys. Lett. B397 (1997) 305 Theoretical interpretation of the << bump B: 

8s~iUO~tio~~s of a very small period due to the Auberson-Kinoshita-Martin (AKM) 
theorem (for the F, amplitude) : 
G. Auberson, T. Kinoshita and A. Martin, Phys. Rev. D3 (1 97 1) 3 185 

Generalization for the F- amplitude: 
P. Gauron, E. Leader and B. Nicolescu, Nucl. Plzys. B299 (1988) 640 

Conclusions . only few experimental evidences for the non-perturbative Odderon: this is not a paradox, because 
experimentalists looked till now only in channels where the Odderon is hidden by the huge Pomeron 
contribution . no (yet) experimental evidence for the perturbative Odderon, which nevertheless has a much firmer - 
perturbative QCD - status ! This situation is quite paradoxical, but it will certainly change in the future . many proposals already made for looking for both non-perturbative and perturbative Odderon in the 
appropriate channels. In this context, the RHIC polarization will certainly bring major (good) surprises. 

BNL, Odderon Searches at RHIC Basarab Nicolescu 



Odderon - major object of QCD. 

It was (theoretically) rediscovered both in QCD and in CGC (Color Glass Condensate). 

So, it has to be found. i 

aOdd (0) = 0.94 - 0.96 - " ,,..' L rL 1- I 

If not, QCD might be wrong: 

The Janik-Wosiek solution (R. A. Janik and J. Wosiek, Phys. Rev. Lett. 82 (1999) 1092) 
corresponds to an intercept smaller than 1. But it is very near 1. Therefore, it has important 
phenomenological consequences: this intercept is much higger than the intercept of the leading 
secondary Reggeons with a,@) = 0.5 : 

Solution corresponding to an intercept exactly equal to 1 

BNL, Odderon Searches at RHlC Basarab Nicolescu 



I THE ODDERON INTERCEPT FROM SPECTROSCOPY 1 

m 

There are several calculations, all indicating a Pow intercept. 

However, the way in which this intercept is identified in lattice calculations is questionable. 

H. B. Meyer and M. J. Teper, Phys. Lett. B605 (2005) 344 
H. B. Meyer, PlD thesis at Oxford, hep-lat/0508002 

L 

aOdd(0) = -1.54 

I I1 I I1 
In this case 

and therefore, the I-- state belongs to a trajectory with intercept -Orn%2 -+ i.e. it is on the first 
dl a LJI g h Q@ r trajectory . 

Check of all this: calculation of the mass of 5-- (not yet done) 

BNL, Odderon Searches at RHlC Basarab Nicolescu 



rr 
. . .. -. . 

. ?  
i .  

7 



, 

d i 5 C  

8 



I 

I 

I 

. .. 

a 



I 

I 

I 

I 

:.> 



, 
F z 

C=+l 

I ’  

C = t  ( a@bA c=- I 

T O  

I 

J 

11 



0. 

0. 

0. 

0. 

0. 

12 



Experimental Possibilities at RHIC 
- 

Wodek Guryn 
Brookhaven Nafional Laborafoty, Upfon, NY, USA 

We describe proposal to extend the physics reach of the STAR detector at 
RHlC to include the measurement of very forward protons. Tagging on very 
forward protons, detected by the pp2pp Roman Pots, which could be installed 
on each outgoing beam around STAR, selects processes, in which the proton 
stays intact and the exchange has the quantum numbers of the vacuum, thus 
enhancing the probability of measuring reactions where colorless gluonic 
matter dominates the exchange, including both Pomeron and Odderon 
exchanges in elastic and inelastic diffraction. 

In order to characterize the diffractive processes well, the measurement of 
the momentum of the forward proton is crucial. Because of the layout of STAR 
and its solenoidal magnetic field, RHlC accelerator magnets must be used 
for momentum analysis resulting in forward proton taggers installed either 
between the DX-DO magnets or in the warm straight section between Q3 and 
Q4 magnets, see Fig. 1. Also, to extend the t and E ranges to the lowest 
values, a moveable detector system, approaching the beam as closely as 
possible, is needed. Hence the use of pp2pp Roman Pots (RPs) is 
advantageous not only because it is a working system but because it will also 
allow maximizing the t and E ranges. 

We propose a scenario of executing the physics program in two phases, 
which optimizes the use of available resources and maximizes physics 
output. Phase I can be realized in a short time frame and requires only 
minimal resources because of the use of the existing and already 
debugged equipment of pp2pp experiment. To maximize the physics reach 
one must tag forward protons between the DX-DO magnets. This would be 
achieved in Phase I I ,  for which design work is needed. 

Processes sensitive to Odderon exchanges are discussed in both elastic 
and inelastic diffarction are discussed. 

. 

Odderon Searches 

Sept. 27-29,2005 
at RHlC Wlodek Guryn 

, 
,,.--I, 

BROOKH~IEN 
N AT1 ONdL LAB 0 RAT0 RY 
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Implementation at RHIC 
Detectors to tag forward protons (Roman Pots of pp2pp) 

and detector with good acceptance and 
particle ID to measure central system (STAR) 

Roman Pots of pp2pp and STAR 

Odderon Searches at 
RHlC 

Sept. 27-29,2005 
Wlodek Guryn 

A* -, 

BROOKHMFEN 
NATl OhAL L A B 0  RATORY 

Elastic and Inelastic Processes 
Single Diffraction 

Elastic Scattering 

Central Production 

P P P  For each proton vertex one has 
t four-momentum transfer 
5 = W P  X 

P P 0 M, invariant mass 

In terms of QCD, Pomeron exchange consists of the exchange of a color singlet 
combination of gluons. Hence, triggering on forward protons at high (RHIC) 

energies predominantly selects exchanges mediated by gluonic matter. 

Odderon Searches at 
RHlC 

Sept. 27-29,2005 
WIodek Guryn 

BROOKHRiUEN 
hAT1 ON 6 L L A B 0  R A T 0  RY 
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Central Production in DPE 

Central Production 

'T cp 

P P 

rm;i 
a 

0 rl 

In the double Pomeron exchange process each proton "emits" a Pomeron and the two 
Pomerons interact producing a massive system MX. 

The massive system could form resonances or consist of jet pairs. Because of the 
constraints provided by the double Pomeron interaction, glueballs, and other states 
coupling preferentially to gluons, will be produced with much reduced backgrounds 

, compared to standard hadronic production processes. 

Applies to processes with Odderon exchange: PO or 00 

.-J:-: 
Odderon Searches at BROOKHRUEN RHlC Wlodek Guryn NATI O W A L  LABORATORY 

Sept. 27-29,2005 

Glueball Central Production in DPE 
Central Production 

The idea that the production of glueballs is enhanced in the central region in the 
process pp - pM,p was first proposed by F.Close and was demonstrated by WA102. 

. 

The pattern of resonances produced in central region depends on: 
dPT= IKT~ -k~21 

When dP, a LQCD i q  states are prominent and when dP, is small the surviving 
resonances include glueball candidates. 

Odderon Searches at 
RHlC 

Sept. 27-29,2005 
Wlodek Guryn 
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Summary 

Exp. Error Comments 

104/0.05 G e V  Limited by pp errors, but 
well deteimined shape in pp, 
Phase I1 

The physics program of tagged forward protons with STAR at RHlC includes: 

Rating 

*** 

Study of standard hadron diffraction both elastic and inelastic and its spin dependence in 
unexplored t and ds range; 
Study of the structure of color singlet exchange in the non-perturbative regime of QCD. 
Study of processes with leading particle(s). 

F+(p) and F.. (p) to extract F- 
by comparing with p i ,  
limited by pp errors. Phase I 

Search for central production of light and massive systems in double Pomeron exchange 
process - glueballs (final states with charged particles). 
Search for an Odderon - a firm prediction of QCD and an eigenstate of CGC is possible. 

** 

The expectation of this workshop is to formulate the plan for Odderon search at 
RHlC and possibly other exciting topics. 

AANN=0.005 

There is a great potential for important discoveries at RHlC in the field of 
elastic and inelastic diffraction. 

If peak then 0, is unique, ** 
energy dep. is important 
ds=200 Phase I 

Odderon Searches at 
RHlC 

Sept. 27-29,2005 
Wlodek Guryn 

&""- 

BROOKH~UEN 
NATIONAL LABORATORY 

Summary continued: best places to look for an Odderon at RHlC 

Observable 

doldt(dip) 
PP vs PP 

otot 

ddd t  

Range 

ds=500 GeV 

G e V  
0.12<-t<1.3 

50 <ds < 500 
GeV 

0.003<-t<0.04 
GeV2 

0.003<-t<0.04 
ANN - 0.01- 
0.02? 

I *  Can measure shape well 
Phase I and I1 

> 104/bin 

Also discussed central production with tagged forward protons pp-pM,p, where M, is 
not by DP process, need to know o for M,= J/Y, constraint -1 e v(M, decay) 1 

Odderon Searches at 
RHlC 

Sept. 27-29,2005 
Wlodek Guryn 
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RHIC Spin Note 

September 27, 2005 

The odderon and the spin dependence of 
proton-proton elastic scattering 

T.L. Trueman 
. a  Physics Department, Brookhaven National Laboratorx Upton, N Y  11 973 

Abstract 

Results from an earlier determination of the spin-flip coupling of the leading Regge 

poles are used to estimate the magnitude of the double-spin asymmetry ANN in po- 

larized proton elastic scattering. The required Regge cuts are estimated using the 

absorptive Regge model. This is then used to determine the sensitivity of experiments 

at RHIC to the presence of the odderon. 

'This manuscript has been authored under contract number DE-AC02-76CH00016 with the U.S. Depart- 
ment of Energy. Accordingly, the U.S. Government retains a non-exclusive, royalty-free license to publish or 
reproduce the published form of this contribution, or allow others to  do so, for U.S. Government purposes. 
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ANN a t  200x200 for odderon flip = rho flip 
(upper) and for odderon flip = pomeron 
flip (lower) 

A N N  0.03 

0.02 

0.01 

0.005 0 .01  0.015 0.02 0.025 0.03 -t 
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C/onciusions 
1. If the odderon exists and has a “reasonable” spin-flip 
coupling there is a good chance of observing it in ANN. 

2. The odderon-pomeron cut is essential to producing an 
observable signal in the small-t region. h, 

N 

3. There is a significant background mainly arising 
from the p -pomeron cut. If the odderon spin-flip is small, 
,but larger than the pomeron spin-flip, measurements of 

ANN over a wide energy range will be needed 
to separate out the signal 



How t o  measure 

r 

IC,F, GinnbMli"g 
Sobolev Inst. of Mathematics, Novosibirsk, 

Russia 

We suggest t o  study charge asymmetry of 
pions with small k l  = (p+ + p->l of dip- 
ion having effective mass M = 1.1 P 1.4 Ge 
in the processes with two rapidity gaps 

e p  -+ e r + r - p  at HERA 
e A  + er+r-A a ~ t  e-R[=]Hc 

AA --+ A r h - A  at RC=3K 
I 

p p  --+ p r f n - p  a t  p-RWPC 
Small values of k l  are obtained a t  reason- 
able values of measurable pion transverse mo- 
menta p+ I N 400 + 500 MeV. 

new results 
23 



o T h e  phase 6~ of the forward high energy 
hadronic elastic scattering amplitude ( n 

>: = = I  
Measurements in different processes will give 
either coincident AF (e.g. naive Regge-pole, 
dipole Pomeron) or different AF (pole+cuts). 
A phase of such type was measured till now 
(via the study of Coulomb interference near 
forward direction) a t  very high energy only 
for p p ,  fjp elastic scattering - a t  transverse 
momenta of recorded particles p l  z fi 5 
50 MeV (extremely small scattering angles). 
o T h e  odolenm - ’ but necessary el- 
ement of the C D  motivated hadron physics. 
New analysis of HERA data on y p  + f2p’, etc. 
is necessary taking into account inaccuracies 
of previous theoret cal estimates. 
We only assume ex stence of odderon obliged 
amplitude like 3/1p -+ f2P with cross section 
N > 0.01 from tha t  estimated by Heidelberg 
group (2 0.03 from experimental limitation). 
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Dipion momentum k = p-  +p+,  M = - G. 

J and,X,, - sDin and helicity of dipion, 
P = 2/1 - 4 m z / M 2 .  I n  the dipion c.m.s: 
(p--p+) = PM(0 ,  sin 6 cos+, sin 8 COS+, COS@, 

X, - photon helicity. 
Forward-backward (FB) and transverse 
(T) asymmetries variables: 

F B  : 

T . :  V 

x A  - x- 
COS e ,  

sin 8 cos + . 
We describe 

A O F B  = Sda(< > 0 )  - SdO(s < 0 )  , 
Obkgd = S 7 

wi th integration over (identical) suitable re- 
gion of final phase space. For the integrated 
I u m i nosi t y  C, the statist ica I sig n if ica n ce of 
the result is 



Let  A- and A+ are amplitudes of production 
of C-odd and C-ew n d I p I o n s w i t h h e I I c I t I es, . .  . . .  

charge asymmetric contribution. 
- 
- 

Amplitude A- = AF - Pomeron exchange; 

J n  
A - J ,  and are proper Pomeron and odd- 
era7 amplitudes for dipion production. 

J describes the decay of dipion state t o  
pions (e.g. normalized resonance propaga- 
tor). For Pomeron we use fit from 
e t  al. 1 

32 1 (includes p running width and 
p'/p'' states.) For odderon - f2(1280) propa- 

descri bes the a ng u I a r d ist  ri bu- gator. E ,  
t ion of pions in their c.m.s. frame 

The aimplitude -A$ is the same as tha t  in the 
e+e- + e+e-n+n- (well known). 

X , , h r  

E y " "  - - Y J J ~ ~ ( o ,  4 ) e  -'LA,$ 

26 



H ERA and e-RHIC 
t 1 

The same values of SST are obtained 
-1 a t  e-RHIC with L e ~ = 4 0  pb . 

20 < k l <  100 MeV, 
Pomeron phase 

Here C-even dipion is roduced mainly via 
photon exchange ( A + ,  8 Ap7w + negligible). 

Only transverse asymmetry appears 
P ici 

Here AUT oc ( k l m a z  - - k l m i n )  1 

Integration over intervals 0.2 < g < 0.8, - 
1.1 < M < 1.4 GeV z 

ep z 1.5 nb, AOT z 0.13 n Obkgd 

with 

b .  
27 



Discovery of odderon, 
MeV 

A t  these k~ C-even dipion can be produced 
only via odderon exchange ( 

ons are negli 
HIC energy). 

Denote: 0-0 -total cross section of  3/;p -+ f2p. 
The shape of local statistical significance is 
roughly similar t o  that  for Pomeron-photon 
interference. 

If SCHC takes place also for odderon am- 
plitude, 

. The integration over 
k l  and over ZJ = 0.2 - 0.8 results in 

22 nb, AO-P -0, F B  

- - 56/$ = 

= 0.83nb 

56 + 560. 

%lcgd,T eP E 9 n b ;  

* ss, = 

A W - 0 , T  
35,/= O-0 = 3 

E O  

5 t  

.34 Jz nb 

350. 
V nb 
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nn- a t  knT < 60 MeV, Ik, I < 3 GeV, 
Here two-photon production of C-even f2 with 
cross section oc Z4 dominates. C-odd dipion 
is produced in the collision of almost mass 
shell photon, radiated e.g. by A1 with nu- 
clei A2 and vice versa. T h e  interference of 
these amplitudes results in charge asymmetry 
which changes sign a t  transition from k2n > 0 

Statistical significance SS, z 30 can be ob- 
-1 tained a t  luminosity integral about 10 nb 

Measurement of Pomeron phase is possible. 

Here C-odd dipion is produced mainly as writ- 
ten above, in y*A collision (Pomeron) - see 
STAR, ALICE. 
Mechanisms of production of C-even dipion: 
odderon, Regge P / W  exchange (it is not  very 
small), PP central collision. Leading mech- 
anism can not be established now. 

- no definite infocrmation on oddevoru. 
T h e  same is valid for p - R H I C .  I n  the la t -  
ter  case the study of energy dependence can 
help t o  eliminate contribution of Regge ,O/W 

exc h a nges. 

t o  kzn < 0 .  

~~ 

1 

New studies are necessary here. 
39 
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,Speaker: Jochen Bartels 

Affiliation: Hamburg University, Hamburg, Germany 

Title of the talk: The Odderon - a fundamental object in QCD? 

Summary : 
The BLV Odderon solution in pQCD is reviewed, and a few possible ex- 
perimental measurements are discussed. The Odderon is also viewed in the 
broader context of high energy QCD: here the BFKL Pomeron and the Odd- 
eron represent the two fundamental gluonic excitations. In hadron-hadron 
reactions, both of them are unitarized; in the theoretical analysis of this 

' unitarization saturation may play an important role. At very high energies 
' the BFKL Pomeron and the Odderon become part of a reggeon field theory 
which exhibits string-like features. 
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Compared to  N 30 years ago, there is a change in our perception of the high energy limit. 
Quantities such as otot, 
With our present knowledge of QCD: need to  start from short distances. 
Combination of high energy and small-distance limit: two scales. 
Example: small-Ir= limit a t  HERA energy, s -+ v2 ~ 

in hadron hadron collisions are nonperturbative. 

'/xf Q". 

In l / x  small x 

f 

energy 

RFKL 
p,QCD Odderon 

.I' I 

I 
In 4 2  4- distance scale 



Lowest energy sol u t  ion : 

W 
W 

Rem a r ka b I e : 
1) d-reggeon: degenerate even - signature partner of  the gluon 
Boostrap inside a three gluon color singlet state. 
2) antisymmetric bound state of  the d-reggeon and the gluon 
3) In leading order: a o d d e r o , n - ~ ~ ~ ( 0 )  = 1 
4) More subtle: space of functions (-+ 

New features of BFKL dynam’ics! 



w 
P 

+(kl ,  k2, 

Coupling to  the externa 

k3) = q ( k i  + k j ,  k k )  - ~ ( k i  + kj + k/c, 0) 
( i j k )  

particle 'prepares' the Odderon state! 
The symmetric JW solution decouples from this vertex. 
Important: Odderon seen in dip 
and color glass condensate (+ 



Dip structure in s; Enhancement of three gluon exchange by factor 5. 
Estimated cross section: 1.5 pb for photoproduction, 40 fb for Q2 = 25 GeV2. 
y"p + qc (new vertex!): 60 pb for photoproduction, 1.5 pb for Q2 = 25 GeV2. 

Not studied a t  HERA. 
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Reggeized gluon states in multi-colour QCD: 
Pomeron vs odderon 

Jan Kotafiski 
Institute of Physics, Jagiellonian University, 

ul. Reymonta 4, PL-30-059 Cracow, 
Poland 

September 21, 2005 

Abstract 

Considering the high energy Regge limit one can rewrite the scat- 
tering amplitude of hadrons in terms of the reggeized gluon states, 
i.e. Reggeons. These states have either positive or negative C-parity, 
Pomeron and odderon, respectively. The high energy asymptotic of 
the scattering amplitude corresponding to the N-Reggeon states is set 
by intercept which is related the Reggeon energy EN.  In order to cal- 
culate it and find the Reggeon wave-functions one has to solve the 
Schrsdinger-like (BKP) equation. During this talk I will show the way 
one can construct the three-Reggeon wave-functions, which are either 
the leading parts of the odderon wave-functions or the subleading parts 
of the Pomeron wave functions. The reggeized gluon states for higher 
number of Reggeons may be related to the subleading odderon as well 
as Pomeron contribution to the scattering amplitude. Therefore, in the 
next part of the speech I will describe methods which allows to find 
the spectrum of the Reggeon energy EN for the multi-Reggeon states 
and the spectrum of the conformal charges, which in the considering 
system play a role of the integrals of motion. This talk is based on the 
work performed with G. Korchemsky, A. Manashov and S. Derkachov 
as well as my doctoral dissertation. 
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P 
0 

Lipatov's ansatz: 

V = w h w 4 F ( z , Z )  

J a n i k- Wosie k sol ut  ion : 

where 43 = &j and h = 1 - h* with h = 2 + i ~ h  and n h  E Vh E 

Usually, the wave-functions Wqg 7 3  ~ ( Z I ,  Z2,Z3; ZO) have mixed C-parity, 
so they contain omeron as well as odderon contribution. 



the integral ansatz for 

Differential equations for Q<[x7 Z) 

I 5 the integrals 
of motion.zk 

singlevaluedness of Q&q Z) 
in the complex x-plain I 

the Baxter 
-opera tor J 

1 

Quantum conditions for the eigenvalues of ?’ 

~ Spectrum of the energy 
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Some aspect of the perturbative QCD Odderon 

G.P. Vacca 

INFN Bologna and University of Bologna 
via Irnerio 46, 40126 Bologna, Italy 

Abstract 

I will place at the heart of this discussion the property of the gluon reggeization. The 
BFKL approach is based on this property, which is encoded in the self consistent 
boostrap condition. Concentrating on the LL case, it is shown that to describe the 
bootstrap mechanism the so called AF space of functions is needed. The reggeization 
mechanism was crucial to find the BLV Odderon states with maximal intercept and a 
family of generalized descendent states for 12 interacting gluons in the large N, limit. 
Going beyond the evolution with fixed number of gluons in the t-channel, the effective 
verteces determining the noli linear evolut,ion of Pomeron and Odderon states are also 
dynaniically affected by the gluon reggeization. 

A 2  



P 
P 



tes can be redefined 

space) 

n colorless and colored impact factors. 

Bartels, Lipatov, Salvadore, G. RV, (2005) 



P m 

( ' ) (q  - kl - k2)d2kld2k2 

&en AF and M spaces spanned by the IpA) basis. 

perator 

2 , P = P  1-h-FL F = 2  
Pf(z1, z2) = 1 [f(z1, -x1) + f ( - z2 ,22 )1  

M 



P 
4 

ymmetry for exchange of lines 1 +-+ 3 of the 



ation with eigenvalue rnwl = (--I)% and eigenvector 

P 
00 

because not Bose symmetric (color traces even!) 

(n = 3 corresponds to the BLV Odderon solution) 
EVENSTATE ODD STATE 

is nilpotent and cannot be iterated. 



Single Spin Asymmetry of Very 
Forward Neutron at PHENIX 

Sep. 28,2005 
Workshop: “Odderon Searches at RHIC 

Kiyoshi Tanida (RIKEN) 
for the PHENIX Experiment 



sqrt(s)=200 GeV 

/ I 

hodoscope 

\ Collision poi@ 

A EMCal 1 
/ '  I 

Charged veto 
(plastic scinti.) 

I 

Neutron 
(plastic scinti.) J 



EMCal based results 

I Neutron Asymmetry1 

I '  € 

Observed Energy (GeV) 
(Calibrated for e/y only) 

Average beam pol. - I I % 
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Tag neutron (or gamma) at ZDC 
Measure A, of coincident particle at BBC 
Forward neutron, forward BBC, left-right 

(-4x05O fk oo50 k O022) lo-2 

$2,28 fk 055 & 0, no-) lo-2 
v1 w Forward neutron, backward BBC, left-right 

- No significant asymmetry for backward ZDC tagged 

- Systematic error doesn’t include A,,, CNI error. 
data or in top-bottom asymmetry. 
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Oddball Regge Trajectory and a Low 
I Odderon Intercept 
4 Stephen R. Cotanch 

Department of Physics 
North Carolina State University 

Raleigh, NC 27695-8202 

Using standard many-body techniques, we report [l] a large 
scale numerical diagonalization of an effective QCD Coulomb 
gauge Hamiltonian for the gluon sector (corresponds to the lat- 
tice quenched approximation). This is an extension of our previ- 
ous two constituent gluon study (21, which reproduced both the 
IC = P = +1 lattice glueball masses and the pomeron, to three 
gluon states. From our predicted odd signature Jpc  (P = C = - 
1) gluebal-1 spectra (oddballs) an odderon Regge trajectory clearly 
,emerges having a slope similar to the pomeron and begins with 
,Jpc = 3-- (the I-- state is on a daughter trajectory). The 
odderon intercept is lower, however, even smaller than the LJ tra- 
jectory's intercept which is consistent with the nonobservation 
lof the odderon in high energy total cross section data (i. e. 
OTotal s Our results are supported by calculations [1] 
with an alternative model based upon an exact Hamiltonian di- 
,agonalization for three constituent gluons and also limited lattice 
data (a 5-- prediction is still needed for full confirmation). If 
the odderon does have an intercept value below the pomeron it 
may still be possible to observe it by measuring s, which varies 
as s-2a(t)-2, for non-pomeron processes at t well below zero (large 
It]) where it should dominate all C =-I meson trajectory contri- 
butions that will be suppressed by larger slopes. 
[I] F. Lanes-Estrada, P. Bicudo and S. Cotanch, hep-ph/0507205. 
[a]) F. Lanes-Estrada, S. Cotanch, P. Bicudo, J. Ribeiro and A. 
Szczepaniak, Nucl. Phys. A 710, 45 (2002). 

I 

Acknowledge: Felipe Llanes-Estrada and Pedro Bicudo 
Supported by DOE 
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0 Effective QCD gluon Hamiltonian 

0 color charge density a, b, e = 1,2, ...8 

P;(x) = f abc Ab(x) IIC(x) 

0 Abelian magnetic fields 

B1 = V x Aa 
gauge fields A", conjugate momenta I Ia  = -Ea 

0 bare gluon Fock operators 

uE(q) momentum q , spin ,u = 0, IH 
0 Coulomb gauge transverse condition 

'v Aa = 0 + q aa(q) = (-l)pqpu!!p(q) = 0 
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0 Bogoliubov-Valat in canonical transformation 
(BC$ rotation) to dressed gluon operators 

I a;(q) = cosh O(q) a;(q) + sinh O(q) aEt(-q) 

0 satisfy the transverse commutation relations 
I 

0 PQCD vacuum 10 > + BCS vacuum 1fl >BCS 

0 minimize ground state energy 

generates a gap equation 

0 gluon self-energy 
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0 confinement via Cornel1 type potential 

I o = 0.18(from lattice) as = 0.42 

0 solve gap eq. for gluon constituent mass 

mg = w(0)  N 0.8GeV 
0 predicted gluon condensate (cooper pairs) 

(aGEvGa pl/ ) - - ( 433 M ~ v ) ~  
[agrees with lattice (441 MeV)4] 

0 TDA two gluon glueball wavefunction 

0 solve for glueball mass MJPC 

JPC JPC HIQLs ) = M J ~ c I Q ~ ~  ) [agree with lattice] 
predict a Regge trajectory close to the pomeron 

a p  E .25t + 1 
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0 variational three gluon glueball wavefunct ion 
JPC IQ ) = 1 dqldq2dq36(ql+ q2 + q3) 

abc at  (ql, q2 I q3)c a p l  (SI) ( 9 2 )  (q3) I Q) BCS PlP2P3 
FJPC 

abc Bose statistics Cabc = f 

variational equation for the J p c  glueball 

(C = 1) or dabc (C = -1) 

(QJPCIHg I Q J P C )  

(Q Jpc I Q Jpc  ) 
ef  f = MJpc [agree with Zattice] 

0 predict leading Regge trajectory (odderon) 

a g f  = .23t - 0.88 [note low intercept] 
0 compare to nonrelativistic constituent model 

n 

0 use qq funnel potential 

V0 = -.9 GeV, 01 = .2?, o = .25 GeV2 mg = .8 GeV 
and adjust Vss -+ 0.085 GeV to fit pomeron 

0 predict leading Regge trajectory (odderon) 

01g = .18t + 0.25 [note low intercept] 
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lattice, H,"ff and HM odderons vs. w trajectory 

1 1 1  

8 

7 

6 

5 

J 4  

3 

2 

1 

1 1 1  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  n 

Oddball Chew-Frautschi plot 
C=P= -1 pure glue states 

l l ' ~ l " ' " l " l l ' l " ~ " l " l l ~ l l l ~ l i l l ~  I 

I 
I 

I 
I 

I 
I 

- 

/ /  I 
I 

0 Morningstar and Peardon 

I 
- I 

I 
I 

I 
I 

- 1  
I 

I 
I 

I /:-:1 - I  
I 

I 
I 
I 

I 
7 

Meyer and Teper 
e3 Kaidalov and Simonov 

H, (this work) 
Coulomb gauge H eff (this work) 

---- co trajectory 

e 

Y O  4 8 12 16 20 24 28 32 36 40 

M 2  (GeV2) 

SUMMARY 
0 lattice, HZss and HM models predict an odderon 
0 starts with 3-- (not 1--, need lattice 5--) 
0 odderon slope is similar to pomeron 

odderon intercept is low, below 0.5 
0 search for odderon where w trajectory is not 

dominant (examine $$ not ototal o( s C u , ( O ) - l )  
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- 
Work in collaboration with Sangyong Jeon (McGiWRBRC) 

A CLASSICAL ODDERON IN QCD AT HIGH ENERGIES. 
- ZI Phys.Rev.071 :I 25003,2005 

RANDOM WALKS OF PARTONS IN SU(N(C)) AND CLASSICAL 
REPRESENTATIONS OF COLOR CHARGES IN QCD AT SMALL X. 

Phys.RevmD70:l 0501 2,2004 l-1 17s kL--%.-. ieon -..d - 
m 
00 

Odderon paper inspired by 
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CONCLUSIONS 

>++ The ground state of a large nucleus contains configurations 
that generate Odderon excitations = these can be traced 
to the random walk of valence partons in color space. 

‘k These results represent a “rigorous” proof in the large 
4 
h) 

A asymptotics of QCD at high energies 

Dipole Odderon and Baryon Odderon operators 
are computed 

Phenomenological consequences - to be investigated . 

further 



Perturbative Odderon in the 
Color Glass Condensate 

~~ 

We derive small-x evolution equation in the Color Glass 
Condensate formalism. We consider the dipole-color glass 
scattering and the three-quark-color glass scattering with 
particular emphasis on the gauge invariant coupling to the 
external probes. 

Yoshitaka Hatta 
(RIKEN BNL) 

in collaboration with 
E. lancu, K. ltakura L. McLerran 

Nucl. Phys. A760, I72 (2005) 
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-4 
-4 

Non-linear evolution equation for 
the dipole-odderon amplitude 

Imaginary part of the Balitsky equation 

c.f. Kovchegov, Szymanowski, Wallon 

-2 2 < O >  z ocexp{-ca S z } 
Saturation effect suppresses the odderon amplitude 
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Perturbative Odderon in the Dipole Model 

Yuri V. Kovchegov 

Department of Physics, The Ohio State University 
Columbus, OH 43210 

This talk is based on the work done in collaboration with L. Saymanowski and S. Wallon [l]. 
We show that, in the framework of Mueller’s dipole model, the perturbative QCD odderon is described 

by the dipole model equivalent of the BFKL equation with a C-odd initial condition. The eigenfunctions 
and eigenvalues of the odderon solution are the same as for the dipole BFKL equation and are given by the 
functions E and x(n, u) correspondingly, where the C-odd initial condition allows only for odd values of n. 
The leading high-energy odderon intercept is given by Qodd - 1 = ; Ne x(n = 1, v = 0) = o in agreement 
with the solution found by Bartels, Lipatov and Vacca. We also write down an evolution equation for 
the odderon at very high energy, where parton saturation/Color Glass Condensate sets in. We argue that 
saturation makes the odderon solution a decreasing function of energy. 

The high energy asymptotics of the perturbative odderon has been unclear over the years: while several 
solutions exist with negative and zero intercepts, no one has been able to  prove that there is no other solution 
of the three-reggeon BJKP equation with higher intercept. This has become known as the odderon problem. 

Here we will present the solution of the odderon problem in the dipole model of high energy scattering. 
We start by considering DIS in the rest frame of the target proton, where the incoming virtual photon splits 
into a quark-antiquark pair, which then interacts with the target. The process where the odderon should 
contribute is diffractive production of a C-even meson, like a pion or VC. In  DIS this corresponds to qH 
pair difiactively interacting with the target via odderon exchange and then forming a meson. The odderon 
exchange amplitude, which we will denote by O(go,gl; z ,  1 - z )  for a dipole with transverse coordinates of 
the quark and antiquark go and g1 and longitudinal momentum fractions z and 1 - z correspondingly, should 
indeed be C-odd. It should change sign under the charge conjugation, which interchanges the quark with 
the antiquark O(go,gl; z ,  1 - z )  = - O(gl,go; 1 - z, z ) .  

In  Slide 1 we show that the lowest order odderon exchange amplitude, which is mediated by a three-gluon 
exchange, is indeed odd under go t) g1 exchange, i.e., it is C-odd. (The leading high energy amplitudes are 
symmetric under z t) 1 - z interchange.) 

In  Slide 2 we demonstrate that the dipole amplitude with the three-gluon exchange initial conditions 
remains C-odd after one rung of evolution in Mueller’s large-N, dipole model. This allows us to  write down 
an evolution equation for the odderon exchange, shown in Slide 3. This equation is identical to  the Mueller’s 
dipole model analogy of the BFKL equation: the only difference is that the initial conditions for the odderon 
evolution are different. To pick out the BFKL pomeron contribution one has to  use C-even initial conditions 
for dipole evolution, while to  obtain the odderon contribution C-odd initial conditions from Slide 1 have to  
be employed. 

In Slide 4 we show that the leading high energy intercept of the new odderon equation is 0, in agreement 
with the solution found previously by Bartels, Lipatov and Vacca. 

In  Slide 5 we generalize the dipole evolution equation to  the high parton density regime of Color Glass 
Condensate. We argue that the effect of parton saturation on the odderon exchange amplitude is t o  decrease 
the odderon intercept making it less than 0, i.e., making the amplitude decrease with energy. 

The work of Y.K. is supported in part by the U S .  Department of Energy under Grant No. DE-FG02- 
05ER41377. 

[l] Y.  V. Kovchegov, L. Szymanowski and S. Wallon, Phys. Lett. B 586, 267 (2004) [arXiv:hep-ph/0309281]. 
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At the lowest order the C-odd odderon amplitude is given by 
the three-gluon exchange in the color-singlet state: 

with co the color factor. The target 
is located at 0 transverse coordinate. - 

1 - 1  

9 1 - z  

- 0 

The above amplitude obviously changes sign under xo f-) x, ! 
(All eikonal amplitudes are even under E f-) k z  interchange.) 



0 Let us include one rung of the small-x 
evolution in the framework 
of A. H. Mueller's dipole model. We 
are working in the large N, limit, so 
the graphs are planar 
given by double line: 

2 One rung of evolution 

and the gluon is 

gives 

2 n 2  

min{ z , l  s -z>  

zinit 

2 v 

01 
2 2  

x 0 2  x 1 2  

Substituting the amplitude 0, from the previous slide we get 
2 min{ z , l -  z >  x0 x 1  '01 In -ln - 

x 2  x 2  
p 2 x 2  2 2 

3 x0 eo a ,  In - In 3 a s  N c  
2n2  X l  ' , B i t  x 0 2  x 1 2  

which is non-zero and C-odd (changes sign under xo f-) x,). 
e "C-oddness" survives dipole evolution! 
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Now we can easily 
write down an 
evolution eq uat io n 

- 

for the odderon 
amplitude in the dipole 
model. + 

0 * 
(01 1 

0 

This is the same evolution equation as for the BFKL Pomeron 
in the dipole model! How is the Odderon equation different 
from the Pomersn equation? 
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Now one can write down a nonlinear evolution equation for the 
odderon amplitude, including the effects of multiple pomeron 
exchanges in the color glass condensate: 

0 0 

- (01 2 1  - (01 2 1  

1 (N> I /  

- 

~~ ~~~ ~ ~~ 

(cf. evolution equation for reggeon by K. Itakura, Yu. K., L. McLerran, D. Teaney, ’03 
and generalization of this equation by Hatta, lancu, Itakura, McLerran, ‘05) 

Here N is the C-even (forward) dipole amplitude on the target. 
N varies from -0 at low energies to I at high energies. 

* Saturation effects only decrease the Odderon intercept! 



Ultra- peripher I a1 
Au-AU physics 

at STAR 
R. S. Longacre 

Brookhaven Nat. Lab.: 
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y mesons (JIv), the scattering is sensitive to 
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adowing 
I Coherence photon emission and scattering 

+i Rates are high 
+ o(p) 

+ Other vector mesons are copiously produced 
o Incoherent scattering can also be studied 

8 YO of o(had.) for gold at 200 GeVlnucleon 
(3- 120 lsec at design luminosity 
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Cross Section Comparison 

00 
00 

I30  GeV data 
Normalized to 7.2 b hadronic cross section 
Systematic uncertainties: luminosity, overlapping events, 
vertex & tracking simulations, I n selection, etc. 
Exclusive po bootstrapped from XnXn 
+ limited by statistics for XnXn in topology trigger 

+ facto riza t i o n works 
I Good agreement 



*Star has observed phdonuclear 
p'production in Au Au 

h p o  cross section agree with 
theore tic a1 prediction. 

*Coherent 4-prong events, likely 
"0 the p is observed. t 

1 

*Future look for exotic mesons 
in the 4-prong data. 
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