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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.

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
collectéd 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.
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Odderon Searches at RHIC Workshop

. September 27-29, 2005
Wlodek Guryn, Yuri Kovchegov, Larry Trueman 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 scattering 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 Pomeron 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 diffractive 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 p 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
(CGCQ), a theory for the high-enefgy asymptotics of QCD. It has been argued that saturation/CGC 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:



Observable Range Exp. Error Comments Rating

do/d(dip) \s=500 GeV 10° evts./0.05 GeV* [Limited by p p errors, but well
PP Vsp p 0.12<-t<1.3 GeV* determined shape in pp, Phase II
Grot | 50 < Vs < 500 GeV Can measure shape well

' Phase I and IT
do/dt 0.003<-t<0.04 GeV> 10" evts./bin F.(p) and F. (p) to extractF. by

comparing withp p, limited by p p
errors. Phase [

Ann 0.003<-t<0.04 AANN=0.005 If peak = then O, is unique, energy
Ay ~ 0.01-0.027 dep. is important
s=200 Phase

Some of the conclusions from various participants follow.
Elliot Leader:

1) For |t| << Agcp, we are in a truly non-perturbative region where we are unable to calculate any
scattering amplitudes. However, very 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 HERA at very small x.
Thus there is every reason fo expect that the calculation of an Odderon amplztude is believable, and if QCD
is correct, we should see it experimentally.

2) However, we do not have unambiguous evidence for the Odderon component, but if, as seems necessary,

the difference between p-p and p p differential 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 observables, which are highly sensitive to phases. One example is Ayy
whose shape and energy dependence could show a remarkable an unambiguous signature of the Odderon.
RHIC is ideally suited for this kind of experiment.

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

3) If the ISR difference between p-p and p p—di]j’erenﬁal cross-sections continues to exist at RHIC energies
that would be unambiguous proof of an Odderon amplitude.

4) A measurement of the ratio of real to imaginary parts of the forward p-p amplitude at RHIC energies
would help, via dispersion relations, 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.

it



Basarab Nicolescu:

I am convinced that the "banner" of the project must be the Color Glass Condensate (CGC) approach. 1t is
Jully formulated in the framework of QCD but it is more intuitive than other similar approaches of the
Odderon (imy own approach, based on asymptotic theovems, 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
Sundamental. In such a formulation, one can assert that the Odderon is a crucial test of QCD.

Yauri 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 fundamental 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
Odderon at RHIC would be complementary to RHIC spin program.

Also, since the Odderon naturally follows from the Color Glass Condensate (CGC) formalism, searching
Jor it would allow us to test 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 further 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
medsurements are more of precision measurements than "discovery measurements". Odderon search
proposal would really have the potential of a discovery measurement, at a relatively low cost.

WORKSHOP CONCLUSION

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”.

iii



‘The Present Sltuatron of the Odderon Intercept “ |
Expenment Theory and Phenomenology

Basarab Nicolescu
LPNHE, CNRS and University of Paris 6, France

BNL, Odderon Searches at RHIC Basarab Nicolescu September 27-29, 2005



EXPERIMENTAL EVIDENCE FOR THE ODDERON

(da/dtls, , (do/db)y,

| ] I T l | T
(d o/ dt)_
6 Vs = S3GeV N — pp
. (dodr)
S| 1) 1|=1.3 GeV?, /s = 52.8 GeV
ﬁ)
L L i 99.9 % confidence level
for this Odderon effect
T { ‘1} 1 | A.Breakstone et al., Phys. Rev. Lett. 54 (1985) 2130.
S. Erhan et al., Phys. Lett. B152 (1985) 131.
?2
%{ % % P. Gauron E. Leader and B. Nlcolescu
- 4 % Phys. Lett. B238 (1990) 406 ; Nucl.
? B299 (1988) 640
0 ] | | 1 “ o
06 10 14 . .:gevz) 22 26 30 B.=2+0.005, B.=2+0.05
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D. Hill et al., Phys. Rev. Lett. 30 (1973) 239
P. Bonamy et al., Nucl. Phys. 52B (1973) 392
D. Apokin et al., Z. Phys. C15 (1982) 293

D. Joynson E. Leader, C. Lopez and B. Nlcolescu
Nuovo Cimento Lett. 15(1976) 397 ;w

P. Gauron, E. Leader and B. Nicolescu, . \
Phys. Rev. Lett. 52 (1984) 1952 | '
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~ A strange effect is seen in the UA4/2 dN/dt data at vs= 541 GeV, namely bump at  |f|=2-10" GeV?.

e UAA4/2 Coll. C. Augier et al., Phys. Lett. B316 (1993) 448

P. Gauron, B. Nicolescu and O. Selyugin,

Theoretical interpretation of the « bump »: Phys. Lett. B397 (1997) 305

Oscillations 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 (1971) 3185

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

Conclusmns

= only few experimental evidences for the non-per turbatlve 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



. THEORY

TR Sttt T iisushisutiant i

dderon - major object of QCD.

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

So, it has to be found.

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 ¢;(0)=0.5:

logq(0) = 0.94-0.96 |

J. Bartels, L N. Lipatov and G. P. Vacca, Phys. Lett. B477 (2000) 178.

Solution corresponding to an intercept exactly equal to 1

_Q‘Odd(o) =1

BNL, Odderon Searches at RHIC Basarab Nicolescu




THE ODDERON INTERCEPT FROM SPECTROSCOPY

There are several calculations, all indicating a low 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, PhD thesis at Oxford, hep-1at/0508002

The authors get a 1-- state with mass m, = 3.24 GeV

and a 3 - state with mass m; = 4.33 GeV

—

By drawing a straight line o(t) = o(0) + o't

through these states, they get

aou0)=-154 |

2 3 B o= o ko g
= T T 5 o

[

a 'Odd(o) = - 024 (GCV)-Z

However, if a4, = 1, then obviously the state 1-- can not belong to the leading trajectory - the first state is 3--

In this case Cogq = 1 a'=0.11 1

and therefore, the 1-- state belongs to a trajectory with intercept -0.12 — i.e. it is on the first
daughter trajectory.

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

BNL, Odderon Searches at RHIC Basarab Nicolescu
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Expenmental Possibilities at RHIC

Wiodek Guryn
Brookhaven National Laboratory, Upton, NY, USA

We describe proposal to extend the physics reach of the STAR detector at
RHIC 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 coloriess 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, RHIC accelerator magnets must be used
for momentum analysis resulting in forward proton taggers installed either
between the DX-D0 magnets or in the warm straight section between Q3 and
Q4 magnets, see Fig. 1. Also, to extend the t and & 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 itis a working system but because it will also
allow maximizing the tand g 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 | 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-D0 magnets. This would be
achieved in Phase lI, for which design work is needed.

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

Odderon Searches | ' Bﬂﬂﬂ“ﬂ”lﬂ["

at RHIC Wtodek Guryn NATIONAL LABORATORY
Sept. 27-29, 2005
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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)

Phase |
Phase li

: <7
T ﬁ__“x

Roman Pots of pp2pp and STAR

BROOKHEVEN

Odderon Searches at
NATIONAL LABORATORY

RHIC Wtodek Guryn
Sept. 27-29, 2005

Elastic and Inelastic Processes

Single Diffraction

. Elastic Scattering
o P P
P - Q -
P P
1 d X
o P L
| ¢ 7 A 0 n
Central Production
£ £ o - - For each proton vertex one has
P X - t four-momentum transfer
P OO0 E=Ap/p "

My, 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.

Y

BROOKHALUEN

Odderon Searches at
NATIQNKL LABORATORY

RHIC
Sept. 27-29, 2005

Wiodek Guryn
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Central Production in DPE

Cenfral Production

B p @
P )
X
P » ’ )
P P "] n

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 OO

Odderon Searches at BROODKHEAUEN
RHIC Wiodek Guryn NATIONAL LABORATORY

Sept. 27-29, 2005

Glueball Central Production in DPE

Central Production

p P
HP ", .
X .
P - '-
P P 0 1

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

The pattern of resonances produced in central region depends on:
dPr = [k - k2l

When dP; « LQCD qq states are prominent and when dP; is small the surviving
resonances include glueball candidates.

e
Odderon Searches at BROOKHEAUEN
RHIC Wiodek Guryn NATIONAL LABORATORY

Sept. 27-29, 2005
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Summary

3

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

Study of standard hadron diffraction both elastic and inelastic and its spin dependence in
unexplored t and Vs range;

Study of the structure of color singlet exchange in the non-perturbative regime of QCD.
Study of processes with leading particle(s).

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
RHIC and possibly other exciting topics.

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

Odderon Searches at BRDDKIﬁ“’EN
RHIC Wiodek Guryn NATIOMAL LABORATORY

Sept. 27-29, 2005

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

Observable Range Exp. Error Comments ’ Rating

do/dt(dip) Vs=500 GeV 1 10%/0.05 GeV? | Limited by pp errors, but

Pp Vs pp 0.12<-t<1.3 well determined shape in pp, | #*x*
GeV? Phase 11

Ot 50 <vs <500 Can measure shape well *
GeV Phase I and II

do/dt 0.003<-t<0.04 > 10*/bin F.(p) and F_(p) to extractF. | **
GeV? by comparing with pp,

' limited by pp errors. Phase [

Aun 0.003<-t<0.04 AAN=0.005 If peak => then O, is unique, | **
Ay ~0.01- energy dep. is important
0.02? Vs=200 Phase I

Also discussed central production with tagged forward protons pp—pM,p, where My is
not by DP process, need to know o for My= J/¥, constraint -1< n(My decay) < 1

Odderon Searches at BROOKHLGUEN
RHIC Wiodek Guryn NATIONAL LABORATORY

Sept. 27-29, 2005
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RHIC Spin Note
September 27, 2005

The odderon and the spin dependence of

proton-proton elastic scattering

T.L. Trueman *
Physics Department, Brookhaven National Laboratory, Upton, NY 11973

- Abstract

_ Resﬁlts 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 Ayy in po-
larized proton elastic scattering. The required Regge cuts are estimated using the
abéorptive Regge model. This is then used to determine the sensitivity of experiments

at RHIC to the presence of the odderon.

1This 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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| Regge residues in 1/GeV -
non-flip from Cudell et al PR D61 0340] 9

flip from Trueman, Spin2004

non-flip flip

pomeron | 6.95+0.10 | 0.626+0.10

C=+ 12.73£0.23 | -4.12+0.25

C=- 9.65+0.43 10.22+0.77




- Ann at 200x200 for odderon flip =rho flip
(upper) and for odderon flip = pomeron
flip (lower)

0.01

0.005 0.01 0.015 0.02 0.025 0.03 -



0T

Axn from p absorptive cut, no odderon at all

0.004

0.003;¢

0.002;

0.001
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0.
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0.

05

s=200x200



~ Ann(Odderon flip)-Ann(0)/Ann(0)

s GeV? Pomeron flip|  Rho flip
200 0.0256 6849
200x200 0.148 139.70
0.251 67.08

- 500x500




- Conclusions

1. If the odderon exists and has a “reasonable” spin-flip
‘coupling there is a good chance of observing it in AnN.

2. The oddéron—pomeron cut 1s essential to producing an
observable signal in the small-f region.

3. There is a significant background mainly arising
trom the p -pomeron cut. If the odderon spin-flip is small,
‘but larger than the pomeron spin-flip, measurements of
An~ over a wide energy range will be needed
to separate out the signal



‘How to measure
Pomeron phase

and dlscover odderon
‘at HERA and RHMIC

| I.F. Ginzburg
Sobolev Inst. of Mathematics, Novosibirsk,
- Russia

We suggest to study charge asymmetry of
pions with small k; = (p3 + p—); of dip-
ion having effective mass M = 1.1 - 1.4 GeV
in the processes with two rapidity gaps

ep — entn—p at HERA (IP and O),

eA — erTr~ A 3t e-RHIC (IP and 0Q),

AA — Antr— A at RHIC (only TP)

pp — pr T p at p-RHIC (?77)

Small values of k; are obtained at reason-
able values of measurable pion transverse mo-
menta pL | ~ 400 +- 500 MeV.
I.F.G, I.P.Ivanov, N.N. Nikolaev, Eur. Phys. J. direct
C5, 02 (2003); hep-ph/0110181, 1.F.G, I1.P.Ivanov,

Phys. Elem. part. Atomic Nucl. 35 (2004) 29-45,
I.F.G, I.P.Ivanov, hep-ph/0401180 4+ new results
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o The phase ¢r of the forward high energy
hadronic elastic scattering amplitude (Pomeron
phase): A = |Ale®F = |A|exp [in(1+ AF)/2].
Measurements in different processes will give
either coincident Ar (e.g. naive Regge-pole,
dipole Pomeron) or different Ar (pole+cuts).
A phase of such type was measured till now
(via the study of Coulomb interference near
forward direction) at very high energy only
for pp, pp elastic scattering — at transverse
momenta of recorded particles p;| ~ \/m <
50 MeV (extremely small scattering angles).
o The odderon — an elusive but necessary el-
ement of the QCD motivated hadron physics.
New analysis of HERA data on vp — fop/, etc.
iSs necessary taking into account inaccuracies
of previous theoretical estimates. |

We only assume existence of odderon obliged
amplitude like yp — f>P with cross section
> 0.01 from that estimated by Heidelberg
group (= 0.03 from experimental limitation).
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Dipion momentum k=p_ +py, M = V2.
z+ = (e+ + p+2)/(2Ey) = (p+P)/(aP);

J and Arzx — spin _and helicity of dipion,

8 =4/1 —4m2/M?2. In the dipion c.m.s:
(p——p4) = BM(0, sinfcos¢, sinfcos¢, cosb),
Ay — photon helicity.

Forward—backward (FB) and transverse
(T) asymmetries variables:

Z+—Z_

FB: gzﬁ(er—l—z_) = C0Ss 0,

| p3 ., —p2 | —EkT
T v = BMTk (| = sSinfCcoso.
We describe

Aop = [do(v>0) — [do(v <O0),
Acpp = [do(§>0) — [do(£ <0),
| Obkgd = J do
with integration over (identical) suitable re-
gion of final phase space. For the integrated

luminosity £, the statistical significance of
the result is

EAUT,FB

SST FB =
/£ Obkgd

Important: Charge asymmetry can be seen
even if processes with production of C—even
dipion (fy) are below observation limit.
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Let A_ and A are amplitudes of production
of C—odd and C—even dipions with heI|C|t|es
Nrgs Jitee |do o< JAZ|? 4 |AL|? + 2Re( A% AL )
The interference term ZIe{ AT AL ] describes
charge asymmetric contr’ibution.

Odd Ay — MAee = T asymmetry.

Even A;"{’ﬂ — A = FB asymmetry.
Amplitude A_ = A — Pomeron exchange:

Amplitude A = A7 + AT 4 A%,

AfV photon exchange |, AQB — odderon,
A/jﬁ —~ p/w Regge exch ang@ (< 0.1nb for ~p).
Pomeron and odderon amplitudes:

Ar = Z Ax yn(s5t, M2)D ;(M?)E] s

A_jgn, and AL gy, are proper Pomeron and odd-
eromn amplitudes for dipion production.

D ;(M) describes the decay of dipion state to
pions (e.g. normalized resonance propaga-
tor). For Pomeron we use fit from D. Bisello
et al. [DM?2 Collaboration], Phys. Lett. B220,
321 (1989) (includes p running width and
p'/p" states.) For odderon — f5(1280) propa-

gator. 83‘7)‘” describes the angular distribu-
tion of DIOI’]S}\ in their c.m.s. frame

gJ’Y: T YJ >‘7T7T(9 ¢)6—7)\ry¢
The amplitude Jizﬁ is the same as that in the
eTe™ — eTe ntn™ (well known).
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HERA and e-RHIC

F@r the ep collisions at HERA, we take

| Lep =100 pb~1t.

- The same values of SSt are obtained
at e-RHIC with L£.4 = 40 pb~1.

20 < k| < 100 MeV,
Pomeron phase

Here C—even dipion is (Broduced mainly V|a
photon exchange ( A Ap’ negligible).
Only transverse asymmetry appears since

s—channel helicity conservation (SCHCQC) for

Pomeron. Here Aor < (k| maz — K1 min)
kQ
Opekg — A k2 — k2 + AsIn Lmaz .
bckg 1( lmax _J_mfm) 2 ka_mm + Q72n

R W

arbitrary units

OC
- charge asymmﬂtry (aﬂ@ Lmry Ui L@>

Integration over intervals 0.2 <y < 0.8,
1.1<M<14 GeV = | 557 =~ 34| with

Opega = 1.5 Nb,  Aop~0.13 nb.
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Discovery of odderon,
k| >200 MeV

At these k; C—even dipion can be produced
only via odderon exchange (photon contribu-
tion disappear at these k|, p,w Regge ex-
change contributions are negligibly small at
HERA, e-RHIC energy).

Denote: og —total cross section of ~yp — fop.
The shape of local statistical significance is
roughly similar to that for Pomeron—photon
interference.

o If SCHC takes place also for odderon am-
plitude, the main charge asymmetry is the
forward—backward one. The integration over
k| and over y = 0.2 — 0.8 results in

ep _ o g0
Ohhgd = 221D, Aop_ @FB—083nb1/n—b
. = S8Spp= 56,/ - = 56 +560.

o [ SCHC i olated Si rongly for odderon,
the main harg@ asymmetry is the transverse
one,

= SSp = 35«/ — 35 + 350.



AlAQ — 7T+7T_A1A2‘
at k7" < 60 MeV, |KI7| < 3 GeV,

Here two- dhoton productlon of C—even f» with
cross section oc Z* dominates. C—odd dipion
is produced in the collision of almost mass
shell photon, radiated e.g. by A; with nu-
clei A>» and vice versa. The interference of
these amplitudes results in charge asymmetry
which changes sign at transition from kI™ > 0
to kI™ < 0.

Statistical significance SS7 =~ 30 can be ob-
tained at luminosity integral about 10 nb—1
Measurement of Pomeron phase is possible.

kﬂ"’" > 200 MeV

Here C—odd dip @n is produced mainly as writ-
ten above, in v*A collision (Pomeron) — see
STAR, ALICE.

Mechanisms of production of C—even dipion:
odderon, Regge p/w exchange (it is not very
small), IPIP central collision. Leading mech-
anism can not be established now.

— no definite information on odderon.
The same is valid for p— RHIC. In the lat-
ter case the study of energy dependence can
help to eliminate contribution of Regge p/w
exchanges.

New studies are necessary here.
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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 ~ 30 years ago, there is a change in our perception of the high energy limit.
Quantities such as o, -‘C% in hadron hadron collisions are nonperturbative.

With our present knowledge of QCD: need to start from short distances.

Combination of high energy and small-distance limit: two scales.

Example: small-z limit at HERA energy, s — W? = @2/357 Q2.

in 1/x npQCD small x

~

o 7a8 BFKL
) {g pQCD Odderon
eneray DGLAP
() —

In QZ

- distance scale



€€

Lowest energy solution:

Remarkable:
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: cogderon—prv(0) =1
4) More subtle: space of functions (— Vacca’s talk)

‘New features of BFKL dynamics!
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" The perturbative environment of the Odderon

Coupling to external projectile' the photon impact factor v* — 7.
(J.Czyzewski, J.Kwiecinski, L.Motyka, M.Sadzikowski)

L

(uk) kit k;
ky Kk K3
bk, ko, ka) = > (ks + kj, ki) — (ki + kj + ki, 0)
(i5k)

Coupling to the external particle "prepares’ the Odderon statel
The symmetric JW solution decouples from this vertex.
Important: Odderon seen in dipole model (— Kovchegov )
and color glass condensate (— Venogopolan, Hatta ).
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1) The Processes ¥*p — necp, ¥'D — MeX |
(Czyzewski, Kwiecinski, Motyka, Sadzikowski; JB, Colferai, Braun, Vacca )

Dip structure in dt, Enhancement of three gluon exchange by factor 5.
Estimated cross section: 1.5 pb for photoproduction, 40 fb for Q% =25 GeV?.
v*p — 1. X (new vertex!): 60 pb for photoproduction, 1.5 pb for Q? = 25 GeV?.

Not studied at HERA.
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o pQCD predicis an Odderon (in the world of short distances):
itis a bamd state of three reggeized gluons, has novel features beyond BFKL

o From here two directions:
Connection with soft @%fﬁ“c:@“ (pp scattering): 'unitarization’, theoretical progress,
but no solution yet (com inement issue)
The pQCD Odderon is part of the general QCD reggeon field theory (merges into a
string theory?)
e Several places to look for the pQCD ("hard") Odderon.
Further studies needed.
& Search for the 'real Odderon’: dip structure in 2opp.pp
Polarization?

Is the Odderon a fundamental object in QCD?



Reggeized gluon states in multi-colour QCD:
Pomeron vs odderon

Jan Kotariski
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 Ey. In order to cal-
culate it and find the Reggeon wave-functions one has to solve the
Schriodinger-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 Ey 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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Multi-Reggeon Equation (B/U%

The scattering amplitude in the Regge limit: s — oo, t = const

A(s,t) ~ —1 Z (zozs) \/___

LD
co

' 545 — Ckslec/’ﬂ'

The compound N-Reggeon states
satisfy the Schrodinger equation:

lHN\U ({Zx})= EnV ({Ek}) h

Epn - the “energy”
of the ground states
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Pomeron vs @@ﬂd on

Pure gluon: | Au(x) oA —Az;(a:) where Ay (z) = Af(z)t°

N = 2:
P (z,y) = tr(Au(@) Au(y)) = 50uA%(x) AL (y) C=+1
N = 3. |
Puvp(@,y,2) = —itr([Au(e), Av()]Ap(2)) = JfacAu(2) ALY Af(2) | C=+1
Opvp(,y,2) = tr({Au(z), Au(y) }Ap(2)) = %dabcAZ(m)Ag(y)AZ(z) = —1
Reggeons:

P = \U(_) z ) Z: ) %
{ Jabe (%1, %2, %3) where under mirror permutation

O dgpe o VH)(2, 25, 23)

MW (z1,2o,...,2Ny) = W(ZN,...,22,21) -
M\U(i)(g’l, 25, ..., ZN) = :t\lf(j:)(gl, 25, ..., ZN)
w(i)(§17527 s ng) — % [w{q,(j}(g].)gé) . 75]\7) + w{—q,~§}<51)227 . . 7ZN)]

where ¢ = {qz}, —q = (—1)"g,
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Wave-Functions for Three Reggeons

I {Q39Q3JL&J13/417@9/@)

Lipatov’s ansatz:

gV =—(h—1)hWV & (a-h. sec.) I

—

v = W F(z, 7)

where w = 23-22) __ apq o = {z1=22)(z3=20)

~ (23—20)(22—20)

Janik-Wosiek solution:

BV =gV & (a-h. sec.) | ::>{

where g3 = ¢4 and h =1 — h* with h =

(z1—20)(23—22)

spectrum of g3
W 45,351 (71, 22, 23; 20)

1+7’Lh
2

+ivy, and ny, € Z, vy, € R

Usually, the wave-functions w{q3’§3}(21,22,23; Zp) have mixed C—parity,
so they contain Pomeron as well as odderon contribution.
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Baxter equations 1 |

! QCD Hy 1
the integral ansatz for
Nz — 00 l Qlu,w) = [ Qglz, Z) K(u,u, 2 Z)d?z
Hy=>;H(Zg, Zp+1) Differential equations for Q)z(z,%)
= the integrals l singlevaluedness of @q»/(zgz)
of motion g in the complex z-plain

HN(Q) ‘ Quantum conditions for the eigenvalues of qe

the Baxter l /
()-operator

Hy [Qg(u, @)

Spectrum of the energy
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The Ground Br

d

iches En(Imh)) for b = 1

Antiferro

wy,



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 n interacting gluons in the large IV, limit.
Going beyond the evolution with fixed number of gluons in the t-channel, the effective
- verteces determining the non linear evolution of Pomeron and Odderon states are also
dynamically affected by the gluon reggeization.
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!t comes frem (hlng) =0,

| <p|h> <p|hA> v <p1h s

o Hu = YO Rla®) e (07

,012 N P
Eh(plOaPZO) ( > ' ( * 12*'
e 010,020 \P10P20

A ’he presence of the term added thanks to gauge freedem

remo ngthe 8) ffand_‘ defme (on the Analytic Feynman (AF) space)
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M space PRIy,

i .1.hh,’
'_F__2 ,

Pf.(wl,x:z) :%

e ~

P =p2

[f(fl?ls_..—-.ﬂvﬁl)nL f(—z2, z2)]
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Cham ()f ’ lmked solutms escndent smtes '

ed un :v-thel' g!uo_ﬁ,-evolutlon (kerneI Hn) are assoc&ated to the operators R

pml pzlpz2-~--pzr ;: [q+,"qs] 0 [qr,h]-,—_—o

N jblus algebra) and qn = p1s" pnl Py P
er on tnwal elgenstates of H3 wrth Q3' - 0 for the Odderon (BLV states) or

pnlt lal|2 ' :anl En:=o=>

=> lplz

Classn‘y W, rt cychc permuta’uons

‘Rewrite the kernel asv o
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Single Spin Asymmetry of Very
Forward Neutron at PHENIX

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

Kiyoshi Tanida (RIKEN)
for the PHENIX Experiment



0s

sqrt(s)=200 GeV

\___Collision point
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EMCal based results

Neutron Asymmetry

~ 0.15¢ e
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Average beam pol. ~11%
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\\ persists at sart(s) = 410 GeV

| phiPhysics Asymmatry {blue,northy : SART farmula I pht Fysics Asymmetry fredlosnontitg : SORT Rrmua | = 14827
0.04 Pl = GOERA L (001 0.04 PLO] = -CECE0 £ RO 1
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o0of- fOrward 0.2
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Tag neutron (or gamma) at ZDC

Measure Ay of coincident particle at BBC

Forward neutron, forward BBC, left-right
(—4.50+0.50+0.22)x10~*

Forward neutron, backward BBC, Ieft-rlght
(2.28+0.55+0.10)x 107

— No significant asymmetry for backward ZDC tagged
data or in top-bottom asymmetry.

— Systematic error doesn’t include AN error.
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“Summary

» We found a large Ay (-10%) in forward production of

neutron in pp collision at sgrt(s) = 200 GeV.
— Mechanism is unknown < Place for Odderon??

Measurement at PHENIX confirmed this.
— comparable Ay at 200 GeV and 410 GeV.

Coincident particles at BBC (forward and backward)
also have large Ay |

— diffractive-like picture favored.
Further experiments?

Your input is very

appreciateall
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Oddball Regge Trajectory and a Low
| Odderon Intercept

Stephen R. Cotanch
Department of Physics

North Carolina State University
Raleigh, NC 27695-8202

- Using standard many-body techniques, we report [1] 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 [2], which reproduced both the
C = P = +1 lattice glueball masses and the pomeron, to three
gluon states. From our predicted odd signature J7¢ (P = C = -
1) glueball spectra (oddballs) an odderon Regge trajectory clearly
emerges having a slope similar to the pomeron and begins with
JFPC = 37~ (the 17~ state is on a daughter trajectory). The
odderon intercept is lower, however, even smaller than the w tra--
fjectory’s intercept which is consistent with the nonobservation
of the odderon in high energy total cross section data (i. e.
OTotal X sa(o)‘l). 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 57~ 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 ‘fl—g, which varies
as s~22")~2 for non-pomeron processes at t well below zero (large
|t]) where it should dominate all C' =-1 meson trajectory contri-
butions that will be suppressed by larger slopes.

[1] F. Lanes-Estrada, P. Bicudo and S. Cotanch, hep-ph/0507205.
[2]) F. Lanes-Estrada, S. Cotanch, P. Bicudo, J. Ribeiro and A.
Szczepaniak, Nucl. Phys. A 710, 45 (2002).

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

Hfff = Tr/dx [T%(x) - IT%(x) + B (x) - B%(x))
E 1

_ _Z_/dxdy ngL(X)V(X, Y>PCgL(Y>

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

py(x) = fA (x) - TI°(x)

o Aﬁelian magnetic fields

9=V x A"

o ga@hge fields A%, conjugate momenta II* = —E°

o bafre gluon Fock operators

aj(q) momentum q, spinyu=0,%1

e C(f)ulomb gauge transverse condition

V -A=0=q-a%q) = (—1)“qua‘iﬂ(q) =0
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o Bdgoliubov—Valatin canonical transformation
(BCS rotation) to dressed gluon operators

a%(q) = cosh ©(q) a(a) + sinh (q) a2 (—q)

e satisfy the transverse commutation relations

a%(q), 21 (q)] = 6(27)*6*(q — o) Dy ()

Dyla) = (% — (—1)#‘1“‘1—”)

_ T
. PQCD vacuum |0 > = BCS vacuum |[Q) >pcg

e minimize ground state energy

5 ((Q|H,:; — E|Q)
5@( Gl >:O

° geﬁerates a gap equation

o0 = =3 [ ovla-i+aior) (U

e gluon self-energy

w(q) = ge~2°19
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o cohﬁnement via Cornell type potential

67
Vix—yl)=0olx—y| - -]

o =0.18(from lattice) oy = 0.42

o scf)lve gap eq. for gluon constituent mass

mgy = w(0) = 0.8GeV
e predicted gluon condensate (cooper pairs)

(aG? GHY) = (433 MeV)4

u~"a

lagrees with lattice (441 MeV )"

o TA two gluon glueball wavefunction

Wy = 3 / BIEC (o (K)ol (~1)[0)

amimo

° solve for glueball mass M ;po

H|\IJJPO> Mjpg|\lfi]§0> [agree with lattice]

° predlct a Regge trajectory close to the pomeron

op =~ 20t + 1
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o Vafiational three gluon glueball wavefunction

|‘PJPC> / dqidaadqsd(qr + g2 + q3)
F/ilfbg,@(ql) Q2, q3)Ca aT<q Ja) (a2)est (as)| Q) Bes
e Bose statistics Cabc f% (C=1) or d® (C = —-1)

e variational equation for the JPC glueball
<\1]JPC| ff|\IjJPC’>

<_\I;JPCI\I;JPC’>
e predict leading Regge trajectory (odderon)

= Mjpc [agree with lattice]

ad? = 23t — 0.88 [note low intercept]

° compare to nonrelativistic constituent model

HMZ

e use ¢q furmel potential

Vo=-.9 GeV, a = .27, 0 = .25 GeV2 m, = .8 GeV
and adjust Vi; — 0.085 GeV to fit pomeron

-|- VisSi - Sy
Tij

i<j

e predict leading Regge trajectory (odderon)

= .18t 4 0.25 [note low intercept|
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lattiéce, HY.. and H) odderons vs. w trajectory

Oddball Chew-Frautschi plot

C=P= -1 pure glue states

8IIIIII|I’IIIIIII|III|IIIIIIIIIIlIIIlI
II
)
U /
/
/
!
6 J
/
/
I/
5— /
!
/
]
J 4 /
!
/
ll
?’— / O  Morningstar and Peardon
' / ¢ Meyer and Teper
2=/ o  Kaidalov and Simonov —
| ----  trajectory
. A A | H,, (this work) |
0 ¢ e Coulomb gauge H . (this work)
0 1 1 ! | L1 1 I 11 1 ] L1 | I 1 1 ] [ 1 ) ] I | 1 1 1 I L1 1 I I
0 4 8 12 16 20 24 28 32 36 40
2 2
M (GeV )

o lattice, I .r¢ and Hy models predict an odderon
e starts with 37~ (not 177, need lattice 5~ )

e odderon slope is similar to pomeron

e odderon intercept is low, below 0.5

e search for odderon where w trajectory is not
do

dominant (examine %, not oy o 5o (0)=1)
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A CLASSICAL ODDERON
" INHIGH ENEGY QCD

RAJU VENUGOPALAN
" BNL

RBRC Workshop, Sept. 37th-29th, 2005



89

- Work in collaboration with Sangyong Jeon (McGill/RBRC)

I A CLASSICAL ODDERON IN QCD AT HIGH ENERGIES.
Sangyong Jeon, Raju Venugopalan Phys.Rev.D71:125003,2005

) RANDOM WALKS OF PARTONS IN SU(N(C)) AND CLASSICAL

REPRESENTATIONS OF COLOR CHARGES IN QCD AT SMALL X.
Sanegyvone Jeon, Raju Venugopalan Phys.Rev.D70:105012,2004

Odderon paper inspired by

% Tl atte = Tanmenr K Traler ' RAAT s
Y. Hatta, E.lancu, K. Itakura, L. MclLerran

Nucl.Phys.A760:172-207,2005
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PATH INTEGRALS: Generates Odderon

~a excitations!

As in SU(2), with [© —

MV Path integral measure for SU(3):

S T T S R N e Pp°
L~ [[dplexp |~ [ d"xL | == - u
J \ L 26% Ka ]/




Can compute < O > with “SU(3) measure”

To lowest order,

— |

To all orders (in the parton density)

o <0>w”fexp( ‘m“fi o)

Kovchegov, Szymanowski, Wallon



Dosch, Ewerz, Schatz

3-quark Baryon state scattering off CGC

1 1k Imn
Blxy.2) = (™ Vi)V )V 1) - he |
To lowest order,
93

0 {0 0~ 208) oy 0 - 205 (of + 0, - 20

14
<B> _ O% (NE _4)(N3 o 1)
- 24mrd » - N?

All order result feasible, but tedious...

A3 % logs.
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CONCLUSIONS

» The ground state of a Iarge nucleus cohtains configurations
that generate Odderon excitations - these can be traced
to the random walk of valence partons in color space.

> These results represent a “rigorous” proof in the large
A asymptotics of QCD at high energies

> Dipole Odderon and Baryon Odderon operators
are computed

» Phenomenological consequences - to be investigated
further
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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 coupllng to the
external probes.

Yoshitaka Hatta
(RIKEN BNL)

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

Nucl. Phys. A760, 172 (2005)
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Theoretical status of LLA pQCD odderon

e Bartels-Kwiecinski-Praszalowicz (BKP) equation (1980)

e Mapping onto exactly solvable 1D Heisenberg spin
Lipatov (1993), Faddeev & Korchemsky (1994)

e Exact solutions Janik & Wosiek (1999) iy <1
Bartels, Lipatov & Vacca (2000) o, =1

0

e Formulation in the dipole model
Kovchegov, Szymanowski & Wallon (2004)
in the EGLLA Braunewell & Ewerz (2005)
e Formulation in the CGC
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Color Glass Condensate formalism
McLerran & Venugopalan (1994)

An effective theory fOr the gluon saturation at high energy

| A high energy hadron (nucleus) is replaced with strong classical color fields

o= A" ocl/g distributed according to a weight function W _[cr].

Hadron-CGC scattering amplitudes 1  are first calculated with the fixed
background field ¢, then averaged over (X .

<T>.= [[Dall(a)W,[a)

W || satisfies the JIMWLK equation

— small-x evolution equation for < T >T

Sf\fJalilian-Marian, lancu, McLerran,
Weigert, Leonidov, Kovner



9L

Construction of the odderon exchange amplitude in CGC

Dipole-CGC scattering | C> e > ;l
1

<
&fﬂdd(m 41 ) = {out, odd |in, even} g % %
2 <[1 f‘ ]}f T'{@ tl‘ﬂf?-l‘;) >T CGC >

S, [a]l=1-N,_[a]+iO, [a]

Odderon amplitude

0000

020000

Weak field approximation

abe. fag a.b e Ty
d {Efﬂiﬂyay &xﬂ,mﬂy‘l—J—(mmka&x—@y e’ “I}

JIMWLK * \ /

“CGC Green s function”

g

g, o — oy )2
2 0@y =2 [T (0 1)) + (O 200 = (0L un))r).

7 (w1 — 21 Py —2z1 9
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Non-linear evolution equation for
the dipole-odderon amplitude

Imaginary part of the Balitsky equation

a . oy (21 —yi)*
— O3y ) =—5fd:23 : —

(D(:m, 2040020, v1) —OlzL, u)
—Ofzy, 20 )Nz, 90 ) — N{za, 20000210, 41 )>*r

e

c.f. Kovchegov, Szymanowski, Wallon

[TEE IR ER R

T —> © <0 > «cexp{—ca t’}

Saturation effect suppresses the odderon amplitude

Ce00e
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o0
N X

Evolution equation for the 3-quark '
odderon amplitude in the linear regime

' { sy, 42
" ‘o _ S0 2, (21 —y1)
o1 - dq? I.It’;‘_L —wy ly —wy )

X (EB‘lwz*‘T + QB’WF?}'T - 'éB-lya?s“T

? Yy ] i % (] 4
g I k! ! P (
— Bmwz it — " J.mir.- v — LDyl myw;‘ﬂ')

+ {2 cyelic permutations).

Closed equation for the gauge invariant amplitude <B(x,,y,,z,) >,
IR and UV safe
Relation to the BKP equation ?



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. Szymanowski and S. Wallon [1].

‘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, v) correspondingly, where the C'-odd initial condition allows only for odd values of n.
The leading high-energy odderon intercept is given by apqq — 1 = 35'5;';—1!2 x(n = 1,v = 0) = 0 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 7¢. In DIS this corresponds to g@
pair diffractively interacting with the target via odderon exchange and then forming a meson. The odderon
exchange amplitude, which we will denote by O(zg,z,; 2,1 — z) for a dipole with transverse coordinates of
the quark and antiquark z; and z; and longitudinal momentum fractions z and 1— 2 correspondingly, should
indeed be C-odd. It should change sign under the charge conjugation, which interchanges the quark with
the antiquark: O(zg,2z;;2,1—2) = —O(z;1,20;1 — 2,2).

In Slide 1 we show that the lowest order odderon exchange amplitude, which is mediated by a three-gluon
exchange, is indeed odd under z, ¢+ z; exchange, i.e., it is C-odd. (The leading high energy amplitudes are
symmetric under z <> 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 to 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.

[1] 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:

Xy, Z

S A
(S

+

2
i‘i—c-zlf-e"’ﬁﬂf—~1n|£|/\

x=0

3 xO with ¢, the color factor. The target

O (EO’——I) = CO aS ln Is located at O transverse coordinate.

.xl

The above amplitude obviously changes sign under xy <> X !
(All eikonal amplitudes are even under z « 1-z interchange.)
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Let us include one rung of the small-x f \
evolution in the framework + 2
of A. H. Mueller's dipole model. We \ C (C (q f

are working in the large N limit, so
the graphs are planar and the gluon is
given by double line:

. . x=0
One rung of evolution gives
min{ z,1-z} 2
%_]_VZ_C_ “, jdzxz zxmp_ [Og(x4,%,)+ Opg(x,,%,) = Oy(x4,%,)]
27 z, Xoy X1

Substituting the amplitude O, from the previous slide we get

o N X
S —CciagIn=2ln
27 X, z

. 2
min{ z.1 -z X X X
{ ) }J‘dzxz 2012 In 2010 21
Xoa *12 Xy Xy

3

init

which is non-zero and C-odd (changes sign under X, < X,).
= “C-oddness” survives dipole evolution!
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onh Ok,

Equaﬂon

Now we can easily
write down an

8 )

evolution equation oY \
s

T

~ for the odderon
amplitude in the dipole
model.

6O(x0,x1,Y) jd x2 xm 2

[0(x09x2>Y)+ O(x2>x1 Y) O(anxlaY)]
aY xoz x12 , | o

This is the same evolution equation as for the BFKL Pomeron
in the dipole model! How is the Odderon equation different
from the Pomeron equation?
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To flnd the leading hlgh energy term in

| - 2a' N M o
| jdv Z exp[ jr )((n V)Y}E (po,pl)

l_oo | .oda’n

one notes that the saddle point of v-integrals is given by
v=0 for any n. Analyzing the saddle point values y(n,0) for
odd n one can see that n=1 term is the largest.

The leading high energy odderon intercept would then be

given by @ N,
—1-2;((72—11/—0) €C=0
T

in agreement with Bartels, Lipatov and Vacca (BLV).

Odderon amplitude is at most constant with energy!




78

|
..__/"’Jr ' B J) k,I_~_,; _i

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'

O =

i H | ;& L] : ]
| ; u i
Tala TaliIlidfTalaila ;o } ~ § -1
Q1UU0T11 11 OOI01T \Jl
g i A I B ! ! A i
-’ \A\A JIVALIVILE 111 ULV *

2 , _
aO(xO,xl,Y) aS = J‘dz‘xz 2 [O(xO,xz,Y)+0(x2,x1,Y) O(xoaxlay)’ :

oy 27r o x02 x12 |

aS NC jdzxz xm [O(anxzaY)N(xzsan)'l' N(x09x2’y)0(x2’x1’y)]
2r” L xozxu». |

bd

(cf. evolution equation for reggeon by K. ltakura, 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 1 at high energies.

I = Saturation ;ﬁects only decr intercept!




Ultra-peripheral
Au-Au physics
at STAR
~ R.S. Longacre
Brookhaven Nat. Lab.
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Exclusive p® Production "
rtual photon from one nucleus L — Au
ites to a qq pair which scatters
astically from the other nucleus and
rerges as a vector meson
S ifffiPhoten emission follows the Weizsacker-Williams method
0 For heavy mesons (J/y), the scattering is sensntlve to
nuclear shadowing
. Coherence photon emission and scattermg
+ Rates are hugh
- #® o(p) ~ 8 % of o(had.) for gold at 200 GeV/nucleon
120 /sec at design luminosity

¢ Other vector mesons are copiously produced
¢ incoherentscattering can also be studied




L3

200 GeV
EXxclusive p°

ement at Xpy < 2h/R, ~100

"";'":"”h-?_,_vtOpology triggers
_ ___,:.e'_fex

= non-coplanar; 6< 3 rad to reject
- cosmic rays

" -'Tc+n+ andn T ‘model background
'~shape |

* T palrs from higher multiplicity
events have similar shape

& scaled up by ~2
# Incoherent p° (w/ p;>150 MeV/c)
are defined as background in this
~analysis
asymmetric M__ peak

v

o
=
T

Egiriesi,15

= =
T
-+

400

T

300
200

100

e THT-
CJ n+ntm-m-
— Monte Carlo

-

Signal
region:
p1<0.15 GeV

0

M(mt) Ge\?

NN b\
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Cross Section Comparlson

STAR Theory
PRL 89, 027302 (2002) PRL 89, 012301 (2002)

36.6 2.4 £t89mb 27 mb
2.510.4+0.6 mb 3.25 mb
410+190+100 mb 350 mb

. 130 GeV data
Cwe Normallzed to 7.2 b hadronic cross section

| Systematlc uncertainties: luminosity, overlapping events,
vertex & tracking simulations, 1n selection, etc.

, Exclusive p° bootstrapped from XnXn

¢ limited by Statistics for XnXn in topology trigger
Good agreement

R factorization works



- Conclusions

% Star has observed photonuclear
poproduction in Au Au

Yep’ cross section agree with
theoretical prediction.

*Coherent 4-prong events, hkely .

the p " is observed.
vFuture look for exotic mesons
in the 4-prong data.
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Odderon Searches at RHIC

September 27-29, 2005
Physics Department - Small Seminar Room

(Organizers: Wlodek Guryn, Yuri Kovchegov, Larry Trueman and Werner Vogelsang)

Tuesday Morning, September 27, 2005 (Chairman: Larry Trueman)

08:30 —09:00
09:00 —-09:10

09:10 —09:50

09:50 — 10:30
10:30 — 10:50
10:50 - 11:30

11:30 —02:00

REGISTRATION AND COFFEE
WERICOMIIE .o .etiniieite it e et e s st aeae s Wlodek Guryn

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

Phenomenology ..o e Basarab Nicolescu

The Odderon, Past and Present .......oovviiiiiiiiiiiiiiiieiire e eneeneeens Elliot Leader
COFFEE BREAK
Experirhental Possibilities at RHIC ........c.cooviiiiiiiiiiiin Wiodek Guryn

LUNCH (only served at the Berkner Hall Cafeteria until 1 pm)

Tuesday Afternoon, September 27, 2005 (Chairman: Elliot Leader)

02:00 — 03:00

03:00 — 04:00

The Odderon and the Spin-Dependence of Proton-Proton Scattering ........... Larry Trueman
Measuring of Pomeron Phase and Possible Discovery of Odderon at RHIC

via Charge Asymmetry in Dipion Production with Two Rapidity Gaps ........ Ilya Ginzburg
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Wednesday Morning, September 28, 2005 (Chairman: Dmitri Kharzeev)

09:00 —09:40 The Odderon - a Fundamental Objectin QCD .......ccveviiiiiiiiiiiiiiiinne, Jochen Bartels
09:40-10:20 Reggeized Gluon States in QCD ....viniiriieiiiiieeeieiee e e Jan Kotanski

© 10:20-10:40 COFFEE BREAK

10:40 — 11;20 Some Aspects of the Perturbative QCD Odderon .........ocooiviiiiininnnnnnnn.. Gian Paolo Vacca
11:20 - 12:00  Single Spin Asymmetry of Very Forward Neutron at PHENIX ................. Kiyoshi Tanida

12:00 - 02:00 LUNCH (only served at the Berkner Hall Cafeteria until 1 pm)

Wednesday Afternoon, September 28, 2005 (Chairman: Yuri Kovchegov)

02:00 — 02:40 Search for Odderon in the Parity Violating Amplitudes' Asymptotics.......... Leszek Lukaszuk
02:40 — 03:20 Oddball Regge Trajectory and a Low Odderon Intercept .........ccccovuvvvnnee..  Stephen Cotanch
03:30 —04:30  DiSCUSSION SESSIOM 1. euvuevrurnenrneenererenenenreaentierenenenenenrenenaneesaenensnnn Wiodek Guryn

06:00 —08:00 WORKSHOP DINNER

Thursday Morning, September 29, 2005 (Chairman: Larry McLerran)

09:00 — 09:40 A Classical Odderon in High Energy QCD .....ccoviviniiiiiiiiieiiiiiiiennnne, Raju Venugopalan
09:40 — 10:20 Perturbative Odderon in the Color Glass Condensate ...........cccoceeveiiennnan. Yoshitaka Hatta
10:20 - 10:40 COFFEE BREAK

10:40—11:20 Odderon Evolution and Saturation .........c.eeeieiiiiiiiaeeiir v e e enns Yuri Kovchegov
11:20 —11:40 TUPCProgram at STAR ....oriiiniiiiiie ettt e e e ne s Ron Longacre

11:40 —02:00 LUNCH (only served at the Berkner Hall Cafeteria until 1 pm)

Thursday Afternoon, September 29, 2005 (Chairman: Wlodek Guryn)

02:00 —03:00 Present Status of the Odderon ....ovevviiiiirieiiiiiiii it Carlo Ewerz
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Additional RIKEN BNL Research Center Proceedings:

Volume 76 — Odderon Searches at RHIC, September 27-29, 2005 — BNL-

Volume 75 — Single Spin Asymmetries, June 1-3, 2005 — BNL-74717-2005

Volume 74 — RBRC QCDOC Computer Dedication and Symposium on RBRC QCDOC, May 26, 2005 —
BNL-74813-2005

Volume 73 — Jet Correlations at RHIC, March 10-11, 2005 — BNL-73910-2005

Volume 72 — RHIC Spin Collaboration Meetings XXXI(Januvary 14, 2005), XXXII (February 10, 2005),

. XXXMOI (March 11, 2005) — BNL-73866-2005

‘Volume 71 — Classical and Quantum Aspects of the Color Glass Condensate — BNL-73793-2005

Volume 70 — Strongly Coupled Plasmas: Electromagnetic, Nuclear & Atomic — BNL-73867-2005

Volume 69 — Review Committee — BNL-73546-2004

Volume 68 —~ Workshop on the Physics Programme of the RBRC and UKQCD QCDOC Machines — BNL-
73604-2004

Volume 67 ~ High Performance Computing with BlueGene/L and QCDOC Architectures — BNL-

Volume 66 — RHIC Spin Collaboration Meeting XXIX, October 8-9, 2004, Torino Italy — BNL-73534-2004

Volume 65 — RHIC Spin Collaboration Meetings XXVII (July 22, 2004), XXVIII (September 2, 2004), XXX
(Decefnber 6, 2004) - BNL-73506-2004

Volume 64 — Theory Summer Program on RHIC Physics — BNL-73263-2004

Volume 63 — RHIC Spin Collaboration Meetings XXIV (May 21, 2004), XXV (May 27, 2004), XXVI (June

| 1, 2004) — BNL-72397-2004

Volume 62 — New Discoveries at RHIC, May 14-15, 2004 — BNL- 72391-2004

Volume 61 — RIKEN-TODAI Mini Workshop on “Topics in Hadron Physics at RHIC”,
March 23-24, 2004 — BNL-72336-2004

Volume 60 — Lattice QCD at Finite Temperature and Density — BNL-72083-2004

Volume 59 — RHIC Spin Collaboration Meeting XXI (January 22, 2004), XXII (February 27, 2004), XXIII
(March 19, 2004)— BNL-72382-2004

Volume 58 — RHIC Spin Collaboration Meeting XX — BNL-71900-2004

Volume 57 — High pt Physics at RHIC, December 2-6, 2003 — BNL-72069-2004

Volume 56 — RBRC Scientific Review Committee Meeting — BNL-71899-2003

Volume 55 — Collective Flow and QGP Properties — BNL-71898-2003

Volume 54 — RHIC Spin Collaboration Meetings XVII, X VIII, XIX — BNL-71751-2003

Volume 53 — Theory Studies for Polarized pp Scattering — BNL-71747-2003

Volume 52 — RIKEN School on QCD “Topics on the Proton” — BNL-71694-2003

Volume 51 — RHIC Spin Collaboration Meetings XV, XVI— BNL-71539-2003

Volume 50 — High Performance Computing with QCDOC and BlueGene — BNL-71147-2003

Volume 49 — RBRC Scientific Review Committee Meeting — BNL-52679

Volume 48 — RHIC Spin Collaboration Meeting XIV — BNL-71300-2003

Volume 47 — RHIC Spin Collaboration Meetings XII, XTI — BNL-71118-2003

Volume 46 — Large-Scale Computations in Nuclear Physics using the QCDOC — BNL-52678

Volume 45 — Summer Program: Current and Future Directions at RHIC — BNL-71035
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Additional RIKEN BNL Research Center Proceedings:

Volume 44 — RHIC Spin Collaboration Meetings VIII, IX, X, XI — BNL-71117-2003

Volume 43 — RIKEN Winter School — Quark-Gluon Structure of the Nucleon and QCD — BNL-52672

Volume 42 — Baryon Dynamics at RHIC — BNL-52669

Volume 41 — Hadron Structure from Lattice QCD — BNL-52674

Volume 40 — Theory Studies for RHIC-Spin — BNL-52662

Volume 39 — RHIC Spin Collaboration Meeting VII — BNL-52659

Volume 38 — RBRC Scientific Review Committee Meeting — BNIL-52649

Volume 37 — RHIC Spin Collaboration Meeting VI (Part 2) — BNL-52660

Volume 36 — RHIC Spin Collaboration Meeting VI — BNL-52642

Volume 35 — RIKEN Winter School — Quarks, Hadrons and Nuclei — QCD Hard Processes and the Nucleon
Spin — BNL-52643

Volume 34 - High Energy QCD: Beyond the Pomeron — BNIL-52641

Volume 33 — Spin Physics at RHIC in Year-1 and Beyond — BNL-52635

Volume 32 — RHIC Spin Physics V — BNL-52628

Volume 31 — RHIC Spin Physics III & IV Polarized Partons at High Q"2 Region — BNL-52617

Volume 30 — RBRC Scientific Review Committee Meeting — BNL-52603

Volume 29 — Future Transversity Measurements — BNL-52612

Volume 28 — Equilibrium & Non-Equilibrium Aspects of Hot, Dense QCD — BNL-52613

Volume 27 — Predictions and Uncertainties for RHIC Spin Physics & Event Generator for RHIC Spin Physics
IIT — Towards Precision Spin Physics at RHIC — BNL-52596

Volume 26 — Circum-Pan-Pacific RIKEN Symposium on High Energy Spin Physics — BNL-52588

Volume 25 — RHIC Spin — BNL-52581

Volume 24 — Physics Society of Japan Biannual Meeting Symposium on QCD Physics at RIKEN
BNL Research Center — BNL-52578

Volume 23 — Coulomb and Pion-Asymmetry Polarimetry and Hadronic Spin Dependence at RHIC Energies
— BNL-52589

Volume 22 — OSCAR II: Predictions for RHIC — BNL-52591

Volume 21 — RBRC Scientific Review Committee Meeting — BNL-52568

Volume 20 — Gauge-Invariant Variables in Gauge Theories — BNL-52590

Volume 19 — Numerical Algorithms at Non-Zero Chemical Potential — BNL-52573

Volume 18 — Event Generator for RHIC Spin Physics — BNL-52571

Volume 17 — Hard Parton Physics in High-Energy Nuclear Collisions — BNL-52574

Volume 16 — RIKEN Winter School - Structure of Hadrons - Introduction to QCD Hard Processes —
BNL-52569

Volume 15 — QCD Phase Transitions — BNL-52561

Volume 14 — Quantum Fields In and Out of Equilibrium — BNL-52560

Volume 13 — Physics of the 1 Teraflop RIKEN-BNL-Columbia QCD Project First Anniversary Celebration —
BNL-66299

Volume 12 — Quarkonium Production in Relativistic Nuclear Collisions — BNL-52559

102



” Additional RIKEN BNL Research Center Proceedings:

Volume 11 — Event Generator for RHIC Spin Physics — BNL-66116

Volume 10 — Physics of Polarimetry at RHIC — BNL-65926

Volume 9 — High Density Matter in AGS, SPS and RHIC Collisions — BNL-65762

Volume 8 — Fermion Frontiers in Vector Lattice Gauge Theories — BNL-65634

Volume 7 — RHIC Spin Physics — BNL-65615

Volume 6 — Quarks and Gluons in the Nucleon — BNL-65234

Volume 5 — Color Superconductivity, Instantons and Parity (Non?)-Conservation at High Baryon Density —
BNL-65105 "

Volume 4 — Inauguration Ceremony, September 22 and Non -Equilibrium Many Body Dynamics —-BNL-
64912

Volume 3 — Hadron Spin-Flip at RHIC Energies — BNL-64724

Volume 2 — Perturbative QCD as a Probe of Hadron Structure — BNL-64723

Volume 1 — Open Standards for Cascade Models for RHIC — BNL-64722
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