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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 “Rikagakn Kenkynsho” (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. 

During the first year, the Center had only a Theory Group. In the second year, an 
Experimental Group was also established at the Center. At present, there are seven Fellows and 
eight Research Associates in these two groups. During the third year, we started a new Tenure 
Track Strong Interaction Theory RHIC Physics Fellow Program, with six positions in the first 
academic year, 1999-2000. This program has increased to include ten theorists and one 
experimentalist in the current academic year, 2001-2002. Beginning this year there is a new 
RlKEN Spin Program at RBRC with four Researchers and three Research Associates. 

In addition, the Center 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 thirty-three proceeding volumes available. 

The construction of a 0.6 teraflops parallel processor, dedicated to lattice QCD, begun at 
the Center on February 19,1998, was completed on August 28,1998. 

T. D. Lee 
August 2,200l 
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* Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886. 
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QCD overtakes the Pomeron? 

In (experimental) pursuit of the Structure, 
and therefore Chromodynamics, 

of the Hadronic Interaction 

John Dainton 

University of Liverpool, GB Contents c 1. Archaeology 

2. History 3. Here and Now 

4. Conclusion 

“We dnnce around in a ring and suppose, 
But the secret sits in the middle and knows.” 

R.obert Frost, “The Secret Sits” 

Introductory remarks at the International Workshop 

“High Energy QCD - Beyond the Pomeron”, 
May 21 - 25, 2001, Brookhaven, Long Island, NY 

1. Archaeology 

0 strong interaction between nucleons 

action at 

-- uncertainty 

at * al3 N fi 

- space-like E sum of time orderings 

= emission + absorption - 

- range E & N 1 fm 

- high energy? 

scale! 
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I.nborstory beam nw”,ent”m (GeVlc) 

optical theorem elastic scattering 

l helicity dependence 

exclusive T 5--+ 7rp n-21 + lR2 + . . . . 

:: 

lc 

d;: d: 
dt dt 

diffraction If2 = lP + T*xfo S 0 -+ forward peak 

peak 

reggeon exchange I22 --b Tn,j=o + forward dip 

inclusive y’F-+T Y 
+++1‘ 
x + haclrons 

“splitting” energy dependence 
a(t) P,,/p cx (*)2u(t)--1 ac( ,2&t)-2 

P 

>l falling rising 
<l rising falling 

with increasing zlclP with increasing s 

diffraction IR = P 

proton spin structure 

dynamics: s-channel and/or 

c-3 polarised beam/target 

+ SCHC ? 

-3 “spin crisis” 

t-channel or ? 



(I?-Z)xP/NP N/ 1 
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l QCD degrees of freedom at low scale l the mystery 

- Russian resilience - Reggeise your gluons! 13 I.;IC I, 

“Reggeised gluon +-+ structure t) angular momentum” 
l,ilml.ctv 

elastic diffraction qq + qq 

T 44+w c( . . . . . +lXp g%.lx” g%... 1’” g$+ .*... 

. . . . . + +. . . . . . 

- Regge form .+l::;lii, Fllllilli . ~~i~;:i~~~~llilli. l:ii.l.; CEli\‘,s,c 
coupling g c) intercept --+ running intercept? 

+ universal lP? 

- gg, gggg, . . . Jpc = O++ . . . . natural lP 

999, *a* Jpc = O--.... unnatural odderon? 

- qij lR trajectories running intercept? 
universal’? 

- reggeon calculus, effcctivc field theory 

phenomenology (Regge) &CD 

t-channel ‘2nesor.r” glueball? 

diffraction t-channel gluons? 

leading up (t) gluon ladder(s) ? 

universal c2p (t)? running cus 

helicity conservE? q + qg helicity conservg 

C +(P)/-(odderon)? even/odd no. gluons? 

meson yuarkonium? 

sub-leading QR (t) t-channel quarks? 

universal fx~ (t)? running L)IS 

helicity structure? q -+ qg helicity structure’ 
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Yuri Dokshitzer 

Around the Pomeron. 

I gave a brief overview of the concept of Pomeron (leading vacum 
channel complex angular momentum singularity), the prehistory of the 
subject ("Before the Pomeronl'), and, in particular, the history of 
muddling through the s-channel unitarity problems ("Inside the 
Pomeronl') . [Given a massive confusion which, .as it transpired during 
the meeting, the Pomeron and related concepts cause to the minds of 
experimenters and young theorists, I wish someone gave a two-day 
lecture course on the subject rather than a 30 minutes talk.] 

I tried to stress the relation between understanding high energy 
scattering and understanding confinement. 

In the "Besides the Pomeron" part of the talk, I pointed out a number 
of apparently l'anti-Pomeron" phenomena, such as "baryon stopping" 
(long-range quantum number correlations) and the process dependence of 
the relative yield of strange hadrons. Comparative studies of pA, 
heavy ion and pp interactions are of primary importance for 
understanding both the structure of hadrons and colour dynamics of 
multiple hadron interactions. 
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Key questions 

l Are there reglly two separate pomerons? 

q Are they simple poles in the N plane? 

l Does the hard pomeron contribute already at Q2 = O? 

l Is it really flavour-blind, even at small Q2? 

l How do we resum pQCD? 

18 
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Q2 (Ge?) 

Figure 13: Q2 dependence of the p-meson 
cross-section at W = ‘73 GeV in model S3. The 
data are from: Hl [64]; and ZEUS [X] [60] [62]. 

A NMC (W=lZ-‘SGeV) 

-1 
10 - 

I.,..!. ,' ,,,,,,,,,,,,, 
0 5 10 IS 20 25 

Q2(GeV2) 

Figure 14: Q2 dependence of the p-meson 
cross-section at W = 1.5 GeV in model S2. The 

data are from: MMC [4S]. 
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Figure 25: Q2 dependence of the J/@-meson 
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Figure 26: Q* dependence of the J/9 -meson 

cross-section at W = 14 GeV in model S2. The 

data are from The data are from’ EMC [44]; 

E401 [43]; E516 [45]; NA14 [46]; and E6S7 [47]. 
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QCD Instantons and.the Soft Pomeron 

Yuri V. Kovchegov 

Department of Physics, University of Washington 
Seattle, WA 98195, USA 

We study the role of semi-classical QCD vacuum solutions in high energy scattering by considering 
the instanton contribution to hadronic cross sections. We propose a new type of instanton-induced 
interactions (“instanton ladder”) that leads to the rising with energy hadronic cross section (T N sA 
of Regge type (the Pomeron). We argue that this interaction may be responsible for the structure 
of the soft Pomeron. The intercept A > 0 is calculated. It has a non-analytic dependence on the 
strong coupling constant, allowing a non-singular continuation into the non-perturbative region. 

To obtain the intercept we have to resum powers of the parameter exp (-5 Ins). We derive 

the Pomeron trajectory, which appears to be approximately linear in some range of (negative) 
momentum transfer t, but exhibits a curvature at small t and eventually flattens out at some 
larger t, similar to what is suggested by some phenomenological observations. 

I would like to thank Dima Kharzeev and Genya Levin for collaboration on this project. 
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After taking into co&id&ration the virtual cortections and the quark contributions the &+wer for the 
pomeron’s trajectory becomes k-. 

)I 
2 

Am&), (59) 
where A&t(t) is given by Eq. (58) 

The soft pomeron’s trajectory of ISq. (59) is depicted in Fig. 8. It is plotted for ~0 = 0.3fm, E 1 = 
2.4GeV, 6 = 0.31 and oz x 
intercept in Sect. IIIC. 

0.75, i.e., the same values as were used for the estimates of the pomsdn’s 

FIG. 8. Soft pomcron’s trajectory. t is mcasurccl in the units of pi. 
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Pomeron at Strong 
Coupling 

Chung-I Tan, Brown U. 
21/5/2001 

Key Idea: 

4d YM Theories at weak 
coupling is dual to higher dim 
String Theories with AdS 
Background 

R. C. Brower, S. Mathur, C-I Tan, 

hep-ph/O 102 127; hep-WOO03 115; 

hep-thl9908 196 
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It has been a long held belief that QCD in a non-perturbative setting can be described 

by a string theory. This thirty-year search for the QCD strings has recently led to a remarkable 

conjecture: Cdim QCD is exactly dual to a critical string theory in a non-trivial gravitational 

background at higher dimensions. In such a framework, Pomeron should emerge as a closed 

string excitation. We provide here a brief review for the Maldecena duality conjecture, and 

summarize results for the glueball spectrum and the Pomeron intercept in the strong coupling 

limit. 

We first recall that in the early days of string theory, (or the “dual resonance model” 

to use the nomenclature that predates both string theory and &CD), one observed that it 

was reasonable to represent the hadronic spectrum beginning with zero width “resonances” on 

exactly linear Regge trajectories. With the advent of QCD this approach was reformulated as the 

l/N expansion at fixed ‘t Hooft coupling, gcMN. States with vacuum quantum numbers could 

be assigned to closed-strings, including a massive 2 ++ tensor glueball on the leading Pomeron 

trajectory, ap(t) = cup + o$ t. Soon a threefold crisis appeared: zero-mass states, extra 

dimensions, supersymmetries. A careful study of negative norm states (i.e ghosts), tachyon 

cancellation and the consistency of the perturbative expansion at the one loop level led to 

supersymmetric string theories in 10 space-time dimensions. At the one-loop level unitarity 

requires that pair creation of two open strings, each contains “zero-mass” spin-l states, is dual 

to a vacuum exchange with an intercept cwp(0) = 2. This leads to a msssless 2++ state, the 

graviton. In fact the low energy, perturbative string theory was clearly not QCD but rather 

supergravity in 10 dimensions! 

What is the mechanism which allows our 4-d space/time and yet is able to generate a 

non-zero mass gap for tensor glueballs? How can one “lower” the Pomeron intercept so that 

crp(0) takes on its phenomenological value of 1.1 N 1.2? The key ingredient turns out to be 

duality, which allows a dual description of QCD involving extra dimensions and a nontrivial 

background metric which breaks supersymmetries. 

This recent development has led to the rebirth of active QCD string studies. A rich 

glueball spectrum can be computed at strong coupling. In particular, ond finds: 

cxp(0) N 2 - 0.66 ( 47r ~)fO(&-& * (1) 

With N = 3 and g2/4z N 0.25 at a characteristic confinement scale, hQcD,this leads to a value 

for &p(O) N 1.12. 
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Universal Pomeron from High Energy Relativistic Quantum Field Theory 

Jacques SOFFERl 

Centre de Physique Theorique 

CNRS Luminy Case 907 

13288 Marseille Cedex 09 France 

From the very high energy behavior of Relatistic Quantum Field Theory, it is possible to deduce 

some essential features of high energy hadron elastic scattering. This was first realized thirty 

years ago by Cheng and Wu, who investigated massive Quantum Electrodynamics. They were 

the first to predict the rise of total cross sections, resulting from the existence of the so-called 

tower cliagrams, which generate a term S(s) = s’/(Zns)“. This is the basic ingredient to built 

up our Universal Pomeron. In the framework of the impact-picture approach, we assume a 

factorization property to construct the Born term of the hadron elastic scattering amplitude, as 

a product of S(s) and a function F(b) of the impact parameter b, related to the internal hadronic 

matter distribution. The eikonalization is done in order to insure unitarity. These considerations 

have led us to the so-called, Bourrely-Soffer-Wu (BSW) model, which was proposed twenty years 

ago. It allowed a good description of pp and pp elastic scattering up to ISR energies and was 

able to give very accurate predictions up to CERN SPS collider and Tevatron energies. 

Here we present an update version of the BSW model for pp and pp, including new data and 

some predictions which can be tested &t RHIC-BNL, in the near future by the pp2pp experiment. 

We have also extended our approach to describe &p and K*p elastic scattering up to the highest 

available energy, with the same Pomeron. We make predictions in the TeV energy range in view 

of a possible fixed target physics programme at LHC. Some predictions for yy and up total cross 

sections are presented and we compare them some with latest LEP and HERA data. 

‘E-mail: soffer@cpt.univ-m&r 
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Coherence in Nuclear Interactions at 
RHIC 

Joakim Nystrand 

Department of Physics, 
Lund University, Lund, Sweden 

spatial inversion, the interference will be destruc- 
tive. The interference does not affect the overall 
vector meson production cross sections significantly, 
but does change the transverse momentum distri- 
bution. The change in the transverse momentum 
distribution should be experimentally observable. 

In very peripheral collisions (b>2R), nuclei may 
interact through their electromagnetic and nuclear 
fields. The exchange particles of the fields couple 
coherently to the entire nucleus for small momen- 
tum transfers. The coherence requiremnt limits the 
mass and transeverse momentum of the final state to 
N 2ylic/R and - fiiic/R, respectively. At RHIC, 
the maximum center of mass is about 6 GeV for a 
heavy system such as Au+Au. Two-photon, photon- 
Pomeron, and Pomeron-Pomeron interactions are 
possible. 

The separation between the nuclei is generally 
much larger than the IX of the vector mesons 
(< b >x 40 fm and ~7 = 1.3 fm for the p”). This 
means that the vector meson will have decayed be- 
fore the amplitudes from the two sources can over- 
lap. The system thus works as a two-source inter- 
ferometer for unstable particles. 

The cross sections for coherent vector meson pro- 

The photon from the emitting nucleus may in- 
teract incoherently with the target nucleus resulting 
in break-up of that nucleus. The dominating pro- 
cess is photonuclear excitation of the target into a 
Giant Dipole Resonance[S]. Coherent vector meson 
production can occur in coincidence with Coulomb 

duction in heavy-ion interactions at RHIC are large[ 11. excitation of one or both nuclei. If the photonuclear 

This is because of the high flux of equivalent pho- excitation and the vector meson production are un- 

tons from the electromagnetic fields of the nuclei and correlated, a vector meson is accompanied by mutual 

vector meson dominance. The cross sections have break-up of both nuclei in about 10% of the inter- 

been calculated in [l] using the Weizsacker- Williams actions. Requiring production in coincidence with 

method to estimate the equivalent flux of photons. nuclear break-up reduces the median impact param- 

The photonuclear cross sections a(~ + A + V + A) eters in the interacions by roughly a factor of 2. This 

have been obtained from a Glauber model calcula- should affect the interference discussed above. 

tion with data on a(y+p + V+p) as input. Because 
of the strong fields, the cross sections for multiple Acknowledgements 
vector meson production, A + A + A + A + V + V, I would like’to acknowledge Spencer Klein, LBNL, 
are appreciable at RHIC. Berkeley, my collaborator in the studies of vector 

It is generally not possible to determine which mesons and interference. I would like to thank Tony 
nucleus emitted the photon and which emitted the Baltz and Sebastian White, BNL, Brookhaven, for 
Pomeron in a photon-Pomeron interaction. The me- providing the Coulomb i&!r&,ion probabilities from 
dian impact parameters for producing a vector me- their pape@] and for u.&d &cu,ssion. 
son in Au+Au interactions at RHIC range from about 
20 to 40 fin. For vector meson transverse momenta 
pT < fit/ < b > interference will occur[2]. The cross References 
section is calculated as an integral over the impact 
parameter [1] S.R. Klein, J. Nystrand Phys. Rev. C60, 

014903 (1999). 
da -= 

&&a- J b>2R 
IAl + &j2db2 (1) [2] S.R. Klein, J. Nystrand Phys. Rev. Lett. 84, 

2330 (2000). 
where Al and A2 are the amplitudes for production 
off a single nucleus. Since the electric field is anti- [3] A. J. Baltz, C. Chasman, S.N. White Nucl. Inst. 

symmetric and the nuclear density symmetric under Meth. 417, 1 (1998). 
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Peripheral Collisions at RI-KC 

What happens when the nuclei miss 
each other, b> 2R? 

Interaction between the 
electromagnetic and nuclear fields 
EM field: long range 
Nuclear field: short range 

R 
For small mometum transfers (QUR), 
the fields couple coherently to all 
nucleons. 

Enhances cross section: Z2 , A2 (A4j3) 

Truly coherenct interactions: coherent coupling to both nuclei: 
yy, y-Pomeron(meson), Pomeron-Pomeron 

Max CM energies at heavy-ion accelerators: 
w = 2 “/CM (hcR) 

For heavy nuclei (AdPb): 

YCM 
BNL AGS 3 
CERN SPS 9 
FWIC 100 
LHC 2,940 

W [GeV] 
0.1 
0.5 
6 
160 
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Experimental consequences of coherence 

The coherence requirement limits the angular deflection to 
8 - 0.175 / (y - A4’3) 

At RHIC 
Au A=197 e- 1 prad 
I A=127 0 - 3 prad 
Si A=28 0-17 prad 

*Not possible to tag the outgoing nuclei. 
Experimental method: Reconstruct the entire event, signal of 
coherence from low pr. 

Coherent Vector Meson Production 
The electromagnetic field of one nucleus corresponds to a 
stream of photons impinging upon the other nucleus 
(Weizs&zker-Williams). 

-- ,A’,- vv 
_ ._, _I -- The photon may fluctuate into a -- 

6 

vector meson (qq-pair) which scatters 
elastically off the target nucleus. 

y+Pomeron + V 

The cross section can be calculated as the convolution of the 
WW photon spectrum with the yA photonuclear cross section. 

o(A+A+A+A+V) = J n(w) o+(o) do 

Note: This assumes that one can determine which nucleus emitted 
the photon or the Pomeron. 
NOT possible in general * 
Some interesting quantum mechanical effects. 
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Experimental signal of coherence - pT spectrum 

Convolution of pT distributions 

f I,2 (PT) = 5 f&P,‘) f2(PT%‘) dpT’ 

f,(P,) = 

f*(P-r) = 

F( 02/r2 + pT2 ) 1” (p&02/Y2 + Pr2))2 Y 

F( E2/y2 + pT2 ) 1” P 

Productionofftwo nuclei 

.- 

Photon flux 1 j E(b,t) e at dt 1 2 

Impact parameter, b, measurable in principle (but not in 
practice) 

Integration over b only valid if pT >> l/b . 

3 Add amplitudes 

do/dy dp, = I 1 A, + A2 1” db2 
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Ouantum mechanical asuects of the interference 

-The production is localized to the two nuclei because of the 
short range of the nuclear force. 

- czcc <b>, cz - lfm <b> - 40 fm 

Transverse plane 

- The p will have decayed before the amplitudes from the two 
sources can overlap. 

- For interference, the wave function of the pions must retain 
information about their origin long after the decay. 

- A two-source interferometer for unstable particles! 

Electromaqnetic dissociation 

The “target” nucleus is excited by a photon from the EM field of 
the other nucleus and breaks up. 

The cross sections are large (Baltz,Chasman,White NIM A417(1998)1) 

single dissociation (1 nucleus) : o=95b 
double dissociation (both nuclei) : CT= 3.7b 

In a grazing collision (b=2R), P(double dissociation) = 35% 
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Vector meson production in coincidence with Coulomb 
disscociation 

If Coulomb excitation and V.M. production independent: 

CJ = I( 1 - PHm@) ) PC@> R,(b) 2nb db 

---. Au+A”+Xn+X” 
Au+A”-iA”+*“+p (X10, 

~~;\,~ 

I 
0.1 j I 1 ,. . ‘_ 

0.05 ; ’ ; : . . . . 
I f: ” ‘,. Y-%?-, 

05 10 '15 20 25 30 35 40 

b Ifml 

Vector Meson AucAu+Au+Au+V Au+Au+Au*+Au*+V 

P o=.59Omb a=42mb 

t 
a= 59mb o= 4mb 
a= 39mb IS= 3mb 

J/W Q =0.29 mb o=O.O4mb 

l Easier to trigger on experimentally (at least in experiments 
primarily designed for central AA collisions, FC Calorimeters). 

l Dissociation cross sections for emission of lneutron vs. any 
number of neutrons (Au+Au at 200 A GeV) 
a(Xn,Xn) = 3.7 b o(ln,Xn) = 1.4 b o(ln,ln) = 0.45 b 
In coincidence with p production 
o(Xn,Xn,p) = 42 mb o(ln,Xn,p) = 13 mb a(ln,ln,p) = 3.4 mb 

Ratios different, e.g. 
o(ln,ln)/o(ln,Xn) 
cr( ln,ln,p)/o( ln,Xn,p) 

= 0.329 
= 0.268 

(Exp. 0.34kO.01) 

l Requiring coincidence gives a measure of the impact parameter 
P <b>=46fm ln,Xn,p <b> = 18 fm 
ln,ln, p <b> = 20 fm Xn,Xn,p <b> = 18 fin 
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Photon-Porneron Interactions at RHIC 
Falk Meissner * for the STAR Collaboration 

In ultra-peripheral heavy ion collisions the two 
nuclei interact via their long range fields at im- 
pact parameters b > 2&r, where neither nucleus 
is disrupted. In exclusive p” production AuAu + 
AuAup’, a virtual photon emitted by one nu- 
cleus fluctuates to a @ pair, which then scatters 
diffractively from the other nucleus. Both, the 
photon and the Pomeron couple coherently to 
the nuclei with a coupling strength proportional 
to Z2 for the photon and between A4j3 (cc sur- 
face) and A2 (CX volume) for the Pomeron. It 
follows, that the cross section for this process 
is expected to be large: 380 mb or 5% of the 
hadronic cross section at e = 130 GeV[l]. 
Coherent coupling yields the condition that the 
interaction takes place only at small transverse 
momenta pi < 2h/!A - 100 MeV. 

Besides photo-nuclear interactions, ultra- 
peripheral collisions can also involve purely elec- 
tromagnetic photon-photon processes like efe- 
pair production; these may be sensitive to non- 
perturbative QED since the coupling constant 
za: M 0.6 is large. Purely hadronic double 
diffractive interactions may produce exotica es 
glue balls. Nevertheless, the cross section for 
Pomeron-Pomeron processes is expected to be 
small due to the short range of the strong force. 

Exclusive p” meson production at low pi has a 
specific experimental signature: the K+K- decay 
products of the p” meson are observed in an oth- 
erwise ‘empty’ spectrometer; the pion tracks are 
back-to-back in the transverse plane. The two 
nuclei remain in their ground state, therefore no 
signal is detected in the zero degree calorimeters. 

To detect ultra-peripheral collisions with the 
STAR detector a low-multiplicity topology trig- 
ger was implemented, suppressing background 
from cosmic rays, beam gas events, and debris 
from upstream interactions. The central trigger 
barrel was divided into quadrants. A hit was re- 

quired in both a South and a North quadrant, 
while the Top an Bottom quadrants acted as a 
veto to suppress possible cosmic rays. A fast on- 
line reconstruction eliminated events with more 
than 15 tracks and events with tracks not emerg- 
ing from the the collision region. Using this trig- 
ger, the STAR collaboration collected 7 hours of 
data in 2000. The level 0 trigger rate varied from 
20 to 40 Hz and was reduced to about 1-2 Hz by 
the level 3 trigger[2]. 

The p” analysis selected events with exactly 
two tracks that formed a primary vertex. The 
transverse momentum distribution (c.f. slides) 
for the p” candidates is peaked around pt < 
lOOMeV, showing the coherent coupling to both 
nuclei. For pairs within the peak at pi < 100 
MeV a clear signal of about 300 p” is observed in 
the M,, invariant mass spectrum. For compari- 
son, combinatorial background (modeled by like- 
sign pairs and shown as the shaded histograms in 
the plots) shows neither the coherent peak, nor 
a p” mass peak. 

In parallel to the production of a p” meson, 
the two nuclei can be excited by the exchange 
of one or more photons yielding the emission of 
neutrons which are detected in the zero degree 
calorimeters (ZDC). About 800,000 events with 
coincident neutron signals in both ZDC’s (min- 
imum bias trigger) have been recorded in 2000. 
About 300 coherent p” events at the characteris- 
tic low pi have been found in this data sample. 

In summary, the first observation of coherent 
p” production in ultra-peripheral heavy ion col- 
lisions is reported. The two processes AuAu ---f 
AuAup’ and AuAu + Au*Au*p’, i.e. exclusive 
p” production with and without nuclear excita- 
tion, have been observed. 
[l] S. Klein and 3. Nystrand, Phys. Rev. C60, 014903 (1999). 

[2] F. Meissner, Ultra-Peripheral Collisions, poster 

presented at Quark Matter 2001. 

*Lawrence Berkeley National Laboratory 
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Photon-Pomeron Interactions at RHIC 
Exciusive,production of p” mesons Au+Au --> Au+Au + p” 

Au 

0 Interaction via long range fields 
0 Large cross section: 

380 mb for Au at 130 GeWnucleon 

5% of hadronic cross section 

0 Coherent coupling to both nuclei 

Au e=> Small transverse momentum: 
pT < 2/R,- 60 MeV 

q * Longitudinal component 
P, < 2y/RA w 6 GeV/c <<P nuclei 

Coupling Strength 0 Nuclei may be mutually excited 

*Photon 0~ 2* (only 0~ 2 for incoherent coupling to single nucleon) 

l Pomeron =A413 to A * (~43 = surface, in the limit OpN+-; 

AZ= volume, in the weak limit ) 

First Goal - Proof of Principle 
Observe exclusive fl” production Au Au Collisions 

Brookhaven, May 200 I Falk MePssner, LBNL 



Experimental Signaturei Trigger 

Au 

Only two oppositely 
charged tracks 

glow total pT 

aBack=to-back in 
transverse plane 

Typical Event : 

Au 

Trigger Backgrounds: 

*Cosmic rays 

@Beam-gas Events 

@Debris from upstream 
events 

, Cosmic Ray Background I 

Topology Trigger: 

a- 7 hours of dedicated 
data collection 

030,000 triggers in 2000 

: TopVeto 

Bottom Veto 

Brookhaven, Hay 200 I Falk Heissner, LBWL 



First Results: Invariant Mass & Transverse 
Momentum Spectra 

1 Transverse Momentum 1 

v) 60 E 82 
w50 

)t 
40 

30 

20 i t 

l Tc+% 

- 7c+TI+ ,wTc- 

Signal region: p,<O. I QeV 

1 Invariant Mass Mntr- for pT<O.l 1 hm2ppCtP 
Nent I 363 

hkan -0.6tm 

RMS -0.14e2 

Chl2lndf .24.46/13 

A -3.214 f 0.1546 

kkho .0.768 f 0.007738 

width .0.1452 f 0.01432 

B - -2.874 f ft.1945 

Peripheral Trigger: 

Au+Au -> Au +Au +p” 

Peak at low pT q > 
signature for coherent 
interaction 

1 Invariant Mass for pt&l 

“I;-y--@q , 

0.2 0.4 0.6 0.6 1 
R 

Fit of p” Lineshape 
(all data: peripherally triggered+minimum bias; c.f next slide) 

to p” + non resonant &T production 

0.2 0.4 0.8 0.8 1 1.2 1.4 
interference is significant 

Broohhaven, May 200 I Falh Heissner, LBNL 
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Compare ZDC Signals 
(for two track events) 

Ultra Peripheral Trigger Minimum Bias Trigger 
*Pedestal peak at ADC sum = 4 
l Higher ADC values usually in east or 

we# only (beam gas events) 

@Single neutron peak around ADC =9 
coincident in east and west 

@Higher ADC values from 
hadronic peripheral events 

600 

500 

400 

300 

200 

100 

0 E 
II 

[ ZDCeasthesl 1 Au+Au ->. Au+Au + fI 

Rejeat events ADO>7 

zdc easthvest 1 Au+Au -> Au*+Au* + p’ 

Sinfjle neutron peak 

Rejed events ADC> 3 0 

Summary: 
Observe two different processes ! 

Au+Au -> Au+Au + fl” and Au+Au -> Au*+Au* + fl” 

First observation of Ultra-Peripheral 
Collisions in heavy ion interactions 

RHIC is a good place to study diffractive processes in heavy ion 
and polarised (!) proton-proton collisions 

Brookhaven, Hay 200 I Falk Merlssner, LBWL 



The PP~PP Experiment at RHIC 

S. Biiltmann (Brookhaven National Laboratory) 

E-Mail: bueltmann@bnl.gov 

Summary 

The PP~PP experiment at RHIC is going to measure elastic and total cross-sections 
in (un-)polarized proton-proton scattering. The experiment is located at the 2 o’clock 
interaction region of the RHIC complex. Elastic scattering at the RHIC energies, fi = 
200 GeV/c and possibly 500 GeV/c during the first year, requires detection of the scattered 
protons at very small angles. At a few loactions along the beam line, the scattering angle 
is directly proportional to the measured distance between the scattered proton and the 
beam axis, 0 = p&&f. One of these locations, suitable for measurements at the four- 
momentum transferred, -t, in the range 0.003 to 0.100 (GeV/c)2, is at L,ff = 20 m. 

Elastic scattering requires the detection of the two collinearly scattered protons in 
coincidence. We are planning to use four planes of silicon microstrip detectors, two of 
each measuring the position of the scattered proton along one direction perpendicular to 
the beam momentum, together with one trigger scintillator, per detector package. The 
detector packages will be mounted inside Roman Pots above and below the beam line. 
The two pots will allow to move the detector packages vertically to positions about 15 mm 
above and below the beam centre. The setup will feature additional scintillator counters 
close to the interaction region to tag non-elastic scattering events. These veto counters 
can also be used to detect single- and double-diffractive scattering events. They cover a 
pseudo-rapidity range of 2.6 < 7 < 5.6. 

During the Year-2001 engineering run of PP~PP the main focus of the measurements 
will be on the total cross-section difference between the two transverse helicity states of 
the beam, Aor, the single and double transverse spin asymmetries, -4~ and ANN, and 
the energy dependence of the. nuclear slope, b. Running for about two days at a reduced 
luminosity of about 1O28 cmm2 set-l, would enable us to measure AN and ANN to about 
5% relative accuracy and Aor to about 0.3 mb. This should allow to distinguish between 
different exchange models brought forward for example inr. 

We will also measure the total cross section, ottot, providing data at ,/Z = 200 GeV/c, a 
region between the existing data measured at ISR on the lower energy side and Fermilab at 
higher energies. A measurement at ,/Z = 500 GeV/c would add a data point to the region 
of Fermilabs measurements and could enable us to distinguish between models calling 
for saturation of the cross-section at higher energies and Pomeron exchange models2. A 
measurement at 4 = 500 GeV/c would also allow us to measure the elastic differential 
cross-section, da/dt, up to a -t of 1.0 GeV2/c2. A dip in da/dt around a -t of 0.8 GeV2/c2 
is expected. This region is very sensitive to spin exchange. On the lower -t-side of the dip 
region the C-parity is positive (+l), while on the higher -t-side it is negative (-1). 

In case of longitudinal beam polarization being available at our interaction point, also 
the longitudinal spin asymmetry, A LL, together with the cross-section difference, Aa,, 
could be measured. Including the above mentioned measurements, the s-channel helicity 
amplitudes could be extracted. 

IN. Buttimore et al, l?RD 59:114010 (1999) and E. Leader and T. Trueman, PRD 61:077504 (2000) 
2A. Donna&e and P. V. Landshoff, Phys. Lett. B296> 227 (1992) 
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High-Energy QCD: Beyond fhe Pomeron BNL May 21 - 252001 

pp2pp Physics Programme 

Study of total and elastic cross-sections in proton-proton 
scattering over a large kinematic range 

50 I 4s I 500 GeVlc 

4*10m4S ItI 5 1.5 (GeV/c)2 

l Measurments with transverse and longitudinally polarized 
protons to determine 

o\ P IN the s-channel helicity amplitudes ~1 
CD1 - <l-+l M p-b> 
(Dz N <+ MJ-l-+> 
a?3 - <+-I n!fp--> 

Q4 - <+-I MI-l-> 

@s - <++I M I+--> 

m determine the nature of the mediator of the elastic 
interaction 

l Measurements with unpolarized protons 

l Measurements with (un-)polarized deuterons and helium 

l Diffractive Scattering 

Stephen Biiltmann The pp2pp Experlment at RHIC 

High-Energy QCD: Beyond the Pomeron BNL May 21 - 25,200l 

Experimental Setup ’ 

BRAHiVfS&PP2PP + 

70% PoIacimtion 

=ZOnmmmrad 

200 MeV Pkritneter wh AGS Internal 
YRf Dipoles 

Stephen Biiltmhnn The pp2pp Experiment at RHIC 
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High-Energy QCD: Beyond the Pomeron BNL May 21 - 25,200l 

Principle of Measurement 

For small scattering angles the position of the protons it the 
detection point are directly proportional to the angle via the 
beam transport matrix: 

Ydef = $1 Y * .+ Leff @SC 

Parallel to point focusing: alI= 0 and Eefl large 

% Dependence oft on beam parameters: 

tffgn a- 
P” 

=B need large /3* and small E 

For Coulomb region special tune is required: 

,8* = 195 m and low emittance E = 5n mm mrad 

Stephen Btiltmann The pp2pp Experiment at RHIC 

High-Energy QCD: Beyond the Pdmeron BNL May 21 - 252001 

Elastic Detectors 

On-board 
Electronics 

I To Readout 
and DA0 

RHIC Intersection Region with PP2PP Basic CB Setup 

,IneIastic Detectors 

Rp Stations Rp Stations 
I 
I I 

t 1 I 

-100. In -50. m 0. 50. m 100. m 

Stephen Bbltmann The pp2pp Experiment at RHIC 
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High-Energy QCD: Beyond the Pomeron BNL May 21 - 252001 , 

Measurements in 2001 

l Study CNI region, otol, AN, ANN 

l s dependence of the nuclear slope, b 

l Measurement of AN over large -t range to find suitable 
kinematic region for polarimetry 

Expected Run Plan 

l Total Proton Intensity = 5 10 lo - 10’ ’ 

3 3 L = 1 2. 102’ cmm2 see-’ . 

l 100 events / set for -10 mb elastic cross-section 

0 1.4 million events for 10 hour ring filling 
(assume 40% efficiency) 

l One or two days of special running most practical for us 

l Accuracy 6& = 0.002 - 0.003 

l Accuracy &.f a,, = 0.3 mb 

Stephen Biiltmann The pp2pp Experiment at RHIC 

High-Energy QCD: Beyond the Pomeron BNL May 21 - 252001 

Outlook 

2003 

l Extend measurements to 0.1~ -t < 1.3 (GeVk)’ 

Beyond 2003 

0 Measure in CNI region, requiring special tune 
0.0004 < -t < 0.12 (GeV/c)2 

l Measure in large -t region 
1.3 < -t < 5 (GeV/c)2 

l Elastic scattering of proton-deuteron, deuteron- 
deuteron, and proton-4He also possible 

Stephen Biiltmann The pp2pp Experiment at RHIC 
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DO Hard Diffraction in Run I and Prospects for Run II 

Andrew Brandt 

University of Texas at Arlington 

One of the most interesting new results from Tevatron Run I was the existence of large rapidity gaps 
in events with a hard scattering (Slide 1). DO published several papers on events with a central rapidity 
gap between jets [l] and have several more papers submitted or in preparation on related topics, including 
diffractive production of jets [2], diffractive production of W and 2 bosons, and hard double pomeron 
exchange. Slides 2 and 3 summarize some of the recent results. Improved understanding of the new field 
of hard diffraction, which probes otherwise inaccessible details of the strong force and vacuum excitation, 
requires new detectors for tagging and measuring scattered protons. 

To improve its capabilities for hard diffraction studies, DO is adding a Forward Proton Detector 
(FPD) [3] for Run II as shown in Slide 4. The FPD consists of momentum spectrometers that make use 
of accelerator magnets along with points measured on the track of the scattered proton to calculate the 
proton’s momentum and scattering angle. Tracks are measured using scintillating fiber detectors located 
in vacuum chambers positioned in the Tevatron tunnel 20-60 meters upstream and downstream of the 
central D0 detector. The vacuum chambers were built by Brazilian and Dutch collaborators and have 
been installed in the Tevatron. The scintillating fiber detectors are being assembled at the University of 
Texas at Arlington. Most of the FPD electronics has been installed and commissioned and data taking 
will begin soon (see Slide 5). 

The FPD has acceptance for a large range of proton (anti-proton) momenta and angles. The combi- 
nation of spectrometers maximizes the acceptance for protons and anti-protons given the available space 
for locating the detectors. Particles traverse thin steel windows at the entrance and exit of each Roman 
pot (the stainless steel vessel that houses the detector). The pots are remotely controlled and can be 
moved close to the beam (within a few mm) during stable beam conditions and retracted otherwise. The 
scintillating fiber detectors are read out by multi-anode photomultiplier tubes and are incorporated into 
the standard DO triggering and data acquisition system. 

The FPD will allow new insight into an intriguing class of events that are not currently understood 
within the Standard Model. It allows triggering directly on events with a scattered proton, anti-proton, 
or both, along with activity in the DO detector. In addition to improved studies of recently discovered 
hard diffractive processes, the new detector will allow a search for glueballs and exotic phenomena. The 
FPD will also provide improved luminosity measurements, which are an important component to all D0 
analyses. 

Bibliography of Literature 

[l] S. Abachi et aZ. (DS Collaboration), Phys. Rev. Lett. 72, 2332 (1994); 
Phys. Rev. L&t. 76, 734 (1996); 
B. Abbott et al. (DS Collaboration), Phys. Lett. B 440 189 (1998). 

[2] B. Abbott ‘et al. (D0 Collaboration), Hep-ex 9912061, Submitted to Phys. Lett. B. 

[3] D0 Collaboration, “Proposal for a Forward Proton Detector at D0” (presented by A. Brandt), 
Proposal P-900 submitted to the Fermilab PAC (1997); A. Brandt et al. Fermilab PUB-97-377. 
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D0 Hard Diffraction in Run I 
and Promects for Run II 

Andrew Brandt 
DO / University of Texas, Arlington 

l Intro and Run I Hard Diffraction Results 
l Forward Proton D.etector 

Beyond the Pomeron 
May 22,200l 
Brookhaven National Lab 

70 



Dg Single Diffractive Results 

Gap Fraction (%) 
D@ Preliminary 

Sample Data Hard Gluon Flat Gluon Soft Gluon Quark 

( s(P) Oc ) P(1 - P> const . (1 - PI5 P(1 - P) 
1800 Fwd 0.~5*0.04 2.2 ItI 0.3 2.2 It 0.3 1.4 zt 0.2 0.79 It 0.12 
1800 Cent 0.22 It 0.05 2.5 It 0.4 3.5 zt 0.5 0.05 410.01 0.49 310.06 
630 Fwd 1.19 It 0.08 3.9 * 0.9 3.1zt 0.8 1.9 zt 0.4 2.2 It 0.5 
630 Cent 0.90 zt 0.06 5.2 k 0.7 6.3 rt 0.9 0.14 rt 0.04 1.6 rt 0.2 

Ratio of Gap Fraction 
630/1800 Fwd 1.8 410.2 1.7rt 0.4 1.4 -+ 0.3 1.4 * 0.3 2.7zt 0.6 
630/1800 Cent 4.1zt 0.9 2.1* 0.4 1.8 410.3 3.1* 1.1 3.2 rt 0.5 
1800 Fwd/Cent 3.0 zk 0.7 0.88 rt 0.18 0.64 k 0.12 30.918. 1.6 zt 0.3 
630 Fwd/Cent 1.3 It 0.1 0.75 III 0.16 0.48 410.12 13. It 4. 1.4 It 0.3 

Within the Ingelman-Schlein model, DpI data can be reasonably 

described by a pomeron composed dominantly of quarks. 

For the model to describe Dg data as well as other measurements, a 
reduced flute factor convoluted with a gluonic pomeron containing 

significant soft and hard components is required. 
hemexl9912061 



Detector p---w P 

J1 QQ~Qf&@ 
D S 

D2 Dl A2 Al 

59 57 33 23 0 23 33 

Z(m) 

Series of 18 Roman Pots forms 9 independent 
momentum spectrometers allowing measurement 
of proton momentum and angle. 

PB 

1 Dipole Spectrometer ( p ) 5 > cmin 
8 Quadrupole Spectrometers (p or p, up or down, 
left or right) t > tmin 
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Hard Color-Singlet Exchange 
I .-.*.~.*.~.~.*.-. . . . . . . . . . 

Count tracks and EM 
Calorimeter Towers b 

I; A,,., ;i:,-;;;$;$ 
4 dl 

. . . *::: . . . . . . , . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . .-.~.~.~.-.-.-.-. . . . . . . . . -.~.~.*.*.*.-.~.~. . . . . . . . . . . . . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
rl 

Measure fraction of events 
due to color-singlet exchange 

a w 
2 2- 

- So@ Color 
9 ---- BFKL 

- . -. Photon 

1.5- 

Measured fraction (-1%) 
rises with initial quark ‘. 
content : 

l- 

Consistent with a soft color 
rearrangement model 0.5- 

preferring initial quark states : .=* 
Inconsistent with two-gluon, 
photon, or U( 1) models 10 20 30 40 50 60 

E, (GeV$O 

Phys. Lett. B 440 189 (1998) 
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Long Range Plan 

Install 8 more detectors (total of 10) during 
September shutdown 

Begin data taking with full D0 detector 
and trigger list in October 

l Demonstrate working system, usefulness 
of horizontal plane, and secure funding 
for remaining MAPMT in 2002 

l Early papers: 
NIM 
Elastic. t-distribution 
Single diffraction distributions 
Diffi-active jet production 
Double tagged double pomeron exchange 
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Hard lDiffr&ztion at CDF 

Anwar Ahmad Bhatti 

The Rockefeller University 

CDF Collaboration 

SOFTDIFFRACTION 
l)Soft single diffraction PRD 50 (1994) 5550 

2) Soft double diffraction 1 NEW RESULT / 

RAPIDITYGAPRESULTS 
3) Diffractive Vv PRL 78 (1997) 2698 
4) Diffractive Dijets PRL 7’9 (1997) 2636 
5) Diffractive Beauty PRL 84 (2000) 232 

6) Diffractive J/$ NEW RESULT 

7) Jet-Gap- Jet 1800 PRL 74 (1995) 855 
8) Jet-Gap- Jet 1800 PRL 80 (1998) 1156 
9) Jet-Gap-Jet 630 PRL 81 (1998) 527 

ROMANPOTRESULTS 
10) iffractiw ijets 18 PRL 84 (2000) 5043 

11) iEractive ijets 630 1 COMING SOON! 
I I 

ouble Pomeron Dijets PRL 85 (2000) 4215 
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Gluon Fraction and Factorization 

0.4 

0.2 

n 

----wwmm 

-----..__ 

. . . . . . . . . ...*- 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

GLUON FRACTION IN POMERON 

I D = 0.19 & 0.04 I 

J 
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Measurement of di.f.hxt;ive structwx~ hnc-t;i.on 

Comparison with expectations from Hl results 

D= 

- - 

s 
log p=o 

Fg(Pf CDF)d,B log p=--1.4 JJ 

s 
log p=o 

Fe@; Hl)d,B log p=-1.4 33 

0.06 zt 0.02 for fit-2 

0.05 If: 0.02 for fit-3 

100, 

10 7 

1 .T 

0.1 7 
.- 

---- HI fit-2 i- CDF data 

auBsao#a HI fit-3 Ey’12 2 7 GeV 

( Q2= 75 GeV2 ) 0.035 25 2 0.095 

ItI11.0GeV2 

j 
0.1 

P 
1 

CDF normalization uncertainty = 4126 



I Diffractive J/G Production I 

Ratio of SD to ND cross sections versus xbj 

!z 
.l 

E: 
- 

CT 

-1 
10 

-2 
10 

I I II, , I ,11b11, 1 I ISI, 

o J/v Data 

A Roman Pot Dijets 

L--A- 
_ -A 

i 

,,,=0.004 

X max=~mi”=O.O1 

L-A- 
-A- 

t 

-A- 
-A- 

-A- 
-A- 

-A- 

-4- 

X-Bjorken 

- 
gD + $qD 

- 

gND + $qND 
I 

gD 
= 1.17rt0.27 (stat) 

ezp gND 

Gluon fraction : f; = 0.59 Ik 0.15 (stat c?J syst) 
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The effective Pomeron trajectory and 
Double-Pomeron-Exchange Reaction in UA8 

Samim Erhani 

University of California2, Los Angeles. California 90095, USA. 

In this talk, U-48 final results from the analysis of a double-Pomeron-exchange dat.a 
sample were presented. Results were also summarized from our earlier work [S. Erhan 
et.al. (UA8 Collaboration). Nucl. Phys. B 514 (1998) 3> and S. Erhan JZ P. Schlein, Phys. 
Lett. B 481 (2000) 1771, h w ere we have shown t,hat the Triple-Regge parametrization fits 
all available single-diffractive data at ISR: SPS and Tevetron, provided that the effective 
Pomeron trajectory intercept, a(O), is s-dependent and decreases with increasing s. as 
expected from unitarization (multi-Pomeron-exchange) calculations. a(0) = 1.10 at the 
lowest ISR energy, 1.03 at the SPS-Collider and perhaps smaller at. the Tevatron. 

Despite the complications of multi-Pomeronexchange, factorization of Pomeron emis- 
sion and int.eraction seems to be valid t,o a high degree. The UA8 parametrization of single- 
diffraction as the product of a “Flux Factor” of the Pomeron in t,he prot,on, FF,+(t, <), 
and a proton-pomeron total cross section (c$$‘) has the form: 

d2a,cj 
w = LO.72 Fi(t) 2 el.lt [l--20(t)] . [(,51j0.1 + 4.0 (,s’)-0.32]. 

where: s’ = [s and [ = 1 - xp. 
normalizations. 

The constant, 0.72. is the product of F?ip(t. <) and OF” 

The effective Pomeron trajectory, o(t), has a linear form. with a quadratic term added 
to allow for a flat.tening of the traject,ory at. high-It/, as required by the data: 

a(t) = 1 + E + ck’t f Q”t2 12! 

A further analysis of inelastic diffraction data at the ISR and SPS-Collider confirms the 
relatively flat s-independent Pomeron trajectory in the high--It/ domain. 1 < ItI < 2 Gel;‘: 
reported earlier by Erhan et al. At ItI = 1.5 GeV2. a! = 0.92 f 0.03 is in agreement, with 
the trajectories found in diffractive photoproduction of vector mesons at. HER.A. This 
suggests a universal fixed Pomeron trajectory at high-It/. 

We have isolated double-pomeron-exchange interactions in events which one or both 
of the final state p and/or p are detected in Roman-pot spectrometers. The central system 
is detected in the calorimeter system of the UA2 experiment. and is separated from p and 
$i by pseudo-rapidity gaps, 2.3 < 1~1 < 4.1. Assumin g the validity of factorization in 
double-Pomeron-exchange interactions, we have extracted the Tomeron-pomeron tot,al 
cross section, $g’(M), using the above parametrization of the F7’;p(t, [j factor and the 
effective Pomeron Regge trajectory. For masses above 10 GeV, a$$$(lV) agrees with 
the factorization prediction of z 0.1 mb. However. for smaller masses it exhibits an 
intriguing enhancement, a$$-$ (M) z 1.0 mb. which is much larger than expected from a 
breakdown of factorization. The low-mass enhancement of the invariant mass distribution 
of the central system may be an evidence for resonant %‘omeron-pomeron interactions (e.g. 
glueball production) in the few-GeV mass region, although the invariant mass resolution 
is inadequate to observe any structure. 

lsamim.erhan@cern.ch 
2Supported by U.S. National Science Foundation Grant PHY94-23142 
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Key Results: 

l No s-dependenceof 

trajectoryathigh-t 

l Interceptandslope 

exhibits-dependence 

-2 -1 
t (Gevg) 

iEy/ * . 
Agreement between: 

.,;,;,.,.........,.. .......y+.,.--.-/ HERA pO,@O photo-production 

pp/pp inelastic diffraction 

Xay 22, 2001 Samim Erhan - “Beyond the Pomeron” (BNL) 
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a(t) = 1.035 + 0.165 t + 0.06 t2 
~*/DF = 4.2 

htegrd is t&d Odif 

+ The data requires smcll'er 

intercept and slope. 

+ Trajectory at high-t 
0 0.5 1 1.5 

I I 

2 agrees with UA8 results. 
t (GeV*) 

ISR 

tx(tl = & + a' t + a' i-2 
, 

6-parameter fit: 
E = 0.10 - 0.02 log(d549) 

a'= 0.22 - 0.03 log(d549) 

a" = 0.06 - 0.01 log(d549) 

.- 

10 -c \J y 

Similars-dependent& 

i-u 1, 1 I s ar 0 1 0 : 0 ts within TSR range) 

I I t (GeV2j 
andf iattening at high-t. 

May 22,200l Samim Erhan - “Bryond the Pomeron” (BNL) 
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+ oPP low mass enhancements in both data sets. 
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May 22,200l Samim Erhan - “Beyond the Pomeron” (BNL) 
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P,(p+js) WV1 P lorg (GeV) 

p,p UP: q.l= 90” 

Minimum P, acceptance 

is 1 GeV/c. 

DIF 

p and p Topology 

L-F 

I&, 

Trigger sic& 53 

600 

1 

DPE “OR” Extracted from 

Diffractive trigger 

Rapidity gaps, 2.3 - 4.1 

D?F X 

DPE ./ 

3 Rap. gaps produce 

symmei-ry in calorim. 

Calorimeter Momentum (GeV) 

May 22,200l Samim Erhan - “Beyond the Pomrron” (BNL) 
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String Fluctuations, AdS/CFT and the Soft Pomeron Romuald A. Janik 
In this talk we summarize the results obtained in [1,2] on the application of 
the AdS/CFT correspondence as a tool for studying nonperturbative high 
energy scattering in gauge theories. 

The AdS/CFT correspondence provides an exact equivalence between 
certain types of gauge theories and appropriate ‘dual’ string theories on 
a curved (‘Anti-de-Sitter’-like) background. In particular strong coupling 
properties of gauge theories get mapped to (semi-)classical properties of the 
relevant string theory. 

Scattering amplitudes in the eikonal approximation can be expressed as 
correlation functions of Wilson lines (resp. loops) following classical straight 
line quark trajectories (resp. trajectories of a quark-antiquark pair). We 
perform the calculation of these correlation functions in Euclidean space, 
express them as a function of the relative euclidean angle 0, and then we per- 
form an analytical continuation into Minkowski space. We use the AdS/CFT 
correspondence in the first ‘Euclidean’ step. 

In order to study the interplay of confinement and reggeization we use 
a version of the AdS/CFT correspondence which exhibits confinement - 
W7itten’s black hole background. The prescriptions for calculating the ex- 
pectation values of Wilson loop/loops is to find a minimal surface in the 
curved geometry which is spanned on the loop/loops. For large impact 
parameters (w.r.t the confinement scale) the minimal surface is well aprox- 
imated by the helicoid [l]. The resulting Euclidean formula has a branch 
cut structure, which, through the analytic continuation to Minkowski space 
gives rise to (i) inelastic amplitudes and (ii) linear Regge trajectories. The 
intercept in this case is 1. 

In [2] we studied quadratic fluctuations of the string worldsheet around 
the helicoid. The resulting Euclidean expression was again continued to 
Minkowski space and through the branch cut structure gave rise to a shift 
of the intercept proportional the number of effective transverse dimensions 
n1 of the dual string theory (the intercept becomes equal to 1 + nL/96). 

The main result is that a (numerically small) shift of the intercept arises 
naturally through analytical continuation of a Liischer-like term for the he- 
licoid, it is independent of variations of the string tension and gives a sur- 
prisingly similar trajectory to the experimental soft pomeron for nl = 7! 8. 

[l] R.A. Janik and R. Peschanski, Nucl. Phys. B586 (2000) 163. 
[2] R.A. Janik, Phys. Lett. B500 (2001) 118. 
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F.-P. Schilling / DESY Hard Diffraction at HERA: Results from Hl 

Frank-Peter Schilling / DESY 

Hl Co Ila boration 

High Energy QCD - Beyond the Pomeron 

BNL, Brookhaven, May 2001 

o Inclusive diffraction: FsD and the partonic interpretation 

l A closer look: 

- Energy flow and thrust 

l Diffractive final states in DIS: 

- Dijet and 3-jet production, open charm 

0 . . . and in hadron-hadron(like) interactions: 
- Dijets in diffr. photoproduction [and at the Tevatron] 

High Energy QCD, BNL Brookhaven, May 2001 
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F.-P. Schilling / DESY Hard Diffraction at HERA: Results from Hl 

Summary and Conclusions 

Diffractive dijet production (and FsD): 

l Diffr. Dijets tightly constrain diffractive gluon distribution 
CJ~ (shape and norm.), in contrast to F,D(3) measurements 

l Data favour diffr. PDF’s, evolving with DGLAP, strongly 

dominated by gluons with momentum distribution rel. flat 

in z (“Hl fit 2”) 

0 Consistent picture from D(3) J?s and jet measurements: 

Concept of factorizing diffr. PDF’s in DIS [Collins] works. 

l Consistent with factorizing xlp dependence with 

-do) = 1.17 ( “Regge factorization”) 

l SCI and Semiclassical models not yet able to simultaneously 

give correct shape and normalizations of jet cross sections 

l Improved models calculations based on 2-gluon exchangecan 

describe part of dijet cross section 

Indications for breakdown of Factorization ? 

l Suppression of open charm (D*) 

l Suppression of x7 < 1 dijets for Q! z 0 

High Energy QCD, BNL Brookhaven, May 2001 
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F.-P. Schilling / DESY Hard Diffraction at HERA: Results from Hl 

Diffractive Dijet Production in DIS 
[hep-ex/0012051] 

Motivation: 

l Direct sensitivity to gD through O(a,) process 
(boson gluon fusion): 

l Jet PT provides second hard scale 

Kinematics (in partonic picture): 

‘Remnant’ 

t Gap 

+L . 
P 

p’ y 

t 1 

Ml2 

- Invariant mass of two leading jets 

- Momentum fraction of exch. entering hard scattering 

High Energy QCD. BNL Brookhaven. May 2001 

F.-P. Schilling / DESY Hard Diffraction at HERA: Results from Hl 

Diffractive Gluon Distribution 

Dijets directly constrain shape and normalization of gD: 

HI Diffractive Dijets 

R p*=Q*+p:=42 GeV’ 

res. IP (dlr.+res.-f) res. IP (dlr.+res.-f) 
- Hl fit 2 - Hl fit 2 

S-G- 
=s * 
2. 
m= 1 
N 

3 
0 

3 

$- ,600 

g 

g 400 

200 

; ~0. ACTWfit D 

0-m 
0 0.2 0.4 0.6 0.6 1 

[res. y*, R and quark contributions small] 

l Hl fit 2: very good agreement with data 

l Hl fit 3: overshoots at high ZIP 

o ACTW-D: too high 

Proton rest frame picture: qijg >> qij states 

High Energy QCD. BNL Brookhaven, May 2001 



F.-P. Schilling / DESY Hard Diffraction at HERA: Results from Hl 

Soft Colour Neutralization 

l Soft Colour Interactions SCI (Edin, Ingelman, Rathsman) 
original version and “generalized area law” (Rathsman) 

l Semiclassical Model (Buchmijller, Gehrmann, Hebecker) 

Hl Diffractive Dijets 

2 

I 
0 

_ .I.,. 

- ; ; 

20 40 I 

P:. IGW M, IGeVl 

-2.5 -2.25 -2 -1.75 -1.5 

z 700 

F 600 

+500 

z 400 

8 300 

200 

100 

0 

t 

~ 

1 i”“i::l:~...,,~lglj 

0-t.. . . . . 
. . . . i I 

.t.- c..., ‘. . 

0 0.2 0.4 0.6’ 0.6 1 

High Energy QCD, BNL Brookhaven, May 2001 High Energy QCD, BNL Brookhaven, May 2001 

F.-P. Schilling / DESY Hard Diffraction at HERA: Results from Hl 

Colour Dipole / 2-Gluon Exchange Models 

1 xp < 0.01 13 avoid 1R exch.; P PDF’s g-dominated 

Hl Diffractive Dijets - xlp< 0.01 
c 
- l HI Data 

IO 2 r - res. IP (dir.+res.y*) 
I .I* Saturation model 

%.e, WV1 

p (I’) [GeV] 
T,Wll 

pi of “p remnant” 

l tiny #j contribution l Saturation Model too low 

l BJLW IV OK if l p$TJe, not able 

PT,g > l.a5 GeV to discriminate ;-( 



F.-P. Schilling / DESY 

Diffractive D* Production 

Hard DifFraction at HERA: Results from Hl 

- Resol. IP- 113: ’ 

--- a-Gluon (44) i 

- - _ 2-Gluon (qq + i qqg) 

- 
L 

0.03 ( 1.C 

XIP 

,-----_--_____--_-_________ 
0 HI Preliminary 

- Resol. IP l 113 1 

1o -2 I,,,,, ,/;;;;f)&J 
0 0.2 0.4 0.6 0.8 1 

ZIP 

=S HI fit predicts three times higher cross section ! 

+ Broken factorization (Errors still large)? 

3 2-gluon, qq + $jg calculation (Bartels et al.) OK at small ZP, high .ZF ! 

High Energy QCD. BNL Brookhaven. May 2001 

[sdl ~I&P/DP 
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POMERON PHYSICS STUDIED WITH THE ZEUS DETECTOR 

M. Derrick 
Argonne National Laboratory 

This talk covers four areas of HERA physics studied with the ZEUS detector: 

The Q* and x dependence of the proton structure function F2 is presented, emphasizing 

the transition that occurs at about Q* =l GeV* from pQCD behaviour, described by DGLAP 

evolution in Q*, to a Regge-type behaviour parametrized by a simple vector dominance 

model at the lowest Q* values. The cross sections extrapolation to photoproduction agrees 

reasonably well with those directly measured. 

b) About 10% of the DIS events are diffractive. The general properties can be understood 

either in terms of the exchange of a pomeron in the t-channel or by the interaction of q?j 
and q?j g dipoles in the proton rest system. The data are consistent with factorizing into a 

pomeron flux times a pomeron structure function. The scaling violations show that the 

pomeron is gluon dominated. However, the resulting pat-ton distributions are not universal, 

failing to account for hadronic diffraction at the Tevatron collider. The cross section data 

indicate a larger pomeron intercept than seen in soft hadronic diffraction. New data with 

diffractive masses above 20GeV show a clear three-jet structure as expected from the qq g 

partonic state that dominates this region. 

cl Vector meson production dominates the low mass region. Both the light, p, o and @, as 

well as the heavy, J/o and upsilon, mesons have been observed. The energy dependence 

of the light mesons in photoproduction is similar to hadronic reaction, but the t dependence, 

as a function of W, is different. The J/@ in photoproduction and the p in electroproduction 

have a much steeper W dependence leading to different pomeron trajectories. The t slope 

of the data shows a change from a large to a small dipole size with increase of the hard 

scale. Production ratios approach the SU(4) photon wave function value at high Q*. 

4 The data are compared to the saturation model of Golec-Biernat and Wuesthoff. 
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m 

l 
8 

1 2 

o ZEUS QCDOl & REGGE97 shown in fitted Q* range 

l Is the slope changing? 

l Quantify this from the slope dF&bg(CJ2) 
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l Ingelman-Schlein factorisable model + Pomeron 
with partonic structure (quark and gluon’ densities) 

1 

0 

1 

0 

- Hlfit2 
----- Hl fit 3 

l pQCD inspired models (y-dissociation picture) 
+ Pomeron described as two-gluons exchange 

DIKW - totr) 
----- 4-s . . . . . . . . . . 

* 0.00 
2!LEus 1994 

(-, 

zr 
---*- -a 

&,y om =SGcv;p - 14 Ge+ 

aaa - 

‘I 

HERA data + Pomeron dominated by gluons. 

qqg contribution dominates at low-p (p = $&). 
X 
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(ZEUS Collab., ICHEP2000 Contributed paper 872) 

7 5 < Q2 < 100 GeV2 
200 < W < 250 GeV 
xp < 0.025 
23 < MX < 40 GeV 

-2.3 < & < 2.3 
(L=x~pb-~ + 678 evts.) 

2.jf3det 

xi= M- 

x12=2 2x3 

x1+=2+x3 =2 

x:; z 
20sid; 

sinOl+sin&+sin& 

ZEUS Preliminary 

-3 -2 -1 0 1 2 1 

ZEUS Preliminary 

l zus98+os-t00 
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ZEUS Preliminary 

l ZEUS 98+99+00 

-MC- 

---- MCSATIUP 

.--*--- MC Rloi 

Oh-tiA < 0.4 

x, < 0.8 

. . . t- 
J&l 

Jet2 
I 



Exponential fall characteristic of diffractive 
processes 

similarity with diffraction of light by a circular 
aperture + b O( R2 
b related to transverse size of the interaction 

r.P I ’ ““I I I 

8r 

6 

I 

4 

Jnv 
i 
ac 

7P-)PP 

l J/e radius smaller than p, w and + radius 
.& g f- fg+ ?-t; 

4 (-f uh I 
109 



s 
1.4 

t3 1.35 

1.3 

0 q~Q~+WeV2%kJS 94-95, Hl94,Omega 
*.-* *.-*- 

l p Q2=3.5 GeV2 ZEUS (prek) 96-W 

A p a”=10 GeV2 ZEUS (pd.) 9697 
1.25 
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1I 

). 

No UNIVERSAL POME&OX. 



GB&W Description of aTitp 

= E+“’ 94-g5 

5 
97 

Dotted 

Solid Ii1 

1,3 5.0 (1) 

-60.0 (1) 

-90.0 (1) 

I I I , , , , , , , , , , , , , ) , , , , ) , , , 

18 103 lo4 
losw (GM) 

G = 23kQ3hb 

line: GB&W model (3 

Te: MRST NLO QCD fit 

+ What about c&/dlog(Q2) of NLO DGLAP fits.... 
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BEYOND THE CONVENTIONAL POMERON 
Konstantin Goulianos 

The Rockefeller University 
New York, NY 10021, U.S.A. 

High Energy QCD: Beyond the Pomeron 

BNL, &y 21-q Z(-jOl 

ABSTRACT 

Diffractive processes at hadron colliders and at HERA exhibit similar but not identical 
behaviour to that expected for conventional Pomeron exchange. We present the 

experimental evidence for beyond the standard Pomeron properties of diffraction and 
review a phenomenological model in which a Pomeron-like behaviour emerges from the 

quark-gluon sea of the nucleon. Experimental data on soft and hard diffraction are 
compared with predictions based on this model. 

l Intro duct ion 

o Elastic and total cross sections 

- Regge approach 

- Parton model approach 

l Hard diffraction 
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/ M2-scaling in diffract ion / 
Single Diffraction 

K. Goulianos and J. Montanha K. Goulianos, PLB 358, 379 (1995) 

0 20 GeV (0.01 <5 <0.03) 

A 546 GeV (0.005<j<O.O3) 

0 1800 GeV (0.003<j<O.O3) : 

Albrow et al. 
0 Armitage et al. 

Standard flux 
z 
z 
s ‘zz 
: 
0 Renormalized flux 
I 

8 10 

6 ‘Z 
5 
g 

d 

1' J 
10 100 1000 10000 

-6 (GeV) 

The M2 dependence of the $p single diffraction The j~p total single diffraction cross section has 
differential cross section at t = -0.05 GeV2 an s-dependence consistent with M2-scaling, 
does not depend on the s-value (M2-scaling). contrary to the Regge theory s2’ behaviour 
This is contrary to the Regge theory triple- and in agreement with the Pomeron flux renor- 
pomeron prediction of an s2a dependence. malization prediction of the above reference. 

Double diffraction 
&=I 80.0 GeV 

. DATA 
- DD + non-DD MC 
-----. non-DD MC 

L?.... 

2 j i“-, 
1.2 I__ .-- 

i : 
:.: 

CDF preliminary 

0 1 2 3 4 5 6 7 
Aq”=q max-qmin 

The CDF central rapidity gap data agree in 
shape with the Monte Carlo prediction for 
double diffraction dissociation based on Regge 
theory and factorization. 

1 

. 
‘2: 0 

- 
_.__. 

CDF I 
UA5 (adjusted) 
Rwe 
Renormalized gap 

CDF preliminary : 
1 . **...It I I 

10 lo2 
3 

4s EeVl 

The u$,, agrees with the prediction of the 
renormalized rapidity gap model based on M2- 
scaling (KG, hep-ph/9806384), contrary to the 
s2’ expectation from Regge theory. 
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Multi-gap cross sections 

AYI AY: AY2 AY; AY3 AYh AY4 

Ay = ,& Ayi 

t1 t2 t3 t4 

Rules for calculating multi-gap cross-sections 

The high energy cross section for a multi-gap process can be calculated from the parton-’ 

model scattering amplitude 

Imf(t, Ay) N ecE + ol’t)Ay 

l For the rapidity regions Ay’ = C; Ay;l where there is particle production, the t = 0 

parton model amplidude is used and the s&-energy cross section is given by C. eEAy’. 

l For rapidity gaps, Ay, which can be considered as resulting from elastic scattering 
between clusters of particles, the square of the full parton-model amplidude is used, 
,g~ + a’+~; 

7 and’the form factor p”(t) . IS included for a surviving (anti)proton. 

l The gap pro6abiZity (product of all rapidity gap terms) is normalized to unity. 

l A color factor IE is included for each gap. 

Calculation of the 4-gap differential cross section of the above figure: 

l There are 10 independent variables, Vi, shown below the figure. 
dl’“* 

-____- = Psap x o(sub - energy) rr]2 &,T .-! ’ 

o a(sub - energy) = &4 [,0” (0) . e’ A y’] (Ay' = & Ay,!) 

pgap = ATgap . ,=A:(/ * fp;)pl @Y = d, AYi) 

@ N-@, : factor that normalizes Pgap over all phase space to unity. 
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Inclusive DIS & N i l Fz(x, Q”) 

. Diffractive DIS dtd/$dQz N $ l FF(t, I, p, Q2) 

jx = p$ 

F:(t, S, P 7 Q2> = fc +';ub-energy(P, Q2) +'gap(tl t, s"> 

1 
pgap = Ngap l f  l 

p + a’@ +- X(Q2)1 ln i 1 . P2(t> 

N-l (Q2 emin) = J; 
9aP ’ min 

[++ c + A + a’t] ,02(t) dt dc 

! 
i , 
1 If 

- z:rn7:n - 
min - 

Q2/s +a, N 
p - p 

gap = f o-p, L$) j 

Ignoring t +- Ngap = (C + A) l (Q2/sp)” + .A 

To guarantee factorization at large Q2: 

( n = c + A, c = &act) 

FzD(J, P, Q 2 - n > - C . Ilsn . i 1 - e-$(Q2/W)n 
] l [fc l $1 
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a”(O) = 1+ + [E + X(Q”)] ( use E = 0.1 and X = 0.1 + 0.053 lnQ2) 

ZEUS 1994 

1.2 1.2 

- 
l- Soft Pomeron l- Soft Pomeron 

I I 1 I I I , 1 I I I , , I I , L I I II11111 I , II,,,, I. 

1 IO 

Q2(Gk%, 

2 
1 

I0 Q2(GPs) 

Diffractive structure function prediction (hep-ph/0001092) 

52 0.05 
a” 
I? 
$0.04 

0.02 1 

0.01 1 

- 0 0.2 0.4 0.6 0.8 1 
beta 

Hl DATA: 

Q2 = 45 BeV2 
F2(Q2 = 50, x = 0.00133) = 1.46 
+ F2(x) = 0.2/x"m3 
( = 0.01 

E = 0.1 
x = 0.3 

The solid curve in the figure is 
predicted using the above 
data/parameters and fC = 0.5. 
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a Soft diffraction 

- A parton-model approach to diffraction was presented based 

on the observed M2-scaling (s-independence) in single and 

double diffraction pp differential cross sections, da/dM2. ( 

- This approach leads to unitarized cross sections without the 

need to introduce multi-Pomeron exchanges to account for 

saturation effects (screening, survival-probability . . .). 

- Multi-gap differential cross sections are predicted. 

Hard dif&ction 

- Diffractive structure function in .DIS: 

- Dependence of Pomeron intercept on Q2: 

a(o) = 1 + ;[E + X(Q2)] 

- Ratio of diff/non-diff structure functions at the Tevatron: 

R - l/x’ + A 
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High Energy &CD: Beyond the Pomeron Brookhaven fi-ational Laboratory 

21-25 May 2001 

Scaling Properties of 
High-Energy Diffractive Vector-Meson Production 

at High Momentum Transfer 

James A. Crittenden 

Deutsches Elektronen-Synchrotron 
Notkestrasse 85 

D-22603 Hamburg, Germany 

May 23, 2001 

Abstract 

119 

Recent results on the diffractive production of vector mesons in photon-proton reactions at HER:I. 
are challenging contemporary understanding of diffractive processes and of hadron structure. Foi- 
lowing a brief overview of selected results obtained from the measurement programs of the Hl and 
ZEUS collaborations during the first eight years of operation, we concentrate on the experimental and 
phenomenological particulars relating to a recent observation of power-law scaling with momentum 
transfer in semi-exclusive vector-meson photoproduction. The combination of the observed power 
and the polarization of the vector meson appear to violate the helicity selection rules of perturbative 
QCD. This observation fits into a pattern of HERA results pointing to contributions from a point-like 
transverse-to-transverse vacuum-exchange transition which is difficult to reconcile with &CD. 



Higl~ ElJergY QCD Workshop BNL 

23 May 2001 Upton, New York 

Scaling Properties of High-Energy 

Diffractive Vector-Meson Production 

at High Momentum Transfer 

UZF Selected Results from HERA 

rw Surprise in p” Photoproduction 
at High Momentum Transfer 

J. A. Crittenclen 

Deutsches Elektl-ol7en-Syr7chr-ot~oil 

General Remarks on 

Exclusive VM Productioti at HERA 

w Investigation of vacuum-exchange processes 

Vacuum exchange has a 
complicated, poorly understood structure 

I@$ Study properties of strong interaction 

j Soft interactions 

..: Forward, total cross sections 

.i: Exponential r-slopes, shrinkage 

‘3 Helicity rules 

j Hard interactions 

.t Short-clistance vac,uum exchange 

:i: Scale definition 

3 Sensitive to Ja*C:(jc, fi’)[* 

+ Heiicity I'LII~S 

The hard/soft transition can be studied in 

Q2 Mr? ItI 
I 

@C Exclusivity allows study of helicity structure 

j The VM helicity state’ is directly related 
to the expected scaling behavior 

??- The spin-density matrix elements are 
directly related to meson structure 

BNL Workshop 
23 May 2001 El 

J.A. Crittenden 

DESY 
/ 



Quick Review (IV): 

gl;/q- in Elastic p” Electroproduction 

A now known to be small 

r 
'3 16 

'2 
II I4 

a 
12 

10 

8 

G 

4 

2 

0 

-2 

A. Kreisel/ZEUS at DIS2001 

~~~ 

r 
’ The dominance of oL 

was an early prediction of pQCD I 

BNL Workshop 
23 May 2001 Ilo] 

J.A. Crittenden 
DESY J 

Quick Review (VI): 
a~/q- in Elastic p” Ele&-oproductirjn 

A. Kreisel at DIS2001 

ZEUS 
0 0 ZEUS(Pre1.) %-97 

<r = l/(l+Q2/M2)” 

Q52 GeV’ 

. OL ’ OT 

n=1.89H.03 n=2.72&0.03 

0 5 IO 15 20 25 

Q2 (GiV2; 

Remarkably hard scaling behavior for 0-T 

(The Q* dependence is even weaker than Q-6) 

BNL Workshop 
23 May 2001 (121 

J.A. Crittenden 
DESY 
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Main Topic: 
VM Photoproduction at High It/ 

Photoproduction Tagging at 14’ N 100 GeV 

ZEUS detector 

9- +>A* 
44m 

tagger 

Q2 CO.02 Geti 
23 <E,/ ~25 GeV 

(=+80< W<120 GeV) 

ZEUS 1996/97 preliminary 

Integrated luminosity: 24 pb- 

p”: z 18k 
~$1 N 2k 

J/?/k 21 150 

f 
Proton-dissociative process doriiinatcs at 111 > 1 GeV2 

t x ____ 
= t-iI@ 

I Cross sections g are integrated over 0.01 < 32 < 1 

BNL Workshop 
23 Mav 2001 (131 J.A. Crittenden 

DFSY 

Diffractive p” Photoprdbir~~io:n.(III) 

I I,,,, I I I I I III, 8 I f I I_ 

0 2 4 4 8 10 I2 
Momentum Transfer (2) [GeV2] 

Multiplying with (-t)‘” 

BNL Workshop 
23 May 2001 (17) 

J.A. Crittenden 
DESY 



Diffractive 4 Photoproduction (II) 

t 
I I 

t I i 
0 .?ElJS 1996197 [preliminnty) ’ i I 

III, I,.IIIII 11,,,,,.,,( 

0 I 2 3 4 ?-%-- 
Momentum Transfer (-t) [GeV2] 

--.. ___ .- .-.-.-, 
[Multiplying with (-t)” 1 

1 

BNL Workshop 
23 May 2001 

.J.A. Crittcnden 
DESY 

/ 

Decay-Angle Analysis (II) 
Talk by A. Kowal at DIS2001 

ZEUS 

1 Transverse polarization dominates 1 

Helicity breaking clearly measured at level of few % 

(But why no dependence on t?) 

Also significant double-flip contribution 

See Ivanov et al, Phys. Lett. B478 (2000) 101 

BNL Workshop 
23 May 2001 I25) 

J.A. Crittenden 
DESY 
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Some general remarks 
(and some questions) 

E$$ These are the first measurements of light-vector- 
meson photoproduction at values of t comparable 
to the Q” values in DIS which led to the discovery 
of charged proton constituents in 1967. 

@= BUTthis is presumably a strong interaction, rathet 
than electromagnetic. 

uZ$ We observe an extremely hard t clepenclence 

j low-order process (first order ?) 

+ What about the meson form factor ? 

Gs The QCD lielicity selection rules 

appear to be violated. 

I@’ These values for t exceed the mass scales 
for p” and 4 and exceed A&, 

+ Asymptotic region 

The t dependence characterizes the interaction. 

Perturbative field theory 

for vacuum exchange in the strong interaction (?) 

What is the exchanged field? 

What is the “charge”? 
(Strength about l/100 of confinement) 

What is the reacting proton constituent? 

Are there point-like interactions of hadronic bound states? 

6 NL Wot,kshoj> 
23 May 2001 

J.A. Crittenden 
DESY 

There appears to be increasing 

is difficult to reconcile with QCD 

w A QCD description requires chiral-symmetry 
breaking, for example, quark-mass effects. 

EF This requirement results in a t dependence 
stronger than observed. 

I@? This T+T transition contributes to VM 
electroproduction well into the Q* region 
where pQCD successfully describes 
the production of longitudinal vector mesons. 

I@? It is the dominant VM-photoproduction 
process at high momentum transfer. 

f The successful field theoretical description of this 
. 

process will be a prime candidate for a theory 

which can be used in higher orders to describe 

diffractive processes at low momentum transfer, 

k elastic and total hadronic cross sections. 1 

BNL Workshop 
23 May 2001 

J.A. Crittenden 
DESY 
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Abstract: For Multiplicities,Cross Sections and Diffraction Dissociation 

W.D. Walker -Duke University 

In figure 1 we see the multiplicity distributions for a range of 4s values. The solid curve 
is the distribution for lower energies (ISR) where K.NO multiplicity scaling holds. The 
quantity x is the charged multiplicity n/<nr> where <nl> is the average multiplicity for a 
single parton-par-ton collision. KNO scaling works for a part of each of the multiplicity 
distributions. Figure 2 shows the result of subtracting the solid curve from each of the 
experimental distributions. The result is a group of curves which peak at a value of 
n&n,> = 2. The distributions widen as 4s increases. 

To begin to understand the position of the energy threshold for double (and triple) parton 
-parton collisions we use the energy required ,&‘, for making the multiplicity <nr> 
charged particles from e”-e- annihilation. This formulation predicts a threshold for two 
collisions of about ds =lOO GeV for p-pbar interactions. The results of the calculations 
and observations are shown in the Table. The quantity <nl> is measured and nicely fitted 
by an expression of the form <I&> = A log(&) + B over the range of 4s of 60 to 1800 
GeV.. We note that the threshold for 3 collisions should be in the neighborhood of 500 
GeV.. We show the decomposition of the multiplicity distribution at 1800 GeV. in 
Figure 3. We have extrapolated our results to LHC energies. We find that the 
multiparton collisions account for almost all of the increase in the non-single diffractive 
cross section, CSNSD ,in the collider energy range. We predict that multi-par-ton collisions 
will have a cross section of about an equal magnitude with that for single parton-pax-ton 
collision at the LHC energy. This is shown in figure 4. Remarkably the cross section for 
single parton -parton ,<rl , seems to be nearly constant as the energy is increased. 

Collisions with nuclei will likely obey a different set of rules than single nucleon-nucleon 
collisions. This makes such studies seem very inviting. 
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n Js = 200 GeV 
0 Js= 546 GeV 
a Js = 900 GeV 
Cl Js= 1800GeV 
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&-GeV 

62 

TABLE-COLLISION CHARACTERISTICS 

<l-II > x’ &l 4s GNSD (Jl (32 

14 .58 30.3 31.0 

~3 (mb) 

200 20.0 .40 35.2 33.5 1.75 

546 25.2 -30 40.2 30.8 9.5 

900 27.6 .24 43.0 31.7 10.2 1.5 

1800 31.5 .18 47.0 31.9 12.5 2.7 

14000 42.2 .lO = 62.0 30.6 17.2 13.9 
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Decomposition - 1.8 TeV 
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The fit yields n = 1.0410.01(stat) and m = 0.92~0.02(stat). In the framework of Regge 
theory, the Pomeron, Reggeon and Pion exchanges have t dependences of <--(2cy(o)-1) - 
p2, - to and - c, respectively. The measured value of m = 0.92 & O.O2(stat) indicates 
that single diffractive dijet production is dominated by Pomeron exchange. 

Comparisons are made with results from the UA8 collaboration, which studied single 
diffractive dijet production and the structure function of the Pomeron in pp collisions at 
& = 630 GeV at the CERN SppS collider. To compare the CDF 630 GeV data with 
the UA8 result,s, the CDF 630 GeV data sample was re-analyzed in a similar way to 
that used by the UA8 collaboration. The x(2 - jet) (= 9 - zbj(proton)) distribution for 
the U-48 data, from which U-48 evaluated the Pomeron structure function, agrees with 
that for the CDF 630 GeV data reasonably well. 
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Study of Diffractive Dijet Production at CDF 

Kenichi Hatakeyama 

Rockefeller Universi-ty, 1230 York Avenue, New York: NY, 10021 

CDF Collaboration 

We have studied single diffractive dijet production at fi = 630 and 1800 GeV using 
events triggered on a leading antiproton detected in a Roman Pot spectrometer. In this 
study, the diffractive structure function of the antiproton is measured and compared be- 
tween fi = 630 and 1800 GeV. We find agreement in the B-dependence of the measured 
diffractive structure functions (/3 is the momentum fraction of Pomeron carried by the 
struck parton), and a ratio in normalization of 

W--- ff;o] = 1.3 i 0.2(stat)~~:~(..sy.st) 

in the region of 0.1 < :L? < 0.5, 0.035 < c < 0.095, where E is momentum fraction of the 
p carried by the Pomeron, and 4-momentum transfer squared Jtl < 0.2 GeV2. This ratio 
is in general agreement with predictions from the renormalized Pomeron flux model, soft, 
color interaction model, and gap survival model. 

We have also studied some characteristics of the diffractive structure function using 
the higher statistics 1800 GeV data sample. In the region p < 0.5, 0.035 < < < 0.095 
and ItI < 1 GeV2, the measured diffractive structure function can be fitted with the 
form 

FJT (p, r$) = c . ,3-” . i$-” 



I IXffractive Dijets with Leading Antiproton 

Physics Motivation: 

1. Measure the diffractive structure function 

F’(P, t, Q2, -t> 

2. Test QCD factorization by comparing 

(a) F$(p, 6, Q2, t) between fi = 630 and 1800GeV 

(b) FE@, c, Q2, t) with expectation from the 

measurements’ of diffractive DIS at HERA 

XP- = PLl,,lPfb X:p = PUIIPP 

[ = 1 -XF =$'P/@, P =&L&J' 
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l Diffractive dijet events favor larger t values 

l The ratio of dijet to inclusive events has a flat 

t-dependence 

Consistent with 1 00 GeV results 
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F;(/3, tf) = C x ,6+(t) 
(12) = I.04 31 O.OP(stat) 

FJ-(P, r> oc l/1”” 
7-n = 0.92 31 O.O2(stat) 

(at /3 = 0.1) 

&/3-factorization : 

0.035 I E 5 0.095 4 

Itl<l.dGeV* 1 

0.8 
;;i;2.5 

-: 2 

R 
s 1.5 

a3 
LL 1 

go.5 
n 

~ Inclusive 

ot”““‘“““““““““““““‘~ 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 OF 

(10-"/c < ,0 < 0.5 and 0.035 < [ < 0.095) 



Comparison with UA8 (630 GeV) 

UA8 has more events at low-J than CDF due to 

different Roman Pot accept ante 

+- Weight events in CDF data so that the [ 

distribution becomes similar to that of UA8 

CDF Preliminary 
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Diffractive J/T) production at CDF 

Andrei Solodsky 

Rockefeller University, New York, New York 10021 

(for the CDF Collaboration) 

We report the first observation of diffractive J/$(+ ,u+,u-) production in 

@ collisions at fi=1.8 TeV. Diffractive events are identified by their rapidity 

gap signature. In a sample of events with two muons of transverse momentum 

pg > 2 GeV/c within the pseudorapidity region 171 <LO, the ratio of diEactive 

to total J/$ production rates is found to be R,jti = [1.45 f 0.251%. The ratio 

RJ,$(z) is presented as a function of z-Bjorken. By combining it with our 

previously measured corresponding ratio Rjj (z) for diffractive dijet production 

we extract a value of 0.59 f 0.15 for the gluon fraction of the (anti)proton 

diffractive structure function. 

Abstract 
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I Diffractive Production in @ Collisions I 

#k J/q mesons are mostly produced through gg fusion 

% D$j%-ucti,e J/$ production provides measurement of 

gluonic content of the Pomeron 

% Challenging test for the phenomenological models 

describing J/Q$ anomaly and diffractive production 

High Energy QCD: Beyond the Pomeron, May 23, 2001 
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Diffractive Event Signal in Dimuon Sample 
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1 ENTRIES 18910 1 

Rapidity gap definition 

m+ No energy above noise in 

the forward calorimeters 

m No hit in the BBC on the 

side of calorimeter gap 
0 5 10 

Min NBBc 

High Energy QCD: Beyond the Pomeron, May 23, 2001 
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R--v+ %%I as a Function of Bjorken-X 

From the detected jet, we calculate: 

Jlti 
xbF P,,~l%(P) = 

PT 
. e-qJ/+ + Egt . em-‘)jet 

2 . p;(p) 

-1 

10 

-2 

10 

02 
Jl+ 
T ( e-qJ/?c, + e-vie& > 

- 

1/ S 

I 1 I I,“, I , I ,I,,, I I11#111 

l J/v Data (J/v + highest Jet) 

A Roman Pot Dijets 

: 
Hri X * =0.004 
-* 

T 

f mm 
: . 

: 
: 
: 
: 

t 

cl 
: 
: 
: 

; 1 q 

; J/y.f; 

: : 
: : 
: ; 

: 
: : bb 
: : : + 

I I I I,,, I I I I ,l,,f I I I11111 

lo5 10 -2 10-l 

X-Bjorken 

High Energy QCD: Beyond the Pomeron, May 23, 2001 
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Gluon Content of Pomeron 

Ratio of diffr. to non-diffk dijet production 

Since 

RJJ 

RJl+ 
= 1.17 & 0.27(stat) C# Ix: = 0.0063,0 = 6 GeV/c 

exp 
From the proton PDF-set GRV94 LO . 

a( .> X 

d > 
= 0.274 @ x = 0.0063, Q = 6 GeV/c 

X 

m Gluon fraction @ z = 0.0063 and Q = 6 GeV/c 

I f D 9 = 0.59 zk O.l4(stat) Jc O.OG(syst) 1 

W From diff. W, bb and dijet production 

High Energy QCD: Beyond the Pomeron, May 23, 2001 
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MATCHING of SOFT and HARD P 0 M E R 0 N S 

E. Led,* 

School of Physics, Tel Aviv University, Tel Aviv, 69978, ISRAEL 

May 24, 2001 

Authors: S. Bondarenko, D. Kharzeev , Yu. Kovchegov, E. Levin and Chung-I Tan. 

The main goal: We want to find out how large the contribution of the non-perturbat.ive 
to the parameters of the phenomenologivcal “soft’ Pomeron ( Donnachie-Landshoff Pomeron ): 
Ap = 0.08 G 0.1 and I& = 0.25 GeVT2. 

Key idea: “Soft” Pomeron + nonperturbative QCD but at sufficiently short distances 

r~(Pomercm) = l/A& > rL(separation) > l/R 

The results: 

l The high energy asymptotic is due to exchange of the resulting Pomeron - Regge pole 
with the intercept close to 1; 

0 The pQCD contribution to the resulting Pomeron is essential; 

0 pQCD leads to 

- Considerable increase of the soft Pomeron intercept: ASH M 3 A, ; 

- Decrease of the slope of the soft Pomeron trajectory a& M $ c&.; 

0 The result crucially depends on the value of the intercept for the soft Pomeron A,; 

l The result is sensitive to our assumption on the values of scales: the nonperturbative 
scale of the soft Pomeron and the separation scale for the hard (BFKL) Pomeron; 

*e-mail: leving@post.tau.ac.il 
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1 MATCHING of SOFT and HARD 1 
POMERONS 

May 30, 2001 

Scales of QCD 
High density QCD 

%( ) X 

I. 

Saturation scale------------- 

pQCD 

= 2GeV 

- 1 GeV 

~200 - 300 MeV 

‘i 

instantons 

Confinement scale ------------- 

(Size of hadrons) 
npQCD 

“Matching of soft and hard Pomerons 
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a o l-kwcl Pomerpn = 
BFKL Pomeron rn NLO 
<+ running as 0 0 

0 The NLO BFKL kernel:KgFK&2,q’2) = a!&) 

KC r- r’) where r = i!n(q2/A2) and T’ = Zn(q’2/A2) 

0 The Mellin image of K(r - rl) K(f) has a form: 

KW = &&w) + ww) ( f - 4 )2 

D 
I a. 
I 

E. Levin 

“Matching of soft and hard Pomerons 
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Soft Pomeron 

w 
1 . I l 

: 

+=+ 

I I 
: . 

-2-L 

Our approach: 

w?,q’* ) = 

As h*) 4vsY2) ; 

q* = M* 
n .o 

= 4GeV*; 

0 K(q2,q'2) = As+(q") +(q'2) &s . I 

a K(q2, d2) E As+(q2) +(qt2) ’ + diffusion in 

impact parameters (bt) ; 

0 Jqq2, d2) = As&l”) dw2) - 
where R is the radius of interaction ; 

0 K(q2,q'2) = &+(q"> +(a'") 

R=a$lns 

a’p oc l/q,” ; 

“Matching of soft and hard Pomerons 
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Soft & Hard Pomerons 

soft 

Pomeffon 

Hard 
Pomeron 

soft 

Pomeror 

q 

Ii 
Gto = 
q” 

q 

+ 

q” 

q 
KH 

XB 
+ 

q’ 

G, 

q” 

q 

q’ 

“Matching of soft and hard Pomerons E. Levin 
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Solution to the two channel problem 

F ( ( ;rH)& ’ (rS - rH%) ) wherers = z~d,~cal.a~omal,b 

H = log(-2 1 J; and F(z) = sooo 5 exp(-zat - I)- 
’ separation” 

t(GeV') 

“Matching of soft and hard Pomerons E. Levin 
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The CKMT approach to the Pomeron puzzle* 

Elena G. Ferreiro and Carlos Merino 

Departamento de Fa’sica de Particulas 

Universidade de Santiago de Compostela 

15706 Santiago de Compostela 

Galicia-Spain 

The CKMT model for the parametrization of the nucleon structue function F2 is a model 

based on Regge theory which phenomenologically takes into account the Regge cuts and the 

decrease of their contribution with Q2, and which describes the experimental dat,a on F:, in 

the region of low Q2. . 

An explicit theoretical model which leads to the above pat~rn of energy behimior, now 

confirmed by a simoultaneous description of diffractive production by real and virtual pho- 

tons, is a.lso presented. 

The CKMT model taken as an initial condition for the NLO evolution equations in 

perturbative $CD, provides a good description of the experimental data of F2 in the whole 

available kinematical region of IC and Q2, in particular when these data are presented in the 

form of the logarithmic slopes. 

“High Energy QCD: Beyond the Porncron Workshop, BNL (NY), May 21-25, 2()01 
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Perturbative Radiation in Gap Events 
George Sterman 

Physics Department, Brookhaven National Laboratory 
Upton, NY 11973, U.S.A. 

C.N. Yang Institute for Theoretical Physics, SUNY Stony Brook 
Stony Brook, NY 11794 - 3840, U.S.A. 

Rapidity gap events in the presence of hard scattering are one of the striking fea- 
tures of hadronic final states at HERA and the Tevatron. Although the formation 
of a gap cannot be a purely perturbative process, it must be consistent with pertur- 
bative analysis, where the latter applies. Examples include evolution in diffractive 
DIS structure functions, and the case considered here, the flow of energy, Qo, into 
region fi of rapidity (7) and azimuthal angle (4) between two high-prr jets. This cross 
ssection possesses a standard collinear factorization form. 

with corrections of order A&,/Q& in terms of normal parton distributions f, and 
hard-scattering functions d&-, where PT stands for any fixed kinematic variables of the 
jet(s). The hard-scattering cross section itself may be refactorized into short-distance 
functions at the scale pr, and a cross section computed in eikonal approximation, into 
which all &o-dependence goes. . 

The variable p’ is an arbitrary factorization scale that separates the short-distance 
functions h and eikonal cross sections Gr’, both of which are infrared safe. The 
indices I and J label the color exchange content of the short-distance functions. 

The refactorization of the cross section (2) allows us to quantify the idea of color 
exchange [I]. As the refactorization scale p’ changes, so does the color exchange. In 
this sense, Eq. (2) interpolates between “two-gluon exchange” and “soft color” models 
for gap formation- Radiation into fl is a result of evolution between the scales pr 
to Qo. This evolution is characterized by a set of anomalous dimension matrices, 
which depend on both pi and the choice of R. In general, reactions involving gluons 
involve more radiation, and hence a lower gap fraction, that those involving quarks. 
This is consistent with comparisons of 630 and 1800 GeV data from the Tevatron. 
An analysis of energy flow, rather than of multiplicity, leads to a constellation of 
predictions in terms of s, jet pT and rapidity, as well as Qo [Z]. 

References 

[I] G. Oderda and G. Sterman, Phys. Rev. Lett. 81,359l (1998), hep-ph/9806530; 
G. Oderda, Phys. Rev. D61, 014004 (2000), hep-ph/9903240. 

[2] C.F. Berger, T. Kucs and G. Sterman, in preparation. 
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Coherent Contributions of Nuclear Mesons to Electroproduction- 
HERMES Effect 

Gerald A. Miller, S.J. Brodsky M. Karliner 

hepph/0002156 ?L8. ~~~,2~s cz o ’ ” 

What is the HERMES Effect? - - e@ 

IS e au-- 
-. - 

a(xaT+cuL 4(1-Y) 
’ = 4(1-y)+2yz 

@A Fi ~+ERA Ii-RD -=- 
UD F,D ~+RA I-I-CRD 

x M 0.01, Q2 = 0.5 GeV2 

Callan-Gross relation severely violated --+ bosom are the partons! 
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Effective Field Theory for the Small-x Evolution 

Ian Balitsky 

Old Dominion University 
Oceanography and Physics 

Hampton Boulevafd 
Norfolk, VA 23529 

and 

Jefferson Lab 
CEBAF Center-Theory Group 

12800 Jefferson'Avenue 
NewportNews,VA23606 

balitsky@jIab.org 
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Deep inelastic scattering in QCD 

hadrons 

- 
- Im 

Bjovken limit : 
i 

Q 2= -q2 --+ 00 
-Q2 f-J--- 

2PCl 
fixed 

Optical theorem 

EFT for the small-z 26 June 2001 
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BFKL evolution Nonlinear evolution 

fast (P=-lz 1 
hadron 

t (time1 
phgton 

Emission of partons N p (density) 
Annihilation of partons w - $P * 

(the amplitude of the annihilation of two 
partons in the cascade is 3) 

The equilibrium between emission and annihila- 
tion (saturation) should be described by simple 
non-linear equation 

dP -wzws KBFKL as 

dln(l/rc) = K 
P- const x 2 2 

Q P) 

EFT for the small-~ 

191 
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Small-x: DIS from 

P* -1 -. 

Fast quark moves 

the nucleon 

along the straight line + 

quark propagator reduces to the Wilson line 

collinear to quark’s velocity 

(s 
1 

b7Yl = Pexp ig 
0 

dv(x - Y>l”Ap(~X + (1 - $Y> 
I 

EFT for the small-z 
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Non-linear evolution equation 

LLA for DIS in pQCD + BFKL 

LLA for DIS in sQCD ---\, NL eqn 

( f s or sem iclassical) 

Example - LLA for the structure functions of 

large nuclei: as In L N 1, azA1i3 N 1 
X 

EFT for the small-z 
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The act 

EFT for the small-x: 
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26 June 2001 



The action is local (and real). Given the initial 

conditions 

(PBiu t 

this functi 

~“(~Xl)ut’o(22)...U)Ut~o(~1-L>jpB), 

onal integral can be calculated. 

EFT for the small-x 26 June 2001 
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Summary of the talk Direct Solutions to Kovchegou Equation 
Leszek Motyka, Uppsa2a and Krako’w 

The Kovchegov equation describes the evolution of the color dipole density in an onium state and is capable 
to include multiple scattering of the dipoles off the target. It is compatible with &CD in the leading logarithmic 
log(l/s) approximation and large N, limit. It may be viewed as a minimal extension of the BFKL equation in 
which the unitarity of the scattering amplitude is preserved. Therefore the properties of the equation and the 
applications in the high energy phenomenology call for a detailed study. Besides that I want to test wheather 
the solutions of Kovchegov equation are able to explain the recently reported phenomenon of geometric scaling 
in o(r*p). 

I focus on the Kovchegov equation for small dipoles and for the cylindrical nucleon, which has a particularly 
simple form 

where 

Now I substitute 

xBFKL(Y) = 2$(l) - g’(Y) - $(I - ?‘), Y = log(l/z) (2) 

(3) 

which reduces the equation to the BFKL-like form. This equation was solved numerically by the discretization 
method with the use of set of orthogonal polynomials. The nonlinear term has is local in Ic which makes it 
straightforward to t.he generalize the standard method used in the linear case. After the discretization one 
obtains a set of nonlinear differential equations of the first order. The initial condition function is usually 
assumed to be defined by the Glauber-Mueller Ansatz. 

I demonstrate that the unintegrated gluon distribution fg (k! Y j may be obtained from the solution f+(k, Y) 
by the following formula 

j-&P, Y) = $k4A/Jqk, k’) (4 
s 

with & used for the 2-dimensional Laplace operator in the b space. 

I consider both the fixed and running Q, in the Kovchegov equation. The running coupling (RC) constant 
case is particularly interesting because the BFKL equation with RC requires an explicit infra-red cut-off (about 
1 GeV) due to the Collins-Kwiecinski bound for the BFKL pomeron intercept. In the Kovchegov equation the 
cut-off may be lowered substantially without loosing the stability of the equation. This happens because the 
growth of the gluon density at low k” (and succesively for all t) is tamed by the nonlinear term - the infrared 
cut-off is now generated by the equation itself. However. the evolution in r is still to rapid and the resulting 
gluon distributions for low x is by order of magnitude too large in comparison with the existing paramterisations. 
The potential source of the failure is probably the missing non-leading corrections to the BFKL part of the 
kernel which would slow down the evolution. The approximate geometric scaling is found to hold for x < 0.01. 

I also study the Kovchegov equation with cy, fixed to 0.1 in order to guarantee the evolution to be slow. The 
solving function in the low x region may be approximately expressed as 

I?(k>Y) - log(1 + (Q,/k)$) (3 

with the saturation scale QS(z) growing towards small 2 as z-u.” and /3 y 1.5. The solutions is also consistent 
with the geometric scaling, however it is different from the Glauber-Mueller input and therefore from the 
corresponding distribution from the Golec-Biernat-Wfisthoff model. The gluon following from the solution 
agrees reasonably with the accepted parametrisations. The amount of shadowing is investigated by comparing 
the gluon from the nonlinear and linear equation. It is found, that the shadowing corrections for the gluon are 
at the level of 30% for 3: N 10-e, lo-* and lo-’ for Q” = 100, 10 and 1 GeV” respectively. 

As the main conclusion we confirm, that a reasonable phenomenology may be constructed on the basis of 
the Kovchegov equation with a small coupling constant and that the nonleading corrections should be included 
for the equation with the running coupling constant. 
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Solution to Kovchegov equation for fixed Q, = 0.1 
and Y = 0,2,4,. . . ,16 
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Test of geometric scaling for fixed Q, = 0.1 
Scaling variable: t = li”~ exp(-0.2 Y) 
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Gluon from Kovchegov equation with ols = 0.1 
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L. Motyka 
Solutions to Kovchegov equation 

Shadowing from Kovchegov equation with as = 0.1 
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Comparison of solutions 
with running and fixed as at high Y 
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Total and differential cross sections for high energy and small momentmn transfer 
elastic hadron-hadron scattering are stnciied in QCD using a functional integral 
approach. The hadronic amplitudes are governed by vacuum expectation vahes of 
lightEke Wegner-Wilson !oops, for which a matrix cumulant expansion is derived. 
The cumulants are evaluated within the framework of the Minkowskian version 
of the model of the stochastic vacuum. Using the second cumulant, Ge calculate 
elastic differential cross sections for hadron-hadron scattering. The agreement with 
experimental data is good. 

We calculate high-energy photoproduction of the tensor meson fz (1270) by odd- 
eron and photon exchange in the reaction y + p + fz(1270) + X7 where X is either 
the nucleon or the sum of the x(1520) and N(1535) baryon resonances. Odderon 
exchange dominates except at very small transverse momentum, and we find a cross 
section of about 20 nb at a centre-of-mass energy of 20 GeV. This result is com- 
pared with what is currently known experimentally about f2 photoproduction. We 
conclude that odderon exchange is not ruled out by present data. On the contrary, 
an odderon-induced cross section of the above magnitude may help to explain a 
puzzling result observed by the E687 experiment. 
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The Instanton/SphaleFon Mechanism 
of High Energy Hadronic and Heavy Ion Collisions 

Edward V. Shuryak 
Department of Physics and Astronomy 

State University of New York, Stony Brook, NY 117943800 

We argue that if the growing part of hadron-hadron cross section (described phe- 
nomenologically by the a(O) - 1 of soft Pomeron) is due to instanton/sphaleron mecha- 
nism, as suggested recently. In essence, if the parton collisions happens nearby tunneling 
event (described semiclassically by instantons) some wee partons can be absorbed by it. 
The resulting field configuration is close to sphaleron-like spherically symmetric gluomag- 
netic cluster, which then explodes into several gluons. 

New element of the talk is discussion of quark effects. We conjecture that sphaleron 
decay should go into the same hadronic states as do instanton-induced decays of of Jp = 
O+, O- colorless objects: (i) the scalar glueball candidate fa(1710) who decay mostly 
into r], q and J?K; or (ii) as suggested by Bjorken, 77~ + KKn, eiann, etu’nn. Common 
signature of these final states is unusually large fraction of “delayed pions” coming from 
q, eta’, KS decays. This correlates well with experimentally observed but unexplained 
decrease of HBT correlation parameter X from its usual value M 0.5 to M 0.2 in high 
multiplicity events. 

Instanton mechanism should be even more important for high energy heavy ion colli- 
sions in the RHIC energy domain, where it is no longer a rare process: due to very large 
number of parton-parton collisions. We predict production of of the order of a hundred 
produced sphalerons per unit rapidity. Unlike perturbative gluons (or mini-jets), these 
cZassicaZZy unstable objects promptly decay into several gluons, quarks and antiquarks, 
leading to very rapid entropy generation. This may help to explain why the QGP seem 
to be produced at RRIC so early. We further argue that this mechanism cannot be im- 
portant at higher energies (LHC), where the relevent scale is expected to go above 1 GeV 
and the perturbative description should apply. 
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Instanton/sphaleron rikhanisrn : _ 
_ of high energy hadronic and heavy ion collisi( 

E.V.Shuryak . 
SUNY Stony Brook -:’ . .,. :. ,. 

l - Introduction: the %ubstructure scale” 

l - Instanton liquid, properties, ,counting rules .~ 

l .- Elastic scattering (‘. ,. 
6 Inelastic scattering: .mulI+&ori produc- 

tion, unitarization 

l - Evaluating Soft Pomeron parameters, A, a’ 

4 l - The Sphaleron and its decay 
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Classical Gluon Production in Hadronic 
Collisions 

Gregory W. Carter r 

Department of Physics and Astronomy, SUNY Stony Brook, NY 
11794-3800. 

Abstract 

The instanton liquid model of the QCD vacuum has been rather suc- 
cessful in describing low-energy phenomenology. Recent work suggests these 
localized, classical solutions of the gauge field play a role in the semi-hard 
processes relevant to hadron-hadron and heavy ion collisions. Specifically, 
the high-energy growth in inelastic partonic cross sections might be due to 
partons probing instantons. Excited by the energetic partons, an instanton 
may be transformed from a Euclidean vacuum tunneling event into a color 
magnetic configuration which sits atop the barrier - a sphaleron - and decays 
into perturbative gluons. 

We have derived and solved the field equations for the intial sphaleron 
state and, drawing from work done on electroweak sphaleron decays, estimate 
its decay will produce roughly 6 gluons after a time of 1.5 fm/c. 

IBased on work done in collaboration with E. V. Shuryak. 
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Summary of the Discussion on Pomeron Physics Program at RHIC 

Summary by Wlodek Guryn, BNL 

(Discussion leader Dima Kharzeev, BiVL) 

The general questions for the discussion were: 

1. What (if any) are the fundamental physics questions that make diffractive interactions 
at high energies worth studying? 

2. What (if any) are the measurements that can be done at RHIC to address these 
questions? 

3. How (if at all) will the measurements with p?p’, pA, AA advance the field? 

At present the diffraction studies at RHIC are focused around pp2pp experiment. Some of 
the questions are addressed in the approved physics program of the pp2pp experiment. 
Some, like central glueball production, could be addressed by combining the Roman pots 
of the pp2pp experiment with the existing HI RHIC detectors. A dedicated study of this 
was strongly endorsed by the workshop participants. 

In the following are specific questions and the summary of the discussion. 

1. What is the high energy asymptotics of strong interactions: does it satisfy Froisssart- 
Martin bound, which requires that otot < rc/m,’ log2s? 

The most popular fit to the present data shows that otot grows like s”, violating Froissart- 
Martin bound. One of the reasons why the simple parametrization crtoot --sA is successful 

describing data is poor accuracy of high-energy points. It is important to point out that 
even though there are higher energy data available fi-om Tevatron at 4s = 1800 GeV, the 
two existing data points differ significantly enough so that the ambiguity in terms of 
asymptotic behavior of total cross sections persists. In short there is a great need for 
accurate pp data from RHIC. Given that maximum 4s = 500 GeV at RHIC, which is in 
the range where one expects that crtot @p) is measurably different from crtot @p), a very 
precise measurement of both otO&p) and p parameter may reveal that a different 
functional form is needed for the fit, which could ultimately satisfy Froissart-Martin 
bound. 

2. What is the difference between high-energy interactions of particles and antiparticles? 
The Pomeranchuk theorem predicts that asymptotically, with increasing energy the total 
cross sections for particle-particle and particle-antiparticle converge to be the same. 
Odderen question? 
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As mentioned earlier RHIC energy range in where a sizable difference between pp and pp 
interaction exists. So it is the best place to study those differences, which are expected to 
show in the shape if differential cross section, especially in the dip region where the 
contribution of the Odderon exchange, the C odd partner of the Pomeron, is expected to 
show up. In addition cross sections for meson (photon) and nucleon - nucleus scattering 
can be studied as important part of the program of hadron-hadron interactions. 

3. How does the range of strong interaction depend on energy? What is the size of the 
gluon cloud around the nucleon? How does it show in the slope of the Pomeron 
trajectory? 

This question is studied at RHIC by measuring the energy dependence of ot,t (pp), 
do,,/dt, odiff, d20&dt d5, p. Also in the polarized proton elastic scattering the hadronic 
spin-flip will be measured by measuring analyzing power AN(t) in the Coulomb Nuclear 
Interference (CNI) region. 

4. What is the high parton density, high color strength asymptotic behavior of strong 
interactions? 

These questions can be addressed by studying diffraction in pp, pA (ptA?), AA, ‘yA, 
“Meson”A collisions. This area of research is unique to RHIC because of its energy range 
and ability of using variety of colliding beams. However a detector in addition to Roman 
pots of pp2pp experiment to detect production of J/Y, qc and’other open charm particles 
would be needed. Also inclusive cc production with polarized proton beams could 
provide answers to the question. 

5. Is the proton polarization transferred to the “wee” coherent gluon field? 

The following measurements, which can be done uniquely at RHIC, will address the 
above question. 

l Spin asymmetries in pp elastic scattering. 
l Azimuthal correlations in pT p’ ---) pp + X, where X=M, a self analyzing channel 

or investigating spectroscopy of X, in particular where X is a glueball. 

6. What traces the baryon number (B) in high-energy interactions? 

Few mechanisms of baryon number (B) transfer over large rapidity interval compete. The 
B of the projectile can be transferred to the central rapidity region either by a diquark, a 
valance quark or even by gluons. Available data for pp collisions from the ISR at CERN 
are limited by &= 62.8 GeV. New data at much higher energies are desperately needed to 
clarify relative role of different mechanisms. Good understanding of this dynamics is 
vital to our understanding of baryon stopping mechanism in heavy ion collisions. 
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Following is a table summarizing the discussion: 

Physics Question 

1. What is the high-energy asymptotics of strong interactions: 
does it satisfy Froisssart bound requiring that ot,,t<7r/m,210g2s? 
How about the unitarity of the total cross-sections? 

2. What is the difference between high-energy interactions of 
particles and antiparticles? 

3. How does the range of strong interaction depend on energy? 
What is the size of the gluon cloud around the nucleon? (How 
does it show in the slope of Pomeron trajectory?) 

4. What is the high parton density, high color strength asymptotic 
behavior of strong interactions? 

5. Is the proton polarization transferred to the “wee” coherent 
gluon field? 

6. What traces the baryon number in high-energy interactions? 

can RHIC 
answer this 
auestion? 

Maybe 

Yes 

Yes 

Yes, Unique 

Yes, Unique 

Yes 

Comment 

Given Tevatron 
data, surprise is 
possible. 
pp2pp experimnet 

pp2pp experiment 

pp2pp experiment 

Requires “Central” 
Detector and 
Roman pots 

Requires “Central” 
Detector and 
Roman Dots 

Requires Central 
Detector 
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THE SPIN DEPENDENCE OF HIGH-ENERGY PROTON SCATTERING. 
NM. Buttimore, B.Z. Kopeliovich, E. Leader, J. Soffer, T.L. Truemsn 
Phys.Rev.D59: 114010,1999 

. . 
. 

with Q the azimuthal angle 
and P the proton polarization 

Stephen BUtmann The pp2pp Experiment at RI-K 
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High Energy QCD: Beyond the Pomeron 
Physics Department, Brookhaven National Laboratory 

May 21-25,200l 

Agenda 

Monday, Mav 21 ---- Small Seminar Room 

8:30 - 9:00 Registration 

Opening Session 

Chair: Larry McLerran 

9:oo - 9: 15 Wlodek Guryn 
9:15 - 950 John Dainton 
950 - lo:30 Yuri Dokshitzer 

10:30 - 1l:OO Coffee Break 

Welcome from the Organizers 
High Energy QCD Overtakes the Pomeron? 
High Energy Physics: Besides the Pomeron 

Chair: Larry Trueman 

ll:oo - 11:40 Peter Landshoff 
11:40 - 12:20 Robi Peschanski 
12:20 - 2:00 Lunch 

Two Pomerons 
Hard Diffraction and the Nature of the QCD Pomeron 

Non-Perturbative Approaches to Pomerons I 

Chair: Boris Kopeliovich 

2:oo - 2:30 Sandy Donnachie Disentangling Pomeron Dynamics from Vertex 
Function Effects 

2:30 - 3:00 Yuri Kovchegov QCD Instantons and the Soft Pomeron 
3:oo - 3:30 Coflee Break 

Chair: Jerry Miller 

3:30 - 4:00 Chung-I Tan Pomeron Intercept at Strong Coupling 
4:oo - 4:30 Jacques Soffer Universal Pomeron from High Energy Relativistic 

Quantum Field Theory 
4:30 - 5:30 Formation of Discussion and Working Groups 
5:30 - Welcoming Reception, Large Seminar Room Lounge, Physics Department 
5:30 - 5:40 Tom Kirk Welcome corn BNL 
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Tuesdav, May 22 ---- Large Seminar Room 

RHIC Experiments 

Chair: Peter Landshoff 

9:oo - 9:30 Joakim Nystrand 
9:30 - 10:00 FalkMeissner 

10:00 - lo:30 StephenBueltman 
lo:30 - 11:00 Coffee Break 

Coherence in Nuclear Interactions at RHIC 
Photon Pomeron Interactions at RHIC 
pp2pp experiment at RHIC 

Collider Experiments I 

Chair: John Dainton 

11:OO - 11:30 Andrew Brandt 
11:30 - 12:00 Anwar Bhatti 
12:oo - 12:30 SamimErhan 

DO Hard Diffraction in Run I and Prospects in Run II 
Diffractive Results from CDF 
The Effective Pomeron Trajectory and Double- 

Pomeron-Exchange in UA8 
12:30 - 2:00 Lunch 

Non-Perturbative Approaches to Pomerons II 

Chair: Konstantin Goulianos 

2:oo - 2:30 Ismail Zahed Non-Perturbative QCD and High-Energy Scattering 
2:30 - 3:00 Romuald Janik String Fluctuations, AdS/CFT and the Soft Pomeron 
3:oo - 3130 Co#ee Break 
3:30 - 6:30 Discussion 

Wednesdav, Mav 23 - Small Seminar Room 

Collider Experiments II 

Chair: Sandy Donnachie 

9:oo - 9:30 Frank-Peter Schilling Hard Diffraction: Results from Hl at HERA 
9:30 - 1O:OO Malcolm Derrick Pomeron Physics Studied with the ZEUS Detector 

lo:oo - lo:30 Konstantin Goulianos Beyond the Conventional Pomeron 
lo:30 - 11:00 Coffee Break 
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Wednesdav, May 23 ---- Small Seminar Room, continued 

Chair: Yuri Kovchegov 

11:OO - 11:30 James Crittenden 

11:30 - 12:00 William Walker 

Scaling Properties of High-Energy Diffractive Vector- 
Meson Production at High Momentum Transfer 

Analysis of Hadron Multiplicities and Difhaction 
Dissociation 

12:OO - 12:15 KenichiHatakeyama Study of Diffractive Dijet Production at CDF 
12:15 - 12:30 Andrei Solodsky Diffractive J/Psi Production at CDF 
12:30 - 2:00 Lunch 

Non-Perturbative Approaches to Pomerons III 

Chair: Dmitri Kharzeev 

2:oo - 2:30 Eugene Levin Matching of Soft and Hard Pomerons 
2:30 - 3:00 Boris Kopeliovich Semihard Components of the Soft Pomeron 
3:oo - 3:30 Carlos Merino The CKMT Approach to the Pomeron Puzzle 
3:30 - 4:00 Coffee Break 
4:oo - 6:00 Discussion 

Thursdav, May 24 ---- Barge Seminar Room 

Perturbative and Non-Perturbative QCD I 

Chair: Otto Nachtmann . 

9:oo - 9:30 Lev Lipatov 

9:30 - 10:00 George Sterman 
lo:oo - lo:30 Gerald Miller 
10:30 - 11:OO Cope Break 

Chair: Eugene Levin 

ll:oo - 11:30 Gregory Korchemsky 
11:30 - 12:00 Ian Balitsky 
12:oo - 12:30 Leszek Motyka 
12:30 - 2:00 Lunch 
2:oo - 3 :30 Discussion 
3:30 - 4:00 Cofie Break 
4:oo - 5:30 Discussion 
7:oo - Workshop Dinner 

Solution of the Baxter Equation for the Composite 
States of the Reggeized Gluons in QCD 

Perturbative and Non-Perturbative Radiation 
The HERMES Effect 

Unitarity Corrections to the BFKL Pomeron 
Effective Field Theory for the Small-x Evolution 
Direct Solutions to Kovchegov Equation 
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Fridav, Mav 25 ---- Large Seminar Room 

Perturbative and Non-Perturbative QCD II 

Chair: Raju Venugopalan 

9:oo - 9:30 Otto Nachtmann 

9:30 - 10:00 Edward Shuryak 

10:00 - lo:30 Gregory Carter 
lo:30 - 11:00 Coffee Break 
11:00 - 12:30 Discussion 
12:30 - 2:00 Lunch 

Chair: Yuri Dokshitzer 

2:00 - 3:00 George Sterman 
3:oo - Conference Adjourns 

High Energy Hadron-Hadron Scattering in a 
Functional Integral Approach 

InstantonBphaleron Mechanism in Hadronic Nuclear 
Collisions 

Classical Gluon Production in Hadronic Collisions 
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Photographs 
from 

Workshop Dinner 

May 24,200l 

Painters’ Restaurant 
416 South Country Road 

Brookhaven Hamlet, NY 11719 
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Additional RJKEN BNL Research Center Proceedings: 

Volume 34 - High Energy QCD: Beyond the Pomeron - BNL- 

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

Volume 32 - RHIC Spin Physics V - BNL-52628 

Volume 31 - RHIC Spin Physics III & IV Polarized Par-tons at High Q2 Region - BNL-526 17 

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 III - 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-5257 1 

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 - BNL66299 

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

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

Volume 10 - Physics of Polarimetry at RHIC - BNL65926 

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-65 105 
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Addkional RIKEN BNL Research Center Proceedings: 

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

BNL64912 

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 - BNL64722 
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For information please contact: 

Ms. Pamela Esposito 
RKEN BNL Research Center 
Building 5 1 OA 
Brookhaven National Laboratory 
Upton, NY 11973-5000 USA 

Phone: (63 1) 344-3097 
Fax: (63 1) 344-4067 
E-Mail: pesposit@bnl.gov 

Homepage: http://quark.phy.bnl.g;ov/www/riken.html 
http://penguin.phy.bnl.~ov/www/riken.html 
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