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Preface to the Series

The RIKEN BNL Research Center (RBRC) was established in April 1997 at Brookhaven
National Laboratory. It is funded by the "Rikagaku Kenkyusho" (RIKEN, The Institute of
Physical and Chemical Research) of Japan. The Center is dedicated to the study of strong
interactions, including spin physics, lattice QCD, and RHIC physics through the nurturing of a
new generation of young physicists.

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
RIKEN 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, 2001

* 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
1. Archaeology
2. History
3. Here and Now

4. Conclusion

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

Robert 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

e strong interaction between nucleons

action at a distance: exchange

— uncertainty Yikawa
At-AE ~h Az -Ap ~h

— space-like = sum of time orderings

= emission + absorption Feynman
— 1 !
range o¢ = ~ 1 fm scale!

— high energy?
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. ¢ helicity dependence
— asymptotic s > masses®: ¢ oc (=21 = o o 52 ty dep

P/
TR R I IR SR SRR I B A

-
)
)

x4
exclusive # P—7p IR; + IRy + ...

Cross section (mb)

do _ do =0 le =R,
dt dt _ ‘
= = { 750 1GT~ZR1+.R3+...
el e de , do 1o = « ”
w0 10’ w0 w0 1w dit + dt ?é 0 lC R1+ cuts
o 0 comerol massenergy GV N diffraction IR = IP — Taxzo = 0 — forward peak
_i e : : : i H peak
2 oty : reggeon exchange IR — Tar=o — forward dip
§ _ T 1
inclusive v*P—X Y X — hadrons
10
i
10°
Laboratory beam momentum (GeV/c)
optical theorem elastic scattering
0)— do —
Tpprot(s) ~ sor 71| (Lmmom) | 2w (02
“splitting” energy dependence diffraction IR = IP — SCHC 7
1 \2a(t)—1 20(t)—2 _
at) | Prosp « (5752)*" o oc 20 . i i
S 1 falling rising proton spin structure — Spin Crisis
<1 rising falling .
o : — . amics: s—ch: nd/or t—channel or 7
with increasing z1¢ /p with increasing s dyn annel and/ ©

—> polarised beam/target RITICLHERA
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e QCD degrees of freedom at low scale
— Russian resilience — Reggeise your gluons! BEKL

“Reggeised gluon <> structure <+ angular momentum”

Lipatoy

elastic diffraction gg — qq

v dx Tn dmy_1 T day
Tyq-raq O -ov +/1 g—ﬁ-/l g— /1 g——+

In . Tn—1

. g 1 n 1 g(t)
Tag-sqq(Tip,t) X § (;Z—‘lnq, )= (—'1; )
rungsn P “P
— Regge form  anwii, Fubini, Sianpelling, B, Griboy
coupling ¢ < intercept — running intercept?
— universal IP7

— g4,9999, ... JF€ =01 natural P
ggg, ... JF¢ =0~ ".... unnatural  odderon?
— ¢§ IR trajectories running intercept?
universal?

— reggeon calculus, effective field theory

e the mystery

phenomenology (Regge)

QCD

t—channel “meson”
diffraction
leading o p(¢)
universal ap(t)?
helicity conserv®?

C +(IP)/—(odderon)?

glueball?
t—channel gluons?
gluon ladder(s)?
running ag
g — qg helicity conserv®

even/odd no. gluons?

meson
sub-leading ap(t)
universal ar(t)?

helicity structure?

quarkonium?
t—channel quarks?

running g

g — qg helicity structure?







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

gsubject ("Before the Pomeron'"), and, in particular, the history of
muddling through the s-channel unitarity problems ("Inside the
Pomeron"). [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
gcattering and understanding confinement.

In the "Besides the Pomeron" part of the talk, I pointed out a number
of apparently "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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THERE ARE Two
POMERGNS |

A DONNACHIE + P V LANDSHOFFE

SOFT PCMERON CONTRIBUTES

F (x, Q) i@ x_ €

e ¥ 0.08 (DL)

0.10 (CUDELL eft af)

HARD POMERON :
ﬁ,(&") x ~ Eo

€ = 0.4 £ 10°% orR MORE
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THE REAL -PHOTON DATA HRE-» AN
[MPORTANT CONSTRAINT.

USE THEM, PLUS  ZEUS + HI DATA

WITH  x ¢ 0.00! 0.045 £@*< 35
HARD POM"
i+ €
|+ QY )
X (( <+ &z/ao \ ( @
3 PARAMETERS X, €, Q, » 3GeV
SOFT POM

Q" \I+5| c
- <
. o
Xi (\-x-&"/@? ,

€ = 0.0808 X, DETERMINED BY o3F
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0.1

0.01
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CHARM STRUCTURE . FUNCTION |

16

. cm .. ’ . . .
o HARD PoMERMN
100000 | -. Q"= - ONLY .I |
| : { —— 1.8 (x 107)
1000 |
T . N 17.5 (x 10%)
10 '}\\i\
X T
~~~~~~~~~~~~~~~~~~~~~ !‘\\\-
T i 4
0.1t ' | ‘\‘!“E —— 130
0.0001 0.001 0.01
v T
(:1;) | s H1 : ' |
. 10t & ZEUS IT fi,
FLAVOUR BLIND : e
2 PART OF F T
= HARDPOM 2 1 — LY
/kiﬁ' Q%0
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1 _ -4-: 0.1 1'0 160
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Key questi'qns |
e Are thete really twd sepé,rate pomerons?
o Are th'ey simple poles in the N plane?
e Does the ilard pbmeron contribute alrea,dy at Q% = 07
o Is it really ﬂavoﬁr—b]jnd, even at small Q2?

e How do we resum pQCD?

18



(Robi Peschanski)
;,/Wl aga%adfm CMMLHAL W#M&{ Bcp fowM

U‘SV‘V\% m am UAM%M?\CO P(Quwu,oovk S" Ha}:{x
and F?&A\»Theoﬂeﬂ’wﬂ ?f'OFQJUt& , we shawo Med
3 affoust approadus of Houd Offcattion oF HERA.
Com- be '(‘Q&.oi'.b& | Q%w Jome YV\edJ;g/:C.aﬂ.DM. ’ﬂw SO,FV
Colee Toberadion moddls (5 Le Butarwsloriidosncs

Trgebman oo} caw be cbromisd Prowe e QD dipole
tovandafion  wilh o modloed Jor m of Hre shock-diiraice
Sovst o’e Ve A_Q.a,f andlog e Gareradion. chwvweg}
the  podomic cowtenk oi} Mol omecon (o

Ivv;eﬁmqm Johlen  omd followers ) vs redofid b
o QO - Upole presplion fm,m Dfreatib Shruciie
Bowdinr | ananis win oo modified — domi - burd —
G%mmlz RFKL {2@%\@3 Cosequanas fﬂm
\WW&W / Vlowymh}(bufu QW d‘v&cgam awnd te

Nodwir og M QA D ?DVV\QIUV\_ Cwu.\/x, C:L(’\Cwon &aa(.luk}

o o mplomenanty of ot Pecd [/ FAD aspes
QM.A O VbeociaeL a%uﬁf«& (tP(jW\MQM_, \()cuo-l oA QM WWV&\(&CLQ IO(Q,YN;Q



! wrd OD\‘?‘Q(u,&J.'o%

vnd e Nabire of e (P Fomeron

R.Vudnammi , Sulw.,
&,I,,VJ Hre {Fow&rm‘ 2001.

\.\ .MO}‘N thom & e FUN(bMIW /mv\ ]cr‘vrlouliis
Qo vafugo.ce.
Z) 3 modds =z 3 differet (7) Tuherfoces

5*?‘\:??71
3 An Unifging  Prehre: Ga sl Fill Thasey Frammeworts

[
(==

l\lprppl?cah'cm: 3 \\Syw\'\w’ﬁc‘, Df‘@m’uu 3fvvdv& ﬁw&ﬁ“w:

(
W
Sof”‘ [0’0( Tnhecadtion H@D
- —— wilt H. Navd ot

i

( oNC i b / Outlov 1

hep - ph /o105 .

S-Mawiy - Relabions

Y*
LL Disc,

I

Disc, A3 -3)

Disc A Q3 -3) -

Disc, A3 -3) ==

Fig. 2

(Tﬁ.‘s\c. Ku;\v. '-;y /;Dh‘p, = Bikl = (.Do'sc

3



l S5-Mawny @ QD Do.ﬁi \d‘)'ovxsl @ . )
T=0 ¥ o
—LLL' ~t= J_}JJ ler us ‘fu(‘\o(ia:
) P&rWt(\?omm i Y —
| | Tl N
dy F _ B YN
A v yg-(w )Y;al) - '/'1"' * “ ¥
N p kjmin P "n‘p\c Souk-vfoc'q?' A 5?( l_f_l_;..z’-'x /
: . n WY
) )}
Feacs |, 3% s \
l . So!v"oou O_f A (Yﬁlz -ZA(!:!*)
A/ wcy o 4. s LX *o 185 5 Uniesal
P _—> Jee 5‘8!' Goloc I\J\s‘ug&m‘

N BFKL' B,F KL

FT(P“J 5“} 7 ﬁntw.‘m; KJ[’)

\ BFKL ~ -ZKSP
T = = N /g YA
<T 7, (&) eellf ]
. )Y
F l .
1g. 3 W\wmg b‘sﬁ. = :_1 (“i _‘4{02’ a/lo : %
| A"(vb)y) # 7()/ fx@)wwd




, = @[
QD D’Y”’"’” — ’Pw\bm‘c (RW’W" - Ium gmA /}p{)foao% Fo Hasd D.ﬁ@«w‘@ l ®
Tael. " —_—
_/ 1 ar&"r : qu o . '_ [ow - oM .
F(‘&)Y}@ ) L exp (24004 F (W 0 B A f:“”"’ dehmiied as o
: anlt_ Saddle - (xsmY o Jy““‘ﬂh"
W ¥ Y, -
- O ff . | |
;'h W“ 2 ( ¢ ¢ Wy L o :
F OIN _ ?'(5 -2 g"j___%o _ ! | 1i )Q) s _:N‘/(T; D%P ;_n __1__ f.l_. 8 [4'3’,-/;3)7
exp{cmmﬁg « (g_ ) , S50y ;/ - Zin
8 | QY e [ (A0 + A0hy) - er}
AS . A(,,) . ') S Al "\—;EQ") | F{‘ﬁ[ (5) + 0] + & -y @)
X& = :;{:7 2 0 (bo to Hho Y, ’) | ) Trcp\e,a BFKL- ch,gc," for e la
T -1 0 | | |
A = 8 (1) 4;22 L7 W) ] fach,

(s WI’M Hasas Gﬁxp '

’Nﬂu" ﬁ
' mfu'mioodc hween So!f,k ad  Rasd ,

nd dﬁ?uw on Q\‘hf «\a( Vﬁrt‘m‘wgu
z . . s .
@58 w f= Yoy
% I

l




Cbﬂ CluS{ovt S

We dewm't Rnow ye)‘

—> P&QD, umcomlo)ef(

—= Pacp um Yviowon
—_— Inhrgmq_ “Variable ¢

eo. buk Ove  execcife showwS WA }M}

?ﬁ:&wts —> PO /7D Complomashity
—> Umi\[t(.b.,wf., /D\Vﬁrﬁﬁl o;? M(RM%

S Mw‘()o\\ns c; S-Mebr x / Fld Yheoruticol
?CO F{;‘btes

23



24



Q:SWM ?W@W@ /-im Vo  Fundtin Fﬁémé
| Sﬂwg Drwmachie |
He wone s (oo funclionn) of He
This s Mustatid {év

*YP—Vp, V= P, 3 Small 4] £ 05
( Doumacke, Grwels, Shaw: hep-ph Joro12a1)

« Tp—VX, V=0 I/¢ daxse I+l 2 10
(Fo“(&l\aw, Pelusdml oursll Frdt‘wvfmow‘:(3

c Tot Tt v
E’-) F‘Q-;F.Llavb’;;a-b-bv :/:2-—-—”——' : t =0

<$G\A/V\0LCLUI , Dosch /b/\’fldwfma/wj>

T cach cane a odm‘(stUwaM awo\;,éla"m %Z
oMl /W&AJM)LM}L& Dlo-g:ta/fﬂ-ﬁot./ W«%«RWW

munehion o«)i Ww )

25



¥¥h — \/[> : el < 0.5 Gev?

Tm . -e/)caz\am ‘
N ,am‘bm (cﬁzq Qﬂaﬂ?ﬂ

}; — VX: &l > 10 GeV?

Hondl powseron = ot s (})#) ® BFKL (LLA, +#0)
Nm—/\ﬂeqf.wzéft m#/mwv\aﬁma (M= Ry )

WA s, Two pareumeler : #dzw olg
BFKL ‘omd scale o LhA.  Fxcllod dssoibtion of
P O, TJw Aata.

_F.;)_E<+FL ete: += o0

a é—lfmﬂ w—cﬁ/ 'A Wm\ﬂ/\ ”quLw\ freatad a4 o
- iig prank @cfdwm ‘e obipede.  Dipole- otifprle

%LLWY‘ 4—&(‘;&,«,\ 0'{4!&//'«9( ‘EV AN /:/5 fsdtwwﬁ

'Q‘-'<—A\M.£ % &%Jﬂ'p QM\[V ’é ol j, @»\y ’ ,A/y\ //C ou/éj

£ Ak &}(//LJA_} ouég{q w
w Par Ee 4-'(% J\sw;( f%’iﬁm ’*‘Aﬁ‘&:ﬂk l:_m,.,\

b j arnel. o '@NN&A«Z &A'D,A-j
Y, O 2«9 f)nm A‘gwoed v{ «;w:/\ i:g(( ,QLS N %
ﬂi YIS SIS W

F-, Acnnsnalisl but j\.wml Wm »QJ\,{/V\JM&&
F/ vl &wd—ué +o J\zxm:( bsvw\rr'v\ Han .

FFM c@*\z\zﬁéo\/ra/y{é &Mﬁ«f( 5 WWW\M 1
"25‘4‘25”"‘ &,’yNwajlj Aui j\"ﬂ) /-}wwm~

C_?T,\ J:ré’ j\aAr{ &%7[ _gd WVd-/JmM.DW/\ %W

26



¥p ——e/>

3 f T T T T T T T T
) ]
b104' o o H1(W=75GeV) -
& O ZEUS (W=70-80 Gev)
10°%
102
10 F
1 -
J, ] L] 1 1 1

PR Al — 2
0 5 10 15 20 25 30 35
. Q% (GeV)

Figure 13: Q? dependence of the p-meson

3 T - . S.
E
©
A NMC (W=12-"6 GeV)
109 4
102
10 F
1 -
10 ¢ R
C1 il H 1 1]
0 5 10 15 20 25
' Q° (Gev?)

Figure 14: Q? dependence of the p-meson

cross-section at W = 75 GeV in model S2. The cross-section at W = 15GeV in model §2. The

data are from: H1 [64]; and ZEUS [51] [60] [62].

bl- T T T T T T
=~
b12 - e Hl -
® ZEUS ]
10 F = CHIO 4
& E£685 ]
]
A NMC
8 - -
6 -
4 o
2 -
0 t ) ! 1 ' =

N TR TR R R TR

a? (GeV))

Figure 15: Q? dependence of the p-meson

longtitudinal to transverse cross-section ratio

at W = 75GeV in model 32. The data are

from: CHIO [42): NMC [48]: E665 [57]: HI
{52 53] [64): and ZEUS [49] [51] [62].

27

data are from: NMC [48].

oL /ry i e

Semitie fo He
waat /VLC)LJ

gmm -

/)/\zﬁﬁ-.i /Za/‘c'a,(

CJ‘C‘/V\a/P/) DN ’f’l\l

YL 2>,

T2 mommalidotion

H
Tk
cafat WAM;L\Q
0L£VVLL-<1)tZAc .



e H1 (W=88-90 GeV)

2 ’ o ZEUS (W=90 GeV)

] ) L] 1oz - 1 1
10 0 10 20 30 40

50-
. o (GeV))
Figure 25:

b'- T 1 T 1) T
r
&'
.25 -
2r
15 |
1 -
05 |
] ® Hi
® [ ]
o L ! m ZEUS J
l
i ] ' 1 i
0 10 20 30 40 50
Q? (GeV?

- Figure 27: Q* dependence of the J/¥ -meson
longtitudinal to transverse cross-section ratio
at W = 90GeV in model S2. The data are

from: H1 [54] [63]; and ZEUS [58] [62].

28

Q? dependence of the J/¥ -meson
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Figure 2: The soft and hard contribution to structure functions at different
values of z. Solid line hard contribution from the model; dashed line soft
contribution from the model. First row proton structure function Fy; sécond
row (p,L) longitudinal proton structure function Fy, ; third row (p,c) charm
contribution to the proton structure function F;, , last row photon structure
function Fj /a.
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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 réle 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 & ~ s
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 e (—%:— In s). We derive

the Pomeron trajectory, which appears to be approximately linear in some range of (negative)
momentum transfer ¢, but exhibits a curvature at small ¢ 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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Povmeron's Tra j cetory:

AN I AN
bont) = oy (%) ot ETR a5 R R

2 2 t 2
x5 {2 — et 1k [25: (%2) - 2 (%)]} (58)

After taking into consideration the virtual corrections and the

quark contributions the answer for the
pomeron’s trajectory becomes '

——

2
Ap(t) =6 [ H 1.3 (mq Po— Z;—rz‘(oquw) Pg)] Aso.ft(t)a (59)

q=u,d,s,...

where Ag,f4(t) is given by Eq. (58)
The soft pomeron’s trajectory of Eq. (59) is depicted in Fig. 8. It is plotted for pp = 0.3fm, E

sph —
2.4GeV, § = 0.31 and o = 0.75, i.e., the same values as were used for the estimates of the pomeron’s
intercept in Sect. IIIC. '
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Pomeron at Strong
Coupling

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

Key ldea:

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/0102127; hep-th/0003115;
hep-th/9908196
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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: 4-dim 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 QCD), 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
1/N expansion at fixed 't Hooft coupling, gf, V. States with vacuum quantum numbers could
be assigned to closed-strings, including a massive 2++ tensor glueball on the leading Pomeron
trajectory, ap(t) = ap(0) + o/p t. Soon a three-fold 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-1 states, is dual
to a vacuum exchange with an intercept ap(0) = 2. This leads to a massless 2t 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
ap(0) takes on its phenomenological value of 1.1 ~ 1.27 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:

ap(0) ~ 2 - 0.66 (%) +0(g4%). (1)

With N = 3 and g%/4n =~ 0.25 at a characteristic confinement scale, Agcp,this leads to a value
for ap(0) ~ 1.12.
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Universal Pomeron from High Energy Relativistic Quantum Field Theory

Jacques SOFFER!
Centre de Physique Théorique
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 diagrams, which generate a term S(s) = s¢/(Ins)¢". 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 at RHIC-BNL, in the near future by the pp2pp experiment.
We have also extended our approach to describe 7¥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 vy and «p total cross

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

1B-mail: soffer@cpt.univ-mrs.fr
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C. Bourrely et al. / Physics Letters B 339 (1994) 322-324
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Fig. 1. Multi-tower diagrams for (a) pp and Bp, (b) #%p and (c) yp scattering.
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Figure 4: do/dt for pp as a function of |t| for /s = 13.7,24.3,53, 546, 630, 1800GeV.
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Coherence in Nuclear Interactions at
RHIC

Joakim Nystrand

Department of Physics,
Lund University, Lund, Sweden

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
~ 2vhe/R and ~ v/2hc/ 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 cross sections for coherent vector meson pro-

duction in heavy-ion interactions at RHIC are large[1].

This is because of the high flux of equivalent pho-
tons from the electromagnetic fields of the nuclei and
vector meson dominance. The cross sections have
been calculated in [1] using the Weizsicker-Williams
method to estimate the equivalent flux of photons.
The photonuclear cross sections o(y+ A = V + A)
have been obtained from a Glauber model calcula-
tion with data on o(y+p — V+p) as input. Because
of the strong fields, the cross sections for multiple
vector meson production, A+ A -+ A+A+V +V,
are appreciable at RHIC.

It is generally not possible to determine which
nucleus emitted the photon and which emitted the
Pomeron in a photon-Pomeron interaction. The me-
dian impact parameters for producing a vector me-

son in Au+Au interactions at RHIC range from about

20 to 40 fm. For vector meson transverse momenta
pr < he/ < b > interference will occur[2]. The cross
section is calculated as an integral over the impact
parameter

do _
dydpr

[, 14+ AP (1)
b>2R

where A; and A, are the amplitudes for production
off a single nucleus. Since the electric field is anti-
symmetric and the nuclear density symmetric under
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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.

The separation between the nuclei is generally
much larger than the c¢r of the vector mesons
(< b >~ 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 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[3]. Coherent vector meson
production can occur in coincidence with Coulomb
excitation of one or both nuclei. If the photonuclear
excitation and the vector meson production are un-
correlated, a vector meson is accompanied by mutual
break-up of both nuclei in about 10% of the inter-
actions. Requiring production in coincidence with
nuclear break-up reduces the median impact param-
eters in the interacions by roughly a factor of 2. This
should affect the interference discussed above.
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Peripheral Collisions at RHIC

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

|

=

For small mometum transfers (Q<1/R),
the fields couple coherently to all
nucleons.

Enhances cross section: Z2 , A2 (A%/3)

Truly coherenct interactions: coherent coupling to both nuclei:
YY, Y-Pomeron(meson), Pomeron-Pomeron

Max CM energies at heavy-ion accelerators:

W =2 Y (he/R)
For heavy nuclei (Au/Pb):
Youm W [GeV]
BNL AGS 3 0.1
CERN SPS 9 0.5
RHIC 100 6
LHC 2,940 160
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Experimental consequences of coherence

The coherence requirement limits the angular deflection to
0~0.175/(y - A*3)

At RHIC
Au  A=197 0~ 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 py.

Coherent Vector Meson Production

The electromagnetic field of one nucleus corresponds to a

stream of photons impinging upon the other nucleus
(Weizsicker-Williams).

A ¥

A T The photon may fluctuate into a
9 vector meson (qq-pair) which scatters
é 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.
S(A+A—A+A+V) = [1n(0) 6 ,,(0) 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 — p, spectrum

Convolution of p; distributions

fi,0p = [ f,(pr") f(pr-pr) dpy’

f,(pp) = | F(0?A? +p?) P (p/(0?/¥? +p?))? Y

H(pp) = | F(E"Y? +p?) [P P
:.‘; o et e e e ey
% 1 ;—-—-\\“ y=0 {

10 ‘r N
l N
\0'2; kS ..
; P,
at P B
10 o ‘.\\!
0 F‘O—ES— o.1 0.15 \->D?\—“
p, [GeVicl

Production of f two nuclei

do { dn dn :
= | K o(YAVA) f,(pD) + k SWAVA) 1y, (pp) db?
dyape? ) dkdb? dk, db? .
—

Photon flux | [ E(,t)e®dt |2

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

Integration over b only valid if p; >> 1/b.
=> Add amplitudes

do/dy dpr =] | A, + A, ]2 db?
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Quantum mechanical aspects of the interference

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

-ct<< <b>, ¢t~ 1fm <b>~40fm

T
Transverse plane Q;n
5
>

- 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!

Electromagnetic 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) :0=95b

double dissociation (both nuclei) :6=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:
o =] (1-Py,p(b) ) Po(b) Py(b) 2mb db

g
2035 e Aue AU Xn+ Xn
03+ I’\\ . Au+ Au~3 Au+ Au+p {x10)
1 HE
0.25; [ \
: \
0.2 AN
I A\
0.15 i A
01} -
| A
005} 7
Oy "15 "% = % B 0
b [fm]
Vector Meson Au+ Au— Au+ Au+V Au+ Au-> Au® + Au* +V
p o =590 mb o=42mb
[ o= 59mb 6= 4mb
[} o= 39mb 6= 3mb
Iy 0 =029 mb 6 =0.04 mb

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

» Dissociation cross sections for emission of 1neutron vs. any
number of neutrons (Au+Au at 200 A GeV)

o(Xn,Xn)=3.7b 6(In,Xn)=14b o6(1n,1n) =0.45b
In coincidence with p production

6(Xn,Xn,p) =42 mb o(1n,Xn,p)=13mb o&(In,In,p)=3.4 mb

Ratios different, e.g.

o(1n,In)/o(1n,Xn) 0.329 (Exp. 0.34+0.01)

o(1n,1n,p)/c(1n,Xn,p) = 0.268

*» Requiring coincidence gives a measure of the impact parameter
p <b>=46 fm In,Xn,p <b>=18fm
In,In,p <b>=20fm Xn,Xn,p <b>=18 fm
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Photon-Pomeron 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>2R 4, where neither nucleus
is disrupted. In exclusive p° production AuAu—
AuAup®, a virtual photon emitted by one nu-
cleus fluctuates to a ¢g 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 Z? for the photon and between A%/3 (c sur-
face) and A? (o 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 v/Syny = 130 GeV[1].
Coherent coupling yields the condition that the
interaction takes place only at small transverse
momenta pr <2h/R4~100 MeV.

Besides photo-nuclear interactions, ultra-
peripheral collisions can also involve purely elec-
tromagnetic photon-photon processes like ete™
pair production; these may be sensitive to non-
perturbative QED since the coupling constant
Za =~ 0.6 is large. Purely hadronic double
diffractive interactions may produce exotica as
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 pr has a
specific experimental signature: the 77~ 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-

*Lawrence Berkeley National Laboratory

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 p; <
100MeV, showing the coherent coupling to both
nuclei. For pairs within the peak at pr < 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 pr 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 Audu —
AuAup® and AuAu — Au*Au*p0, ie. exclusive
p° production with and without nuclear excita-
tion, have been observed.

{1] 8. Klein and J. Nystrand, Phys. Rev. C60, 014903 (1999).
[2] F. Meissner, Ultra-Peripheral Collisions, poster
presented at Quark Matter 2001.
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Photon-Pomeron Interactions at RHIC
Exclusive production of p° mesons Au+Au --> Au+Au + p°

* Interaction via long range fields
* Large cross section:

380 mb for Au at 130 GeV/nucleon
- 5% of hadronic cross section
* Coherent coupling to both nuclei
=> Small transverse momentum:
Pr < 2/R,~ 60 MeV

=> Longitudinal component
PL <2Y/R, ~ 6 GeV/c <<P ,,ici

Au

Coupling Strength _ e Nuclei may be mutually excited

*Photon o< Z2 (only < Z for incoherent coupling to single nucleon)

Pomeron «<A4%3 to A2 (A% surface, in the limit GPN—>co;
AZ < volume, in the weak limit )

First Goal - Proof of Principle
Observe exclusive po production Au Au Collisions

rErEee m iS\\TAR
HERKELEY LAB .

Brookhaven, May 2001 Falk Meissner, LBNL
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Experimentai Signaturel Trigger

Only two oppositely
charged tracks

*Low total py

eBack-to-back in
transverse plane

Trigger Backgrounds:
eCosmic rays
*Beam-gas Events

Debris from upstream
events

Typical Event :

Topology Trigger:

o~ 7 hours of dedicated
data collection

*30,000 triggers in 2000

Il
)

Central Trigger Barrelg

Cosmic Ray Background
Top Veto

wm e ‘_ South

Bottom Veto

Brookhaven, May 2001

Falk Meissner, LBENL
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First Results: Invariant Mass & Transverse
Momentum Spectra

| Transverse Momentum | Peripheral Trigger:
 60[-
H: ++ e T Au+Au -> Au +Au +°
b — + +’ ] [ e
ok Signal region: p,<0.1 GeV Peak at low p; =>
F signature for coherent
3of | interaction
- + | InvarlantMass for pt<0,1 i
20 — ‘ , »
n g —
‘ v ' 1 ® T+1-
7 . u -+ | — T+, T

[ Invarlant Mass Mn+x~ for pT<0.1 |

hm2ppCts

Nent = 363
Meaan = 0.6675
RMS =0,1482

70

Fit Chi2/ndf = 24.46 /13
A w3214 £ 0.1546

Mrho =0.768 1 0.007738

5
width =0.1452 £ 0.01432 ot
0

Select Signal:
+ Low p; region
+ <0.1MeV

60f-

S0

- B =-2874 301945 2 04 . 08 03 i 12 14
sl B R 0 . . _ : M(z +3 -) (GaV)
ol Fit of ()~ Lineshape
20? \7 jT+TC (all data: peripherally triggered+minimum bias; c.f next slide)
of =] to p? + non resonant 7' production
0bu Lol L L. jnterference is significant

~ Brookhaven, May 2001 Falk Meissner, LBNL




Nuciear Excitation

In addition to poproduction, nuclei can exchange one or more

separate photons and become mutually excited.
Au

Au*+n

*Believed to factorize as function of
impact parameter

Decay yields neutrons in Zero
Degree Calorimeter

(ZDC) -> minimum bias trigger
A Data set: ~800,000 events with
u minimum bias trigger
[*))
Au*+n =
| Transverse Momentum |
§ :80: e T4+~
ok +

Au+Au -> Au'+Au’ + pO
| lnvarla-ntMass for pT<0.1 I
T+ T, A-T-
60;—-

@ T+T-

Signal region: p,<0.1 GeV

—— T+ T+, T

Brookhaven, May 2001

12 14
M(x +7 ~) (9 aV)
Falk Meissner, LBNL
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Compare ZDC Signals

(for two track events)

Ultra Peripheral Trigger Minimum Bias Trigger
Pedestal peak at ADC sum = 4 *Single neutron peak around ADC =9
coincident in east and west
*Higher ADC values from
hadronic peripheral events

eHigher ADC values usually in east or
west only (beam gas events)

Au+Au -> Au+Au + pO (e ] Au+tAu -> Au'+Au’ + pC
'%uo ‘pedestal g-moF— +
wsoo 5 F Single neu¢ron peak
500 sook ++
400 e ,
200 150E- Reject events ADEC>30
Reject events ADE>7 b ¢

sl ® M ‘:”
0 10 20 30 40 50 60 70 90 100 S 4 B0 60 70 a0 80

ADc channels ADC channsls
Summary:

100

Observe two different processes !
Au+Au -> Au+Au + P0  and Au+Au -> Au'+Au’ + pO

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, May 2001 Falk Meissner, LBNL PR



The prP2PP Experiment at RHIC

S. Biiltmann (Brookhaven National Laboratory)
E-Mail: bueltmann@bnl.gov

Summary

The PP2PP 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, /s =
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, © = yYpet/Less. One of these locations, suitable for measurements at the four-
momentum transferred, —¢, in the range 0.003 to 0.100 (GeV/c)?, is at L.;; = 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 < n < 5.6.

During the Year-2001 engineering run of PP2PP 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, Ay and Ayy, and
the energy dependence of the nuclear slope, b. Running for about two days at a reduced
luminosity of about 10%® cm™2 sec™!, would enable us to measure Ay and Ayy to about
5% relative accuracy and Aoy to about 0.3 mb. This should allow to dlstmgmsh between
different exchange models brought forward for example in?.

We will also measure the total cross section, oy, providing data at /s = 200 GeV/e, a
region between the existing data measured at ISR on the lower energy side and Fermilab at
higher energies. A measurement at /s = 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 models®. A
measurement at /s = 500 GeV/c would also allow us to measure the elastic differential
cross-section, do/dt, up to a —t of 1.0 GeV?2/c?. A dip in do/dt around a —t of 0.8 GeV?/c?
is expected. This region is very sensitive to spin exchange. On the lower —t-side of the dip
region the C-parity is positive (4+1), while on the higher —¢-side it is negative (-1).

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

IN. Buttimore et al, PRD 59:114010 (1999) and E. Leader and T. Trueman, PRD 61:077504 (2000)
2A. Donnachie and P. V. Landshoff, Phys. Lett. B296, 227 (1992)
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High-Energy QCD: Beyond the Pomeron

BNL May 21 - 25, 2001

pp2pp Physics Programme

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

50 < Vs <500 GeV/c

410"< |4 < 1.5 (GeV/ic)?

o Measurments with transverse and longitudinally polarized
protons to determine
= the s-channel helicity amplitudes @y

@ ~ <+ M |[+4>
Oy ~<—| M |++>
O3 ~ <+| M [+—>
@4~ <+ M|—>
@5 ~ <+H M >

» determine the nature of the mediator of the elastic

interaction

.« Measurements with unpolarized protons

¢ Measurements with (un-)polarized deuterons and helium

e Diffractive Scattering

Stephen Blltmann

The pp2pp Experiment af RHIC

High-Energy QCD: Beyond the Pomeron BNL May 21 - 25, 2001

Experimental Setup

'

L. =2x 10%s om
70% Polarization
50 < +fs <500 GeV

D ﬁ.t S5

2 x 10" Pol. Protons / Bunch
£ =20 © mm mrad

Partial Siberian Snake
LINA  pooster A

dol. Proton )
Jource /
200 MeV Polatimeter ¥~ AGS Internal
Y<Rf Dipoles
Stephen Biittmann The pp2pp Experiment at RHIC

-



High-Energy QCD: Beyond the Pomeron BNL May 21 - 25, 2001 High-Energy QCD: Beyond the Pomeron BNL May 21 - 25, 2001

Principle of Measurement Elastic Detectors

" For small scattering angles the position of the protons at the
detection point are directly proport1onal to the angle via the

beam transport matrix: On-board
Electronics
V= a7, y* + Leff Bsc Roman Iz)t Detectors

(Silicon)

Parallel to point focusing: «,~0 and L. large Ei:»/ >

& Dependence of £ on beam parameters: =
To Readout
and DAQ
22
Imin « Iz

RHIC Intersection Region with PP2PP Basic CB Setup

= need large £* and small &
Inelastic Detectors

Do DO
DX DX
& i

For Coulomb region special tune is required: [Tl

F%=195 m and low emittance £ = 51 mm mrad RP Stations RP Stations

[l I 1 1 !

i ] [ [ i
-100. m -50.m 0. 50.m 100. m

Stephen Bllfmann The pp2pp Experiment at RHIC Stephen Biltmann The pp2pp Experiment at RHIC
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High-Energy QCD: Beyond the Pomeron BNL May 21 - 25, 2001
Silicon Detector Package in Roman Pot

¢ 400 micron thick silicon microstrips covering 5 x 8 cm

e 70 micron wide strips with 100 micron pitch
(good track resolution and limited occupancy)

e 2 X-detectors (768 strips of 45 mm length)
o 2 Y-detectors (512 strips of 75 mm length)
¢ High and uniform efficiency

o Close proximity of detector to beam (14 mm)

1.5 o

15 0 = 120 am

L

o 8 mm thick trigger scintillator behind silicon planes

Stephen Blltmann The pp2pp Experiment at RHIC

High-Energy @CD: Beyond the Pomeron BNL May 21 - 25, 2001

RHIC Run 2001

No special conditions required:

L.g=20 m, Roman Pot position at 57 m from‘IP

L

Minimum experimentagsetup:
® One Roman Pot station in each outgoing beam pipe

¢ Veto counter system around IP

Kinematic coverage:

® at 100 GeV/e:

® at 250 GeV/e:

(if running at this energy takes place)

Stephen Billtimann The pp2pp Experiment at RHIC



High-Energy QCD: Beyond the Pomeron \ BNL May 21 - 25, 2001 High-Energy QCD: Beyond the Pomeron BNL May 21 - 25, 2001

Measurements in 2001 Outlook
o Study CNI region, 6y, Ax, Aay |
_ 2003
e s dependence of the nuclear slope, b
e Measurement of Ay over large - range to find suitable ® Extend measurements to 0.1 <-£<1.3 (GeV/c)’
kinematic region for polarimetry
Beyond 2003
Expected Run Plan
e Total Proton Intensity = 5-10'° - 10" ® Measure in CNI region, requmng spec1a1 tune
0.0004 < -f < 0.12 (GeV/c)*

= L~1210%cm?sec’!

® Measure in large -t region

¢ 100 events / sec for ~10 mb elastic cross-section 1.3 <-1<5 (GeV/c)?

¢ 1.4 million events for 10 hour ring filling :
(assume 40% efficiency) . ® Elastic scattering of proton-deuteron, deuteron-

, deuteron, and proton-*He also possible
¢ One or two days of special running most practical for us

e Accuracy d4y ~ 0.002 - 0.003

e Accuracy o4 oy, = 0.3 mb

Stephen Blitmann The pp2pp Expetiment at RHIC Stephen Bilimann : The pp2pp Experiment at RHIC
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D@ Hard Diffraction in Run I and Prospects for Run 11
Andrew Brandt
University of Texzas 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). D@ published several papers on events with a central rapidity
gap between jets [1] and have several more papers submitted or in preparation on related topics, including
diffractive production of jets [2], diffractive production of W and Z 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, D@ 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 D@ 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 D@ 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 D@ 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 DO
analyses.

Bibliography of Literature

[1] S. Abachi et al. (D@ Collaboration), Phys. Rev. Lett. 72, 2332 (1994);
Phys. Rev. Lett. 76, 734 (1996);
B. Abbott et al. (D@ Collaboration), Phys. Lett. B 440 189 (1998).

{2] B. Abbott et al. (D@ Collaboration), Hep-ex 9912061, Submitted to Phys. Lett. B.

[3] D@ Collaboration, “Proposal for a Forward Proton Detector at D@” (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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DO Hard Diffraction in Run I

and Prospects for Run 11

Andrew Brandt
D@ / University of Texas, Arlington

e Intro and Run I Hard Diffraction Results
e Forward Proton Detector

Beyond the Pomeron

May 22, 2001
Brookhaven National Lab
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I D@ Single Diffractive Results I _
Dy Preliminary

Gap Fraction (%)

Sample Data, Hard Gluon Flat Gluon Soft Gluon Quark
(s(B) o) B(1 - B) const. 1-0° BIL-B)
1800 Fwd 0.65 +0.04 2.24+0.3 2.24+0.3 1.44+0.2 0.794+0.12
1800 Cent 0.22 £ 0.05 2.5+0.4 3.5+05 0.05+0.01 0.49 £+ 0.06
630 Fwd 1.194+0.08 3.94+0.9 3.1+0.8 19404 22405
§ 630 Cent 090+006 52+07 63+09 0144004 1.6+0.2

Ratio of Gap Fraction

630/1800 Fwd 1.8 +£0.2 1.7+ 04 1.44+0.3 1.44+0.3 2.7+0.6
630,/1800 Cent 4.1+4+0.9 0 2.14+04 1.8 4+ 0.3 3.1+1.1 3.24+0.5
1800 Fwd/Cent 3.0+0.7 0.88+0.18 0.64+£0.12 30. £ 8. 1.6 +0.3
630 Fwd/Cent 1.34+0.1 0.75+£0.16 0.484+0.12 13. + 4. 1.44+0.3

Within the Ingelman-Schlein model, D@ data can be reasonably

described by a pomeron composed dominantly of quarks.

For the model to describe D} data as well as other measurements, a
reduced fluz factor convoluted with a gluonic pomeron containing

ignificant soft and hard components is required.
Slgnieat P q hep-ex/9912061
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Series of 18 Roman Pots forms 9 independent
momentum spectrometers allowing measurement
of proton momentum and angle.

PBeam Pr

T §=1_xp=£ t—(PBeam PF)2
P P |

1 Dipole Spectrometer (p) &>& ;.
8 Quadrupole Spectrometers (p or p, up or down,

left or right) t > ¢,
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Count tracks and EM

Calorimeter Towers 1n

n/<1.0

N events

200 A

’Ztr,{v

Measured fraction (~1%)
rises with initial quark
content :

Consistent with a soft color
rearrangement model
preferring initial quark states
Inconsistent with two-gluon,
photon, or U(1) models

0

Measure fraction of events
due to color-singlet exchange

S
§ oL — Soft Color
“ | ---- BFKL
---- Photon
1.5¢
]_
0.5r
" B o777
10 20 30 40 50 60 70
E,, (GeV)

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 DO detector
and trigger list in October

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

-» Early papers:

NIM

Elastic t-distribution

Single diffraction distributions
Diffractive jet production

Double tagged double pomeron exchange
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 Hard Diffraction at CDF

Anwar Ahmad Bhatti
The Rockefeller University
CDF Collaboration

SOFT DIFFRACTION
1)Soft single diffraction PRD 50 (1994) 5550

2)Soft double diffraction NEW RESULT

RAPIDITY GAP RESULTS

3) Diffractive W PRL 78 (1997) 2698
4) Diffractive Dijets PRL 79 (1997) 2636
5) Diffractive Beauty PRL 84 (2000) 232

6) Diffractive J/1 NEW RESULT

7) Jet-Gap-Jet 1800 PRL 74 (1995) 855
8) Jet-Gap-Jet 1800 PRI 80 (1998) 1156
9) Jet-Gap-Jet 630 PRL 81 (1998) 5278

ROMAN POT RESULTS
10) Diffractive Dijets 1800  PRL 84 (2000) 5043
11) Diffractive Dijets 630 COMING SOON!
12) Double Pomeron Dijets PRL 85 (2000) 4215
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l Gluon Fraction and Factorization I

(@] -t
o' - (S

D (MEASURED / PREDICTED)
o
o

lllI[l|II|IlII|IIII|IIIIIIIII|IIII1IIII'I|IIIIIII

01 02 03 04 05 06 07 08 0.9
GLUON FRACTION IN POMERON

D =0.1940.04

fo=0.54757]
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D =

Measurement of diffractive structure function
Comparison with expectations from H1 results

og f=—1.4" 737

h

S (FR(B;CDF)dp 1'§

log B=0 .
og B=—1.4 Fj]? (57 Hl)d/B

0.06 =0.02 f{for fit-2
0.05£0.02 for fit-3

= H1 fit-2 ~4- CDF data
H1 fit-3 E;2>7 GeV
(Q°= 75 GeV?) 0.035 < £ < 0.095
It]1<1.0 GeV?

0.1}

1

CDF' normalization uncertainty = 426 %




t Diffractive J/v¢ Production I

Ratio of SD to ND cross sections versus zp;

4 1

= —— X

Pr

T/ (einj/"’

-+ ei”jet>

T

hpe

A EA-A-

e
'A+ A

LR

e J/y Data

A Roman Pot Dijets

el

x:min=0.004

¥

Xmax=5min=0-01

T T 17

C_ZD D

> 9P +3 )
T 4 ND
cap gND + §C_ZND g

= 1.174+0.27 (stat)

Gluon fraction : f;) = (.59 &+ 0.15 (stat @ syst)
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Double Pomeron Exchange : Test of Factorization

7<E™"?<10 GeV
0.035 < &; < 0.095
001<§ <0.03
It |<1oaev2

-y

|

R(x) per unit &

onp = oo F (z, Q2) F(z, QQ)
asp = aoF(z,Q%) F" (z,¢,Q%) :
ODP = O'OFD('CU7£7Q2) FD('Q%E: Qz) 10 ;2;

—t
o

R sp =0.15 + 0.02(stat) £ 0.03(norm)|

ND

Rppp=0.80 + 0.26(stat)

-3
10

(1072% < 2 < 107?)
Breakdown of Factorization
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N

events

l DD Cross Sections at /s = 630 and 1800 GeV I

CDF Preliminary

Js=1800 GeV g e CDF
5 « DATA A 1025- o UAS5 (adjusted) ]
107 DD + non-DD MC § [—Regge :
L 5 | ----- Renormalized gap X
3 3 o
10*E £ )
(o]
bt:s10 - +_
10°F . T ------------- w """" j
102} L |
10 F—
REPEPRPEE RPETEEE BT EETS DAV B SPETEr AP ST o
0o 1 2 38 4 5 6 7 =
AN"=N max M Vs (GeV)

8 = 1800 GeV opp(An > 3) = 6.32 £ 0.03(stat) + 1.7(syst)mb

/8 =630 GeV opp(An > 3) = 4.58 +0.02(stat) & 1.5(syst)mb

\
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The effective Pomeron trajectory and
Double—Pomeron—-Exchange Reaction in UAS8

Samim Erhan?
University of California®, Los Angeles. California 90095, USA.

In this talk, UAS8 final results from the analysis of a double-Pomeron-exchange data
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 & P. Schlein, Phys.
Lett. B 481 (2000) 177], where we have shown that the Triple-Regge parametrization fits
all available single-diffractive data at ISR, SPS and Tevetron, provided that the effective
Pomeron trajectory intercept, a(0). 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 interaction seems to be valid to a high degree. The UAS parametrization of single-
diffraction as the product of a “Flux Factor” of the Pomeron in the proton, Fp,,(t.£),
and a proton-Pomeron total cross section (o}%*) has the form:

dZO'sd

Tear = OTRRE7NETO) (00 + 40(5)70%) (1)

where: s’ = ¢sand £ = 1 — z,. The constant, 0.72, is the product of Fp/,(¢.£) and o
normalizations.

The effective Pomeron trajectory, a:(¢), has a linear form, with a quadratic term added
to allow for a flattening of the trajectory at high-|t|, as required by the data:

a(t) = l+e+at+adt (2)

A further analysis of inelastic diffraction data at the ISR and SPS-Collider confirms the
relatively flat s—independent Pomeron trajectory in the high—|¢| domain, 1 < lt] < 2 GeV?,
reported earlier by Erhan et al. At |t| = 1.5 GeV?, o = 0.92 4+ 0.03 is in agreement with
the trajectories found in diffractive photoproduction of vector mesons at HERA. This
suggests a universal fixed Pomeron trajectory at high—|t|.

We have isolated double-Pomeron-exchange interactions in events which one or both
of the final state p and/or § 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
D by pseudo-rapidity gaps, 2.3 < |n| < 4.1. Assuming the validity of factorization in
double-Pomeron-exchange interactions, we have extracted the Pomeron-Pomeron total

cross section, o2 (M), using the above parametrization of the Fp,(t, &) factor and the

effective Pomeron Regge trajectory. For masses above 10 GeV, o2%/(M) agrees with
the factorization prediction of =~ 0.1 mb. However. for smaller masses, it exhibits an
intriguing enhancement, 0% (M) = 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 Pomeron-Pomeron interactions (e.g.
glueball production) in the few-GeV mass region, although the invariant mass resolution

is inadequate to observe any structure.

!samim.erhan@cern.ch

2Supported by U.S. National Science Foundation Grant PHY94-23142
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R : Key Results:

! i
1.0 -

- " / 1 " No s-dependence of

oa(t)o’9 1 L _ trajectory atf high-t

“:' ) hisr

i Jses  + Intercept and slope
s ; exhibit s-dependence
0.9f .

t (GeV?)

- ZBUS| T T
mp—— @ UAs ] Agreement between:
1 ;-.::_)J/ip DL E .
“r " 1 HERA p®, 49 photo-production
E;:‘l.? E- I ’_H_+ -
: L Ji pp/pp inelastic diffraction
0+ T ]
2 1.5 -1 -0.5 t(GOev,) os 1 15 2

May 22, 2001 Samim Erhan - “Beyond the Pomercon" (BNL)
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SPS o UM Integral is total o4y
10_,5_ b ‘_ : = The data require 6 smaller
\“\\ intercept and slope.
o X, > 0.95 3 . .
| | > Trajectory at high-t

o5 1 1.;5 2 agrees with UAS8 r'CSUH'S.
[t{ (GeV?)

5549 __\\\ 725 _\ o _‘% a(*) —c+ al 1_ + a, 1.2
< NN
s N N “
E ——]

6-parameter fit:

- 1
; \ :'.\ N | & =010-0.02 log(s/549)

BN I NI ] o'=022-003 log(s/549)
1T 7 o"=0.06-0.01 log(s/549)
Wi\ e N

f \\; \\ Similar s-dependent ¢
1 ] (starts within ISR range)
It] oV and fiattening at high-t.
May 22, 2001 Samim Erhan - "Beyond the Pomeron” (BNL)
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—— MC opp=1mb

T i T i v ¢ T T v g 3000 i T T T T T T T T 1
| i
" I W ‘ |
0| ANDI dGTG - - OR' da'f‘a i
|
d [ I ), [l >1Gev2 1 21 ylor [ >1GeV?
dvt | ’ a}% L .
(nrGeV) ' * nwgev) | !
20 H ] ' - i
I 1000 T% -
i
‘—.‘—.._;.. t . .
R SR M. e, s S S : - —_ ]
o ‘ e . e S
S 0 20 30 5 10 720 30
M, (GeV) M, (GsV)

Red line is faJomzaTuon pr'edlc‘rlon abouT O 1 mb

= High mass points appear to agree with prediction
= 6pp low mass enhancements in both data sets.

4 i T T T T T T T T T T 4 T T T T T T T T Y T T
“AND” data “OR” data
o L
¢ I
G — I t — Gipn 2H —
AN | o 2]
(mbj % (mb} I
- R | ‘
¢ : : — ' l — ! [3
1 R - ? 0 - N
° ] . | ! : [ : ! [ -
0 10 20 30 0 10 20 30
MX (GeV) Mx (GeV)

May 22, 2001 . Samim Erhan - "Beyond the Pomeron” (BNL)
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May 22, 2001

Samim Erhan - "Beyond the Pomeron” (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 6, and then we per-
form an analytical continuation into Minkowski space. We use the AdS/CFT
correspondence in the first ‘Buclidean’ step.

In order to study the interplay of confinement and reggeization we use
a version of the AdS/CFT correspondence which exhibits confinement —
Witten’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 [1]. 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
n, of the dual string theory (the intercept becomes equal to 1 + n /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 nj =7, 8.

[1] 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 H1

Hard lefractlon‘:.j_at"‘H ERA

- Results from H

Frank-Peter Schilling / DESY
H1 Collaboration

%

DESY

s

High Energy QCD — Beyond the Pomeron
BNL, Brookhaven, May 2001

® Inclusive diffraction: FZD and the partonic interpretation
® A closer look:

— Energy flow and thrust
e Diffractive final states in DIS:

— Dijet and 3-jet production, open charm

® ... 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 H1

Summary and Conclusions

Diffractive dijet production (and F3°):

e Diffr. Dijets tightly constrain diffractive gluon distribution
gP (shape and norm.), in contrast to FZD(3) measurements

e Data favour diffr. PDF’s, evolving with DGLAP, strongly
dominated by gluons with momentum distribution rel. flat
in z (“H1 fit 2")

e® Consistent picture from FZD(?’) and jet measurements:
Concept of factorizing diffr. PDF’s in DIS [Collins] works.

e Consistent with factorizing & dependence with
ap(0) = 1.17 (“Regge factorization™)

e SCI and Semiclassical models not yet able to simultaneously
give correct shape and normalizations of jet cross sections

® |mproved models calculations based on 2-gluon exchangecan
describe part of dijet cross section

Indications for breakdown of Factorization 7

® Suppression of open charm (D)

® Suppression of &y < 1 dijets for Q?=~0

High Energy QCD, BNL Brookhaven, May 2001
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F.-P. Schilling / DESY Hard Diffraction at HERA: Results from H1

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

Motivation:

® Direct sensitivity to g? through O(cs) process
(boson gluon fusion):

e Jet Pr provides second hard scale

Kinematics (in partonic picture):

M12

~ Invariant mass of two leading jets

Llaets) QM3
P Q2+M2
— Momentum fraction of exch. entering hard scattering

F.-P. Schilling / DESY Hard Diffraction at HERA: Results from H1

High Energy QCD, BNL Brookhaven, May 2001

Diffractive Gluon Distribution

Dijets directly constrain shape and normalization of g™

H1 Diffractive Dijets

G2 p2=Q%+p2=42 GeV?| L
N N
[ | B
[ L I St o
N s N
— 1] e by e e Lo g o by g by
2 * H1 Data o
2 res. llf-,l‘(ldl; +r2es ) 2
:‘E E — it :"f
& o800 ¢ < H11it3 2
N 2 res.y* only N
S S I . S~
g 400 — g

-----
‘

IARRAERRRRERSN)

:::::
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TSN T BT RN BN EVE) SYER A A, |

0 02 04 06 08 1

[res. v*, IR and quark contributions small]

e H1 fit 2: very good agreement with data
e H1 fit 3: overshoots at high zp

e ACTW-D: too high

= Support for factorizable diffr. PDF’s i in DIS

are gluon»dommated and rath

Proton rest frame picture: ggg > qq states

High Energy QCD, BNL Brookhaven, May 2001
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F.-P. Schilling / DESY Hard Diffraction at HERA: Results from H1 F.-P. Schilling / DESY Hard Diffraction at HERA: Results from H1
Soft Colour Neutralization Colour Dipole / 2-Gluon Exchange Models

xzp < 0.01 | = avoid IR exch.; P PDF's g-dominated

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

® Semiclassical Model (Buchmiiller, Gehrmann, Hebecker)

H1 Diffractive Dijets - X< 0.01
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F.-P. Schilling / DESY Hard Diffraction at HERA: Results from H1
Diffractive D* Production
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=> H1 fit predicts three times higher cross section !
= Broken factorization (Errors still large)?
= 2-gluon, g + ggg calculation (Bartels et al.) OK at small &, high zzp !

High Energy QCD, BNL Brookhaven, May 2001
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a)

b)

c)

d)

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® =1 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.

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-channe! or by the interaction of qq
and qq 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 domiﬁated. However, the resulting parton 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.

Vector meson production dominates the low mass region. Both the light, p, w and ¢, as
well as the heavy, J/¢ 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%

The data are compared to the saturation model of Golec-Biernat and Wuesthoff.
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ZEUS
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e ZEUS QCDO1 & REGGE9Y shown in fitted Q2 range
e Is the slope changing?

e Quantify this from the slope df2 /dlog(Q?)
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¢ Ingelman-Schiein factorisable model — Pomeron
with partonic structure (quark and gluon densities)
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HERA data =~ Pomeron dominated by gluons.

e pQCD inspired models (y-dissociation picture)
— Pomeron described as two-gluons exchange
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qqg contribution dominates at low-3 (8 = @%M—,)-
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(ZEUS Coliab., ICHEP2000 Contributed paper 872)
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&-slope vs M2 MJ

Exponential fall characteristic of diffractive
processes
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GB&W Description of o7, 7
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=> What about dF% /dlog(Q?) 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: Bevond the Pomeron
BNL, May 21-25, 2001

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.

e Introduction
e Flastic and total cross sections

— Regge approach

— Parton model approach
Soit diffraction and multi-gap cross sections

Hard diffraction

&
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M?-scaling in diffraction

Single Diffraction

K. Goulianos and J. Montanha
_PRD D59, 114017 (1999)

—~ 10 g
3 3
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i f MEy™3
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> 10 S 1800 GeV std.
o~ E ~, flux prediction 3
o ]
-4 renorm. Hux 1
10 ¢ prediction E
107 : gt roitgie
1 10 10 10° 10 10 10
M? (Gev?)

The M? dependence of the pp single diffraction
differential cross section at ¢ = —0.05 GeV?
does not depend on the s-value (M2-scaling).
This is contrary to the Regge theory triple-
pomeron prediction of an s2¢ dependence.

K. Goulianos, PLB 358, 379 (1995)

100 y T ¥
€ <005 Ve
Albrow et al. "
Armitage et al. v
UA4 d
oF e

E710 //

Cool et al./’/

L Renormalized flux
d
Y .
10 s .I.

Xbeoe+0Onm

Total Single Diffraction Cross Section (mb)

110 1'00 10‘00 10000
¥s (GeV)
The pp total single diffraction cross section has
an s-dependence consistent with M?2-scaling,
contrary to the Regge theory s% behaviour
and in agreement with the Pomeron flux renor-
malization prediction of the above reference.

Double diffraction

2 Vs=1800 GeV

S 5 « DATA
10 — DD + non-DD MC
104t
10 3 3 -
102t
o L CDF preliminary

0 1 2 8 4 5 6 7
An Npax Nmin

The CDF central rapidity gap data agree in
shape with the Monte Carlo prediction for
double diffraction dissociation based on Regge
theory and factorization.
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The ol agrees with the prediction of the
renormalized rapidity gap model based on M?2-
scaling (KG, hep-ph/9806384), contrary to the
5% expectation from Regge theory.



Multi-gap cross sections

Ay, Ay,l Ay Ay§ Ays Ay’3 Ay,
1 ' !
U Y2 Yo Y3 Y3
Ay = 2321 Ayi
3] 2 13 14

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
!
Im f(¢, Ay) ~ el€ + ')Ay
e For the rapidity regions Ay’ = Y, Ay! where there is particle production, the t = 0
!
parton model amplidude is used and the sub-energy cross section is given by C - €AY,

e 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,

e2(€ + a't:)Ay; , and the form factor §%(t) is included for a surviving (anti)proton.
¢ The gap probability (product of all rapidity gap terms) is normalized to unity.

® A color factor £ is included for each gap.

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

® There are 10 independent variables, V;, shown below the figure.

e ﬁ%~ = Pyap X o(sub — energy)
4 [ g2 eAy' I — 3 !
o o(sub — energy) = & [ﬂ (0)-e y] (Ay =3 Ayi)

o Prap = Nyop x T, [l 05]? 5 [8(11)8(t,)]?

Prop = Nyap - €262 - £(13)]12, (Ay =t Ay;)

¢ Ngp: factor that normalizes P,,, over all phase space to unity.
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Inclusive DIS d2 Fy(z, Q%)

Diffractive DIS dtdgdﬂsz % FP(t, & 8, Q°)

z = ¢
FP(t €, B,Q%) = for 5™ (B, Q%) Pup(t, €, Q)

.ly:hq%— = %y—%-
€+ a't) + MNQ? 1n
Py = Ny 1 [ D HN@ Y

Nyh(Q, bmin) = [ € 1+€+/\+0‘t]ﬂ2()dtdg

. Tomin 2 S 9 2
fmin: 3 Qg/ = N, gap — f(Q ’ S,B)

Ignoring t =  Nygp = (e + ) - (Q%/sB)E T A

To guarantee factorization at large Q%

(n=€e¢+ A, C = Np)

FP(E, B, @) = C - oy - [L— e @I58 |1, 4|
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Dependence of a¥'(0) on Q?:

a®(0) =1+ [e+ A(@?)] | (use e = 0.1 and X = 0.1 + 0.053 In Q?)
ZEUS 1994

Sisl My=5GeV
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1.2

f;i;‘llllllllllll

1 — Soft Pomeron 1 Soft Pomeron

- 1 ! lllllll | ] Illllll | ] 1 Illlll, ! 1 lllllll {
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Diffractive structure function prediction (hep-ph/0001092)
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. 0.04 ’ Hl'— £=0.01 F5(Q* =50, £ = 0.00133) = 1.46
M T \ = Fy(z) = 0.2/2%3
0.03 | \\ . £~ 0.01
; \J |
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0.01 L
E | The solid curve in the figure is
E | predicted using the above
0O 012 014 016 0.8 1 data/parameters and f. = 0.5.
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e Soft diffraction

— A parton-model approach to diffraction was presented based
on the observed M?-scaling (s-independence) in single and
double diffraction pp differential cross sections, do /dM?2.

— 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.

e Hard diffraction

— Diffractive structure function in DIS:

1 1
F2D(£7 ﬁ) Qz) ~ ,8)‘ ’ £1+ €+/\ X NQGP(Q27 IB)

— Dependence of Pomeron intercept on Q?:

e+ A(Q)

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

a(0) =1+

R~1/$€+>‘
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High Energy QCD: Beyond the Pomeron Brookhaven National 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

Recent results on the diffractive production of vector mesons in photon-proton reactions at HERA
are challenging contemporary understanding of diffractive processes and of hadron structure. Fok
lowing a brief overview of selected results obtained from the measurement programs of tke H1 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 QCD.
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High Energy QCD Workshop BNL
23 May 2001 Upton, New York

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

15> Selected Resulfs from HERA

i Surprise in p° Photoproduction
at High Momentum Transfer

J. A. Crittenden
Deutsches Elektronen-Synchrotiron

General Remarks on = - w
Exclusive VM Production at HERA

i Investigation of vacuum-exchange processes
[ Vacuum exchange has a J

complicated, poorly understood structure

1z Study properties of strong interaction

—> Soft interactions
+ Forward, total cross sections

¢ Exponential -slopes, shrinkage
= Helicity rules

= Hard interactions
+ Short-distance vacuum exchange
« Scale definition
+ Sensitive to |G (e, a)|?

+ Helicity rules

The hard/soft transition can be studied in

Q% Mg |

1557 Exclusivity allows study of helicity structure

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

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

23 May 2001 DESY

(

BNL Workshop J.A. Crittenden ]
7/




IZ1

( Quick Review (1V):
or/or in Elastic p@ Electroproduction
4_ A2
R = le
€108

A now known to be small

A. Kreisel/ZEUS at DIS2001

Quick Review (VI): .
or/or in Elastic p9 Electroproduction . =
A. Kreisel at DIS2001
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Remarkably hard scaling behavior for ot

(The Q? dependence is even weaker than Q=5)
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was an early prediction of pQCD
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Main Topic:
VM Photoproduction at High [¢|

Photoproduction Tagging at W ~ 100 GeV
ZEUS detector

Y . \’I

Q2 < 0.02 GeV?
23 < B, < 25 GeV
(=80 < W <120 GeV)

=

44m
tagger

ZEUS 1996/97 preliminary
Integrated luminosity: 24 pb~!

p0: ~ 18k
¢: ~ 2K
J/: =~ 150

Proton-dissociative process dominates at |t| > 1 GeV?

¢
2
t— M2

€Tr =

Cross sections %‘,1 are integrated over 0.0l < & < 1

Diffractive o Photoproduction (III)
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( Diffractive ¢ Photoproduction (II)
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Decay-Angle Analysis (II)

Talk by A. Kowal at DIS2001

ZEUS
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[ Transverse polarization dominates j

Helicity breaking clearly measured at level of few %
(But why no dependence on t?)

Also significant double-flip contribution

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

J.A. Crittenden

23 May 2001 DESY
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( Some general remarks

(and some questions)

I These are the first measurements of light-vector-
meson photoproduction at values of ¢t comparable
to the Q2 values in DIS which led to the discovery
of charged proton constituents in 1967.

I BUT thisis presumably a strong interaction, rather
than electromagnetic.

13> We observe an extremely hard t dependence
= low-order process (first order 7)
= What about the meson form factor ?

= The QCD helicity selection rules
appear to be violated.

13> These values for t exceed the mass scales
for p° and ¢ and exceed Adcp
= Asymptotic region

The t dependence characterizes the interaction.

Perturbative field theory
for vacuum exchange in the strong interaction (7)

What Is the exchanged field?

What is the “charge”?
(Strength about 1/100 of confinement)

What is the reacting proton constituent?

Are there point-like interactions of hadronic bound states?

.

Attempted Synthesis

There appears to be increasing
evidence for a point-like T— T
vacuum-exchange transition which
is difficult to reconcile with QCD

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

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

i This T—T transition contributes to VM
electroproduction well into the Q2 region
where pQCD successfully describes
the production of longitudinal vector mesons.

1 It is the dominant VM-photoproduction
process at high momentum transfer.

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 momentuim transfer,

elastic and total hadronic cross sections.
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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 \s values. The solid curve
is the distribution for lower energies (ISR) where KNO multiplicity scaling holds. The
quantity x is the charged multiplicity n/<n;> where <n;> is the average multiplicity for a
single parton-parton 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;>=2. The distributions widen as Vs increases.

To begin to understand the position of the energy threshold for double (and triple) parton
—parton collisions we use the energy required ,s’, for making the multiplicity <n;>
charged particles from €'-¢” annihilation. This formulation predicts a threshold for two
collisions of about Vs =100 GeV for p-pbar interactions. The results of the calculations
and observations are shown in the Table. The quantity <n;> is measured and nicely fitted
by an expression of the form <n;> = A log(Vs) + B over the range of Vs 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, onsp ,in the collider energy range. We predict that multi-parton collisions
will have a cross section of about an equal magnitude with that for single parton-parton
collision at the LHC energy. This is shown in figure 4. Remarkably the cross section for
single parton —parton ,G; , 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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Normalized Cross Section
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Normalized Cross Section
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TABLE-COLLISION CHARACTERISTICS

Vs-GeV <n; > X’ =Vs’/ Vs Onsb d, Oy G5 (mb)
62 14 58 303 310
200 200 .40 352 335 175
546 25.2 30 402 308 95
900 27.6 24 43.0 317 102 15
1800 315 18 470 319 125 27
14000 42.2 .10 =620 306 172 139
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Study of Diffractive Dijet Production at CDF

Kenichi Hatakeyama
Rockefeller University, 1230 York Avenue, New York, NY, 10021
CDF Collaboration

We have studied single diffractive dijet production at /s = 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 /s = 630 and 1800 GeV. We find agreement in the 3-dependence of the measured
diffractive structure functions (4 is the momentum fraction of Pomeron carried by the
struck parton), and a ratio in normalization of

R[%%] — 1.3 % 0.2(stat)* 04 (syst)
in the region of 0.1 < 8 < 0.5, 0.035 < £ < 0.095, where ¢ is momentum fraction of the
p carried by the Pomeron, and 4-momentum transfer squared |¢| < 0.2 GeV?. This ratio
1s 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 3 < 0.5, 0.035 < & < 0.095
and [t] < 1 GeV?, the measured diffractive structure function can be fitted with the
form

FRB.&=C-gm-¢m

The fit yields n = 1.04£0.01(stat) and m = 0.92+0.02(stat). In the framework of Regge
theory, the Pomeron, Reggeon and Pion exchanges have £ dependences of £~22(0)-1)
£712 ~ €% and ~ &, respectively. The measured value of m = 0.92+ 0.02(stat) indicates
that single diffractive dijet production is dominated by Pomeron exchange.

Comparisons are made with results from the UAS8 collaboration, which studied single
diffractive dijet production and the structure function of the Pomeron in Hp collisions at
Vs = 630 GeV at the CERN SppS collider. To compare the CDF 630 GeV data with
the UAS results, the CDF 630 GeV data sample was re-analyzed in a similar way to
that used by the UAS8 collaboration. The (2 — jet) (= 8 — zy;(proton)) distribution for
the UAS8 data, from which UAS evaluated the Pomeron structure function, agrees with
that for the CDF 630 GeV data reasonably well.
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Diffractive Dijets with Leading Antiproton

Physics Motivation:

1. Measure the diffractive structure function

FJ?(187€7Q2715)

Fi5(2,6,Q%t) =z [g7(2,£,Q% 1) + 5¢° (z,£,Q%,1)]
Fjg(xaé-? Q27t) — Fjlj)(ﬁ7 é-a Q27t)

dS(ij — pjiX) _ Fji(zp, Qz) Ff?(ﬂ, £, Qzat) dGgg—gg
dzy, df d€ dt dp3. Lp & dp%,

2. Test QCD factorization by comparing
(a) F5(B,€,Q%t) between /s = 630 and 1800GeV

(b) Fj7(B,&,Q% t) with expectation from the
measurements of diffractive DIS at HERA

3. T(-}Sé*; ﬁes oe ;ac%:{}rizaézi@n
o8
7

~Drm oo N2 N e & TP M2
Ejj J‘J;gtg x5 —‘ffP/’p{Sfi) 54 iz‘}@ )

Lp = pg,q/pﬁa Lp = pg,q/pp
E=1—zFr :pJP/pﬁa 16 :pg,q/pIP
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CDF Preliminary

|||||||| frivrjrysrprrr

3 (b)

— Inclusive ]
. Dljet

Y
o

17 Nyop (AN 7 dt)

—h

e
()

O I L L ] l 1 L 1 1 L ] 5 .
0.04 0.06 0.08 01 02 03 04 05

X 10
0.8 — (C)

0.6

+

L1 TR |

dijet) / N(igclusive)
oy
()]

0.4}

o
)

o .
LB L L L L L

—_
(]
=
(2]
=
(&)
o
=
Z
~
=y
2
._5
~—
=

02}

o
S}
o

O C I L 1 ] I 1 L 1 I L L
0.04 0.06 0.08 . 02 03 04 05

-t (GeV?)

e Diffractive dijet events favor larger £ values
e The ratio of dijet to inclusive events has a flat
t-dependence

Consistent with 1800 GeV results
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Diffractive Structure I* 2(8) 1 630 vs. 1800 GeV

CDF Preliminary

L - 1800 GeV E >1O GeV

0035<&<0095
It]<0.2 GeV® |

Distributions are fitted to

Fj3(8) = B x (8/0.3)™"
(0.1 < B < 0.5)

C( 7

with a common value

RB[TGS%%] = 1.3 + 0.2(stat) T05(syst)




sel

Diffractive Structure Fj[j) (8,€) : (1800 GeV)

FR(8,6) = C x "

(n) = 1.04 + 0.01(stat)

FR(6,€) o 1/€™
m = 0.92 + 0.02(stat)

(at B =0.1)

£, B-factorization :

CDF Prellmlnary

IR L S S I Lt A L L ML A LI I L Y R L A LN ML B

EJet12>7GeV
0035<§<0095
1t1<1.0 GeV? °




, Comparison with UA8 (630 GeV) '

UAS8 has more events at low-£ than CDF due to
different Roman Pot acceptance
= Weight events in CDF data so that the &
distribution becomes similar to that of UAS8

CDF Preliminary

— 0.04<E£<0.06
. 0.06<£<0.08
0.08 <£<0.10

Arbitrary Unit

Arbitrary Unit
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Diffractive J/¢ production at CDF

Andrei Solodsky
Rockefeller University, New York, New York 10021

(for the CDF Collaboration)

Abstract

We report the first observation of diffractive J/9¥(— p*u~) production in
Pp collisions at 1/s=1.8 TeV. Diffractive events are identified by their rapidity
gap signature. In a sample of events with two muons of transverse momentum
Pl > 2 GeV /¢ within the pseudorapidity region |n| <1.0, the ratio of diffractive
to total J/1 production rates is found to be R/ = [1.45+0.25]%. The ratio
Rjpy(z) is presented as a function of z-Bjorken. By combining it with our
previously measured corresponding ratio R;;(z) for diffractive dijet production4
we extract a value of 0.59 £ 0.15 for the gluon fraction of the (anti)proton

diffractive structure function.
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| Diffractive J/1 Production in pp Collisions I

pl

RAPIDITY GAP

s proton

-7.5 -10 ¢ 1.0
» 2In(v§/mp)

Y

“ ~In&
N e In(vs/myp)=7.5

% J/1 mesons are mostly produced through gg fusion

¥ Diffractive J /1 production provides measurement of
gluonic content of the Pomeron

% Challenging test for the phenomenological models

\_

describing J/v anomaly and diffractive production

\

/

High Energy QCD: Beyond the Pomeron, May 23, 2001 Andrei Solodsky
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Diffractive Event Signal in Dimuon Sample
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Rj/y [7%%] as a Function of Bjorken-X

From the detected jet, we calculate:

pa{/'@b eI/ 4 Eg,'ft . e TMiet

Xbj= Pg,a/Pp(p) = 9 .pp(ﬁ)
0

N p;}/i/’(e—m/q/, + e iet)

a V's

Cama ] | LI I 1 T P rrem I 1 i LI IR I
o
< . L e J/y Data (J/y + highest Jet) |
8 X A Roman Pot Dijets ]
r ! i
I ' * ):(max=E-’min=o'01 ]
' Yaleo | x_.=0.004 T
-1 : '
10 | =
2
10 | —
i 1 L1 L Ll I —d. 1 ; L1 1il i B
107 102 10"
X-Bjorken
High Energy QCD: Beyond the Pomeron, May 23, 2001 Andrei Solodsky
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| Gluon Content of Pomeron I

Ratio of diffr. to non-diffr. dijet production

4 g (=
_ FP(a) _ dP(a)+4dP(x) _ P L 19, Dm)
Since Z
49 (=)
Ryo(e) = 2@ o Bu@ _1¥0,76)
J/p\T) = (z) Ry u(z) 4 (=)
g J/P 1+ 9
g(x)
R17 | _117+027(stat) @z = 0.0063,Q = 6 GeV/c
RJ/¢ exp

From the proton PDF-set GRV94 LO

92) _ 0274 @ z=0.0063,Q =6 GeV/c

g9(z)
Y .

» Gluon fraction @ Z = 0.0063 and Q = 6 GeV/c

fP = 0.59 & 0.14(stat) + 0.06(syst)

» From diff. W, bb and dijet production

fP = 0547516

N 4 /

High Energy QCD: Beyond the Pomeron, May 23, 2001 Andrei Solodsky
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MATCHING of SOFT and HARD POMERO N S
E. Levin,*

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-perturbative QCD
to the parameters of the phenomenologivcal “soft’ Pomeron ( Donnachie-Landshoff Pomeron ):
Ap=0.08 = 0.1 and o} = 0.25 GeV 2.

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

ri(Pomeron) = 1/M, > r, (separation) > 1/A

The results:

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

e The pQCD contribution to the resulting Pomeron is essential;
¢ pQCD leads to

—  Considerable increase of the soft Pomeron intercept: Agy =~ 3Ag;

—  Decrease of the slope of the soft Pomeron trajectory oty ~ %ag;
o  The result crucially depends on the value of the intercept for the soft Pomeron Ag;

e 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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MATCHING of SOFT and HARD

POMERONS

May 30, 2001
Scales of QCD
| A High density QCD
Qs(x) T Saturationscale---------""-"
pQCD
~ 2GeV + Scaleanomaly -------z-:---
(Size of instantons?) prD
instantons
~ 1 GeV -.--Separationscale ____________
instantons
~200 - 300 MeV+ Confinement scale -------------
izeof h
(Size of hadrons) npQCD

“Matchin

of soft and hard Pomerons
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e ¢ Hard Pomeron =
BFKL Pomeron in NLO
4+ running s © ©

e The NLO BFKL kernel: K grir(a?, a?) = as(r)
K(r —7') where 7 = In(g?/A?) and ' = In(q"?/A?)

e The Mellin image of K(r — ') K(f) has a form:
K(f) = Aml(as) + D(as)(f- 5)

A

1.4

H

1.2

' LO BFKL

0.8

4

o \NLO BFKL—:

o (resummed)

] 0.2 0.3 0.4 ‘6"5 0.1 0.2 0.3 0.4 0.5

Os Ols

“Matching of soft and hard Pomerons E. Levin

145



'Soft Pomeron

Our approach:

® K(o?,q2) =

- i

o 0(q2)=e

0 -0

G

o K(¢% q? = Asp(d®) o(@?) —>

o K(¢*q? = Asod(d®) #(d®) —
impact parameters (b:) ;

e K(q?q?) = Asd(d®) d(d?) —
where R is the radius of interaction ;

o K(q* q?) = Asd(d®) ¢(¢?) —

“Matching of soft and hard Pomerons
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Ag O(q2) P(ad);

o i2 = M2 = 4Gev?;

Ag

8PS ;

diffusion in

R = a&,lns

oy x 1/q;;

E. Levin



'Soft & Hard Pomerons |

Soft
Pomeron

Hard
Pomeron

:

Soft

Pomeron

“Matching of soft and hard Pomerons

q q
q Ke Kg
(Gm = | %s|+ T+ =

(ew) § 6y

q N .

q q"
q q ? )
B e
— ¢ /\q,
q q"

q" q

E. Levin
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Solution to the two channel problem ‘

| 1
Asg — As = 4A2,S \/FS/4D7rw (;;"H)g

1

<(D7‘H)6 - (rs —’rH————)) where rg = log(

= log(——=); and F(2) = N f/t_ exp(—zt — —)

s caleAnoma.lyA

sepa,'ra,tzo'n,
o Asn .
—~— Ag=0.1 ]
oz /\ Ay =0.05 “*f
Ag =0.01
S Lot g
ol As
- ASH -
— 016 3 . 2
o0 |~ 02 m:.as=0.25GeV
2 3 . 2
oot qo--OS GeV == E oL SI_I=O.16 GeV
aor 052 Y a—rr Ty T rr= 0.1 oz g oaE oF —try = 16 AR
Aq 1 (GeV?)
“Matching of soft and hard Pomerons E. Levin
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Figure 9: The exponent A(b) found by the fit to the point in Fig. 8 with
power dependence on energy at cach value of b. The black and open

points correspond to the fits with parameterizations I and II respectively.
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The CKMT approach to the Pomeron puzzle*

Elena G. Ferreiro and Carlos Merino

Departamento de Fisica de Particulas
Universidade de Santiago de Compostela
15706 Suntiago de Compostela

Galicia-Spain

The CKMT model for the parametrization of the nucleon structue function F; 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 data on £ in
the region of low Q2.

An explicit theoretical model which leads to the above patiern. of energy behavior, now
confirmed by a simoultaneous description of diffractive production by real and virtual pho-
tons, is also presented.

The CKMT model taken as an initial condition for the NLO evolution equations in
perturbative QCD, provides a good description of the experimental data of F, in the whole
available kinematical region of z and @2, in particular when these data are presented in the

form of the logarithmic slopes.

*High Energy QCD: Beyond the Pomeron Workshop, BNL (NY), May 21-25, 2001.
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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, Qq, into
region ) of rapidity () and azimuthal angle (¢) between two high-pr jets. This cross
ssection possesses a standard collinear factorization form.

doaB—Js doap (1)

= Jo/a® @ )
dprdQq Joia ® Jor5 dprdQo

with corrections of order A%cp/Q%, in terms of normal parton distributions f, and
hard-scattering functions dé, where pr 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 Qq-dependence goes.

dé,
Tt = 215 Ko ) o7 Qal) (2)
The variable y' is an arbitrary factorization scale that separates the short-distance
functions h and eikonal cross sections afr? ), 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 [1]. As the refactorization scale u’ 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 Q2 is a result of evolution between the scales pr
to Qq. This evolution is characterized by a set of anomalous dimension matrices,
which depend on both pr and the choice of €. 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 pr and rapidity, as well as Qq [2].

References

[1] G. Oderda and G. Sterman, Phys. Rev. Lett. 81, 3591 (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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Effective Field Theory for the Small-x Evolution

lan Balitsky

Old Dominion University
Oceanography and Physics
Hampton Boulevard
Norfolk, VA 23529

and
Jefferson Lab
CEBAF Center - Theory Group

12000 Jefferson Avenue
Newport News, VA 23606

balitsky@jlab.org

189



Deep inelastic scattering in QCD

hadrons

Bjorken limit : {

- ,quq
Wy = <;‘2”—gw>F1<a:,Q2>

1 pq pq 5
4+ —(pp — qu—)(pr — v—=5) Falz, Q)
pg B RN T2 |
Optical theorem

1
Wiy = —ImT’
% - pv

Ty = i [ d*2e(pIT{ju(2)5v(0)}Ip)

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

fast (p>>q,)
hadron

A

s
s

V

. t (time)
Emission of partons ~ p (density)
Annihilation of partons ~ %ﬁ—pQ
(the amplitude of the annihilation of two
partons in the cascade is —5-3—)

=
T he equilibrium between emission and annihila-

tion (saturation) should be described by simple
non-linear equation

dp Neos (o BFKL Qs 2
= ——|K — t X —= X
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Small-z DIS from the nucleon

PAA ~ o - P
~ -
~ -
~ - -

% S

2
<

Py Pg

Fast quark moves along the straight line =

quark propagator reduces to the Wilson line
collinear to quark’s velocity

U(x,m) = [oong+x;,—cony~+ z ]

[z, y] Pexp {ig /01 dv(z —y)PAu(ve + (1 — v)y)}

EFT for the small-z 26 June 2001
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Non-linear evolution equation

/dzJ_{Z/l(:L‘l, 21) + Uz, y) — U@L, y))

(F— 97
+ U(z, Z)U(z’y)}(fl _ gl)Q(Zj— g1)?

U(z),y1) = T(TF{U(wL)UT(yL)} — N¢)

LLA for DIS in pQCD = BFKL
LLA for DIS in sQCD = NL egn
(s for semiclassical)

Example - LLA for the structure functions of
large nuclei: asinz ~ 1, a2A1/3 ~ 1

EFT for the small-z 26 June 2001
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T —%(’3_%_73 =
UMA(z,) @ UTMA(y )

71,2(n4)=0
| Dy (z,m) Dz, DR (2,m) DRz, )
Q1,2(n0)=1

X Q{ (z1,mA)U°Q0(z1,m4) ® QE(yL, UA)UyTnOQI(yJ_a n4)

A > 1 32,_a ] _6_ . a
< exnf [ an [l 3 Faim@len g i)

— QL (5 MU (2, 1) Py (2,m)]

The action-is now local

Perturbation theory
Q1(z,n) = e~ 9%1(z1) Qs(z,n) = e~ 1992(zm)
Propagators:
. 1
sz, mmi(yL,n) = —i6;;6°°0(n — 0" )zl =1v1),

0
L
$¢(x1,me2(yi,m) = 0, nf(zy,mMni(yL,m) = 0

EFT for the small-z 26 June 2001
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After integration over canonical momenta =,

UnA(z ) @ UA(y,)
D1 (2,1)DQ0(z,m) A (x,14)

/91,2(770):1

x U™(z) )20 (21 ,m4) ® 5y 1, na)UT0(y ) (v 1, 14)
1 _

% exp{ / dn/d2 8L(QT (2, MU0 (2,0))] ;"

x 82 (192} (2, M1 (2, 1) 82 (12} (=2, )22 (2, m)P),

0
where € = 2.0

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

(pB|UT0 (221 )UT0(25)... 00 U0 (2,) |pp),

this functional integral can be calculated.

EFT for the small-x 26 June 2001
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Summary of the talk Direct Solutions to Kovchegov Equation
Leszek Motyka, Uppsala and Krokdw

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 QCD in the leading logarithmic
log(1/z) 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(v*p).

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

Qﬁ\%l;;ﬂ = 6.KBrKL (1 + 51—(%) Nk, Y) = oW (k, V) (1)
where
Kerkn(7) = 2¢(1) = ¥(v) — (1 —7v), Y =log(l/x) (2)
Now I substitute R
n(k,Y) = (II;Y) (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 k& which makes it
straightforward to the 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 fy(k,Y") may be obtained from the solution N(k, Y)

by the following formula s
S 351 - .
E.Y)= -—=—k'AN(k,Y 4
£30.¥) = T K AN (K, Y) ®
with Ay used for the 2-dimensional Laplace operator in the k space.

I consider both the fixed and running «; 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-Kwieciniski 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 %) is tamed by the nonlinear term — the infrared
cut-off is now generated by the equation itself. However, the evolution in z is still to rapid and the resulting
gluon distributions for low z 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 z < 0.01.

T also study the Kovchegov equation with a; fixed to 0.1 in order to guarantee the evolution to be slow. The
solving function in the low z region may be approximately expressed as

N(k,Y) ~log(1 + (Qs/k)?) (5)

with the saturation scale Q,(z) growing towards small z as z7"? and 3 ~ 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-Wiisthoff 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 = ~ 1079, 10~* and 10~2 for Q2 = 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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Test of geometric scaling for fixed o, = 0.1
Scaling variable: ¢ = krexp(—0.2Y)

ALY, all ky
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xg(x,Q**2)

xg(x,Q**2)

xg(x,Q**2)

Gluon from Kovchegov equation with a; =0.1
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L. Motyka

Solutions to Kovchegov equation

Shadowing from Kovchegov equation with o, = 0.1

xg(x,Q**2)

xg(x,Q**2)

xg(x,Q**2)

250
200 |
150 P\
100 +

50

1 . 1

T

Q**2 = 100

0
1le-06

1le-05

0.0001 0.001 0.01
X

0.1

120

100 r

80 r

60

40 +

20 |

I}

Q**2 =10

0.0001 0.001 0.01
X

0.1

70

50 -

40 r

30

20 ¢

oF T

T T L E—

! i

Q**2 =1

le-06

le-05

0.0001 0.001 0.01
X

201

0.1



N(,Y)

Comparison of solutions
with running and fixed o, at high Y

10

0.1 F

0.01

0.001

0.0001

-
i

1e-05
0.001

0.01 0.1 1 10 100 1000
t = Scaling variable [GeV]

202



-

A QL Wm&j l_imlaq/wj &WM@&&
(0 Nastbmann, Ui, Heddelbeng)

Total and differential cross sections for high energy and small momentum transfer
elastic hadron-hadron scattering are studied in QCD using a functional integral
approach. The hadronic amplitudes are governed by vacuum expectation values of
lightlike Wegner-Wilson loops, for which a matrix cumulant expansion is derived.
The comulants are evalnated within the framework of the Minkowskian version
of the model of the stochastic vacummn. Using the second cumulant, we calculate
elastic differential cross sections for hadron-badron scattering. The agreement with
experimental data is good.

We calculate high-energy photoproduction of the tensor meson f(1270) by odd-
eron and photon exchange in the reaction v + p — f2(1270) + X, where X is either
the nucleon or the sum of the N(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 f; 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.

Shme N/ﬁg Jats ())(\% 289/(136 (91)
€, beagen, O, N. lae,rawbll /9808320

£, 5;@15,@2 ek ol -ph /O()Dj 30
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The Instanton/Sphaleron 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 11794-3800

We argue that if the growing part of hadron-hadron cross section (described phe-
nomenologically by the a(0) — 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 JF =
0+,0™ colorless objects: (i) the scalar glueball candidate fo(1710) who decay mostly
into ,n7 and K K; or (ii) as suggested by Bjorken, 1. — K K, etarn, eta’wr. Common
signature of these final states is unusually large fraction of “delayed pions” coming from
n,eta', Ks decays. This correlates well with experimentally observed but unexplained
decrease of HBT correlation parameter A from its usual value =~ 0.5 to =~ 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
classically 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 RHIC 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 mechanism
~ of high energy hadronic and heavy ion collisi
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Classical Gluon Production in Hadronic
Collisions

Gregory W. Carter !

Department of Physics and Astronomy, SUNY Stony Brook, NY
11794-8800.

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.

1Based 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, BNL)

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 enérgy asymptotics of strong interactions: does it satisfy Froisssart-
Martin bound, which requires that 6 < 7/m,> log’s?

The most popular fit to the present data shows that oo grows like sA, violating Froissart-
Martin bound. One of the reasons why the simple parametrization Giot ~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 from Tevatron at Vs = 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 Vs = 500 GeV at RHIC, which is in
the range where one expects that o (pp) is measurably different from oot (Pp), a very
precise measurement of both G(pp) 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 (PP),
dog/dt, o4, d®oge/dt d&, 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 (p'A?), 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/¥, 1 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.

® Spin asymmetries in pp elastic scattering.
e Azimuthal correlations in p' p'— pp + X, where X=AA, 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 Vs= 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:

Can RHIC
Physics Question answer this Comment
question?
1. What is the high-energy asymptotics of strong interactions: Given Tevatron
does it satisfy Froisssart bound requiring that Gtor<nt/m; 1o gzs? Maybe data, surprise is
How about the unitarity of the total cross-sections? possible.
PP2pp experimnet
2. What is the difference between high-energy interactions of Yes PP2pp experiment
particles and antiparticles?
3. How does the range of strong interaction depend on energy? Yes PP2pp experiment
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 asymptotlc Yes, Unique | Requires “Central”
behavior of strong interactions? Detector and
Roman pots
5. 1Is the proton polarization transferred to the “wee” coherent Yes, Unique | Requires “Central”
gluon field? Detector and
Roman pots
Yes Requires Central

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

Detector
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Agenda
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9:50
10:30
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2:30
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Tuesday, May 22 ---- Large Seminar Room

RHIC Experiments
Chair: Peter Landshoff
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Collider Experiments II

Chair: Sandy Donnachie

9:00 - 9:30 Frank-Peter Schilling Hard Diffraction: Results from H1 at HERA

9:30 - 10:00 Malcolm Derrick Pomeron Physics Studied with the ZEUS Detector
10:00 - 10:30 Konstantin Goulianos Beyond the Conventional Pomeron
10:30 - 11:00 Coffee Break
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Wednesday, May 23 ---- Small Seminar Room, continued

11:00
11:30
12:00

12:15
12:30

Chair: Yuri Kovchegov

11:30 James Crittenden Scaling Properties of High-Energy Diffractive Vector-
Meson Production at High Momentum Transfer
12:00 William Walker Analysis of Hadron Multiplicities and Diffraction
Dissociation
12:15 Kenichi Hatakeyama Study of Diffractive Dijet Production at CDF
12:30 Andrei Solodsky Diffractive J/Psi Production at CDF
2:00 Lunch

Non-Perturbative Approaches to Pomerons III

2:00
2:30
3:00
3:30
4:00

Chair: Dmitri Kharzeev

2:30 Eugene Levin Matching of Soft and Hard Pomerons
3:00 Boris Kopeliovich Semihard Components of the Soft Pomeron
3:30 Carlos Merino The CKMT Approach to the Pomeron Puzzle

4:00 Coffee Break
6:00 Discussion

Thursday, May 24 ---- Large Seminar Room

Perturbative and Non-Perturbative QCD I

9:00

9:30
10:00
10:30

11:00
11:30
12:00
12:30
2:00
3:30
4:00
7:00

Chair: Otto Nachtmann -

- 9:30 Lev Lipatov Solution of the Baxter Equation for the Composite
States of the Reggeized Gluons in QCD

- 10:00 George Sterman Perturbative and Non-Perturbative Radiation

- 10:30 Gerald Miller The HERMES Effect

11:00 Coffee Break

Chair: Eugene Levin

11:30 Gregory Korchemsky Unitarity Corrections to the BFKL Pomeron

12:00 Ian Balitsky Effective Field Theory for the Small-x Evolution
12:30 Leszek Motyka Direct Solutions to Kovchegov Equation
2:00 Lunch

3:30 Discussion
4:00 Coffee Break
5:30 Discussion
Workshop Dinner
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Friday, May 25 ---- Large Seminar Room

Perturbative and Non-Perturbative QCD II

Chair: Raju Venugopalan

9:00 - 9:30 Otto Nachtmann High Energy Hadron-Hadron Scattering in a
Functional Integral Approach
9:30 - 10:00 Edward Shuryak Instanton/Sphaleron Mechanism in Hadronic Nuclear
Collisions
10:00 - 10:30 Gregory Carter Classical Gluon Production in Hadronic Collisions

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

Chair: Yuri Dokshitzer

2:00 - 3:00 George Sterman Summary
3:00 - Conference Adjourns
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Photographs

from

Workshop Dinner

May 24, 2001

Painters’ Restaurant
416 South Country Road
Brookhaven Hamlet, NY 11719
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Additional RIKEN BNL Research Center Proceedings:

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

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

Volume 32 — RHIC Spin Physics V — BNL-52628

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

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

Volume 29 — Future Transversity Measurements — BNL-52612

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

Volume 27 — Predictions and Uncertainties for RHIC Spin Physics & Event Generator for RHIC
Spin Physics 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 — OSCARII: Predictions for RHIC — BNL-52591

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

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

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

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

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

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

Volume 15 — QCD Phase Transitions — BNL-52561

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

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

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

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

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

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

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

Volume 7 — RHIC Spin Physics — BNL-65615

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

Volume 5 — Color Superconductivity, Instantons and Parity (Non?)-Conservation at High Baryon
Density — BNL-65105
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Additional RIKEN BNL Research Center Proceedings:

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

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

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

Volume 1 — Open Standards for Cascade Models for RHIC — BNL-64722
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For information please contact:

Ms. Pamela Esposito

RIKEN BNL Research Center
Building 510A

Brookhaven National Laboratory
Upton, NY 11973-5000 USA

Phone: (631) 344-3097
Fax: (631) 344-4067
E-Mail: pesposit@bnl.gov

Homepage: http://quark.phy.bnl.gov/www/riken.html
http://penguin.phy.bnl.gov/www/riken.html
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Speakers: !
1. Balitsky A. Bhatti ‘ A. Brandt S. Bueltman G. Carter
J. Crittenden J. Dainton ; M. Derrick Y. Dokshitzer S. Donnachie
S. Erhan K. Goulianos | K. Hatakeyama R. Janik B. Kopeliovich
G. Korchemsky Y. Kovchegov | P. Landshoff E. Levin L. Lipatov
F. Meissner C.Merino | G. Miller L. Motyka O. Nachmann
J. Nystrand R. Peschanski | F.-P. Schilling E. Shuryak J. Soffer
A. Solodsky G. Sterman | C.-I. Tan W. Walker 1. Zahed

Organizers: John Dainton, V&;710dek Guryn, Dmitri Kharzeev, and Yuri Kovchegov
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