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Outline of the talk:

Short review of low x HERA data, Dipole Picture,
Diffractive Jets in the Dipole Picture

vs Diffractive Structure Function approach

DVCS & VM in the Dipole Picture

=> abundance of multiple interactions

Saturation, oomph factor and all that

Why Pomeron at HERA?,
What is DAF-BFKL Pomeron
Evidence for DAF-Pomeron from HERA data

Relation with DGLAP
MRST €= EKR

Pomeron-Graviton Correspondence



]

(.65

-
I'l-.

4.5

Low-x Physics @ HERA

0 BCDMS =

L E66S

o SLAC

@ NMC

HI 9697

H1 SVTX9S

® HI ISR (prel.)

ZEUS BPTY7

B ZEUS BVTX%:

FELS 997

HI1 QCT

CsST (G VINCDE)

ZELUS Regged7

S
10

At low x and high Q?, steep

rise in structure function
e

E //Par"ron Picture
o

BFKL or
Dipole

i Picture
p —ill— r

;3;

Behavior of F, is dominated
by gluon density at small-x



Hard Diffraction - the HERA surprise

Non-Diffractive Event
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Diffraction at HERA is so large becau shadow of
DIS (i.e. inelastic processes) =» (dipole picture
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Dipole description of DIS

equivalent to Parton Picture in the perturbative region

momentum space

configuration space
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Low-x Physics @ HERA
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Dipole Picture-gluon density convoluted
with the dipole wave functions =
simultaneous prediction/description

of many reactions
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Observation of diffraction indicates that single ladder may not be sufficient
(partons produced from a single chain produce exponentially suppressed rap. gaps)

Diffractive Structure Function

Initial Diff. SF
Q?, ~ 4 GeV?

Dipole Model

Study of exclusive diffractive states
may clarify which pattern is right

Only few final states present in DiMo:
q9. 999 (aligned and as jets)
VM



Diffractive production of a qq pair
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Diffractive production of a qqg state
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Diffractive Di-jets
Q2% > 5 GeV?
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Diffractive Di-jets
Q2% > 5 GeV?
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Dipole Picture-gluon density convoluted
with the dipole wave functions =
simultaneous prediction/description

of many reactions
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Extracting Proton Vertex using Dipole Models

Can use vector meson production to
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measurement of o’
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AGK rules in the Dipole Model
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AGK rules underestimate the amount of diffraction in DIS
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. Discovery of HERA
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Pomeron at work
Rise of the DVCS cross-sections
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At EIC (LHeC) it should be possible to reduce the errors
by a large factor, O(100)
= detailed study of the Pomeron possible



Ongoing Investigation
First talks at Columbia & Hampton Universities, May 2008
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Basics

solved by finding a
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NLO BFKL with running o
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Where Do BFKL and DGLAP Meet

Lipatov, private communication

Unintegrated BFKL gluon density (LO, no running a.)
xg(x, k*) = / dy®p (7v) <_«,) o FsX\Y) = / dyPp(vy) exp(F (7))
: H= :
=" +iv

Saddle point ;.\ (1002/2) 4+ n(1/a () = 0

aln(l/x)

Asray 2 2
X(v) = ——=20(3)7" + -+ =
~ In(k2/ )

. [as In(k2/p2) e s _ TN T 1 S e -
w A ds /v =4/ ' valid if a(k")In(l/z) < 1,

In(1/x)
\ A, | not fulfilled for HERA

Hi t LHC !
equal to DLL limit of DGLAP (LO, no running o?;')e"e" L



Pomeron and Gauge/String Duality
Brower, Polchinski, Strassler, and Tan, hep-th/0603115

Pomeron is a coherent color-singlet object, build from gluons,

with universal properties; it is a closed string propagating in ADS space,
when the conformal symmetry is broken at some infrared point in the
fifth dimension 9

lt@=2— in ADS/CFT

Ja4rna N
in N=4 YM SuSy QCD

Kotikov, Lipatov, Onishchenko, Velizhanin, Physt. Lett. B 632, 754 (2006)

0.8
() .

o el BPST> ,
' -/ € BFKL at fixed weak coupling

ol LO - BFKL = bare graviton at fixed strong coupling
' Stasto, hep-ph/0702195

® =0.26 PP

9. 2l - QCD resummation
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Consequences for LHC

Good knowledge of gluon density around x~10-2 and Q2~10000 GeV?
is essential for LHC physics (Higgs region)

Large effort is going into precise measurement of W and Z inclusive
X-sections = precise determination of sea-quark distributions
= precise gluon density

Is the sea-quark €= gluon density relation the same in the
DGLAP-like picture (MRST/CTEQ) and DAF-Pomeron?

EKR MRST
T [T 20 — gl sea-quark€= gluon relation
Xu Xu

‘10 — ’ _ ‘ can be checked by the
: : jets with p; around 50 GeV




Instead of Conclusions

Study of Gluon Density are very important because
it is the analog of Black Body Radiation in QED

It seemed hopeless to study pure Gluon Radiation
since it is never free. However, it is becoming free
for a short moment in HEP reactions

HERA has shown that physics processes at low-x are
completely dominated by pure Gluon Density,

Investigation of Gluon Density has a chance to become as
fundamental as Black Body radiation






