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Small-x and Diffraction
Q? ~ 2-100 GeVZand 0.05-0.6 GeV?2
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W - CMSenergy of theincoming photon-proton system

X - Fraction of the proton momentum carried by the struck
quark x~ QW2

dzaep Zﬂaz . ..
= em [TY_F,(x,Q2)-Y_XF.(x,Q%) - y°F, (x,Q> y—inelaticity

507~ oo IY-Fa Q) -YF Q") - y*F (. Q") 5

Y, =1£(1-y)?

Infinite momentum frame

~2
. . ™
Proton looks like a cloud of non-interacting
quarksand gluons Q=120 Gev?
15 - Q°=10 GeV* +
t
S
1 Q’=1.5 GeV ¢ +
Y ' +
+ + ¥ '
i fad -
05 v .
Q?=0.2 GeV* A aaaaat M‘A“
F, measures parton density in the proton - -
at ag:a]e 2 I I I 1 1 W
Q %% 107 0% 100 107 10t 1

Henri Kowalski, DESY (KITP QCD-Strings Conference 11/16/04)



Small-x, diffraction and QCD results from HERA

F, r
[ O BCDMS +* H19697
2 r A E665 ¥ HLSVTX%
L 0 SLAC % HLISR (prel.)
175 F NMC @ ZEUSBPTS7
E B ZEUSSVTX95
15 : 4 ZEUS96/97
[ --- H1QCD
1.25 | ——  CSST (GVDICDP)
E --- ZEUSRegged7
1]
0.75 |
05 |
0.25 |
0 7\
X
Gluon density Dominant part of evolution eq.
& 0 QCD Fits 5 1
G20 B (H1+BCDMS) total uncertainty M:J‘dlp (Z,Qz)g(f,Qz)
x r M (H1+BCDMS) exp. + a, uncert. dInQ2 " Z % z
> | [J(H1+BCDMS) exp. uncertainty
L —(H1)
<
15
[@?=20 GeV?
r Q=200 GeV*
10 -
[ LO Gluon splitting
H - function at low x
F S
5F g
r _§ P ~ as(Qz) 2CA
r § @ 2r z
8 N = C,=3
0= T3 PP o
10 10 10 10
X
Non-Abelian
Gluon density dominates F, for x < 0.01 structure of QCD

Henri Kowalski, DESY (KITP QCD-Strings Conference 11/16/04)




Small-x, diffraction and QCD results from HERA

0.5

Q)

041

03+t

0.2+

0.1}

Asymptotic Freedom Nobel Prizefor
Physics 2004
D. Gross
D. Politzer
aa Deep Inelastic Scattering F. Wilczek

oe ¢'¢ Annihilation
¢ Hadron Collisions
® Heavy Quarkonia

===== QCD 0a;5(Mz)=0.118 = 0.003

10 Q [GeV] 100

TRIE0
L AT TR

Experimental Discovery of the Gluon
DESY 1979
TASSO Experiment

WROINI TR THI OGNS 17,00 60 LGS Qi0SINSS0E v B TASS0 WM AW Sk ST 178 GEE DIGETT IDUNNONGEN RS
1

BT IR

European Physical Society Prize 1995
P. Soeding, B. Wiik, G. Wolf, S.L. Wu

Henri Kowalski, DESY (KITP QCD-Strings Conference 11/16/04)




Small-x, diffraction and QCD results from HERA

Diffractive Scattering

Non-Diffractive Event " [
ZEUS detector

[\P e
/\h adrons I

energy floze

0 Rapidity
n
M, - invariant massof all particles seen in the central detector
t - momentum transfer tothe diffractively scattered proton
t- conjugate variableto theimpact parameter
Diffractive Signature
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<n> - average multiplicity per unit of rapidity x
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Slow Proton Frame

incoming virtual photon fluctuatesinto a quark-antiquark
pair which in turn emits a cascade-like cloud of gluons

\ Y
a q
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AE myx
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Riseof o, with W isa measure of radiation intensity
Diffraction issimilar to the elastic scattering:

replace the outgoing photon by the diffractive final state
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GBW model, in spite of its compelling success has some obvious
shortcomings:

Thetreatment of QCD evolution isonly rudimentary
remedy => incor porate DGL AP into dipole cross-section
J. Bartels, K. Golec-Biernat, H. Kowalski

ool ree L (X)™
Jqq(X,r)~JO(l eXp( Rg))! RO GeVZ(Xoj

e
77.2
Tgq(1) = O (L= exp(= 2 —r°axg(x 4" = C/r° + 1))
0
Recently: BFKL motivated Ansatz proposed by

lancu, Itacura, Munier

The dipole cross section isintegrated over thetransver se coordinate
although the gluon density is expected to be a strongly varying function
of theimpact parameter.

-
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Impact Parameter Dipole Saturation M odel H. Kowalski

D. Teaney
hep-ph/0304189

b —impact parameter

well motivated:
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t=-N2 A - transv. momentum (2-d) b - impact parameter (2-d)
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Absor ptive correction to F,
Examplein Dipole Model

% = 2(1l-exp(-Q/2) = Q-0 /4+....

EERE S

Singleinclusive Diffraction
pure DGLAP

Fit to diffractive data using MRST Structure Functions
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AGK Rules

The cross-section for k-cut pomerons:
Abramovski, Gribov, Kancheli
Sov. ,J., Nucl. Phys. 18, p308 (1974)

© i m
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2-Pomer on exchangein QCD Final States
(naive picture)
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Probability of k-cut in HERA data

o 1 . Q
yp = 22 [ 42 5 _ _Q ,
Dipole  © Zf:jdrjd b{dzwf(Q,z,r) 2{1 exp( 2)}Wf(Q,z,r)
M odel . 1
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f 0 1

o
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L X
- k=1
_17 \
10 ?
g k=2

10'?\

10 ) - >

Problem of DGLAP QCD fitsto F,
CTEQ, MRST, ...., IP-Dipole M odel

xg(x, 42)~x*,  A>0  atsmallx

valence like gluon structure function ?

Remedy: Absor ptive corrections? MRW

Different evolution? BFKL,
CCSS, ABFT
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2
Density profile D = Tafs(,uz(r))xg(x,/Jz(r))T(b) growswith diminishing x and r

approaches a constant value
Saturated State - Color Glass Condensate
S—Matrix => interaction probability r2
Saturated state = high interaction probability S?= exp| - D E—
$=>0 2
12
R
1
08 |
06 |
_ o4 f
multiple scattering ==¢ S22 =gt
02 | ; -
I rs- dipolesizefor
o : ‘ ‘ which proton consists
10 10° 10 107 of oneint. length
X

|

Qé — Saturation scale = Density profileat the saturation radiusr g Q=
r

(20N

< Gev™!
S (g )
]
0] 0
N
o
2
l -
10-1 vl vl vl vl
10°  10° 10* 10° 10°
1/x

Henri Kowalski, DESY (KITP QCD-Strings Conference 11/16/04)



Small-x, diffraction and QCD results from HERA

— .
> r Median _
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Conclusions

We are developing a very good under standing of inclusive and
diffractive y'p interactions:

F,, F,PO,F,°, Vector Mesons (J/Ps)....

Observation of diffraction indicates multi-gluon inter action effects
at HERA

Open problems: valence-like gluon density?
absor ptive corrections
low-x QCD-evolution

HERA measur ements suggests presence of Saturation phenomena
Saturation scale determined at HERA agrees with the RHIC one

HERA+NMC data => Saturation effects are consider ably increased in
nuclel
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