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Diffractive Scatter ing

Non-Diffractive Event 
ZEUS detector  

Diffractive Event 

MX - invar iant mass of all par ticles seen in the central detector
t - momentum transfer  to the diffractively scattered proton

t - conjugate var iable to the impact parameter

p γ*
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Non-Diffraction                                Diffraction

- Rapidity

uniform, uncor related par ticle emission along the
rapidity axis => 
probability to see a gap ∆∆∆∆Y is   ~ exp(-<n>∆∆∆∆Y)
<n> - average multiplicity per unit of rapidity    
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ZEUS 1997 (Preliminary) ZEUS 1997 (Preliminary)

Parameters  fitted to HERA DIS data:   χ2 /N ~ 1 
σ0 = 23 mb    λ = 0.29   x0 = 0.0003
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GBW model, in spite of its compelling success has some obvious 
shor tcomings:

The treatment of QCD evolution is only rudimentary
remedy => incorporate DGLAP into dipole cross-section

J. Bar tels,  K. Golec-Biernat,  H. Kowalski

The dipole cross section is integrated over  the transverse coordinate
although the gluon density is expected to be a strongly varying function
of the impact parameter . 
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Absolute values of cross sections are strongly dependent on mc
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Absorptive correction to F2
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A. Martin  M. Ryskin 
G. Watt
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Sov. ,J., Nucl. Phys. 18, p308 (1974)
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Saturated state
is par tially per turbative

cross-sectiom
exhibits the universal rate of 
growth

1/x

Q
S 

2  (
G

eV
2 )

1

10

10
2

10
3

10
4

10
5

10
6

qSqS
F

C
gS QQ

C

N
Q )(

4

9
)()( 222 ==

1

fm 7        1000

1

1

4

2

22

2
2

≈

≈≈

−
=

S

C

Cs
S

Q

R
dy

dN

dy

dN

RN

N
Q

π
απ

RHIC

HERASRHICS QQ )()( 22 ≅



Small-x, diffraction and QCD results from HERA

Henri Kowalski, DESY (KITP QCD-Strings Conference 11/16/04) 23

Conclusions

We are developing a very good understanding of inclusive and 
diffractive  γγγγ*p interactions:

F2 ,   F2
D(3) , F2

c , Vector Mesons (J/Psi)….

Observation of diffraction indicates multi-gluon interaction effects
at HERA

Open problems:  valence-like gluon density?
absorptive cor rections
low-x  QCD-evolution

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

HERA+NMC data  =>  Saturation effects are considerably increased in 
nuclei 


