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●compare DIS, γ p in same 
 kinematic range
●test  QCD- factorizat ion 
 in γ p and DIS
●direct access to gluon density 
 of pomeron (IP)

important quant it ies:

Q2: photon virtuality
x IP: f ract ional proton momentum loss
z IP: gluon momentum fract ion
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QCD- Factorizat ion

universal dif fract ive
parton densit ies
ident ical for all 

processes

hard scattering 
QCD- matrix  element
perturbat ively calculated
process- dependent

●proven for DIS (J. Collins, Phys. Rev D57  (1998) 3051, erratum ibid. D61  (2000) 019902)
●not proven for photoproduct ion 

1)measure parton densit ies 
   with inclusive dif fract ion
2)use to predict  dijet
   cross sect ion

inclusive dijet



Diffract ive Parton Densit ies

● determined from NLO-
QCD- analysis of 
dif fract ive structure 
funct ion

● parametrized as

● gluon carries 75% of 
pomeron momentum

● large uncertainty at  
high z IP 
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p in

Single- Diffract ive Dijets at the 
Tevatron

HERA PDFs don't  work!
why?

secondary 
interact ions
with spectator?
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CDF Collaborat ion, T. Affolder et  al ., 
Phys. Rev. Lett . 84  (2000) 5043
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Direct and Resolved Processes 
at HERA

DIS (Q2> 4) and 
direct photoproduct ion (Q2≅0):

●photon direct ly involved in hard 
scattering process
●x γ = 1

resolved photoproduct ion:

●photon f luctuates into hadronic system,
which takes part  in the hard scattering
●contributes at low Q2, large contribut ion
in γ p
●x γ < 1

     x γ : momentum fract ion of

hard scattered parton in γ  

x γ



Photoproduct ion as Hadronic 
Interact ion

typical models that describe suppression at Tevatron assume 
secondary interact ions of spectators as the cause

⇒  resolved contribut ion expected to be suppressed by
factor 0.34 (Kaidalov, Khoze, Mart in, Ryskin, Phys. Lett  B567  (2003) 61)

TevatronHERA

secondary interact ions 
by addit ional spectators?? ?



4< Q2< 80 GeV2

DISENT
Catani, Seymour, 
Nucl. Phys. B485  (1997) 29 
[erratum- ibid. B510  (1997) 503]

µr= ET*(jet1)
µf= 6.2GeV= < ET*(jet1)>

Q2< 0.01 GeV2

Frix ione Program
Frix ione, et  al . 

Nucl. Phys. B467  (1996) 339
Frix ione, Nucl. Phys. B507  (1997) 295

µr= ET*(jet1)
µf= ET*(jet1)

Data Sample and QCD 
predict ions

L= 18pb - 1(96/ 97)
165< W< 242GeV

x IP< 0.03
k t- algorithm
p t ,jet1> 5 GeV
p t ,jet2> 4 GeV

NLO- predict ions

H1- Fit2002 
Dif fract ive PDFs

DIS Photoproduction



Diffract ive Select ion
ηmax< 3.2, no forward act ivity

rapidity
gap

dissociated
proton

no color 
string

dif fract ion

inclusive DIS

ηmax

f ragmented
color string

jet

scattered
electron



Dijet  Cross Sect ions in DIS 
(Q2> 4 GeV2)

z IP

x IP

reasonable agreement
⇒ factorizat ion holds

NLO- errorbands: µr,µf  x0.5/ 2
not included:
●hadronizat ion uncertainty
●structure funct ion uncertainty



Diffract ive Dijets in γ p

x γ

QCD- predict ion overest imates cross sect ions by factor 2
factorizat ion broken!

z IP



Suppression in γ p

direct 
unsuppressed:

does not describe
x γ  shape

global 
suppression:

describes data
within 
uncertaint ies

x γ  calculated from 

parton- jets:

x γ > 0.9 contains

90%  direct
10%  resolved



Dijet  Cross Sect ions in γ p

good descript ion
 by global 

suppression
0.5



Dependence on CMS Energy

no signif icant 
dependence on

CMS- energy
165- 242GeV

suppression depends on
CMS- energy?
Tevatron: factor 7
HERA: factor 2



Summary

DIS: 
●dijet  cross sect ions agree with NLO- QCD predict ions
●factorizat ion holds as predicted
●all DIS processes at HERA consistent ly described using 
dif fract ive PDFs, see talks by Matthew Beckingham (D*), Paul 
Laycock (F2D)

Photoproduct ion: 
●NLO- QCD- predict ion signif icant ly overest imates γ p cross 
sect ion for both direct and resolved contribut ions
●shapes described, global suppression 0.5
●factorizat ion broken
●reasons for discrepancy at high x γ  unclear



Reconstruct ion of Kinematic 
Variables

DIS: Photoproduct ion:










