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HERA

Diffractive DIS
and
QCD hard factorization
Diffraction has been studied to a large extent at HERA in the e-p processes. In
the Deep Inelastic Scattering processes (DIS) where hard scale is present, it
represents about 10% of standard DIS contributing in the low x domain mainly.
Inspired by phenomenology of soft hadronic interactions the diffractive exchange
is ascribed to an exchange of an object later associated with a collective partonic
state, Pomeron (IP). IP carries quantum numbers of vacuum and its occurrence
is described by a flux inside the proton.
In analogy with DIS, partonic structure of the diffractive exchange can be studied.
The concept of hard QCD (collinear) factorization is used to obtain the
Diffractive Parton Distribution Functions (DPDF).
Due to the colourless exchange low hadronic activity is observed between the
leading proton (or its low mass dissociations) and the hadronic final state, so
called Large Rapidity Gap (LRG).
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Diffractive DIS

kinematics
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QCD hard factorization = assumption of:



diff.

2

2

 ep  e X p  ≈ f i / p  , Q , xIP , t  ×   , Q 
diffractive parton
distribution functions

QCD subprocess
cross section

gap

It was predicted and confirmed that QCD
factorization holds for diffractive DIS
Processes (Collins).

H1 fits vs. Tevatron

At Tevatron, H1 DPDF fits fail to predict
diffractive data.
“gap survival probability” ~ 0.1
QCD factorization not expected to hold in
diffractive h-h scattering (Kaidalov et al., 2003).
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Mimicking hadron-hadron interactions at HERA
… test of factorization in photoproduction of dijets
direct x = 1)

resolved x < 1)

x – four-momentum fraction of
the photon entering the hard
interaction

Q2~ 0 GeV2
Rescattering of 
remnant in resolved
makes the gap less likely
to survive.
Resolved photon
interactions are similar
to h-h scattering

xIP – four-momentum fraction of proton carried by diff. exchange IP
zIP – four-momentum fraction of IP carried by parton
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Basic strategy of the analysi(e)s
The measured cross sections are compared with NLO QCD calculations
obtained by Frixione-Ridolfi program (H1) or Kramer-Klasen (ZEUS).
Hadronization corrections are calculated by means of a LO Rapgap MC
using parton showers and reweighting of parton level spectra shapes to
those of the NLO prediction. The results are compared at the level of
stable hadrons.
There is an “old” prediction: the expected survival probability was
calculated (KKMR) to be of about 0.34 for the resolved processes.
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Review of existing results from H1 and ZEUS
Europ. Phys. Journal C 55 (2008) 177-191

Eur. Phys. J. C 51 (2007) 549

H1
96-97: ETjet1 > 5
GeV suppression of 0.5
ZEUS 99-00: ETjet1 > 7.5 GeV weak (0.6 -0.9) suppression
Possible explanation: different ET ranges (ZEUS@DIS07)
Neither experiment sees difference between direct and resolved
regions, in contrast to theoretical expectations.

8

Recent (2010) H1 result (more statistics) consistent with the previous H1 result
Accepted by EPJC, arXiv:1006.0946 [hep-ex]

- global suppression (surv. prob.) of:

- no significant x dependence of data / theory … consistent between experiments:

Nucl. Physics B831 (2010) 1-25
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In addition, a tendency of weakening of the suppression as ETjet1 increases …
possible explanation of H1 ↔ ZEUS difference

keep in mind: plots not directly comparable due to different kinematic domain

On top of that double-differential cross sections were measured in H1
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RATIOS
data / theory

suggestion of
an ET dependence
 and IP remnants big

resolved “enriched”
ratio departs from
flat at 73% conf. level

direct ”enriched”

still suppression
remains in direct

 and IP remnants small

no difference between
small and big remnants
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Refined model for the theory prediction (KKMR): [hep-ph/0911.3716]
- previously assumed suppression of 0.34 applies for x < 0.1… not accessible
in the measurement
- point-like (anomalous) part of the photon structure function suppressed by 0.71
and 0.53 for quarks and gluons, respectively
- direct contribution left unchanged
ratios
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Conclusions on diffractive photoproduction of dijets
As for H1:
- confirmation of previous measurement with independent data and NLO calculations.
- Values added:
… better statistics,
… measurement of double-differential cross sections,
… new theoretical predictions.
- No significant difference between resolved and direct regions as to the value of suppression.
- Suggestion of an ET dependence of the suppression.
- New prediction based on refined KKMR model:
… says that the desired suppression of 0.34 due to gap destruction would be
observable for values of x which are beyond measurable kinematics at H1
… improves the global normalization agreement between the data and NLO
From H1 / ZEUS comparison:
- both experiments use various DPDF sets and don't observe x dependence of the
suppression
- for a “benchmark” H1 Fit B DPDF the global suppression differs, possibly caused by
the ET dependence of it (in H1 seen in the resolved contribution mainly, which
becomes smaller for ET increasing i.e. towards kin. Range of ZEUS analysis).
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Not the end yet ...
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Additional measurement was done in the H1 analysis
 diff / incl

arXiv:1006.0946 [hep-ex]

Since it's been motivated for a long time theoretically - Phys. Lett. B567 (2003) 61 a ratio was measured of:
diffractive

inclusive

- Now with the knowledge of the new KKMR approach the
motivation for such measurement may need an update.
...
Anyway
...
Why not to use the data that are available?
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- No prediction of the ratio based on NLO calculations, since the NLO description of the
inclusive data is problematic.
- Strong effect of multi-parton interactions (MI) in the inclusive case.
- Shown are predictions based on Rapgap / Pythia with MI-ON (tuned to the incl. Data)
and MI-OFF to illustrate the effect of the MI.
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The End
Thank you for your attention!
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