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Definition of hadronic diffraction in ep & pp

GAP
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-The proton is left intact or 
quasi-intact : Large Rapidity Gap (LRG)

- Vacuum Quantum Number exchange
== Pomeron (IP) 



DIS vs diffractive events @ HERA
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~ 10% of the total DIS events



Diffractive event @ Tevatron

Hard diffraction with 
2 central jets & 2 gaps
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Why studying hadronic diffraction?

Very high gluon density in
the proton @ low x is associated
to the large fraction of 
diffractive events… (this talk)
=> Sensitivity to low x physics

like saturation effects…
(this talk)
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(this talk)

Measure f(t) dependence
=> Essential to access the internal

structure of the probed particle
(a first ex. => next slide)
this talk for recent results



An example from the past

ϑ (or |t|1/2) dependence presents the
standard diffractive pattern (optics)
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standard diffractive pattern (optics)

Extract the structure in neutron
(and proton) for the Calcium!

In this talk, we show the exact 
equivalent in modern experiments
for the proton structure (itself)…



Diffractive Kinematics at HERA
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Measurements at HERA
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Cross sections (definitions)

Evaluate the number of events per bin
Correct from acceptances

Derive cross sections (// F2) 
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Proton tag versus LRG measurements
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LRG comparison H1/ZEUS
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Global view LRG & Proton tag
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QCD and diffraction
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=> Diffractive PDFs



QCD and diffraction (con’t) 

2 steps process…

(i) parametrise the IP flux (xIP,t)
& factorise it (hypothesis)
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(ii) Then, fit diff PDFs(ββββ,Q²)



1st step: f(xIP,t) dependences
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1st step: f(xIP) from data
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1st step: f(xIP) from data

Mx
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Q² (GeV²)

f(xIP,t) factorises from (β,Q²) dependence



1st step: f(t) from data
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Not consistent with soft IP
intercept… more complex effects…



(ii) Then, fit diff PDFs(ββββ,Q²)

2nd step: Diffractive PDFs f(β,Q²)

The process (//QCD fits of F2):
…parametrise quark and gluon densities(z)
at initial scale Q ²
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…parametrise quark and gluon densities(z)
at initial scale Q0²

…Evolution in Q² (DGLAP equations)
…Fit to F2D data



2nd step: Diffractive PDFs f(β,Q²)
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Gluon dominates



Illustration of the (β,Q²) dependences

F2D data + QCD fit prediction
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Illustration of the (β,Q²) dependences

Scaling violations: H1 & ZEUS data combined + QCD Fit
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dPDFs can describe recent FLD measurement
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The limit of factorisation @ Tevatron

Consider dijet production

Introduction
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The limit of factorisation @ Tevatron
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=> Fjj
D can be derived and compare

to expectations from HERA dPDFs

Mismatch of a factor~5 to 10 => factorisation does not hold ! 
=> « survival » gap probability of a few % ?



Double Pomeron Exchange @ Tevatron
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The diffractive S.F. measured on the proton side in events  with a leading 
anti-proton is not suppressed :
The price for producing a gap (survival probability) is paid only once!
This confirms that the survival Gap probability may be just an underlying
interaction between spectator partons in the protons…



Diffraction at the Tevatron: W/Z

Diffractive production of W and Z

…probes the quark content in the Pomeron
…contributions from gluons are suppressed by a factor αS
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Run I results: using rapidity gap selection for diffractive events
Fraction of W events due to Single IP exchange
CDF: 1.15 ± 0.51 ± 0.20 %  
D0  : 0.89 ± 0.19 ± 0.17 % 

Fraction of Z events
D0  : 1.44 ± 0.61 ± 0.52 % 

Diffraction at the Tevatron: W/Z
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Run II using Roman pots
Fraction of W events
CDF: 0.97 ± 0.05 ± 0.11 %  

Fraction of Z events
CDF: 0.85 ± 0.20 ± 0.11 %  



Diffractive PDFs at the Tevatron
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QCD Factorisation breaking
(see previous slides)

=> f(ξ:=xIP,t) . f(β)
Regge factorisation holds



Coming back on diffractive PDFs
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Can we find a common model for DIFF & DIS ?
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Then Then σσσσσσσσdiffdiff ~ Coef ~ Coef ⊗⊗⊗⊗⊗⊗⊗⊗ [xG(x,Q²)][xG(x,Q²)]22

with σDIS ~ Coef’ ⊗ [xG(x,Q²)]

Universal
description
DIFF/DIS



Can we find a common model for DIFF & DIS ?
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Then Then σσσσσσσσdiffdiff ~ Coef ~ Coef ⊗⊗⊗⊗⊗⊗⊗⊗ [xG(x,Q²)][xG(x,Q²)]22

with σDIS ~ Coef’ ⊗ [xG(x,Q²)]

CONSEQUENCE :
@ low x : σDIS (F2) ~ Wa (a~0.8) => σdiff ~ W2a => σdiff/σDIS ~ Wa 

we expect a strong W dependence for the ratio ?!

Universal
description
DIFF/DIS



Prediction of the 2-gluon exchange model + saturation

σσσσdiff/σσσσDIS ~ constant [W]  !

=> Inclusive diffraction : softer than a pure
2-(hard) gluons exchange

Modeling the diffractive exchange 

σdiff ≠ Coef ⊗ [xG(x,Q²)]2

=> DIFF sensitive to saturation (large W)
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=> DIFF sensitive to saturation (large W)

Dipole cross section

r : dipole size



r : dipole size
Qs:=1/R0

Modeling the diffractive exchange 
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σσσσdiff/σσσσtot ~ constant [W or x] @ fixed Q²



Prediction of the 2-gluon exchange model + saturation

σσσσdiff/σσσσDIS ~ constant [W]  !

=> Inclusive diffraction : softer than a pure
2-(hard) gluons exchange

Modeling the diffractive exchange 
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What next ?
…Modeling the DIFF exchange 
in exclusive diffractive 
processes

Effects of saturation
that screen the increase

of the « dipole » cross section



Exclusive processes @ HERA 

Why exclusive events? 
(a) Decisive to study the soft-hard transition(scale)
(b) Trigger the generic mechanism of diffraction(scale)

Better sensitivity to saturation effects…
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Exclusive processes and QCD (reminder)

L. Schoeffel (CEA Saclay) PIC09 37

…Immediate complementarity with inclusive diffraction



Higher mass VM

…select small
qqbar config

Exclusive processes: W dependence

Scale = mass of the VM
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qqbar config

…harder (pQCD)
process



Exclusive processes: W dependence

Scale = Q²+M²
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Larger Q²+M² => harder process
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Exclusive processes: t dependence
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t-slopes  [f(t)]
…universality of slopes @
large Q² := point like
configuration dominates

…impact parameter distributions
of partons



F(t) dependence

Reminder:
Diffraction on Calcium gives
the internal structure of the Calcium…

Similarly for exclusive processes
f(t) => impact parameter distributions
Resolve the spatial structure of the nucleon
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Illustration of uvalence quark images (impact parameter in the proton)



Prediction of the dipole model (2-gluon exchange) + saturation
works well also for all exclusive processes… (in the pQCD regime)

Full calculations once the VM w.f. is modeled

Exclusive processes and QCD (saturation effects)

L. Schoeffel (CEA Saclay) PIC09 42

VMs also directly sensitive the the saturation scale R0=1/Qs
// inclusive diffractive processes…



Case study: DVCS

When a real γ is emitted
Simplest process to calculate in pQCD

Note: 
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Note: 
x1-x2 ~ [Q²] / W²
Skewing: x1≠≠≠≠x2…

DVCS competes with
BH (pure QED)
=> interference



Comment on skewing 
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GPDs modifies the prediction by ~ 30% for J/ψ prod. (vs no skewing)
It can be a factor 4 on cross section for exclusive γ production (DVCS)
Essential process to learn more about GPDs… 
Extend the concepts of PDFs to 
**Correlations of longitudinal momenta of partons
**t-dependence and localisation of partons in the proton



DVCS: W dependence and QCD

Very good description by pQCD models // VMs

Primary observation that GPDs models
give a good description of data…
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DVCS/BH interference

Principles
Idea: learn more about GPDs… from

DVCS/BH interference 
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We discuss only the beam charge asymmetry in this talk…



DVCS/BH interference

First HERMES result
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Last HERMES result (xBj~0.1) directly on the cos(Φ) term

BCA ~ p1 cos(Φ)



DVCS/BH interference

Recent result from H1 (xBj~10-3)

BCA ~ p1 cos(Φ) ~ 0.16 cos(Φ) 

Compilation HERMES & H1
for p1 [ BCA~p1 cos(Φ) ]
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Without details: GPDs provide already
a good description of data… work in progress…



What GPDs(x,t) look like?

From Diehl et al.

Small t: close to PDFs

As |t| is increasing

(i)  Presence of a maximum
(ii) Shift of the maximum

to higher x!
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to higher x!
=> high |t| means high x
for the struck parton
// Feynman mechanism…

In the future, the aim is to
improve this knowledge and
also the general (x1,x2,t)
dependence…



Prospects for diffraction at the LHC

Exclusive production of heavy objects
in double pomeron exchange (DPE) :

Tag protons on both sides 
=> mass of the central system with

a high resolution : 
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MX² = s ξ1ξ2

First Checks possible @ Tevatron



Double Pomeron Exchange in pp collisions

IP remnant
Rjj<1

IP remnant

No remnant
Rjj close to 1

M ² = s ξ ξ
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MX² = s ξ1ξ2

Measurement of the Dijet Mass Fraction @ TeV



Dijet mass fraction @ TeV : measurement & predictions

Prediction using dPDFs ⊗ survival gap probability
+ exclusive production (no-remnant)
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Exclusive events observed ?!



Searching for exclusive events at the Tevatron

Confirmed by different MC (models) for the 
no-remnant contribution
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Another idea to search for exclusive events @ Tevatron

(i) Look for exclusive events in bbar

(ii) If exclusive events exist, the ratio R(bbar)/R(all) should be
smaller at high dijet mass fraction as exclusive b jet 
prod is suppressed
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Another idea to search for exclusive events @ Tevatron

Observation: ok but need more data…
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Coming back on excl Higgs production @ LHC

After the hints from the TeV, let’s come back on the Higgs exclusive
production @ LHC : simul for a 120 & 150 GeV mass Higgs!simul for a 120 & 150 GeV mass Higgs!
Measurement of the mass from : MX² = s ξξξξ1ξξξξ2

=> Very good resolution
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Experimental aspects @ LHC

Project: Install roman pots @ the LHC at 220m and 420m
Projects on going in ATLAS and CMS

Acceptance as a fonction of Mx =>

Need both locations 220m & 420m
to get the best coverage in
acceptance…
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Outlook for the next year(s)

Still a large wealth of data on F2D in the analysis 
process @ DESY => diffractive PDFs will improve
also with H1/ZEUS working together

Exclusive VMs processes or DVCS: 
…essential triggers of the diffractive mechanism… 

L. Schoeffel (CEA Saclay) PIC09 58

…essential triggers of the diffractive mechanism… 
…a way to map out the GPDs in the future => Lq of partons?!
confirmation of ‘Lattice’ calculations?!

More refined results from Tevtatron => 
… it provides the direct link with LHC: dijets with 
no-remnants is a promising process


