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Diffraction on nuclear waves 

(or |t|1/2) dependence presents the  
standard diffractive pattern (optics) 
 
Amplitude(q,k)  ~ ik/2 db eibq D(b,k) 
 

Extract the structure in neutron for Calcium 
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Subnuclear waves 

* p  X p 

Probe the proton with a lepton beam 
=> Virtual photon (*) of resolution ~1/Q 

Diffraction of subnuclear waves 
at HERA [Ecm=320 GeV] 

The proton is left intact (or quasi-intact) 
** Color singlet exchange  
** Presence of a GAP in rapidity  
                                 (between X and p’) 
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HERA-DESY: 1992-2007 

Total luminosity=1 fb-1 for H1+ZEUS 
 
350 collaborators per experiment (H1+ZEUS) 
   +HERMES 



Diffractive events are observed 

This is the GAP with no particle 

Deep Inelastic 
Scattering (DIS) => F2 

Diffractive Deep Inelastic 
Scattering (DDIS) => F2

D 
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Experimental selection methods 



Diff events are produced with a quite large rate 

Lower MAX means that the GAP with no particle is larger 
…illustration on all HERAII data (Lumi=330 pb-1) 
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Why DIFF rate is large @ HERA (low x)? 
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…certain  (Fock) states of the virtual photon 
|k>  do not feel  the the strong interaction,  
while others are strongly affected… 
 
=> Large fluctuations in the absorbption  
 coefficients of these states… 
 
 
This is (obviously) linked to the dominance 
of the gluon density at small x. 
 
 
It finds a natural extension in the dipole 
approach: 
 
T(b)~ Sr² xG(x,1/r²)/(R²)  * exp(-b²/b0²) 
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Kinematics and notations 



Diffractive cross sections (definition) 

Select diffractive events 
Correct for detector effects 
Derive cross sections (// F2)  
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H1 LRG samples 
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Combination of H1 LRG data 
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Combined H1 LRG cross section (F2D)[Q²] 
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F2 versus F2
D 

F2 

F2D 
Each bin in  is 

ONLY ~1-2% of the stat  
of a bin in x in F2 plot 
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Combined H1 LRG cross section (F2D)[] 
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LRG versus p-tagged F2D 
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It took >15 years of analysis  
to reach this: 

Experimental summary for H1 F2
D 
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H1 and ZEUS data on F2D 



QCD and diffraction (a) 

Colinear factorisation in inclusive diffraction [Collins ‘98] 

C2,a are the same coef functions as 
   in inclusive DIS 
aD=zqD or zgD satisfy DGLAP evolution in Q² 
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experimental support of the Collins factorisation 

Look at the ratio of the diffractive  
to inclusive cross section 
 
Observation: Q² dependence approximately  
similar for diff and incl… 

Support the fact that evolution equations(Q²) 
can be applied for diff…  
(// standard inclusive F2) 



QCD and diffraction (b) 

‘so-called’ Regge factorisation (hypothesis)   [Ingelman-Schlein] 

Assume: 

with 

Parameters of the Pomeron flux function also 
determined from data… 
From data: IP ~1.11 and B~6 GeV-2 
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IP and t-slope determinations 
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Why the « Regge » factorisation is reasonable? 

This means that if we divide F2
D by fIP(xIP) the dependence in (z=,Q²) 

must be the same for all xIP values (small xIP<10-2)…  
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Large xIP and sub-leading exchange 
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Log(xIP) 

HERAII data 

xIP>0.01 => contribution of Reggeons (IR) starts increasing (sub-leading exchange w.r.t. IP) 
This is an irreductible background…  
These IR lie on the approximately degenerate trajectory IR(t) ≃ 0.55 + 0.9t 
…carry the quantum numbers of the ,,a or f meson 
…it is assumed that these exchanges can be expressed as the product of a flux and a  
meson structure function 
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Diffractive PDFs  

+ sub-leading exchange 

Large gluon fraction 
~70% for Q²>10 GeV² 

(integrated over z) 
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for xIP=0.01 

Shapes() 
compatible 
as it must be 

Fit results[] 
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Diffractive PDFs (H1) from F2D only 
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The ambiguity on the 
gluon distribution 
can be solved by 

including  
Dijets cross sections 
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Diffractive dijets at HERA 

Clear sensitivity to the 
 zG hypothesis: 
Fit A: large z ‘zG’ solution of 
 QCD fits 
Fit B: smaller ‘zG’ at large z 
 

Use these data 
in the QCD fit  
in addition to F2D 
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Diffractive PDFs including jets 

Now zG is well constrained 
at large z  

 
Compatibility with dPDFs 

including F2D only is  
shown on the figure… 
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Add-up: FLD measurements 

I can not describe  
the measurement, 
it would need a  
dedicated  presentation. 
 
In the context of this 
Talk => we can 
check the size of FLD 
versus F2D and the 
good description 
by the diffractive 
PDFs (thus zG)… 



31 

19 years after first HERA diffractive events … 
H1 released its final LRG cross section measurement 
➔A precision measurement 
➔Reduced statistical and systematic errors 
   [H1 Coll. arXiv:1203.4495] 
 
- Amount of proton dissociation: 20% 
- New constraints for QCD models 
- Data support the proton-vertex factorisation hypothesis 
- Overall general agreement with ZEUS LRG data 
 
 
Outlook: all HERA LRG data combination ? 
 this is a nice project that will take time 
  
Still a bunch of results to come from measurements using the VFPS 

Conclusion -1- 
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19 years after first HERA diffractive events … 
H1 released its final LRG cross section measurement 
➔A precision measurement 
➔Reduced statistical and systematic errors 
   [H1 Coll. arXiv:1203.4495] 
 

Conclusion -2- 


