
Light of wavelenght λ !
impinging on a black !
disk of radius R0 produces on a distant 
screen a diffraction pattern 
characterized by a large forward peak 
for scattering angles θ=0 (the 
“diffraction peak”) and a series of 
symmetric minima and maxima.  !
The differential cross !
section dσ/dt for !
elastic proton-proton !
scattering remarkably !
recalls such !
diffraction pattern. !
The large values of |t| !
are exponentially !
suppressed, a feature which is well 
manifest in the HERA data. !

In total 227 data points were combined to 169 cross 
section measurements. !

The data show good consistency with Χ2/ndof= 52/58. !

The combination is driven by the H1 results which are 
statistically more powerful. The combined 
measurement shows though an average improvement in 
precision of ~20% with respect to the original H1 data. !

A total of 20 sources of correlated systematic 
uncertainties were considered which shift by up to  !
one σ of the nominal value in the averaging procedure, !
with the exception of the H1 hadronic energy scale 
which shifts by 1.6σ. !

The influence of several correlated systematic 
uncertainties is reduced significantly for the averaged 
result. !
These combined data are very valuable in the scenario 
of inclusive diffraction at HERA and beyond. They !
can quantify the proton dissociation contributions !
in the samples Selected with the LRG and MX !
methods and  can provide the absolute !
normalization of F2

D(3).!
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Combined Measurement !
of the Inclusive Diffractive Cross Section !

at HERA!
METHODS TO SELECT DIFFRACTION AT HERA!

In the single diffractive dissociation process in hadron-hadron 
scattering, at least one of the beam hadrons emerges intact from 
the collision, having lost only a small fraction of its energy 
and gained only a small transverse momentum. !
In the analogous process involving virtual photons, γ*p → Xp, an 
exchanged photon of virtuality Q2 dissociates through its!

The methods differ in the kinematic coverage and in their dominant sources of 
systematic uncertainty. The LRG and MX methods are limited to relatively low xIP by the 
need to contain the system X in the central detector components. The largest uncertainty 
arise from proton dissociative events, which cannot always be distinguished from events 
in which the proton is scattered elastically. LPS and FPS data extend to xIP ~ 0.1 and 
have little or no proton dissociation background, but are subject to large uncertainties in 
the proton tagging efficiency, which is strongly dependent on the proton-beam optics. !
Comparing the results from the three different methods is a powerful test of the control !
over the systematics of the measurements. At low xIP the ratio of cross sections obtained  !
with the LRG and MX methods to those measured  with the proton taggers can be used to !
quantify the residual proton dissociation background in the former samples.  !

Experimentally, diffractive ep scattering is characterized by the presence of a leading !
proton in the final state, carrying a large fraction, xL, of the incoming proton 
momentum, and by a lack of hadronic activity in the forward (outgoing proton) 
direction. Diffractive events thus appear as a peak at xL ~ 1, the diffractive peak, which !
at HERA approximately covers the region !
0.98 < xL< 1. !

Why !
diffraction?!

Because of the variety of the selection methods, the 
complementary features of  the data and the 
statistical limitations of some samples, 
COMBINING THE H1 and ZEUS DIFFRACTIVE 
D A T A c a n p r o v i d e t h e m o s t a c c u r a t e 
measurements of diffractive cross-sections in deep 
inelastic scattering, which can eventually be used  
to extract HERA diffractive parton distribution 
functions. A first step is taken towards such long 
term perspective by combining the H1 FPS [1] 
and the ZEUS LPS [4] proton-tagged data, for 
which both experiments published their final 
results. Though the H1 data taken with the VFPS 
are still under analysis, they cover a different 
kinematic region and are therefore expected to have 
little influence in the range of  the combined !
FPS+LPS measurement.!

The combination was performed with a method introduced in [14] and extended in [15] . !
The same method was already used for other HERA combined results [16]. The only 
theoretical input of such averaging procedure is the assumption that the H1 and Zeus 
experiments are measuring the same cross section at the same kinematic points. The 
correlated systematic uncertainties are floated coherently such that each experiment 
calibrates the other one. This allows a model independent check of the data 
consistency and a significant reduction of the correlated systematic uncertainty. !

COMBINATION METHOD!

The method uses an iterative χ2 minimization procedure. The probability distribution Of a 
measured quantity M for a single data set can be represented as a χ2 function!

χ2
exp(M

i,true,∆αj) =
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A χ2
tot is built from the sum of the χ2 of each data set. The χ2

tot is minimized with respect to 
Mi, true and αj.  !

measured central values 

fi6ed combined H1 – ZEUS values 

The H1 FPS data [1] correspond to an integrated luminosity of 156 pb-1 
and were collected in the years from 2005 to 2007 after the HERA 
luminosity upgrade. The ZEUS LPS sample [4] was collected in the 
years 1999 and 2000 and corresponds to an integrated luminosity of!
32.6 pb-1. 

The binning was originally very different between the H1 and ZEUS 
measurements (fixed MX for ZEUS, fixed β for H1). The ZEUS points !
were swum to the H1 bin centers by using the NLO QCD fit !
ZEUS SJ [17]. !

DATA SAMPLES!

In the analyses [1] and [4] the reduced cross sections σr
D(3) are !

directly measured in the t range visible to the proton taggers !
(0.09 < |t| < 0.55 GeV2 for ZEUS and 0.1 < |t| < 0.7 GeV2 for H1) 
and extrapolated to the range 0 < |t| < 1 GeV2. Such extrapolation, 
which depends on the exponential slope of the t distribution and on its 
uncertainty, introduces an extra uncertainty in the normalization of 
the cross section. To avoid such systematic effect the H1 and ZEUS 
cross sections were  combined in the restricted t range 0.09 < |t| < 0.55 
GeV2, common to both acceptances. In such range the normalization 
uncertainties are smaller and the average normalizations closer than in 
the full t range. !

In the combination procedure, each sample enters with its original  
normalization and the corresponding uncertainty which is treated as !
a correlated systematic uncertainty. !
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INCLUSIVE DIFFRACTION AT HERA!
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Similarly to inclusive DIS, cross section measurements for the 
reaction ep → eXp are conventionally expressed In terms of the 
diffractive reduced cross section, σr

D(3), which is related to the 
measured cross section and to the diffractive structure function!
 F2

D(3) and FL
D(3),   by !
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=
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RESULTS!
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xL 

interaction with the proton at a centre-of-
mass energy W and squared four 
momentum transfer t to produce!
a hadronic system X with mass MX. !
The fractional longitudinal momentum!
loss of the proton during the interaction!
is denoted xIP, while the fraction of this !
momentum carried by the struck quark !
Is denoted β. These variables are related!
to Bjorken x by x= β xIP. The two groups !

of final state particles X and Y are well separated in phase space 
and have a large gap in rapidity between them. Events where 
also the proton dissociates into a state Y with low mass !
MY (a resonance or a continuum state) are termed double 
dissociative and constitute a background to the single!
dissociation.!

The proton remains in the beam-pipe and !
can only be measured with detectors located !
inside the beam-pipe.  The system X is 
cleanly separated and MX can be measured!
in the central detector components. !

These signatures have been widely exploited at HERA to select diffractive events by !
tagging the outgoing proton in the H1 Forward Proton Spectrometer (FPS)[1-3], in the !
H1 Very Forward  Proton Spectrometer (VFPS)[4] and in the ZEUS Leading Proton !
Spectrometer (LPS)[5-8] or by requiring a large gap in the rapidity distribution of 
particles in the forward region [5, 9-11]. In a third approach [12,13] the inclusive DIS !
sample is decomposed into diffractive and non-diffractive contributions based on their !
characteristic dependences on MX..  !


