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Abstract

In this article, recent measurements of diffraction in deegastic
scattering are presented along with QCD fits to extract thopia
structure of the exchange. These so-called diffractivéopadensity
functions can then be used in predictions for other processéest
factorisation in diffraction. This is an important veriftaan of QCD
and has significance for predicting exotic signals such fisadiive
Higgs production at the LHC.

1 Introduction

Diffraction in deep inelastic scattering (DIS) has long meesubject of great interest since the
discovery of the first striking events at the beginning of HHERA programme [1, 2]. The final
state of a diffractiveep collision at HERA contains a high energy scattered eleatneasured in
the detector and a proton which remains intact and exitsugirdhe beam-pipe, sometimes to
be detected in proton spectrometers along the proton biegmkh addition the event consists of
hadronic activity in the main detector, but with none in tlirection of the proton. This dearth
of hadronic activity in the proton direction constituteg #iriking experimental signature which
caused great surprise in the early years. Along with thisadled large rapidity gap (LRG), the
hadronic final state has a very low invariant makty, compared to non-diffractive DIS. All
three signatures are used to isolate diffractive events t&ébhniques complement each other
with detection of the final-state proton providing the clestrsignature but also with much lower
statistics and a more restricted kinematic range. The LRG\dg methods are similar in range
and statistics but have different background contaminatio

Such events can be understood in terms of the exchange
of a colourless object, sometimes known as the Pomeron, ,
which develops a structure. The virtual photon emitted fronT Q

(5]

the electron collides with a parton in this colourless objec i

producing a hard collision. Figure 1 shows this processgalon B M
with relevant kinematic variables. The cross section ftiraii- X
tive processes can be factorised into the convolution of the X;p

Pomeron flux,fp, as suggested by Regge theory, diffractive p p

parton density functions (dPDFsfj;, p, and the hard scatter \‘{ ),

between one of the partons from the diffractive exchange and
the phOtongep—»eXp ~ fp® fz/P @ Oiy—sjk-

There are several motivations to study the nature - 1+ Schematic of diffraction in DIS.
diffractive processes and learn more about Q@IR, diffractive processes constitute a large



fraction of inclusive cross section; the transition fronofts to “hard” regimes [3]; the appli-
cability of the factorisation approach; and the potentmalrhajor discoveries such as the Higgs
boson produced in diffractive processes at the LHC whideseain the above understanding.

This article reviews the most recent measurements of iivewsffraction in DIS and the
extraction of dPDFs from such data. Factorisation is thetetethrough comparison of dPDFs
(convoluted with an appropriate programme to calculatehtdrel scatter) for jet production in
DIS and photoproduction as well as at the Tevatron.

2 Inclusive diffraction in DIS

The ZEUS collaboration has recently published results olugive diffraction in DIS using all
three methods [4,5]. The data from théy method extend the previous results [6] to higher pho-
ton virtuality, Q2, and, in the region of overlap, with increased precisiore Tata using the LRG
method is a significant update over previous ZEUS measurtsmegth this method. It covers the
same kinematic range as the data fromAalig method and complements the previously released
data using the LRG method from the H1 collaboration [7]. &inhy, the data where the proton is
tagged using the leading proton spectrometer (LPS) congrieprevious measurements [8, 9].

- © ZEUS LRG (My=M) 62 pb” o ZEUS FPC I (x0.83) © ZEUS FPC Il (x0.83) _ Xp= 0.0003 0.001 0.003 0.01
)
8 0.06 [ p=0.058 B=0.121 I B=0.312 1 p=0.604 B=0.859 S 0.05f eeq B=0.267 $=0.080 B=0.027 p=0.008 “g’
. o N g
© oo0af % S % 3 g o8 oo Se- s
] 3 005| * $=0.433 $=0.130 $=0.043 p=0.013] @
X , , g1 e ?gﬁ 2 o g
0.02 % g@ a§ 0 0 sesfe- s090 o~ g
= L b 0.05 @'g‘l“ $=0.667 $=0.200 $=0.067 p=0.020] o
0.06 [ p=0.072 $=0.149 I p=0.366 | (=0.660 (=0.886 N> . s -y P g
0.04 r 1 © $=0.320 $=0.107 p=0.032 { &
. ) T 8 o005 3 g
0.02f § %o &’% 1 b3 % 4 2 0 > spaes (oY g
ok b 1 0.05 £0$=0.500 o B=0.167 $=0.050 |
0.06} B=0.091 =0.184 L p=0427 | p=0.714 $=0.909 o il et s
S $=0.800 $=0.267 $=0.080 |
o4 ; 41 g 0 i N P
002} L 1 H, gy, |5 0 g
s 10 102 10 102 $0.433 £=0.1301
3 t B! ]
0 Og [ B=0118 | p-=0231 | p-0498 | p-0.769 | p-0930 - M— s
- p=0. p=0. p=0. p=0. p=0. % 0.05 =0.667 p=0200]
0.04 3 1 & — v P R
& % By B ® ZEUSLRG (M<1.6GeV)x0.87 62pb”" 0

0.02 r S s %Qﬁ. o o 0.05 $=0.320 8
] SR SR S E: SUNEL: SUL — H12006FTB 0 s s
0.06 - p=0.174 p=0.322 r p=0.611 T B=0.841 =0.955 “% —  Fitextrapolation 0.05 $=0.500 g
0.04 3 1 o 0 s
=3 =0. 2
0.02f % 5% t é% 1 o é A 0.05 =080 g
28 5,0 TreRenerel

ot L h: 2.9 0 2 2

0% 10%10" 10%10* 1010 10%10" 107 10 110

2 2
Xip Q" (GeV?)

Fig. 2: Comparison of the reduced cross section in inclugiffeactive DIS as a function of (left) p for fixed 5 and
Q? for the LRG andM x methods and (right))? for fixed z» and3 for H1 and ZEUS data using the LRG method.

A comparison of the ZEUS measurements of the inclusive mdiuwcoss section using
the LRG andMx methods is shown in Fig. 2 (left) for the high? data as a function of the
Pomeron momentum fractiom,p, at fixedQ? and fixed Pomeron momentum fraction carried
by the parton in the hard scattgt, The data using thé/x method are scaled to account for
the residual background from proton dissociation in whigir@on breaks up into a low-mass
nucleon. Some differences between the methods (more matkedver Q2, not shown) as a
function of zp are observed which can be attributed to the suppression ggéoa and pion



trajectories at highep in the Mx method. Also at lowerQ?, the two measurements have a
somewhat different)? dependence with the data from théx method decreasing faster with
the Q2 than those from the LRG data. However the overall agreensmiden the two data sets
is reasonable.

The measurements of the reduced cross section from both tHZEBUS collaborations
using the LRG method are compared in Fig. 2 (right) as a fanaf Q? for fixed 2 and 3.
To enable a comparison in shape, the ZEUS data have beenlisaun® the H1 data within
the uncertainty in the relative normalisation of the two swaments. Overall the (qualitative)
agreement is good and work is ongoing to combine the measmtsmhich will give a quanti-
tative measure of their compatibility and possibly lead sagmificantly improved determination
of the cross section. Already from these data it can be sesratHixed3, the Q2 dependence
is different for differentz  values. This effect, also seen in the results usingihe method,
means that the data cannot be described by a single fatfieriBagge contributionfp.

Results in which a forward-going proton was tagged not ondyige a clean measure of
diffraction, but also as a result allow the determinatiorihef residual background from proton
dissociation, which is independent of all kinematic valeabin the other data samples. This and
other results of these measurements are discussed in¢hrammepublications [5, 8, 9].

3 Extraction of dPDFs

The H1 collaboration pioneered fits in next-
to-leading-order (NLO) QCD to the dPDFs. The * o
inclusive data presented in the previous section '} © E
was fit [7] and found to be dominated-70%) e
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gluon density can vary considerably when choos- : ]
ing different parametrisations. This residual un- o2 ]

certainty (larger than other theoretical and ex- 00z o4 o6 08 1
perimental uncertainties) needed further input and Lo

was reduced by considering jet production in DIS ,

. . . Fig. 3: Ratio of ZEUS data to NLO QCD theory as a

and simultaneously fitting [10] these and the in-~" b _ .

. function ofz3>° for different dPDFs: a ZEUS fitto LPS
clusive data.

) _and charm data (solid line); a H1 fit to inclusive LRG
Figure 3 shows data from ZEUS on je{y,ta 1 fit 2006 - A (dotted line) and H1 fit 2006 - B

production, _similar to that used by l__'l in the(dashed line); and a fit to inclusive data from Martin et
NLO QCD fit for the dPDFs. The ratio of the; vrw 2006 (dot-dashed line).

measured cross section to NLO QCD predictions

with different dPDFs is shown as a function of the experirakastimator ozp. The data show
clear sensitivity to the choice of dPDF with the theoretjmaddictions differing by up to a factor
of 3 coming from the weak constraints on the gluon densityer&hs also a clear preference
for two of the dPDFs, MRW 2006 and H1 fit 2006 B, where the laesne of the above two



parametrisations derived from fits to inclusive data. Thedydescription of the data by these
two parametrisations also demonstrates the applicabflifgctorisation in diffractive DIS. These
results demonstrate that jet data can be used in NLO QCD fitsttzer constrain the dPDFs.

An NLO QCD fit was performed for the jet data as a function ofihgablezp at different
scales and in combination with the inclusive data. The teguparton densities for quark and
gluons are shown in Fig. 4 in comparison to the previous fitdhé&inclusive data only. The
new parametrisation of the gluon density follows that of H2@06 B and is now similarly well
constrained in comparison with the quark density over thelgrhkinematic range.
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Fig. 4: Comparison of dPDFs for the quark and gluon densitiesn simultaneously fitting inclusive and jet data
(bands) and when fitting inclusive only (lines).

4 Diffractive jet photo/hadroproduction

It has long been observed that when dPDFs are compared todredata [11], the rate is over-
estimated by about a factor of 10. Explanations of this fé&ation breaking exist [12] which
predict secondary (multiple) interactions between thenams which destroy the rapidity gap
signature of diffraction. It might also be expected for tluoccur in photoproduction in which
the almost-real photon develops a structure and can effeadi@nic collision. A useful variable
to isolate such interactions is, which is the fraction of the photon’s momentum participatin
in the hard scatter. High values, the direct process, itglit®e photon was point-like whereas
lower values, the resolved process, indicate that the phagweloped some structure. However,
as can be seen in Fig. 5 and also confirmed by ZEUS data [13gpmendlence of a suppression
factor is seen as a function of,. There are indications of an overall suppression factockvhi
(also) depends on the jet transverse energy.

5 Discussion

At first sight the situation in photoproduction and hadrajuction seems contradictory. How-
ever, it should be noted that the nature and rate of secon@nactions in the two processes
is almost certainly different. From inclusive jet photogwation data [14], secondary interac-
tions are expected, but almost certainly not at the sameasaite hadroproduction. It should be
remembered that in photoproduction, part of the resolvdiisioms look like the collision of a



structured, vector-meson like, object with a proton. Hosvethere is also the perturbative point-
like splitting of the photon, which is fully calculable in @15], in which the photon is not a
structured object in the same way as for the vector meson Imolis is in contrast the obvious

structured objects in hadroproduction.
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Fig. 5: Ratio of data to theory in jet photoproduction as afiom ofE%?tl andz,,.

In summary, new measurements of inclusive diffraction Hasen made and new deter-
minations of the partonic structure of the diffractive emxabe calculated. These new parton
densities demonstrate the applicability of factorisatiordeep inelastic scattering, but do not
change the situation in hadroproduction where models afrsary interactions are invoked to
alleviate this breaking of factorisation. The situationpimotoproduction is less clear cut, but
also does not contradict the results in DIS or in hadroprtidoc Further improvements will be
made with the analysis of more inclusive and jet data and amatibn of data sets from the two

collaborations.
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