
INCLUSIVE DIFFRACTION AT HERAV. SOLAUniversit�a di Torino and INFN, Torino, ItalyThe H1 and ZEUS Collaborations have measured the in
lusive di�ra
tive DIS 
ross se
tionep! eXp with very high pre
ision a
ross a wide kinemati
 range. Di�ra
tive parton densityfun
tions (DPDFs) have been extra
ted from the data using the DGLAP approa
h at next-to-leading-order (NLO) of perturbative QCD. Results from di�ra
tive dijets in DIS have alsobeen in
luded in the �t. The �rst dire
t measurement of the longitudinal di�ra
tive stru
turefun
tion FDL has been 
ompared to the DPDF predi
tions. Finally, the DPDF predi
tions havebeen 
ompared to data on di�ra
tive dijets in photoprodu
tion, where the issue of absorptionand gap survival probability in a hadron-hadron environment 
an be studied.1 Introdu
tionDi�ra
tive pro
esses have been studied extensively in deep-inelasti
 ele
tron-proton s
attering(DIS) at the HERA 
ollider. Su
h intera
tions are 
hara
terised by the presen
e of a leadingproton in the �nal state 
arrying most of the initial energy and by the presen
e of a large gapin rapidity between the proton and the rest of the hadroni
 system. The kinemati
 variablesused to des
ribe in
lusive DIS, ep ! eX, are the virtuality of the ex
hanged boson, Q2, theBjorken s
aling variable, x, and the inelasti
ity, y. In addition, the kinemati
 variables xIP and� are spe
i�
 for di�ra
tive DIS, ep ! eXp, with xIP the longitudinal fra
tional momentumof the proton 
arried by the di�ra
tive ex
hange and � the longitudinal momentum fra
tion ofthe stru
k parton with respe
t to the di�ra
tive ex
hange. They are related by x = xIP�. Thein
lusive di�ra
tive DIS 
ross se
tion is usually presented in the form of a di�ra
tive redu
ed
ross se
tion, �D(3)r , integrated over the Mandelstam t variable, here representing the squaredfour-momentum transferred at the proton vertex, and is related to the experimentally measureddi�erential 
ross se
tion by d3�ep!eXpdxIPd�dQ2 = 2��2�Q2 Y+�D(3)r (xIP ; �;Q2) ; (1)where Y+ = 1 + (1� y)2. The redu
ed 
ross se
tion depends at moderate Q2 on two di�ra
tivestru
ture fun
tions, FD(3)2 and FD(3)L , a

ording to�D(3)r = FD(3)2 � y2Y+FD(3)L : (2)For y not too 
lose to unity, �D(3)r = FD(3)2 holds to very good approximation.
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2Figure 1: Comparison between the H1 and ZEUS measurements of the di�ra
tive redu
ed 
ross se
tion as afun
tion of Q2, obtained using PS (left) or LRG (right) samples.2 Di�ra
tive Cross Se
tion MeasurementsExperimentally, di�ra
tive DIS events 
an be sele
ted by requiring the presen
e of a large ra-pidity gap (LRG). A 
omplementary way is the dire
t measurement of the outgoing proton byusing Proton Spe
trometers (PS). Whilst the LRG-based te
hniques yield better statisti
s thanthe PS method, they su�er from systemati
 un
ertainties asso
iated with ba
kground eventsdue to proton disso
iation.The H1 Collaboration re
ently released a preliminary proton-tagged measurement usingits full available sample from Forward Proton Spe
trometer (FPS) data at HERA-II 1. Themeasurement agrees in shape and normalization with the previous H1 FPS results from HERA-I 2and 
onsiderably improves the statisti
al un
ertainty and the kinemati
al 
overage, being basedon a fa
tor 20 more integrated luminosity than the HERA-I measurement. As shown in Figure 1(left), the new data agree in shape with the re
ently published �nal ZEUS results based onLeading Proton Spe
trometer (LPS) data from HERA-I 3, but they tend to lie slightly below,still within the 
ombined normalization un
ertainty of about 13%.The re
ently published ZEUS measurements3, obtained using the LRGmethod, substantiallyimproved the statisti
al pre
ision 
ompared with the older H1 results 4. Good agreement isobserved between the shapes of the H1 and ZEUS 
ross se
tions throughout most of the phasespa
e studied, as shown in Figure 1 (right). An average 13% normalization di�eren
e betweenthe two experiments has been estimated, 
ompatible with the one seen from PS measurements,i.e. the 
ross se
tions agree up to a normalization di�eren
e between the two Collaborations,independent of experimental method.3 Di�ra
tive Parton Density Fun
tionsIt has been shown by Collins 5 that the NC di�ra
tive DIS pro
ess ep ! eXp fa
torises intodi�ra
tive parton density fun
tions (DPDFs) times a term related to the hard-s
attering par-toni
 
ross se
tion; a useful additional assumption (proton vertex fa
torisation) is often made
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Figure 2: ZEUS singlet (left) and gluon (right) densities as a fun
tion of the momentum fra
tion, z, for fourdi�erent values of Q2. The shaded error bands represent the experimental un
ertainty.whereby the proton vertex dynami
s fa
torise from the vertex of the hard s
atter. The � andQ2 dependen
es of �D(3)r may then be subje
ted to a perturbative QCD analysis based on theDGLAP equations, in order to obtain di�ra
tive PDFs. Whilst FD2 dire
tly measures the quarkdensity, the gluon density is only indire
tly 
onstrained via the s
aling violation, �FD2 =�lnQ2.The high statisti
s ZEUS LRG and LPS data3 have re
ently been �tted to extra
t DPDFs6.The method and DPDF parametrisations are similar to the earlier H1 analysis4, the main di�er-en
e being in the heavy 
avour treatment, whi
h now follows the general mass 
avour numberings
heme. In the resulting DPDFs the quark densities are relatively well known throughout thephase spa
e, whilst the theoreti
al un
ertainties on the gluon density are large, in parti
ular athigh fra
tional momentum, z. Indeed, in this region the dominant parton splitting is q ! qg andthe sensitivity of �FD2 =�lnQ2 to the gluon density be
omes poor. Improved large z 
onstrainthas been obtained by in
luding in the �t di�ra
tive dijet produ
tion data 7, whi
h are dire
tlysensitive to gluons via the boson-gluon fusion pro
ess. The resulting quark and gluon densitiesare presented in Figure 2, showing a 
omparable pre
ision a
ross the whole z range.4 The Longitudinal Di�ra
tive Stru
ture Fun
tion
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tions.

At low x and Q2, the longitudinal di�ra
tive stru
-ture fun
tion, FDL , is 
losely related to the di�ra
-tive gluon density and 
an thus provide a test ofdi�ra
tive fa
torization and of the role of gluons
omplementarily to jet and 
harm data. Measure-ments of FDL be
ame possible thanks to the redu
edproton beam energy runs at the end of HERA op-eration.The H1 Collaboration re
ently released prelim-inary FDL data 8, shown in Figure 3. When inte-grated over �, FDL is non-zero at 3� level. It isalso 
learly in
ompatible with its maximum pos-sible value, that of FD2 . The measured FDL is inagreement with predi
tions based on H1 DPDFs 4.



5 Di�ra
tive Dijets in Photoprodu
tionDPDFs extra
ted from in
lusive data des
ribe su

essfully data on dijet in DIS 7;9 and 
harm 10;11produ
tion. However, predi
tions obtained with HERA DPDFs grossly overshoot the di�ra
tivedijet 
ross se
tion at the Tevatron. At HERA, photoprodu
tion events, where Q2 � 0, providesan environment similar to a hadron-hadron 
ollider, sin
e the photon 
an develop an e�e
tivepartoni
 stru
ture via 
 ! q�q 
u
tuations and further subsequent splitting. In a simple lead-ing order pi
ture, there are thus two 
lasses of hard photoprodu
tion: `resolved' intera
tions,where the photon intera
ts via its partoni
 stru
ture, and `dire
t' intera
tions, where the photonbehaves as a point-like parti
le. The variable x
 is the fra
tion of the four-momentum of thephoton transferred to the hard intera
tion; the lower the value of x
 the more hadron-like thephoton.Both H1 12 and ZEUS 13 have measured di�ra
tive dijets in photoprodu
tion. The ratios ofdata to theory obtained by both experiments show no dependen
e on x
 , whi
h is in 
onstrastwith theoreti
al expe
tations14;15. The data are also suggestive of a weak suppression dependingon the transverse energy, ET , of the jet. More di�erential studies are required to fully unfoldthe dynami
s.6 Con
lusionsThe H1 and ZEUS Collaborations are �nalising measurements of the in
lusive di�ra
tive DIS
ross se
tion, ep ! eXp, with the full statisti
s available from HERA. The DPDFs extra
tedfrom NLO QCD �ts to in
lusive and dijets data result in quark and gluon densities 
onstrainedwith good pre
ision a
ross the whole kinemati
 range. The �rst FDL measurement, in agreementwith DPDF predi
tions, provides a unique test of fa
torization. Comparing the DPDF predi
-tions with di�ra
tive dijets in photoprodu
tion data shows eviden
e of a small suppression ofthe 
ross se
tion whi
h is independent on x
 and slightly dependent on ET of the jet, a fa
twhi
h remains under investigation.Referen
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