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PROSPECTS FOR DIFFRACTION AT HERA-II�P. NewmanyUniversity of BirminghamB15 2TT, UK(Re
eived September 16, 2002)New opportunities for the Study of Di�ra
tion in the se
ond phase ofHERA operation are dis
ussed.PACS numbers: 13.60.�r 1. Introdu
tionThe progress made in the understanding of hard di�ra
tion has been oneof the major su

ess stories of the �rst phase of HERA operation. As 
an beseen from the many new results presented at the DIS02 workshop [1℄, thereis still mu
h to be learned from the HERA-I data. In mid-2000, work 
om-men
ed on a major upgrade of HERA with the prin
ipal aim of improvingthe instantaneous luminosity. By the end of 2006, an integrated luminos-ity of 1 fb�1 is expe
ted. In this report, the new possibilities for di�ra
tivemeasurements o�ered by the improved statisti
s, new and upgraded dete
tor
omponents and polarised and redu
ed-energy beams are dis
ussed.2. Improved statisti
sOn
e the full HERA-I dataset has been fully analysed, systemati
allylimited measurements of in
lusive di�ra
tion at moderate Q2 and of ve
tormeson 
ross se
tions at low Q2 and jtj are expe
ted to be available. The mostpre
ise measurements of pro
esses in whi
h the proton is s
attered elasti
allyare 
urrently obtained using large rapidity gap requirements. The limitingsystemati
 un
ertainty in this method arises from the unknown 
ontributions� Presented at the X International Workshop on Deep Inelasti
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3586 P. Newmanfrom proton disso
iation, typi
ally at the level of 5�10% [2℄. To obtainhigher pre
ision, large datasets with tagged leading protons, eliminatingthis dominant systemati
, will be ne
essary.On the other hand, there are many di�ra
tive �nal state and ex
lusivemeasurements where the limitations after analysis of the full HERA-I datasetwill remain statisti
al. One example is di�ra
tive D� produ
tion. The ZEUS
ollaboration has now analysed the full HERA-I dataset [3℄, but the result-ing sample of approximately 250 events in the D� ! K�� 
hannel remainsinsu�
ient to 
learly distinguish between models or to measure double dif-ferential 
ross se
tions. Di�ra
tive dijet produ
tion [4℄ does not su�er fromquite the same statisti
al limitations as di�ra
tive 
harm, though very fewevents have so far been 
olle
ted in the 
ru
ial regions of phase spa
e wherethe di�ra
tive �nal state 
onsists ex
lusively of jets. The `hard' ex
lusiveprodu
tion of two or three high pT jets is parti
ularly well suited to pertur-bative QCD (pQCD) 
al
ulations [5℄ and is sensitive to the nature of thedi�ra
tive produ
tion me
hanism.Ex
lusive ve
tor meson produ
tion is strongly suppressed with in
reasingQ2 due to the higher twist nature of the pro
esses. Only very limited dataexist so far for any ve
tor meson pro
ess with Q2 >� 20 GeV2. In two-gluonex
hange models, the appropriate fa
torisation s
ale at whi
h the gluon den-sity is probed may be signi�
antly lower1 than Q2, whi
h illustrates the needfor pre
ision measurements at higher Q2, where pQCD 
an unambiguouslybe applied. The large jtj region of ve
tor meson produ
tion, whi
h remainsthe most promising 
hannel at HERA to 
learly identify BFKL e�e
ts [7℄,is similarly suppressed by the steeply falling t distribution. For the � me-son, the statisti
s are very poor so far [8℄. Large statsit
s from HERA-IIare needed in order to test the predi
tions that the energy dependen
e of �photoprodu
tion is even steeper than that of the J= [9℄ and to investigatethe large expe
ted e�e
ts from skewing of the parton densities.The �rst measurements of DVCS at HERA [10,11℄ have generated greatex
itement due to their relation to generalised parton densities (GPDs) [12℄.Although the full HERA-I dataset as analysed by ZEUS [11℄ 
ontains severalthousand events, there is a 
lear need for mu
h larger samples to measurethe asymmetries whi
h will lead to the �rst meaningful 
onstraints on GPDs(see Se
tion 4).1 e.g. in [6℄, the s
ale for � produ
tion is taken to be �Q2 � z(1� z)Q2 � Q2=4, wherez is the fra
tion of the photon longitudinal momentum transferred to the quark inthe 
� ! q�q splitting.
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ussed above, substantial improvements in the pre
ision on quan-tities su
h as FD2 will require e�
ient proton tagging. Dire
t leading protonmeasurements also allow measurements of t dependen
es and their variationswith other kinemati
 variables. Although variations in the energy depen-den
e with t have now been measured for ve
tor meson pro
esses, leadingto extra
tions of the e�e
tive pomeron traje
tory, the results for in
lusivedi�ra
tion remain in
on
lusive [13, 14℄. The degree of `shrinkage' with in-
reasing energy has important 
onsequen
es for the interpretation of in
lu-sive di�ra
tion in terms of hard (little shrinkage) and soft (more shrinkage)
ontributions. A further interesting possibility o�ered by tagged leadingprotons is the investigation of possible asymmetries in the distribution inazimuthal angle between the proton and lepton s
attering planes, where the�rst data are again in
on
lusive [13℄. This asymmetry is sensitive to thelongitudinal stru
ture fun
tion FDL [15℄.

(a) (b)Fig. 1. Illustration of the a

eptan
e regions of (a) the H1 VFPS and (b) the H1VFPS and FPS 
ombined. A

eptan
es of above 90% are 
oded red, with ea
hsubsequent 
olour 
oding 
overing a range of 10%.At the end of 2002, the H1 
ollaboration will install a new `Very ForwardProton Spe
trometer' (VFPS) [16℄, approximately 200 m downstream ofthe intera
tion point. For a spe
trometer in this region, the beam opti
sgenerate a dispersion in xP and high a

eptan
e 
an thus be maintaineddown to zero angle s
attering (t = tmin). The a

eptan
e of the devi
e in the



3588 P. Newman(xP; t) kinemati
 plane is illustrated in �gure 1(a). Although the a

eptan
ein xP is limited, the VFPS o�ers the opportunity to 
olle
t a very largesample of data (� 350 pb�1 by 2006) in a well de�ned xP and t region.Su
h a sample will be well suited to the extra
tion of di�ra
tive partondensities at �xed xP[17℄ and tests of di�ra
tive hard s
attering fa
torisationthrough dijet and 
harm measurements with leading protons also tagged inthe VFPS. Performing this programme of work at �xed xPremoves the needfor Regge assumptions on the xP dependen
e. Together with the existingFPS stations nearer to the intera
tion region, there is at least some leadingproton a

eptan
e over a wide kinemati
 region (Fig. 1(b)).4. Polarised leptonsAs a part of the HERA upgrade, new spin rotators and polarimeters havebeen installed, su
h that the lepton beam will be polarised as it passes H1and ZEUS and the degree of polarisation measured with high a

ura
y. Thisopens up possibilities for improved studies of the heli
ity stru
ture of ve
tormeson produ
tion and o�ers the possibility of mu
h improved 
onstraintson GPDs. A variety of DVCS observables are sensitive to GPDs, whi
h are
omprehensively reviewed in [12℄. Asymmetries in the 
ross se
tion with theazimuthal angle � between the lepton and proton s
attering planes and withthe polarisation and 
harge of the lepton beam are predi
ted to be relativelylarge and 
an all be measured at HERA-II. Measurements at lower energieshave already been obtained by the HERMES 
ollaboration [18℄.5. Redu
ed proton beam energyThe possibility of running HERA for a period with redu
ed proton beamenergy, for example to 
olle
t a sample of approximately 50 pb�1 at Ep =400 GeV has been dis
ussed. The prin
iple motivation is the measurementof the in
lusive FL and of F2 at relatively large x and low Q2. Su
h a runwould raise several opportunities for di�ra
tive studies.Redu
ing Ep modi�es the a

eptan
e regions of the dete
tors as a fun
-tion of kinemati
 variables, opening up new kinemati
 regions for study. Anexample is shown in �gure 2(a), whi
h shows the a

eptan
es for �! �+��(Q2 > 4 GeV2) with the requirement that both de
ay pions lie withinthe approximate a

eptan
e range of the main H1 and ZEUS tra
king de-te
tors (20Æ < �� < 160Æ) for the 
urrent proton beam energy and forEp = 400 GeV. The a

eptan
e is extended to lower W than is previ-ously the 
ase, whi
h would yield improved measurements of the energydependen
e, enhan
ed sensitivity to the e�e
tive �0 des
ribing any possibleshrinkage and, in the framework of two-gluon ex
hange models, sensitivityto the gluon density at larger values of x. Similar extensions to lower Wwould be available for all di�ra
tive 
hannels.
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(a) (b)Fig. 2. (a) A

eptan
e fun
tions at di�erent Ep values for the dete
tion of bothpions from the de
ay �0 ! �+�� in the H1 and ZEUS 
entral tra
king dete
tors forex
lusive � produ
tion with Q2 > 4 GeV2. (b) A

essible regions for measurementsof FD2 in the (�;Q2) kinemati
 plane at xP= 0:05 for two di�erent Ep values.The available phase spa
e for measurements of FD2 would also be ex-tended, either to higher xP at �xed � or to higher � at �xed xP. This isillustrated in �gure 2b, whi
h shows the available phase spa
e for FD2 mea-surements in the (Q2; �) plane with typi
al 
uts, at �xed xP= 0:05 and twodi�erent values of Ep. At these large xPvalues, the extended phase spa
ewould improve the sensitivity to sub-leading ex
hanges. Throughout thephase spa
e, more pre
ise extra
tions of di�ra
tive parton densities [17℄ at�xed xPwould be possible.Most importantly, modifying the proton beam energy would lead to adire
t FDL extra
tion, through 
omparison of FD2 data at �xed x, Q2 andxP, but di�erent y values. Earlier studies [19℄ have shown that a 40% dif-ferential measurement of FD(3)L with 
omparable statisti
al and systemati
errors would be possible with 50 pb�1 at Ep = 500 GeV and 250 pb�1 atEp = 820 GeV. 6. OutlookAt HERA-I, we have started to understand di�ra
tion in QCD, but manyimportant questions still do not have de�nitive answers. With the furtherfa
tor of 10 in
rease in statisti
s expe
ted at HERA-II, new dete
tors, lep-ton beam polarisation and the possibility of redu
ed proton beam energyrunning, many experimental and theoreti
al 
hallenges still lie ahead. It is
lear that the story of di�ra
tion at HERA is far from over!
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