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Introduction� Hard scattering in di�ractive processes have beenobserved in p�p (UA8, Tevatron) and ep (H1, ZEUS)collisions.� The contribution of di�ractive processes to the epinteraction cross-section has been measured in termsof a di�ractive structure function FD(3)2 (xIP ; �; Q2).� These measurements were sucessfully interpreted interms of resolved Pomeron (IP ) model with di�ractiveparton densities which are dominated by gluons at thestarting scale and evolved with DGLAP.A Pomeron model with only quarks at starting scale isnot able to describe the measurements.� The many hadronic �nal state observables are sensitiveto the QCD structure of di�raction and provideindependent tests of the pomeron structure extractedfrom FD(3)2 .
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Kinematics of Di�ractive ep scatteringEvent Kinematics
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Q2 = �q2� = Q22q�(p�Y ) x = Q22p�qxIP = q�(p�Y )q:p y = p�qp�eW 2 = (p+ q)2�: fraction of pomeron momentum carried by struck quarkxIP : fraction of proton momentum carried by the pomeronP. Thompson, PHOTON 99, Freiburg, 25/05/99 2

Q2 = �q2 photon virtualityx = Q22q�p Bjorken scaling variableW 2 = (p+ q)2 
�p CM energy squaredt = (p� pY )2 4-momentum transfer squaredMX; (MY ) Inv. mass of system X (Y )� = Q22q�(p�Y ) fraction of IP momentumcarried by struck quarkxIP = q�(p�Y )q�p fraction of p momentumtransferred to IPxIP ' 1� EY =EpxIP� = xMX �W , small MY (' mp), small jtj (<�1 GeV 2)� Q2 � 0, jtj � 0: similar to soft hadron-hadron interactions� Q2 � 0: 
� probes IP structure� large jtj: search for perturbative IP{ Typeset by FoilTEX { 4



Selection of di�ractive events
Selection: Large Rapidity Gap Events� No colour �eld between hadronic subsystems X and Y) Di�ractive events are characterized by rapidity gaps:�� ' ln W 2M2X (pseudo{rapidity � = � ln tan �2 )
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� 10% of all DIS events have large rapidity gap.H1 selection:� Large rapidity gap between X and Y , no forwardactivity for 3:3 � � � 7:5) MY < 1:6GeV, jtj < 1GeV2HADRON 13, January 1999 5
Selection: Leading Proton Tag� Leding Proton is measured in very forward detectors� Proton with z ' E0p=Ep>�0:97 (xIP<�0:03)=)MY = Mp (pure single di�raction)Selection: Large Rapidity Gap EventsNo colour �eld between hadronic subsystems X and Y=) no hadronic activity in the forward part of detector=) Large Rapidity Gap �� ' ln(W 2=M2X)(pseudorapidity � = �ln tan �=2)� Proton is not directly measured� xIP<�0:05{ Typeset by FoilTEX { 5



Models for di�ractive hard scattering� factorizable models:{ Monte-Carlo programs:RAPGAP (Jung), POMPYT (Bruni,Ingelman){ also Alvero, Collins, Terron, Whitmore;Kunzst, Stirling;...{ 
ux of spacelike IP from proton{ 
� couples to parton from IP

F.-P.Schilling Di�raction at HERAThe Di�ractive Structure Function FD2Most general case: De�ne �ve-fold di�erential cross section:d�(ep!eXY )dxIP dt dMY d� dQ2 = 4��2�Q4 �1� y + y22(1+RD(5))� �FD(5)2 (xIP ; t;MY ; �;Q2)RD(5) : Ratio �L=�T ! neglected!If Y is not measured, integrate over MY ,td�ep!eXYdxIP d� dQ2 = 4��2�Q4 �1� y + y22 � FD(3)2 (xIP ; �;Q2)Inclusive di�ractive DIS:Q2 � 0 GeV 2, small MX , small MY :xIP � 1 (H1: xIP < 0:05)small jtj (H1: jtj < 1 GeV 2)small MY (H1: MY < 1:6 GeV )Factorizable Ansatz:
γ

pp
IP

IP
q

qγ

pp
IP= xFD(3)2 (xIP ; �;Q2) / fIP=p(xIP) � F IP2 (�;Q2)Low-x 99, Tel Aviv, 15-18/06/99 5{ parton densities in IP can be taken from the QCD �ts toFD(3)2 data:� \leading gluon" distribution (�ts 2 and 3)� \quark-based" distribution (�t 1)=) test universality of parton distributions
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� 2-gluon exchange models:{ Monte-Carlo programs:RIDI (Ryskin, Solano), RAPGAP{ Nikolaev, Zakharov, Genovese, Ryskin, Diehl, Bartels, Ellis,Kowalski, W�ustho�, Lotter, Bialas, Peschanski,..{ q �q; q �qg production vias gg-exchange/BFKL ladder
F.-P.Schilling Di�raction at HERA2-gluon exchange models� Many models available:Low, Nussinov, Mueller, Donnachie, Landsho�, Nikolaev,Zakharov, Diehl, Bartels, W�ustho�, Bialas, Peschanski, ...� qq = qqg production via gg-exchange / BFKL ladder
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ggExample: BEKW (Bartels, Ellis, Kowalski, W�ustho�) model:� Investigate decomposition into leading / higher twist, lon-gitudinal / transverse 
 interactions, qq / qqg �nal states� 3 signi�cant contributions to FD2 , 9 free parameters:FTq�q = A� x0xIP �n2(Q2) �(1� �)FTq�qg = B � x0xIP �n2(Q2) �s ln�Q2Q20 + 1� (1� �)
�FLq�q = C � x0xIP �n4(Q2) Q20Q2 �ln� Q24Q20� + 74��2 �3(1� 2�)2Low-x 99, Tel Aviv, 15-18/06/99 15

� Soft Colour Interactions:{ Monte-Carlo programs:LEPTO (Edin, Ingelman, Rathsman){ Alternative model without IP concept{ Start from standard DIS (dominantly BGF at low x){ Colour rearrangement on the hadronic �nal states{ Attempt of unifying standard DIS and di�ractionF.-P.Schilling Di�raction at HERASCI Model for Di�ractive DISEdin, Ingelman, Rathsman: Soft Colour Interactions
� Start from standard QCD ME+PS description of F2(x;Q2)� low x: dominated by Boson-gluon-fusion� additional non-perturbative interactions a�ect �nal-state co-lour connections but not parton momenta� free parameter: probability RSCI to be �xed by data� implemented in LEPTO 6.5
Low-x 99, Tel Aviv, 15-18/06/99 13
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Expectations for hadronic �nal statesQuark-dominated IPExpectations with quark-dominatedpomeron
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Lowest order O(�em)� Aligned-jet (AJM) con�guration� Triplet-antitriplet system with low pT� Small pT from intrinsic kT of quarks� Some pT from hadronization and par-ticle decays
� IPq�q
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e Higher order O(�em�s) | QCD-C� Three-parton topology� Signi�cant pT
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Gluon-dominated IPExpectations with gluon-dominatedpomeron
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e Lowest order O(�em�s) | BGF� BGF: q and �q not aligned along 
�IPaxis ! large pT� Higher parton multiplicity in �nalstate� Additional octet-octet colour �eld

� IPq

�qg
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Global Event Shapes: De�nition of variablesRiko Wichmann, UC Santa Cruz PHOTON 99 May 25, 1999 13Event Shape Variables
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� Thrust T = max Pi jn � pijPi jpij� Sphericity S�� = Pi p�i p�iPi jpij2 �; � � x; y; zeigenvalues of S��: �1 � �2 � �3S = 32(�2 + �3)Particle Trajectories Thrust Sphericity! 12 ! 1! 1 ! 0' 34 ' 12
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The statistical, and the statistical and systematic errors added in quadrature, are indicatedin the �gures as the inner and the outer error bars, respectively. Systematic and statisticalerrors are given separately in the respective tables.7 Results7.1 Correlation of thrust with MX; Pt and Q2In Fig. 4a thrust is shown as a function of 1=MX , averaged in seven MX intervals (see Table 2)in the range 4 to 36 GeV, and averaged over the kinematic region of equ.(2). The same data arealso given in Table 2. The correlation of thrust with 1=MX rather than MX is shown because it

Figure 4a: (a) Average thrust hT i, as a function of 1=MX for LRG data, and for e+e�annihilation data [17, 35] as a function of 1=psee; 4b: Average thrust hT i, as a function of 1=MX ,for all events, for events with Pt < 1 GeV and for events with Pt > 1 GeV, with predictions fromRAPGAP (see text). The data points are given at 1=hMX i.allows perturbative and hadronization e�ects on thrust to be distinguished in a simple manner.ForMX !1 the latter should become negligible. For comparison, Fig. 4a includes the availabledata for thrust in e+e� annihilation events [17, 35] plotted atMX = psee. The following featuresare noteworthy:1. hT i increases withMX . It is also observed in these data that the particle multiplicity (notshown here) also increases withMX . This implies that the �nal state is not isotropic, since in thatcase hT i would fall, and approach 0.5, as 1=MX ! 0. The growth of hT i signi�es an increasingback-to-back correlation of the momentum 
ow as the �nal state mass increases. Hence, thethrust direction corresponds to an e�ective topological axis of the event. This feature rules out13
H1: large rapidity gap10 < Q2 < 100 GeV 2; y < 0:5xIP < 0:05; 4 < MX < 36 GeVjtj < 1 GeV 2; MY < 1:6 GeV� hT i increases with MX =) increasing of back-to-backcorrelations, dominant two jet topology of the �nal state� For �xed MX average thrust is lower for larger Pt (w.r.t.incoming proton direction) =) � 3 parton con�guration� hT iLRG < hT iee =) q �q states with limited pT hadronizationare not su�cient: higher parton multiplicities are more importantin DIS LRG events than in e+e�� RAPGAP{factorizable Pomeron model, with gluon dominatedIP parton densities from H1 �ts to FD(3)2 data, gives gooddescription of hT i.{ Typeset by FoilTEX { 11



Riko Wichmann, UC Santa Cruz PHOTON 99 May 25, 1999 6Global Event Shapes - ZEUS and H1� ZEUS and H1 disagree, but di�erent event selection� ZEUS seems similar �nal state to e+e�� gluon dominated IP (RAPGAP) seems to describe the data
Mx [GeV]

<T
hr

us
t>

RAPGAP (ARIADNE)
RAPGAP (MEPS)
RIDI

ZEUS 97 prelim.

e+e- (TASSO,PLUTO, MarkII)

H1 94 (DESY 97-210)

RAPGAP (ARIADNE)
RAPGAP (MEPS)
RIDI

Mx [GeV]

<S
ph

er
ic

it
y>

ZEUS 97 prelim.
e+e- (TASSO,PLUTO, MarkII)

0.7

0.75

0.8

0.85

0.9

0.95

1

5 10 15 20 25 30

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

5 10 15 20 25 30ZEUS: leading proton0:03 < y < 0:95, 0:0003 < xIP < 0:034 < Q2 < 90GeV 2, 4 < Mx < 35GeVRAPGAP 2.06 �t2 (IP and IR) H1: large rapidity gapy < 0:5, xIP < 0:0510 < Q2 < 100GeV 2, 4 < Mx < 36GeVjtj < 1GeV 2, My < 1:6GeVZEUS: leading proton4 < Q2 < 90 GeV 2; 0:03 < y < 0:950:0003 < xIP < 0:03; 4 < MX < 35 GeV� ZEUS measurement consistent with e+e�� H1 sees less collimated events than ZEUS (need more gluons)=) discrepancy between experiments !(might be due to di�erent event selection/kinematics: H1-Largerapidity gap, ZEUS- leading proton )� RIDI fails at low MX, but closer to H1� RAPGAP (Ariadne) gives best description. Di�erence betweenARIADNE and MEPS =) Fragmentation mechanism isimportant{ Typeset by FoilTEX { 12



Global Event Shape Q2; xIP and W dependence
Riko Wichmann, UC Santa Cruz PHOTON 99 May 25, 1999 7Global Event Shapes - ZEUS� no dependence on Q2 (factorization)� no dependence on xIP (no visible contribution of IR)� no in
uence from low W contribution (! no particle loss)
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Energy 
ow in 
�IP CMS{ 1=N dE=d��Energy 
ow in 
�IP CMS
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�� \Two-jet" structure: current and target� Approx. symmetrical about �� = 0� Large energy 
ow in central region� Well described by RAPGAP(gluon), but not by RAPGAP(quark)� LEPTO also works well for MX > 8GeV
H1: large rapidity gap7:5 < Q2 < 100 GeV 2; 0:05 < y < 0:6xIP < 0:025; 3 < MX < 30 GeVjtj < 1 GeV 2; MY < 1:6 GeV� General agreement between H1 and ZEUS-leading proton data� \Two jet" structure develops at higher MX� Slight enhancement of energy in the current hemisphere� Well described by RAPGAP (gluon), but not by RAPGAP (quark)=) large contribution from gluons !
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Transverse Energy Flow 1=N dET=d��
Riko Wichmann, UC Santa Cruz PHOTON 99 May 25, 1999 11Transverse Energy Flow - ZEUS� models have problems describing the data� two jet structure visible but not as pronounced as in dENd�� slight enhancement in the current hemisphere
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ZEUS: leading proton0:03 < y < 0:95, 0:0003 < xIP < 0:034 < Q2 < 90GeV 2, 4 < Mx < 30GeVRAPGAP 2.06 �t2 (IP and IR)ZEUS: leading proton4 < Q2 < 90 GeV 2; 0:03 < y < 0:950:0003xIP < 0:03; 4 < MX < 30 GeV� \Two jet" structure is visible at higher MX� Enhancement of transverse energy in the current hemisphere(
�-side)
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Charged Particle Rapidity Distribution
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Figure 3: Charged particle rapidity spectra for three intervals in MX (H1), at W = hMXi (�N)and at ps = hMXi (JETSET e+e�). The hW i values for EMC and E665 di�er slightly from theones indicated for H1 and are equal to 5.2, 11 and 19 GeV and 11.4 and 23.6 GeV, respectively.Also shown are predictions of several Monte Carlo models (see text).
21

� In central region particle density is larger than in �N interactionsat W 2 �M2X� Symmetrical about y = 0� RAPGAP with a quark based IP predicts the rapidity spectraclose to e+e� and �N =) q �q+gluon radiation is not su�eicent� RAPGAP with hard gluon dominated IP and LEPTO describethe rapidity spectra (but deviations in the lowest MX bin).{ Typeset by FoilTEX { 16



Charged particle multiplicity
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H1 diff. backward
EMC µ+p (non-diff.) forward
EMC µ+p (non-diff.) backwardFigure 2: (a) Mean multiplicity of charged particles plotted against MX . Also shown aredata on meson di�raction, predictions from JETSET (which is known to reproduce wellthe results for e+e� scattering) and predictions from RAPGAP and LEPTO. (b) Meanmultiplicity in the current (forward) and target (backward) hemispheres separately. Alsoshown are results from non-di�ractive DIS at EMC.Figure 2(a) shows the mean number of charged particles 3 as a function ofMX . The multiplicities for DDIS, meson di�raction and e+e� scattering aresimilar at low masses, but for MX>�10GeV, the multiplicity grows faster withmass in DDIS than in the other processes. This points to a larger contributionin DDIS from higher parton multiplicities. The �nal states in meson di�rac-tion and e+e� scattering are both expected to be dominated by the simplerq�q system. The RG{FD2 (�t 3) and LEPTO models describe the data fairlywell. Figure 2(b) shows the data in the forward and backward hemispheresseparately. Again, the symmetry of the �nal state in DDIS contrasts with theasymmetry in non-di�ractive DIS.The thrust T provides a measure of the \elongation" of the event; it isde�ned more rigorously elsewhere4 . Figure 3 shows the mean thrust4 hT i as afunction of 1=MX . The value of hT i is lower in DDIS than in e+e� scattering.This indicates that the �nal state in di�ractive DIS is less collimated than thatin e+e�, where the topology is dominated by the simple q�q two-jet system. Thisis consistent with a larger contribution from higher parton multiplicities (q�qgetc.). The RG-q�q model predicts too high a value of hT i; RG{FD2 (�t 3) andLEPTO are closer to the data.3 Summary and ConclusionsMeasurements of the hadronic �nal state in di�ractive deep-inelastic scatteringindicate a signi�cant contribution from processes involving a gluon in the hard3

� Average multiplicity hni rises with MX (W , ps)� At low masses (MX < 10 GeV ) similar to e+e� and mesondi�raction =)hadronisation of single string between the quark and antiquark� At higher masses (MX > 10 GeV ) hni rises faster than ine+e� and meson di�raction =)contribution from more complex (q �qg) parton con�guration� Forward-backward symmetry (unlike the �p data)
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\Seagull plot" ( hp�2T i vs xF )\Seagull plot" { hp�2T i vs xF in 
�IP CMS
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� Symmetrical about xF = 0 (unlike non-di�ractive 
�p)� High-pT radiation suppressed from extended p remnant innon-di�ractive 
�p� hp�2T i higher than in non-di�ractive 
�p� Con�rms trends observed in xF and p�2T spectra� RAPGAP(gluon) and LEPTO both �t the data over a wide range� RAPGAP(quark) predicts too little p�T

� hp�2T i is higher in di�ractive data than in 
�p=) Larger contribution from scattering from gluons, increasingrole of BGF processes� Symmetry between target and current hemispheres =)in non-di�ractive 
�p the high pT radiation is suppressed fromextended p remnantin di�ractive 
�p{ more point-like partonic system in the targetfragmentation region� Good agreement between H1 and ZEUS� Well described by RAPGAP (gluonic IP ), LEPTO and RIDI� Predictions of RAPGAP (quark based IP ) are too low for all xF{ Typeset by FoilTEX { 18



Charm and high pT Jet production� Ideal test of underlying dynamics of di�action:{ Cross-sections are calculable.{ Production mechanism sensitive to the gluoncontent.
γ

γ

F.-P.Schilling Di�raction at HERADi�r. Jet and Charm Production: ModelsMotivation for Jets, Charm: Large sensitivity to gluons!
}
}

zIPxIPtp
e

p0
e0 XY


 Resolved IP Model(Ingelman, Schlein)zIP : Momentum fractionfrom IP entering hardprocess: zIP � 1
p p0
 2-gluon qq Model(e.g. Bartels et al.)MX = MqqzIP = 1(at parton level, not for qqg)SCI model
Low-x 99, Tel Aviv, 15-18/06/99 23

� 2-Jets are reconstructed in the central detectors.� Jets are identi�ed as a collimated energy deposited in � � �space, within the cone of R = p��2 + ��2 = 1.� pjetT is de�ned relative to 
� axis in the rest frame of X.� Measurements are made both in photoproduction Q2 ' 0 andin DIS regimes� In photoproduction regime distinguish between the`direct' (x
 = 1) and `resolved' (x
 < 1) processes:(x
{ fraction of 
 momenta involved in the hard interaction).
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pjetT -spectraDijet pjetT DistributionspjetT relative to 
? axis in rest frame of X
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xjets
 ; zjetsIP : fraction of 
, IP momentum transfered to thesystem X (i.e. entering the hard scattering)
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Figure 5: Measured dijet cross section d�=dxOBS
 integrated over EjetT > 6 GeV and �1:5 <�jet < 1. Other details as in Figure 2. For comparison, the calculations for the resolved (dot-dashed line), direct (dashed line) and resolved plus direct processes (solid line) based on theQCD �t with the \hard quark + hard gluon" parametrisation (see text) are shown.23
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Figure 6: Measured dijet cross section d�=d�OBS integrated over EjetT > 6 GeV and �1:5 <�jet < 1. Other details as in Figure 2. 24

ZEUS: Large rapiditygap:0:001 < xIP < 0:03,pjetT > 6 GeV

� Both Direct (x
 = 1) and Resolved (x
 < 1) photoncontributions observed� Gluon dominated IP gives good descrpition of ZEUS data{ Typeset by FoilTEX { 21



#566x
, zIP : fraction of 
�,IP momentum trans-ferred to the system X Photoproduction
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�! Direct and Resolved components present�! Gluon dominated IPSurvival Probability:- In di�. Resolved PHP multiple interactions wouldbe expected to destroy rapidity gaps ! breaking ofdi�ractive factorisation- To estimate it apply a constant weight < S > to theMC events (�t 2) with x
 < 0:8- < S > may be as small as 0.1 at Tevatron
�! Large survival probability, no signi�cantevidence of di�ractive factorisation break-ing

H1: Large rapidity gap: xIP < 0:05, pjetT > 5 GeV� MC predicts too high cross-section for H1� H1 and ZEUS- di�erent kinematic ranges (H1: lower pT , higherxIP =) lower x
 , more resolved photon contribution)� In di�ractive resolved photoproduction additional interactionsbetween the extended beam remnants would be expected todestroy rapidity gaps =) breaking of di�ractive factorization.d�Dtrue(ep! epX) < d�D(ep! epX)d�Dtrue = hSi � d�D, where hSi { rapidity gap survivalprobability, hSi � 1� To estimate: apply a constant weight hSi to the MC eventswith x
 < 0:8.� hSi at the order of 0.4{0.8 gives reasonable description of data(� 0:1 at Tevatron !).
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zjetsIP distribution in DIS
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γ������ Gluon dominated IP gives good description� In 2 gluon exchange model the q �q state alone cannot describedata =) q �qg states are required� No evidence for a large `super-hard IP ' contribution (zIP = 1)
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Open Charm ProductionSignal | D�! K4� (L = 37 pb�1)
1 < Q2 < 480 GeV20:04 < y < 0:72 < pT(D��) < 9 GeVj�(D��)j < 1:5xIP < 0:015� < 0:8

ZEUS 1996-97 PRELIMINARY
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�(ep! eD��Xp) = 526� 110(stat:)+200�240(syst:) pb(ZEUS preliminary)

D�� �! D0���! (K�)�� (bf=2.63%)�! (K���)�� (bf=5.19%)
Ratio of di�ractive D�� to total D�� productionRatio (D� ! K��) = 7:0 � 1:3+1:7�1:8%Ratio (D� ! K4�) = 8:9 � 2:4+1:7�1:6%

Ratio of di�ractive D�� to total D��production
Ratio (D� ! K��) = 7:0� 1:3+1:7�1:8%Ratio (D� ! K4�) = 8:9� 2:4+1:7�1:6%

Ratio observed in inclusive DIS � 10 %
ZEUS 1995-97 PRELIMINARY
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� Ratio consistent with that observed in inclusiveDIS� no signi�cant Q2 or W dependence observed
� Ratio of di�ractive to total D� production is consistent withratio of di�ractive to inclusive DIS (� 10%)� no signi�cant Q2 or W dependence{ Typeset by FoilTEX { 24



D� ! K4�(ZEUS preliminary)1 < Q2 < 480 GeV 2, 0:04 < y < 0:72 < pT (D��) < 9 GeV , j�(D��)j < 1:5xIP < 0:015, � < 0:8ND� = 121 � 24� = 526� 110+200�240 pbD� ! K��(ZEUS preliminary)3 < Q2 < 150 GeV 2, 0:02 < y < 0:7pT (D��) > 1:5 GeV , j�(D��)j < 1:50:002 < xIP < 0:012, � < 0:8ND� = 59� 9� = 379 � 66+99�140 pbinterpolate D� ! K4� to this kinematic region:� = 398 � 83+154�180 pbZEUS: good agreement between di�erent decay channels !D� ! K��(H1 preliminary)2 < Q2 < 100 GeV 2, 0:05 < y < 0:7pT (D�) > 2: GeV , j�(D�)j < 1:5xIP < 0:04, MY < 1:6 GeVjtj < 1 GeV 2ND� = 38� 10� = 154� 40� 35 pb
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Di�erential cross section d�=dzobsIP (H1)d�=dz obsIP
10

-2

10
-1

1

0 1

zIP

d
σ/

d
z I

P
 (

n
b
)

H1 Preliminary

Resol. IP • 1/3

2-Gluon

SCI • 1/2 obs
obs

�zobsIP = � � (1 + ŝQ2) = (M2c�c+Q2)(M2X+Q2)� The large fraction of charm production at low zobsIP (resolved IP )� The 2-gluons model with only c�c con�guration is disfavoured�! higher order contributions (e.g. gluons) are required

Di�erential Cross Section d�=dzIPin resolved pomeron picture:zIP : fraction of pomeron momentumcarried by the gluon
�(e0) gc(D�)
�c ŝ = M2c�c� Hadronic Observable zobsIP reconstructed using e0 and D�zIP = � � (1 + ŝQ2) = M2c�c+Q2M2X+Q2. The data show a sizeable fraction of charm production atlow zobsIP ('resolved pomeron interaction'). Models where the hadronic system X predominantly consistsof c�c system alone are disfavoured. In a perturbative 2{Gluon approachhigher order contributions areclearly required, e.g. } MX > Mc�c
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Di�erential cross sections{ D� ! K4�(ZEUS)Di�erential Cross Sections | D�! K4�
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BHM Soft Colour Interaction modelRIDI pQCD model with higher correctionsACTW gluon-dominated resolved Pomeron model, �tted torange of HERA measurements� Shapes well described by all three models

� Models:{ ACTW (Alvero, Collins, Terron, Whitmore) { gluon dominatedresolved IP model{ BHM (Buchm�uller, Hebecker, McDermott) { Semi-classicalmodel{ RIDI (Ryskin) { pQCD model with higher order corrections� Agreement in normalization =) IP is gluon dominated object� Similar conclusions are for di�erential cross-sections for D� !K�� ZEUS measurement
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Di�erential cross sections: D� ! K�� (H1)Di�erential Cross Sections in p�T and xIP
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�p{CMS xIP : fraction of proton momentumcarried by the pomeron� Shape of spectra agree well with Resolved{Pomeron{Model� Resolved{Pomeron{ and SCI{Model fail in overallnormalisation.� 2{Gluon{Model matches the data in low p�T and low xIPrange but fails in high p�T , high xIP (MX) range
S. Hengstmann, DIS99 Zeuthen, 20/04/99 11

More Di�erential Cross Sections

10
-3

10
-2

10 10
2

Q2 (GeV2)

d
σ/

d
Q

2
 (

n
b
 G

e
V

-2
)

H1 Preliminary

Resol. IP • 1/3

2-Gluon

SCI • 1/2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.2 0.4 0.6

y

d
σ/

d
y 

(n
b
)

H1 Preliminary

Resol. IP • 1/3

2-Gluon

SCI • 1/2

2 GeV2 < Q2 < 100 GeV20:05 < y < 0:7 pT (D�) > 2 GeVj�(D�)j < 1:5 xIP < 0:04MY < 1:6 GeVjtj < 1GeV2S. Hengstmann, DIS99 Zeuthen, 20/04/99 12� Shape of distributions agree well with resolved IP model.� 2-gluon model (q �q) fails in high pT , high xIP (MX) range�! need q �qg states !� Resolved IP and SCI models fail in normalization (factor 2-3 !)� Parton densities from FD(3)2 do not describe open charm=) in contrast to other H1 measurements !� Disagreement between H1 and ZEUS results !� large uncertainties of g densities in IP ?breaking of factorization ?{ Typeset by FoilTEX { 28



Rapidity gap between jets in photoproduction
P

e
γ

q

q

∆η

FIG. 1. The generic \QCD pomeron" scattering process in photoproduction at HERA
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0
−4 +4

P remnant
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(a) (b)
FIG. 2. The underlying hard scattering process at parton level (a) and its signature at detector level (b). Parton `a' is fromthe incoming photon and parton `b' from the proton.

4
� Phase space is restricted to the region where QCD is applicable(square of the four momentum transfer jtj is large)� Elastic parton{parton scattering is calculated with LLA of BFKL(Mueller & Tang)d�̂dt = (�sCF )42�3t2 e2w0Y(7�SNc�(3)Y )3; w0 = Nc 4 ln 2�s�� `Gap fraction'{f(��){ proportion of events containing high Ptjets for which there is a gap in rapidity between the jets as afunction of the jet-jet separation ��.� For colour non-singlet exchange: exponential fall-o� withincreasing ��=)At su�cienly large ��, a colour singlet exchange willdominate.
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2 2.5 3 3.5 4FIG. 3. The corrected gap fraction f(��). H1 1996 data (a) are solid points. The inner error bars show the statistical errorsand the outer error bars show the sum in quadrature of the statistical and systematic errors. The prediction of the HERWIGsimulation without a colour singlet exchange component is shown, together with statistical errors, as the open points. ZEUS1994 data (b) are solid points, compared with a �t of an exponential plus a constant (dashed and solid lines)
(ZEUS, Phys.Lett. B369 (1996) 55)Q2 < 4 GeV 2135 < W < 280 GeVEjetT > 5 GeV�jet < 2:5

� Di-jet photoproduction events contain an excess of events withrapidity gap between two jets over the expectations of colourexchange processes at the level of f(��) = 0:11 � 0:02+0:01�0:02.� In p�p collisions at Tevatron f(��) ' 0:01=) di�erence in rapidity gap survival probability at 
p and p�p.� Disadvantage of the \rapidity gap between jet" method:the accessible gap size is limited by detector acceptance

{ Typeset by FoilTEX { 30



A new approach: study inclusive 
p! XY doubledissociative process at high jtj.
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p + BFKL LLA, !0 = 0:45
165 < W < 233 GeVjtj > 20 GeV2yIP < 0:018Q2 < 0:01 GeV 2

� Good agreement between data and Monte-Carlo (
p+ BFKLLLA) in shape and normalization for value of parameterw0 = 0:45.{ Typeset by FoilTEX { 31



SummaryThe di�erent hadronic �nal state observables have been studied indi�ractive ep interactions at HERA.� Measurements of event shape evolution with MX, the energy
ow, charged particle multiplicities are in general consistentlydescribed by resolved IP model with gluon dominated partondensities evolving with DGLAP.�! Same model gives consistent description of hadronic �nalstate and inclusive FD2 (3) measurements.� Several 2-gluon models exist, free parameters can be tuned todescribe H1 and ZEUS data. �! need q �q + q �qg states !� The `rapidity gap survival probability' for resolved 
pinteractions at HERA is larger that for p�p interactions atTevatron.� For production of D�, the shapes of distributions are wellreproduced by models, but�! H1 sees discrepancy to results of other hadronic �nal statesand to ZEUS results:breaking of factorization ? �! need understanding.Luminosty upgrade at HERA will allow precise measurement ofopen charm in di�ractive DIS.� An excess of events with a large rapidity gap between jets isobserved over the expectations of colour exchange processes.� The double dissociation photoproduction cross-section ismeasured at large jtj and is in agreement with the model basedon the exchange of a strongly interacting colour singlet object.
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