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F.-P.Schilling Di�raction at HERAContents� Introduction: Di�raction at HERA� Inclusive di�raction (FD2 ) and models� Hadronic �nal state(Energy 
ow, Event shapes, Dijets, Charm)� Leading baryons� Summary
Low-x 99, Tel Aviv, 15-18/06/99 2



F.-P.Schilling Di�raction at HERADi�raction at HERAAt HERA, di�ractive 
(�)p interactions can be studied:
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F.-P.Schilling Di�raction at HERAColour singlet exchange processes in 
�pinteractions
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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:
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IP= xFD(3)2 (xIP ; �;Q2) / fIP=p(xIP) � F IP2 (�;Q2)Low-x 99, Tel Aviv, 15-18/06/99 5



F.-P.Schilling Di�raction at HERARegge parametrization of FD(3)2Parametrize long-distance physics at p vertex using Reggephenomenology:fIP=p(xIP ) = Z tmin(xIP )�1 GeV 2 � 1xIP�2�IP (t)�1 ebIP t dtwith �IP (t) = �IP (0) + �0IP tFD(3)2 (H1 1994): xIP dependence varies with �
H1 1994 Data
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F.-P.Schilling Di�raction at HERAThe Pomeron intercept �IP (0)Result from the H1 Regge �t:� �IP(0) = 1:203� 0:020� 0:013� 0:035higher than in soft hadron-hadron physics (�softIP = 1:08)� �IR(0) = 0:50� 0:11� 0:11� 0:10consistent with f; !; �; etc. exchange! Di�ractive DIS at HERA dominated by IP exchange!Comparision of H1 and ZEUS:�IP : averaged over t
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F.-P.Schilling Di�raction at HERAThe Pomeron intercept at very low Q2
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F.-P.Schilling Di�raction at HERAMeasurement of the t dependence� t can only be measured if outgoing proton is tagged directly!� Fit to d�dt / ebtZEUS 1995 Preliminary (LPS)
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F.-P.Schilling Di�raction at HERAQCD Analysis of FD(3)2 (H1)H1 observes scaling violations:
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F.-P.Schilling Di�raction at HERAQCD Analysis of FD(3)2 (H1)
H1 1994

(a)  Q2=4.5 GeV2 Gluon, fit 3
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Light Quarks, fit 2
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F.-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 12



F.-P.Schilling Di�raction at HERAFD(3)2 H1 and LEPTO 6.5
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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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F.-P.Schilling Di�raction at HERAFD(3)2 ZEUS 1994 / 2 gluon modelsNZ: Nikolaev, ZakharovBPR: Bialas, Peschanski (incl. IR)BEKW: Bartels, Ellis, Kowalski, W�ustho�
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F.-P.Schilling Di�raction at HERA� dependence in BEKW model
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F.-P.Schilling Di�raction at HERADi�ractive Final StatesMotivation:� Hadronic �nal state observables sensitive to QCD structureof di�raction� Resolved IP model: distinguish q / g dominated IP� 2-gluon models: decomposition into qq, qqgStudies made in 
�IP - CMS (rest frame of X):
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F.-P.Schilling Di�raction at HERAEnergy Flow (H1)IP ( ) 
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F.-P.Schilling Di�raction at HERAEvent Shapes: Thrust and SphericityObservables:� Thrust de�nition: T = max Pi jn�pijPi jpij� Sphericity de�nition: S = 3=2(�2 + �3),where the �k are eigenvalues of the Sphericity tensorS�� = Pi p�i p�iPi jpij2 . T ! 12 S ! 1T ! 34 S ! 12T ! 1 S ! 0Measurements:� H1 1994 Data: xIP < 0:05,10 < Q2 < 100 GeV 2; 4 < MX < 36 GeV� ZEUS 1997 LPS Data: 0:0003 < xIP < 0:03,4 < Q2 < 90 GeV 2; 4 < MX < 35 GeVLow-x 99, Tel Aviv, 15-18/06/99 19



F.-P.Schilling Di�raction at HERAThrust (H1 94) MX !1;1=MX ! 0:hadronisation cor-rections negligibleincreases withMX
lower than ine+e�:! higher partonmultiplicities moreimportant, e.g.qqgMEPS o.k!CDM fails!Low-x 99, Tel Aviv, 15-18/06/99 20



F.-P.Schilling Di�raction at HERAThrust/Sphericity (ZEUS 97 LPS)
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F.-P.Schilling Di�raction at HERADi�r. Jet and Charm Production: ModelsMotivation for Jets, Charm: Large sensitivity to gluons!
}
}
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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 22



F.-P.Schilling Di�raction at HERADi�ractive Dijets (H1 1994)
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F.-P.Schilling Di�raction at HERADependence on fractional momentum from IP
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F.-P.Schilling Di�raction at HERADijets in 
p (ZEUS 94)
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F.-P.Schilling Di�raction at HERACharm production: ep! e(D�X)YH1 data (95-97): D� ! K�� L = 21 pb�1
H1 Preliminary 1995-1997
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F.-P.Schilling Di�raction at HERAD� ! K�� cross sections (H1)
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F.-P.Schilling Di�raction at HERAD� ! K�� cross sections (ZEUS)
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F.-P.Schilling Di�raction at HERALeading Baryon ProductionIntroduction:� H1 and ZEUS use forward detectors:Proton spectrometers and Neutron calorimeterslocated 60 : : : 110 m downstream the IP� forward p0s and n0s measured over wide energy rangeKinematics:
p (p) p',n (p')

 π,IR,IP

  X
γ (q)

e (k) e' (k')

xLpTxIPt
p; n long. momentum:xL (ZEUS) = z (H1)xL = 1� xIP(if exclusive p; n)xL � E0=Ep;n trans. momentum:pTQuestions:� Description of p fragmentation region by 'standard models'� Applicability of Regge models to soft physics at p vertex atlarge xIP� Probe sub-leading exchanges (e.g. �) at large xIPLow-x 99, Tel Aviv, 15-18/06/99 29



F.-P.Schilling Di�raction at HERADetector acceptances: H1 ZEUSLeading p pT < 0:2 GeV pT < 0:5 GeV0:7 < xL < 0:9 0:6 < xL < 1:0Leading n pT < 0:2 GeV � < 0:8 mrad0:2 < xL < 1:0 0:6 < xL < 1:0xL distribution (ZEUS)
ZEUS PRELIMINARY 1995
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Frac. of DIS eventswith leadingbaryon1NDIS dNLBdxL0:11 < Q2 < 0:653 < Q2 < 254(GeV 2)� di�ractive peak at xL � 1� If pure � exch., exp. NLP = 12NLN But: NLP � NLN !� Ariadne Colour Dipole Model (CDM) fails to describe data!Low-x 99, Tel Aviv, 15-18/06/99 30



F.-P.Schilling Di�raction at HERARegge model of baryon productionFLB(3)2 (z; �;Q2) = Xi=�;IP;IR fi=p(z) � F i2(�;Q2)� Protons: add contributions from �0; IP; IRIR = f2 (neglect other secondary reggeons)� Neutrons: only �+ exchange contributes(shown by the data)� Flux factors: fi=p(z) from Hadron-Hadron data:f�=p(z; t) = C g2�Np16�2 (1�z)1�2�0�t jtj(m2��t)2 exp �2R2�(t�m2�)�withC = 2=3 for n's, C = 1=3 for p's.fIP=p(z; t) = 54:4 GeV�28�2 (1� z)1�2�IP (t) exp �2R2IP t�fIR=p(z; t) = 390 GeV�28�2 (1� z)1�2�IR(t) exp �2R2IRt�with�IP(t) = 1:08 + 0:25 GeV �2t, R2IP = 1:9 GeV �2�IR(t) = 0:50 + 0:90 GeV �2t, R2IR = 2:0 GeV �2� Structure functions:large xIP ! low �: F �2 ; F IP2 ; F IR2 not much constrained.F �2 = F �2 (GRV )F IR2 = F �2F IP2 = (0:026=0:12) � F �2 (c.f. Szczurek et al.)Low-x 99, Tel Aviv, 15-18/06/99 31



F.-P.Schilling Di�raction at HERASemi-inclusive structure functions (H1)2 < Q2 < 50 GeV 20:00006 < x < 0:006pT < 0:2 GeV
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at ! sum of IP + IR + : : :d�(ep!e(p;n)Xdx dQ2 dz = 4��2xQ4 �1� y + y22 � FLB(3)2 (x;Q2; z)Low-x 99, Tel Aviv, 15-18/06/99 32



F.-P.Schilling Di�raction at HERAConstraint on F�2 (H1)IfFLN(3)2 (z; �;Q2) = f�=p(z) � F �2 (�;Q2)and�� = Rt f�=p(z = 0:7; t) dtthenFLN(3)2 (z=0:7;�;Q2)�� = F�2 (�;Q2)
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F.-P.Schilling Di�raction at HERARatios LB / all DIS (ZEUS)
ZEUS PRELIMINARY 1995 FLP2FDIS2
at in x, Q2in ranges4:5 < Q2 < 100 GeV 20:0002 < x < 0:04
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at in Q2in ranges0:1 < Q2 < 0; 7 and7 < Q2 < 1000 GeV 2! same x behaviour, Q2 scaling as F2(x;Q2)! LB production factorising from hard interaction(in Regge or Fragmentation picture)Low-x 99, Tel Aviv, 15-18/06/99 34



F.-P.Schilling Di�raction at HERASummary� At HERA, the QCD dynamics of di�ractive scattering canbe studied� - �IP(0) in DIS higher than for soft IP ,now: transition region (very low Q2) accessible!- t slope compatible with hadron-hadron scattering� - Resolved IP model (Ingelman, Schlein) with gluon domi-nated (80 � 90%) parton densities evolving with DGLAPdescribes H1 data for inclusive di�r. DIS and several hadro-nic �nal state observables (Energy 
ow, Jets, etc.)- New results on di�ractive charm production!! H1 sees discrepancy to other hadr. �nal states, but alsodisagrees with ZEUS! More work to be done!� - Soft Colour Interaction (SCI) model: some problems,esp. at low Q2- Several 2-gluon models on the market, free parameterscan be tuned to describe H1 and ZEUS data;! clear need for qq + qqg states!� Leading baryons:- Clean sample of di�ractive events (w.o. LRG etc.)- Neutrons: saturated by pion exchange! extraction of F �2 at x < 0:02!-Protons: described by sum of IP + IR + �-exchangeLow-x 99, Tel Aviv, 15-18/06/99 35


