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F.-P.S
hilling Di�ra
tive Dijet and 3-Jet Ele
troprodu
tion at HERAMotivation� Unique possibility at HERA to probe stru
ture of di�ra
tiveex
hange with a 
� (DIS o� \IP ", i.e. 
olourless ex
h.)� Chan
e of illuminating underlying QCD dynami
s
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IPRapidity GapQuestions:� Just ordinary DIS plus add. 
olour neutralisation?� Whi
h part of �Diff attributable to pQCD and need notbe absorbed into di�ra
tive or \Pomeron" PDF's?� Need something like a \Pomeron" parti
le?DIS 2000, Liverpool, 27/04/2000 2
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hilling Di�ra
tive Dijet and 3-Jet Ele
troprodu
tion at HERAKinemati
sViewed in terms of a resolved (i.e. partoni
) \Pomeron" model:
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�Q2,y JetJet \Remnant" Gap
Q2, yxIP � Q2+M2X�tQ2+W 2�M2pzIP � Q2+M212Q2+M2Xjtj

! DIS variables! longit. momentum fra
tion of
olourless ex
hange w.r.t. p! momentum fra
tion of ex
hange
oupling to 
�! (momentum transfer)2 at pvertexDIS 2000, Liverpool, 27/04/2000 3
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tive Dijet and 3-Jet Ele
troprodu
tion at HERAData Sele
tion
Run 163023  Event 90665  Class: 3 4 11 15 16 17 18 20 27 Date 29/07/1999

H1 Eve nt Di s pl ay 1. 17/ 04
DSN=[ h1ds t . h1] CDST2_96_LYON. I NDEX

E= -27.6 x 821.5 GeV   B=11.6 kG

AST (DMIS) =        0        0        0     221B
RST (DMIS) =    28100     4000    20300     22DB
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H1 Event Di s pl ay 1 . 17/ 04
DSN=[ h1ds t . h1] CDST2_96_LYON. I NDEX

E= -27.6 x 821.5 GeV   B=11.6 kG

AST (DMIS) =        0        0        0     221B
RST (DMIS) =    28100     4000    20300     22DB

=)e+(27.5 GeV) (=p(820 GeV)
\forward" \ba
kward"z > 0 z < 0

!!!!!!!!!!!!!!!!!!!!�max Jet 2
Jet 1 e0 � �

DIS: 4 < Q2 < 80 GeV2; 0:1 < y < 0:7Identi�ed s
attered positron in \ba
kward" CalorimeterDi�ra
tive: xIP < 0:05; MY ; jtj small\Rapidity gap" sele
tion: no hadr. a
tivity in \forward"(outgoing p) region (3:2 < � < 7:5)Jets: pT > 4 GeVCDF Cone algorithm (R = 1:0) in 
�p-CMSLint = 17:9 pb�1 N2�Jet � 2:500 N3�Jet � 130DIS 2000, Liverpool, 27/04/2000 4
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hilling Di�ra
tive Dijet and 3-Jet Ele
troprodu
tion at HERACross Se
tion MeasurementModel indep. de�nition of di�ra
tion on hadron level:
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De�nition of hadron level 
ross se
tion:4 < Q2 < 80 GeV 20:1 < y < 0:7xIP < 0:05MY < 1:6 GeVjtj < 1:0 GeV 2Njets � 2 or Njets = 3p�T;jet > 4 GeV�3 < ��jet < 0� Main sour
es of systemati
 error: Hadroni
 energy s
alesand model dependen
ies of 
orre
tionsDIS 2000, Liverpool, 27/04/2000 5
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hilling Di�ra
tive Dijet and 3-Jet Ele
troprodu
tion at HERAH1 QCD �ts to in
lusive FD(3)2� Regge Fa
torisation:� � fIP=p(xIP ; t) F IP2 (z; �2) jM j2 (+subl: ex
h:)Partoni
 \Pomeron":F IP2 =Pi e2i qi=IP (z; �2)! fq=IP (z; �2)dire
t!! fg=IP (z; �2)indire
t (s
aling viol.)!
� Applying results of FD(3)2 QCD �ts to jets works very well!� � range very di�erent!DIS 2000, Liverpool, 27/04/2000 6
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hilling Di�ra
tive Dijet and 3-Jet Ele
troprodu
tion at HERAxIP zIP � Energy of Dijetstotal Energy(partoni
 IP : pi=pIP )
� xIP and zIP distributions well des
ribed(espe
ially if resolved 
� 
ontrib. is added)� Subl. ex
hange 
ontribution small

DIS 2000, Liverpool, 27/04/2000 7
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hilling Di�ra
tive Dijet and 3-Jet Ele
troprodu
tion at HERARegge Fa
torisation and S
ale Dependen
ezIP in xIP bins zIP in �2 = Q2 + p2T bins

� Data 
ompatible with Regge fa
t.:�(xIP ; zIP ) = fIP (xIP ) � pi=IP (zIP )� \fit 2" (
at gluon) agrees well with data;\fit 3" (peaked gluon) too high at high zIPDIS 2000, Liverpool, 27/04/2000 8
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hilling Di�ra
tive Dijet and 3-Jet Ele
troprodu
tion at HERASoft Colour Neutralisation� Soft Col. Intera
tions (SCI) (Edin, Ingelman, Rathsman)- original and improved version (\generalized area law")� Semi
lassi
al Model (Bu
hm�uller, Gehrmann, Hebe
ker)- p at rest: qq(g) s
atter o� superpos. of soft 
olour �elds- di�ra
tive PDF's from 
ombined �t to F2 and FD2

! SCI(old) and S
.M. roughly agree; too low by fa
tor 2! SCI(new) normalisation OK, shapes notDIS 2000, Liverpool, 27/04/2000 9
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hilling Di�ra
tive Dijet and 3-Jet Ele
troprodu
tion at HERA2-Gluon Ex
hange Modelsd� � � xIP gp(xIP ; �2)�2
γ * q

q
q

q
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g

�
p p

ggModels 
onfronted with data here:1. Saturation Model (Gole
-Biernat, W�ustho�)- Predi
t �diff after �t to F2(x;Q2)- strong kt ordering 
ondition: kt(g) < kt(q)2. Model of Bartels, Jung, W�ustho�- one free parameter (gp(x) � �xed): pT -
ut for all partons- NO kt ordering 
ondition!� avoid large xIP region(valen
e region; sub-leading (quark) ex
hange)=) xIP < 0:01DIS 2000, Liverpool, 27/04/2000 10
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troprodu
tion at HERA

PT in IP hemisphereNOT belonging to jets� Saturation model too low� Bartels et al. model- qq 
ontribution very small- roughly des
ribes data with p2t;(
ut) = 1:0 GeV2 !- p2t;(
ut) = 0:5 GeV2 already overshoots!DIS 2000, Liverpool, 27/04/2000 11
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hilling Di�ra
tive Dijet and 3-Jet Ele
troprodu
tion at HERA3-Jet produ
tion! ideal testing ground for qqg models!Drawba
ks:� Measurement statisti
ally limited(Nevt = 130 with 17:9 pb�1)� 3-Jets kinemati
ally imply large xIP values(all sele
ted events have xIP > 0:01)Mass of 3-Jet system z3 = Q2+M2123Q2+M2X
� Data above LO QCD (H1 �ts to FD(3)2 ) with di�erentapproa
hes for higher order approximations (MEPS, CDM)� Bartels et al. qqg small (high xIP?)DIS 2000, Liverpool, 27/04/2000 12
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hilling Di�ra
tive Dijet and 3-Jet Ele
troprodu
tion at HERACon
lusions� High statisti
s measurement of di�ra
tive DIS Dijets� �rst look at 3-Jet events\Resolved Pomeron" PDF's from �t to FD(3)2 (H1):� Very good des
ription of dijet data (esp. with resolved 
� )- Lends support for fa
torisation of di�ra
tive PDF's- Data 
ompatible with Regge fa
torisation- H1 \�t 2" (
at gluon) favoured w.r.t. \�t 3"Soft Colour Neutralisation:� Orig. SCI and Semi
lassi
al Model quite similar� All Models fail either in shape or normalisation!2 Gluon Ex
hange:� Condition of strong kt ordering (Saturation Model)underestimates 
ross se
tion� Bartels et al. 
al
ulation (no kT ordering) des
ribes roughlylow xIP data� Suppression of soft gluon radiation?! First time that pQCD predi
tion 
an des
ribe low-jtjdi�ra
ti
e disso
iation data!DIS 2000, Liverpool, 27/04/2000 13
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hilling Di�ra
tive Dijet and 3-Jet Ele
troprodu
tion at HERAResolved virtual Photons� Do resolved 
� play a role? (p2T > Q2 mostly here)x(obs)
 = P(E�Pz)JetsP(E�Pz)all Energy in 
� hemisphereNOT belonging to jets
! data favour 
ontribution of resolved 
� (MC: SaS-2D), aswas observed in in
lusive DIS dijets
DIS 2000, Liverpool, 27/04/2000 14


