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RAPIDITY GAPS BETWEEN JETS AT H1�Matthew Be
kinghamFor the H1 CollaborationDept. Physi
s and Astronomy, University of Man
hesterMan
hester M13 9PL, UK(Re
eived September 9, 2002)Dijet events in photoprodu
tion with a large rapidity separation be-tween the two highest ET jets have been measured using the H1 dete
torat HERA. Rapidity gap events are de�ned as events where the sum of thetransverse energy with a rapidity between the two highest ET jet axes,EgapT , is less than E
utT for E
utT = 0:5; 1:0; 1:5; 2:0GeV. An ex
ess is seenover predi
tions from standard photoprodu
tion models for small values ofE
utT . The gap fra
tion, de�ned as the ratio of dijet events with a rapid-ity gap to the in
lusive dijet 
ross se
tion, is plotted di�erentially in therapidity separation of the dijets, ��, and the fra
tion of the photon andproton momentum parti
ipating in the produ
tion of the dijets, xjets
 andxjetsp , respe
tively. Comparisons are made to models 
ontaining a 
oloursinglet ex
hange.PACS numbers: 13.60.�r, 13.87.Ce1. Introdu
tionA 
lass of events, 
hara
terised by a large rapidity gap in the hadroni
�nal state and a large momentum transfer a
ross the gap, have been observedat the Tevatron [1,2℄ and HERA [3℄. These events are 
lassi�ed by two highET jets in the hadroni
 �nal state, separated by a large rapidity intervalwith little or no energy �ow between the two jets. The large momentumtransfer between the in
ident partons provides a hard s
ale to allow theex
hange to be interpreted within perturbative QCD. However, spe
tatorpartons to the hard s
atter may intera
t to destroy the gap between thetwo jets, forming a potentially large non-perturbative 
orre
tion to the 
rossse
tion 
al
ulation. This problem 
an be avoided by de�ning rapidity gapevents in terms of the energy �ow in the pseudorapidity region between� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3445)



3446 M. Be
kinghamthe two jets, EgapT , su
h that EgapT � �QCD. A perturbative 
al
ulation ofthe 
ross se
tion is then possible [4℄. Alternatively the whole intera
tion
an by modelled using purely non-perturbative models su
h as the ColourEvaporation Model [5℄.2. Event sele
tion and kinemati
 re
onstru
tionThis analysis is based on an integrated luminosity of 6.6 pb�1 of data
olle
ted in the 1996 running period by the H1 dete
tor [6℄, from 
ollisionsof 27.6 GeV positrons with 820 GeV protons at HERA. Photoprodu
tionevents were sele
ted with Q2 < 0:01 GeV2 and photon-proton 
entre ofmass 165 < W < 233 GeV by dete
ting the s
attered ele
tron in a low angletagger downstream of the intera
tion.The in
lusive kt jet algorithm [7℄ was applied to the hadroni
 �nal state,using the 
ovariant pT s
heme. Within this s
heme all �nal state obje
tsare merged into massless jets whi
h are ordered in pt. The in
lusive eventsample was sele
ted by requiring two or more jets, with the two highestET jets having transverse energy Ejet;1T > 6:0 GeV and Ejet;2T > 5:0 GeV.Additionally their rapidities were sele
ted in the range �jet;1; �jet;2 < 2:65,with 2:5 < �� � j�jet;1 � �jet;2j < 4:0.The total transverse energy between the two highest ET jets, EgapT ,is de�ned as the sum of the transverse energy of all jets whose rapiditylies between those of the two leading jets, i.e. EgapT = Pi>2Ejet;iT , where�jetforward > �jet;i > �jetba
kward.Two further kinemati
 variables, xjets
 and xjetsp , are de�ned as the fra
-tional momentum of the in
ident photon and proton parti
ipating in theprodu
tion of the two highest ET jets, respe
tively.3. Results and model 
omparisonsThe PYTHIA 5.7 [8℄ and HERWIG 6.1 [9℄ Monte Carlo generators wereused to 
orre
t the data for dete
tor e�e
ts and for model 
omparisons. TheHERWIG generator in
ludes the BFKL LLA 
olour singlet ex
hange 
rossse
tion for elasti
 s
attering of two partons, as 
al
ulated by Mueller andTang [10℄. In the LLA �s is a free parameter and was 
hosen to be 0.18. NoBFKL ex
hange has been in
luded in PYTHIA, so to model 
olour singletex
hange the ex
hange of a high-t photon, s
aled by a fa
tor of 1200, was
onsidered. This should not be a 
andidate for the 
olour singlet ex
hange,as it is not a strongly intera
ting pro
ess, but it does allow the sensitivityof the data to the underlying pro
ess to be tested. Spe
i�
ally, photons
ouple only to quarks, whereas gluoni
 obje
ts su
h as the BFKL pomeron
onsidered here 
ouple preferentially to gluons.



Rapidity Gaps Between Jets at H1 3447PYTHIA was used with a transverse momentum 
ut of PmpT = 1:5 GeVon multiple intera
tions. HERWIG was used with JIMMY [11℄ to simulatemultiple intera
tions with the value PmpT = 1:8 GeV.
d

σ/
d

E
T

g
ap

 (
n

b
/G

eV
)

H1 data PYTHIA

HERWIG

Correlated error

ET
gap (GeV)

0

0.05

0.1

0.15

0.2

0.25

0.3

2 4 6 8 10

0

0.05

0.1

0.15

0.2

0.25

0.3

2 4 6 8 10Fig. 1. Dijet 
ross se
tion di�erentially in EgapT 
ompared to HERWIG andPYTHIA predi
tions without a 
olour singlet 
omponent.Figure 1 shows the positron-proton in
lusive 
ross se
tion di�erentiallyin EgapT with the 
uts spe
i�ed previously. The inner error bars show the sta-tisti
al error and the outer error bars show the statisti
al and un
orrelatederrors added in quadrature. The predi
tions from HERWIG and PYTHIAare without the additional 
olour singlet ex
hange models. There is a 
learex
ess in the data for EgapT < 0:5 GeV, where the 
olour singlet ex
hangeevents are expe
ted to lie. To examine this ex
ess more 
losely the gap fra
-tion, de�ned as the ratio of dijet events with EgapT < E
utT to the in
lusivedijet 
ross se
tion, was 
onsidered for E
utT = 0:5; 1:0; 1:5; 2:0 GeV. By usingthis quantity the majority of systemati
 errors 
an
el. Figure 2(a) shows thegap fra
tion di�erentially in �� 
ompared to HERWIG and PYTHIA pre-di
tions without 
olour singlet ex
hange. A 
lear ex
ess over the PYTHIApredi
tion 
an be seen up to the highest EgapT value and in
reases with ��.The data, however, are either �at or rising indi
ating a 
olour singlet ex-
hange 
omponent. The HERWIG predi
tion is �atter, but still does notdes
ribe the data. The di�eren
e between the two generators is due to thehadronisation models used. PYTHIA uses the JETSET [8℄ model whereasHERWIG uses the 
luster fragmentation model [9℄. At the level of partonshowering both generators show an exponential fall of the gap fra
tion within
reasing ��. This is expe
ted in events without a 
olour singlet ex
hangeif the assumption is made that multipli
ity �u
tuations in the hadroni
 �nalstate obey Poisson statisti
s.
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tion di�erentially in �� 
ompared with predi
tions without a
olour singlet 
omponent, for varying E
utT . (b) Gap fra
tion for E
utT < 1:0 GeV
ompared to two di�erent 
olour singlet ex
hange predi
tions (see text).Figure 2(b) shows the gap fra
tion di�erentially in�� 
ompared to HER-WIG and PYTHIA predi
tions with 
olour singlet ex
hange 
ontributionsin
luded for EgapT < 1:0 GeV. The BFKL 
ontribution in the HERWIGpredi
tion was not s
aled to �t the data, but has the normalisation set bythe 
hoi
e of �s = 0:18. The PYTHIA high-t photon sample has been s
aledby a fa
tor of 1200. Both models are 
onsistent with the data.Figure 3(a) shows the gap fra
tion di�erentially in xjets
 
ompared toHERWIG and PYTHIA predi
tions with 
olour singlet ex
hange for EgapT <1:0 GeV. Both models des
ribe the data for xjets
 < 0:75, but the predi
tionis too high for large xjets
 . The rise in gap fra
tion for large values of xjets
 isreprodu
ed by both generators. This is due to, in leading order QCD, dire
tphotoprodu
tion events (high xjets
 ) having quark propogators between theoutgoing partons parti
ipating in the hard s
atter, whereas resolved events(low xjets
 ) mainly have gluon propogators. Quark propogators lead to alower probability of radiation into the rapidity region between the jets thangluon propogators, therefore the gap fra
tion in
reases at high values of xjets
 .Figure 3(b) shows the gap fra
tion di�erentially in xjetsp 
ompared toHERWIG and PYTHIA predi
tions with 
olour singlet ex
hange for EgapT <1:0 GeV. The predi
tions of both models are 
onsistent with the data.
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tion di�erentially in (a) xjets
 and (b) xjetsp for E
utT < 1:0 GeV
ompared to two di�erent 
olour singlet ex
hange predi
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