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THE INTERNAL STRUCTURE OF JETS AT HERA�S. HillertOn behalf of the ZEUS CollaborationDeuts
hes Elektronen-Syn
hrotron DESY, Hamburg, Germany(Re
eived June 19, 2002)Measurements of the internal stru
ture of jets in deep-inelasti
 s
atter-ing in terms of the jet shape and the mean subjet multipli
ity are used todetermine �s. The data were taken with the ZEUS dete
tor at the HERA
ollider. From photoprodu
tion dijet events and a sample of 
harm�quarkjets the jet shapes of quark and gluon jets have been statisti
ally extra
tedto study di�eren
es between these types of jets.PACS numbers: 13.60.Le, 13.87.Ce, 13.87.Fh1. Introdu
tionJet produ
tion in e+p Deep Inelasti
 S
attering (DIS) and in photopro-du
tion provides a ri
h testing ground for perturbative QCD. The internalstru
ture of jets gives insight into the transition from partons to hadrons.Being largely independent of the hard s
attering pro
ess, it is essentiallydetermined by the type of the primary parton. Gluon-jets are expe
ted tobe broader than quark-jets due to the larger 
olour 
harge of the gluon.Measurements of the jet substru
ture in Neutral Current (NC) DIS allowa determination of �s. For su
h measurements the perturbative QCD 
al
u-lations depend less strongly on the Parton Distribution Fun
tions (PDFs) ofthe proton. While jets in DIS are predominantly quark-initiated, the pho-toprodu
tion dijet sample 
ontains both q- and g-jets. Tagging a D� mesonin the event enables one to identify 
harm�quark jets and to statisti
allyextra
t the substru
ture of g-jets.In the following, results from measurements of the jet substru
ture interms of the integrated and the di�erential jet shape [1℄ and of the meansubjet multipli
ity [2℄, performed by the ZEUS experiment, are summarisedin [3℄.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3159)



3160 S. Hillert2. De�nition of the observablesIn the measurements presented, jets have been identi�ed in the labo-ratory frame applying the longitudinally invariant kT 
luster algorithm [4℄.The integrated jet shape h (r)i is de�ned as the average fra
tion of the trans-verse energy ET(r)=EJetT asso
iated with the jet, that lies inside a 
one ofradius r =p(��)2 + (��)2 in the ��� plane, 
on
entri
 with the jet axis,where � is the azimuthal angle and � = � ln tan �=2 is the pseudo-rapidity.The derivative of h (r)i with respe
t to the radius is the di�erential jet shape�(r), representing the average fra
tion of transverse jet energy between two
ones of radius r and r +�r, respe
tivelyh (r)i = 1NJets XJets ET(r)EJetT ; �(r) = d dr :A variable related to the 
luster de�nition of jets is the mean subjet mul-tipli
ity, hnsbji. The kT 
luster algorithm is reapplied to all parti
les as-so
iated with the jet, until for every pair of parti
les i, j the distan
e di;jex
eeds a given 
ut-o� value d
ut:di;j � min�E2T;i; E2T;j	 ���2 +��2� > d
ut = y
ut �EJetT �2 :The value of d
ut is determined by the resolution parameter y
ut and thejet tranverse energy EJetT . All 
lusters remaining after this pro
edure aresubjets. The mean subjet multipli
ity, hnsbji, averaged over all jets in thesample, de
reases as y
ut in
reases, indi
ating that less substru
ture 
an beresolved, until for a very large value only one subjet is found.3. Determination of �s from the jet substru
ture in NC DISIn DIS at Q2 > 200GeV2, the mean subjet multipli
ity hnsbji at a �xedvalue of y
ut = 10�2 has been measured as a fun
tion of the jet's pseudo-rapidity �Jet and of its transverse energy EJetT as shown in Fig. 1. Thedata are well des
ribed by Monte Carlo (MC) simulations. The mean subjetmultipli
ity exhibits no signi�
ant dependen
e on �Jet and de
reases as EJetTin
reases. Results from NC and 
harged 
urrent (CC) DIS are very similar.As both samples are dominated by quark indu
ed jets, this suggests that theinternal jet stru
ture is largely independent of the hard s
attering pro
ess.In Fig. 1(
) NC measurements of hnsbji at y
ut = 10�2 as a fun
tionof EJetT are 
ompared to next-to-leading order QCD 
al
ulations obtainedfrom the program DISENT [5℄ with hadronisation e�e
ts estimated usingthe Ariadne MC. The NLO predi
tions are plotted for three di�erent valuesof �s, illustrating the sensitivity of the measurement.
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Fig. 1. (a) hnsbji in CC as fun
tion of �Jet, (b) in NC and CC as fun
tion of EJetT ,(
) hnsbji versus EJetT measured in NC 
ompared to NLO 
al
ulations.



3162 S. HillertTo determine �s, hnsbji at y
ut = 10�2 has been used in the regionEJetT > 25GeV, where parton-to-hadron 
orre
tions are below 15%. NLO
al
ulations have been performed for the �A� series of CTEQ4 [6℄, 
omprising�ve sets of PDFs. The same value of �s has been used in both the partoni

ross se
tion 
al
ulation and in the PDFs. Ea
h EJetT bin yields a separate�s value. The 
ombined value from hnsbji at Q2 > 125GeV2, whi
h wasdetermined from a �2 �t to all EJetT bins, is�s(MZ) = 0:1185 � 0:0016 (stat:) +0:0067�0:0048 (exp:) +0:0089�0:0071 (th:) ;
onsistent with other re
ent determinations of the strong 
oupling by ZEUS[7℄ and with the 
urrent world average �s(MZ) = 0:1181 � 0:0020.4. Jet substru
ture in photoprodu
tionFor a sample of photoprodu
tion dijet events, jet shapes have been mea-sured as a fun
tion of the radius, r, Fig. 2(a), 2(b). They are well des
ribedby the PYTHIA MC. The predi
tions for pure samples of quark- and gluon-jets show that gluon jets are expe
ted to be broader than quark jets. Thedata lie between the predi
tions for pure g- and q-jet samples, sin
e thephotoprodu
tion sample 
ontains a mixture of these two types of jets.By using a subset of the dijet photoprodu
tion sample with a re
on-stru
ted D�, it is possible to study quark-jets. The D� mesons were re
on-stru
ted from their de
ay produ
ts:D�+ �! D0 + �+S �! �K� + �+�+ �+Sand 
orresponding 
harge-
onjugated de
ays. The jet 
losest to the D� inazimuth has been asso
iated with the 
harm meson. However, the propertiesof that jet are strongly determined by the D� tagging, whereas the other jet,the �untagged-
harm jet�, represents a largely unbiased quark-jet 
andidate.The integrated jet shape of the untagged-
harm jet, shown in Fig. 2(
), iswell des
ribed by the PYTHIA predi
tion. The predi
tion for a pure sampleof 
harm jets is 
onsistent with the measurement. By additionally requiringxOBS
 � Pjets(ETe��)=(2yEe) > 0:75, EJetT > 15GeV (dire
t enhan
edphotoprodu
tion), it is possible to obtain a 
leaner sample of 
harm�quarkjets, 
f. Fig. 2(d).To statisti
ally extra
t the substru
ture of g-jets, the full dijet photo-produ
tion sample has again been used. Observables Od for this sample 
anbe written as a linear 
ombination of variables Oq and Og for pure samplesof q- and g-jets, respe
tively, with 
oe�
ients fq, fg giving the fra
tions ofq- and g-jets in the full dijet sampleOd = fqOq + fgOg : (1)
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(d)Fig. 2. (a) integrated (h (r)i) and (b) di�erential (�(r)) jet shapes in photopro-du
tion dijet events. (
) h (r)i for untagged 
harm jets 
ompared to PYTHIA.(d) h (r)i for untagged 
harm jets in dire
t-enri
hed D�-tagged sample and forstatisti
ally extra
ted gluon-jets in photoprodu
tion (see text).Oq is 
onstrained by the dire
t-enri
hed D� tagged sample, fq and fg havebeen estimated from MC models.The resulting integrated jet shape, obtained from solving Eq. (1) forOg, is shown in Fig. 2(d), as well as the untagged-
harm jet measurement.The PYTHIA predi
tions for pure samples of gluon and 
harm jets providea good des
ription of the data.



3164 S. Hillert5. Con
lusionsThe internal stru
ture of jets in DIS has been measured in terms of thesubjet multipli
ity. Its dependen
e on transverse energy and pseudo-rapidityis well reprodu
ed by MC models and NLO QCD 
al
ulations. A value of�s has been extra
ted.Jet shapes of dijets from photoprodu
tion are des
ribed by the MC, lyingbetween pure q- and pure g-jet predi
tions. Using 
harm�quark initiatedjets, distributions of jet shapes for pure q- and g-jets have been statisti
allyextra
ted. The results are 
onsistent with PYTHIA predi
tions.REFERENCES[1℄ S.D. Ellis, Z. Kunszt, D.E. Soper, Phys. Rev. Lett. 69, 3515 (1992).[2℄ S. Catani et al., Nu
l. Phys. B377, 445 (1992); Nu
l. Phys. B383, 419 (1992);M.H. Seymour, Nu
l. Phys. B421, 545 (1994); Phys. Lett. B378, 279 (1996).[3℄ Contributions to the EPS 
onferen
e 2001, Budapest, Abstra
ts 640, 641, 646and referen
es therein.[4℄ S. Catani et al., Nu
l. Phys. B406, 187 (1993); S.D. Ellis, D.E. Soper,Phys. Rev. D48, 3160 (1993).[5℄ S. Catani, M.H. Seymour, Nu
l. Phys. B485, 291 (1997); Erratum B510, 503(1997).[6℄ H.L. Lai et al., Phys. Rev. D55, 1280 (1997).[7℄ ZEUS Collaboration, J. Breitweg et al., Phys. Lett. B507, 70 (2001); Contri-bution to the EPS 
onferen
e 2001, Budapest, Abstra
t 637.


