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THE INTERNAL STRUCTURE OF JETS AT HERA*
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Measurements of the internal structure of jets in deep-inelastic scatter-
ing in terms of the jet shape and the mean subjet multiplicity are used to
determine . The data were taken with the ZEUS detector at the HERA
collider. From photoproduction dijet events and a sample of charm—quark
jets the jet shapes of quark and gluon jets have been statistically extracted
to study differences between these types of jets.

PACS numbers: 13.60.Le, 13.87.Ce, 13.87.Fh

1. Introduction

Jet production in eTp Deep Inelastic Scattering (DIS) and in photopro-
duction provides a rich testing ground for perturbative QCD. The internal
structure of jets gives insight into the transition from partons to hadrons.
Being largely independent of the hard scattering process, it is essentially
determined by the type of the primary parton. Gluon-jets are expected to
be broader than quark-jets due to the larger colour charge of the gluon.

Measurements of the jet substructure in Neutral Current (NC) DIS allow
a determination of ag. For such measurements the perturbative QCD calcu-
lations depend less strongly on the Parton Distribution Functions (PDFs) of
the proton. While jets in DIS are predominantly quark-initiated, the pho-
toproduction dijet sample contains both ¢- and g-jets. Tagging a D* meson
in the event enables one to identify charm—quark jets and to statistically
extract the substructure of g-jets.

In the following, results from measurements of the jet substructure in
terms of the integrated and the differential jet shape [1] and of the mean
subjet multiplicity [2], performed by the ZEUS experiment, are summarised
in [3].
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2. Definition of the observables

In the measurements presented, jets have been identified in the labo-
ratory frame applying the longitudinally invariant kr cluster algorithm [4].
The integrated jet shape (1(r)) is defined as the average fraction of the trans-
verse energy Er(r)/E1 associated with the jet, that lies inside a cone of
radius r = \/(An)2 + (A¢)? in the n — ¢ plane, concentric with the jet axis,
where ¢ is the azimuthal angle and 7 = —Intan /2 is the pseudo-rapidity.
The derivative of (1)(r)) with respect to the radius is the differential jet shape
p(r), representing the average fraction of transverse jet energy between two
cones of radius r and r + Ar, respectively

W) = 3 3 ) por) =5

- N Elet 7 dr
Jets Jets T

A variable related to the cluster definition of jets is the mean subjet mul-
tiplicity, (ngpj). The kr cluster algorithm is reapplied to all particles as-
sociated with the jet, until for every pair of particles 4, j the distance d; ;
exceeds a given cut-off value dcyy:

dij = min {3, B3} (An® + A¢?) > dews = Yeus (E%et)g ‘

The value of dgyt is determined by the resolution parameter y.,; and the
jet tranverse energy E;}et. All clusters remaining after this procedure are
subjets. The mean subjet multiplicity, (nspj), averaged over all jets in the
sample, decreases as y.,t increases, indicating that less substructure can be
resolved, until for a very large value only one subjet is found.

3. Determination of as from the jet substructure in NC DIS

In DIS at Q? > 200 GeV?, the mean subjet multiplicity (ngy;) at a fixed
value of 4.yt = 1072 has been measured as a function of the jet’s pseudo-
rapidity 7je; and of its transverse energy EJ¢* as shown in Fig. 1. The
data are well described by Monte Carlo (MC) simulations. The mean subjet
multiplicity exhibits no significant dependence on 7je; and decreases as E%et
increases. Results from NC and charged current (CC) DIS are very similar.
As both samples are dominated by quark induced jets, this suggests that the
internal jet structure is largely independent of the hard scattering process.

In Fig. 1(c) NC measurements of (ngyj) at yeur = 1072 as a function
of E%et are compared to next-to-leading order QCD calculations obtained
from the program DISENT [5] with hadronisation effects estimated using
the Ariadne MC. The NLO predictions are plotted for three different values
of ag, illustrating the sensitivity of the measurement.
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Fig. 1. (a) (nspj) in CC as function of 7., (b) in NC and CC as function of EJ€t,
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To determine «, (nsbj) at yeus = 1072 has been used in the region
E’%et > 25 GeV, where parton-to-hadron corrections are below 15%. NLO
calculations have been performed for the “A” series of CTEQ4 [6], comprising
five sets of PDFs. The same value of ag has been used in both the partonic
cross section calculation and in the PDFs. Each E'%et bin yields a separate
as value. The combined value from (ng;) at Q2 > 125 GeV?, which was
determined from a x? fit to all EJ bins, is

as(Mz) = 0.1185 £ 0.0016 (stat.) 39557 (exp.) 190057 (th.) ,

consistent with other recent determinations of the strong coupling by ZEUS
[7] and with the current world average ag(Mz) = 0.1181 £ 0.0020.

4. Jet substructure in photoproduction

For a sample of photoproduction dijet events, jet shapes have been mea-
sured as a function of the radius, r, Fig. 2(a), 2(b). They are well described
by the PYTHIA MC. The predictions for pure samples of quark- and gluon-
jets show that gluon jets are expected to be broader than quark jets. The
data lie between the predictions for pure g- and g-jet samples, since the
photoproduction sample contains a mixture of these two types of jets.

By using a subset of the dijet photoproduction sample with a recon-
structed D*, it is possible to study quark-jets. The D* mesons were recon-
structed from their decay products:

Dt — D'+ 71 — (K™ +7%) +7d

and corresponding charge-conjugated decays. The jet closest to the D* in
azimuth has been associated with the charm meson. However, the properties
of that jet are strongly determined by the D* tagging, whereas the other jet,
the “untagged-charm jet”, represents a largely unbiased quark-jet candidate.

The integrated jet shape of the untagged-charm jet, shown in Fig. 2(c), is
well described by the PYTHIA prediction. The prediction for a pure sample
of charm jets is consistent with the measurement. By additionally requiring
xSBS = D ers(Bre ")/ (2yEe) > 0.75, Eft > 15GeV (direct enhanced
photoproduction), it is possible to obtain a cleaner sample of charm—quark
jets, cf. Fig. 2(d).

To statistically extract the substructure of g-jets, the full dijet photo-
production sample has again been used. Observables O, for this sample can
be written as a linear combination of variables O, and O, for pure samples
of ¢- and g-jets, respectively, with coefficients f;, f, giving the fractions of
g- and g-jets in the full dijet sample

Oa= [0+ f4Oq. (1)
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Fig.2. (a) integrated ((¢(r))) and (b) differential (p(r)) jet shapes in photopro-
duction dijet events. (c) (¥(r)) for untagged charm jets compared to PYTHIA.
(d) (¢(r)) for untagged charm jets in direct-enriched D*-tagged sample and for
statistically extracted gluon-jets in photoproduction (see text).

Oy is constrained by the direct-enriched D* tagged sample, f, and f, have
been estimated from MC models.

The resulting integrated jet shape, obtained from solving Eq. (1) for
Oy, is shown in Fig. 2(d), as well as the untagged-charm jet measurement.
The PYTHIA predictions for pure samples of gluon and charm jets provide

a good

description of the data.
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5. Conclusions

The internal structure of jets in DIS has been measured in terms of the
subjet multiplicity. Its dependence on transverse energy and pseudo-rapidity
is well reproduced by MC models and NLO QCD calculations. A value of
g has been extracted.

Jet shapes of dijets from photoproduction are described by the MC, lying
between pure ¢- and pure g-jet predictions. Using charm—quark initiated
jets, distributions of jet shapes for pure ¢- and g-jets have been statistically
extracted. The results are consistent with PYTHIA predictions.

REFERENCES

[1] S.D. Ellis, Z. Kunszt, D.E. Soper, Phys. Rev. Lett. 69, 3515 (1992).

[2] S. Catani et al., Nucl. Phys. B377, 445 (1992); Nucl. Phys. B383, 419 (1992);
M.H. Seymour, Nucl. Phys. B421, 545 (1994); Phys. Lett. B378, 279 (1996).

[3] Contributions to the EPS conference 2001, Budapest, Abstracts 640, 641, 646
and references therein.

[4] S. Catani et al., Nucl. Phys. B406, 187 (1993); S.D. Ellis, D.E. Soper,
Phys. Rev. D48, 3160 (1993).

[5] S. Catani, M.H. Seymour, Nucl. 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 conference 2001, Budapest, Abstract 637.



