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1. Introduction

In perturbative QCD, constituent partonspp collisions experience hard scatterings. Outgo-
ing scattered partons branch via soft quark and gluon radiation and dlyistey form showers.
This process is called fragmentation. The showers eventually hadromiseaa be observed ex-
perimentally as colourless hadrons inside jet cones. If during the stdgegaientation one of the
partons radiates a hard gluon, one can expect to see a three-jet event.

Through proper reconstruction of such events, a possibility emergdégdy the properties of
initial partons and the conditions they evolved in. Furthermore, through émgifidation of origi-
nal partons, one can examine fragmentation properties of quark antjgtsseparately. Three jet
events with the variety of processeg (— ggg, g — 999, qg — qqg and those related by crossing
symmetry) and topologies involved are suitable for thorough investigatiorntestithg of higher
order QCD.

At LHC, protons will collide at energies never reached before and thpesning doors to new
physics and further scrutiny of our present knowledge. In thesmpdings we present preliminary
results on topological studies of three-jet eventpmcollisions at\/s = 14 TeV and discuss a
probabilistic approach to determine quark and gluon jet candidates.

2. Quark and gluon jet differences

Differences between quark and gluon initiated jets stem from the partdasedif colour fac-
tors, sometimes referred to as colour charges. Gluon carries coldooir @c= 3 and quark carries

colour factor G = 4/3, hence: c o
A
C 4 (2.1)
The colour factors are proportional to the probability that a parton reedatoft gluon. Colour
factor of a gluon is 94 times bigger than the one of a quark in asymptotic limiQ3f— co. This
means, that gluons branch more easily and form higher multiplicity jets. Asseqaence of the
higher multiplicity, gluon jets are expected to be broader with softer fragmentatiction than

quark jets. All these differences can be expressed in ter@g 3 ratio (Eq.[2.11) [L[R].

Quark and gluon jet properties were previously studied by many collabosan various col-
liding systemsgep, e"e~ and pp. Most of the studies were conducted at LER~ collider, for
example see Refd][f, 4]. The source of gluon jets in these experimergZve> qq decays in
which a hard gluon was radiated by either quark or anti-quark. To idegitifyns in such events, the
method ofb-tagging was widely used in two and three fold symmetry events; "Y" and ¢&thas"
types respectively. The OPAL collaboration also performed a study withdigdutks [5].

In e"e~ collisions, as mentioned above, the only source of gluon jets are specésdfpvents.
Hadron collisions, on the other hand, involve a wider range of jet ptamtuprocesses (see Tdp. 2)
and as such, provide a rich source of gluon jets. Studies conducteBBwal DG collaborations
[B, [1, in pp collisions at,/s = 1.8 TeV, examined quark and gluon jet properties in di-jet events.
Gluon jet candidates were chosen on statistical basis and compared kgejsdromy — g and
Z—qevents.



Quark and Gluon Jetsin Three - Jet Events Saha Pochybova

Experimental data collected in previous years, eg. by LEP and Tevabitabarations, in-
deed show different multiplicities and fragmentation properties of quarkgamah initiated jets.
Nevertheless, as the energy scales achieved were below the asymptoticdantitatively these
differences did not reach the predictions given by the colour factiar (&q.[2.1). Study of quark
and gluon jets in three jet events at LHC represents a further step iringdahk expected values
as well as probing them at higher orders.

3. Analysis

3.1 Topology of three-jet events

The topology of a final three parton system in hadron collisions can lided using eight
variables. All of these are calculated in the rest frame of the final state gfareon system. In-
coming partons are labelled 1 and 2 with energiesaid E respectively (£ > Ez). Outgoing
partons are labelled 3, 4 and 5 with energigsiz and & (E3 > E4 > Es), where parton 3 is also
referred to as the leading parton. The partons are associated with momestiorsp;, i = 1,..5.
Topological variables can be defined as follofg]8, 9]:

e Cosine of the angle between the beam and the leading parton:
P1.P3

cosf = ———.
| P1l| P3|

(3.1)

e Cosine of the angle between plane containing the leading parton 3 and th@&nggoarton
1, and the plane containing partons 4 and 5:

(P1x P3) . (Pa < ﬁs)'
|P1 X P3|.| Pa < Ps|

cosy = (3.2)

e Fractions of energies carried by each of the final state partons, cadi€ditiz variables:

72'5, i = 3,4,5. (3.3)
YiEi

e Fractions of energies carried by a pair of partons depending on thengpangle between
them, so calledcal ed masses;

X =

mj
ij=—= =1/%Xj(1—coswj)/2, 3.4
thi =g = /% (1~ cosuay)/ (3.4)
where; (i, j = 3,4,5) are the invariant masses of final state parton pais(i, j = 3,4,5)
are the angles between partons, af&lis the invariant mass of the final state three parton

system.

The two angles (Ed. 3.1 arjd B.2) determine the relative position of the finainpsystem with
respect to the incoming partons (Hip. 1, panel (b)). The energy frectteq[3. anfl 3.4), together
with angles between partons, provide information on the event shapdl(Fignel (a)). Experi-
mentally, these variables are calculated for jets found by jet-finding algoritas study is not
concerned with all of the variables listed above, merely we focus on Dalizblas &3, X4) and
scaled masses, i, j = 3,4,5).
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Figure 1: lllustration of the topological variables. Panel (a): Daliariables and angles between jets, panel
(b): angles with respect to incoming partons 1 and 2.

The topology of three jet events was previously studied at Tevatron bamZCDF collabora-
tions [B,[9]. Three-jet events found in these experiments were distribuegdhe Dalitz plane with
an enhancement g — 1 andX, — 1. With these values of Dalitz variables, the event shape will
look like as shown in Fid]2, in thiXz, X4] = [1, 1] corner. Topological attributes of three-jet events
in these studies agree with theoretical predictions.

PYTHIA pp@14TeV, ALICE preliminary
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Figure 2: Dalitz plane for three-jet events found using PYCELL roatinside PYTHIA (see text for de-
tails). In each corner of the triangle a corresponding togickl configuration is drawn.
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3.2 Sample and event selection

Events were generated using PYTHIA&enerator[[10] included in the AliRoot framework.
Samples consist opp collisions at,/s = 14 TeV with CTEQS5L parton distribution functions.
Events were simulated in twg$? bins, namely ¢ > 50 GeV/c and " > 100 GeV/c, where

ph@d is the transverse momentum of partons in the rest frame of the hard scafidling

To reconstruct jets, a UAL cone based algorithm is applied to the chaagticlgs after recon-
struction. More details on this jet finder can be found[in [11] dndl [12]e Tiput parameters
used for jet reconstruction are summarised in Thb. 1. If three jets (eititiemergy k> 5 GeV)
are found within the fiducial regiofm| < 0.5, then such event is accepted. From 142000 studied
events, 3080 were found to fulfil these conditions.

Parameter Value ID Processes ID Process

R 0.5 11 q9;—qq; 28 dg—ag

E(seed) 2.0 GeV _ _ _
12 qig 53

E.. 50 GeV qu_u — OkOk 99 — Ok0k

Pty 1.5 GeVic 13 g —99 68 gg—gg

Table 1: Values of input parameters used for anal- Taple 2: 2 — 2 processes used in PYTHIA to
ysis. Ris the cone sizef(seed) is the energy of generate QCD jets. The 2 3 processes are
the seedF,, is the minimal energy of the recon- generated adding ISR (Initial State Radiation) or

structed jet andy,,, stands for minimal transverse FSR (Final State RadiatiorﬂlO].
momentum of the tracks inside the jet.

The UAL finder does not implement splitting and merging of the found jets,ftrete particle
may be assigned to more than one jet. To avoid this a separation cut is intdo@aaration of

jets is defined as the distance between jet axes-ing plane;AR = (An)2+ (A(p)z. All the
events containing pairs of jets with separation smaller than twice the conesixg, < 1.0, were
filtered out. After the cut, the remaining sample included 1108 reconstruatetse

The data presented are raw, without energy corrections. We comparedbnstructed jets to
generated and PYTHIA jets. The generated ones represent jetsbigampblying UAL cone based
algorithm to final state particles after generation. Same settings apply as fecthnstructed jets.
PYTHIA jets refer to jets found by PYCELL routine embedded inside PYTHIAIs routine is a
cone based jet finder, that is applied to the final state particles afteragienefl]. The cone size
used isR= 1 and jets withinn| < 2.0 are accepted.

3.3 Results and discussion

In Fig.[3 the Dalitz planes for generated (left) and reconstructed (righepjet events are
shown. In the generated plot there is a clear abundance of events ipghenght corner of the
diagram. This means that mostly events with two leading back-to-back jets wittpanakcular
low energy jet were found by the jet finder (F{g. 2). Results are comsistth CDF data [[P].
Reconstructed events show similar behaviour.
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X3 vs. X, generated . & X3vs. X, reconstructed . &
ALICE preliminary 1-4zm ALICE preliminary <
i b kel )
123 S
2 82
z £
= B
1647 1.2
147"
1.2 - 0.8
0.8 0.6
067", 0.41
044"
024~ 0.2

Figure 3: Dalitz plane for generated (left) and reconstructed (Jithree-jet events.

The scaled mass distributions for different Dalitz variable pairs are showig. }. Each of
the plots displays spectra for PYTHIA (open circles), generatedfes)sand reconstructed (full
circles) events and we find good agreement between them for all jet panttermore, the shapes
and position of peaks are consistent with D@ dfta [9].
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Figure 4. Scaled mass distribution for pairs 34, 35, 45 in the seletttexk jet events. Open circles stand
for PYTHIA jets, crosses for generated jets and full cird@sreconstructed jets. See text for details.

The aim of our analysis is to investigate quark and gluon jet properties anithdt, proper
determination of quark and gluon jet candidates is crucial. What we woulddi&pproach is the
possibility to make such a selection based on the shape of the event usingvBraditdes.

The method we are going to discuss shortly is a probabilistic approach. thssngiethod we
calculate the probability, that a jet carrying energy fractignis a gluon, given other two carry
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energy fraction, X (for details see Ref[]]3]).
XE+ X2
(1=X) (1=X)
2, y2 2.1 y2 -1
£ X¢ X+ 2 2
" ( X+ X . A L KX ) _

p (XX}, Xe) = (3.5)

(1-X)(1=X)  (A=X)(I-XJ (1-X)(1-X)

The probability is calculated using Dalitz variables and as such can be uskedetonine gluon
jet candidates based on the topology of the event (se¢ Eq. 3.5). 1f],Rigotsabilities of jets
being gluons are shown in the Dalitz plane. We do not distinguish whetheisageark or gluon
initiated, the probability is calculated for each jet from the sample. Only PYTjell&\were used.
Going towards the upper right corner of the plane, probability that a jetgki@n rises. This
means, that this area of the diagram should be mostly populated by gluon fetsrove this
assumption, PYTHIA processes are selected from the sample. In PY Thilde-jet events are
produced adding initial and final state radiation-a gluon-to the 2 processes (see Talple P)][10].
Most of the jets found are produced in the pure gluogg;— gg(+9) (process 68), and a mixed
channelgig — gig(+9) (process 28). This means that our sample is gluon dominated. Combining
this fact with an abundance in the vicinity of the upper right corner in rettoated Dalitz plane
(contours in Fig[]5 and Fig] 3-right), we can assume that the most gluerisdeed produced in
area suggested by the probability distribution (markers in[fFig. 5).
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Figure 5: Probability that a jet is a gluon distributed over the ret¢arded Dalitz plane (contours) for
PYTHIA jets. Empty crosses correspond to probability Oshpey rectangles to probability 0.6 and full
circles to probability 0.8. See text for details.
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4. Summary and conclusions

The topology of selected three-jet events and the possibility to use it in deteggluon
jet candidates was discussed. Studied events were selectegfrawilisions at\/s = 14 TeV,
generated using PYTHIA event generator. The results on topologyresented in Figurd$ 3 and
[, which show Dalitz plane and scaled masses distributions, respectite\shEpes of the spectra
are consistent with CDF and D@ results. The dominant shape of seleapt$ @orresponds to
two back-to-back leading jets with a low energy jet perpendicular with céspehem (see Fid] 2).

To determine the gluon jet candidates, a probabilistic approach was usmxbrdig to this
approach, most of the gluons in the sample are produced in the vicinspk4] = [1,1] corner
of the Dalitz plane.

The discussion presented in these proceedings is based on prelimisaltg of the three-jet
analysis and represents the preparation for real data analysis aEALIC
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