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1. Introduction

The production of jets containing bottom and charm hadrons has lesqicélbg low energy
hadronisation and is a topic of strong interest for understanding QCB.dan think of three
mechanisms of heavy flavour production in a dijet system. The first oneaig/Havour quark
pair creation, in which two heavy quarks are created in the hard interaclibis mechanism
can be described by perturbative QCD. The second one is heavurflauark excitation. In this
mechanism, a single heavy quark originated from a proton is in the harddtieerand therefore
this is sensitive to the heavy-quark distribution in the proton. The last oraasa gplitting, where
no heavy quark is in the hard interaction and a heavy quark pair is créatada gluon in the
parton shower.

In this measurement, six flavour combinations in dijet events are consichenaeyBB, CC,
UU, BU, CU andBC, whereB (C) is a bottom (charm) jet which is a jet including bottom (charm)
hadrons andll is a light jet including not only, d ands quark jets but also gluon jets. The analysis
aims to measure the fractions of the six combinations in dijet evésisfcc, fuu, fsu, fcu and
fsc. Jet flavour is identified using templates which are derived from kinemdtsexondary vertex
in a jet. No explicit jet flavour tagging is done in this measurement.

This contribution describes the outline of the measurement performed usiAJ LIAS de-
tector at the LHC. Further details of the measurement can be found ahelse{t].

2. Analysis

The measurement uses 39 phof proton-proton collision data at a centre-of-mass energy
\/S=7 TeV, collected using the ATLAS detector [2] in 2010. Events with a welbnstructed
event vertex are selected. Jets in an event are reconstructed usangtitkealgorithm with a jet
size parameter dR = 0.4. Jets with transverse momenty> 30 GeV and rapidityy| < 2.1 are
considered. Dijet events are selected by requiring an azimuthal angpkmasion between the two
jets of Ap > 2.1 rad. In the following, the jet with the highept in the event is referred to as the
leading jet and the one with the second highmsis referred to as the subleading jet.

For the extraction of the flavour composition, a template fit is performed. Tingléges utilise
kinematic information from secondary vertices in jets. The baseline templaesoastructed
using FrTHIA 6.423 dijet Monte Carlo (MC) [3], which utilises a leading-order (LG»2 matrix
element, with the MRST LO* [4] PDF set. The event generation uses the STMAnimum
Bias Tune 1 (AMBT1) [5] set of parameters. The generated eventpamsed through the full
simulation [6] of the ATLAS detector based orE&NT4 [7].

A single secondary vertex is fitted to each jet and should have a positag tlngth and total
invariant mass larger than 0.4 GeV. Two-track vertices coming ﬂ@mnd/\ decays and from
interactions in the detector material are removed. The reconstruction mdfeseof secondary
vertices in leading and subleading jets are estimated using the MC simulation forcliginin
and bottom jets. While the efficiencies in leading and subleading jets agreldon jets and for
bottom jets, the efficiency for light jets, which is actually the fake vertexmstaction probability,
is found to be higher for subleading jets. This difference is taken intousxtdn the template fit
described below.
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Two variables for the template fit are chosen to maximize sensitivity to the flaaanient
with minimal dependence on jet and rapidity and on detector resolution. The variables are

M- Myertex— 0.4 GeV_ Y vertexEi B— V mg - 2vertex| Bril (2.1)
Mg YjetEi 7 Myertex: /PTjet

wherei is for a charged particlen,erexis the invariant mass of the vertex and the=5.2794 GeV
constant is the averagmeson mass. The varialleis a product of mass and energy fraction of
a secondary vertex arilis a “boost” variable, which corresponds approximately to the relativistic
y factor of a secondary vertex. They are transformed to the intervakleet® and 1 by
T M T B-B

“hA+004 ° TBByi0 (2.2)
Thesel" andBT are found to be independent on jet rapidity &hthas only weak jepr depen-
dence. The boost variab® is sensitive to the gluon splitting. Figure 1 shows the two-dimensional
distributions off1™ andBT. Clear separation of light, charm and bottom jets is seen.

A two-dimensional template is created based on thig'sandB . In addition to light-, charm-
and bottom-jet templates, a template for jets with twvquarks inside is also created, since the
prediction of the fraction of such jets may be incorrect in th@Hra MC. As the analysis utilises
kinematic information of secondary vertices, its results strongly dependeotetbcription of the
resolution of track impact parameters. In order to have a better descrgitaeta, FTHIA MC
templates are tuned on data by mixingrRIA events with smeared track impact parameters.

A dijet analysis model is created with the following parameters. Each flaxmuposition in
dijet events gives five free parameters, whirg can be determined as the residual of the others.
Scale factors are applied on the fake vertex reconstruction probabdity fine MC simulation
for light jets and are considered as free parameters in the analysis.caleefactors are applied
separately on the probabilities in the leading and subleading jet. The valuesafstruction
efficiencies of a secondary vertex in bottom and charm jets are takentfe MC simulation.
Presence of a heavy flavour quark in a jet can affect the jet propentie leads to asymmetry in
production rates of dijet events with heavy flavour hadrons in the leadingfjel in the subleading
jets. This asymmetry iBU dijet events is taken into account in the analysis with a free parameter
A, = f5,/ T35 — 1, whereL (SL) indicates that the bottom jet is the leading (subleading) jet. Similar
asymmetry parametdy; for charm jets irCU dijet events is fixed to the MC prediction. The final
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Figure 1. Two-dimensional™ andB' distributions from the MC simulation for light, charm andttmon
jets with 60< pr < 80 GeV. [1]
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free parameter in the analysidaswhich is a parameter for relative mixture of the template for jets
with two b-quarks inside compared to that for jets witb-guark inside. No additional template
for jets with twoc-quarks inside is considered.

3. Results

Dijet events are analysed with the template fits with the nine free parameteribddsbove.
Both MT andBT distributions in data are well reproduced by the fit results withii® %, where
the distributions are checked separately for dijet events with a single d&govertex in leading
jets, those with a single secondary vertex in subleading jets and those wited¢aodary vertices
in both jets. Figure 2 shows the fit results of a few free parameters. gedeake vertex recon-
struction probability in light jets in data is well reproduced by MC showing thatprformance
of the ATLAS detector is well understood in the MC simulation. The paranieter found to be
significantly larger than zero indicating a large contribution of the additiomgpkate for jets with
two b-quarks inside with respect torPPHIA prediction. The contribution gets larger for the higher
jet pr. The fitted value of the bottom jet asymmetdy, is corrected to the particle-jet level and
is compared to several MC predictions, where a particle-jet is a jet buitt f@ble particles in
MC event generation. The predictions are made YoyH! , HERWIG+H+ 2.4.2 [8], an LO MC, and
POWHEG [9], a next-to-leading-order (NLO) matrix element MC interfaced ¥aHA 6.423 for
parton showering. The result shows that tl®MREG prediction gives the best description of the
bottom jet asymmetry in data.

The results of the flavour composition are unfolded by bin-by-bin ctaecSeveral sources
of systematic uncertainties are considered, such as pileup effect, jgyescale, secondary vertex
reconstruction efficiencies, template shapes, imperfection of MC desariptjet pr and rapidity,
influence of data-MC difference in tracking performance, influenomfthe fixed parameters for
charm jets and unfolding. Uncertainties from the jet energy scale and terrghlapes mainly
account for the total systematic uncertainties.

The measured flavour composition is shown in Figure 3. The fractionsearergly well
reproduced by both NLO and LO MC predictions, except forBhkfraction. The measureBU
fraction is higher than any of the predictions atpet> 100 GeV.
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Figure 2: Fit results for the average fake vertex reconstruction g@dly in light jets, vy, (left), the pa-
rameterb, for the mixture of the template for jets with twiequarks inside (middle) and the bottom jet
asymmetryAy (right). [1]
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Figure 3: The measured dijet flavour composition for each leadingpjebin, compared with the MC
predictions from PTHIA, HERWIG++ and ®WHEG+PYTHIA. [1]

4. Conclusions

An analysis of the jet flavour composition of dijet events has been pertbamé the compo-
sition of six flavour combinations @B, CC, UU, BU, CU andBC is measured. Dijet events are
analysed by a template fit in which kinematic information of secondary vertigetsiis utilised to
separate light, charm and bottom jets. The results are compared to theipnsdimom NLO and
LO MCs. The bottom jet asymmetry is well reproduced by the NLO MC predictideasured
bottom-light flavour fraction is found to be larger than any of the predictadnet pr> 100 GeV,
while other flavour fractions are reproduced by the predictions.
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