
 [GeV]jet
T

p

G
lu

on
 E

ffi
ci

en
cy

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

ATLAS
| < 0.8d R=0.4, |tanti-k

Quark Efficiency Point 0.50
 = 7 TeVs, -1 L dt = 4.7 fb0

Pythia MC11 Simulation

Syst.
Data + Stat.
MC
Enriched Data

 [GeV]jet
T

p
50 100 150 200 250 300 350O

th
er

/D
at

a

0.0
0.5
1.0
1.5
2.0

 [GeV]jet
T

p

G
lu

on
 E

ffi
ci

en
cy

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6

ATLAS
| < 0.8d R=0.4, |tanti-k

Quark Efficiency Point 0.90
 = 7 TeVs, -1 L dt = 4.7 fb0

Pythia MC11 Simulation

Syst.
Data + Stat.
MC
Enriched Data

 [GeV]jet
T

p
50 100 150 200 250 300 350O

th
er

/D
at

a

0.0
0.5
1.0
1.5
2.0

Tagger Performance 

Tagger performance is verified in MC on labeled 
samples of quarks and gluons from dijet events, and in 
data with the pure, extracted templates. The 
topologically enriched samples are also used to 
validate the performance in data. The two data 
samples are consistent (within uncertainties), while the 
MC cons is ten t ly overper fo rms. Sys temat ic 
uncertainties are dominated by sample dependence. 

Quark and gluon jets arise from different processes 
at collisions at the LHC: depending on the final 
state, selecting quarks may increase the sensitivity 
of an analysis. Many variables have been proposed 
to discriminate between quarks and gluons: the 
likelihood presented is a simple combination 
between the number of charged tracks and the 
track width                     of a jet. 
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FIG. 1. Separation power provided by different variables be-
tween quark- and gluon-jets as a function of jet pT in the
Pythia 6 dijet MC simulation for jets with |η| < 0.8 built
with the anti-kt algorithm with R = 0.4.

All track-based variables show excellent stability
against pile-up and significant discrimination power be-
tween quark- and gluon-jets. While it is possible to cor-
rect the inputs or to use a pile-up-dependent selection
to allow the use of calorimeter-based variables without
introducing a pile-up dependence in the tagger, such an
approach is not pursued in this paper. Although Fig. 1
suggests using the charged particle multiplicity and the
EEC angularity with β = 0.2 to build the tagger, a larger
linear correlation between these two variables makes this
tagger perform worse at high pT than the tagger built us-
ing the charged particle multiplicity and the track width.
Furthermore, differences between data and Monte Carlo
simulation are reduced when using the latter tagger. For
this reason, track width and ntrk are used to build the
discriminant used in the rest of this paper. The linear
correlations between ntrk and track width are at the 15%
level at low pT, increasing to 50% at high pT. Thus, the
variables add independent information about the prop-
erties of the jet. For EEC angularity with β = 0.2, the
linear correlation with ntrk is about 75% with a weak de-
pendence on pT. Still, the study of the EEC angularities
and the evolution of their tagging performance as a func-
tion of β is interesting for reasons discussed in Ref. [56].
Since this discussion is not relevant for the tagger devel-
oped in this paper, it is relegated to Appendix A.

B. Extraction of pure templates in data

To construct a discriminant, the properties of “pure”
quark- and gluon-jets must be determined. As these
properties depend on the modeling of non-perturbative
effects, they are extracted from data to avoid reliance on
MC simulations. The extraction can be performed using
unbiased samples of pure quark- and gluon-jets or, alter-
natively, several mixed samples for which the admixture
is well known theoretically. The use of pure samples is
explored in detail in Sec VI as a validation procedure but
is not used to determine the performance of the tagger in
data due to the limited number of events available and
the difficulties in obtaining samples with negligible gluon
and light-quark contaminations. The use of mixed sam-
ples is described below in detail, since it is used to create
an operational tagger for data.

Distributions of properties of quark-jets and gluon-jets
are extracted using the dijet and γ+jet event samples
and the fraction of quark- and gluon-jets predicted by
Pythia 6 with the AUET2B tune. For each bin i of
jet η, jet pT, and jet property (track width, number of
tracks, or the two-dimensional distribution of the these),
a set of linear equations is solved:

Pi(η, pT) = fq(η, pT)× Pq,i(η, pT)

+ fg(η, pT)× Pg,i(η, pT)

+ fc(η, pT)× Pc,i(η, pT)

+ fb(η, pT)× Pb,i(η, pT), (1)

where Pi is the value of the relevant distribution in bin
i of the distribution in the dijet or γ+jet sample, fq and
fg are the light-quark and gluon fractions predicted by
Pythia at a given η and pT, and Pq,i and Pg,i are the
values of the relevant distribution for quark- and gluon-
jets in bin i of the distribution. The fractions fc and fb
for c-jets and b-jets are relatively small. They are taken
from the MC simulation, together with the corresponding
distributions Pc and Pb. The same is true for the fractions
and distributions for g → cc̄ and g → bb̄, not shown
in Eq. 1 for brevity. By using the different fractions of
light quarks and gluons in dijet and γ+jet events in each
pT and η bin, the expected “pure” jet sample properties
(Pq and Pg) can be estimated. In these samples, the b-
jet and c-jet fractions are typically below 5 − 10%. The
studies are performed in three bins of |η|: |η| < 0.8,
0.8 < |η| < 1.2 and 1.2 < |η| < 2.1.
An additional term ffake,i(η, pT) × Pfake,i(η, pT) must

be added to the distributions in the γ+jet sample to ac-
count for events in which the reconstructed (“fake”) pho-
ton arises from a jet with energy deposits mostly within
the electromagnetic calorimeter. The term is estimated
from data using a sideband counting technique, devel-
oped and implemented in Refs. [41] and [46]. The method
uses regions defined with varying levels of photon iso-
lation and photon identification criteria, estimating the
number of background events in the signal region from
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Template Validation 

The results from the primary template determination 
are cross-checked by selecting a low-statistics, high-
purity sample of quarks or gluons. The lack of a gluon 
EM coupling allows for a pure sample of quarks in 
narrow-angle photon emission in dijet events. Similarly, 
three-jet events are kinematically purified to select a 
gluon jet that has been radiated from a parton in a dijet 
event. Data samples agree within uncertainties. 
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Tagger input shapes can 
be obtained in data by 
se lec t ing  samples 
enriched in gluon  jets 
and quark jets: dijets and 
γ+ j e t s r e s p e c t i v e l y. 
Flavors are obtained 
using leading order matrix 
elements, and shapes 
from the samples are 
mixed to form pure quark 
and gluon templates. 
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