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Tagging the initial state gluon in the Z+jet process
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We develop a jet flavour tagger in the contest of electroweak boson production in association with
jets. Here the jet with the highest transverse momentum is considered and a simple cut on a
jet angularity may serve as a tagger for the flavour of the jet. This is an infrared and collinear
(IRC) safe procedure thus it is well-defined from a theoretical viewpoint. Jet angularities exibit
a property called Casimir Scaling (CS) [1] at the leading logarithmic (LL) accuracy. Here we
consider also the first deviation from the typical CS behaviour because we use the most recent
jet angularities calculations developed in [2]. Tagging the leading jet as quark-initiated permits
us to enhance the initial-state gluon purity. We will consider transverse momentum distributions
for tagged and no-tagged jets, with and without grooming. They could be potentially interesting
observables to probe gluonic degrees of freedom of the colliding protons. In particular it may
be worth to investigate if such a study might be a new handle on the determination of the gluon
parton distribution function (PDF).
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1. Quark/gluon discrimination and jet angularities

Jets are robust tools that allow us to describe short-distance collisions involving quarks and
gluons. A well-defined procedure to assign a flavour label to a jet would be beneficial, for instance,
for several application in "beyond the Standard Model" (BSM) searches1. However quark/gluon
tagging is an intrisically ill-defined problem because partons carry color while jets are composed of
color-singlet hadrons, so the the flavour label is fundamentally ambiguous. As discussed in [3] one
can indeed create a well-defined quark/gluon tagging procedure based on unambiguous hadron-level
measurement. In short, what we mean by a quark/gluon jet is a phase space region (as defined by
an unambiguous hadronic fiducial cross section measurement) that yields as enriched sample of
quarks/gluons (as interpreted by some suitable, though fundamentally ambiguous, criterion). Such
a criterion is developed in this context performing a simple cut on the jet angularity distribution.
Jet angularities are observables which probe the energy flow within a jet. They are defined as

_^
𝛼 =

∑︁
𝑗∈jet

(
𝑝𝑇 , 𝑗∑

𝑗∈jet 𝑝𝑇 , 𝑗

) ^ (
Δ 𝑗

𝑅

)𝛼
(1)

where ^ is fixed to be 1 and 𝛼 > 0 because of infrared and collinear (IRC) safety. The procedure to
select the _cut value will be discussed in Section 3.
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Figure 1: NLO and NLO+NLL’ predictions for
the Width distribution, i.e. angularity with𝛼 = 1.
From [2].
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Figure 2: Initial-state gluon purity before ( 𝑓𝑔)
and after ( 𝑓𝑔) tagging obtained with PYTHIA
simulations, as a function of the transverse mo-
mentum of the Z boson. From [5].

1See [3] references from 2 to 19 for more concrete examples.
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2. Enriched parton samples in the Z+jet process

Jet angularities have been recently calculated at NLO+NLL’ accuracy2 in [2]. The results
for 𝛼 = 1 (Width) is shown in Fig. 1. Here the quark and the gluon contributions are separated
using the BSZ flavour-𝑘𝑡 algorithm [4]. It is evident that the low-_1

1 tail is entirely dominated by
quark jets, while a more significant contribution from gluon jets occurs for larger values of the
angularity. This fact is still valid also after applying grooming. In particular, in [2, 5] Soft Drop
(SD) with 𝑧cut = 0.1 and different values of 𝛽 is considered. This is a confirmation that a cut on
the jet angularity can serve as a theoretically well-defined and IRC-safe quark/gluon discriminant
as pointed out, for instance, in [1, 3, 6, 7].

Now consider the Feynman diagrams which contribute to the LO partonic cross-section for the
Z+jet production at the LHC. There are just two tree-level diagrams:

• 𝑞𝑞 → 𝑔𝑍 ;

• 𝑞𝑔 → 𝑞𝑍 .

Now we define the initial-state gluon purity

𝑓𝑔 =
𝜎𝑞𝑔

𝜎𝑞𝑞 + 𝜎𝑞𝑔

, (2)

which represents, in this LO picture, the fraction of events having a gluon in the initial state. We
plot the initial-state gluon purity as a function of the transverse momentum of the Z boson using
the PYTHIA Monte Carlo event generator. Notice that gluons contribute almost 80% of the times
to the plain process (without any tagging procedure) wihch is represented by the black line in Fig.
2. Since at the LO a quark-jet in the final state is 100% correlated to the presence of a gluon in
the initial state, we will use this relation between initial and final states at the parton level to pick
initial-state gluons simply tagging the final-state jet as a quark-jet. In order to do that we have to
define a tagging procedure accordingly to Section 1. This is the aim of the next Section.

3. Cut selection and the enhanced purity

In order to determine the value of _cut to perform such a cut on the jet angularity we plot the
Receiver Operating Cheracteristic (ROC) curve by keeping the two partonic processes of interest
separate. In particular

Y𝑘 =
1
𝜎𝑖 𝑗

∫ _cut

0

𝑑𝜎𝑖 𝑗

𝑑_
𝑑_ , with 𝑖 𝑗 → 𝑘 𝑍 , (3)

for different values of _cut. To find the _cut value we require a target value of the enhanced purity,
i.e. the initial-state gluon purity after a successfully applied tagging procedure (for quark-jet in the
final state). This constraint is represented by the grey straight line in Fig. 3. The intersection of

2Next-to-leading order matched with next-to-leading logarithmic resummation. Matching to fixed-order is performed
in such a way to ensure what is usually referred to as NLL’ accuracy, with the prime sign. For further informations see
[2].
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Figure 3: The ROC curve for the angularity
with 𝛼 = 1 obtained with MC simulation us-
ing PYTHIA. Groomed and ungroomed cases are
shown. From [5].
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Figure 4: The transverse momentum distribution
of the Z boson in Z+jet events with the leading
jet tagged as quark-initiated. The NLO+NLL’
calculation is supplemented with a NP correction
factor. From [5].

this constrain and a ROC curve determines a single point which corresponds to the selected value
of _cut.

Now we have a good definition of quark/gluon jet accordingly to Section 1. Using such a tagger
we can define the enhanced purity as

𝑓𝑔 =
Y𝑞𝜎𝑞𝑔

Y𝑔𝜎𝑞𝑞 + Y𝑞𝜎𝑞𝑔

(4)

We plot the enhanced purity in Fig. 2 for the groomed and ungroomed cases. It is clear we have a
gain in purity which is roughly of a 10%.

In Fig. 4 we provide our main result. Here we have the transverse momentum distributions
in presence of tagging. Our calculation includes the resummation of logarithms of _cut at NLL
accuracy and is matched to NLO.
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