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Probabilistic Topic Models for the discrimination of  
heavily modified jets and pp like jets in Heavy Ion Collisions

➤ algoritmos de classificação de documentos [tipicamente por identificação de 
distribuições características de palavras] são úteis para discriminação de jets 
iniciados por quarks e gluões  

➤ o objectivo do nosso trabalho é utiliza-los no contexto de colisões de iões pesados 
para identificar as propriedades de sub-estrutra que distinguem jets muito 
modificados por interacção com o QGP daqueles cuja modificação é pequena 

➤ a segregação de amostras de jets muito modificados permite estudar em 
detalhe a dinâmica da interacção jet-QGP e assim determinar propriedades do 
QGP
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FIG. 2. The jet topics method applied to constituent
multiplicity, starting with Z+jet (pink) and dijet (purple)
distributions from Pythia 8.226. There is good agreement
between the two extracted jet topics (orange and green) and
pure Z+quark and Z+gluon distributions (red and blue).

and the “quark-subtracted gluon distribution”, defined
analogously. By universality, the topics calculated from
pure samples via Eq. (6) and from mixtures via Eq. (4)
are identical. These may be useful in their own right,
particularly if the quark/gluon fractions are uncertain
but (q|g) and (g|q) can be determined analytically or
from simulation (see Fig. 4 below).

We now turn to a practical demonstration of the jet
topics method for realistic quark and gluon samples.
Following Ref. [37], we consider two mixed jet processes
at the LHC: the quark-enriched Z+jet process and the
gluon-enriched dijets process. See Ref. [61] for alternative
selections for quark- or gluon-enriched samples. The
parton shower Pythia 8.226 [62, 63] is used to generate
500k jets at

p
s = 13 TeV including hadronization

and multiple parton interactions (i.e. underlying event).
Detector-stable, non-neutrino particles are clustered into
anti-kt jets [64] with radius R = 0.4 using FastJet
3.3.0 [65]. The hardest jet(s) in each event (one jet
for Z+jet and up to two jets for dijets) are selected if
they have transverse momentum pT 2 [250, 275] GeV
and rapidity |y|  2. These cuts resulted in the
Z+jet process having (Pythia-labeled) quark fraction

f (1)
q = 0.88 and the dijet process having f (2)

q = 0.37.
We use the constituent multiplicity within a jet as the
feature representation x, since it is known to be a good
quark/gluon discriminant [18].

In Fig. 2, we present the result of extracting two
jet topics from these samples. Shown are the con-
stituent multiplicity distributions from the original
Z+jet and dijet samples, from Pythia-labeled Z+quark
and Z+gluon samples, and from the jet topics T1 and T2

using Eq. (4). Uncertainties are estimated by assuming
±

p
N bin count uncertainties and only considering bins

FIG. 3. Cross sections for jet topics (orange and green) using
topic fractions extracted from the Z+jet sample across 10
rapidity bins. The extracted topic cross sections closely track
the underlying Z+quark and Z+gluon cross sections (red and
blue).

with more than 30 events. We determine the  values
of Eq. (3) by selecting the most constraining (anchor)
bin: that with the lowest upper uncertainty bar on
the ratio. Remarkably, the two extracted jet topics
overlap very well with the underlying quark and gluon
distributions, providing practical evidence that Eq. (4)
works as desired, at least for constituent multiplicity.
We verified that similar results could be obtained from
samples with di↵erent pT cuts and from mixtures of
dijets at di↵erent rapidities. This approach is similar
to the template extraction procedure in Ref. [24], with
the important distinction that the quark/gluon fractions
need not be specified a priori.
In Fig. 3, we use the extracted jet topics to construct

separate jet rapidity spectra for quark and gluon jets
in the Z+jet samples. Binning the Z+jet sample into
10 rapidity bins in |y| < 2, we find the mixture of the
two topics extracted above that most closely matches the
constituent multiplicity histogram in each rapidity bin,
minimizing the squared error to find the best mixture.
This is an example of the general problem of extracting

sample fractions f (a)
k from various mixed samples. As

desired, the extracted topic cross sections in Fig. 3 track
the true quark and gluon rapidity cross sections.
Thus, just from a collection of mixed-sample his-

tograms, one can make progress toward extracting both
the underlying distributions pk(x) and the fraction of

each jet topic f (a)
k . Crucially, Figs. 2 and 3 are just

novel projections of the hadron-level multi-di↵erential
jet cross section d3�/dpT dy dnconst on two independent
samples, making jet topics implementable on existing
LHC jet measurements (e.g. [33]). The agreement
between the operationally-defined jet topics and the
theoretically-ambiguous quark and gluon distributions
may even suggest using mutual irreducibility of the final-
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New observables and techniques for  
the study of jets in hadronic collisions

➤ Lund planes são meta-observáveis que conglomeram toda a informação de uma amostra de 
jets de acordo com uma determinada prescrição física para a sequência de fragmentação dos 
jets :: são imagens de jets minimamente processadas de acordo com uma determinada 
prescrição física 

➤ utilização de Lund planes vantajosa relativamente a jet images [q-jet vs. g-jet] 

➤ simulações MC mostram enormes diferenças entre Lund planes para jets em pp e AA; e 
entre diferentes MC em AA 

➤ objectivo do trabalho é identificar cortes no plano com sensibilidade máxima às modificações

Dreyer, Salam, Soyez: 1807:04758 [hep-ph]

Tywoniuk et al.: 1808:03689 [hep-ph]

2.3 Radiation phase space and sensitivity to jet quenching
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Figure 4: Lund diagram reconstructed from jets generated by QPYTHIA (left column), JEWEL without
recoils (middle column) and JEWEL with recoils (right column). The lower panels correspond to the
difference of the radiation pattern with and without jet quenching effects. Note that the scale of the
z-axes varies between the panels.

As a demonstration of the general ideas outlined above, we fill the Lund diagram using two QCD-based
models for jet quenching, namely QPYTHIA [7] and JEWEL [8, 9]. Both models implement the possibility
for medium-induced bremsstrahlung. However, only JEWEL (i) evaluates dynamically the kinematics of
multiple scattering, (ii) implements additional momentum broadening of all particles and (iii) provides the
possibility to track recoiling medium constituents that have interacted with the jet and, finally, includes
them in the hadronization step.8 The jet-induced medium response constitutes a correlated “background”
component that can contribute to the modifications of the measured jet substructure. Recoil effects are
expected to contribute in the soft-large angle sector of the phase space, similarly to the uncorrelated
underlying event, discussed further in Section 2.3.1. One can also neglect tracking the recoil particles
altogether. For further details about the employed models, see Appendix A.

We present first the results of generator level studies, i.e. without embedding the models into a
realistic heavy-ion background. For the same jet criteria as in Figure 3, in Figure 4 (upper row) we plot
the Lund plots generated by QPYTHIA, JEWEL without recoils and JEWEL with recoils, respectively.
In this particular study, we employ the C/A reclustering. The lower plots show the differences to the
corresponding vacuum diagrams. It is also important to keep in mind that there is a significant migration
between pT bins in heavy-ion collisions, widely understood as the effect of jet energy-loss. This could
result in a significant contribution, in a fixed pT bin, from jets that were minimally modified.

The results from QPYTHIA exhibit a modest excess ⇠ 10% of hard quanta relative to vacuum, see
Figure 4 (lower, left). In the model, the number of splittings is increased relative to vacuum leading to
a significant intra-jet momentum broadening at scales corresponding to very short formation times. In
the case of JEWEL, the difference plot exhibits only a mild increase of splittings at moderate kT and a
small suppression ⇠ 6% of hard quanta, see Figure 4 (lower, center). This suppression is consistent with
a lack of strong intra-jet broadening and a more collimated fragmentation. This shows that the realistic
modifications to the Lund diagram are highly non-trivial and calls for a better theoretical understanding,

8Note, however, that in JEWEL medium particles that interact with the jet do not interact further with the medium.
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