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‣ Tracks have better 
angular resolution and 
are less sensitive to 
detector effects


‣ Non-trivial to produce 
analytical predictions for 
track-based observables


‣ Optimal input to jet 
reconstruction depends 
on purpose of 
measurement

the jet mass

25

Clusters Tracks‣ Some track and cluster observables 
look similar on average


‣ Particularly true where non-
perturbative effects are small


‣ Tracking uncertainties are much 
smaller


‣ No calculations exist for track-
based observables (yet), but 
would be powerful experimentally

1912.09837
Today: track-based observables
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Track-based observables can be 
measured with high precision

‣ Tracks have better 
angular resolution and 
are less sensitive to 
detector effects


‣ Non-trivial to produce 
analytical predictions for 
track-based observables


‣ Optimal input to jet 
reconstruction depends 
on purpose of 
measurement

the jet mass

25

Clusters Tracks‣ Some track and cluster observables 
look similar on average


‣ Particularly true where non-
perturbative effects are small


‣ Tracking uncertainties are much 
smaller


‣ No calculations exist for track-
based observables (yet), but 
would be powerful experimentally
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Jennifer Roloff 
LHCEW Jet substructure mini-workshop

Wealth of charged particle jet 
measurements — especially low-pT

Measurements of qg, zg in pp and Pb–Pb collisions at
p

sNN = 5.02 TeV 11

which is disfavored by comparisons to jet RAA). The calculation labeled “q̂L” is an implementation of
transverse momentum broadening. The latter is rejected by the data, whereas the calculations pointing
towards strong modifications of the quark-to-gluon ratio in Pb–Pb collisions reproduce the narrowing
reasonably well. This prompts further investigations of quenching effects targeting exclusive studies for
quark and gluon induced jets in Pb–Pb collisions [14, 61].
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Fig. 4: The unfolded qg results in 0–10% central Pb–Pb compared to pp for R = 0.2 (left) and R = 0.4 (right).
The ftagged indicated on the figures is the fraction of splittings that were tagged to pass the SD condition out of the
total number of jets in the selected pT, ch jet range. The ratios in the bottom panel are compared to the following
theoretical predictions in the colors: JETSCAPE [54], Caucal et al. [31, 55], Pablos et al. [33, 56, 57], and Yuan
et al. [28].

5.3 Discussion

The measurements presented in this work are consistent with models implementing a version of so-
called incoherent interaction of the jet shower constituents with the medium. This is well illustrated by
calculations of Pablos et al. and supported by Caucal et al. and JETSCAPE. It was shown that in vacuum,
using Pythia simulations [33], a large Rg correlates with high intra-jet multiplicity. In the models where
the amount of energy lost by the jet in the medium depends on the number of sources from the vacuum
shower, the suppression of large-Rg jets is naturally explained.

On the other hand, the Yuan et al. calculation with medium-modified “quark/gluon” fractions indicate
that the data could be explained by the stronger suppression of on average broader and more abundant
splittings in gluon showers, with fully coherent energy loss.

These two physics mechanisms – the degree of incoherent energy loss, and the relative quark/gluon
suppression – both lead to a suppression of wide-angle splittings. Of course, these effects are merely two
aspects originating from the same underlying jet quenching mechanism – other aspects of which may be
equally important, such as the total rate of medium-induced emissions.

In qualitative terms, disregarding the differences in actual parton shower implementations between the
models, the agreement with data depends on the physical properties of the medium. The presented mea-
surements of the angular structure clearly indicate that the medium has a significant resolving power for
splittings with a particular dependence on the angular (or coherence) scale promoting narrow structures
and/or filtering out (via quenching) the “wide” splits in groomed jets or wider jets altogether.
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Prospects for analytical calculations of track-based jet observables?
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