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We present results using an optimized jet clustering with variable R, where the jet distance
parameter R depends on the mass and transverse momentum (𝑝𝑇 ) of the jet. The jet size decreases
with increasing 𝑝𝑇 and increases with increasing mass. This choice is motivated by the kinematics
of hadronic decays of highly Lorentz boosted top quarks, W, Z, and H bosons. The jet clustering
features an inherent grooming with soft drop and a reconstruction of subjets in one sequence. These
features have been implemented in the Heavy Object Tagger with Variable R algorithm, which
we use to study the performance of jet substructure tagging with different choices of grooming
parameters and functional forms of R.
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Figure 1: (left) Jet mass distribution for QCD multijet production (colored area) and 𝑡𝑡 production (line)
using the mass jump algorithm (grey, dashed line) or the soft drop algorithm (blue, solid line) as grooming
technique. (right) ROC curve for different values of the angular exponent 𝛽 of the soft drop condition for a
fixed soft threshold of 𝑧cut = 0.05.

1. Introduction

Top quark reconstruction and identification are very important for the physics program at
the LHC. This can be challenging when considering a wide transverse momentum (𝑝𝑇 ) range or
multiscale challenges like all-hadronic four top final states. The Heavy Object Tagger with Variable
R (HOTVR) [1] is a jet clustering algorithm which adapts the radius during the clustering depending
on the 𝑝𝑇 of the top quark. This allows for the reconstruction of top quarks starting from a 𝑝𝑇 of 200
GeV. The HOTVR algorithm applies grooming during jet clustering. We perform an extensive study
of the grooming technique used in the HOTVR algorithm, where we compare the mass jump [2]
with the soft drop [3] algorithm. An optimisation of the soft drop parameter is done. In addition,
an extension of the existing 𝑝𝑇 aware algorithm to a mass aware algorithm is presented, allowing
the identification of W, Z, and Higgs bosons at the same time.

2. Optimising the grooming technique

In the HOTVR algorithm the mass jump criterion is used as a grooming technique during the
jet clustering. We study possible improvements using the soft drop criterion during the clustering.
Several configurations of the soft drop requirement varying the soft threshold 𝑧cut as well as
the angular exponent 𝛽 were done and selected results are presented. Fig. 1 (left) shows the
mass distribution for Quantum Chromodynamics (QCD) multijet production and 𝑡𝑡 production
for the mass jump grooming and the soft drop grooming with the optimal configuration of 𝑧cut
and 𝛽 determined by Receiver-Operating Characteristic (ROC) curves. The jet mass resolution is
improved with the soft drop criterion with respect to the mass jump criterion. Fig. 1 (right) shows
one of the ROC curves used to determine the optimal combination of the soft drop parameters. In
this case the 𝑧cut value is kept fixed at 0.05 while the 𝛽 value is varied. We find that an angular
exponent different from 0 is favored.
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Figure 2: (left) Radius of the 𝑝𝑇 aware (blue solid) and mass aware (other) version of the HOTVR algorithm
for top quark (blue dashed), Higgs boson (purple dashed-dotted), Z boson (yellow dashed-double dotted),
and W boson (green dotted) initiated jets. (right) Mass distribution for QCD multijet production (area) and
di-Higgs production (line) for the 𝑝𝑇 aware (blue, solid) and the mass aware (orange, dashed) algorithm.

3. Optimisation for Higgs tagging

Currently the HOTVR algorithm adapts the radius based on the 𝑝𝑇 of the jet with 𝑅eff = 𝜌/𝑝𝑇 ,
where 𝜌 is set to 600 GeV for top quark reconstruction. This means that the radius for the
reconstruction of W, Z, and H bosons might be too large, due to their lower mass. Therefore, a mass
aware algorithm was developed where the radius is defined as

𝑅eff =
𝐸𝑇

𝑚eff
, (1)

with 𝐸2
𝑇
= 𝑝2

𝑇
+ 𝑚2 and 𝑚eff = (150 + 𝑚2/50 − 𝑎 exp((𝑚 − 𝑏)/𝑐), where m is the mass of the jet

and a, b, and c are tunable parameters. Fig. 2 (left) shows the radius for different signal hypothesis.
The solid blue line shows the 𝑝𝑇 aware radius. The other lines show the mass aware radius for
different signal masses. The maximum radius is 1.5, the minimum is 0.1. Fig. 2 (right) shows the
mass distribution for a di-Higgs signal and QCD multijet production for the 𝑝𝑇 aware and the mass
aware jet clustering algorithm.
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