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The ultimate motivation of our study is to look for signs of physics beyond the Standard Model
(BSM). We investigate whether different jet clustering techniques might be more or less suited to
the particular final states of interest. In particular, we are interested in fully hadronic final states
emerging from the decay chain of the Standard Model like Higgs boson into pairs of light Higgs
states, the latter in turn decaying into 11̄ pairs. We show that, the ability of selecting the multi-jet
final state and to reconstruct invariant masses of the Higgs bosons from it depend strongly on
the choice of acceptance cuts, resolution parameters and reconstruction algorithm as well as its
settings. Hence, we indicate the optimal choice of the latter for the purpose of establishing such a
benchmark as a BSM signal. We then repeat the exercise for a heavy Higgs boson cascading into
two SM-like Higgs states, obtaining similar results.

41st International Conference on High Energy physics - ICHEP2022
6-13 July, 2022
Bologna, Italy

∗Speaker

© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). https://pos.sissa.it/

mailto:amit.c@srmap.edu.in
mailto:sd@ecs.soton.ac.uk
mailto: henry.day-hall@cern.ch
mailto:b.ford@soton.ac.uk
mailto:s.jain@soton.ac.uk
mailto:stefano@phys.soton.ac.uk
mailto:stefano.moretti@physics.uu.se
mailto:emmanuel.olaiya@stfc.ac.uk
mailto:claire.shepherd@stfc.ac.uk
https://pos.sissa.it/


P
o
S
(
I
C
H
E
P
2
0
2
2
)
5
0
3

Re-evaluating Jet Reconstruction Techniques for New Higgs Boson Searches S. Jain

1. Introduction

One of the well known peculiarities of QCD is colour confinement. The quarks and gluons that
may appear in the final states in the detector are therefore not in their pure form, and instead forms
sprays of colourless hadrons. We therefore, need some clever machinery to provide a map between
the set of hadrons in our detector to a set of well defined object called "jets". A jet definition provides
this mapping between hard interaction in our QFT, which is what we are ultimately looking to test.

The aim of this study is to determine which jet reconstruction tools might be better suited to
the final states at the Large Hadron Collider (LHC) in order to extract proper physics. In particular
we test different jet clustering techniques for 41 final state coming from the 2-Higgs Doublet Model
(2HDM). Furthermore, the 41 final state that we are looking at is an ubiquitous signal of BSM
giving access to key features of the underlying BSM scenario, e.g., in the form of the shape of the
Higgs potential, hence, of the vacuum stability and perturbative phases of it.

The layout of the paper is as follows. In the next two sections, we discuss different jet
reconstruction techniques used, 1-tagging, the tools used for our simulations and the cutflow
adopted. In the one following, we present our results for both signal and background. Then, we
conclude.

2. Jet Clustering Algorithm

There is a long history associated with these algorithms and first of many jet clustering
algorithms was developed in 1977 by Sterman and Weinberg, initially deployed in the context of
4+4− → hadron scatterings. The type of algorithms currently utilised at the LHC and of particular
interest for this study are known as sequential recombination algorithms. Sequential clustering
algorithms reduce the complexity of final states by attempting to rewind the showering/hadronisation
process. The algorithms currently used at the LHC are the anti-:) one and the Cambridge/Aachen
(CA) one.

The more recent variation of the standard jet clustering algorithms is the so-called Variable-'
[2]. Variable-' alters the above scheme so as to adapt to events with jets of varying cone size. A
modification to the distance measure is made, such that:

3ij = <8=(?2a
Ti , ?

2a
Tj )Δ'

2
ij 3iB = ?

2a
Ti'eff (?T)2 (1)

where 'eff (?T) = d

?)
and d is a dimensionful input parameter. There are other two parameters such

as '<0G/<8=, which are cut offs for the maximum and minimum allowed 'eff . These parameters
can be optimised for better results.

The purpose of introducing variable-' is that in multĳet final state where we expect signal 1-
jets with a wide spread of different ?) ’s, we hypothesise that a variable-' reconstruction procedure
could improve upon the performance of traditional fixed-' routines. In particular, using variable-'
helps to not rely on a single fixed cone size and suitably engulfs all of the radiation inside a jet,
without sweeping up too much outside ‘junk’.
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3. Suitable benchmark, Simulation Details and Cutflow

We first select a suitable set of parameters in the 2HDM Type-II framework for our model. We
consider two sample Benchmark Points (BPs) that we call BP1 and BP2. We work in a scenario
where <� = 700 GeV, <ℎ = 125 GeV for BP1 and <� = 125 GeV, <ℎ = 60 GeV for BP2 as we
require <ℎ < <�

2 for � → ℎℎ. Description of the procedure used and cutflow applied for this
model are:

• Generate samples of signal events of O(105) for the process 66 → � → ℎℎ → 11̄11̄ using
MadGraph5 [3].

• Shower and hadronise parton level events using Pythia8 [4].

• Apply detector simulation via Delphes CMS card [5].

• Perform jet reconstruction, apply cuts on the eflow objects and carry out analysis using
MadAnalysis5 [6].

• Remove jets with ?) < 50 (BP1) / 20 (BP2) GeV.

• Implement a simplified MC informed b-tagger on clustered jets after cuts have been applied.

• Where at least three 1-jets remain, find the pair best constructing <ℎ and save as dĳet.

• If four 1-jets are found, save the remaining pair as a second dĳet.

4. Results

In this section we present detector level results, we also discuss dominant backgrounds: QCD
41 production, 66, @@̄ → /1̄1 and 66, @@̄ → CC̄ for signal to background ratio.

As a starting point, we investigate the 1-jet multiplicity plots for fixed-' = 0.4 and variable-'
with Anti-:C clustering algorithm for both benchmarks. This striking difference between the two

Figure 1: Left panel: The 1-jet multiplicity distributions for BP1. Right panel: For BP2.

plots in Fig. 1 is due to the relative kinematics of the final state 1-jets. Due to the different mass
configurations, 1-jets from BP1 have significantly higher ?) than those from BP2, this leads to less
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events being lost to the trigger as well as from the ?) dependent 1-tagging efficiencies. It is evident
that for variable-', there is a small increase in events reconstructed with higher 1-jet multiplicity
for BP1 while a more significant shift is evident for BP2.

Next, we look at the invariant mass of pairs of clustered 1-jets (dĳets) and fourjets, in order to
reconstruct the masses of the resonance from which they originated.

Figure 2: The dĳet and four 1-jet invariant mass distributions for BP1 (left panel) and BP2 (right panel).
The peak of the mass distribution obtained from the variable-' algorithm is closer to the MC truth value of
the corresponding Higgs.

The dĳet and four 1-jet invariant mass <� distributions from jet clustering for BP1 (left panel)
and BP2 (upper panel) are shown in Fig. 2. The peak of the mass distribution obtained from the
variable-' algorithm is closer to the MC truth value of the corresponding Higgs resonances and we
can see more definitively the benefits of using a variable-' jet clustering algorithm.

4.1 Signal-to-Background Analysis

As a final exercise, we perform a calculation of the signal-to-background rates to compare
the various jet reconstruction procedures used in our study. To calculate the rates, we generate
and analyse ?? → 11̄11̄, ?? → CC̄ and ?? → /11̄ background processes and apply a selection
procedure described in Fig. 3.

We calculate the significance rates (Σ) for two values of (integrated) luminosity, given in
Table. 1. It is then clear from the tables that the variable-' approach works better than fixed-' in
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Select events that contain
exactly four b-jets

Remove event if |<1111 − <� | > 50 GeV

Use di-jet pairings chosen in above analysis

Remove event if |<11 − <ℎ | > 20 GeV

Figure 3: Event selection used to compute the signal-to-background rates.

variable-' ' = 0.4
BP1 1.881 1.366
BP2 3.707 1.984

variable-' ' = 0.4
BP1 2.753 2.000
BP2 5.426 2.905

Table 1: Upper panel: Final Σ values calculated for signal and backgrounds for L = 140 fb−1. Lower panel:
Final Σ values calculated for signal and backgrounds for L = 300 fb−1.

improving significance ratios, no matter the choices of R for the latter.

4.2 Pile-Up

It has been notable that with variable-' combined with our reduced ?) cuts allows wider
cone signal 1-jets. We therefore perform an analysis by adding Pile-Up (PU) and Multiple Parton
Interactions (MPIs) to our event samples.

We present in Fig.4 the results for fixed-' = 0.4 and variable-' jet clustering for completeness.
We see that even with PU added, many more events are selected for variable-' jet reconstruction
resulting in a better mass peak reconstruction when compared to fixed-'. As a final point, we note
that a further PU mitigation technique can be done to get rid of extra "junk" which is true for any
other jet algorithm.
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Figure 4: Left panel: The 1-dĳet invariant masses for BP1 and BP2, using variable-' and fixed-' clustering,
when considering the effect of PU and MPIs. Right panel: The same for the 41-jet invariant mass.
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