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I. INTRODUCTION

With the discovery of a 125 GeV Higgs boson and the rapid progress made at the Large Hadron Collider
(LHC), it is essential to precisely measure the properties of the Higgs boson as any potential disagreement
could hint at fascinating new phenomena. The Yukawa coupling of the Higgs boson to the top quark is a
key parameter of the Standard Model (SM). It can be determined from the ratio of the top quark mass
and Higgs field vacuum expectation value, from the cross section of g¢9 — H production through a top
quark loop, or from the cross section of the process gg/qq — ttH [1, 2], which is a tree-level process at
lowest order in perturbation theory. Comparison of these measurements has the potential to identify and
disambiguate new physics effects that can modify the t##H production cross section relative to the SM
expectation.

Discrepancies in the high-momentum Higgs boson production in the presence of new physics are predicted
to be as high as 50% [3] with respect to the SM expectations. As in any high-energy physics analysis, a
precise simulation of the detector response, with an accurate description of the interactions between the
particles with the detector components, is essential. However, due to the large number of events demanded
and large LHC luminosity, a full detector simulation can be challenging and extremely time-consuming.
In some cases, the use of a simplified and fast approach may be a satisfactory alternative. In this work,
a study was performed to compare the fast detector simulation Atlfast-II (AFII) [1] with the ATLAS full
simulation (FS), and verify the modelling of substructure variables of large-R jets using ttH and ¢t Monte
Carlo (MC) samples.

II. ATLFAST-II AND FULL DETECTOR SIMULATION

The full ATLAS detector simulation strategy [5] uses a highly detailed detector description and is based
on the Geant4 toolkit [6]. Such a detailed simulation requires a large CPU time for each event, which
is mostly spent inside the calorimeter systems. The ATLAS collaboration has developed the Atlfast-11
to achieve a fast and precise detector simulation within the computing limits of the collaboration. The
Atlfast-IT applies the FastCaloSim package [7, 8], which reduces the calorimeter simulation time to a
few seconds per event, using a parametrized simulation of the particle energy response and the energy
distribution in the ATLAS calorimeter. For the inner detector and the muon system, the Atlfast-II uses
the full Geant4 simulation.

III. SAMPLES

In this work, ttH and tt MC samples were produced using both the full ATLAS detector simulation and
Atlfast-II.

The production of ttH events is modelled in the five flavour scheme using the PowhegBox [9—12] generator
at NLO with the NNPDF3.0nlo [13] PDF set. The hgamp parameter, which regulates the high-momentum
emission against which the ¢t system recoils, is set to 3/4- (m; +mz+mpy) = 352.5 GeV, where m;, m; and



my are the masses for the top-quark, anti-top quark and Higgs boson, respectively. The functional form of

the renormalisation and factorisation scale is set to /mr(t) - mr(t) - mr(H), where mr is the transverse
mass of the generated particle, defined as the square root of the quadratic sum between the particle mass
and transverse momentum. The events are showered with Pythia8.230 [14].

The production of ¢t events is modelled using the PowhegBox v2 [15] generator at NLO in QCD in the five
flavour scheme, and using Pythia8.230. The hgamp parameter is set to 3/4 - (m; +mg) = 1.5 myep [16], and

the functional form of the renormalisation and factorisation scale is set to the default scale y/mZ, + p7.

IV. LARGE-RADIUS JETS AND JET SUBSTRUCTURE

When a particle that has a high transverse momentum (boosted regime) and decays hadronically into
several daughter particles, the angular separation between the decay products will be small. A single
larger-radius jet referred to as large-R jet can be build containing all of the decay products. The large-R jet
is used to mimic the kinematics of the original particle. This approach is more efficient than reconstructing
all of the products as individual jets. Several observables can be constructed in order to characterise the
internal structure of the large-R jet and its components. These variables are named substructure variables
[17] and are usually used to identify the original particle that produced the large-R jet.

V. RESULTS

The first set of studied variables contains basic kinematic variables such as the transverse momentum
(pr), the pseudorapidity (), the azimuthal angle (¢), the energy (e) and the invariant mass (m) of the
leading and subleading large-R jets, as well as the angular distance (AR) between the two jets. Figure 1 to
11 show the AFII and FS distributions of these variables for the leading and subleading large-R jets. Small
differences can be seen, especially for the low values of pr and energy of the leading and subleading jets
using the ttH samples, as well as for the tails of these distributions. Overall, the kinematic distributions
studied present a mean error smaller than approximately 25% between AFII and FS.

In addition to the kinematic variables, several jet substructure variables were studied and are shown
in Figure 12 to 38. These variables include the n-Subjettiness (r{**, r4te  rt@) [15, 19], ratios of n-
Subjettiness (735, 735*), energy correlation functions (ECFy, ECF,, ECF3) [20], energy correlations
ratios (D2, C2, E3) [21], the K; distance between the subjets during merging (Split12, Splitas) [22] and the
minimum pair invariant mass (@) of the three subjets identified at the splitting scale da3 [23]. Considerable
differences in the shapes of the distributions of these variables can be seen, especially for the n-Subjettiness
and its ratios. Overall the mismodelling appears to be smaller for the samples of tt.

VI. CONCLUSION

In this work, a comparison between the modelling of ¢t and ttH samples produced using the fast detector
simulation Atlfast-II and the ATLAS full simulation was performed. Several large-R jets kinematic and
substructure variables were analysed, and the differences presented.
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FIG. 1: pr distributions for the leading (left) and subleading (right) large-R jets using ttH samples generated with
AF-II and FS detector simulations
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FIG. 2: pr distributions for the leading (left) and subleading (right) large-R. jets using ¢ samples generated with
AF-II and FS detector simulations
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FIG. 3: n distributions for the leading (left) and subleading (right) large-R. jets using t#H samples generated with
AF-IT and FS detector simulations
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FIG. 17: 7&*® distributions for the leading (left) and subleading (right) large-R jets using ¢t samples generated
with AF-II and F'S detector simulations
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FIG. 18: 733 distributions for the leading (left) and subleading (right) large-R jets using ttH samples generated
with AF-IT and FS detector simulations
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FIG. 19: 735'* distributions for the leading (left) and subleading (right) large-R jets using ¢t samples generated
with AF-II and FS detector simulations
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FIG. 20: 735%* distributions for the leading (left) and subleading (right) large-R jets using ttH samples generated
with AF-II and F'S detector simulations
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FIG. 21: 733'* distributions for the leading (left) and subleading (right) large-R jets using ¢t samples generated
with AF-IT and FS detector simulations
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FIG. 22: ECF; distributions for the leading (left) and subleading (right) large-R jets using ttH samples generated
with AF-II and FS detector simulations
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FIG. 23: ECF; distributions for the leading (left) and subleading (right) large-R jets using ¢t samples generated
with AF-II and F'S detector simulations
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FIG. 24: ECF; distributions for the leading (left) and subleading (right) large-R jets using t¢H samples generated
with AF-IT and FS detector simulations
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FIG. 25: ECF; distributions for the leading (left) and subleading (right) large-R jets using ¢t samples generated
with AF-II and FS detector simulations
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FIG. 26: ECF; distributions for the leading (left) and subleading (right) large-R jets using t#H samples generated
with AF-II and F'S detector simulations
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FIG. 27: ECF; distributions for the leading (left) and subleading (right) large-R jets using ¢t samples generated
with AF-IT and FS detector simulations
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FIG. 28: Quw distributions for the leading (left) and subleading (right) large-R. jets using t¢H samples generated
with AF-II and FS detector simulations
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FIG. 29: Qu distributions for the leading (left) and subleading (right) large-R jets using t¢ samples generated with
AF-II and FS detector simulations
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FIG. 30: Spliti2 distributions for the leading (left) and subleading (right) large-R jets using ttH samples generated
with AF-IT and FS detector simulations
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FIG. 31: Spliti2 distributions for the leading (left) and subleading (right) large-R jets using ¢t samples generated
with AF-II and FS detector simulations
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FIG. 32: Splitas distributions for the leading (left) and subleading (right) large-R jets using t#H samples generated
with AF-II and F'S detector simulations
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FIG. 33: Splitos distributions for the leading (left) and subleading (right) large-R jets using ¢t samples generated
with AF-IT and FS detector simulations
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FIG. 34: D2 distributions for the leading (left) and subleading (right) large-R jets using ¢ttH samples generated
with AF-II and FS detector simulations
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FIG. 35: D2 distributions for the leading (left) and subleading (right) large-R jets using ¢t samples generated with
AF-II and FS detector simulations
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FIG. 36: C2 distributions for the leading (left) and subleading (right) large-R jets using t#H samples generated
with AF-IT and FS detector simulations
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FIG. 37: C2 distributions for the leading (left) and subleading (right) large-R. jets using tt samples generated with
AF-II and FS detector simulations
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FIG. 38: E3 distributions for the leading (left) and subleading (right) large-R jets using t¢H samples generated
with AF-II and F'S detector simulations
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FIG. 39: E3 distributions for the leading (left) and subleading (right) large-R. jets using tt samples generated with
AF-IT and FS detector simulations
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