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Abstract
This article presents a feasibility study targeting the search for Higgs pairs in the hh → bbbb channel
√
at a center of mass energy of s = 100 TeV at a future hadronic circular collider, considering a high
integrated luminosity. For Standard Model
√ production of Higgs pairs, the achieved significance with a
simple cut-based boosted analysis is S/ B = 8.8 ± 1.6 (stat.) +4.4
−3.4 (sys.). The change in the significance
as a function of the granularity of the hadronic calorimeter is studied, targeting the optimization of
the design of future detectors.
Keywords: Higgs boson pair production, Future Circular Collider, HCAL granularity, FCC-hh, four
b quarks, ATLAS upgrade
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1. Introduction and motivation
A lot of work is currently being put into designing
and understanding the physics reach of future particle colliders. The hadronic Future Circular Collider
(FCC-hh) study, led by CERN, is one of the possibilities currently being analyzed. Its baseline design consists of a 100 km ring located in the Geneva
area, capable of delivering proton-proton collisions
at a center of mass energy of 100 TeV. The next
milestone for this project is the delivery of a Conceptual Design Report (CDR) by the end of 2018.
This document should include a first cost estimate
as well as a compilation of feasibility analyses that
illustrate the physics potential of such an accelerator.
A particularly interesting benchmark process to
be studied in future colliders is the production of
pairs of Higgs bosons (or di-Higgs production). This
process is sensitive to the value of the Higgs boson triple coupling, that determines the shape of
the Higgs potential and therefore plays a crucial
role in the electroweak symmetry breaking mechanism. The leading order Feynamn diagrams that
contribute to Higgs pair production through gluongluon fusion are shown in figure 1. The top diagram
is the one that provides sensitivity to the triple coupling.
However, searches for di-Higgs production are extremely challenging mainly because the cross section of this process is very small, of the order
of tens of femtobarns (fb). Even with the entire
dataset that is expected to be accumulated during
the LHC lifetime, including its high luminosity up-
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Figure 1: Feynman diagrams for the gg → hh process at leading order.

grade, (O(3) ab−1 ), it is very unlikely that we will
be able to declare the observation of this process
and certainly study it in detail. Therefore, the discovery of di-Higgs production relies on future colliders, making it a key benchmark process.
In this work we focus on the final state with four
b quarks. The h → bb decay has the largest of all
Higgs branching ratios (BR), approximately 58%.
Therefore this final state maximizes the cross section times branching of the hh → bbbb process.
However, for this final state, the dominant background is multijet production through quantum
chromodynamics (QCD) processes whose cross section is a lot larger than that of the signal. Nonetheless, it is a well known characteristic of QCD interactions that the partons (and jets) produced tend
to have a low transverse momentum (pT ). This indicates that exploring a high pT region of phase
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boarder in the Geneva area. It consists of a 27
km ring dedicated (most of the time) to delivering
proton-proton
√ collisions at a center of mass (CM)
energy of s = 13 TeV. The two general purpose
experiments, ATLAS and CMS, have a broad experimental physics program that includes searches
for new physics as well as precision measurements
of key properties of the Higgs boson, top quark and
Z and W ± bosons. The LHCb experiment is dedicated to the study of beauty particles and the ALICE experiment is optimized to study heavy ion collisions.
The ATLAS detector is a multipurpose particle
physics apparatus with forward-b ackward symmetric cylindrical geometry. A combination of cartesian and cylindrical coordinates is used to describe
it. The origin is defined to coincide with the interaction point. The Cartesian system is righthanded and the z axis is defined to be the direction of the beam. The x-axis points from the interaction point to the center of the LHC ring and
the y-axis points upwards. The azimuthal angle,
φ, is measured around the beam axis and the polar angle, θ, from the beam line. The pseudorapidity is defined as η = ln tan(θ/2). The inner
1
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T 1
dorapidity range to |η| = 4.9. The LAr calorimeter is divided in end-cap and forward. These cover
Figure 2: ∆R between the b quarks from the decay the pseudorapidity ranges 1.5 < |η| < 3.2 and
of the leading Higgs candidate as a function of its 3.2 < |η| < 4.9. In the end-cap the segmentation
pT .
is ∆η × ∆φ = 0.1 × 0.1 for 1.5 < |η| < 2.5 and
0.2 × 0.2 for 2.5 < |η| < 3.2. In the forward region
From the point of view of detector design for the the segmentation is ∆η ×∆φ = 0.2×0.2. The muon
FCC-hh, as well as for future upgrades of existent spectrometer (MS) surrounds the calorimeters and
detectors such as ATLAS, the granularity of the it is the outermost layer of the detector. It is comhadronic calorimeter (HCAL) is a key parameter posed of Monitored Drift Tubes and Cathode Strip
because it greatly influences the ability of the de- Chambers.
tector to resolve the substructure of large R jets.
The main goal of this project is to use boosted 2.2. The FCC-hh
di-Higgs production in the four b quarks final state The FCC-hh baseline design consist of a of a protonproton
as a benchmark to study
√ circular collider with a maximum CM energy
√ the influence of the HCAL
of
s = 100 TeV, housed in a 100 km tunnel in the
on the significance (S/ B) that can be achieved.
area of Geneva. It will deliver a peak luminosity of
L = 30 × 1034 cm−2 s−1 in its ultimate phase which
2. Collider experiments
2.1. The LHC and the ATLAS detector
will result in a O(30) ab−1 per experiment. This
The Large Hadron Collider (LHC) is housed by machine will extend the research program of the
the European Organization for Nuclear Reasearch LHC (and of the HL-LHC) after these have reached
(CERN) and located beneath the Franco-Swiss their full discovery potential, by around 2040.

∆ R(bb)

space could be the key to suppress the QCD multijet background. Such region is called boosted due
to the high Lorentz boost of the objects involved.
In this kinematic regime, traditional jet reconstruction algorithms, that establish a one to one correspondence between partons
and jets, begin to fail
p
because the ∆R = (∆φ)2 + (∆η)2 distance between the b quarks, ∆R(bb), gets increasingly small
as the pT of the mother Higgs boson, pT (h1 ), increases. This is shown in figure 2. State of the art
jet reconstruction techniques [1] use a single jet with
a large R parameter to reconstruct both b quarks
as a single jet, that is used as a proxy for the Higgs
boson. In order to extract as much information as
possible from these jets it is important to analyze
its intrinsic structure, referred to as substructure.
Such techniques are fairly recent and usually explore the existence of localized energy maxima inside a large-R jet (subjets). For example, a jet that
contains the two b quarks coming from the decay
of a Higgs boson is expected to be more compatible with the existence of two subjets than a jet
produced by a QCD process.
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The design of the FCC-hh baseline detector has
been greatly based on that of the ATLAS and CMS
experiments, in particular the central barrel. The
layers and sub detectors are arranged in the same
order and make use of very similar technologies.
The ID detector covers the pseudorapidity range
|η| < 6 and it will be instrumented with pixel and
strip detectors. The ECAL covers the pseudorapidity range |η| < 6. The proposed layout is a LAr
sampling configuration with lead, glue and steal
plates as absorbers. The granularity is expected
to be two to four times better than for the ATLAS ECAL. The hadronic calorimeter covers the
pseudorapidity range |η| < 6. It is divided in barrel, end-cap and forward, that cover the pseudorapidity ranges |η| < 1.3, 1.0 < |η| < 1.8 and
2.3 < |η| < 6.0, respectively. For the barrel and
end-cap calorimeters, the expected segmentation
∆η × ∆φ = 0.025 × 0.025 while for the forward
calorimeter it is ∆η × ∆φ = 0.05 × 0.05. Overall, this corresponds to approximately four times
the ATLAS HCAL granularity. The MS covers the
pseudorapidity range |η| < 6 and it consists of a
layered structure of gas chambers.

the reported significance is obtained from the combination of the three regions. This study makes use
of an artificial neural network to further increase the
signal-background separation. Similar studies performed by ATLAS and CMS found the hh → bbγγ
channel to be the most sensitive to the Higgs trilinear coupling. ATLAS reports a significance of 1.06
for an integrated luminosity of 3000 fb−1 , which
translates to a 95% CL limit on the ratio of the
Higgs boson self-coupling to its SM expectation of
−0.8 < kλ < 7.7 [4]. This analysis is purely cut
based and a mean pileup of < µ >∼ 200 is considered.

3. State of the art

Studies of the impact of the granularity of
the calorimeters in the spatial resolving power of
hadronic showers and on the resolution of jet mass
and substructure variables greatly influenced the
baseline design of the FCC-hh. For two Kaons
with an energy of 100 GeV each and with a
truth level separation equal to ∆R = 0.035 it
is shown that for a segmentatin of ∆η × ∆φ =
0.022 × 0.022 both particles can be resolved in the
HCAL [6]. A series of results presented in Refs.
[7, 8, 9] analyze three calorimeter benchmark configurations: HCAL(ECAL) 0.1(0.025)η × 0.1(0.025)φ,
HCAL(ECAL) 0.05(0.012)η × 0.05(0.012)φ and
HCAL(ECAL) 0.025(0.006)η × 0.025(0.006)φ. The
jet mass resolution for jets with pT > 3 TeV in tt
events improves by 44% and 47% for ∆η × ∆φ =
0.05×0.05 and ∆η×∆φ = 0.025×0.025 cells with respect to ∆η ×∆φ = 0.1×0.1. The resolution on the
τ32 variable is also shown to increase as the granularity increases. In addition, ”eflow” (particle/energy flow) jets are shown to have a better resolution on this variable than calorimeter jets. ”Eflow”
jets are reconstructed using information from the
tracking system and from the calorimeter towers
while calorimeter/tower jets do not take into account any information from the tracking. In Ref.
[7] it is shown that the overlap between the distributions of the τ21 variable in jets with pT > 2.5
TeV resulting from the decay of a W boson and in
QCD jets decreases from 80% to 60% going from
∆η × ∆φ = 0.1 × 0.1 to ∆η × ∆φ = 0.005 × 0.005.
For 20 TeV jets the change in the HCAL granularity
does not significantly modify the overlap.

For the FCC-hh, a recent study simulates the signal with an extra jet at generator level: pp → bbbbj
[5]. The extra jet boosts the Higgs pair favoring a
highly boosted virtual Higgs decaying to a pair of
Higgs bosons which enhances the sensitivity to the
Higgs trilinear coupling. Only the irreducible background, pp → bbbbj, is considered. A significance
of 6.61 is reported for an integrated luminosity of
30 ab−1 . No MVA techniques are applied nor pileup
contribution considered.

The searches performed so far for di-Higgs production covered different decay channels and targeted
not only the SM production but also some BSM
scenarios where this process is enhanced. None of
them could achieve enough statistical significance
to declare the observation of this process nor find
any deviation from the SM predictions.
The most stringent limit comes from a combination of searches using up to 36.1 fb−1 of protonproton
collision data at a center of mass energy
√
s = 13 TeV, recorded with the ATLAS detector
[2]. The combination is performed using the analysis searching for hh → bbbb, hh → bbτ + τ . and hh →
bbγγ. The combined observed (expected) limit on
the non-resonant Higgs boson pair cross-section is
0.22(0.35) pb at 95% confidence level (CL), which
corresponds to 6.7(10.4) times the predicted SM
cross-section. The ratio of the Higgs boson selfcoupling to its SM expectation (kλ = λhhh /λSM
hhh ) is
observed (expected) to be contrained at 95% CL to
−5.0 < kλ < 12.1(−5.8 < kλ < 12.0).
Monte Carlo studies assessing the feasibility of
searches for di-Higgs production at the High Luminosity LHC (HL-LHC) and at the FCC-hh have
been performed. For the HL-LHC, a study including the pp → bbbb, pp → bbjj, pp → jjjj and
pp √
→ ttjjjj backgrounds reports a significance of
S/ B = 3.1 (1.0) for an integrated luminosity of
3000 (300) fb−1 , considering a mean pileup of 80 [3].
The analysis is performed in three orthogonal signal
categories (resolved, intermediate and boosted) and
3

4. Analysis

the scalar sector are:

The main backgrounds affecting di-Higgs searches
in the bbbb channel are multijet and tt production.
All other sources of background, including processes
involving Higgs bosons, are found to be negligible
[10]. In addition to these, we also consider the irreducible background (pp → bbbb) as a separate background source.

mh1 = 125 GeV,

mh2 = 900 GeV,

mh3 = 850 GeV,

mhc = 800 GeV

mixh2 = mixh3 = 0
π
mixh1 = − (β − α) ' 0.035
2
l2 ' 0.27, l3 ' 9.46, l7 ' 0.46,

(1)

where mh1 , mh2 , mh3 and mhc are the masses of the
three neutral scalars and of the charged scalar, respectively. The mixing angles between the neutral
scalars are given by mixh2 , mixh3 and mixh , where
we have chosen β = π4 and α = −0.75. l2,3,7 are the
quartic coupling of the Higgs potential. All parameters are given in the Higgs basis. Regarding the
Yukawa sector, we consider the type II model. The
real part of the Yukawa matrices of the coupling of
We choose the mass of the new heavy resonances
h2 to down (GDR) and up-type (GU R) quarks are
to be high (∼ 1 TeV) in order to increase the effigiven by [12]:
ciency of the boosted selection.
!
√
mb 2 tan(β)
GDR = diag 0, 0,
,
4.1. Simulation setup
v
√ !
mb 2
We simulate the signal and background Monte
GU R = diag 0, 0,
,
v tan(β)
Carlo samples using a fast simulation workflow.
MadGraph5 aMC@NLO [13] is used to compute the
(2)
matrix elements of a given process. Showering and
hadronization of colored particles are handled by where m = 4.7 GeV and m = 172 GeV are the
b
t
Pythia8 [14] and the detector response is parame- masses of the bottom and top quarks. All other
terized using Delphes3 [15].
matrices are null.
We study the production of Higgs pairs in three
different models: the SM, a dark matter (DM)
model with a 1 TeV spin-0 mediator that can decay to Higgs pairs [11] and the CP-conserving Two
Higgs Doublet Model (2HDM) of type II where the
heavier CP-even Higgs can decay to pairs of SM-like
Higgs bosons [12].

Different detector configurations were implemented in Delphes3. The granularity of the HCAL
was the main study parameter. Starting from the
FCC-hh baseline detector, five HCAL granularity
benchmark configurations were tested:

The irreducible background is generated with an
extra jet with pT > 200 GeV at generator level
(4b + j). This guarantees that the pairs of b quarks
are boosted enough to increase the probability of
being reconstructed as a single, high pT jet. The
multijet background is simulated as jj + 0/1/2 j
where j stands for a light- or b-initiated jet. To
make the simulation more efficient, this background
is generated in several HT regions between 500 <
HT < 100000, where HT is the scalar sum of the
pT of all the partons at generator level. The tt
background is simulated as tt+0/1/2 j. The sample
is inclusive in the top quark and W ± boson decay
modes.

1. ATLAS HCAL granularity;
2. Starting from the ATLAS HCAL configuration
we increase the granularity in |η| by a factor of
four, in the pseudorapidity range η < 1.7 which
corresponds to the TileCal region;
3. Starting from the FCC HCAL configuration we
decrease the granularity in φ by a factor of two,
in the entire pseudorapidity range covered by
the HCAL;

The BSM signal samples are simulated using
MadGraph models publicly available in the FeynRules database. For the DM mediator model [11],
the spin-0 mediator mass is set to 1 TeV.The cross
section for the signal generated with this model is
smaller than the cross section of the SM signal (approximately 0.2 pb versus 0.7 pb) and therefore this
model is not excluded by experimental data.

4. FCC HCAL default granularity;
5. Starting from the FCC HCAL configuration we
increase the granularity in η and in φ by a factor of two, in the entire pseudorapidity range
covered by the HCAL.
These configurations are summarized in table 1. In
addition, we also passed the same generator level

For the 2HDM [12, 16], the input parameters for
4

Config.
1
2
3
4
5

∆η × ∆φ

η range

0.1 × 0.1
0.2 × 0.2
0.025 × 0.1
0.1 × 0.1
0.2 × 0.2
0.025 × 0.05
0.05 × 0.1
0.025 × 0.025
0.05 × 0.05
0.0125 × 0.0125
0.025 × 0.025

|η| < 2.5
2.5 < |η| < 5.0
|η| < 1.7
1.7 < |η| < 2.5
2.5 < |η| < 5.0
|η| < 2.5
2.5 < |η| < 6.0
|η| < 2.5
2.5 < |η| < 6.0
|η| < 2.5
2.5 < |η| < 6.0

default Delphes card, implemented by the FCC-hh
study group. They depend on the pT and η of the
jets. The b-tagging efficiency and the c- and lightjet mis-tag rates are of the order of 85%, 5% and
1%, respectively.
The event selection is described in the following
paragraphs. The value of the cuts follow from a
simple optimization, done by scanning over a range
of possible cut values. This scan is done individually
for each of the variables considered. We choose
√ the
cut value that maximizes the significance, S/ B.
We require

pT (h1 ) > 300 GeV, pT (hh) > 100 GeV
(3)
Table 1: Summary of the benchmark granularity
configurations of the HCAL.
where pT (h1 ), pT (hh) are the transverse momenta
of the leading Higgs candidate and of the pair of
samples through the default ATLAS detector sim- Higgs candidates, whose distributions can be found
ulation in Delphes. The HCAL granularity is the in figures 4(a) and 4(b), respectively. These cuts
one that is indicate in the second line of table 1 help suppress multijet background whose pT disbut the other detectors parameters, such as the ra- tributions fall more steeply than that of the sigdius, magnetic field, tracking resolutions are the nal. A requirement on the maximum value of the
ones that are implemented in the default ATLAS N-subjetiness variable [17] of the leading and subleading Higgs candidates, τ21 (h1 , h2 ), is imposed to
Delphes card.
further reject jets that are not consistent with a
two-prong substructure:
4.2. Event selection
The event selection targets the boosted kinematic
τ21 (h1 , h2 ) < 0.4.
(4)
regime in which both Higgs bosons are reconstructed using large-R jets. The expected event
These cuts work as a set of Higgs-tagging critetopology is illustrated in figure 3.
ria, suppressing fake Higgs jets. The distribution of
this variable for the leading Higgs is shown in figure 5(a). For the signal, the distribution is shifted
to lower values. Since high-mass resonances tend to
produce more central jets than multijet background
processes, we require:
|η(hh)| < 1.5,

(5)

where ∆η(hh) is the difference between the pseudorapidities of the two Higgs candidates. This distribution is shown in figure 5(b). We place an additional requirement on the second Fox Wolfram
momentum [18] of the leading Higgs candidate,
H2 (h1 ), to further suppress tt contamination

Figure 3: Event topology targeted by the boosted
analysis region.

H2 (h1 ) < 0.2.

The events are reconstructed using particle flow
(or calorimeter) jets with R = 0.8 clustered with the
anti-kT algorithm. The events are required to have
at least two jets. Each jet is required to have two
subjets, both b-tagged. In addition, both jets are
required to have pT > 200 GeV. These cuts consist
of the event pre-selection.
The b-tagging is implemented using truth level
information. The b-tagging and mis-tagging efficiencies are extracted from the FCC-hh detector

(6)

This distribution is shown in figure 6(a) where the
large tt contribution is visible at values close to zero.
Events are selected if the softdrop masses, MSD , of
the large-R jets are consistent with the SM Higgs
boson mass
(100 < MSD (h1 , h2 ) < 135) GeV

(7)

This distribution is shown in figure 6(b), for the
leading Higgs candidate.
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4.3. Systematic uncertainties
The sources of systematic uncertainty considered
are those affecting the signal b-tagging efficiency
and the normalization of the backgrounds. These
are the dominant uncertainties in the search for
boosted hh → bbbb [10] and rough estimates of their
size are extracted from the literature. In the four btags signal region, the uncertainty on the b-tagging
is of the order of 30% [10]. For the normalization of
the QCD multijet and tt backgrounds we consider
uncertainties of 50% and 20%, respectively [19].
The b-tagging uncertainty is implemented by
varying the number of signal events up and down
by 30%. The normalization of the QCD multijet
(4b + j and jj + 0/1/2 j) and tt is varied independently by the corresponding factors. The systematic uncertainties are considered to be uncorrelated
and√therefore the variations to the nominal value of
S/ B are added in quadrature.

pairs. For the SM the efficiency is approximately
0.4%. It increases to 0.5% for the DM mediator
model and to 1.7% for the 2HDM.
5.2. Granularity studies for future colliders
Figure 7 shows the signal efficiency (in percentage)
as a function of the detector configuration. The
left most point corresponds to the ATLAS detector
and the right most point to the FCC-hh detector
with a granularity twice as good in η and φ (configuration 5 in table 1). The points in between are
ordered by increasing granularity of the HCAL. All
other plots that show some quantity as a function of
detector configuration follow the same convention.
For all signal models, the efficiency increases as the
granularity of the HCAL increases. It increases by
approximately 30% from the first to the last points.
Figures 8 and 9 show the significance as a function of the detector configuration for the SM signal
model and for the 2HDM, respectively. Triangular
markers represent analyses that were performed using pure HCAL jets, while square markers represent
analysis performed using energy flow jets.
For energy flow jets the change in significance
is very mild. It varies by approximately 30% between the first and last points, for both signal models. It becomes more pronounced when using pure
calorimeter jets. In this case, it varies by approximately 70% (55%) between the first and last points
for the SM (2HDM) signal. However, when using
calorimeter jets, the achieved significance is always
smaller (for the same detector configuration) because we are not using information from the tracking system. This is verified for both the SM and
2HDM signals. These results indicate that when
using energy flow jets the tracking system is dominating the jet reconstruction.
The discussion of some caveats is now in order. In
Delphes, it is assumed that it is always convenient
to estimate the momentum of charged particles via
the tracker, while in a real experiment the energy
resolution of the tracking system is only better than
that of the calorimeter up to a given energy threshold [15]. In addition, in Delphes, the transverse segmentation of the tracking system is considered to be
infinitely small, which is a good approximation but
does not exactly reproduce what happens in a real
experiment. This might indicate that the results
obtained in this work using particle flow jets are
overly optimistic. Conversely, the jet reconstruction algorithm for calorimeter jets, as implemented
in Delphes, is overly simplistic because no longitudinal segmentation of the calorimeter is considered
and no topological algorithm is used. This might indicate that the results obtained in this work using
calorimeter jets are overly pessimistic.
All in all, performing this or similar studies using
full detector simulation is of the utmost importance

5. Results
The analysis described in section 4 was developed
and optimized using samples simulated with the default FCC-hh detector implementation. The results
√
are reported in terms of the significance, S/ B,
that was achieved (section 5.1). The same analysis
is applied to the different detector configurations
(described in section 4.1) and the results compared
in terms of significance and signal efficiency (section
5.2).
5.1. Higgs pair discovery potential at the
FCC-hh
Considering the SM signal production the achieved
significance is
√
(S/ B)SM = 8.8 ± 1.6 (stat.) +4.4
(8)
−3.4 (sys.)
for an integrated luminosity of 30 ab−1 . The value
of the significance is above the observation threshold which indicates that the full dataset expected
to be accumulated in the FCC-hh should be enough
to declare the observation (or to exclude) the production of Higgs pairs as predicted by the SM.
For the 1 TeV DM mediator signal, the signifi−1
cance is 2.3 ± 0.4 (stat.) +1.2
−0.9 (sys.) for L = 30 ab
which makes it a challenging and probably inaccessible benchmark. For the 2HDM signal the achieved
significance is
√
(S/ B)2HDM = 16.9 ± 3.0 (stat.) +8.5
−6.6 (sys.) (9)
for L = 30 ab−1 , making it a very interesting benchmark model from the point of view of enhancing
Higgs pair production with respect to the SM.
The signal efficiency is higher for both BSM
models than for the SM, because the masses of
the new heavy resonances were chosen to be large
(O(1 TeV)), so as to produce highly boosted Higgs
6
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Figure 4: (a) pT distributions of the leading Higgs candidate, pT (h1 ), after the pre-selection cuts, (b) pT
distribution of the Higgs pair, pT (hh), after the cut on pT (h1 ) > 300 GeV.
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(b) Distribution of the ∆η between the two Higgs candidates, ∆η(hh), after the cuts on τ21 (h1 , h2 ) < 0.4.
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Figure 6: (a) Distribution of the second Fox-Wolfram momentum of the leading Higgs candidate, H2 (h1 ),
after the cut |∆η(hh)| < 1.5, (b) Softdrop mass distribution for the leading Higgs candidate, MSD (h1 ),
after the cut H2 (h1 ) > 0.2.
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in order to obtain more realistic results that can be
used as input for detector optimization studies for
future colliders.

40
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HCAL jets
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√
Figure 9: S/ B as a function of the detector configuration for the 2HDM signal model. The square
(triangular) markers refer to values obtained using
particle flow (calorimeter) jets.

FCC gran.
η,φ× 2

HCAL granularity configuration

Figure 7: Signal efficiency in percentage as a function of the detector configuration. The statistical
error bars are drawn but are smaller than the markers.

S/ B

and probably unaccessible background.
For the FCC-hh, the significances achieved
√ for the
SM and 2HDM signal modes were (S/
√ B)SM =
8.8 ± 1.6 (stat.) +4.4
(sys.) and (S/ B)2HDM =
−3.4
20
16.9 ± 3.0 (stat.) +8.5
−6.6 (sys.), respectively, for an inEflow jets
18
SM signal, optimized
HCAL jets
tegrated
luminosity
of L = 30 ab−1 . These values
16
Sys.+Stat. unc. Eflow jets
s=100 TeV, ∫ L dt = 30 ab
are above the 5σ threshold which indicates that the
Sys.+Stat. unc. HCAL jets
14
total dataset that is expected to be collected at the
12
FCC-hh should be enough to observe (or exclude)
10
the production of Higgs pairs in these models.
8
For particle-flow jets, the efficiency of the signal
6
increases as the granularity of the HCAL increases.
4
It varies by approximately 30% between the ATLAS
2
detector configuration and the detector configura0 ATLAS ATLAS gran. ATLAS gran. FCC gran.
FCC
FCC gran.
default
default
η× 4
φ/2
η,φ× 2
tion with twice the granularity of the FCC baseline
HCAL granularity configuration
detector in η and φ. It is harder to discern such a
√
clear tendency for the significance because the staFigure 8: S/ B as a function of the detector contistical fluctuations are large, which is due to the
figuration for the SM signal model. The square (trilarge statistical weight of the multijet background.
angular) markers refer to values obtained using parNonetheless, for particle flow (calorimeter) jets, the
ticle flow (calorimeter) jets.
significance varies by approximately 30% (70%), for
the SM signal model.
As future work, performing similar studies using
6. Conclusions
different
benchmark processes and full detector simThis article presents a feasibility study targeting the
ulation
seems
to be of the utmost importance in orsearch for Higgs pair production in the pp√→ hh →
der
to
optimize
the design of future detectors. In
bbbb channel at a center of mass energy of s = 100
addition,
the
impact
of pileup should be assessed
TeV. The analysis is based on rectangular cuts on
and
multivariate
techniques
could be explored to
kinematic and substructure variables, and targets
further
optimize
the
event
selection.
a boosted event topology. The main backgrounds
are QCD multijet and tt production. The impact of
the granularity of the hadronic calorimeter on the Acknowledgements
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