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Abstract

A measurement of the production cross section of a Higgs boson with transverse mo-
mentum greater than 250 GeV is presented where the Higgs boson decays to a pair of
T leptons. Itis based on proton-proton collision data collected by the CMS experiment
at the CERN LHC at a center-of-mass energy of 13 TeV. The data sample corresponds
to an integrated luminosity of 138 fb~!. Because of the large transverse momentum
of the Higgs boson the T leptons from its decays are boosted and produced spatially
close, with their decay products overlapping. Therefore, a dedicated algorithm was
developed to reconstruct and identify them. The observed (expected) significance of
the measured signal with respect to the standard model background-only hypothe-
sis is 3.5 (2.2) standard deviations. The product of the production cross section and
branching fraction is measured to be 1.64Jj8:g§ times the standard model expectation.
The fiducial differential production cross section is also measured as functions of the
Higgs boson and leading jet transverse momenta. This measurement extends the
probed large-transverse-momentum region beyond 600 GeV.
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1 Introduction

Since the discovery of a particle compatible with the standard model (SM) Higgs boson (H) [1-
3], many of its properties have been scrutinized, without evidence of deviations from the SM
expectations [4, 5]. Measuring the production of the Higgs boson with large transverse mo-
mentum (p) tests the existence of physics beyond the SM (BSM) in the scalar sector, to which
inclusive measurements could be insensitive [6]. Such measurements can shed light on the
structure of the interactions of the Higgs boson with massive particles. In particular, the cross
section of the gluon-gluon production mode of the Higgs boson (ggH) is sensitive at large pr
to the structure of the effective ggH coupling [7, 8].

The ATLAS and CMS Collaborations have reported measurements of the differential produc-
tion cross section of the Higgs boson as a function of its transverse momentum p? [9-19].
While the measurement precision at low p? is driven by the H — vy, H — ZZ — 4/{, and

H — WW — 2/£2v decay modes (¢= e or u), the sensitivity at larger p? is improved by includ-
ing the H — 77 and H — bb decay modes because of their larger branching fractions. In this
Letter, a dedicated measurement of the production cross section of a Higgs boson with large
pr decaying to a pair of T leptons is presented. This measurement extends the probed large-pr
region beyond 600 GeV [17]. Because of the large-pr of the Higgs boson, the T leptons from
its decays are boosted and produced spatially close with their decay products overlapping. A
Higgs boson with p? > 250GeV leads to an angular separation AR = V(A7) + (A¢)? < 0.8
between the T leptons. To handle overlapping T decay products, a dedicated algorithm to iden-
tify the close-by T leptons is employed. All four main Higgs boson production modes have
been included in this measurement and four final states including hadronic and leptonic T de-
cays are considered: uTty, ety,, T,T},, and ey, where 7, denotes the visible decay products of
a T lepton decaying into hadrons. The results are extracted using a multiclass neural network
(NN) categorizing the events into signal- and background-enriched regions. The analysis is
based on proton-proton (pp) collision data collected by the CMS experiment at the CERN LHC
at a center-of-mass energy of 13 TeV. The data sample corresponds to an integrated luminosity
of 138 b~ [20-22].

2 The CMS detector

The central feature of the CMS apparatus is a superconducting solenoid of 6 m internal diam-
eter, providing a magnetic field of 3.8 T. Within the solenoid volume are a silicon pixel and
strip tracker, a lead tungstate crystal electromagnetic calorimeter, and a brass and scintillator
hadron calorimeter, each composed of a barrel and two endcap sections. Forward calorimeters
extend the pseudorapidity (17) coverage provided by the barrel and endcap detectors. Muons
are detected in gas-ionization chambers embedded in the steel flux-return yoke outside the
solenoid. Events of interest are selected using a two-tiered trigger system. The first level,
composed of custom hardware processors, uses information from the calorimeters and muon
detectors to select events at a rate of around 100 kHz within a fixed latency of 4 us [23]. The
second level, known as the high-level trigger, consists of a farm of processors running a version
of the full event reconstruction software optimized for fast processing, and reduces the event
rate to around 1 kHz before data storage [24]. A more detailed description of the CMS detector,
together with a definition of the coordinate system used and the relevant kinematic variables,
can be found in Ref. [25].



3 Event simulation

The POWHEG 2.0 [26-29] generator is used to generate Higgs boson signal samples at next-to-
leading order (NLO) in the four leading production modes. The distributions of p? and jet mul-
tiplicity in the gluon fusion production simulation are corrected to match the predictions of the
NNLOPS event generator based upon the POWHEG+MIiNLO approach [30, 31]. The W + jets
and Z /" + jets processes at leading order (LO) are modelled with MADGRAPH5_aMC@NLO
2.2.2(2.4.2) generator [32] with the MLM jet matching and merging scheme [33]. A combination
of the POWHEG 2.0 [34, 35] and MADGRAPH5_aMC@NLO generators is used to model the dibo-
son (WW, WZ, and ZZ) processes at NLO. Single top quark and tt productions are modeled
with the POWHEG [36, 37] generator at NLO. The NNPDF 3.1 [38] parton distribution functions
(PDF) are used, and all simulated samples are interfaced with PYTHIA 8.212 [39] to describe
parton showering and hadronization. The CUETP8M1 [40] and CP5 [41] tunes are used for the
2016 and 2017-2018 samples, respectively. Additional inelastic pp interactions (pileup) gen-
erated by PYTHIA are overlaid on all simulated events, according to the luminosity profile of
the analyzed data. The average pileup ranges from 23 interactions in 2016 to 32 in 2018. All
the generated signal and background samples are processed with the simulation of the CMS
detector based on GEANT4 [42]. Differences between data and simulation in trigger, particle
identification, isolation efficiencies, and in the resolution of the jet pr and missing transverse
momentum (P are corrected by applying scale factors to simulated events.

4 Event reconstruction and selection

The physics objects are reconstructed by the particle-flow (PF) algorithm [43], which combines
information from all subdetectors to identify individual particles (PF candidates). The pri-
mary vertex (PV) is taken to be the vertex corresponding to the hardest scattering in the event,
evaluated using tracking information alone, as described in Section 9.4.1 of Ref. [44]. Stan-
dard muon and electron reconstruction, identification, and isolation methods are used, and
are similar to those described in Ref. [17]. Starting from PF candidates, AK4 and AKS jets are
reconstructed using the anti-kt FASTJET algorithm with a distance parameter of 0.4 and 0.8,
respectively [45, 46]. Jet energy corrections are applied to both simulation and data so that the
average measured energy of jets becomes identical to that of simulated particle-level jets, to
account for residual differences between the jet energy in data and in simulation [47, 48], and
to reduce pileup effects.

The PF candidates in AK4 jets are used to reconstruct 7, objects, using the hadrons-plus-strips
(HPS) algorithm [49, 50], which combines one or three charged particles with neutral pion can-
didates, to identify the 7} decay modes. PF candidates in an (isolation) cone of R=0.5 around
the 7, candidate are used to determine its isolation. To distinguish genuine 7}, decays from jets
originating from the hadronization of quarks or gluons, multivariate analysis (MVA) discrimi-
nants are used [51]. A MVA discriminant, called “MVA isolation”, which combines information
about the energy carried by PF candidates within the isolation cone with lifetime information,
is used. Electrons and muons reconstructed as 7}, candidates are rejected with dedicated dis-
criminants [51].

If a T lepton pair originates from a particle with high pr, the decay products of the T leptons
are emitted close to each other, forming a single jet. The separation of the T leptons is approx-

imately equal to 2 The presence of two close-by T leptons spoils the isolation requirement,

T
leading to a drop in efficiency. To recover this loss, a modified version of the HPS algorithm,
relying on jet substructure techniques, has been developed [51]. Particles are first clustered in



a large-radius jet with the Cambridge—Aachen algorithm [52] with a distance parameter of 0.8,
and the jet is required to have pr > 170 GeV. The final step of the jet clustering is reversed to
find two subjets consistent with T leptons. The subjets are then processed with the HPS algo-
rithm to identify the 7}, decay modes. A crucial step in the boosted T, reconstruction algorithm
is the requirement that the overlapping T leptons do not share any common PF candidate. This
is, by construction, satisfied by the two subjets seeding the T lepton reconstruction algorithm.
Thus, the isolation of a given T is computed after removal of the PF candidates that belong
to the other 7 lepton. The final step is to compute discriminants to reject jets, electrons, and
muons mis-reconstructed as 7}, candidates.

Figure 1 compares the 7,1, and T, isolation efficiencies for the standard and boosted HPS
algorithms as a function of p? , in the 7,7}, (left) and ¢, (right) final states. As p? increases
and the T leptons get spatially closer, the HPS T lepton isolation efficiency decreases while
the boosted T lepton efficiency reaches a plateau and remains constant. This effect is more
pronounced in the 7,7}, final state because of the presence of a pair of 7, candidates. A drop in
the isolation efficiency of HPS 1, candidate around 450 GeV occurs when the distance between
the 7}, candidate becomes equal to the size of the T, isolation cone of 0.5.
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Figure 1: Comparison of the isolation efficiencies for the standard and boosted HPS algorithms
in the 7,7}, (left) and ¢t} (right) final states.

The T4, candidates must have pr > 30GeV, || < 2.3, and pass an MVA isolation requirement
that corresponds to a typical identification efficiency of 60% in Z/v* — 7T events for a 3%
misidentification rate of jets. The pI* is computed as the negative vector sum of the transverse
momenta of all the PF candidates in an event, and its magnitude is denoted as p7"** [53]. The
pmiss is modified to account for corrections to the energy scale of the reconstructed jets in the
event. Another correction accounts for the effect of additional pileup interactions [48]. Two
variables to quantify the hadronic activity in the event are used. The first one is the total visible
hadronic activity Hy, which is defined as the scalar sum of transverse momenta of jets with
pr > 30GeV and || < 3. The second variable is the momentum imbalance ﬁ%‘iss and is
defined as the negative vector sum of the transverse momenta of jets with p > 30GeV and
7] < 5. Its magnitude is denoted as HISS.

Collision events were collected using single-lepton (muon or electron) triggers in the ut,, et},

and ey channels, while a combination of triggers relying on p™i*, jet pr, Hy, and HM was



used in the 7}, 7}, channel. In the uT}, (eT},) channel, events passing single-lepton triggers with
pr threshold of 50 (115) GeV and no isolation requirement must have an offline lepton with
pr > 52 (120) GeV, while events passing single isolated lepton triggers must have an offline
lepton with pt between 28 (38) and 52 (120) GeV and passing isolation criteria, as well as p%‘iss >
30GeV. Events in the ey channel must pass any of the single-lepton triggers, with or without
isolation, depending on the offline leading lepton py. The lepton not associated with the trigger
must have pt larger than 10 GeV and pass loose identification and isolation criteria.

In the T}, T}, channel, events triggered in 2016 (2017-2018) on the basis of an AKS jet with pr >
360 (400) GeV and mass, using the soft drop algorithm [54], greater than 30 GeV are required
to have an AKS jet reconstructed offline with py > 450 GeV and mass above 30 GeV. Events
that do not pass the AKS jet trigger are then checked against a combination of pTiss-based
trigger criteria.Events that pass an online selection based on Hy > 300 (500) GeV, pmiss >
110 (100) GeV, and Hss > 0 (100) GeV, are required to have offline Hy > 400 (700) GeV and
prs® > 180 GeV (p7'%° + HT"* > 280 GeV). The trigger selection efficiency for events passing
the offline requirements described here for the 7,7}, channel is about 90% across all three years.
The trigger requirements and kinematic selection criteria are summarized in Table 1.

Table 1: Selection requirements for the four 77 final states. The relative isolation variable, I'’",
for muons and electrons is evaluated as the scalar sum of the pt of the reconstructed particles
in a cone around the lepton track relative to the pr of the lepton. In the 7,7} channel, the
trigger requirement is defined by a combination of trigger candidates above a given threshold,
indicated inside parentheses in GeV. The thresholds for the offline selection are driven by the
trigger requirements. Except for the I fe’le, the quantities are in units of GeV.

Final state Trigger Selection criteria

HTh #(50) pr > 52, py" > 30

utTy, Iso 11(27) p >28,pi" >30, 1! <03, piss > 30
eTy, e(115) py > 120, pI* > 30 ‘

ety Iso e(35) pr > 38, pr" >30, 15, < 0.3, piiss > 30
pe 1(50) py >52,pp > 10

pe Iso (27) py >28,p7 >10, 17 < 0.3, pmiss > 30
ey e(115) pr > 120, pf > 10 '

eu Iso e(35) pr > 38, ph >10,I'F < 0.3, pmiss > 30
T, Ty, (2016) p7® (360) & mX8 (30) p*® > 450, mAX8 > 30

T, Ty, (2016) Hy (300) & piiss (110) Hy > 400, piiss > 180

T, Ty, (2017-2018) p4K8 (400) & mAK® (30) pik8 > 450, mAK8 > 30

T, Ty, (2017-2018)  Hy (500) & piiss (100) & HINSS (100)  Hy > 700, (piss 4 HIsS) > 280

To reconstruct the Higgs boson candidates, the two identified objects (e, y, or T}, candidates)
are required to have opposite charges. None of the jets in the event must be identified as origi-
nating from a bottom quark, using the medium (tight) working point of the DEEPCSVV2 algo-
rithm [55] in the u T, and ety (eu) final states. The quantity H must be greater than 200 GeV
and the di-7 invariant mass, estimated from the visible momenta of the 7 lepton decay products
and ps*, using a maximum likelihood technique [56], must exceed 50 GeV. The reconstructed

p? is defined as the magnitude of the vectorial sum of the pt of the T leptons visible decay
products and I, and must be larger than 250 GeV. Finally, to reduce the background with

leptonically decaying W bosons, the transverse mass of the lepton and ps in the 7, and et

channels, and of the dilepton and ps in the ey channel, must be less than 80 GeV. To ensure
there is no overlap across different final states, events are vetoed in the presence of additional

loosely identified and isolated lepton.



5 Background estimation

The Drell-Yan (Z/v*) process is modelled using simulated samples. To correct the effect of
missing higher order corrections in simulation, a scale factor that depends on the Z/* boson
mass and pt is measured in a control region (CR) containing a pair of muons, and applied
to the simulation in the signal region (SR). The tt events are reweighed to account for any
possible missing higher order corrections. The background arising from the misidentification
of leptons or 7}, candidates, called “mis-ID background”, is estimated from data. It is mostly
comprised of W + jets and quantum chromodynamics (QCD) multijet events, where at least
one jet is misidentified as an electron, muon, or T}, candidate. In events with at least one 7},
candidate, a misidentification rate method is used to estimate the contribution of these two
processes, collectively, in the SR. The probability for a jet to pass the isolation requirement of a
T}, candidate, called the misidentification rate, is estimated in a region dominated by the mis-
ID background, obtained by requiring one identified and isolated muon, and one jet separated
from the muon by AR > 0.8. This sample has a negligible signal component, while the small
contribution from the other backgrounds is estimated from simulation and subtracted from
data. The misidentification rate, f, is parameterized as a function of the pt of the 1}, candidate.

To estimate the mis-ID background in the SR, an adjusted misidentification rate, %, is applied
as a weight to events in the application region, which is identical to the SR with the exception
that the 7}, candidate fails the MVA isolation. To estimate the QCD multijet contribution in
the ey channel, a sample is built from events that pass the signal selection criteria except that
the requirement on the charge of two leptons is inverted. The small remaining contribution
of the signal and other backgrounds is subtracted from data on the basis of simulation. The
contribution of the QCD multijet background in the SR is derived by applying an opposite-
sign to same-sign scale factor, measured in a region where the lepton isolation requirements
are inverted.

A multiclass NN is used to construct a discriminant that separates the signal from the Drell-Yan
and mis-ID backgrounds, following closely the method described in Ref. [57]. The NN is con-
structed with a feed-forward architecture containing two hidden layers and three output nodes.
Based on the maximum of the three scores, each normalized to unity for a probabilistic inter-
pretation, events are sorted into one signal-enriched region and two background-dominated
regions. Ten variables are used as input to the NN: the pr of the two leptons and leading jet,
piiss the mass and pr of the Higgs boson reconstructed from the T candidates and s, Sy
(defined as the scalar sum of the pr of all jets and leptons in the event), the transverse mass
reconstructed from the the lepton pp and ps%, the value of the MVA isolation of the closest
boosted 7}, candidate to the muon (electron) in the 37}, and ey (e7,, and ey) channels, and the
di-T mass. The NN is trained for the combination of the three data-taking years but separately
for each final state. The SR is split into four bins depending on p?, with lower bin bound-
aries of 250, 350, 450, and 600 GeV. To establish the presence of a signal a simultaneous binned
maximum likelihood fit is performed to all three NN output distributions. The combined NN

distributions in the SR for all four p? bins and three data-taking years are shown in Fig. 2.

6 Systematic uncertainties

Two types of systematic uncertainties are considered: normalization uncertainties in the event
yields and uncertainties that affect both the shape and yield of the distributions. The uncertain-
ties in the muon and electron trigger efficiencies, identification, and isolation, estimated with a
tag-and-probe method [50], range from 1 to 5%, depending on the pr and # of the lepton.



700
600
500
400
300
200
100

Events / bin

Obs. / Exp.
co ==
O)CD_;I\)-PO

450
400
350
300
250
200
150
100

Events / bin

Obs. / Exp.
c»bo_k:)z o

oo

138 fb' (13 TeV)
T

T
—4-Observed  — H—>tt (x10)
[ JH-n(x1.6) []Z-w
[ QCD multijet [
AL [ ] Total uncert.

Events / bin

h 2

+ —
*

— 4]

Obs. / Exp.

0.6 0.8 1

Signal NN score

138 fb' (13 TeV
T

(—

1]
=

T
—4-Observed — H—1t (x10)
[ JH-w (x1.6) []Z-w
[ QCD multijet [ tt
AL [] Total uncert.

Events / bin

g

4

Obs. / Exp.

0.6 0.8 1

Signal NN score

350
300
250
200
150
100

_k_‘
Do o

o o

200
180
160
140
120
100
80
60
40

- o
o« = o
owadd o N

o o

138 fb' (13 TeV)
T

T
—4-Observed — H—tt (x10)
[ JH-w (x1.6) [JZ-w

3 [ QCD multijet [t -3
E A [ ] Total uncert. 3
E— ﬁ‘ 4

.—+——+——H

0.6 0.8 1
Signal NN score

138 fb ' (13 TeV)
T

O
=
(/2]

=_rl
A
>

_+_

T
—4- Observed — H—7t (x10)
[ JH-w (x1.6) []Z-m
[ QCD multijet [ |tt
AL [] Total uncert.

"I'I kil Bl L LLLE ALY LLRY LALY LMY LA

N e
d i —:
_1',_
T
_?_
0.6 0.8 1

Signal NN score

Figure 2: Observed and expected NN distributions in the SR, after combining all four p? bins,

in the ut, (upper left), et} (upper right), ey (lower left), and 7}, 7}, (lower right) channels.
The signal and background distributions are the result of a simultaneous binned maximum
likelihood fit to all three output NN distributions, including all individual pr bins and data-
taking years. The bottom panel shows the ratio of the number of events observed in data to

that of the expected background.



The uncertainty in the Hy and pfss trigger efficiency in the 7,7, channel is 10%. The un-
certainty in the efficiency of selecting boosted 7}, candidates is parametrized as a function of
p?. To evaluate this uncertainty, a maximum likelihood fit is performed using the Z boson pr
distributions. A large prefit uncertainty (U, ;) is assigned to the 7}, identification efficiency,

uncorrelated across final states, data-taking years, and bins of p%. After the fit, the magnitude
of the postfit 7, identification efficiency uncertainty (U, ) is compared to [Upyefis — Upostit|-
The largest value is taken as the uncertainty in the 7, identification efficiency. It varies between
10 and 50% depending on the final state, data-taking year, and p% range. The uncertainty in
the integrated luminosity amounts to 1.2-2.5%, depending on the year [20-22]. A 2% normal-
ization uncertainty is considered for the muon/electron energy scale, while a 3% uncertainty
in the T}, energy scale is treated as a shape uncertainty that modifies final observable templates
and propagated to the di-T mass and p5. Uncertainties associated with the jet energy scale

and p7's are also considered [58].

Uncertainties of 2.0, 4.2, 5.0, and 5.0% are used for the predicted cross sections of the Drell-Yan,
tt, single top quark, and diboson productions, respectively [59-62]. The PDF, renormalization
and factorization scales, and initial as well as final state radiation uncertainties are considered
for the Drell-Yan and tt processes that vary from a few percent to about 20% depending on the
final state, process, and data-taking year.

A 20% uncertainty is assigned to the QCD multijet background to cover for differences between
the observed and predicted background rates in dedicated CRs. An additional uncertainty re-
lated to the probability for a jet to be misidentified as a T}, candidate, as well as an uncertainty
in the normalization of the non-QCD background subtracted from data in the application re-
gion, are included and vary between 10 and 20%, depending on the final state. Uncertainties
related to the top quark p reweighting in simulated tt events are evaluated by varying the
reweighting parameters between zero and twice their nominal values [63, 64].

Theoretical uncertainties for the signal in the gluon fusion production mode are derived from
the so-called WG1 uncertainty scheme [65]. Statistical uncertainties associated with the limited
number of simulated events in the signal region or observed event yields in the control regions
are accounted for as described in Ref. [66].

7 Resulis

A binned maximum likelihood fit is performed to all three NN output distributions to com-
pute the probability of the compatibility of observed data with the background-only hypoth-
esis [67, 68]. The systematic uncertainties are taken as nuisance parameters. An observed
significance of 3.5 standard deviations is obtained for a H — 77 signal with p? > 250GeV by
combining all channels and data-taking years, to be compared with an expected significance
of 2.2 standard deviations. The best fit signal strength modifier, defined as the ratio of the in-
clusive Higgs boson production cross section to the SM expectation, is also extracted from a
maximum likelihood fit to the same distributions and is found to be 1.64f8:g§, in agreement
with the SM prediction. The sensitivity of this analysis is driven by the y7,, and et;, channels.

The differential production cross section is measured in a fiducial phase space that is defined
per final state. Requirements on generator-level variables are chosen to be close to the trig-
ger and offline selections. In the uT;, (eT},) channel, the lepton is required to have generated
pr > 28 (30) GeV and |y| < 2.4 (2.5). If the generated py of the muon (electron) is less than
52 (115) GeV, a minimum threshold of 30 GeV is applied to the generated p™i** as well. The



generated visible pr of T, leptons must exceed 30 GeV and their || must be less than 2.3 in
the ut,, ety,, and 7}, 7}, channels. In the 7, 7}, channel, the generated py of the AKS8 jet must be
greater than 450 GeV or the generated Ht must be greater than 400 (700) GeV with a generated
prT“iSS greater than 180 (140) GeV for 2016 (2017-2018) samples. In the ey channel, two sets of
events are selected. The first set includes events with generated muon pr > 52 GeV, or between
28 and 52 GeV and pis® above 30 GeV. The second set includes events with generated electron
pr > 115GeV, or between 38 and 115 GeV and p2iss above 30 GeV. In both sets, the other lepton
must have generated pt above 10GeV. In all channels, the AR between two leptons must be

between 0.1 and 0.8, the generated p? must be above 250 GeV, and there must be at least one
jet with pr larger than 30 GeV.

To derive the differential production cross section, the signal is split into four bins with lower
bin boundaries of 250, 350, 450, and 600 GeV on the value of the generated (gen) pIT_I or with

lower bin boundaries of 0, 350, 450, and 600 GeV on the value of the gen leading jet pr (P}).
The definitions of the signal- and background-dominated regions are identical to those used
in the inclusive analysis. The same binning is used at reconstructed- (reco-) level to categorize
events. The gen- and reco-level observable values are not perfectly aligned because of the
limited resolution, and events from one gen-level bin can migrate to a different reco-level bin.
The contributions from the four gen-level bins are left floating independently from each other.
By performing one simultaneous fit over all reco-level bin histograms of the NN distributions,
the signal strength modifiers of the gen-level observable bins are determined utilizing the full
statistical power of the data set. This is equivalent to extracting the signal in the reco-level bins
and performing an unfolding to gen-level bins. The procedure follows the strategy adopted
in Ref. [17]. Fiducial differential production cross sections measured as functions of p? and
p]Tl are shown in Fig. 3. Tabulated results are available in the HepData database [69]. The
results are dominated by statistical uncertainties, especially in the highest-pr bins. The ggH
production mode contribution in the total signal yield reduces from 63% in the lowest p? bin
to 53% in the highest p? bin, indicating the importance of other production modes at large pr
values. This measurement extends the probed large-pr region beyond 600 GeV. No significant
deviation with respect to the SM predictions is observed and the measurements are compatible
with both the POWHEG and NNLOPS expectations. The fit has a p-value with respect to the SM
expectation from the NNLOPS prediction of 56 and 74% for the measurements with respect to
p? and pl}, respectively.

The inclusive fiducial production cross section is measured from the p? distributions used in
the differential analysis, by reformulating the parameters of interest such that one modifies
the total inclusive fiducial production cross section. Its best fit value is 3.88ﬂ:gg fb, which is
consistent with the SM prediction of 2.36 & 0.51 fb obtained with the NNLOPS generator.

8 Summary

The measurement of the production cross section of a Higgs boson with large pt decaying to a
pair of T leptons has been performed using proton-proton collision data collected by the CMS
experiment at a center-of-mass energy of 13 TeV, corresponding to an integrated luminosity
of 138fb~!. A dedicated reconstruction algorithm has been used to resolve the overlapping

decay products of the two close-by T leptons. The H — 77 signal with p? > 250GeV is
established with a significance of 3.5 standard deviations (2.2 expected). The best fit of the
product of the observed H — 7T signal production cross section and branching fraction is
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Figure 3: Observed and expected differential fiducial cross sections in bins of pT (left) and pl
(right). The last bins include the overflow. The uncertainty bands in the theoretical predic-
tions include uncertainties from the following sources: PDF, renormalization and factorization
scales, underlying event and parton showering, and the branching fraction 5(H — 7).

1.64f8:gi times the SM expectation. The fiducial inclusive production cross section has been
measured to be 3. 88*% gg fb, which is consistent with the SM prediction of 2.36 & 0.51 fb. The
fiducial differential production cross section is also measured as functions of the Higgs boson
and leading jet transverse momenta. This measurement extends the probed large-transverse-
momentum region beyond 600 GeV. No significant deviation with respect to the SM predictions
is observed in the transverse momentum distribution of the Higgs boson with large p?.
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