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Higgs cross-section (including di-Higgs) with ATLAS and CMS
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The latest results of Higgs cross section measurements from the ATLAS and CMS experiments
were presented. This proceeding focuses on the production cross section measurement under
the simplified template cross section framework in multiple decay modes and their combina-
tion. This proceeding also covers the differential cross section measurement and di-Higgs cross
section limits and the interpretation of self-coupling constants. Most of the results are based
on the full LHC Run 2 dataset and achieve the highest sensitivity to date which marks an
important milestone of Higgs physics entering the precision era.

1 Introduction

The discovery of the Higgs boson 2 in 2012 has brought us new research opportunities. The
Higgs boson production cross section multiplied by the branching ratio can be measured to
probe the coupling constants of Higgs boson to other particles. Differential cross sections as a
function of kinematic variables of Higgs boson offer a more model-independent approach due to
less assumption being made on the kinematic distributions. Di-Higgs production has become
more popular because it is a direct measurement of the Higgs trilinear coupling constants.
Using the full Run 2 data delivered by the Large Hadron Collider (LHC), ATLAS? and CMS*
provide the most precise Higgs cross section measurements in various Higgs decay modes and
their combinations. This proceeding covers analyses using the full Run 2 data unless stated
otherwise.

2 Production Cross Section Measurements

The simplified template cross section (STXS) framework ° categorizes the cross section mea-
surements into different kinematic regions of interest based on variables including Higgs boson
transverse momentum (pH), jet multiplicity (Njets), dijet invariant mass (m;;), and also trans-
verse momentum of the vector boson (p¥ ) in VH production mode. The framework provides a

© Copyright [2023] CERN for the benefit of the ATLAS and CMS Collaborations. CC-BY-4.0 license.



ATLAS 1s=13 TeV, 139 fb™*
H oy m =12509GeV ly,|<2.5
Fedons + Tor une. [l syst une. | s+ Theo unc.

138 b (13 TeV - Run 2)
CMS = s

Preliminary — 10 (5ys1)

-
'S

o Data

22 Sys. Uncertainty 4
Powheg+Pythia8 (p=93%) ]

w1 Powheg+Herwig7 (p=95%)—]
MadgraphFxFx (p=97%) 3

ZH, pZ>400 GeV —— 1.33+0.59+0.34

dofd(p") [fb/GeV]
° =
=S
e P
" eieceal

ZH, 250< p:< 400 GeV' ——— 0.91+0.37 £0.26

ZH, 150< p!s 250 GeV, 21J - 0.18+0.84 +0.69

o o
» o
T T
e

ZH, 150< p< 250 GeV,=0] -0.80 £ 0.34 +0.27

o ¢ E
Ny

BARERAwRS
1

ZH, 75< p!s 150 GeV -0.75 £ 0.50 + 0.50

Tu lnl]] R

. nllll !
M‘MH”“ il l’ ik

WH, p/>400 Gev B 2.00 +0.65 + 0.52
-—

WH, 250< p!< 400 GeV 1.95+0.44+0.33

oL NO
T T

Pred. / Obs.

WH, 150< p:s 250 GeV' — -0.61+0.42 + 0.44
-2 0 2 4 6

L L L
0-30 30-60 60-120 120-1000

8 10
Best-fit pu Py GeV)

)
)
)
)
)
)
)
)
)
)
)
)
)
5
)
)
)
)
)
)
)
)
)
%
)

T
(OB, (GB, ),

Figure 1 — The measured cross sections in targeted STXS bins as measured by ATLAS in the H — 77 channel
(left) ® and by CMS in the VH — bb channel (middle) '®. The differential cross sections as a function of p&
measured by ATLAS, in H — WW* channel (right) *2.

common guideline for analyses in all decay modes for comparison and combination. Each anal-
ysis needs to merge bins when statistics is low. The cross sections are measured simultaneously
in a fit using observables which are designed for picking out events from truth bins.

The H — ZZ* — 4¢ ({ = e,u) channel %7 offers a clean signature, a high signal-to-
background ratio and good statistics for the STXS measurements. The H — 7~ channel has
a fully reconstructable final state and a higher branching ratio which lead to higher statistics
allowing for a much finer splitting of STXS bins, including ¢tH cross sections differentially 8 in
pifas shown in Figure 1 (left). The total cross section of H — ~7 is also measured by ATLAS
using early Run 3 data !°, which is consistent with the theory prediction. The H — WW*
channel benefits from an even higher branching ratio but also suffers from higher background
and non-fully-reconstructable final states. The analyses measure STXS cross sections in the ggF,
VBF using fully leptonic decay mode and VH production modes using both fully leptonic and
semi-leptonic decay modes '"1%13 In the H — bb channel, the large branching ratio of about
60% brings even more statistics. However, with the unique background composition in different
production mode, analyses are carried out in VH 1516 VBF mode '8 and ttH mode '°. In
VH and ttH modes analyses are done in resolved and boosted Higgs topology separately. In the
resolved topology the two b-jets can be separately reconstructed. On the contrary, in the boosted
topology the Higgs boson is boosted and the bb pair has a smaller angular separation which are
reconstructed as a single large-radius jet. For VH analysis the boosted topology is defined as
p¥ > 250 GeV, and for {tH analysis it is defined as p% > 300 GeV. The boosted analysis provides
sensitivity in the phase space with p¥.(pH) higher than 400 GeV. Figure 1 (middle) shows the
measurement done by CMS in VH — bb channel. The H — 772%2! analysis targets ggF, VBF,
VH and ttH mode and offers additional sensitivity.

Both ATLAS % and CMS ?* made combined measurements of cross section with all decay
modes. Both combinations measure the production cross section by combining decay modes and
also cross section times branching fraction for different production in each relevant decay mode.
The ATLAS combination includes a total of 36 STXS bins with a precision down to 10% level.
Overall, good agreement between data and SM prediction is observed.

3 Differential Cross Sections

Differential cross sections provide a more model-independent measurement in the fiducial region.
The reconstruction-level distributions are unfolded 2> to correct for efficiency loss, acceptance,
and migration effects. Figure 1 (right) shows the differential cross sections in p¥ measured by
ATLAS in the H — WW* — evuv channel 2. A combination of H — ZZ* — 40 ({ = e, i)
and H — vy was performed by ATLAS 2?6 to provide differential measurements with a better
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Figure 3 — 95% CL upper limits on production cross section as a function of kav (left) in boosted HH — 4b
channel by CMS*° and x (middle left) in H — bbrr channel ®. The 95% CL upper limits on signal strength of
HH production in combined analysis of ATLAS (middle right) ®** and CMS (right) **.

sensitivity, and the compatibility of the result with the SM prediction has a p-value of 98%.

4 Di-Higgs

The di-Higgs processes (Figure 2) are sensitive to Higgs self-coupling ) through the ggF and
VBF production modes, while also sensitive to two-Higgs-two-gauge-boson kg through VBF
mode.

Di-Higgs processes are currently limited by data statistics. The most sensitive channels are
4b, bbr and bbyy, and include at least one H — bb decay. In the 4b channel, the events could be
categorized similarly to single Higgs studies into resolved and boosted topologies. In the resolved
topology, analyses are done by both ATLAS 27 and CMS 22, In the boosted topology, CMS
optimized a GNN algorithm, ParticleNet 2%, to select large-radius b-jet and excluded oy = 0
with a significance of 6.3 ¢ as in Figure 3 (left)3?. The bbr7 analyses from both ATLAS3! and
CMS 32 use multi-variate technique with data from all decay modes of 77. The bbrT is the most
sensitive decay channel in all decay channels of di-Higgs for resolved Higgs topology(Figure 3
(middle left)). A combination of di-Higgs production is performed by both ATLAS 33 and
CMS 24, 95% CL upper limits on the signal strength of di-Higgs production are set to be 2.9
and 3.4 times the SM prediction for ATLAS and CMS respectively. Figure 3 (middle right) and
Figure 3 (right) show the combined results for ATLAS and CMS respectively.

5 Summary

Higgs simplified template cross section measurements, differential cross section measurements
and di-Higgs production cross section limits using the full Run 2 data collected by ATLAS and
CMS experiments at the LHC were presented. The results are consistent with the Standard
Model. By the end of Run 3, the current dataset is expected to be doubled and will allow for
a more granular measurement in kinematic regions for theory interpretation, and provide more
stringent limits on HH production.
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