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Compact Muon Solenoid
_ 2 |

® CMS is a general-purpose detector at the LHC
@ Test Standard Model (SM) predictions

@® Search for new physics beyond the SM

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes
Overall diameter : 15.0m
Overall length :28.7m
Magnetic field :3.8T

SILICON TRACKERS

Pixel (100x150 pm) ~16m* ~66M channels
Microstrips (80x180 pm) ~200m® ~9.6M channels

SUPERCONDUCTING SOLENOID
'''''' Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystaly

/

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels



Introduction

® HH measurement directly probes Higgs self-coupling A
@ Crucial for understanding the Higgs field potential

2
© V(H) =5my H?+ A;H® + A,H*

@ Tight correlation with the dynamics of the electroweak
phase transition

CERN Courier

® HH production also sensitive to Beyond Standard
Model (BSM) effects

® Modified SM couplings
@ Additional couplings in Effective Field Theory
® Resonant production
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https://cerncourier.com/wp-content/uploads/2022/07/CERNCourier2022JulAug-digitaledition.pdf

HH production

® HH production challenging to measure due to it small cross section
® oyy ~ % in SM at 13TeV

K, = A2 also dictates signal
® Two main production modes kinematics:

[1903.08137]
A= Fa=—1.0 /o -
® Dominant channel for studying self-coupling S = = [Ny p—
S s TER_ gx=5H.0
@ Destructive interference =y Sy, ’
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® oygr =173 fb SM @13TeV LHC 14 TeV

. . PDF4LHC15
® Only channel to access quartic VVHH coupling NLO, pt = mun/2

H
i
2]
\
!
\
\|| |
I

m
i
M

[}

do/dmy,, [pb/GeV]
=

I
Hl ‘H‘

&~

A
A

|
!
| | n
f

. . . 102 = —
® ~11% increase in the cross section at 13.6 TeV g 10 .=
R =
® Test deviation from the SM couplings with 07 00 500 600 700 &0 900 1000
K-framework: : ky = X/Xsy . [GeV]
Gluon-gluon fusion (ggF) Vector-boson fusion (VBF)
8 6066060 Y—>—@—————~- H 8 766060060¢ , H
| b
H
8 GEOO0000d—<—@——————- H 8 76666600t “H
Kk, k k

® Additional production modes including VHH, ttHH
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Overview of HH measurement at CMS

® HH searches have been evolving since early Run 2 — :
. — Trryy
® More HH production modes and decay channels, 07 wetwe comnaton || |01
boosted topologies WW
O update (Dec 24) 10_2
@ Extensive usage of machine learning, trigger, selectionZ gg O New (0cc 20)
and tagging optimization T 103
e L o 77
® Best HH sensitivity via combination of all channels 10—4
® Run2 Legacy Combination : arXiv:2510.07527 e 10-5
® Using full Run 2 data with 138 fp~1! Rt 100
@ All final states defined to be mutually exclusive bb WW gg 77 ZZ Y
H — zx
HH Combination Nature 607 (2022) 60 New additions in
bbbb resolved Phys. Rev. Lett. 129 (2022) 081802 VHH bbbb JHEP 10 (2024) 061
bbbb boosted Phys. Rev. Lett. 131 (2023) 041803 bbWW (leptonic) JHEP 07 (2024) 293
bbtt Phys. Lett. B 842 (2023) 137531 bbVV (hadronic) CMS-PAS-HIG-23-012
bbyy JHEP03(2021)257 WWyy CMS-PAS-HIG-21-014
bbZZ(4l) JHEP 06 (2023) 130 TTYY CMS-PAS-HIG-22-012
Multilepton JHEP 07 (2023) 095
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https://arxiv.org/abs/2510.07527v1
https://www.nature.com/articles/s41586-022-04892-x
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-011/
http://dx.doi.org/10.1103/PhysRevLett.129.081802
http://dx.doi.org/10.1007/JHEP10(2024)061
http://dx.doi.org/10.1103/PhysRevLett.131.041803
http://dx.doi.org/10.1007/JHEP07(2024)293
http://dx.doi.org/10.1016/j.physletb.2022.137531
https://cds.cern.ch/record/2904879?ln=en
https://link.springer.com/content/pdf/10.1007/JHEP03(2021)257.pdf
https://cds.cern.ch/record/2840773?ln=en
http://dx.doi.org/10.1007/JHEP06(2023)130
https://cds.cern.ch/record/2893031
http://dx.doi.org/10.1007/JHEP07(2023)095

Legacy Run2 combination
.6 J

® The most complete CMS combination CMS Preliminary 13810 (13 TeV)
Kx—Kt—KV—KZV—‘I
to date —— Observed = 68% expected
® Using full Run 2 data with 138 fb—l Wy [ Median expected :=--:=- 95% expected

arXiv:2510.07527

® All available channels in Run2 Obs. (Exp.): 95 (54)

@ Overlap removal between channels leading bbzZ, 4|
to slight shifts in the upper limit compared =~ ©°> (&®):33 1

to individual results YT
Obs. (Exp.): 31 (26)

|

® Updated uncertainties and signal cross

. Multilepton B 7
section Obs. (Exp.): 22 (20)
® New EFT interpretations bBW* W' B ]

Obs. (Exp.): 16 (18)

® Updated Projections _ B
p J oy

Obs. (Exp.): 8.4 (5.6)

® Obs.(exp.) upper limit on HH signal obt*r
HH SM Obs. (Exp.): 3.4 (5.3)
strength : 3.5 (2.5) X 0, r var . ]
@ Significantimprovement comparing to Obs. (Exp.): 7.5 (4.9)

Combined
early Run 2 results Obs. (Exp.): 3.5 (25)

® ~5x improvement, far beyond the ~2x gain
expected from luminosity scaling alone.

1 10 100

95% CL limit on o(pp — HH) / S ooy

Limits extracted under the background-
only hypothesis
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.121803
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-011/
https://arxiv.org/abs/2510.07527v1

Constraints on coupling modifiers
-7 !

@ Constrain Higgs boson self-interaction coupling modifier k, @ 95.4% C.L.
@® Observed (expected) k; range: —1.40 (—2.29) < k; < 6.43 (7.95)

® Constrain quartic VVHH coupling modifier k,, @ 95.4% C.L.
@® Observed (expected) k,, range: 0.63 (0.62) < k,, < 1.40 (1.41)

® k,, = 0is excluded with a significance of 60, assuming k; = ky = k; =1

5 CMS Preliminary 138 fo! (13 TeV) a5 CMS Prehmrnary | | 13|8 o' (13 TqV)
5 UL NS H A A R L B RN AL B 3 O9r ‘ T T T — T T ]
S [ &=Kky=Ky=1 __Observed - Expected 27 w=x=x=1 __ Opserved Expected
o [\ ‘ o L
3 o 1 3% ‘
d ] ' 99.99994% CL ]
3 95.4% CL 25__ """""""""""""""""""""""""""""""""""""""
Ap o\ e e g
: 20k ]
C 151 7
oF ] i
I 10‘997/0'-‘
I ] 683/0'—
L PR I R T R B PR
0 8 10 8.0 . . . 2.0 2 5
K, Koy
arXiv:2510.07527
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https://arxiv.org/abs/2510.07527v1

2D coupling constraints

CMS Preliminary 138 fb' (13 TeV)
LS L B L B L B L L I B N
f 3.0 —— Observed —— 68.3% CL (10) ]
i Expected ~ sseeem 95.4% CL (2 ] . . . .
oeb ¢ mem oo ssmna s | © Two-dimensional constraints in the
(ka kav), (ka, ke), (ky, kay) planes
2.0 ]
1 _5:— ;...«\.:\,«“ . 4,-.:.’;.',-.;.,‘/ —:
o G : =~ 1 @ No significant deviation from the SM is
: e observed
0.5__ L LLTTTTH -t -
00;_ Kt:KV: 1 LALL T TP ST ¥E R _;
I R R | | B | | | |
-8 -6 -2 0 2 4 6 8 10 12 .
) arXiv:2510.07527
20 CMS Preliminary 138 b (13 TeV) CMS Preliminary 138 fb™' (13 TeV)
A" L B L R L L L L L B A B R BRI BRI RN
* i —— Observed —— 68.3% CL (10) ] 5 4r —— Observed —— 68.3% CL (10) 7]
1.8 Expected = seesem 95.4% CL (20) ] L Expected ~ eeeee 95.4% CL (20)
L ¢ Bestfit ] [ ¢ Bestfit
1.6F ] 3r ]
1.4f ]
N ] 2r b
1.2r 7 I
1.0F ] 1:_ ]
08:_ ] : ...................
0.6- . Op oo .
0af WvTr=l . Fsas _
| | | | | | | | | | | | | 1 L
-6 -4 -2 0 2 4 6 8 10 1 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8
Ky Ky
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https://arxiv.org/abs/2510.07527v1

The HEFT modeling in CMS
9 |

® New symmetries and/or new heavy particles induces additional effective terms
into the H potential

® Studied in the Higgs EFT (HEFT) scenario
@ linear variation of couplings (kj, k¢, c;, ¢4, C24)

AP =13 k- AP+ OF + - X+ Ky Koy - [ A X+ XA
K e [T X4+ X0+ 15 - k- | A O+ O°A|

HH production amplitude expression including EFT contact term ¢,
/\: triangle diagram contribution
[1: box diagram contribution

X: contact interaction from EFT
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Upper limits on HEFT benchmarks
10y

@ Upper limits in two representative HEFT benchmarks with different
combinations of the coupling modifiers (kj, k:,c;, ¢y, C24)

@ 1: Thirteen benchmark scenarios spanning a broad range of the coupling variations
@ 2: With NLO precision and considers direct and indirect constraints on couplings

® No significant deviations from expectations are observed
@ An overall small excess in all benchmarks, between 10 and 20

CMS Preliminary

—
o
w

—
(an]
o

95% CL limit on o(pp — HH) (fb)

—_
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vonmn Median expected [l 68% expected
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138 fb™' (13 TeV)
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First combined HH

=

|
2 5 6 7 8 8a 9 10 11 12
JHEP04(2016)126

H result for HEFT benchmarks!
BHNMEEFT_RELrESRAREAS

|

2 3 4 5 6

JHEP03(2020)091
Benchmark scenario

arXiv:2510.07527
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http://www.arxiv.org/abs/1507.02245
http://www.arxiv.org/abs/1908.08923
https://arxiv.org/abs/2510.07527v1

HEFT coupling scans
T

. . CMSs Pre//m/nary 138 fo' (13 TeV)
— 6 , ——————
@® Scan of C2 coupling modifier 2 O G Mm ki1 —Obsovad | Expecied
2 [
® In general compatible with the SM N .
The best fit slightly prefers c, =04 ¢\ || 95.4% CL ]
CMS Preliminary 138 b (13 TeV)
T LN L L L L L L B 7]
% =l — Best fit value
Ky, =1 ——— Standard Model ]
W'Wyy ] . | S S W Y S 68.3% CL ]
C,=-0.94 3¢ i
Multilepton i X | ]
Eb;N(i\Z +0‘§49 i - | . . . . . . 0.8 C120
C, = 0.17 082 1 CMS Prefiminary 138 fb” (13 TeV)
bB’Y’Y B N O'1 2:— — Observed | 0 Best fit (Observed)
+0.21 +0.24 — —e— o Expected 68% CL
C,=0.70 77/ -0.23 72 | | 1.0¢ % SM — 95%CL
bbt*t ]
C,=020 9% T
bBbb merged jets
- —
C,=-02075 /044700 | |
bbbb resolved jets
C,=0.06 0%
Combined
C, =0.40 *%12/.0.09 1010 | 1 | |
-2 —1 0 1 2 C3
arXiv:2510.07527 _ . 2
BN EFT _ReELRREXAS



https://arxiv.org/abs/2510.07527v1

UV complete reinterpretations

@ Probing UV complete models directly with available HH searches at CMS

® Model dependent with more physical assumptions about interference, parameter
values and correlations

@ Avrealistic testbed for assessing the reach and limitations of HH searches under
explicit UV assumptions

® Complementary to EFT interpretation and resonant searches
@ Explored an example UV mappings for HH from JHEP 02 (2021) 049

40 CMS Preliminary 138 fb' (13 TeV) 15 CMS Preliminary 138 b (13 TeV)
= obeerved e Exoected ] s L _oHpme - i 2HDMY
= 35; —— Observed e Expected ] % : SHDM-II  95%CL _
< f Spontaneously broken ] +~ 1.0 — 2HDM-X -
AN 30F Z, symmetry = I ]

25F . 0.8r ]

20; 7 0.6+ _

150 .

: : 0.4 .

10r 3

5— — 0.2} Observed [Excluded] -
: ] I cos(f-or) = 0 2
0 L i ] Lo v b v Py v by v v b Iy |

0. 65 O 70 O 75 0 80 0 85 0. 90 0 95 1.00 100 200 300 400 500 600 700 800 900 1000

|cos(at)| m,, (GeV)

. . 2HDM results: complementary coverage in
Competitive singlet results

0 5 the high-mass region
arXiv:2510.07527 o ymur-gamsnnis 15 July 2026



https://link.springer.com/article/10.1007/JHEP02(2021)049
https://arxiv.org/abs/2510.07527v1

H+HH combination

Single Higgs boson processes sensitive to Higgs self-coupling through EW

corrections o i/ wiz
. . . en !
Single Higgs production vs. k; ’ - o
q H
Inco® Moo
— ZH
— WH
— {tH
— ggF
— VBF
- tHJ ’—wvvva
H=-=--- iy H.-.'fA..:I .?f..-. H
1 1 I ! 1 AR VIV 4 .-
-10 5 ' 5 10 <3
Higgs decay vs. k; Kinematics vs. k;
SBR[%] 130 = : : .

1.20
1.10
1.00
0.90 f
0.80 |
0.70 |
0.60 |
0.50 f
0.40 |

0'30 L L L
0 100 200 300 400 500
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ttH
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H+HH combination
14 |

@ Constrain k; with H+HH combination at 2 o confidence level
® Observed (expected) range fixing other H coupling: —1.2 (=2.0) < k; < 7.5 (7.7)
® Observed (expected) range floating other H coupling: —1.4 (—2.3) < k; < 7.8 (7.8)

Phys. Lett. B 861 (2025) 139210

__gCMs_  1®blasTev) . CMS  180b'(18Tev) ~CMS _  138ib'(13TeV)
% L Observed —— single-H comb., 5.8*3° 1% [ Observed — single-H comb. ] 4 Observed e vicomb + 5M 1
= L 4 ] | ] B ' ¢ Best fit value 7
< gL =Ky =Ky =1 —— HHcomb., 1.0'% 1 1_2'_ Ky=Ky =1/ .~ HH comb. i m=k=1 b — 68.3% CL (10) 1
C}l [ — single-H and HH comb 31 r ) \ —single-H and HH comb. 1 ) -+ 95.4% CL (20)
[ “ \ / I / i H ] 3 — single-H and HH comb. ... 99.99994% CL (56)
L 20 1 3 - 7 n
4+ 1 1.1¢ b
3r - 1.0+ -
2j j 0.9+ e +5SM - e .:5. :
1,‘ ¢ Bestfitvalue ] v e
1 0.8 . —68.3%CL(l0) | S — e R
L . --954%CL(20) 1 § i
0 07| P L PR I PR I S M N RS S N RS

—4 12 1t ’ -5 0 5 10 15 0.8 0.9 1.0 1.1 1.2 1.3
Ky Ky Ky

® The combination resolves the degeneracy in k; presented in HH-only fits.

® The 2D allowed regions in (ky, k;), (ky, k,) are significantly reduced by H+HH
combination
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http://dx.doi.org/10.1016/j.physletb.2024.139210

The potential in HL-LHC

Study of Higgs boson pair production

Statistical-only Statistical + Systematic

is among the most important physics _ ATLAS CMS ATLAS CMS
. HH — bbbb 1.4 1.2 0.61 0.95
deliverables of HL-LHC HH — bbrt e ot L6 ”1 L4
T : ) HH — bbyy 2.1 1.8 2.0 1.8
2019 projection of HH in HL-LHC HH— bhVT ) 0.59 ) 0.56
based on early Run2 HH results HH — bbZZ(40) ] 0.37 ] 0.37
Combination 3.5 2.8 3.0 2.6
LHCXSWG-2019-005 L5 ao
2ab~! (52) 3ab1(52) 3ab~1(53)
ATLAS CMS ATLAS CMS ATLAS CMS
2025 projection of HH in i HH statistical iigniﬁcance
bbttT 3.0 1.9 3.5 2.4 3.8 2.7
Run2 results bbbb resolved 0.9 1.0t 1.0 1.2% 1.0 1.3%
bbbb boosted — 1.8% — 2.2t - 2.2%
_OE_ Multilepton 0.8 — 1.0" — 1.0t —
HIG-25-002 bb{* 4~ 0.4 — 0.5 — 0.5 —
Combination 3.7 3.5 43 4.2 45 45
ATLAS+CMS 6.0 72) C76)

“S2” : uncertainties with statistical origin scaled

with luminosity, theory uncertainties halved
“S3”: accounting for 5% improvements in b-jets
tagging and hadronic taus identification

efficiencies

FHUEEF T _EeE2RREXAS

Extensive use of advanced techniques at
various stages of analysis in Run2 led to
significant gains in sensitivity.

15 July 2026


https://cds.cern.ch/record/2692014/files/1910.00012.pdf
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-25-002/index.html

Run 3: a new era of potential for HH

® New triggers designed in Run 3
@ Improves signal efficiency

® Allows access to more phase spaces for
background estimation

® More powerful b-tagging, jet p; regression and
di-jet mass regression methods

® Heavy-flavour tagging improves ~5% per b-jet
at the same mis-tag rate

® Advanced machine learning methods for jet p,
regression and di-jet mass regression

® Optimization of signal/background classification and
categorization

® Improved background estimation, validation, and
assessment of systematic uncertainties

HENEET —BEeEsRREAS

udsg-jet misidentification efficiency
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103

103

CMS Simulation Preliminary 13.6 TeV
B # ' T : UL I B (A N R

- tt events, pr > 20 GeV, |n| < 2.4

| —— CSVv1 (Likelihood ratio - Run 1)

| —— CSVv2 (MLP - Early Run 2)
DeepCSV (DNN - Run 2)

- — DeepJet (CNN+RNN - Late Run 2)

[ — ParticleNet (DGCNN - Early Run 3)

[ — UParT (Transformer - Run 3)

- CMS-DP-2024-066

| .

! (O A
0.0 0.2 0.4 0.6 0.8 1.0
b-jet tag efficiency

Evolution of the b-tagging performance for
identification algorithms used in CMS from
Run 1 to Run 3

Huge potential in Run3 HH !
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https://cds.cern.ch/record/2904702

Summary
2

® Comprehensive HH searches using the full Run 2 dataset at CMS
@ Provide a direct probe of the Higgs potential and rare quartic gauge couplings

® Legacy results show significant sensitivity improvements over early Run 2

® Expanded exploration of production modes and decay channels, including boosted
topologies

@ Extensive application of machine learning for triggers, object tagging and event selection
® Well-developed EFT interpretation within the HEFT framework

® Combined analyses with single Higgs processes to constrain k; and Higgs couplings
simultaneously

@ Looking ahead: Run 3 holds great potential for further advancing HH searches!
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Backup
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HH - bbbb resolved
19

® Targeting HH decay resolved into 4 b-jets

© Large multi-jet background estimated from data and byy ’
fitted simultaneously in multiple signal regions .

® Use dedicated BDTs to separate different signals and by ‘

backgrounds
® Simultaneous fit of MVA for ggF and mHH for VBF
categories
Phys. Rev. Lett. 129 (2022) 081802
o MS Proliminary 102 7 (13 TeV) CMS Preliminary 138 fbo™! (13 TeV)
= — HH — bbbb 2017-2018 Data —_ - - - - -
§7°°§ . ;B‘;g 2018 g O e s " Alcaegories |  Observed (expected) results:
@ soof- """  Bhg. unc. T [ e pocted © HH — bbbb |
500~ : \S,“B"FQE.ZTH ;:,)3100 i aog0| M Seoweded . T P T
s %_ | —— Theoretical prediction ] O-ggF+VBF < 3. 9(7 8) X I-{gl-}:i%BF
;§2000§\\ .
- —2.3(=5.0) < k; < 9.4(12)
1000 Tl g —0.1(—0.4) < kyy < 2.2(2.5)
% 0.1 02 03 04 05 06 07 08 09 -10 -5 0 5 10
o} BDT Output Ky
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http://dx.doi.org/10.1103/PhysRevLett.129.081802

HH - bbbb boosted
20

138 b (13 TeV)

20 LA LAY B BN

® HH decay boosted into two merged jets _cMs

>
g 18;_gchat.1
@ Boosted H—bb candidate(s) reconstructed 5 :i f oa =°°D'99F“-VBF“ “”
. . c r HH (1 =35) ti+jets 1iH
as large radius jet(s) 2 12 . v, E romune.
® “ParticleNet” tagger (arXiv:1902.08570) to
identify boosted H decays

@ DNN b-jet energy regression to improve
H—bb mass resolution

® Main backgrounds from QCD and tt
@ Fit/correction from control regions

Data / pred.

U760 80 100 120 140 160 180 200 220

® ggF and VBF signal extracted with  Phys. Rev. Lett. 131 (2023) 041803 " =\~
5 103 F T

@ Fitto sub-leading jet mass for ggF = EM% suppeentary Qo EEiEZZIﬁii;Z§
@ Fitto my, for VBF e -
® Observed (expected) results:
® opitiver < 9.9(5.1) x o/t T sr
® —9.9(-5.1) < k; <16.9(12.2)
® Ky, = 0 firstly excluded at >50 assuming k,
=ki=ky =1
® 0.62 (0.66) < k,, < 1.41 (1.37) ST s 0 s TS e s
HENEET —BEeEsRREAS 15 July 2026 2

138 b (13 TeV)
S =2 S U A oA.

95% CL limit on o(pp — HH)B(bbb
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https://arxiv.org/abs/1902.08570
http://dx.doi.org/10.1103/PhysRevLett.131.041803

HH - bbtt

5 CMS 59.7 ib” (13 Tev)
® Targeting HH decays in Ty Th, UTy and ety Ej(; b %, =Efcg:z_ﬁggwH“““égi*:‘:t:dw“H“
@ Triggers based on leptons and hadronic taus - B oot

@ Di-1 trigger with or without jets
® Single-e, e-1, single-mu and p-T triggers

® Leading background from QCD, ttbar and DY
events

@ Estimated using data-driven or control regions

@® Event categorization on production mode and final

state
@ DNN classifiers to separate signal and backgrounds ows oo, 13815 13 o)
. . . K =K=1 —e— Observed ~ ----- Median expected
@ Signal extraction from fit to DNN score Sl B o2 cxpectes
----- 95% expected
Most stringent limits on inclusive HH (observed) and VBFHH: g?i‘;yg
O:gl:lg[}#VBF <3.3(5.2) x Ugg’?i%p, Ebopwte«gjgs
ovar < 124(154) x o/5:"M, - ]
~1.8(-3.0) < k; < 8.8(9.9) -
—0.4(—0.6) < kyy < 2.6(2.8) reis

95% CL limit on o(pp — HH) / O eory

Phys. Lett. B 842 (2023) 137531
BHMEE T - BLEARREASL 15 July 2026



http://dx.doi.org/10.1016/j.physletb.2022.137531

HH - bbyy

@ Targeting HH — bbyy final state analysis

® Main backgrounds: yy + jets, y + jets, ttH

@ very small BR, clean signal extraction due to the narrow

h — yy mass peak

©® Boosted Decision Trees trained to separate signal and

backgrounds

® Deep Neural Network (DNN) to reduce ttH background

®

ttH: the dominant resonant background, similar final-state topology and

can reconstruct a diphoton mass peak resembling the signal

@ Category for ggF and VBF based on the MVA output

@ Signal extracted from a 2D fit to (m,,,, m;,)

6,,, B(HH — yybb) (fb)

Limit on HH XS XBR vs kA

CMS 137 fb! (13 TeV)
- 95% CL upper limits = ]
[ —— Observed HH — yybb 1
35F ... Median expected E
[ I 68% CL expected ]
3F 95% CL expected 2
_& — — Theoretical prediction /7
E N\ /3
2F / E
1.5F
1
0.5
s
| — R SO T T
6 4 2 0 2 4 6 8 10 12
Ky

Obs. k, € [-3.3, 8.5]
Exp. k € [-2.5,8.2

Slmy - @Alxmﬁ%%w

S b

S 10

~ 6

n 10

S s

U>J 10

10*

10°

10°

10

1

107'E

Limit on VBF HH XSXBR vs k= C,,,+ <y,

CMS 13767 (13 TeV)
e HH > 1155 ]

Gyge v B(HH — yybb) (fo)

L mames Median expected =

- 68% CL expected \ H E
95% CL expected =

- — — Theoretical prediction =~ E

Obs. k,,, € [-1.3,3.5] ky
€ [-0.9, 3.0]

CMS 137 b (13 TeV)
L I UL L DL BLELELL I AL B L UL I
=+ Data “JggH E]VBF H
- —SMggF HHx 10° [ IVH [JtiH

’ low :med: high
) BDT :BDT:BDT

M&'-A—HI IHIIIl T \IHHI‘

qipt N V‘Rl{tw*}%

0 071020304068 08070800 1
ggF MVA

Obs.(exp.) upper limit on
HH signal strength
7.7(5.2) X SM
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Results from other channels
23 0

VHH bbbb JHEP 10 (2024) 061 bbWW (leptonic) JHEP 07 (2024) 293
138 fo” (13 TeV) cwms _____ 13810718 TeY)
CMS e Observed K =K =1
— o (stat @ syst) K:‘/ - Ktzv =1 — Observed - + 16 expected
—
s Median expected ~ ----- + 2 o expected
- bbWW
Inclusive N 145737 (stat) ) (syst) L —
dilepton
———— 190 7149 (stat) *% t Expected: 27
FH fiz3 (sta )—48 (syst) Observed: 19
MET —_—— 283 3'1112: (stat) _+51504 (syst) s|ng|e_|epton
Expected: 27
L | —f— 12+% (stat)f:: (syst) Observed: 28 N |
i e Combined
oL ——— 1017%," (stat) :au (syst) Expected: 18
L I L I L Observed: 14 i i | | ! |
0 200400 600 Sigggl St?’gr?gth 0 10 20 30 40 50 60 70 80
95% CL upper limit on o(pp — HH) / cTheory
bbVV (hadronic) CMS-PAS-HIG-23-012 WWyy CMS-PAS-HIG-21-014
CMS Freliminary 138 7 (13 TeV)
T L | T T T T T
HH_H W¥Y —— Observed ~ -=re- Median expected
CMS Preliminary 138 fb~1 (13 TeV) E z f{t 'l ; I 68% expected TTYy CMS-PAS-HIG-22-012
Kx=Ki=Ky=1 I —.— Observe‘d v v 95% expected
-- Median expected — —
% expected Fully-Lept
= e | oot Observed (expected) HH
|- ] . . 0 .
S(PP ;'::) (kav=1) Fully-Hadronic Upper Ilm” at the 95 /0 CL *
xpected: —
Observed: 142 Cxpecter 14 33 (2 6) X O.;Igl—é illl;'lBF
0(pp - qgqHH) (kzv =0) Semi-Leptonic
Otomad: 11 S:;r;ae?ve; 6741
0.1 1 10 T
95% CL limit on 0/0theory ~ GOMbined
Expected: 52
Observed: 97 | |
1 10 100
95% CL limit on s(pp — HH) 7 cThMy

Complementary HH searches, with results compatible with SM predictions
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H+HH combination

® H+HH combination
@ Ultimate precision on k; with less assumptions

@ Simultaneously constraining k; and modifiers of SM H couplings to fermions, and
vector bosons

@ The main channels of single Higgs and HH are included

Analvsis Integrated Targeted H Maximum References
4 luminosity (fb™") production modes granularity

H — 4l 138 ggF, VBF, VH, ttH STXS1.2 [51]

H— 9y 138 ggF, VBF, VH, ttH,tH  STXS1.2 [52,none]

H— WW 138 ggF, VBF, VH STXS 1.2 [54]

H — leptons (ttH) 138 ttH Inclusive [55]

H — bb (ggF) 138 ggF Inclusive [56]

H — bb (VH) 77 VH Inclusive [48]

H — bb (ttH) 36 ttH Inclusive [57]

H -7 138 ggF, VBF, VH STXS 1.2 [58]

H— pup 138 ggF, VBF Inclusive [59]
Analysis Int. luminosity (fb ') Targeted HH production modes  References
HH — yvbb 138 ggF and VBE [53]
HH — t7bb 138 ggF and VBF [60]
HH — bbbb 138 ggF, VBF, and VHH [61,62none]
HH — leptons 138 ggF [64]
HH — WWbb 138 ggF and VBF [65]
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Run 3 HH — 4b resolved analysis
257
® Targeting HH decay resolved into 4 AK4 b-jets CMS-PAS-HIG-24-010
@ Backgrounds: >90% QCD multijets, <10% ttbar, <1% for others like H, V+jets and

diboson processes
. b ’ y 1
® Analysis strategy . y Q !
@ Event pre-selection ey’ 5L
@ Dedicated triggers, 4 jet selection and HH candidate by Q // - 'bIZ
reconstruction with jet paring and regression

@ Selection of signal regions (SRs) and control regiosn (CRs) based on mu1, muz, and b-
multiplicity

@ Fully data-driven background predictionin SR
® Mapping from lower Ny; CRs to SRs using MVAs trained in other CRs
® Multi-classifier MVAs to classify different events and discriminant signal/backgrounds
@ Signal extracted via likelihood fit to the data using the MVA score
® Targeting both ggF categories, and VBF categories with ggF suppression
® Two different approaches explored
@ Different definition of SRs and CRs as the second targets also ZH and ZZ processes

@ Different ML algorithms used in background estimation, event classification and
background rejection
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Run 3 HH — 4b resolved analysis — approach 1

® SRs and CRs defination CMS-PAS-HIG-24-010
® Number of b jets, position in m,,-m, mass plane

® Data-driven background estimation

@ DNN trained to map backgrounds from CR,, to CR,,,
then applied to SR,, to prediction backgroundsin SR,

@ Background model from ensemble 20 individual background
predictions

® Helps to reduce and quantify variance in bkg. prediction

® Background uncertainty and validation
@ Fit differences among statistically independent predictions
@ Validated in both 3b CRs and 4b validation regions

® Customized ParticleTransformer to separate HH—4b
signal from background

@ With transformer blocks using jet-based input features

@ Trained using simulated signal for mix of A hypotheses

ML reweight training
ML reweight application

CR,,
@ Signal extracted via binned maximume-likelihood fit of

classifier score distribution in SRy,

@ Binning chosen with uniformed signal contribution
FHUEEF T _EeE2RREXAS 15 July 2026
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Run 3 HH — 4b resolved analysis — approach 2

® Targets HH and also ZH and ZZ processes signal-enriched
® SRs & CRs definition

_ _ _ o CRarim s
® Number of Loose (L), Medium (M), and Tight (T) b jets ZE §
© My & My g CRariL §

® FeynNet, graph-based neural network, used for: % %
® Background estimation and validation §’ Sl Sl %
® Classify HH (ggHH+qqHH), ZH, & ZZ processes = CRas =

@ Signal-vs-background (SvB) discrimination

® Background estimation S )
CMS Simulation Preliminary 62 fo™' (13.6 TeV)

® SRj;pqy region: reweight SR, with mapping learned by « ggHH - 4b

FeynNet from CR,, to CR31m = qgHH - 4b

® SRsqq region: reweight SR, with mapping learned by m ZH - 4b

FeynNet from CR,y,,7 t0 CR31q,.
® Background uncertainty estimation and validation
@ Fit differences with 30 trained bkg. models
@ Fit the average of bkg models to the observed data in SR;y,1
® Validated with ZZ, ZH—4b processes
® Signal extracted from the fit with SvB discriminant score
RHRUEEFT _RoELRRERAS 15 July 2026




HH — 4b resolved results with 62 fb-! data (2022+2023)

® Expected best fit of signal strength and upper limits @ 95% C.L.

HHH HggHH HaqHH
Expected Best-fit U.L. Best-fit U.L. Best-fit U.L.
First approach 1072 53 1.073% 53 1735 94
10535 61 1.0539 62 17 128

Second approach
@ Observed best fit of signal strength and upper limits @ 95% C.L.

HHH HeoHH HqqHH
Observed Best-fit U.L. Best-fit U.L. Best-fit U.L.
2.6 2.6 45
0.9f2.4 6.3 0.9f2.4 6.4 —3.0%2 93
2.7 2.7
—1.3f29 5.0 —1.1f2.9 5.2 —62f44 81

First approach
Second approach

® Observed and expected 95% CL intervals for k; and

95% CL interval A v

Obs. Exp. Obs. Exp.
Firstapproach  [—44,11.7] [-3.8,11.0] [-0.08,220] [-0.08,2.19]
Second approach  [—3.2,10.0] [—4.4,11.6] [—0.05,2.24] [—0.25,24]

CMS-PAS-HIG-24-010

® Results are compatible between two approaches
® More than a factor of 2 improvements comparing to Run2 results scaled to the

same luminosity
FHUEEF T _EeE2RREXAS 15 July 2026
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Run 3 HH — 4b boosted analysis

@ Targeting HH decay boosted into two merged jets I
erged-jet H— ecay, /7
@ With both ggF and VBF topologies priH) >~300 GeV

® Analysis strategy

@ Event preselection with AK8 jets using GloParT
scores

@® Splitinto SRs & CRs with two different strategies

@ 1. Based on H—bb candidate masses & sub-leading
bb-tag score, and signal extracted with two
complementary fit methods
® Mass-fit analysis: categorize events by SvsB DNN score

and H2 bb-tag, then fit m(H,) [50,100] [100,150]  [150, 200]
H—bb candidate mass [GeV]

[0.65,1]

Sub-leading H—bb-tag score
[0.05,0.65]

©® DNN-fit analysis: categorize events by H, bb-tag only,
then fit SvsB DNN score distribution

® Novel background model, re-designed data-driven
analysis strategy, exclusive VBF channels
@ 2. Basedon BDT multi-classifier & GloParT score, 00
and signal extracted via mass fit on Jet 2
® Similar to Run2 with new triggers & GloParT for bb-
tagging o
CMS-PAS-HIG-24-010
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O]

®©

®

HH — 4b boosted results with 62 fb-1 data (2022+2023)

3075
The expected best-fit signal strengths and 95% CL upper limits

HHH HggHH HqqHH
Expected Best-fit U.L. Best-fit U.L. Best-fit U.L.
First approach (mass-fity  1.0733 71 10735 73 1'% 173
First approach (DNN-fit) 1.0"31 66 1.0732 67 1782 185
Second approach 10737 81 1038 83 172 518

The observed best-fit signal strengths and 95% CL upper limits

HHH HggHH HqgHH
Observed Best-fit U.L. Best-fit U.L. Best-fit U.L.
Firstapproach (mass-fit)y —2.6'23 53 —25727 55 -—56'¢ 131
Firstapproach (DNN-fit) —0.8737 58 —087%] 61 —687% 131
Second approach 2175 111 20735 112 408715 1060

Observed and expected 95% CL intervals for x; and k,,

95% CL interval a fav
Obs. Exp. Obs. Exp.
First approach (mass-fit)  [-5.1,109] [—6.8,12.8] [0.63,1.42] [0.54,1.51]
First approach (DNN-fit) [—6.5,13.4]  [=7.7,14.9] [0.64,1.41] [0.56,1.49]
Second approach [-11.0,19.2] [-10.3,18.4] [0.30,1.74] [0.47,1.58] CMS-PAS-HIG-24-010

Constraints on K2V comparable to those from the larger Run 2 data set

FHUEEF T _EeE2RREXAS
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HH — 4b combined results with 62 fb-! data (2022+2023)

Combination of resolved and merged topologies
® Using approach 1 with the best expected sensitivity

Observed (expected) 95% CL Upper limits on
the HH signal strength py: 4.38 (4.39)

Observed (expected) k; range at 95% CL.:

—3.3(=3.4) < k; < 10.0 (7.89)

Observed (expected) k,, range at 95% CL.:

0.63 (0.54) < k,, < 1.43 (1.51)

Results are consistent with 1%; d

the SM prediction

Significant improvements on
the analysis sensitivity thanks
to novel analysis techniques
implemented

CMS Preliminary

Resolved
Obs. 6.4
Exp. 5.5

Merged
Obs. 6.8
Exp. 8.1

Combination

Obs. 4.4
Exp. 4.4

CMS-PAS-HIG-24-010

62 b (13.6 TeV)

LI B B T T T
1

_50-

_100-

Best fit
e 68% CL Obs.
= == 95% CL obs.
68% CL exp.
95% CL exp.
® sM

------
e

I EETE B
-8 6 -4 -

2 0 2 4 6

62 b (13.6 TeV)

CMS — SM —Observed [ o
Preliminary === Expected +2c

|

|

|

| H

|

|

|

|

|

| _

1 10

Koy

) CMS Preliminary
1

95% CL upper limit on .

62 b (13.6 TeV)
T T ]

1.8;
1.6;
1.4f
1.2f
1
o.sf
o.ef

0.4F

0.2

07\\\\\\:\\\

Best fit
e 68% CL Obs. —
=== 95% CL obs.

68% CL exp. 4

95% CL exp. —
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Run3 HH — bbyy analysis
32 |

@ Targeting bbyy final state analysis {:‘g: — Excellentm,,
J resolution
i i \W----< —  largeBR
® Overview of the analysis strategy 9 8

Boosted part

Categorization:
Classifier: Final Fit:

1
|
|
|
|
|
: FREENTE BDTs sib optimization 1D fit on m,,
|
|
|
.

Common tool part

Currently using the 2022 + 2023 data
sets.

Data driven
fake photon

background
estimation 2D approach

HiggsDNA Classifiers: - Final Fit:
i : Categorization: [

preselection arlielEes BN g i}D f:[ %n

bayesian optimization W

m; regression

1D approach

Classifiers: . _ .
multiclass Categorization: Final Fit:

1D fit onm
From bbgg team mjj_aware BOT 2D BDT output score W

optimization
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Run3 HH — bbyy analysis

33
® Pre-selections

CMS Simuiation Preliminary ~ 34.75 fo~', 2022 (13.6 TeV)
T T 4 LI T 1 T

1 reco.
—— p=1098,0=193 |
PNet Reg.
p=1178,0=164
1 PNet Reg. + mjj Reg.
—— u=121.0,0=133

a.u.

® Photon pre-selection targeting H—yy signatures

® Kinematic selections + H—yy candidate chosen as the highest —
sum p+ pair

0.0200

0.0150{-

® Loose jet pre-selection targeting H—bb signatures

® Kinematic selections + H—bb candidate chosen as the highest 0.0100
PNet b-tagging score pair

0.0125

) . 0075 f * L
@ Dijet mass regression Vi, E
® Dedicated DNN regressor developed for dijet mass wost  HH MC signal "l |
regression 00000 —— i T

Mii (GBV)

® Improved the dijet mass resolution ~20% (w.r.t PNet reg.)

@ Data-driven method for fake-photon backgrounds
® Improve background models used in MVA training and
analysis optimization

@ Extract a PDF function from low y MVA ID sidebands to re-
weight data events with non prompt y in the preselection
region

Presel. cut min(y MVAID) 1.0

0.9

Presel. cut max(y MVA ID) 1

5

@ Template fitting of non-resonant bkg to Data in sidebands to
further improve yield agreement
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Run3 HH — bbyy analysis — resolved 1D
3497
® A multiclass BDT with mjj as input trained to separate signal and backgrounds

@ Backgrounds categorized into 3 classes: CMS-PAS-HIG-25-007
® Non-resonant QCD & y(y)+jets & ggH & VBF H, ttH & bbH, VH

@ Optimize 3 categories based on discriminators, Dqcp and Dy, to maximize S/B

P P . .
HH , Dppy = —22— where P is the multiclass BDT score
PyH+PQcDp+PVH

PHH+PttH
@ Signal extracted by performing a fit to the diphoton mass distribution m,,,

O] DQCD ==

@ Signal and resonant backgrounds: modeled using the sum of N Gaussian functions

@ Nonresonant background: modeled with a set of smooth exponentially falling functions
@ Discrete profiling employed to determine best-ft backgrounds and their systematic uncertainties

reliminary 9 fb 6Te reliminary 9fb 6 Te reliminary 9 fb 6Te
CMS Prei 619" (13.6 TeV, CMS Prel 61.9 b (13.6 TeV CMS rrel 61.9 b (13.6 TeV
T T E T T F T T
3 45 catl | } & Dma g Sp cat2 } 3D 3oL cats ! L e
© 4 : ; Bernstein (O=1) o S ! H Bernstein (0=1) o 12 ! Bernstein (0=1) _
2 ! Exponential (O=1) 2 E Exponential (O=1, Best Fit Pdf)| £ : Exponential (O=1, Best Fit Pdf)
g 3.5 : g &H S 10 : : Power-law (O=1)
Lﬁ 3 : Power-law (0=1) u>J £ Power-law (O=1) u>J 1 | : Laurent (0=1)
25 ! Laurent (O=1, Best Fit Pdf) 5t Laurent (0=1) 8 ! i Laurent (0=2)
. 1 1 1
i 4 6 i 1
2 : T ; :
1.5% i 3 4k : i
: I
1 1 2 r A i
0551 o] o] [0[¢) (] 110]5 1 > F A N
L OfprtdlL L] | . C A | t
0E ' (0] = ! H O'....[.'.I.l L IT iy el e TS
S 100 30 1 6 80 § 1 S 100110 120 130 140 150 160 170 180
3 3 8f 8
3 4 8 6E 8
x 3¢ o 4K o 5
s 20 E 2 .
Y ____IIIIHIIIIIIIHIHMIHHHHHHHI Z 9 @ 0
m o F om
© -1 . . . . . . . ! _2: . . , , , © -5 . . . . , , .
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o fa}

m,,(GeV) - m,.(GeV)
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Run3 HH — bbyy analysis — resolved 2D
37

@ A multiclass DNN trained wo. m,,, or m;; as inputs S GCMSPrlimney stowlnaste
g 2D Fit } Data ]
® Backgrounds categorized into 3 classes: g’ — 8
o B 3
@ Nonresonant bkgs (QCD + y+jets, yy+tt/jets), ttH, Other single H o
bkgs 3 ;
. . . . . 2 .
@ Bayesian optimization of categories based on DNN Iz
\.,\\ /1
ou tp u tS ot 1 ET/ %ﬁ‘\‘?‘"‘:‘r : ‘
® Maximise the asymptotic significance (Z) with MC + E T
data-driven backgrounds ﬁj ‘ E
® Cumulative significance plateaus after 3 SRs i k NN 17?6&?0
. . My (€
@ Signal extracted by a 2D fit of m,,, and.mjj | s s
@® Non-resonant background: smoothly falling functions + & °j = Vomm
. - e 7f
discrete profiling method 2 o —s8
@ --B
@ Signal: a sum of Gaussians Y8y E
4 &
® Resonant background: Double Crystal Ball for VH and 3 E
ttH 2 E
@ 2D fit built as the product of the two 1-D distributions 5

® Extra uncertainties to include bias introduced by neglecting
correlations

=1 AR AL AN AR RARIY TTT T[T T T[T T T T [ TTTT[TTTT 11T

chNONMB® O

Data - Best Fit Prediction

CMS-PAS-HIG-25-007 LR BN
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Run3 HH — bbyy analysis — boosted

® Novel boosted topologies also explored in Run3
HH — bbyy analysis

@ Exploit HH production with a high-pt H — bb
candidate in the final state

@ Defined by requiring the presence of at least one ~  CMSPreliminary_________ 61.9%'(136TeV,
selected AK8 jet G 5 Boosted Category L oaa
@ ABDT trained to discriminate signal against §2-5 :?B E
background A -
@ 1 boosted category optimized by maximizing 1"?_
expected upper limit using the BDT score 0557
@ Prioritize events falling in the “boosted” category by '05‘ LN il
removing overlapped events from the other non- [ — e
boosted categories : 2& | | f
@ Signal extracted by 1D fit due to limited statistics (ﬁ 1114

|
—_
= N
o

. : : T0 1200 130140 150 160 170 180
® Non-resonant background: smoothly falling functions m,, [GeV]

+ discrete profiling method

@ Resonant bkgs and signal: Double Crystal Ball (DCB) CMS-PAS-HIG-25-007
functional forms
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HH — bbyy analysis results with 62 fb-! data (2022+2023)
35

® The combination of the boosted and IR e
resolved 1D strategy categories M0 T SMprdien o 00% et

® Observed (expected) 95% CL upper limit: Boostod. i { i

7.4 (8.7) times the SM cross section. Orooveds0 | X _

@ Observed (expected) 95% CL bounds on k; : s \ | 1

Observed: 28

[-3.9, 10.4] ([-4.5, 11.1]) mosvg a2 {
® ~ 5% better adding the boosted category Resalved catf ‘* |

Expected: 14
Observed: 12

Expected: 8.7

CMS-PAS-HIG-25-007  omenesrs

Combined }
1 1 |

il Hi L L v b by by b by by
0 20 40 60 80 100 120 140 160 180
95% CL limit on (pp — HH) /

Theory
CMS Prellmmary 61.9 fb (136 TeV) CMS Prellmmary 61.9 fb (136 TeV)
_I —
S =r K = Ky = sz = 1 —_ Kx = 3 06132 LK =Ky = sz =1 — Observed ----- Medlan expected |
S | 1D strategy —— Standard Model 1 10tk 1D strategy = Theory prediction ----- 68% expected |
< E X SM prediction  ====- 95% expected
N
1

-
o

w
T

95% CL limit on o(pp — HH) (fb)

_10...._5....0....5....10....15
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HH — bbyy analysis results with 62 fb-! data (2022+2023)
3875

® The combination of the boosted and EMS Prefimipary. Sagtianatans Pl 120 TeY
. 2D strategy Observe-d . Median expected
resolved 2D strategy categories B0 S ove s

Expected: 49

11.0 (7.3) times the SM cross section. oot S0 |

Resolved cat3 l

® Observed (expected) 95% CL upper limit: Boosted | {

Expected: 28

@ Observed (expected) 95% CL bounds on k; : iz | |
-5, 12] ([-3.6, 10.5]) Resvs a2 )

Observed: 20

@ Leading uncertainties are background Rosohed cat| | ‘

Expected: 11
Observed: 18

statistic uncertainties and HH theoretical —| -

Combined
uncertainties et |1 Y
CMS-PAS-HIG-25-007 0 20 40 60 80 100 120 140 160 180

95% CL limit on o(pp — HH) / oTheow

CMS Prellmlnary 61.9 fb (136 TeV) CMS Prellmlnary 61.9 b (13.6 TeV)
—~~ T T T T T T T T ~—~ T T T T T T T T T T T I T T T T
0t o | ]
S [T T sz = 1 —_ Kx = 1 2 ‘2172 = [ &TRT sz =1 — Observed ----- Median expected |
O 16 2D strategy —— Standard Model T 2D strategy = Theory prediction ----- 68% expected
< T ] T 10°F % SM prediction === 95% expected
o 14F ] I ]
1 - 4
o
12 — 8
©
10F ] 510°
8f- E
r -
6_— Q 2
L Log\c; 10 :
4 »
0 oty s [ A ! 1 10 1 | ! 1 =
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Overview of the improvements in Run 3 HH analysis
399

® New triggers: e.g. > factor 2 absolute HH—4b trigger

efficiency for Run3, expanded analysis phase space  §'4¢cmMs HH—4b
£ 1-_Simulatlon Preliminary .
® b-tagging and jet prregression: PNET improves . e

heavy-flavour tagging (+5% per b-jet at same mis-tag) *"F . 3

and introduces a ML flavour dependent jet pTregression °f  —+ = —Rwn2 201

B Run 3: 2022

@ Improved jet paring and di-jet mass resolution T ~ Run3: 2023
n si ficati T - ———
® New developmentin signal/background classification F - Higger requirements

'l A AR il
400 500 600 700 800 900 1000 1100 1200

and categorization, background modeling, validation and "~ 00 80 90 1
my, (GeV)

uncertainty estimation
CMS-PAS-HIG-24-010

® Novel boosted topologies in some channels

; ; P (13.6 TeV)
_ QIV!SISIm‘!u{a{mInIP{'e:‘.'.'?frI'ialrylII”1I3.I6IT?\_/ P o B B L I R
0 0.08F=1192Gev, =131 Gev — ion = : T
@ L 1= 1251 GeV, o=11.2GeV . :Ww./:;regresspn ] ® F CMS . Tty
2 0.07f-1=1121GeV, 6=152Gev Wi regression - 4 8 [ Simulation Preliminary .- |
o a —H, w{o regresspn ] sy T -
[©] H, with regression 3 c EFE e 3
Y— - o o o
© 3 =
& = S r T L
= E = .
o ; S10°F -
@© —] c E
fie - (0] =
L ] ke] C -
3 2 [
] = . — PNet@HLT b vs light
E 107E A Y PNet@HLT b vs ¢
. o = DeepCSV bvs light ]
E N < L L DeepCSV bvs ¢
E e e, T——— ow) A . S | IS EPEETIP PRI B
%O 100 120 140 160 180 200 0.3 04 0.5 0.6 0.7 0.8 0.9 1

B4 Reconstructed Higgs mass (GeV) b jet efficiency
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ATLAS and CMS Preliminany” %%

HH Combination of ATLAS and CMS at 13 TeV

® HH combination between CMS and ATLAS at
13TeV: arXiv:2602.23991

®

®

Using full Run 2 data ranging between 126 and
140 fb~1

With the main channels in both analyses

Observed (expected under the background-only

hypothesis) 95% CL Upper limits on oy /0rheory

2.5 (1.7)
Signal strength: 0.8192

Observed (expected with SM HH) k; range at
95% CL: —0.71 (—1.3) < k; < 6.1 (6.7)

Observed (expected with SM HH) k,,, range at
95% CL: 0.73(0.66) < k,, < 1.3 (1.40)

Compatible results between CMS and ATLAS

The most sensitive HH production results to date

® The expected limits are approaching unity with a
mild excess of about 10 observed under the
background-only hypothesis.
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https://arxiv.org/abs/2602.23991
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