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Higgs Potential

Higgs potential can be distorted by new physics!

Mass term HH Production HHH Production 17 SHCTIRIE
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HH Production Modes at LHC

* Very challenging measurement

* SM HH cross section is ~1000 times smaller than /
that of single Higgs production

* Dominated by ggF production mode: destructive

Gluon-Gluon Fusion \
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

CMS-HIG-20-011

CMS HH Run 2 Combination

« Combined analysis of 138 fb~* of Run 2 data at /s = 13 TeV CMS 138f"(13TeV)
from 2016-2018 from eight HH analysis channels Ky =K = Ky = Ky =1
—e— Observed meees 68:/0 expected
* Set limits on anomalous couplings to the Higgs boson using the wwy Median expected M 95% expected |
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CMS HH Analyses in Run 3

* Run 3 HH analyses showcase
major advancements in analysis
techniques

* Partial Run 3 CMS analyses
public for four decay channels
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HH - bbbb
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CMS-HIG-24-010

HH — bbbb Analysis Strategy PSR s

ils + Largest branching ratio ~ 33%

' * Overwhelming QCD background
’  Small expected S/B makes signal extraction difficult

* QCD poorly modeled by Monte-Carlo and lacks higher order corrections, further complicating the
background methodology

T Merged bb topology has better S/B and allows measurement of higher Higgs boson pr range
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HH — bbbb Run 3 Improvements

Resolved
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b-tagging performance of Run 3 algorithm and Run 2

algorithm, from tt MC evaluated on trigger-level AK4 jets with
pr > 30 GeV and |n| < 2.5.
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Trigger efficiency for resolved topology as a function of
generator-level myy in simulated SM HH — 4b with

generator level b-jets satisfying p; > 25 GeV and |n| < 2.5.
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HH — bbbb Run 3 Improvements
Merged

(13.6 TeV)
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b-tagging performance of Run 3 algorithm and Run 2
algorithm, evaluated on AKS8 jets in the HLT from MC HH —
4b and QCD multijet events.
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CMS-HIG-24-010

HH — bbbb Signal Extraction PSR s

* QCD(+tt) dominant background, estimated from data

* DNN-based multivariate reweighting to estimate background
in signal regions from background dominated control
regions.

my;,

Run 3 HLT allows 10x more 2b-tag
dataset than 3b to estimate
background in 4b
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CMS-HIG-24-010

HH — bbbb Signal Extraction SRR i o T

« QCD(+tf) dominant background, estimated from data o e 41007 (13.6 TeV)
. . . . . O 107 CMS ¢ Data
* DNN-based multivariate reweighting to estimate background o B Background
in s-ignal regions from background dominated control * 10°E SR,, ”’| Bkg. Unc.
regions. T 10° SMggHH,_ =10

)
« Separate signal versus background classifier DNNs trained |3} 1% SMaqHF, 1 g, =100

and evaluated on ggHH and VBFHH categories. 10°

e Signal in the resolved topology is extracted via a binned 10°
profile likelihood fit to the DNN P gy score distribution. 10
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CMS-HIG-24-010

HH — bbbb Signal Extraction PSR s

* QCD(+tt) dominant background, estimated from data Cop o 620f0"(136TeV)
- DNN-based multivariate reweighting to estimate background 2 [ CMS ; e Wz 1
in signal regions from background dominated control @ OfMassfit o F7 TR o
regions. GCJ 8:_HPSR V4, W —quH,uiZ::ﬂOO_:
> [
* Separate signal versus background classifier DNNs trained w
and evaluated on ggHH and VBFHH categories.
« Signal in the resolved topology is extracted via a binned
profile likelihood fit to the DNN P gy score distribution.
* Events in the merged topology are grouped into categories
by DNN score and then signal is extracted by a binned profile 0
likelihood fit to the subleading Higgs mass distribution, per B ET T I :
category. s 1 * ------ 4# --------------- $7
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HH — bbbb Results

CMS-HIG-24-010

2022-2023,62 fb™1, /s = 13.6 TeV

Resolved topology 200% improvement in
sensitivity compared to Run 2!

95% CL UL on HH signhal

Resolved

Obs. 6.4
Exp. 5.5

Merged

Obs. 6.8
Exp. 8.1

Run 3 62 fb™ (13.6 TeV) Run 2 138 fb” (13 TeV) + 62 b (13.6 TeV)
CMS SM —Observed  =io Run 3 CMS SM —Observed =0
---- Expected +20 ---- Expected +20

Combination

Obs. 4.4
Exp. 4.4

Combination

Obs. 4.7
Exp. 2.8

10

1 10

95% CL upper limit on W, 95% CL upper limit on W,

With only 62 fb~! integrated luminosity, Run 3 achieves comparable sensitivity to Run 2 at 138 fb~1.
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HH - bbtt
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CMS-PAS-HIG-25-008

HH — bbtt Analysis Strategy S,

CMS Simulation Preliminary (13.6 TeV)
« Sizeable branching fraction (7.3%) 2 | — e
* Balance between purity and yield:
* H — 77 clean experimental signature : -
« H - bb large branching ratio E HLT 7,
- Th's from Z - 1t 1T
» Targets three tt channels: (ety, uty, TTh) Y — reco.
« Several improvements over the Run 2 analysis:
* Improved online (HLT) and offline T identification - 1009MS|3f(”Lf’af.’°’? — 18 TeV)
« More inclusive HLT paths, enhancing signal acceptance g | BEEEI:E E\‘g;i XZE
* Inclusion of merged event topologies, accessing merged 7,1y, §10
* Improved 7, momentum assignment with a DNN regression %10-2
5 | | | DeepTau
% 1073F pr> 100 GeV -
€ 8 In|<2.3 1
© i Jets from tt ]
- 10—4 . ! ! . ) ! . ! . . | ! ! . .
=1

! T S T NN T SN S N SRR T T
0.7 0.8 0.9 1.0
Ty, identification efficiency
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CMS-PAS-HIG-25-008

HH — bETT Slgnal EXtraCtlon 2022-2024, 172 fb~1, /s = 13.6 TeV

Several backgrounds

* ttand backgrounds with genuine CMS Preliminary 172 fb™' (13.6 TeV)
Z 5 Doy T
* Modeled from MC § 8000 TeTn channe.l Etct)thers E E;ilgan i

* Irreducible Drell-Yan Z/y* — T s A
e Estimated from MC 2 °00or — qaHH SM x10° )

e Validated on Z enriched CR
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HH — bbtt DNN Score Distributions 20922028, 172 [ -1 J5 13,6 Tov

110 fb-! (13.6 TeV)

(n 6_ T T T T T T T T T T T T T ]
5 10 CMS Preliminary { Data —ggF HH - bbtt (SM) x 2.6 EEDrell-Yan i Single H M Fakes ]
5 10°F = Uncertainty ——VBF HH — bbtt (SM) x 2.6 Ett W Others y
i X c 1
104 VBF 2 = Resolved 1b1j = Resolved 2b .
i 5|3 ' ]
op %18
102} g3
10"
100

—
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1072
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3 2F
@1
c F
D 0— 1 | | | | | | L L l L | l | l ! | ! 1:
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Bin number

DNN score distributions in the 2024 signal regions after maximum likelihood fit to data,
used to extract signal.
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CMS-PAS-HIG-25-008

2022-2024, 172 fb~1, /s = 13.6 TeV

HH — bbtt Results: Early Run 3

* Sensitivity dominated by category with two resolved b-
jets

95% CL UL on HH signal
bb 11, 172 fb™! (13.6 TeV)

 Dominant experimental systematic uncertainties from

_ _ CMS Preliminary
fake factor calculation of the 7, and b-tagging T

95% CL limit on o(pp — HH) x B(bb 1) (fb)

« 20% higher sensitivity than Run 2 Ky =Koy =1 B 68% expected
e Phvs lett BS42 (2023137521 0 = 95% expected
CMS Prelimi bb 11, 172 fb™ (13.6 TeV B |
-"'ln?”'mpal’y"'l"'|"'|"'|'T’c"|"('l"e')- VBF
[ X =Ky=%Ky=1  ——Observed =  ----- Median expected ] Expected: 23
= Theory prediction [l 68% expected Observed: 21
¥ SM prediction  ----- 95% expected
aa *® bb-boosted
102 Expected: 21
C Observed: 16

-
o
TTT

Sep 29, 2026

resolved 1b1j
Expected: 15
Observed: 18

resolved 2b
Expected: 4.2

Observed: 7.5

Combined
Expected: 3.9

Observed: 6.6

K =%=1

—e— Observed

----- Median expected

CMS Searches for HH Nonresonant

IIII 1 1 | I I N

10 100
95% CL limit on o(pp > HH) / ¢

Theory
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CMS-PAS-HIG-25-008

HH — bETT ReSUItS: Run 2 + Early Run 3 Run 2 + 2022-2024, 310 fb~1, /s = 13, 13.6 TeV

95% CL UL on HH signal
CMS Preliminary bb 11, 310 fb™ (13, 13.6 TeV)
= [0 = I E A A R I A B CMS Preliminary bbr1310fb(13136TeV)
g K =Ky = Ky =1 —— Observed ~ ----- Median expected [ I L B I L B
E . B 68% expected | Ek Z Et ==1 —e— Observed ----- Med!an expected (u=0)
T - 95% expected | verveE e e Median expected (u=1)
T i ] B 68% expected
I_ ----- 95% expected
% 10 = — ]
c ¥ ] 13 TeV
o Z ] Expected (u=0): 5.3 a8 1o
E - A Expected (u=1): 6.2
- i i Observed: 3.5
o i | - _
N 13.6 TeV
- 1 Expected (u=0): 3.9 .
Expected (u=1): 4.6
Observed: 6.6
Combined
Expected (u=0): 3.0 i
Expected (u=1): 3.9
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 L
_6 -4 -2 0 2 4 6 8 10 12 Observed'4‘o I PR T [T N TN TN NN TN WY W NN SO SO T NN SO Y W N
K, 2 4 6 8 10 12 14

95% CL limit on o(pp — HH) / S heory
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HH — bbyy Analysis Strategy

Small branching ratio (0.3%) but high signal efficiency

* H - yy: very high m,, mass resolution (1 — 2%)

background

Two main background categories:
Nonresonant QCD: y+Jets, yy+lJets

Clean signal bump at m,,,, ~ 125 GeV over continuum QCD falling

* Resonant H — yy single Higgs: ggH, VBFH, VH, (with true b-jets)

Sep 29, 2026

CMS Searches for HH Nonresonant

Large xs

Signal-like
phase space

CMS-PAS-HIG-25-007

2022-2023,62 fb™1, /s = 13.6 TeV

i+vy

non-resonant

Resonant MW
ggH + VBF H

2 b-jets
ttH + bbH

Resonant Mbb
VH ggHH
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CMS-PAS-HIG-25-007

HH — bbyy Analysis Strategy S ——

« Small branching ratio (0.3%) but high signal efficiency Signal Regions

 H - yy: very high m,,,, mass resolution (1 — 2%) Optimize SR in multiclass DNN

Score space
* Clean signal bump at my, ~ 125 GeV over continuum QCD falling Objective: Asymptotic significance
background z= [2[+pm(1+3) -]

* Two main background categories:
* Nonresonant QCD: y+Jets, yytlets
* Resonant H — yy single Higgs: ggH, VBFH, VH, (with true b-jets)

Nonresonant Score

* Multiclass DNN discriminates signal vs. backgrounds

* DNN uncorrelated with m,,, and m;;, fitted for final signhal extraction >/ > g9 — HH Score
& gy
oL : o : : . S
» Categorization in DNN discriminant signal purity regions Seorg
Nonresonant QCD continuum
% background
o
o

Resonant single H

background
/\\ggHH Signal
125.Gev myy -
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CMS-PAS-HIG-25-007

HH — bbyy Analysis Strategy S ——

« Small branching ratio (0.3%) but high signal efficiency

* H — yy:very high m,,, mass resolution (1 — 2%) Example nonresonant background fit,

» Clean signal bump at m,, ~ 125 GeV over continuum QCD falling highest statistics category:

background CMS Preliminary 61.9 o' (13.6 TeV)

* Two main background categories: > [ cat3 i —$— Data
o 12 . SR | ——— Bernstein (0=1)
* Nonresonant QCD: y+Jets, yytlets > I : | ——— Exponential (O=1, Best Fit Pdf)
. Resonant H — yy single Higgs: ggH, VBFH, VH, 11/ (with true bJets) 501 | | T Poweeinw Ot
1] t 1 | — =
. . _— . 8 1 i J— .
« Multiclass DNN discriminates signal vs. backgrounds r 5 g B
6 M 1 1
* DNN uncorrelated with m,,, and m;;, fitted for final signhal extraction Ko ! i ! T T
4 Clestslarel! | !
e Categorization in DNN discriminant signal purity regions N I ;
* In each analysis category, fit: .
S 100
* Continuum QCD background from data, excluding m,,, blinded signal region, with é ! =
family of polynomial and exponential functions 3 i
* Resonant background MC with double Crystal Ball functions and families of ?-':
smoothly falling functions, depending on process and yy/jj-leg g
* Signal MC with sum of Gaussians & —5E , , , , , , ,
o _ _ _ _ - s 100 110 120 130 140 150 160 170 180
e Sensitivity gain attributed to improved corrections, categorization e m,,(GeV)
algorithm, and DNN techniques Diphoton mass
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CMS-PAS-HIG-25-007

HH — bbyy Analysis Strategy

* Two strategies of signal extraction:
1D Fit: Only fit to m,,, distribution
* 2D Fit: Simultaneous fit to m,,, and m,; distributions, assuming minimal correlation between H — yy and H — bb

CMS Preliminary

61.9 fb™' (13.6 TeV)

L

Sep 29, 2026

S

CMS Rre{irqingry

61.9 fb" (13.6 TeV
T

CMS Searches for HH Nonresonant

%22_""|.""|""|"" ""l""l""__ %22_ . I T T _:
((\DI 20 2D Fit + Data _E 8 205_ 2D Fit - + Data _E
> 18 H-vyy — S+B E 5 185 H-bb | _gp E
g 16 ---B = g 16H ---B E
w 14 4 i 14:_:\ | =
12¢ _i 12;_ \\\ _;
10¢ E 105 | 11 TNy E
8- E 8 E
6 E 61 =
4= E 4E -
2 T 2 -
Ob—— o :
S ' RRRRRE £10F" T E
£ MUTTARTTNNE | B 1 THIIY
§O—||I| .Ill A.Hll | {Hllll.”llulllﬁ %of | L | .l' ‘l| | L '+f
u“u’5§_H THTWH“INTHTIIMM TS &?—55—|I TII \*|T|TI|ITTTTT_
8 100 710 120 130 140 150 160 170 180 8 &0 100 120 140 160 180
m,, [GeV] my; [GeV]
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CMS-PAS-HIG-25-007

HH — bbyy Results
Observed (Expected) 95% CL UL

« 2D Fit approach shows better sensitivity over 1D Fit o(pp » HH) < 11.0 (7.3) Orheory

* Analysis is statistically limited
» Sensitivity improvement of 5-10% over Run 2

CMS Preliminary 61.9 b (13.6 TeV) CMS Preliminary _______  61.9/"(18.6TeV)
—~~ T T T T I T T | T T T T T | T T T T
é | K =Ky=K,y=1 — Observed ----- Median expected | 2D strategy —e— Observed === Median expected
T 2D strategy & Theory prediction----- 68% expected My =0 — SMprediction === 68% expected
T 10°F ¥ SM prediction === 95%expected H | | 95% expected
1\ L Boosted
o L Expected: 49 :
3 Observed: 50
5 | _|
< 10° Resolved cat3
o

Expected: 28

= e Observed: 29
R SR N - _
= Resolved cat2 :
1 Expected: 18 i
O Observed: 20
o\o |
Tp]
(@]

Expected: 11
Observed: 18

Resolved cat1 : ‘

Combined
Expected: 7.3

Observed: 11

|I 1 | - — | 11 | 1 L L
0 20 40 60 80 100 120 140 160 180

95% CL limit on o(pp — HH) / GTheory

10_ 1 1 1 1 | 1 1 1 1 | 1 1 I I | I I I ! | 1 1 1 1 =
-10 -5 0 5 10 15
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HH —» bbWW - bb2f2v
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CMS-HIG-25-018

HH — bbWW — bb2¢2v Analysis Strategy S S

* Events are selected with two oppositely signed

_ _ T CMS 62 fb~' (13.6 TeV
Chargedleptons:(u+u,e+e ,ei,u+) A |||||(|)
. oy - . . > 1065_ p?issz40 GeV ‘+‘ I?ata YV —
Split into SR and background CRs by multiclassifier DNN D  20< my[GeV] <70 i v E
* Events in SR classified into VBF, ggF, background (2 105; DY+HF = H h
: ] o | mE DY+LF mE other ]

* Main backgrounds: 2 f B Singlett  —— HHSMx36000
— — 104__ g9 ]
. t.t - LIC_I W —+ HHYERx1.2x10°
* single-t/t+ W v 108l NN Syst. unc. i
* Drell-Yan (DY) Z /y*+jets i E

—
o
N
T 1T

 Signal extraction: Simultaneous binned profile
likelihood fit of signal and background templates 1
to the observed discriminant distributions 19
100

* Several improvements from Run 2:

* Optimized multiclass-plus-binary DNN approach improved
sensitivity by 50%

(3%) for most signal-populated analysis regions 0.8 | | | | | | 1 .
* Improved b-tagging algorithm with higher Run 3 c.o.m. 0 100 200 300 400 500 600 700 800
energy produced 5% increase in S/VB Mpp [GeV]

—
N
T

- Improved trigger strategy for e*e~ (e*u™) events
increased signal yield by 5% (1%) inclusive and up to 17%

Data / Bkg.
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CMS-HIG-25-018

HH — bbWW — bb2£2v Signal Extraction 10252025, 62 [5-1, 5 — 13:6 Tov

CMS 62 fo-1 (13.6 TeV)
(D108:_'"'|""|""|""_|""|‘"'_|'l\l_|\||w||\|||_=
QU F postfit 4 Data = ff mm Single t/ ttv — HHMx12 T
E107f DY-+HF w = H 1 HHEM-x120

6E W DY-LF | w W other XX Syst. unc. ]
10°F  gluon-gluon fusion (HH ggF) vector boson fusion (HH VBF) | tt | t |DY| H |3
1051 1b |20 iBoost 1b | 2 [Boostaigiagoig

§ : | I
10%E ! !

: I
10° i

|

102 !
1o1h o
100

| ]
D 1.5 | | : : R E
n | | *+ | H % A ]
B 5 o Y,/ e L /, , RRRNRZN ]
E 1'0?””*“'“""’“%’%/. o ‘(; - 7’4”"%'4 ++4F’//T7 4’% M M %
®™ | : DA : : L] ]
D 0.5_ | I 1 Il | 1 I:I 1 Il 1 I :l I | Il Il Il | Il I:I Il I Il Il l:l I I:I l:l I:l I:I I__
5 10 15 20 25 30 35 40 45
Bin number
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CMS-HIG-25-018

HH —» bbWW — bb2¢f2v Results 20252025, 62 (01 {5 = 136 16V

1b
Expected: 86.0
Observed: 88.3

>2b
Expected: 29.6
Observed: 26.5

Boosted
Expected: 28.0
Observed: 18.5

Combined
Expected: 18.5
Observed: 12.0

-1
CMS Supp/ementary 62 fb-1 (13-6 TeV) 3 105 :clMlsl T 1T T 71 I T 1T T 71 | T 1T T 71 I T 1T T 71 I L I L l6I2 Ifbl I(l13|.|6 I-I-IeY):
| —o—IObserve q o I\/:e dian expect; q = - —— Theory prediction 95% CL limit a
B 689, expected T [ X% SM prediction — Observed ~ ==--- 68% expected
_____ 95% expected L i ----- Median expected ----- 95% expected 7
| _| :I;_ 10°E Ky =K =Ky =1

£

©
10°F E
107 E
! ! ! l1(I)OI : : l1‘.;)0I ! : l2(')0' : : Izéol 1o—| 11 1 I 1 1 1 1 II 1 lIII 1 lll 1 11 1 | 1 1 1 1 | 1 1 1 ll 11 1 1 I 1 1 1 1=

-20 -15 -10 -5 0 5 10 15 20 25
95% CL limiton o(pp > HH) / o

(pp ) Theory K)‘
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Summary

* Run 2 Combination leverages 8 channels.

Observed (Expected) 95% CL UL
o(pp - HH) < 3.5 (2.5) ai’,‘feor},

W*Wyy
Obs. (Exp.): 95 (54)

bbZz, 4l
Obs. (Exp.): 33 (41)

YYTT
Obs. (Exp.): 31 (26)

Multilepton
Obs. (Exp.): 22 (20)
bbW*W’

Obs. (Exp.): 16 (18)
bbyy

Obs. (Exp.): 8.4 (5.6)
bbtt

Obs. (Exp.): 3.4 (5.3)
bbbb

Obs. (Exp.): 7.5 (4.3)

Combined
Obs. (Exp.): 3.5 (2.5)
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cMS

138 fb (13 TeV

T T T T T T
Kx=Kt=KV=K2V=1
—e— Observed
------ Median expected

g 68% expected
...... 95% expected

|

L I
1 10

95% CL limiton o(pp > HH) / ¢

1 11 1 l
100
Theory
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* Run 2 Combination leverages 8 channels.

95% CL UL:
» o(pp > HH) < 3.5 (2.5) 07ho0ry

oS 13857 (13 TeV)
- —— Observed e Median expected :
_ Excluded I 68% expected
| = Theory prediction :----- 95% expected

—
<

Observed 95% CL constraints
—1.35< Kk, <£6.37

Sep 29, 2026

—h
T T

95% CL limit on o(pp — HH) (fb)

M

¥ SM prediction

N\

\
\\\\ NN
N 2 \\\ |

Kt=KV=K2V=1

\

NN

NANNNN

NN
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Summary

HH — bbbb HH - bbtt

* Run 2 Combination leverages 8 channels.

0 138 fb' (13 TeV) + 62 fb™! (13.6 TeV) CMS preliminary______bbr, 310 (13, 13.6 TeV)
: K =% =1 —— Observed ----- Median expected (u=0)
9 5 /O C L U L- 200 fb—l CMS — SM —gfs:g:g 212(; 310 fb_1 Ky = K;v =1 Median expected (u=1)
SM B 68% expected
) a(pp - HH) <3.5 (2 5) O-TheOTJ’ Run 2 ‘ = 95% expected
7 rev ]
) _1. 35 S KA S 6. 37 cE))t(Jps gss égpegted (u=0): 5.3 )
Expected (u=1): 6.2 138 fb
Run 3 Observed: 3.5 | |
* Four CMS Run 3 nonresonant HH ots 44 o
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* Run 2 Combination leverages 8 channels.
95% CL UL:

» o(pp > HH) < 3.5 (2.5) 07ho0ry T
« —1.35<k; <6.37 §
* Four CMS Run 3 nonresonant HH S
« HH - bbbb S;
« HH - bbtt (g,
« HH - bbyy %
« HH — bbWW — bb2£2v g

* CMS di-Higgs analyses continue to exceed
1/+/L improvement

* CMS combinations expected to begin
seeing a small tension with pgy = 0 in the

coming years

* CMS di-Higgs program pushing forward,
full steam ahead
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Full Run 3 and Run 2+3 analyses coming soon!
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Higgs Coupling to Other Particles
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Evolution of the Higgs Potential During EWPT

Credit: Rikard Enberg
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Deviation in the SM Higgs Potential from BSM Physics
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NLO SM pf " and myy Distributions
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g8F HH Cross Section

o(icy, k) = KikZt + Kkfb + KK

t=I|T|>, b=I|BI?, i=TB"+BT"

LO SM VHH Production:
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CMS-HIG-20-011

CMS Run 2 HH Combination

AV Analysis 7 2 G HEFT

EAY — bbbb, resolved jets [69] 3.9 (7.8) [—23,94] [-01,22]

e bjer bbbb’ merged ]e_ts L70] 99 (51) [—99, 169] [062, 14:1] v
o [ —" _ VHH,HH — bbbb [71] wyay < 294 (124) [-37.7,372] [-122,89] —
VY /bb 7 [72] 3.3 (5.2) [-17,87]  [-04,26] v
sl bbby [73] 7.7 (5.2) [-33,85] [-13,35] v

g %Q ~ bbWW, WW — £vqq/22v [74] 14 (18) [-72,138] [-87,152]

A A bbWW, WW — 4q 141 (69) — [—0.04,2.05] —

e e HH multilepton [75] 21.3 (19.4) [-6.9,11.1] — %

TTYY [76] 33 (26) [—13, 18] — _
bbZZ [77] 32.4 (39.6) [—8.8,13.4] — _
WWyey 97 (53) [—25.8, 14.4] — v
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CMS-HIG-20-011

Run 2 Combination: VBFHH Upper Limits
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Run 2 Combination: k5, Upper Limit
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CMS-HIG-20-011

95% CL upper limits on the inclusive HH cross section as a function of k,y,. Theoretical uncertainties in the
ggF and VBF HH signal cross sections are not incorporated because the constraints are computed directly
on the measured cross-section. All other couplings set to SM-predicted value. UL computed using a

background-only hypothesis.
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Run 2 Combination Likelihood Scans

_CMS  188mI(3TeV) _ . CMS  138157(13TeV)
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Combination of all channels when all other parameters are fixed to their SM values.
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Run 2 Combination 2D Likelihood Contours
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CMS-HIG-20-011

Higgs Effective Field Theory

Standard Model
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HH — bbbb UL on VBFHH Production
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CMS-HIG-24-010

HH — bbbb UL as a Function x; and k.,
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Combined merged and resolved analyses. uyy is the signal strength of inclusive HH production and g, yy
is the signal strength of VBFHH production.
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CMS-HIG-24-010

HH - bbbb Profile Likelihood Ratios as a Function of k; and k.,
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Combined merged and resolved analyses. Expected is obtained from an Asimov dataset defined by fixing
the nuisance parameters to their maximum likelihood estimate obtained from data in which puyy = 1.
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HH — bbbb 2D Likelihood Scans

CMS-HIG-24-010
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Combined merged and resolved analyses.
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HH — bbtt Reconstructed
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CMS-PAS-HIG-25-008

HH — bbtt UL on VBFHH Production Cross Section

CMS Preliminary bb 11, 172 fb™ (13.6 TeV)
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CMS-PAS-HIG-25-008

HH - bbtt Early Run 3 UL on VBFHH Production as a function of

CMS Prellm/nary bb 11, 172 fb™" (13.6 TeV)
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CMS-PAS-HIG-25-008

HH - bbtt Run 2 + Early Run 3 VBFHH UL as a Function of k,,

CMS Preliminary bb 11, 310 fb' (13, 13.6 TeV)
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CMS-PAS-HIG-25-007

HH — bbyy Category 1 and 2

CMS Preliminary 61.9 fo' (13.6 TeV) CMS Preliminary 61.9 fb' (13.6 TeV)
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CMS-PAS-HIG-25-007

HH — bbyy UL from the 1D Analysis

CMS Preliminary 61.9 fb" (13.6 TeV)
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HH — bbyy 1D Analysis Results

CMS Preliminary 61.9 fb™ (13.6 TeV) CMS Preliminary 61.9 fb™ (13.6 TeV)
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CMS-HIG-25-018

HH — bbWW &k, and K,y Likelihood Scans

CMS 62 b (13.6 TeV) CMS 62 b (13.6 TeV)
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HH — bbWW kK, XK,y Likelihood Scan

CMS 62 fb™ (13.6 TeV)
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CMS-HIG-25-018

HH — bbWW Nuisance Parameter Impacts
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HH — bbWW Analysis Strategy

2 opposite-sign leptons: uu-, e*e, e*u*

invariant dilepton mass m,?

20 < my < 70 GeV, pr™s > 40 GeV 70 <mi < 110 GeV for p'u-, e*e’ m; > 110 GeV
analysis region DY validation region tt validation region
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HH Discovery Significance per Luminosity

S1 - Scenario 1: Run 2 systematics

S2 - Scenario 2: Systematic uncertainties of statistical origin (e.g. data/MC scale factors) are reduced by ,/k; until reasonable “floor”

values are reached.
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Treatment of Systematics /k; Scaling

S2 scenario
Uncertainty Scaling with respect to Run 2
Theoretical uncertainties 1/2
Stat. uncertainties in MC simulation Removed
b-tagging efficiency stat. component 1/+/k;,
b-tagging efficiency (nonstat. component) Unchanged
AK4 jet absolute energy scale max(0.3,1/+/k)
AK4 jet energy scale dependence on flavour max(0.5,1/+/k;)
AK4 jet relative energy scale max(0.2,1/+/k;)
AK4 jet energy scale method 1/+/k;
AK4 jet energy resolution max(0.5,1//ky)
E;rniss max(0.5,1/ \/k_L)
Luminosity 0.6
T, ID Unchanged
T}, energy scale Unchanged
Pileup Unchanged
Run-2 issues Removed
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HH Expected Upper Limits vs. Lumi

S1 - Scenario 1: Run 2 systematics

S2 - Scenario 2: Systematic uncertainties of statistical origin (e.g. data/MC scale factors) are reduced by ,/k; until reasonable “floor”
values are reached.
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