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A Since Higgs boson discovery, many of its properties have been measured very precisely

A So far, the measurements agree with Standard Model predictions

~AH*
d  The Higgs potential V(H) = %mi,H 2+ WwH? + i)\H‘* """""" (:"Hs e
A The Higgs self-coupling, A has not been measured yet. Only upper limits have been set
2
A= —HL -013 (m,, v are measured precisely)
202 :

I I I I I
HH production at 14 TeV LHC at (N)LO in QCD
My=125 GeV, MSTW2008 (N)LO pdf (68%cl)

A The coupling A is difficult to measure,
because the cross section for HH production,
which provides sensitivity to this coupling, is
very small

o(nyLolfb]

A A can also be constrained indirect way through
single Higgs production —

107

MadGraph5_aMC@NLO

Physics Letters B (2014) 142-149
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https://www.sciencedirect.com/science/article/pii/S0370269314001828?via%3Dihub

Introduction @Pﬂ

4 HH pair can be produced in different ways:

1 GGF @ VHH (New in CMS)

o, ~086f

o§GF (13TeV) = 31.05 £ 3(PDF + a;) T5% (scale + myop) fb
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0 VBF 0 ttHH (No result today )

~0.76 fb
oY BF (13TeV) = 1.71 £ 2.1%(PDF + as) 10%%(scale) fb Thn
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[ Not easy to probe!!!
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Introduction

KBFI

NICPB

A Anomalous coupling can modify the cross section of HH pair production as
well as kinematic properties of HH pair
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A Coupling modifiers k, defined as deviation from SM value

|:|K

=A/A

SM’ =C / CVSM’ K Vv = C2VICZV,SM

3 DeV|at|on from 1 |nd|cates BSM physics
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https://link.springer.com/article/10.1007/JHEP06(2019)066

CMS
How to probe HH production 5&['

A Depends on decay products of Higgs boson:

"1 BR{HH = XX¥Y) O HH—bbZZ arXiv:2206.10657 (submitted to JHEP)
" O HH-WW*WW*WW*tt/reee arXiv:2206.10268
B . (ubmited o JHEP)
s 0O HH—bbypy JHEP 03 (2021) 257
= | © L —— O HH—bbTT arXiv:2206.09401 (submitted to PLB)
. [N QO HH—bbbb Phys. Rev. Lett. 129 (2022) 081802
PP A d HH—bbWW* CMS PAS HIG-21-005
oo W om o W oW 3 HH—WW?*py CMS PAS HIG-21-014
H—Dbb highest BR, d VHH—bbbb CMS HIG-22-006

large hadronic background
H—-WW?* second highest BR,

large hadronic background
H—yy low BR,

good mass resolution
H—ZZ low BR,

clean signature in leptonic decay
H—tt low BR,

low background

. Shown last year
B Will be shown today

d No golden channel!!!
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https://cds.cern.ch/record/2853597?ln=en
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-014/index.html
https://cds.cern.ch/record/2853338?ln=en
https://arxiv.org/abs/2206.10657
https://arxiv.org/abs/2206.10268
https://link.springer.com/article/10.1007/JHEP03(2021)257
https://arxiv.org/abs/2206.09401
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.081802
https://indico.cern.ch/event/1109611/contributions/4797045/attachments/2446188/4191685/HiggsSelfCoupling@CMS@LHCP2022_Zuolo_final.pdf

Combined limit based on previous results @pfl

CMS 138 fb' (13 TeV)
¥ v L LR | $ L A A

—e— Observed ~  ----- Median expected
#2355 68% expected
----- 95% expected

A A
=

<
gy
I
"o

bb 2z
Expected: 40
Observed: 32

Multilepton
Expected: 19
Observed: 21

71 Nature 607 (2022) 60-68

bb yy
Expected: 5.5
Observed: 8.4

bb 1t
Expected: 5.2
Observed: 3.3

bb bb
Expected: 4.0
Observed: 6.4

Combined
Expected: 2.5
Observed: 3.4

L Loaaaal |
1 10 100
95% CL limit on o(pp - HH) / &
Theory

[ Combined upper limit on ggF+VBF production
o, <3.4(259) o, ,(SM)based on previous result
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https://www.nature.com/articles/s41586-022-04892-x

HH—bbWW?* cms PAS HIG-21-005 KBF|

Analysis Strategy Event Selection

Lepton:
2 (1) good lepton in DL(SL)
Veto extra lepton
Veto 81 < m, <101 GeV in DL

O Targeting both GGF and VBF production mode

A 2 channels, based on W decay:
A Double lepton(DL): WW*—lvlv

Jet:
- Single lepton(SL): WW*—lvqq Resolved: >=2 (>=3) small radius jet in
DL(SL)
A All channels are further splitted : Boosted: 1 large radius jet in DL, SL,
1 Resolved: 2 small radius jet coming >=1 small radius jet in SL

from 2 b quarks

1 Boosted: 2 jets coming from 2 b
quarks merged in a single large
radius jet

Background Estimation

J Resolved: QCD multijet, Fake lepton: data driven
4 Jets are identified by Deep Neural DY: data driven in DL

network (DeepJet)
d  1b, 2b: 1 or 2 jets passing medium
working point of Deepjet

Other: Estimated from simulation
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https://cds.cern.ch/record/2853597?ln=en

HH—-bbWW*

CMS PAS HIG-21-005

Signal Extraction

A Multi-classifier training:
Separate GGF signal, VBF signal and other dominant backgrounds using Deep Neural

Network(DNN)

A Signal distribution is flat in signal nodes

A Total background distribution is flat in background

A Use DNN score to extract signal

CMS Preliminary

138 fb~! (13 TeV)
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DNN score bin / a.u.
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HH—bbWW?* cMs PAS HIG-21-005

el

CMS Preliminary 138 fb" (13 TeV)
L. 4 i) AL B UL B BLELELEL S NLELELELE B B AL NN
cIIMIsI TrlelllrrI,IPalr.Yl L] I S I L I TR L I T I.1 I38I fbl I( 1I 3I -I;elvl) E : K1 = KV = 1 - Observed ----- Med'an eXPGCted
. L i = Th dicti 68% ted
K =K=1 —e— Observed ~ ----- Median expected I i p_re, fotion I . SR
g = ayl= 1 689 i 0 \ ¥ SM prediction =~ ----- 95% expected
1555 68% expecte g 10°F  EBcuded . Excluded
----- 95% expected ° ~ N N 5
= ‘
L~ — o
bbWW (DL) E
Expected: 27 = 10%E ;
Observed: 19 2 C N NN
| | o NN
35 N | \\\
bbWW (SL) o N N\
Expected: 27 2 NN N
Observed: 28 2 10%f \\ N
Combined \\ N\
Expected: 18 NN N
Observed: 14 I i I I i I i & \\
0 10 20 30 40 50 60 70 80 e T e e T O e

95% CL upper limit on o(pp — HH) / GTheory

A Exclusion limit on HH production cross section:
O  Observed (expected). o, <14 (18) o, ,(SM)
A Constraint on Higgs self coupling modifier:
d  Observed (expected): -7.2(-8.7) <k, < 13.8(15.2)
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CMS
CMS PAS HIG-21-014 5&5'

Analysis Strategy Signal and Background Modelling

O Targeting GGF production mode A Signal: Modelled by an analytic fit of a
Q3 channels, based on W decay: sum of up to five Gaussians to a binned

m_distribution

< Fully hadronic(FH): WW*—4q | Siﬁgle Higgs: Same as signal
Q  Di-lepton(DL): WW*—lvlv Q Continuum background: Modelled from
A Single lepton(SL): WW*—lvqq data

Event Selection

CMS Simulation Preliminary 13 TeV - CMS Preliminary 158 'ftlfv‘.(j 3TeV)
- I N BN B IR ILR 880§_HH—>WWW All Categories
D Photon: & L HH>WWyy—2qlvyy  HHWWggTag SLDNN_O | B b Mi=1250CeV S/(SSE? weighted
. — N = o ¢ Data
D 1 d d h t dd t 3 oo + Simulation — % 60§ —:H EH+Bfit ;
- & i ; ] — H + B componen
goo I p O On Can I a e @ : __ Parametric Wel%?:r?: e(\),%rlﬁg : é 50 _ ;icgmponent
Q100 <m_ <180 GeV meons Gl :
. P 201610, =160 Gev 2018:0.0181 - 3 af
D Le pto n . 0.006 ; 2017: G =184 GeV ; 3 20 E
[ 0,1, 2leptonin FH, SL, DL [ =SS ] B 1
L oF
A Veto extra lepton PO o167 CeY ] )
Ij Jet: 0002__ _— 1(;
QA >=4 small radius jetin FH - 1
! I 20 F H + B component subtracted
fo5 110 s 120 125 130 TS 40 R T R S T S T R T R T R

80
m,, (GeV)
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https://cds.cern.ch/record/2840773

HH->WW*py CMS PAS HIG-21-014

Signal Extraction

3 FH:
d  bbyy rejection: BDT classifier to separate bbyy and
WWypy
A Signal: bbyy, Background: WWyy , yy+jets, y+jets,
QCD multijet
A WWpyy classifier: BDT classifier to separate WWyy
signal and py+jets, y+jets, QCD multijet backgrounds

(A DL: Cut based

d SL:
[ Multi-classifier: Separate signal, single Higgs, and
continuum background

A 4 categories are defined for each classifier output to
maximize signal sensitivity

A Combined fit of m is performed in all classifier
categories to extract signal

CMS preliminary 138 fb' (13 TeV)
w \IIII\\l||||\||||||‘|||||fl||||\\Illl\\]II|
G:J 108 ¥ v+jets
"E 107 I tty(s)eiets
1] [ Data driven (QCD + 7 jets)

e Signal * 10000

* Data

Data/MC

o o

©
T
1

6|
L 10 Wwyisiiets [l ttv(s)+iets

Data/ MC

DNN Score

CMS pPreliminary 138 fb™' (13 TeV)

. Hovy . YHet

W+jets = Signal * 10000

01 02 03 04 05 06 07 08 09 1

DNN score
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https://cds.cern.ch/record/2840773

HH—->WW?*py cms PAS HIG-21-014

@KBFI

NICPB

138 b (13 TeV)

CMS Preliminary 138 b (13 TeV) CMS Preliminary
T T T T T T | T T T T T 7T 105 B HH WI\N

HH — W\1VYY —e— Observed ~ ----- Median expected d - L

K, = K = .

Ky = Kpy = 1 B 68% expected

Fully-Leptonic
Expected: 189
Observed: 278

Fully-Hadronic
Expected: 143
Observed: 313

Semi-Leptonic
Expected: 64
Observed: 71

Combined
Expected: 52
Observed: 97

11 1 1 Lo
1 10

95% CL limit on o(pp —» HH) / &

- 95% expected

10*E

10° E

95% CL limit on o(pp — HH) (fb)

102

100

1O—I L

— Observed
= Theory prediction

Median expected
B 68% expected
95% expected

30

Theory

A Exclusion limit on HH production cross section:
3 Observed (expected): o, <52 (97) o, ,(SM)
A Constraint on Higgs self coupling modifier:
1 Observed (expected): -25.8 (-14.4) <k, < 24.1 (18.3)
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CMS
CMS HIG-22-006 e Z

NICPB

Analysis Strategy

Event Selection

A 4 channels, based on W/Z decay:

O SL(W—hv), MET(Z—w), DLZ—ll), FH(W/Z—qq) “e©

>=2 large radius jet (boosted) or
>=3 small radius jet (resolved)

4 BDT training to separate k,and k,,, coupling Lepton:
enriched regions 1(SL), 2 (DL) good lepton
MET:
d Resolved (All channels): Missing transverse energy >150
1 Jets are identified by Deep Neural (resolved),
network (DeepJet) training 250 (boosted) GeV

4 3b, 4b: 3 or 4 jets passing medium
working point of Deepjet

[d Boosted (Single lepton, MET):
A Jets are identified by ParticleNet
training
A Low, High purity: Classified based on
ParticleNet score
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https://cds.cern.ch/record/2853338?ln=en
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.056019

CMS HIG-22-006

Background Estimation

A BDT reweighting:

A Used in statistics depleted region
A Train between nominal region and other
region with some cuts inverted

d QCD multijet in FH:
(A Data driven
A Other: From simulation

015 2017 (13 TeV)
S CMS
*g Simulation Preliminary
— |
£ —WHHK=20 |
g 0.1 ]
>
L
| —WHH=0 T ]
0.05F | -
|
|
|
I
405 0 05 1

1L categorization BDT output

o

Signal Extraction

A BDT or Neural network training to
separate signal and background

[ Separate training for each k,and
K,,, €nhanced regions

A Use classifier output to extract

signal
CMS Preliminary 138 fo™ (13 TeV)
* T T T T T T T T
S10"t ¢ Data 1 SMx 145
>
|-|J106_ — Background (postfit) 1L — K, =25
100t &Uncertainty (postfit) 1t —_ Ky =8
10%¢
10°%
10
10¢ ) . 3 . .
K, -enriched region Kyy-enriched region
Lt I I I Ll I
2 r — Ty T , | |
22 Et? : ¢
(“ P T
= . v - v
A ol | [N N I I PRI TR

L L L L L L L P T
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log, (100(S,/B))
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VHH—4b cMs HIG-22-006

MET channel
Small radius
Expected: 252
Observed: 340
MET channel
Large radius
Expected: 480
Observed: 707
1L channel
Small radius
Expected: 737
Observed: 367
1L channel
Large radius
Expected: 398
Observed: 473

2L channel
Expected: 210
Observed: 298

FH channel
Expected: 220
Observed: 367

Combined
Expected: 124
Observed: 294

CMS Preliminary
R I I S

138 fb' (13 TeV)
L P

Ky =Ky =K, =1

Observed

nnnnnnnnn

Median expected

{5555 68% expected

95% expected

|||||||||

0
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Upper limit on o/cy,,

95% CL limit on o(pp — VHH) (fb)

CMS Preliminary
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138 fb' (13 TeV)

[ Ky =Ky =1

10°

Observed

Theory prediction

v by by by by by e by by

Median expected

- 68% expected

95% expected

-40 -30 -20 -10

A Exclusion limit on HH production cross section:

o, (SM)

A Constraint on Higgs self coupling modifier:
 Observed (expected): =37.7(-30.1) <k, < 37.2 (28.9)

4 Observed (expected): 0,

Saswati Nandan
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. . . . . . CMS
Constraint on Higgs self-coupling through single Higgs production @El

A Higgs self-coupling can be constrained through single Higgs production at NLO

corrections
CMS 138 fb™' (13 TeV)
t R R R T B
g  y q > = 1 All other x = 1 ¢ Best fit
\\ Jh l+1sD
t Yt o--H WY amersems g : [J+2sDs
: i SM
pp — HH
pp - H
5 0 5 0 i 20
LY
NLO diagrams contributing to Higgs self-coupling Nature 607 (2022) 60-68
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https://www.nature.com/articles/s41586-022-04892-x

Summary @PBH

A Search for non-resonant HH production has been probed in different final states
using the full LHC Run2

A Three new channels (HH—-bbWW*, HH—-WW*yy, VHH—bbbb) have been added
since last year

A Many BSM studies have been done (More in back up)

r-rrr 1 T 1 1 1T 1 7T T 1T T T T T T T T T"1]

CMS Preliminary

) ; ]
= E —&— Observed I 68% expected E
?r - JHEPO4 === Median expected 95% expected  JHEPO3 -
a ot Lbenchmarks . benchmarks | |
(=" 3 =
© F 1
- i
v '- i
- JPE -
O
o}
} L —

107 E b I 1=

| | | | | | | | |
12 3 45 6 7 8 91011128 1 2 3 4 5 6 7 SM
Benchmark scenario

A Looking forward to seeing many interesting results with Run3 and full combination

Stay tuned!!!
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: KBF| [€¥s
Constraint on K, VS K, NICPB |2

CMS 138 b (13 TeV)
- >—i"_'l'1'["'!"'!"'I"'I"'F—
Q‘ e #+ Observed —68%CL |7
_ ¢ SM Higgs ---95% CL
T8 0 e -
1.0_ "‘ \\" ol
I . :
0_5L -------------- e N
0,0L | | | o | | H
-4 9 0 2 4 6 8 10

Nature 607 (2022) 60-68

Saswati Nandan Non-resonant HH production and Higgs self-coupling at CMS LHCP2023 19


https://www.nature.com/articles/s41586-022-04892-x

BSM
Kt
e T LI LELELLR H
- g 99999999999 > @ ------- H
Ky kx L’
Y  Beereenes « A i
\\\ I{t
" 9 99999999908 < i H
e LTI LELLELD H
(a) SM-like processes
H 9 H
L Cag,”
(\
H g H
(b) Pure BSM processes
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EFT benchmarks

arXiv:1507.02245

Cluster 1

3000 Nampies = 20

i =t o,
400 600 800 1000 1200
m,, (GeV/c?)

Cluster 5

£

400 600 800 1000 1200
m,, (GeV/c?)

Cluster 9
N

=187

samples

006008001000 1200
m,,, (GeV/c?)

Saswati Nandan

Cluster 2

N =36

samples

400 600 800 1000 1200

Cluster 3
N

197

samples =

600 800 1000 1200

my,, (GeV/c?) m,,, (GeV/c?)
Cluster 6 Cluster 7
o000
40 Nsamp‘es =16 Nsamples =112
4000
2000
0200 600 800 1000 1200
my,, (GeV/c?) m,,, (GeV/c?)
Cluster 10 Cluster 11
60 4000F
Nsamptes =49 [ Nsamples =23
400 3000
2000
20

400 600 800 1000 1200
m,,, (GeV/c?)

00 800 1000 1200
m,,, (GeV/c?)

KBFI

NICPB

Cluster 4

N 446

samples —

600 800 1000 1200

m,, (GeV/c?)
Cluster 8

N =86

samples

400 600 800 1000 1200
m,, (GeV/c?)

Cluster 12

N =299

samples

400 600 800 1000 1200
m, (GeV/c?)

Non-resonant HH production and Higgs self-coupling at CMS LHCP2023

21


https://arxiv.org/abs/1507.02245

EFT benchmarks arxiv:1507.02245
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https://link.springer.com/article/10.1007/JHEP04(2016)126

JHEPO3
1
kl 3.94
kt 0.94
c2 -1./3.
cg 0.5*1.5
c2g 1./3.*%(-3.)
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NICPB

HH—bbWW?* cMS PAS HIG-21-005 KBFI

Object selection

A Small radius jet:

Event category in SL channel:
3 P> 25GeV, |n| <24

. _ . | Categories || Sub-Categories |
[ Medium working point of HH(GGF) || Resolved 1b | Resolved 2b | Boosted
DeepJet score HH(VBF) Resolved 1b | Resolved 2b | Boosted
Q Large radius jet: Top + Higgs Resolved Boosted
] W]ets + Other Inclusive

Q p,>200 GeV, [n| <2.4,T,/T,
<0.75

Event category in DL channel:
4 p,of subjet > 20 GeV

| Categories || Sub-Categories |
430 < Mgp < 210 HH(GGEF) Resolved 1b | Resolved 2b | Boosted
dm, >12 GeV HH(VBF) Resolved 1b | Resolved 2b | Boosted
Top + Other Resolved Boosted
DY + Multi-boson Inclusive
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CMS PAS HIG-21-005

QCD multijet, Fake lepton estimation:

(1 SR — Signal region

(4 AR — Similar to signal region but lepton
fails the tight selection

(4 Prompt — lepton matched with
generator level lepton coming from W,
Z,7or Higgs

1 FF — fake factor which is the
probability to pass the fake to tight cut

Data-‘<

SData=—

L subtrac

gl

DY estimation:

A Calculate transfer weight from O-bjet —1/2-bjet
region in Z-peak region

A Weights are binned in HT (PT sum of AK4 jets)
for resolved and softdrop mass of leading AK8
jet for boosted category.

[ Apply transfer weight in Z-veto region

[ Non DY backgrounds are subtracted from data
in both Z-peak and Z-veto region.

btag

Signal region 1b/2b
1b/2b N Pe(Lk

Veto N (Z‘l/bc/tib> =N (Z\O/beto) m
Peak

DY control region

1b/2b

Ob

Zyeto Zveto - | Mu - Mz | > 10 GeV
Zpeak - | Mll = MZ | < 10 GeV

Ob/1b/2b = N(Ak4 bjets)
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HH—bbWW?* cMs PAS HIG-21-005

CMS Preliminary 138 fb™' (13 TeV)
T T T I T T T I T T T I I T T T I T T T
K=K=1 —e— Observed ~~ -=--- Median expected
Ky = Koy =1 F25= 68% expected
----- 95% expected
bbWW (SL)
Expected: 434
Observed: 468
bbWW (DL)
Expected: 424
Observed: 385
Combined
Expected: 301
Observed: 277 I i I
0 200 400 600 800 1000

95% CL upper limit on o(pp — qgqHH) / GTheory

95% CL upper limit on o(pp — qgHH) (fb)

CMS Preliminary

KBFI

NICPB

138 fb™! (13 TeV)

LA I L B L

I o o o B L R
Median expected

—— Observed

== Theory prediction F¥¥%¥ 68% expected

% SM prediction

95% expected

Excluded

A Exclusion limit on HH production cross section in VBF production:
O Observed (expected). 0, <277 (301) o, (SM)

A Constraint on Ko

O Observed (expected): —=1.1(-1.4) < «,,< 3.2 (3.9)
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HH—bbWW?* cMs PAS HIG-21-005

CMS Preliminary 138 fb™' (13 TeV)
- S T o S T e e LS L
N
= K. =K,=1 [] Excluded (observed) ----- Excluded (expected)
6 + Best fit value 2558 68% expected
¢ Standard Model ----- 95% expected
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CMS
HH-WW?"pp  CMS PAS HIG-21-014 Nor

Object selection:

d p. > 35 (25) GeV leading (sub-leading) photon

dn| <25

3 pT/mw> 1/3 (1/4) for leading(sub-leading) photon in Fully Hadronic and
Di-lepton channel

d Jet p. >25GeV, |n| < 2.4

A No jet with medium working point of btag score in Di-leptonic channel
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HH—->WW*py CMS PAS HIG-21-014

el

95% CL limit on o(pp — HH) (fb)

CMS Preliminar 138 fb' (13 TeV 1

E T T T T T T |y T T T T T T T T T T T T T T T T T T ( T T T % CMS Preliminary 138 fb (1 3 Tev)

E HH — WWyy — Fully-Leptonic ~ ====- expected E - HH '_) WVVIYY ' ' ' ' ' ' _

+ — Fully-Hadronic — observed . —  —e— Observed Limits -
10° ——— Semi-Leptonic E= Theory prediction i f’:p:gf’:e'jg:;:n a

~— Combined

T I T T

104 "'""'-========:==:::_\

10°

T T T T

102

T T T T

10—_| T

.5
Biw
------
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95% CL limits on o(gg — HH) [fb]

[ = 2 std. deviation

ol

1 1 1 1
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VHH—4b cMs HIG-22-006

Object Selection

el

Channel

Vector boson
decay products
selection

Vector boson
reconstruction
and selection

Jet selection

MET
small-radius

MET
large-radius

1L

21

FH

py > 32(28) GeV
2018/2017 (2016)
OR
ph > 25GeV

AP(Fy, Pss) < 2.0

pht > 20 GeV
ph? > 20GeV
py > 25GeV
py¥ > 20GeV

pl > 20GeV

A —mi
Pr=pr
p% > 150 GeV

-7 —=mi
Pr =pr >
p% > 250 GeV

=W

_.f =mi
Pr =Pr+pPr

py > 125GeV

ﬁZ s r—;ﬂl e r—,'lz
p% > 50GeV

fy‘v = fj’]l +ﬁ]z

65 < my < 105GeV

>4 small-radius jets
with pp > 35GeV

>2 large-radius jets
with pr > 200 GeV

>3 small-radius jets
with pr > 25GeV and
>4 small-radius jets
with pr > 15GeV
OR
>2 large-radius jets
with pr > 200 GeV

>4 small-radius jets

>4 small-radius jets
with pr > 40GeV and

>6 small-radius jets

with pp > 20GeV
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VHH—4b cMs HIG-22-006

Event Categories

NICPB

KBFI

MET MET 1L 1L o1 FLI
small-radius large-radius small-radius large-radius
T
Cqup e Krr Kyv Kvv Krr Kvv Kvv Krr Kyv T
enrichment
N, =3
N, N, >3 — N, >3 — N::4 N, =4
Dy 1 X Dypp 5 — HP, LP — HP, LP — —
SR, CR SR+CR SR+CR SR+CR SR+CR SR, CR SR
SB &y v HP, LP Ky + Kyy HP, LP =5 -
Nb =4
tt CR — — — — One —_
Year split Per year Per year Per year Per year = Combined Per year
Total regions 9 12 9 12 1.1 6

Saswati Nandan

Non-resonant HH production and Higgs self-coupling at CMS LHCP2023

32


https://cds.cern.ch/record/2853338?ln=en

VHH—4b cMs HIG-22-006

CMS Preliminary
T T T

138 fb”' (13 TeV)
T T

Ky =Ky =1
=55
RS Observed
MET channel
Small radius
Expected: 31

Observed: 36
MET channel
Large radius
Expected: 242
Observed: 353
1L channel
Small radius
Expected: 70
Observed: 55

1L channel

Large radius

Expected: 244

Observed: 286

2L channel

Expected: 37
Observed: 50

FH channel
Expected: 58
Observed: 70

Combined
Expected: 22
Observed: 43

...... Median expected

- 68% expected
...... 95% expected

0 100 200 300 400 500 600 700 800

Upper limit on /o),

A Constraint on K-

O Observed (expected): =12.2(-7.2) < k,,,, < 13.5 (8.9)

4 Constraint on k,;:
O Observed (expected): —=3.7(-3.1) <k, < 3.8 (3.1)
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95% CL limit on o(pp — VHH) (fb)

CMS Preliminary
ey

138 fy (13 TeV)

L Ky =K, =1

10° E

107 E

10}

T
Observed

Theory prediction

------ Median expected -

B 689% expected

------ 95% expected

Lo v v 1wy
-30 -20

P
-10

20

95% CL limit on o(pp — VHH) (fb)

KBFI

NICPB
CMS Preliminary 138 fb”' (13 TeV)
e e
F oKy =K, =1 Observed - Median expected 1
10°F [ 68% expected
E Theory prediction 95% expected
10°F 3
10° E
10 3
1 3
P PP P P . B Loty
-10 -8 -6 —4 -2 0 2 4 6 8 10
Ky
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