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Motivation - The Higgs boson
o After discovery of the Higgs boson, measure
properties of the Higgs boson, like (self-)coupling(s)
o Higgs boson self-coupling measurement probes Higgs
potential shape
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Motivation - HH Production & Couplings [z
e Current HH searches consider two production | :

modes:
o gluon-gluon fusion (ggF) & vector-boson fusion (VBF)
o Different couplings involved (x,: HHH, «: Htt, x: HVV,
K,,- VVHH) arXiv:1401.7340v2 :
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destructive interference between two diagrams = cross-section ~1000x lower than single H
production (out of reach for Run-2 assuming Standard Model (SM))

oM. =172 fb (N3LO)
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https://arxiv.org/abs/1401.7340v2

Motivation - HH Production & Couplings
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https://www.sciencedirect.com/science/article/pii/S0370269319308251?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269319308251?via=ihub

Introduction

Huge effort in ATLAS to constrain di-Higgs production and
self-coupling with many signatures to increase sensitivity in
combination

HH — bbyy, HH — bbTTt, HH — bbbb most sensitive channels

Present latest results in these three channels using — T
full Run-2 ATLAS data (2015-2018): o e
o HH production cross section limits o 27/ o
o Constraints on Higgs self-coupling T i | oo
o Interpretations in terms of effective field o oz

theory parameterisations (SMEFT and HEFT) .
o Extrapolation to HL-LHC LP('/'““”'

= OPplicat .
o 139" of data, for HH — bbbb: 126fb" e




HH — bbTtT1: Analysis strategy

e Events with 2 hadronic taus (1, +7,_ ) and
hadronic+ leptonic tau: 1, __+T,
: . had " Tlep
e Main features of selection:
o ==2 b-tagged jets
° Thad " Thad -
m ==2 oppositely charged 1, __
m  No leptons
o T OI+TIep
n =1 electron (e) OR muon (mu)
m ==171_, opposite charge to e, mu
e Background
o fakerT, | background (ttbar and multijet):

semi-data driven methods

True 1, background: simulation
Normalization of ttbar and Z+jets
constrained in combined fit in Z+heavy
flavour (HF) control region

arXiv:2209.10910
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https://arxiv.org/abs/2209.10910

HH — bbTtT1: Analysis strategy

e Analysis strategy:
o Multivariate discriminant:
« T 4T BDT
" Thoa Tl Neural Network
o Simultaneous binned maximum
likelihood fit to all analysis
category signal regions and

Z+HF CR
e Analysis limited by statistical

uncertainty of data in signal
region

Events

Data/Pred.

arXiv:2209.10910
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https://arxiv.org/abs/2209.10910

H — bbTT: Results

Observed & expected 95% CL upper limits for
non-resonant HH production cross-section

Channel ‘ aggF+VBF/cr§gA]§+VBF (Observed) ‘ UggF+VBF/05%+VBF (Expected)

arxXiv:2209.10910

Previous ATLAS results with

Thad Thad 5.0 4477 36fb": Phys. Rev. Lett. 121,
ThepThiad 9.7 TiStee 191801
Combined | 47 3911
: +lo
Final sta_te Obs. 95% CL Exp: 95% CL Obs. value™ 7 ArXiv-2211.01216
HH — bbt*t~  -27<x3<95 -31<k1<102 =157

Limits on non-resonant HH cross section improves w.r.t
previous ATLAS result by factor of 4: increased data set (factor
2) and improvements in T and b-jet reconstruction &
identification
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https://arxiv.org/abs/2209.10910
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.191801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.191801
https://arxiv.org/abs/2211.01216

HH — bbyy: Event display

ATLAS

EXPERIMENT

Run: 329964
Event: 796155578
2017-07-17 23:58:15 CEST
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HH — bbyy: Analysis strategy 0o ™

-6

e Low branching ratio but low background
and good H — yy mass resolution
e Main features of selection:

Fraction of events / 20 GeV

K=
K=0
K=1
K, =2
—x =1

0.05F
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o No leptons R
. . . bb

o Nf(jets)<=6 (reject ttH with ttbar to hadrons) 350 GeV ",
o N(b-tagged) == low m,, . highm, . *
o N(y)>=2 Loose BDT Loose BDT
o 105 < m(yy) < 160 GeV 'ﬁghrt“éyg% ?;gﬁt”évg#

m Signal Region: 120 < m(yy) < 130 GeV BDT

m data sideband to constrain background SCOTE & il Tamas | C T e [

S 1 :t‘_qgﬁaygoeev Single Higgs © "
o BDT to enhance signal over background 2 o 5T A
Two regions in corrected m(yybb) (m, . *) g ' Jﬁ :
* 4
Tnbb77 — TNpbyy — TNHp — TNy + 250 GeV Jr

110 120 130 140 150 160
m,, [GeV]


https://arxiv.org/abs/2112.11876
https://arxiv.org/abs/2112.11876

Phys. Rev. D 106

HH — bbyy: Analysis strategy 2022 os2001

e Analysis strategy:

o Determine functional form in highly
populated MC template and normalize in
m(yy) data sideband

o Model HH and single Higgs background
with Crystal Ball function (fixed width,
floating normalization)

o Combined maximum likelihood fit to
m(yy) to all regions

e Analysis sensitivity limited by statistical
precision

e largest systematic uncertainties on
choice of functional form for continuum
background (spurious signal)

11
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G 16 t Data ATLAS E
L 14 2 Continuum Background Vs = 13 TeV, 139 fb1 E
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» 12F Total Background High mass BDT Ioose—
1= 10 o
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m 8 o
; sideba ds:
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4k —:
2F ‘ -
-. | i " i1 l i R el MDA BT L £
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Relative impact of the systematic uncertainties [%]
Source Type Nonresonant analysis Resonant analysis

HH my =300 GeV

Experimental

Photon energy resolution Norm. + Shape 0.4 0.6

Jet energy scale and resolution Normalization <02 0.3

Flavor tagging Normalization <02 0.2

Theoretical

Factorization and renormalization scale ~ Normalization 0.3 <0.2

Parton showering model Norm. + Shape 0.6 2.6

Heavy-flavor content Normalization 0.3 <0.2

B(H — yy,bb) Normalization 0.2 <0.2
I Spurious signal Normalization 3.0 33
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HH — bbyy: Results

Phys. Rev. D 106 (2022) 052001

é ATLAS —— Observed limit (95% CL)
T VS=13TeV, 139 fo~! ---- Expected limit (95% CL)
oy 4 HH—)bBY‘{ [ Expected limit +1c
W 107 [ Expected limit +26
3 =8 Theory prediction
o Y% SM prediction
bm
103_
102k
Observed: k; € [-1.5,6.7]
Expected: k; € [-2.4,7.7]
10

10 8 6 4 2 0 2 4 6 8 10
Ky

Previous ATLAS results
(36fb"): JHEP11(2018)040

o Observed (expected) 95% CL limit on signal strength of 4.2 (5.7) x SM
o Observed limit on coupling modifier x, € [-1.5,6.7]

e Categorization in m
reconstruction and calibration = increase sensitivity beyond
expected by increase of dataset

e Non-resonant HH cross-section limits w.r.t partial Run-2 result
improved by factor 5

whb. multivariate event selection, better object
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https://arxiv.org/abs/2112.11876
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HH — bbbb: Analysis strategy

arXiv:2301.03212

Br(HH — bbbb) ~ ¥, large background from QCD production

Regions specialized to ggF and VBF

Main features of selection
o >=4 b-tagged jets = Higgs candidates

o Additional cuts reject top quarks and enrich in HH signal (e.g. X))

o Additional selection for VBF region:

+ >= 2 (non-btagged) jets
(largest invariant mass mijj)

Background estimation:
o Reweight distributions in a N(b-tagged)==
region to 4 b-jet region using Neural Network
o Nominal and systematics of reweighting
determined in Higgs candidates mass plane
in sidebands

(M, vs. m,)

Combined maximum likelihood fit

combined fit to M.,
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https://arxiv.org/abs/2301.03212

HH N bbbb Results arXiv:2301.03212
Observed Limit -200 -lo Expected Limit +10 +20
Hggr 5.5 4.4 59 8.2 12.4 19.6
HyVBE 130 70 100 130 190 280
HooF+VBF 54 43 5.8 8.1 122 19.1
o T e 4B T — Otesneatint
£ ATLAS . Exgcied L ATLAS = Epectes i
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Upper limits on signal strength
(ggF, VBF & combined)
Limits on coupling modifiers

(KA,KZV)Z 1D & 2D

Previous results:

ggF (27b):
JHEPO1(2019)030

e ggF production limits improved by factor 2 = 20% from advances in
analysis techniques (background estimation) and object reconstruction (jets

& b-tagging)

e VBF production cross section limit over 75% lower, entirely from analysis

strategy and object reconstruction

LP

P
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VBF (126fb™):
JHEPO7(2020)108
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HH couplings in SMEFT and HEFT

o Constraints derived in terms if Effective Field theory (EFT) parameterization:
e SM EFT (SMEFT):

Wilson Coefficient Operator
(6) : o cH (H'H)
L:S]\-IEFT — LSZ\J _|_ E O dimension-six B (' E)oE )
operators Com (H'H)(QHt)
Effective Lagrangian SM cHa H'HGS, 6%
mass scale of NP Wllson coefficient s (Qa“”T“‘l;:)ﬁAG;j‘u

(=0 in SM)

Lsmerr = Lsm + cu(HH)? + cyo(H'H)O(HTH) + oy (H H)(QHt) + cuc HTHG,GY + 0.0 (Qo* Tt HGY,

ROITITTITITITTY CH B 000t ——— - oo H g% ____________ H
+i c,=0in
THTS | Standard Model
8 2002000090009 \H g 2090000009000 — €——— @ === - === - - H gM \\\'H
8 0000000999000, H g H g H
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HH couplings in SMEFT and HEFT

o Constraints derived in terms if Effective Field theory (EFT) parameterization:

. . % 10:05 T T T B T T TEE T Ry B TR TR T T
o nggs EFT (H EFT)- g 025: ATLAS Simulation Preliminary 7] sm
o 5 Wilson coefficients describe ggF HH: ¢, . =«, and c, =k, others 77 Poaid = oz
N S F BM3 |
BSM (Ci _O n SM) 20_15 ATL-PHYS-PUB-2022-019 1
Separate treatment of H and HH couplings -
o  Change in couplings change diagram contribution and interference = ot ]
mod‘|fy‘d|—H|ggs invariant mass spectrum m,_, | EI ]
o  Set limits on benchmark models and and Coghh | e
200 300 400 500 600 700 800 rET)]OO [2506%)]
H g Q000000000000 > (_w./]. _______ H arXiV:2301 .032 1 2
Benchmark Model | CHHH CytH ngH ngHH CytHH
t ! SM (4 dim.) [sm L1 0 oo |
- BMIL 394 094 1/2  1/3 -1/3
N H £ 9990022299999 P S N —— H BM2 6.84 0.61 0.0 -1/3 1/3
BM3 221 105 1/2  1/2 -1/3
BM4 279 061 —1/2 1/6  1/3
BM5 3.95 117 1/6 —1/2 -—1/3
g -H U e BM6 568 083 —1/2 1/3  1/3
Cogh  Chhh -~ BM7 ~0.10 094 1/6 —1/6 1
’\\ "_F'"_.:\\ . € ortlcuies
Tl BSM (6 dlm) p pL gsmas
g ‘H B, H g "H — oppllcohon
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https://cds.cern.ch/record/2806411/files/ATL-PHYS-PUB-2022-019.pdf
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HEFT interpretations of HH — bbyy and HH — bbtT & '

combination HEFT Benchmark Models limits: ATL-PHYS-PUB-2022-019

LA L L N N BB BB

= [T 5 [T 5 [T
= [ ATLAS Preliminary  Observed limit (95% CL) = [ ATLAS Preliminary  Observed imit (95% CL) 1 = ATLAS Preliminary o Observed limit (95% CL)
I | Vs=13TeV, 139 b o  Expected limit (95% CL) | T Vs=13TeV, 139 fb! o  Expected limit (95% CL) T 10° Vs=13TeV, 139 fo-' o Expected limit (95% CL) —
% | HH-bbyy Expected limit £10 510° HH-bbt* T~ Expected limit +10 - s [ HH-bbt* T~ +bbyy Expected limit +10
s 109 Expected limit +20 o [ Expected limit +20 s I Expected limit +20
Combination
o o . o
° ° . - o . © ° . ) .
. ° . o 102 ° . ® = 0%y . B
102 ® ® 0 o r ® o L ] u . ]
F E o o O - g s
© ]
ST P IS BT AT (PP IR S e |
ST FNETY ERN T BE TN N FER Tl FR TR BT 1 NETEE R Tl FYE T ST TR FET T PN SRR AT
SM 1 2 3 1 5 3 7 SM 1 2 3 4 5 6 7 SM 1 2 3 3 5 5 7
Benchmark model Benchmark model Benchmark model
bbyy bbt*t Combination
Wilson coefficient Obs. Exp. Obs. Exp. Obs. Exp.

Coghh [-0.4,0.5] [-0.5,0.7] | [<0.4,0.4] [-0.4,0.4] | [-0.3,0.4] [-0.3,0.3]
[-0.3,0.8] [-0.4,0.9] | [<0.3,0.7] [-0.2,0.6] | [<0.2,0.6] [-0.2,0.6]

Ctthh

e Limits on HEFT benchmark models and Coghh and Wilson Lp(.t

ortlcules
pLasmas
coefficients (¢ =c . =0inSM /
( gghh ) @redephgﬂquedec\ermomt

e Separately for HH — bbyy and HH — bbtt and combination


https://cds.cern.ch/record/2806411/files/ATL-PHYS-PUB-2022-019.pdf

HH — bbbb: SMEFT & HEFT interpretation

SMEFT:

Parameter Expected Constraint Observed Constraint
Lower Upper Lower Upper

& 220 11 5] 11
i ~0.056 0049  -0.067 0.060
Chn -93 13.9 -8.9 14.5
Cn ~10.0 6.4 ~10.7 6.2
o -0.97 0.94 ~1.12 1.15

o 95% CL exclusion limits on SMEFT

parameters

o one parameter varied at a time, 2D

limits also derived (hot shown)
e Limits on HEFT:

o Benchmark scenarios: BM3, BM5,
BM7 observed to be excluded with
more than 95% confidence

o Limits on Caghh and

arXiv:2301.03212

HEFT benchmark models

T

A'TLIAISI T XO Observed Bl :o
O Expected 20
Vs =13 TeV, 126 fb™' #  Theory Prediction
Obs. (Exp.)

SM- + L] 170 (230) |
BM1— o e 290 (200)
BM2}— s o e 360 (250)
BM3 - * 110 (74)  —
BMd4 - - N 130 (130) |
BM5— - 110 (95) |
BM6|— . 190 (180) |
BM7— e - 88 (71)
Oggr. HH [fD]

Wilson coefﬁcient| Observed ‘ Expected

Caghh -0.36,0.78] | [-0.42,0.75]
-0.55,0.51] | [-0.46 0.40]
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Constraints on Higgs boson self-coupling from HH and
H production - Methodology arXiv:2211.01216
e Combine H and HH analyses to obtain upper EHEIER Intsgratnd fmninosity ({67 ]
HH — bb 139
limit on «, , relaxing assumptions on Higgs HH—)bl:)'}rlz_/T_ 139
boson couplings (k_) = more generic model ZH_’bbbb 122
o up-type quark (x), down-type quark (x ), T lepton H— 27 — 4t 139
(KT) and W or Z (KV) Z : ;;V_‘ — evuv (ggF,VBF) :;g
e Use STXS framework: corrections to differential H—»Z? (VH) 13?
H — bb (VBF 126
distribution expressed with coupling modifiers Hsh Gty 139
H
o« Combine limits of HH (bbbb, bbTT, bbyy) on
\ K,, K,,, and cross section (k_ fixed to SM )
H

e« HH + H analyses: gradually release
assumptions on xk_ and fit k,,

LPC

e oppl cation

e
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Constraints on Higgs boson self—coupllng HH Comblnatlon

- T T T
ATLAS —— Observed limit g E ATLAS —— Observed Ilmn (95/ CL) E ‘4'2, E ATLAS — Obsenled I|m|t (95/ CL) E
Vs=13TeV, 126—139 b~ . Expected limit — i i Expected limit (95% CL) | SE i ; Expected limit (95% CL) |
oM er(HH) =327 fb (UHH = 0 hypothesis) I Vs=13 :l'eV 126—1_39 b o = (i =0 hypothesis) Vs=13 :I'eV 126_1_39 fb~ o == (=0 hypothesis)

9 [0 Expected limit 10 3 104k HH-bbt* T~ + bbyy + bbbb = Expected limit 10 e :E, 103k HH-bbT* T~ + bbyy + bbbb =3 Expected limit +10 E

[ Expected limit +20 IE-IF F [ Expected limit +20 IE-'S F [ Expected limit +20 7
> E== Theory prediction g \ E== Theory prediction
L'I'_' ¥ SM prediction o _,/’ \ Y% SM prediction
Obs. Exp 3 P e S NS ——
: . - o 1 03 - 10 =
bbyyl * 42 57 f——— Z
Y-S * 47 3.9 102k ) 10'k
: E —— bbyy F —— bbyy
bbbbi- + 5.4 8.1 — bbr*r” — bbr*T
—— bbbb —— bbbb
B —— Combined — i
Combinedf~ 24 29 1 L [ ! I R R 1 00 E Combined E
1010 5 O 5 10 15 coo o b b b b by
1 § SN TN T T T T T N TS T N T T T NS O T = = - -
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95% CL upper limit on HH signal strength Ly Ka Koy

e Use only HH channels in combination

o Observed (expected) cross section limit: 2.4xSM (2.9xSM)
o Observed (expected) 95% CL limiton x,: -0.6 < x, < 6.6 (-
e VBF HH process constraints k,,, in combination to 0.1 <k,

arXiv:2211.01216

2.1 <k, <7.8)
v <2.0 at 95% CL

Only HH — bbbb search contains dedicated analysis regions
optimized for VBF = limits on k,,, driven by HH — bbbb
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Constraints on Higgs boson self-coupling from HH and 2!
H productlon H+HI— Results and Kk,

< 10 T
c i ATLAS —_— H onl
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I 8} Observed S —
| = HH + H K only
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6 R 95%: Ky € [-0.4,6.3] |
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r 95%: k) € [-1.4,6.1] 1
4 _
2 —
05 0 5 10 15
Ka

arXiv:2211.01216

Combination assumption

Obs. 95% CL

Exp. 95% CL

e HH channels: k, considered in H decay and H background
through NLO EW correction (negligible impact)
e Limits on k,: only HH, H+HH gradually release parameters

HH combination -0.6 < k3 <6.6 2.1 <k <78
Single-H combination -40<k; <103 =-52<k;<I1l.5
HH+H combination -04<k;<6.3 -19<k; <76
HH+H combination, k; floating -04 <k <6.3 -19<k;<7.6
HH+H combination, k,, Ky, kp, Kk floating —-1.4 <k, < 6.1 -22<k3 <77
¢ M
ATLAS — 68%CLHH+H
[ Vs=13TeV, 126—139 fb' == 95%CLHH+H 7
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Most stringent constraints on Higgs boson
self-interaction to date
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HL-LHC prospects: Methodology

High-luminosity phase of LHC (HL-LHC) with
increased instantaneous luminosity starts in 2029
Collect 3000fb™" of data at center of mass energy of
14 TeV

Extrapolate Run-2 results of HH — bbbb search to
HL-LHC luminosity and collision energy

Peak luminosity [1 034cm‘2s‘1]

ATL-PHYS-PUB-2022-053

o = N W~ 00O N

1 3000
1 2500
1 2000
1 1500
1 1000
1 500

T T T 0
30 2032 2034 2036 2038 2040 2042

e Combination of extrapolation with extrapolated HH 2028 20 o
— bbyy and HH — bbTt
Systematic uncertainties Salefonsor o Agsume equal detector performance
HL-LHC baseline scenario

Theprefieal ey s e Four systematic uncertainty scenarios:

b-jet tagging efficiency 0.5 o No systematics (statistical unc. only)

c-jet tagging efficiency 05 o Baseline: scale down relevant systematics

Light-jet tagging efficiency 1.0 d d .

Jet energy scale and resolution 1.0 accor Ing to expeCte Improvements °

Luminosity 06 o Theory uncertainties halved p (- ® cociie:
pLasmas

Background bootstrap uncertainty 0.5 o) Run-2 SyStematiCS L/%cou&ég"zs

Background Shape uncertainty 1.0 Laboratoire de Physique de Clermont

Integrated luminosity [fb'1]


https://cds.cern.ch/record/2841244/files/ATL-PHYS-PUB-2022-053.pdf
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O e R N R n oyt ooy Data =) ' ' ! ' ‘ ] o1 T -
S 8 = 5 f 1 Sk :
g £ ATLAS PreI|m|nary —— Nosystunc 3 ﬁl 5 ATLAS Freliminary 1 Er ATLAS Prellmlnary ]
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5 ;5“;‘ Te"’ — 3 I Projections from Run 2 data b € I Projections from Run 2 data -
- Hf:lff;g;g (rgn;wﬁ\n/rgﬂ ata Theoretical unc. halved ] [ HH—>bbbb (ggF+VBF) ] %47 HH — bbbb (ggF+VBF) j
3 F ==+ Run 2 syst unc. E 61— | d = q
51— —on| IC & i
;3 F E | = Nosystunc. ] ﬁ\: ¥ 7
& 4M _; | = Baseline B @ 3:_/ . _:
3 E A : B Theoretical unc. halved = r == Theoretical unc. i
[ - 2 =& Bkg Bootstrap unc. —|
25\\\_ E [~ Run2systunc. ] - —— BigShapouns.
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e = i 68% | r ]
PN =TI PP NP (PSP PP PN PO |7 I i P S T U R RN RSN B
1000 1250 1500 1750 2000 2250 2500 2750 3000 0_20 15 10 5 0 5 10 0.0 0.2 0.4 0.6 0.8 1.0
Integrated Luminosity [fb~"] Kn=MAsm Systematic Scale Factor (sf)
Signal strength Discovery Uncertainty scenario k1 68% CI Kk, 95% CI
Uncertainty scenario 95% CL upper limit  significance [o]
No syst. unc. (0.1,2.6] [-0.5,6.4] ATL-PHYS-PUB-2022-053
No syst. unc. 1.1 1.8 3
¥ Baseline [-0.5,6.1] [-1.6,7.5]
| Baseline 2.0 1.0 |
: Theoretical unc. halved [-1.2,6.9 -2.6, 8.5
Theoretical unc. halved 3.1 0.6 [ J [ J
Run 2 syst. unc. 34 0.6 Run 2 syst. unc. [-1.2,6.9] [-2.8,8.5]

Improved results can be obtained when reducing the background
estimation uncertainty and increasing the b-tagging performance
(higher b-jet efficiency at same light and charm rejection)
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HL-LHC prospects: Prospects of HH — bbbb, bbyy, 2

bbTT combination

Significance [o]

‘ Combined signal

Uncertainty scenario bbyy bbr*t~ bbbb Combination ‘ strength precision [%]
No syst. unc. 2.3 4.0 1.8 49 -21/+422
Baseline 2:2 2.8 0.99 3.4 -30/+33
Theoretical unc. halved 1 17 0.65 2.1 -47/+48
Run 2 syst. unc. 1.1 15 0.65 1.9 —53/+65

Uncertainty scenario

x4 68% CI

K1 95% CI

No syst. unc. [0.7,1.4] [0.3,1.9]
Baseline [0.5,1.6] [0.0,2.5]
Theoretical unc. halved [0.3,2.2] [-0.3,5.5]
Run 2 syst. unc. [0.1,2.4] [-0.6,5.6]

ATL-PHYS-PUB-2022-053

No syst. unc.

Baseline

Theoretical unc. halved

Run 2 syst. unc.

e Significance of 3.40 assuming baseline scenario

e Signal strength measured with +33/-30% uncertainty

ATLAS Preliminary - Expected limit
Vs =14 TeV, 3000 fo-'! [ Expected limit 10
HH - bbyy + bbt* t~ + bbbh E—1 Expected limit +20
Projection from Run 2 data E=3 Theory prediction
Asimov data (bkg. only) 72722, Theory unc. halved
Ogot . ver(HH) =38.752 fo Exp.
i 15
: |
: 21
34
38
| ] I R N I
0 20 60 80

Oggr + var(HH) [fb]
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e K, constrained to [0.5,1.6] in 10 confidence interval


https://cds.cern.ch/record/2841244/files/ATL-PHYS-PUB-2022-053.pdf

25
Conclusion

o Competitive limits on HH production cross section and Higgs
self-couplings derived in HH — bbbb, bbTT, bbyy decay channels
using full Run-2 ATLAS data

o Combination with single Higgs analyses and interpretations in HEFT
and SMEFT frameworks

e Combination H+HH provides the most stringent limits on Higgs boson
self-coupling to date: -0.4 <k, < 6.3

e Expect evidence for HH production with 3000fb™ of HL-LHC data

e Further improvements in object reconstruction and analysis techniques
will help to constrain HH production further towards discovery of
non-resonant HH production at the HL-LHC
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Resonance searches

) o Various scenarios beyond the Standard Model predict
______ < resonances decaying to a pair of Higgs bosons (like
b extended Higgs sectors, composite Higgs models)

g H
E T T T T | F R T 'E1000_':]""I""l""l""!""I"“]""I"""':
= oo Comb. BXp. - T EXP = 900F ATLAS 4 Phys. Rev. D 106
T 10°kek: —— Comb. Obs. — TepThag OPS.  _| I goob Vs=13TeV, 139 fb™ E
= 10 Mo B s e ] T 800 it 1 (2022) 052001
< B Comb. Exp. £25 = Tyqgfreq ObS. >‘<|~ 700 R0 ... Expected limit (95% CL)
T 2 ook —— Observed limit (95% CL) 3
Q = E g E
a 2] © = [ Expected limit + 16 E
° 1L E H H - bbTT 500? [] Expected mit £ 2 ¢ 3
s | ' 400F- 3
£ --~.::-_-_-_‘-_'-_‘-_' ----------------- B 300F- 3
2 s 2w E o E
O I E E
2 C Vs= 13 TeV, 139 ! aerV 2209 10910V1 100:_ ---------------- —:
0 g g . ; i Ellvic i o1 i Wi 0y 0 Lo oy D e
2 400 600 800 1000 1200 1400 1600 0200 300 400 500 600 700 800 900 1000
m, [GeV] m, [GeV]

e Resonant searches in HH — bbyy and HH — bbT1r final states
e Exclusion limit on narrow width HH resonance LP U s
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Summary of HH results from CMS (Status: March 23)

CMS Preliminary 138 fb ' (13 TeV)
- T — T T
K =k =1 3 —e— Observed ~~ --=-- Median expected
Ky =Koy = B 689% expected
----- 95% expected
WW vy
Expected: 52 CMS-PAS-HIG-21-014

Observed: 97

bb WW
Expected: 18
Observed: 14

CMS-PAS-HIG-21-005

bb ZZ &
Expected: 40
Observed: 32

Acc. by JHEP (2206.10657)

Multilepton
Expected: 19
Observed: 21

Acc. by JHEP (2206.10268)

bb yy %
Expected: 5.5
Observed: 8.4

JHEP 03 (2021) 257

bb 1T %
Expected: 5.2
Observed: 3.3

Acc. by PLB (2206.09401)

bb bb &
Expected: 4.2 Nature 607 (2022) 60
Observed: 7.2
................................... ] ®
® .

Comb. of & Particules
Expected: 2.5 Nature 607 (2022) 60 pLS:\?\:eQrss
Observed: 3.4 S

L il | ‘°PP"°°“°“.

100 1000

95% CL limit on o(pp — HH)/cTheory
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