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Why search for di-Higgs?

* The precision measurement of the Higgs boson properties is one of the primary targets @LHC
* The Higgs boson so far behaves in a very SM-like manner, its couplings consistent with the BEH mechanism

More profound questions still unanswered
> |s the Higgs boson elementary or composite?

» Can the invisible Higgs boson width be associated with DM?
> |s it possible to measure the Higgs field potential directly?

> Does the Higgs boson interact with itself?
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Why search for di-Higgs?

* The precision measurement of the Higgs boson properties is one of the primary targets @LHC
* The Higgs boson so far behaves in a very SM-like manner, its couplings consistent with the BEH mechanism

More profound questions still unanswered
> |s the Higgs boson elementary or composite?

» Can the invisible Higgs boson width be associated with DM?
> |s it possible to measure the Higgs field potential directly?

> Does the Higgs boson interact with itself?

« The SM description of the Higgs potential is encoded with two parameters: 71, /”tégM "

« Given the Higgs boson mass m;, and VEV v, the Higgs self-coupling /lgM is fully determined Hoeomme- g",13SM
2 9) s, ’
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* For a closure test of the SM a direct measurement of the Higgs self coupling is necessary
— the best way is to look for HH production H “H

Elena Vernazza - Laboratoire Leprince-Ringuet 2 Di-Higgs production (ATLAS+CMS) - SM@LHC 2024



The di-Higgs production

* The di-Higgs cross section depends on the production mode, but it’'s ~1000 times rarer than single-Higgs
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" (pp —» HH) ~ .o (pp — H)

1000

10*
HH production at pp colliders at NLO in QCD
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The di-Higgs production

* The di-Higgs cross section depends on the production mode, but it’'s ~1000 times rarer than single-Higgs
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* |Leading HH production mode
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The di-Higgs production

* The di-Higgs cross section depends on the production mode, but it’'s ~1000 times rarer than single-Higgs

1

USM — HH) ~ y USM — H
Gluon-Gluon Fusion (PP ) 1000 (PP ) Vector Boson Fusion

* |Leading HH production mode

Second leading production
10*

e Destructive interference

HH production at pp colliders at NLO in QCD

Signature from high energy jets
M,=125 GeV, MSTW2008 NLO pdf (68%cl)
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» Direct access to kj, kv, ko
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The di-Higgs final states

* Given the current luminosity and the harsh experimental conditions, a good sensitivity is achieved with

 [Large branching ratio (H—bb)
* Very good selection purity (H—tTt, H—VY)

vV oV Vv

bb WW TT Y4 YY
-
WW 25% 4.6%
TT 7.3% 2.7% 0.39%
ZZ 3.1% 1.1% 0.33%
YY 0.26%
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The di-Higgs final states

* Given the current luminosity and the harsh experimental conditions, a good sensitivity is achieved with
 [Large branching ratio (H—bb)
* Very good selection purity (H—tTt, H—VY)

bb WW T L7 YY
> Run 1
Only few channels covered bb -
WW 25% 4.6%
L7 3.1% 1.1% 0.33%
YY 0.26%
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The di-Higgs final states

* Given the current luminosity and the harsh experimental conditions, a good sensitivity is achieved with

o Large branching ratio (H—bb) -1 HH—bb

e Very good selection purity (H—Ttt, H—yy)

TT Y4 YY

> Run 1
Only few channels covered bb

> Early Run 2

At least one H—bb or multileptons WW .
377\
AR
165

Multileptons
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The di-Higgs final states

* Given the current luminosity and the harsh experimental conditions, a good sensitivity is achieved with
 [Large branching ratio (H—bb)
* Very good selection purity (H—tTt, H—VY)

bb WW TT LZ YY

> Run 1

Only few channels covered bb
> Early Run 2

At least one H—bb or multileptons WW 25%
> Full Run 2 Sy i :

several new final states and t . 7.3% : 2.7% 0.39%

production modes investigated by

ATLAS and CMS 77 3.1%

‘Illll.‘

E 0.26%

®EEEnn?

Not a single channel but Yy

many (at least three) silver bullets
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The di-Higgs final states

 Many different final states covered by both CMS and ATLAS: the ones covered in this presentation are %

CMS ATLAS

« HH — bbbb - HH — bbbb
- Phys. Rev. Lett. 129, 081802 (resolved) - Phys. Rev. D 108, 052003 (resolved)
- CMS-PAS-B2G-21-001 (VBF boosted) - ATLAS-CONF-2024-003 (VBF boosted) <
- Submitted to JHEP (VHH) - Eur. Phys. J. C 83 (2023) 519 (VHH)
- Submitted to Eur. Phys. J. C (ZZ/ZH) 3% .

. - ATLAS-CONF-2023-071 (re-analysis)
- Phys. Lett. B 842 (2023) 137531 - JHEP 07 (2023) 040
- Phys. Lett. B 842 (2023) 137531 - JHEP 01 (2024) 066 (re-analysis)

- HH — bbVV / Multileptons - Phys. Rev. D 106, 052001
- JHEP 07 (2023) 095 (4AW/WWTT/4T, =2|) » HH — bbVV /Multileptons

- JHEP 06 (2023) 130 (bbZZ, 4i) - JHEP 02 (2024) 037 (bb+ZZ/WW/tT, 2|+MET)

- CMS-PAS-HIG-21-005 (bbWW, =11) - ATLAS-CONF-2024-005 ¢
- CMS-PAS-B2G-21-001 (yyWW) (bbZZ2/4V/2V21/41/2y2V/2y2T)

- CMS-PAS-HIG-22-012 (yyt1) Yy

ATLAS

EXPERIMENT
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.081802
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-001/index.html
https://arxiv.org/abs/2404.08462
https://arxiv.org/abs/2403.20241
https://arxiv.org/abs/2206.09401
https://arxiv.org/abs/2206.09401
https://link.springer.com/article/10.1007/JHEP07(2023)095
https://link.springer.com/article/10.1007/JHEP06(2023)130
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-005/index.html
https://cds.cern.ch/record/2893031
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.052003
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-003/
https://link.springer.com/article/10.1140/epjc/s10052-023-11559-y
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-071/
https://link.springer.com/article/10.1007/JHEP07(2023)040
https://link.springer.com/article/10.1007/JHEP01(2024)066
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052001
https://link.springer.com/article/10.1007/JHEP02(2024)037
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-005/

Limits on di-Higgs production

* The most stringent upper limits on the di-Higgs cross section come from the combination of different final states

CMS Preliminary 138 b (13 TeV)
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Combination is the key
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https://arxiv.org/abs/2211.01216
https://www.nature.com/articles/s41586-022-04892-x

Limits on anomalous couplings

He===-- 4 ki
* The limits on di-Higgs production cross section show a strong dependence on the k) and kay H
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* Assuming other couplings to SM value
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Limits on anomalous couplings
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https://www.nature.com/articles/s41586-022-04892-x
https://arxiv.org/abs/2211.01216

A stunning success !
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How to improve sensitivity?
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HH Multilepton (ATLAS) (=)

* Search for HH production in multilepton decay with a holistic way, performed for the first time by ATLAS
* Targeting HH—4V, HH—-VVtt, HH—41, HH— VYWV, HH—=bbZZ

Categories based on multiplicity of e/y, T and y ATLAS-CONF-2024-005

ATLAS Preliminary e Observed 3 1o
@ T o Expected (uyy=0) 1 *20
£ egen Vs=13TeV, 140" _
g 2 {’+2T 2t’+2T BDT score for Expected (Hrir =1)
5 final discriminant Ogr+ var(HH) =32.7 b Exp.
s e Obs (e=0)
@ yy+ML for 4/ + bb- d:’ 40 36
£ 1 VY+T YV+2(£,7) 2£’SC+T Cha””e's . . o 1
2 final discriminant 3 epa 21 32

20SC} ® o 33 42
20+ 27} de 41 37

0 1 L+ 27T ® 44 45
Number of light leptons !

vy + 2, ) Cé ® 953 41
yy + 4 4 ® 51 30
vy +Th 3 . 114 60
Combined ML} d: 14 14
» Result interpreted in terms of signal strength limit Combined Yy ML e
- : : ey Combinedi- O ® 18 11
> No single channel dominating the sensitivity e

95% CL upper limit on HH signal strength uyy
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ZZ/ZH—4b (CMS)

e Search for ZZ/ZH production in the 4b final state as a validation of HH—4b

 Four VS Three (FvT) re-weighting: 3 b-tagged jets CR (17x more stats)
corrections applied to 4 b-tagged jets SR

* Synthetic dataset produced with hemisphere mixing to increase statistics

transverse
thrust axis

------- » b-tagged jets

uzz = 0.0 +2.0/-1.7
0zz < 3.8 (3.8) oSMz7

QQQQ

transverse
thrust axis

uzn = 2.2 +0.9/-0.8
ozn < 5.0 (2.9) oSMzy

> The observation of ZZ/ZH—4b will soon be possible

P non b-tagged jets
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Submitted to Eur. Phys. J. C
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https://arxiv.org/abs/2403.20241

How to improve sensitivity?
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HH-yytT (CMS) (v

e Search for HH production in the yytt final state, covered for the first time by CMS

Di-Higgs

* Very low branching ratio, but benefit from good di-photon resolution CMS-PAS-HIG-22-012
: . .y .. -1

« The main challenge comes from limited statistics CMS Preliminary 138 1b " (13 TeV)
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Continuum
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> Low stand-alone sensitivity 2F
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» Powerful result if added to combinations m,, [GeV]
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How to improve sensitivity?

Run 3 and beyond... k
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CMS-PAS-B2G-21-001

VB F H H —> 4b (AT LAS) ATLAS-CONF-2024-003

* Search for HH production in 4b final state via ggF and VBF in resolved and boosted regimes

 H reconstructed as two jets
» Largest fraction of signal

* Large multi-jet QCD
background

 Dominating low pt region

Two separate

jets: R=0.4
0 250 500 ot (H) [GeV]

Jet clustering with Anti-kT (AK) algorithm
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-003/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-003/

CMS-PAS-B2G-21-001

VB F H H —> 4b (AT LAS) ATLAS-CONF-2024-003

* Search for HH production in 4b final state via ggF and VBF in resolved and boosted regimes

Boosted
 H reconstructed as large jet

* O(%) signal acceptance

* Lower multi-jet QCD
contribution

* Improvement in boosted
object reconstruction

 H reconstructed as two jets
» Largest fraction of signal

* Large multi-jet QCD
background

 Dominating low pt region

Two separate One large-coned jet:
jets: R=0.4 R=0.8(CMS)/1 Q(ATLAS)
0 250 500 ot (H) [GeV]

Jet clustering with Anti-kT (AK) algorithm
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-003/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-003/

CMS-PAS-B2G-21-001

VBF HH —>4b (ATLAS) @ ATLAS-CONF-2024-003

* Search for HH production in 4b final state via ggF and VBF in resolved and boosted regimes

Boosted ATLAS-CONF-2024-003
_ * H reconstructed as large jet s B -
 H reconstructed as two jets O(%) si | t - ATLASPoimiay  — 6oL — Combinaion -
, _ . 0) signal acceptance oo yS=13TeV. 1o o el o T foosted
* Largest fraction of signal J - VBF i bbb % SMpredoton  —— Resohed

* Lower multi-jet QCD
contribution

* Improvement in boosted
object reconstruction K

* Large multi-jet QCD
background

 Dominating low pt region

Two separate One large-coned jet: e .
jets: R=0.4 R=0.8(CMS)/{ Q(ATLAS) > ka sensitivity driven by
S B > kv sensitivity dominated by boosted
0 250 500 ot (H) [GeV]

Jet clustering with Anti-kT (AK) algorithm kav # 0 for any value of ka
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-003/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-003/
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Run 3 and beyond... k
.
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Combination H+HH

CMS-PAS-HIG-23-006
Phys. Lett. B 843 (2023)

| | t Di-Higgs
 Constrain H couplingsto ¢ "00000y—— o . . 99
fermions and vector bosons | o /+ High sensitivity to kx and kav
t t -- H Y .
« Access to kx via NLO EW ! H k ok ° Weak constraints on other
corrections R couplings
H
CMS-PAS-HIG-23-006
_ ,,CMS preliminary 1380”13 TeV) N CMS Preliminary 13§fp'1g13T9V)
. E Observed I | | :SHirljlgclggbclomb. ; oy 3.5;— Observed — single-H comb. ¢ Best fit value _:
1-6; Ky =Koy =1 single-H e.md HH comb. —g 3_03 S — HH comb. _SEZZ gt g;)) —:
LS oo 1 singlerH and HH Gomb._0.000045, G (50 » Constraints on k: and ky are

1.4F ----95% CL (20) -

-" -
- ~

s :

driven by Single-Higgs

» Constraints on kj and ko, are
driven by Di-Higgs

kav = 0 excluded at > 50
for any value of ky
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-006/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-006/index.html
https://arxiv.org/abs/2211.01216
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Run 3 and beyond

CERN-EP-2024-068

: CMS Simulation Vs =136 TeV
Run 3 as a.n opportunity 12 - HH—> 2D2r__ —a— Ao <08 " iggers
* Improved trigger strategy both for ATLAS and CMS CoF = o W 2023 parking
T F =2 jets, =2,

e HH—4b and HH—bbTt triggers [CMS-DP-2023-050] [ATLAS-TauTrigger]
 Data parking allows for lower object thresholds [CERN-EP-2024-068]

1.4 F p, > 20 GeV, Il <25, —@— 1, striggers standard

12 - 2 loose b-tags,
“F 2loose tid —e p'_‘r"”-trigger standard

Trigger Efficiency

* Improved object identification Deep/Graph Neural Network Taggers 0.8 | = -
0.4 F —-—
02f —g
0 200 400 600 800 1000

mfe (GeV)
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https://cds.cern.ch/record/2868787?ln=en
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TauTriggerPublicResults
https://cds.cern.ch/record/2892672/
https://cds.cern.ch/record/2892672/files/CMS-EXO-23-007-arXiv.pdf

Run 3 and beyond

CERN-EP-2024-068

= 2 CMS Simulation Vs =136 TeV
Run 3 as a.n opportunity 3 2F HH—>2b2r,  —a Anon o0 g =iriggers
* Improved trigger strategy both for ATLAS and CMS S b o= HH 2023 parking
¢ HH_’4b and HH_’bbTT t”ggers [CMS-DP-2023-050] [ATLAS-TauTrigger] E 1.4 - ;T2>162t(s),éezvt,’h]l<2.5, —e— 1, _triggers standard
: . = L 2 loose b-tags,
» Data parking allows for lower object thresholds [CERN-EP-2024-068] | S 1'215_ 2loosevid —v— py'"trigger standard
* Improved object identification Deep/Graph Neural Network Taggers = o8l E N
0.6 — ——— ¢
0.4 | ——_
ATLAS and CMS HL-LHC prospects 3 ab1 (14 TeV) 0ok Te—
12— . = . v
- ; ST AT TSNS ¥ S A T S ——
ré i SM HH significance: 40 — Combination 0 200 400 500 800 1000
é 10l 0.1 < k1< 2.3[95% CL] - mfie® (GeV)
' I 0.5<k1<1.5[68% CL] "~ bbyy TOWEIFCIS HL_LHC
99.4%CL °[_ il /N b » Largest impact from higher luminosity
£ 7 bbbo » Access new production/decay modes
i bbZZ*(4l : :
. ) ) Benefit from phase-2 upgrades (forward region for VBF)
95% CL 4 :—'; o _r __________ P e ---- pbVV(Iviv)
N 2 ? » HH production expected to reach 4o significance
ST N e > 50% precision on the Higgs self-coupling

-2 -1 0 1 2 3 4 5 6 7 8

(based on partial Run 2 — sensitivity already improved a lot!)

K
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https://cds.cern.ch/record/2868787?ln=en
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TauTriggerPublicResults
https://cds.cern.ch/record/2892672/
https://cds.cern.ch/record/2892672/files/CMS-EXO-23-007-arXiv.pdf

Conclusions

* Probing the Higgs boson self-interaction is one of the primary targets of Higgs Physics for the coming years
* A spectacular improvement in the experimental HH programme has been achieved during the LHC Run 2

* |nnovative analyses techniques enabled sensitivities well beyond the most optimistic expectations
* Upper limit on HH cross section by each experiment: :0OHH < 2-3 x 0SMyy
e Self coupling constrained to approximately: : -1 <kx <6

e Excluded the absence of VWVHH at > 50: : koy #0

* The LHC Run-3 is underway and constitutes a huge opportunity to further improve sensitivity
* Important trigger improvements introduced for HH searches
* Jest-bench for new ideas and analysis strategies

 Remarkable progress in the field opens to excellent prospects for the HL-LHC
* Direct the effort towards measuring di-Higgs production and Higgs boson self-interaction

Multiple directions to be taken ...
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Higgs self-coupling beyond SM

* Searching for di-Higgs production is a crucial way of testing the EWSB mechanism: direct access to the

trilinear coupling /13SM (Higgs boson self-interaction)

* |nvestigate alternative hypotheses for the Higgs potential

* Deviations from the SM potential could point to a vacuum metastability (second minimum)
« BSM deviations of these parameters may lead to differences in HH production rates and kinematics

* Test possible coupling modifiers with respect to SM: kj, Kv, Kav, ki

A=

=

A

Re (¢)
Nature 607, 41-47 (2022)

Nat Rev Phys 3, 608-624 (2021)

Higgs field value
in our Universe

An alternative
potential

Standard Model
potential

Stable
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https://www.nature.com/articles/s41586-022-04899-4?fromPaywallRec=false
https://www-nature-com.ezproxy.cern.ch/articles/s42254-021-00341-2

HH Multilepton (ATLAS)

* Search for HH production in multilepton decay with a holistic way, performed for the first time by ATLAS
* Multileptonic channels (ML): BDT score for final discriminant

* vy + leptons channels (yy+ML): for final discriminant
BDT score for for
final discriminant final discriminant
Q B L L L % _'I'"'I""l""l""l"'
§ 60:- ATLAS Preliminary ¢ Data g - ATLAS Preliminary ¢ Data
W7 s=13TeV, 140 fb’! = SM HH x 100 o 90 Vs=13TeV, 140fb = SM HH x 100
- 3¢ Diboson . 2 vy +HL Single Higgs
50;_ Signal region Il Non-prompt e/ 2 40 BDT Loose yy-continuum
. Post-fit Single Higgs - “ I Post-Fit ~/ Uncertainty
40 Other ) I
3 7 Uncertainty - 30[
30’/////////// //// 7 2
| /4(//// ” |
20'_ %// _' 20
10} 10

S 0;!!!e!e!s!!!5!!!!s!5!!!!5!5!!!!!5!5!!5!5!!!!! S 0
m 1.25 é/ S = 1.25 i/*{ j _
p 1?///*/////5//4/////// 555555 /MW% % 1+/ ////#/+/+/+-/ L o ieeary ad e 22 v 22 R T
& 0.75) - g 075 ¢ ¢x -
(M| S S T S S S A S WS PRV Y o Y ~ S S S L E I S S, S S S
005.55 06 065 0.7 075 08 085 09 09 1 0-5 110 120 130 140 150 160
ATLAS-CONF-2024-005 BDT score m,, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-005/

HH Multilepton (CMS)

* Search for HH production in multilepton decay by CMS, targeting HH—4V, HH—VVTT, HH—4T

* Di-photon and bb4l channels not included in the analyses cms 138 (13TeV)
* Wider interpretation in terms of ky, kov, EFT benchmarks, -@- Observed I 68% expected
search for Spin-0 and Spin-2 resonances HH — Multilepton | === Median expected 95% expected
CMS .m 138 fb'! (13 TeV 20'ss
@ PO T T T (131 ) 1 < 125 (62.8 exp)
= 5 E | Wz \ Misid. # Other bkg. = Y B
Lﬁ 10 §_ .Conversions .ZZ Single H _g u < 959.3 (41.2 exp) |
10% ;— + Data %Uncertainty == SM HH x 30 _; 47
1< 56.7 (76.8 exp) | )
10° E 3¢ + 113,
o - 1L <45.7 (63.2 exp) | )
% 2f+2Th
& 1< 50.3 (62.0 exp) | )
| \ 1 Lﬂ+3Th
1 <50.9 (48.5exp) | )
_ 4Th
s W < 50.0 (78.8 exp)
88 ¢ 5 Combined
= W < 21.3 (19.4 exp) N

A N R B
0 50 100 150 200 250

BDT output bin number I
JHEPQ7 (2023) 095 95% CL upper limit on u = o(pp— HH) / G,
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https://link.springer.com/article/10.1007/JHEP07(2023)095

ZZ/ZH—4b (CMS)

 Search for ZZ/ZH production in the 4b final state as a validation of HH—4b

* Sideband to validate QCD multijet background
* Cross section of ZZ(ZH) is 31(7) times larger

than HH

200 CMS Simulation 133 fo" (13 TeV)

:=>. T | T T T T T | T 1 T T
cﬁ - === Signal region ZZ,ZH, HH — bbbb -
(DE:= - N
150— -
100— —
50— —

| | | | | | | I ] | | ]

50 100

Submitted to Eur. Phys. J. C
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https://arxiv.org/abs/2403.20241

ZZ/ZH—4b (CMS)

e Search for ZZ/ZH production in the 4b final state as a validation of HH—4b

. . : CMS 133 b (13 TeV) Without JCM
» Background modelling in 3 b-tagged jets CR S oo T T T T e hata -
. . . 2 = [ ] Multijet model ==
* Application to 4 b-tagged jets SR 8 o000 Wi =
" — JCM fit =
30000 =+ JCN(Ij fift r%sul/t: —
— x2/ dof = 6.5/ 11 - ]
20000:_ p-value = 84% E With JCM
1. Jet Combinatorial model i ]
10000— —
4b-tag SR has larger multiplicity £ P
. 2 . , : :
than 3b-tag CR g S |
- 1 ¥ }
g { Data/bkg | Data/JCM fit ]
Q0% 7 % 5 10 i1 12 13 14
Number of jets
. cnflsl - '13:|3ftl>"§13lT?V) _ cnflsl S — ]13?ft'>"§13lT<'eV)
] ] _ ] §25000:_ Sideband { Four-tag data _: 5250001_ Sideband { Four-tag data _:
2. Kinematic re-weighting FvT g T Cjacomutijet 3 £ ¢ [1QCD multjet
G20000|— Ot — $20000[— I —
. . : W N\ Stat. uncertainty L - N\ Stat. uncertainty
dlﬁerent klnematlc dependence Of @ 15000:— Before FvT reweighting —: 15000:— Including FvT reweighting—:
the b-tagging efficienc - . ] = . :
99Ny y ot Without FvT 1 el With FvT )
sooof— —f 5000?— —f
631'50% . , - mamene d>1'50__.ﬁ — ' - -
S 1 ‘ ST i f 1 [ | T \‘\¢‘\‘\‘\\\l\\\§l\\§\\\\\\\\‘\\:‘
9 - N \\\_ -.CE { 10 I T T\\ \\\\\\?
St T bbbl 8k SRR R
Submltted to Eur PhVS J. C 0555 15 > 2.5 3 0555 1 15 2 55 3
” AR(},j) close AR(j,)) close
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https://arxiv.org/abs/2403.20241

HH-yytt (CMS)

e Search for HH production in the yytt final state, covered for the first time by CMS
 BDT score to define categories with different signal purities: Cat 0 and

CMS Preliminary 138 fb~! (13 TeV)
CMS Simulation Preliminary (13 TeV) % T L S H R CMS Simulation Preliminary (13 TeV)
A~ [T T T 1 1T 1T 1 1T T 1 1T T 1 1T T 1 1T T 1 1T 1T T 5 | ] P T T 1 1T T 1 1T T 1 1T T 1 1T T 1 1T 1T 1 1T T =
< o0.22F | | | | | - g, 10 ] - 0.7F | | | | | ]
O - + . Cat1 4 7] - tt + jets W O i o Cat0 1
(D 0.2 Simulation ] _ (5 B + Simulation i
- . V+y E 0.6 —
To - 7 ] LO B _
o 0'18:_ Parametric B y +jets ] o L Parametric ]
: 0.16:— model ! _: YY N jets § \\_, 0_5__ model | -
L - 2016:0. =159 Ge m . [ - 2016: 0. =1.48 Ge ]
-|UE) 014:_ off 1.59 GeV _: HH x25 D_E -|(é) : off 1.48 GeV :
S - 2017: o, = 1.70 GeV . Dat b S o4l 2017: o, = 1.59 GeV 7
> 0.12F ---- 2018: 0, = 1.64 GeV & — ata _ => [ ---- 2018:0,,=1.54 GeV ]
L - - E LI i | 1
0.1 — ] 03k ]
- o, = 1.64 GeV ] L o, = 1.54 GeV i
0.08 — i N ]
0.06[ ; = 107" : 0.2~ —
O 04 : :"'n’ : | | | | | | | | | ] | : | | | | | | | | : : :
F ] Discarded Cat 1 CatO0 0.1 -
002__ ] 2 T T T T T T T | B — T T T | — T T B ," I
; : LEJ : l + T_ | I l - - | st i -

DEERD 15 120 125 130 T iaEg = i . b ‘ + ! * ¢ e 15 120 125 0 135 140

I, °* ) * 1
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— OI—I | | | | | | | | | | | | | | | | | | | | | | | |
0 0.9 0.99 0.998
BDT Score
CMS-PAS-HIG-22-012
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https://cds.cern.ch/record/2893031

HH-—yytt resonant (CMS)

* Search for HH production in the yytt final state, covered for the first time by CMS: investigation of several

resonant hypotheses with Narrow Width Approximation (NWA)

» Category optimisation to allow good background modelling while keeping high sensitivity on upper limit

e X—HH (Spin-0 and Spin-2)

o X=HY (H—vy, Y11), (H2T1T, Y2VY)

X—HH (Spin 0)

138 b (13 TeV)

X—HH (Spin 1)

138 b~ (13 TeV)

108

CMS Preliminary
L B L B

—e— Qbserved
Median expected

]

B 68% expected
95% expected
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LA LA Lt
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https://cds.cern.ch/record/2893031

VBF HH—4b (ATLAS)

* Search for HH production in 4b final state via ggF and VBF in

* Optimization of analysis selection to target VBF category

resolved and boosted regimes
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VBF HH—4b resonant (ATLAS)

* Search for HH production in 4b final state via ggF and VBF in resolved and boosted regimes: investigation of
resonant hypotheses with high benefit from boosted regime

 Narrow Width Approximation (NWA)
* Broad width assumption based on Composite Higgs Model ('x = 20% of Mx) — for the first time in HH

NWA X—-HH Composite X—HH
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Boosted HH—4b (CMS)

e Search for HH production in 4b final state focused on a phase space region where both Higgs bosons are highly
Lorentz boosted
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041803

Run 3 and beyond

* Improved Run 3 trigger strategy both for ATLAS and CMS

e HH—4b and HH—bbTt triggers

e Largest HL-LHC impact from higher luminosity and upgrades

CMS HH—bbTtT trigger
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