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?Double-Higgs production

¢ Higgs self-coupling fundamental parameter of the SM
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4 Rare process of the SM I
— destructive interference o
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— BSM contribution can modify the Higgs boson H ,}z\’
coupling parameters and enhance the HH cross section y "’\EHH
t “H
¢ Resonant production: "
— new heavy intermediate particle Sioc . rd
— KK graviton, radion, heavy Higgs bosons 1 7 “\\
(ZHDM), etc Q90 \\H



CMS
?Flnal states and Run-2 searches s
4 Channels considered:
Expected SM HH events for 36 fb™
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¢ Presented today: analyses with ~36 fb™ of data recorded in 2015-2016
¢ General analysis strategy:

— candidate mass consistent with SM Higgs boson
— small angular separation between b-jets = boosted regime above ~1 TeV
— multivariate methods to reject background
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? _ CMS
¢ Sizeable BR, relatively small background
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¢ 2 b-jets e Tiad OF Toag g
— including boosted 1 and b-jet for CMS
¢ BDT for resonant and non-resonant signal
w' ATLAS: on non-resonant + each resonant mass point
— CMS: resonant mass < or > 350 GeV 12917 (13ToV)
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¢ Final discriminant:  eorscore BDT output
— BDT output (ATLAYS)
- modified m_ for resonant, m_, for non-resonant (CMS) 4




?bﬁyy channel
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?bﬁbﬁ channel .

¢ Largest BR, large QCD multijets and tt backgrounds
¢ Large use of boosting techniques
— 4 resolved b-jets: ~250-1200 GeV
— semi-resolved (CMS): 750-~2000 GeV i
— 2 boosted b-jets: ~750-3000 GeV
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¢ New result targeting non-resonant production: g '; —
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Data / sim.

DNN output at k, =k, = 1 (SM), mjj bins

_ CMS
T
?bblvlv and Ilvggyy channels <
¢ bbVV(-1lv): large BR, large bkg 4 yyWW(~ lvqq ): small BR, good
¢ Two opposite sign leptons, two diphoton resolution
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?Results for resonant HH

¢ Limit set on spin-0 (THDM, hMSSM) and spin-2 processes (graviton,
radion, ...):

— complementarity of the different channels and analysis techniques
(resolved/boosted), combination in back-up
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¢ Interpretation in hMSSM model e s 2 Gy
— CP-even lighter scalar = h (125 GeV Higgs boson)
— CP-even heavier scalar = H

— CP-odd scalar = A




?Results for non-resonant HH (1)

¢ Summary of limits on G/GSM:
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{s=13TeV, 27.5-36.11b - e
g, (PP — HH) = 33.41fb  [Phys. Rev. Lett. 117 (2016) 012001]
[Phys. Rev. Lett. 117 (2016) 079901] (Err.)
obs. exp.
b - 127 148
[CERN-EP-2018-164]
bbbb *0 13.0 20.7
[arXiv:1804.06174]
bbyy o 22 28
[CERN-EP-2018-130]
WWyy| i o 230 160
[CERN'EP'2018'1M] ||||i L il L Ll Ll Ll L
1 10 10° 10° 10° 10°

95% C.L. upper limit on ¢ (pp — HH) normalized to o,

¢ Combined results: O(10*SM)

bbVV

Observed 78.6xSM
Expected 88.8xSM

bbbb

Observed 74.6xSM
Expected 36.9<SM

bbtt

Observed 31.4xSM
Expected 25.1xSM

bbyy

Observed 23.6xSM
Expected 18.8xSM

Combined
Observed 22.2xSM
Expected 12.8x SM

- most sensitive channels: bbtt, bbyy, bbbb

~ difference of sensitivity between experiments [P2YY

= room for improvement
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?Results for non-resonant HH (2)

CMS

o CMS preliminary | combination

¢ Limit on anomalous couplings: k, = A
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?Results for non-resonant HH (3)

CMS

¢ EFT approach: i
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¢ Limit in K, K, plane:
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https://arxiv.org/abs/1507.02245

? CMS
Expected SM HH events for 3000 fb™
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¢ CERN Yellow Report foreseen end of 2018



% Conclusion

¢ Di-Higgs searches based on ~36 fb' of LHC Run-2 data
~ several final states studied: bbbb, bBW, bbrtr, etc "

— improved sensitivity using boosted technologies and -
machine learning

Ww

4 No significant excess observed in resonance search

¢ No excess in non-resonant production, limit ~10¥SM )8 ¢ AR

¢ Expected integrated luminosity by the end of Run-2: ~150 fb™!

— evidence of SM di-Higgs production and precise measurement of Higgs
potential for HL-LHC
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Back-up



? -
¢ Limit set on spin-0 (2HDM, hMSSM) and spin-2 processes (graviton,
radion, ...):
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CMS

?EFT approach

¢ From JHEP04(2016)126
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¢ 12 benchmark points:
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