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‘ Di-Higgs signal

* Gives access to the value of the Higgs self-coupling k,( = 43/45 ¢3,), which describes the shape
of the Higgs potential

* Higgs pair production process is predicted by the Standard Model with a tiny cross-section:
e o(gg - HH) =31.1 b, 20.000x smaller than #t, o(gg — tr) = 730 pb
 No single gold-plated channel: bbyy, bbtz, bbbb, bbVV (1L, 2L, =3L), ...

* Unexplored territory, BSM physics may show up as:
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HH (SH) — bbqgl channel

v 17 | - 3
e Second largest HH Branching Ratio: SO R IR I A § :
B(HH — bbWW#) ~ 25 % ob s
e SH model consistent with: o o ’
* Next-to-minimal Supersymmetric SM T R 25% | o2l .
e Two Higgs Doublet Models with a singlet 2 | a1 | 129 | osu :
e SM with two additional singlets | ose
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* |solated lepton, MET, 2 resolved
b-jets, 2 jets forming (off-shell) W

e Kinematic differences between the
signal and the backgrouna:

e Mass constraints: my,y;,,and my,
e Presence of an off-shell Win the

signal process
* Angular variables: opening angles
between b-jets
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Analysis workflow

MC generator

g +H T_rggi Irreducible background:
" ’ e Lepton or MET o tf, W+jets, single-top (Wt
g H Event selection (preselection): mainly), Z+jets, diboson
Detect e 1 lepton, 2 b-tagged jets e Estimated using MC simulation
simeueI:ti(:)rn (DL1r at 77% WP), at least 2 e Control region fit to correct for

the normalisation mismodelling

light jets

o7l ATLAS
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Machine learning

e Feed-forward neural network classifier for discrimination of
the signal and 3 main backgrounds: psignal, Pttbar, Pwijets: Pstop

e 40 input features

* 5 hidden layers, 0.5 dropout rate dsignal = log(

e 5-tfold cross-validation,
20% test set

SH challenge:

e 42 mass hypotheses

e Single classifier sub-
optimal, 42 classifiers

overkill = 6 groups

e Train on a mix of mass
points with a similar
boost (ms/mx ratio)

Hidden layers
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4 output nodes @O OO

O O O O
O O O O O
Q O O O O O
o, O ® .. . . @ .
@ O O O O O
@ O O O O O
O ®) O © ©° @ o) @ °©
® O O @ © O
O O @ O ©
(L2 : 9 9 9 ¢ 4
p S O O O S
S T T -
Psignal o o . . N ~
<t N (fg) LN (Tp)]
1 — Psignal
SHO SH2 B shs softmax (z;) =
o SHT SH3 I sHS
My 'S 1170 GeV |240 GeV |400 GeV |550 GeV|750 GeV| 1TeV | 1.5TeV | 2TeV | 2.5 TeV
350 GeV | 0.49
500 GeV | 0.34 0.48
750 GeV 0.53 0.73
1 TeV 0.40
1.5TeV | 0.11 0.16 0.27
2 TeV 0.08 0.12 0.20
25TeV | 0.07 0.10 0.16
3 TeV 0.06 0.08 0.13
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log pWjets output histogram

log pStop output histogram
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‘ Fit results

1 sigma excess in the SH3 VR, no excess in the SH SRs
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Exclusion limits

Non-resonant analysis:

e 95% CL upper limit on the HH — bbWW*
cross-section:

o(pp - HH) < 34.6 (23.072%1) X og\(pp — HH)

e Factor 13 improvement wrt the previous
ATLAS HH — bbWW* result on 36.1 tb

e Same ballpark as 138 fb-! CMS result
HH — bbWW* 1-lepton (27 X ogpp)

e Paper coming out in next weeks

Factor 2 Factor 6.6
300Xogqyq — 152Xog — 23 Xogy

Resonant SH analysis:

e Competitive result in the range
mx = [/50, 1000] GeV

ATLAS

Vs =13 TeV, 140 fb™
SH — bbWW, 1-lep

Panels correspond to different scalar masses m,
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https://link.springer.com/article/10.1007/JHEP04(2019)092
https://link.springer.com/article/10.1007/JHEP07(2024)293

‘ Di-Higgs combination
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