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% Measurement probes the shape of the Higgs potential and hence the Electroweak
Symmetry Breaking mechanism
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% Unique direct access to Higgs boson self-coupling and quartic HHVV coupling modifier



Run-2 combinations




& All Run-2 HH channels are combined

% Gaining from combination, obtain:

% Obs. (exp.) 95% CL production limit is 2.9 (2.4) x SM

§ Observed 95% CL limit —1.2 < «; < 7.2

¥ Observed 95% CL limit 0.6 < k,;, < 1.5
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¥ Higgs Eftective Field Theory introduces non-SM couplings ¢, Coonns Coon

% ¢, ¢, in SM have value 1

% 2D constraints are obtained, while fixing other values to SM

<
<
=)
(o))

|\

1.5

0.5

-0.5

g 002999299992~

g 9002999299999~

| ATLAS
| Vs =13 TeV, 126—140 fb-!
- HH - bbt*t~ 4 bbyy + bbbb

+

Observed 68% CL
Observed 95% CL
Best fit (6.6, -0.45)
Expected (SM) 68% CL _|
Expected (SM) 95% CL A
SM prediction 1

L All other ¢ fixed to SM
- JPECEEET T
I =~
B \
| \\
| \\\\
- T ~~,
/7
B f
| \
i \

§~~
—~—
—
e —— -

| .
-2.5 0 2.5

5

7.5 10 12.5

Chhh

Ctthh

- ATLAS

- Vs =13TeV, 126—140 fo-1

- HH - bbt*T~ + bbyy + bbbb
- All other ¢ fixed to SM

—— Observed 68% CL
Observed 95% CL
Best fit (-3.5, 0.74)
Expected (SM) 68% CL |
Expected (SM) 95% CL 7
SM prediction

+

-10 -5 0

10 15
Chhh

g H
Cggh Chhh -~
_______ .:/
H N > ~
g H
E 2_I | | I | | | | | | | | | I | OIbl |d |68|/ C)I_I | I_
S i —— Observed 68% |
~ - f_.r_l'éi V. 196140t T~ Observed 85%CL
Fvs=19 e+ 195 . % Bestfit(-042,049) |
1.5-HH - bbT"T" + bbyy + bbbb Expected (SM) 68% CL—
: All other c fixed to SM Expected (SM) 95% CL :
i % SM prediction i
1+ _
i //’ ————————————— ~~. i
| / \\\ |
0.5 \ Sy -
| \ ~< _
i \\\ POEEREN \\\\ ]
i \\‘~~,_ ,// \\ \\ |
oF * \\ ) —]
B \\N- —’/ :
—0.5_| I R RN ST NN SRR S RNNAN SRR NN SRR A N S e
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.
Cgghh

(op}

6



% Sensitive to Higgs self-coupling through EW & Beautiful combination example: combined
H+HH fit allows to break «; : k, degeneracy

corrections: single Higgs boson production and

decay rates > combine with HH

¥ H parametrized in STXS bins

% Including H brings 5-7% improvement on k;

Combination assumption Obs. 95% CL Exp. 95% CL
HH combination —-0.6 < k3 < 6.6 2.1 <ky <7.8
Single-H combination -4.0< k), <10.3 -52<ky<11.5
HH+H combination —-0.4 <k, <6.3 -1.9<ky<7.6
HH+H combination, k; floating —-0.4 < k)3 <6.3 -1.9< k) <7.6
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HL-LHC Projections from Run-2

Assume same nominal selection efficiency as in Run-2 which is
likely conservative

Yields are scaled by overall luminosity factor and process-
dependent factor for ¢ = f(E;,)


https://indico.in2p3.fr/event/33627/contributions/154339/
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ATLAS+CMS HH projection (ESPPU)
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g== % From recent (2020) history, results will be better then

() we can think of now
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% BEH potential of models allowing strong first-order
phase transition compared to SM BEH potential

¥ SMEFT 6 and HH-driven approaches are used to

show uncertainties on Higgs self-coupling
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One of HH golden channels due to ., resolution, despite low BR

Run-2 + partial Run-3 HH—-bbyy

First ATLAS result with 2024 data
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https://indico.in2p3.fr/event/33627/contributions/154111/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-10/

2507.03495, Pub.page

Split into two regions

based on m
vy

bbyy - categorisation

= My, — (M, — 125) — (m,,, — 125)

Train two BDTs based on score define categories

§ Simultaneous fit is done in 7 (number of regions) * 2 (Run-2, Run-3) categories
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-10/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-10/

¢ HH measurements is a fundamental test of the SM

% All decays channels are covered by ATLAS

% Explored within k-framework, HEFT, SMEFT approaches and combination with H
¥ Run-2 combined observed 95% CL limit: 2.9
¥ HL-LHC ATLAS projection: 4.3 at the end of HL-LHC (baseline uncertainty scenario)

¥ HL-LHC ATLAS+CMS projection: observation significance reached!

¥ HH-bbyy is the first analysis with 308 1/fb of data (inc. 2024 data) published: obs. 95% CL limit 3.8
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H+HH(partial) combination

¥ With HH only ky, : k), constraint was derived

§ In HEFT parameters are decorrelated

of the “branches” of experimental bounds

Phys. Lett. B 843 (2023) 137745

§ In SMEFT they are correlated, slice parallel to one 0
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Phys. Lett. B 843 (2023) 137745

H+HH(partial) combination

q - - q
N\ H
\ H
\ S
| 7 /,’7«;{_ H % /,/’/1.)\_____ H
/ H
s H
q - - q
Channel Integrated luminosity [fb~'] Ref.
HH — bbyy 139 [17]
HH — bbt* 1~ 139 [18]
HH — bbbb 126 [19]
H — vy 139 [58]
H— 77" — 4¢ 139 [59]
H— 1t 139 [60]
H — WW* — evuv (ggF,VBF) 139 [61]
H — bb (VH) 139 [62]
H — bb (VBF) 126 [63]
H — bb (ttH) 139 [64]
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2507.03495, Pub.page

bbyy - uncertainties

MHH = 0.9:11:?) (Sté_lt.) tg'g (syst.)

Table 1: Impact of the various systematic uncertainties in the observed upy g measurement. For each uncertainty
group, the error on ug g 1s obtained from a fit with only those corresponding nuisance parameters floating and all
others fixed to their best-fit values. The impact is then calculated from the subtraction in quadrature of this error
and the error when all nuisance parameters are fixed. The up (down) columns indicate the impact on the upper
(lower) ug g error. When the up and down variations are found to be compatible within 30%, the uncertainties are
symmetrised. Asymmetric impacts primarily result from the asymmetric QCD scale + mop signal uncertainty, and
the fact that the lower 68% CL error on the signal strength is close to 0. The heavy-flavour content uncertainty in the
table refers to single Higgs boson production.

. . Relati :
Source of systematic uncertainty elative uncertainty [ o]

Up Down

Experimental

Photon energy scale +20 -30

Photon energy resolution +13 -6.8

Photon efficiency +13 -2.5

Jet +9.6 —-6.4

Luminosity +6.3 -1.1
Theoretical

QCD scale + myop, PDF+as +34 —4.5

B(H — yy, bb) +9.9 -2.1

Parton showering model +15

Heavy-flavour content +29
Background model

Spurious signal +6.5

20


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-10/

