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The scalar sector and 
the self-coupling

Constraints on the Higgs boson self-coupling from the 
combination of single-Higgs and double-Higgs production 
analyses performed with the ATLAS experiment.
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The scalar sector is the cornerstone of the 
SM. 
A scalar potential with a vacuum expectation 
value 𝑣 ≠ 0 originates a spontaneous 
breaking of the electroweak symmetry 
(Higgs mechanism).
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Measuring the strength of the self-coupling 𝝀
is important to probe the properties of the 
scaler sector and to precisely describe the 
shape of Higgs boson potential.

The properties of Higgs boson self-coupling
are largely unconstrained.
Measuring the Higgs self-coupling is also one 
of the main goals of HL-LHC and future 
colliders.

Direct searches for HH
The non-resonant HH production processes (ggF) provide a unique chance to probe 𝜿𝝀 with direct measurements.
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Theory prediction

[1]

Indirect measurements of 𝜿𝝀 using single Higgs 
production

Single Higgs processes do not depend on 𝝀𝑯𝑯𝑯 at LO, while its contributions need to be 
considered for the complete NLO EWK corrections.
𝜆%%% contributes via Higgs self energy loop corrections and additional diagrams.
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Combine single-Higgs and double-Higgs
together to maximize the sensitivity to constrain 
𝜿𝝀.

Data and input measurement

The single-Higgs and double-Higgs analyses 
are not all orthogonal by construction.
The overlap has been studied, the 𝑡𝑡𝐻(𝛾𝛾) 
categories have been removed as they show 
large overlap with the 𝐻𝐻→𝑏𝑏𝛾𝛾 categories.

𝜅"-only results
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𝜿𝝀 = 4.6*$.,-$.# = 4.6*$..-#./ 𝑠𝑡𝑎𝑡. *0.#-0.# 𝑒𝑥𝑝. *1..-1.2 𝑠𝑖𝑔.𝑡ℎ. *0.1-1.3(𝑏𝑘𝑔.𝑡ℎ.)
95% CL Obs. Exp.
H [4] [-3.2, 11.9] [-6.2, 14.4]
HH [1] [-5.0, 12.0] [-5.8, 12.0]
H+HH [5] [-2.3, 10.3] [-5.1, 11.2]
The sensitivity from single-Higgs and double-
Higgs is similar
The combination can better constrain 𝜿𝝀
(~20% improvement in 95% CL).

Higgs production/decay contributions

QP

20� 15� 10� 5� 0 5 10 15 20

1
-2

 ln
 

0

1

2

3

4

5

6

7

8

68% CL

95% CL

 PreliminaryATLAS
-1 = 13 TeV, 27.5 - 79.8 fbs

 = 1)QPExpected (

H, ggFqpp

H, VBFqpp

H, VHqpp

H, ttHqpp

HH, ggFqpp

QP

20� 15� 10� 5� 0 5 10 15 20

1
-2

 ln
 

0

1

2

3

4

5

6

7

8

68% CL

95% CL

 PreliminaryATLAS
-1 = 13 TeV, 27.5 - 79.8 fbs

 = 1)QPExpected (

 ZZ*qH 
LL qH 
b bqH 

 WW*qH 
YY qH 

bbb bqHH 
-Y+Yb bqHH 

LLb bqHH 

With the present analysis statistics, 
HH (ggF) production is the most sensitive channel among all Higgs production processes, 
followed by ggF, single H.
𝐻𝐻→𝑏𝑏𝛾𝛾, 𝐻𝐻→𝑏𝑏𝜏𝜏 give the largest contributions in constraining 𝜿𝝀, followed by 𝐻→𝛾𝛾.

𝜿𝝀 − 𝜿𝒕 measurement
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Generic model
For a more model-independent measurement, 
a likelihood fit is performed to constrain 
simultaneously 𝜿𝝀, 𝜿𝑾, 𝜿𝒁, 𝜿𝒕, 𝜿𝒃 and 𝜿𝒍.
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Only the single-Higgs and double-Higgs 
combination can give enough sensitivity to 
exploit this generic model.
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To constrain 𝜿𝝀, 𝜿𝒕 simultaneously, other 
Higgs couplings are fixed to the SM (i.e 𝜅/, 
𝜅0, 𝜅1, 𝜅2).

The double-Higgs analysis alone (black in the 
figure) doesn’t have sensitivity to constrain 
𝜿𝝀 and 𝜿𝒕 simultaneously.

The combination of single-Higgs and double-
Higgs can provide greater constraining power.
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An indirect constraint on 𝝀𝑯𝑯𝑯 can be extracted in correcting signal strength for the 𝜆%%% -
dependent NLO EW effects.
Signal strength: 𝜇34(𝜅5) = 𝜇3(𝜅5)×𝜇4(𝜅5) ≡

𝝈𝒊 𝜿𝝀
8#$,&

×
𝑩𝑹𝒇 𝜿𝝀
;<#$,(

Production mode Higgs boson decay rates 

[4]

The combination of 
single-Higgs and 
double-Higgs 
production analyses

With SM expectation (𝜅5 = 1), estimate the contributions from different productions (including 
double-Higgs) and decay modes.
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