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Discovery in 2012

2



So far, the H(125) properties are 
consistent with the SM expectation!

Its couplings with SM particles 
are proportional to their masses;

Higgs mechanism

3
Nature 607(2022)52

existence of a “fifth force” 
different from gravity



Higgs self-coupling in the SM

4We need to measure the trilinear self coupling directly.
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In some new physics models, the trilinear Higgs self-coupling may change by 
O(100)%, while the couplings with gauge bosons and fermions are still in 
agreement with SM. 

S.Kanemura, et al, PLB558,157
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Higgs pair production at the LHC
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gg HH as a function of → κ
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σHH = A + Bκ + Cκ2

1910.00012



The meaning of κ

111307.1347 

It can be considered as a rescaling factor of the corresponding parameter in the 
Lagrangian. 

It is a ratio of two parameters in two Lagrangians (  and ).ℒNP ℒSM

κ3H =
λ3H

λSM
κ4H =

λ4H

λSM

How to rescale the single parameter in ?ℒSM



The meaning of κ
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κ3H(μ1, μ2) =
λ3H(μ1)
λSM(μ2)



A more realistic function form
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σHH = A + Bκ3 + Cκ2
3 + Dκ3

3 + Eκ4
3 + Fκ2

3κ4 + Gκ3κ4 + Hκ4



Non-trivial task
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Input parameters of conventional EW calculations:
 

If one takes the Higgs self-coupling  as an input, the 
correction would be proportional to .

e, mH, mt, mW, mZ
λ

λ

Performing rescaling  before or after 
substituting  gives different results.

λ → κλ
m2

H = 2λv2



EFT
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• To describe the new physics beyond the SM, we often take a consistent 
effective field theory framework. 

• SMEFT:  Higgs field as a doublet, small Wilson coefficients
• HEFT:   Higgs field as a singlet, non-linear, no explicit constraints on 

couplings
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LHEFT = L2 + L4



EFT
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Brivio et al, JHEP, 1403, 024

Gavela, Kanshin, Machado, Saa, JHEP, 1503, 043

Renormalization:
• Background field method: 
•  Scattering amplitude: 

Guo, Ruiz-Femenia, Sanz-Cillero, PRD92,074005(2015)

Buchalla, et al, NPB, 928,93 (2018), PRD104,076005(2021)
Herrero, Morales, PRD106,073008 (2022)



Renormalization
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ℒH = (Dμϕ0)†(Dμϕ0) + μ2
0(ϕ†

0 ϕ0) − λ0(ϕ†
0 ϕ0)2

In the SM, the Lagrangian for the Higgs sector can be written as

where  denotes the bare Higgs doublet and  is the covariant derivative. 
The relations between the bare fields and couplings, and their renormalized 
counterparts, are given by  and  .

ϕ0 Dμ

ϕ0 = Z1/2
ϕ ϕ , μ2

0 = Zμ2μ2 , λ0 = Zλλ

The EW gauge symmetry is spontaneously broken once the Higgs field 
develops a non-vanishing vacuum expectation value . Taking the unitary 
gauge, we write the Higgs field as

v

ϕ =
1

2
(0, Zvv + H)T

Our strategy is equivalent to the application of HEFT in Higgs boson pair 
production. 



Renormalization
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The  renormalized Lagrangian in the  framework after EW gauge symmetry breaking:








The linear term is 





We choose the renormalization scheme in which there is no tadpole contributions. 


  and   with T the one-loop diagrams.
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+ 1) H.T. Li, Z.G. Si, JW, X. Zhang, D. Zhao, 2407.14716



Renormalization
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The quadratic term is 








We choose the on-shell renormalization scheme. 





   


Since we focus on the corrections induced by the Higgs self-couplings, we can simply take


1
2

(∂μH)2 − μ2H2 +
1
2

δZϕ(∂μH)2 − ( 3
2

δZλ +
5
2

δZϕ −
1
2

δZμ2 + 3δZv) μ2H2

≡
1
2

(∂μH)2 −
1
2

m2
HH2 +

1
2

δZϕ(∂μH)2 −
1
2

(δZm2
H

+ δZϕ)m2
HH2

δZm2
H

=
3λ4H

16π2 ( 1
ϵ

+ ln
μ2

R

m2
H

+ 1) +
9λ2

3Hv2

m2
H

1
8π2 ( 1

ϵ
+ ln

μ2
R

m2
H

+ 2 −
π

3 )
δZϕ =

9λ2
3Hv2

8π2

3 − 2π/3

3m2
H

δZv + δZϕ/2 = 0
H.T. Li, Z.G. Si, JW, X. Zhang, D. Zhao, 2407.14716



Renormalization
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The result of one-particle reducible diagrams and counter-terms:

H.T. Li, Z.G. Si, JW, X. Zhang, D. Zhao, 2407.14716



Running of κ
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Updated function forms
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H.T. Li, Z.G. Si, JW, X. Zhang, D. Zhao, 2407.14716

The  dependent correction is 








λ

δσκλ
ggF,EW = (0.075κ4

λ3H
− 0.158κ3

λ3H
− 0.006κ2

λ3H
κλ4H

− 0.058κ2
λ3H

+ 0.070κλ3H
κλ4H

− 0.149κλ4H
) fb

δσκλ
VBF,EW = (0.0215κ4

λ3H
− 0.0324κ3

λ3H
− 0.0019κ2

λ3H
κλ4H

− 0.0043κ2
λ3H

+ 0.0151κλ3H
κλ4H

− 0.0211κλ4H
) fb

The QCD corrections are 
significant in ggF, but not 
sensitive to .


The EW corrections are 91% 
(82%) in ggF (VBF) for .


The dependence on  is weak.

κ3H

κ3H = 6

λ4H



More stringent constraint
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6.6 (6.49)

5.4 (5.37)

H.T. Li, Z.G. Si, JW, X. Zhang, D. Zhao, 2407.14716

ATLAS (CMS) limit
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Why does the exp. bound depend ?κλ

25 CMS, 2011.12373



gg HH→ →bb̄γγ
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90 GeV  mjj  190 GeV

 is the measurement function.
For inclusive observables, no QCD corrections in decay are needed.
FJ

R(H → bb̄) = 58.2 % , R(H → γγ) = 0.23 %

H.T. Li, Z.G. Si, JW, X. Zhang, D. Zhao, 2402.00401, 2503.22001 



gg HH→ →bb̄γγ
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• Only 53% events pass the cuts!
• QCD corrections reduce the cross section by 19%!



gg HH→ →bb̄γγ
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Signal acceptance
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H.T. Li, Z.G. Si, JW, X. Zhang, D. Zhao, 2402.00401, 2503.22001 



Imposing constraint
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H.T. Li, Z.G. Si, JW, X. Zhang, D. Zhao, 2402.00401, 2503.22001 

ATLAS limit
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Summary
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The SM is a master piece in human history. It has been tested by a lot of 
experiments at very high precision level.

However, the Higgs sector still needs more precise comparison between 
theories and experiments.

Higher-order corrections provide more precise estimate of the 
dependence on Higgs self-couplings. 

Thanks a lot for your attention!


