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Introduction

from tikz.net
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Introduction
Higgs self-coupling is a crucial parameter for Higgs potential and electroweak symmetry 

A deviation of the potential from the SM would directly point to new physics
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Shape of the potential connected to the phase transition of the early universe from the unbroken to the 
broken electroweak symmetry 

λSM = m2
h

2v2

with additional scalar particles (SUSY, additional singlets, etc )  

whether the Higgs is composite 
with first-order electroweak phase transition 

The precise measurement of the Higgs self-coupling is one of top 
priorities of the current and future high-energy collider experiments
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Introduction

CMS, arXiv: 2407.13554

combination of single and double 
Higgs boson production

ATLAS, arXiv: 2406.09971 

explored in the ggF and VBF 𝐻𝐻 
production processes.

At the LHC
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replace the EFT tree amplitude 
to one-loop ones in full theory

reweight loop  amplitudes with 
the ratio of tree ones 

Perturbative corrections

HEFT Improving results by matching 

large top quark mass effects
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Perturbative corrections
gg2HH 

taken from Spira’s talk at Higgs 2024
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For class-a NNNLO cross section we have
According to the number of effective vertices at the squared amplitude 

level, there are there channels. 

There are two (class-a), three (class-b) and four (class-c) effective vertices 
insertions respectively. 

d�hh = d�a
hh + d�b

hh + d�c
hh.
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Chen, HTL, Shao, Wang,  
arXiv:1909.06808, arXiv:1912.13001

Perturbative corrections



/177

For class-a NNNLO cross section we have
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Phase Space Factor

ratio of matrix element square
cross section for single 

Higgs production 

According to the number of effective vertices at the squared amplitude 
level, there are there channels. 
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Perturbative corrections
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For class-a NNNLO cross section we have

iHix2: arXiv:1802.00827
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Perturbative corrections
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which is perfect for the calculations of  corrections𝒪(α3
s )

For each class, d�hh = d�hh|phh
T <pveto

T
+ d�hh|phh

T >pveto
T
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Standard NLO/NNLO calculations

beam functions or TMD PDFs
soft function

Hard function

Chen, HTL, Shao, Wang, arXiv:1909.06808, arXiv:1912.13001

Perturbative corrections

see Z.L.Liu’s talk
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H → HH

Chen, Dai,  HTL, Li, Wang, work in preparation 

Fully differential HH production 
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Perturbative corrections
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�dec ⌘
Z

d�H1

Z
d�H2 FJDi-Higgs decay with a measurement function FJ

Cross section for Di-Higgs production and decay 

NLO corrections as sum of corrections to production and decay individually

production part

HTL, Si, Wang, Zhang, Zhao, 2407.14716҅2503.22001
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Perturbative corrections
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EW corrections

Higgs self coupling can be extracted from
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Bi, Huang, Huang, Ma, Yu, PRL, 2024

EW corrections
Top-Yukawa-induced and Higgs self coupling-
induced corrections 

 Muhlleitner, Schlenk, Spira  arXiv:2207.02524  
 Davies, Mishima, Schonwald, Steinhauser, Zhang  arXiv:2207.02587 
 Heinrich, Jones, Kerner, Stone, Vestner,  arXiv:2407.04653

Davies, Schönwald, Steinhauser, Zhang, 2308.01355

EW correction with  expansion1/mt

complete EW corrections obtained numerically  
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EW corrections

 Higher-order EW corrections include Feynman diagrams with one or more triple Higgs or 
quadruple Higgs vertices. 


 These corrections exhibit a distinct functional dependence on the Higgs self-coupling. 

δσEW = δA + δBλ + δCλ2 + δDλ3 + δEλ4

EFT approach
If one count the power exactly, cross section 
only depends on  and  linearlyκ3 κ4

Davies, Mishima, Schonwald, Steinhauser and Zhang arXiv:2207.02587
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EW corrections
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EW corrections

EW corrections include higher order terms in 


Large effects observed for large 


 The upper limit by the ATLAS and CMS 
collaboration on  is 6.6  and 6.49


 With EW correction, the , the upper limit is 
narrowed down to 5.4  and 5.37

κλ

κλ

κλ
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Conclusion

Measurement about Higgs self-coupling is a cornerstone for understanding electroweak 
symmetry breaking and probing new physics.


A precision study for HH production and decay is required 


A method proposed to extract the  dependence in the cross section


A better constraint obtained after considering EW corrections 

κλ
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https://indico.ihep.ac.cn/event/25318/
ဣउ-ၧܖ
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य़กდ Thank You !! 

https://indico.ihep.ac.cn/event/25318/

