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Introduction
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Introduction
measurements are crucial for refining our understanding of  Higgs mechanism
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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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gluon fusion to Higgs pair 
talk about this later  
vector boson fusion to Higgs pair 
the structure-function approach (NNNLO) 
double Higgs strahlung process  (VHH)  
total and differential cross section (NNLO) 
associated production of Higgs pair with top quark pair  
NLO

Micco, Gouzevitch,Vernieri, Alison, arXiv:1910.00012
For VHH production at NNLO, see arXiv:1607.06382 and 
arXiv:1710.02464 by HTL, C.S.Li and J.Wang 

Self-coupling can be directly studied via HH 
production processes

Introduction
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Higgs self-coupling can be measured indirectly   
(loop effects, HVV coupling, et al)

McCullough, arXiv:1312.3322 
Gorbahn , Haisch, arXiv:1607.03773 
Degrassi, Giardino, Maltoni, Pagani, arXiv:1607.04251 
Huang, Long, Wang, arXiv:1608.06619 
Bizon, Gorbahn, Haisch, Zanderighi, arXiv:1610.05771 
Gao, Shen, Wang, Yang, Zhou, arXiv:2302.04160

Introduction

arXiv:1607.04251 arXiv:2302.04160
Single Higgs production and decay

H+jet production
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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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Introduction
At future colliders

ATL-PHYS-PUB-2022-053

arXiv:1905.03764 from CMS’s talk



/199

Perturbative corrections
gg2HH 

Jones, LHEP 2023 (2023) 442

taken from Spira’s talk at Higgs 2024
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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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Larger difference with different 
approaches due to larger invariant mass 

For total cross section, the 
difference is about a few percent 

Perturbative corrections

 :  add the difference  

 

:  weighted by  cross section

 

: weighted by  cross section 

NkLO ⊕ NlLOmt
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.

schemes by 
 reweighing the differential cross section

inclusive total cross sections 

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

<latexit sha1_base64="gFsn4/YXT64g30IHv3YMVNp0dzU="></latexit>

�
(n)
pro+dec(X1,X2)

=

 
�pro

1

�H1!X1

1

�H2!X2

�dec(X1,X2)

����
expanded to ↵n

s

!
⇥R(H1 ! X1)R(H2 ! X2) .

expanded in series of αs

<latexit sha1_base64="NYuzlCasaDdYRug4N8tP1yP4rmI=">AAACMnicbVDLSsNAFJ34rPVVdelmsAiuSlJEXRYFra4q2Ac0JUwmt3ZwJokzk0IJ8Zfc+CWCC10o4taPcPpA1HrgwuGce7n3Hj/mTGnbfrZmZufmFxZzS/nlldW19cLGZkNFiaRQpxGPZMsnCjgLoa6Z5tCKJRDhc2j6NydDv9kHqVgUXulBDB1BrkPWZZRoI3mFc+yeESGIl7pS4ABohl24TVgfuyzUOPi2q56TYYMpuZzhO3zqXXiFol2yR8DTxJmQIpqg5hUe3SCiiYBQU06Uajt2rDspkZpRDlneTRTEhN6Qa2gbGhIBqpOOXs7wrlEC3I2kKXPQSP05kRKh1ED4plMQ3VN/vaH4n9dOdPeok7IwTjSEdLyom3CsIzzMDwdMAtV8YAihkplbMe0RSag2KedNCM7fl6dJo1xyDkrO5X6xcjyJI4e20Q7aQw46RBVURTVURxTdoyf0it6sB+vFerc+xq0z1mRmC/2C9fkFDkyoLg==</latexit>

�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, JHEP 04 (2024) 002 

https://doi.org/10.1007/JHEP04(2024)002
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Perturbative corrections
<latexit sha1_base64="TV5CZLIvk4IAi6263BWAzWczLCg="></latexit>
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HTL, Si, Wang, Zhang, Zhao, JHEP 04 (2024) 002  and in preparation

https://doi.org/10.1007/JHEP04(2024)002
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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

see Huai-Min Yu’s talk on Tue.

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



/1919

Conclusion

Thank you!!

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


