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Higgs Discovery  – Completion of SM 

pp ! h ! ��
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1. Motivation



■ Many Higgs couplings haven’t been not measured precisely

■ Higgs self-couplings still haven’t been not measured at all.
■ Direct related the shape of Higgs Potential, and therefore the 

origin of EW symmetry breaking

V (h) =?
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1. MotivationUNFINISHED BUSINESS:



New Colliders
■ Hadron collider: HE-LHC(27 TeV), 100 TeV and etc.

■ e+e- collider:

■ Muon collider

250 GeV-260 GeV: ILC, CEPC
1-5 TeV: CLIC

3、10、14 TeV
High energy & clean environment

1902.04070，1902.00134，1607.01831

1810.09037，1903.01629

hep-ph/0412251

2103.14043，2303.08533



Main Channel 
for Higgs self-coupling measurement 

■ LHC:  𝑔𝑔	à	ℎℎ	(𝑝𝑝	à	ℎℎ)

■ Future muon collider: 𝑊𝑊/𝑍𝑍	à	ℎℎ	(𝜇𝜇 → 	𝜈𝜈(/𝜇𝜇)ℎℎ)

1. Motivation

Directly measuring hhh vertex

2008.12204



1. Higgs field in SM: Higgs boson and would-be 
Goldstone bosons form a SU(2) doublet:

=

W±
L
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2. Goldstone equivalence theorem
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Another approach: 1. Motivation

3. New approach: Measuring Higgs couplings through  𝑉..	



VLVL ! hhh
<latexit sha1_base64="6iK3fF1FRQVjsH+zHmTsf9Qp0Lc="></latexit>

Our focus: 2>3 Vector Boson Scattering 

VLVL ! VLVLh
<latexit sha1_base64="QYQYrYUu1gdXVvIXitJRgIqawf4="></latexit>

When E ≫m

'<latexit sha1_base64="LJ5t8I+jRXpCdwQ4lQu2UIwa7Jw="></latexit>

1. Motivation

Take Goldstone equivalence (GET)

Proposed by Henning et.al.
in arxiv: 1812.09299 (Phys. Rev. Lett. 123, 181801)

Muon collider especially suitable for this prcess

2003.13628



■ Parameterization scheme:  SMEFT. 

■ Dim-6 operators related to Higgs physics

■ Under GET, only                contribute to the Higgs self-
coupling(s).  Our focus.

2. SMEFT and Amplitudes



■ In high energy limit, new physics is very sensitive to new 
physics for                                      &

■ The amplitudes behave as

VLVL ! hhh
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VLVL ! VLVLh
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2>3 VBS amplitude in high energy

2. SMEFT and Amplitudes



Feynman diagrams(GET)
2. SMEFT and Amplitudes



																				𝜎/𝜎23 v.s. 𝑐5

Enhancement much smaller for final 
WWh.

3. Cross Section and Constraints3.2 Partonic cross section



3.2 Full Processes 3. Cross Section and Constraints

Hadron colliders: 14, 27, 100 TeVLepton colliders: 1-30 TeV

1. Select final vector bosons to be longitudinal
2. Impose PT cuts on final VL to reduce SM background.

Simulation settings:





3.2 Full Processes: simulation results

Cross section for final WLWLh sensitive 
to	𝑐5	𝑎𝑛𝑑	𝑐9: .



Background Analysis

Signal:

Background

Channel:
l±jj0bb̄+MET

<latexit sha1_base64="LPGKSorZnW/Wi0T/QCkUZ8jId3w="></latexit>

W± ! l±vl
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W⌥ ! jj0
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h ! bb̄
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3.2 Constraints on 𝑐5	𝑎𝑛𝑑	𝑐9:

Naïve estimation: no decay, no 
background analysis. 



Results after decaying and background analysis. 



Significance with varying helicity tagging efficiency



Conclusions
■ 2à3 VBS includes:                                  ,
■ Amplitude of 2à3 VBS is very sensitive to new physics on

higgs self-couplings.
■ Special settings in data and analysis: 

1)select long. pol.; 2)impose PT cuts
■ and                                  are good 

channels to measure Higgs self-couplings, in 100 TeV pp 
collider, and especially  future muon colliders.  

■ Similar analysis can be applied to top Yukawa(working on
progress)

VLVL ! hhh
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VLVL ! VLVLh
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Cross section for final hhh sensitive to 
𝑐5	𝑎𝑛𝑑	𝑐9: .


