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• Higgs Potential: Direct related to origin of EW symmetry breaking
• Goal: measure Higgs self-couplings precisely 

Higgs Self-couplings 

V (h) =?
<latexit sha1_base64="SMo2lm0a38O5Kd0/85gsrTJQ+So="></latexit>



Main Channel to measure Higgs self-
couplings at LHC:  gg> HH 

Feynman diagrams in SM 



1. Higgs field in SM: Higgs boson and would-be 
Goldstone bosons form a SU(2) doublet:
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2. Goldstone equivalence theorem
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New channels and new approaches?



• Parameterization scheme:  SMEFT. 

• Related to Higgs physics

• and         modify Higgs potential  

L = LSM +
P

i
ci
⇤2Oi + ...
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c6
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c�1
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• Measuring Higgs couplings with longitudinal external states. 

Kinda follow-up to this paper.
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2 à 3 Vector Boson Scattering:

• 1.                                  : 

• :   ：

• 2. Next:  a). Amplitudes in high energy limit
• b). Simulation: cross sections in colliders

VLVL ! VLVLh
<latexit sha1_base64="rewYDHh+d8YeBRngvgUDwXvLgkE="></latexit>

VLVL ! hhh
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(Focus on c6)
• 1.  No propagator

Main entrance to modify Higgs coupling, the effect has to be strong. 
(Amplitude sensitive to . )

Same for                               (                          )                     W+
L W�

L ! hhh
<latexit sha1_base64="FurhOegM8BqQh1eGOkrbI6K6ExQ="></latexit>

�+�� ! hhh
<latexit sha1_base64="3L1nvRi0XCPf8/Mo5jo+XuQzeD0="></latexit>

2 Amplitudes
M(WLWL ! WLWLh) ' M(�� ! ��h)

<latexit sha1_base64="GP1pUKBGLmGBLpW19Dsy8/GlEcY="></latexit>



Feynman diagrams

• 2. One propagator.  8 diagrams. 

2. Amplitudes

: effective number of diagrams = 4. �+�� ! hhh
<latexit sha1_base64="3L1nvRi0XCPf8/Mo5jo+XuQzeD0="></latexit>



Feynman diagrams

• 3. Two propagators.  Full amplitude complicated, scaling simple.

• 47 diagrams (not conclusive). 
•
• Effective no. of diagrams for                         :  8�+�� ! hhh

<latexit sha1_base64="3L1nvRi0XCPf8/Mo5jo+XuQzeD0="></latexit>

2 Amplitudes



Summary of the amplitude
2 Amplitudes



• Amplitudes:   

• Additional factors: 
• 1) Log enhancement from  infrared singularities (soft, 

and collinear)

• Sensitivity to new physics don’t necessary translate to cross 
sections

3.Cross section



Cross section:                      & 
• Plots with c6 (C6=c6/    ),           TeV)

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

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

3 Cross section

⇤2
<latexit sha1_base64="UkscSO+xkiZhVXCbnWBPA73GR7U="></latexit>

⇤ = 1
<latexit sha1_base64="NNilqbuaQBaWrrAYPfg3sN3Vcmc="></latexit>



4. Full Simulation:

• 1.Processes on lepton colliders and proton colliders:

• 2.Select for longitudinal polarizations 



4. Full Simulation: Comparison with                        pp > hh
<latexit sha1_base64="XpLXQuUltsyh700z62c6UP4DA/Q="></latexit>

Translate to

Choice of range 

Taken from arxiv: 1910.00012v2 



4. Full Simulation: µ+µ� ! ⌫µ⌫̄µW
+
L W�

L h
<latexit sha1_base64="A5hZFzfEI02FfeuzSkhjxZ2B3X0="></latexit>

Dependence on c6:

Dependence on : c�1
<latexit sha1_base64="8sLU+V6nlzk4WmZjQeZyxLsnwXQ="></latexit>

�/�SM > 4
<latexit sha1_base64="921kTIT+NIaVQS3yTK0YUCDp0vg="></latexit>

Dependence on c6:

Dependence on       :c�1
<latexit sha1_base64="8sLU+V6nlzk4WmZjQeZyxLsnwXQ="></latexit>

2. Requires PT cuts to reduce SM 
cross sections:

�/�SM > 10
<latexit sha1_base64="WZwlhOo+yH6fpMAgM87A1guUIDU="></latexit>

2. No pT cuts required

�SM < 10�5pb
<latexit sha1_base64="iYi0kEtK8QTlqYR8tv9DWp1YqXc="></latexit>

3.                                      until 30 TeV

1.

1.

�SM < 10�5pb
<latexit sha1_base64="iYi0kEtK8QTlqYR8tv9DWp1YqXc="></latexit>

3.                                      until 3 TeV

�SM < 10�4pb
<latexit sha1_base64="FshzW/IZqYhpcMJ52/V5o0MHjHU="></latexit>

until 10 TeV



4. Full Simulation:
Dependence on c6:

2. Requires PT cuts to reduce SM 
cross sections:

�SM < 10�5pb
<latexit sha1_base64="iYi0kEtK8QTlqYR8tv9DWp1YqXc="></latexit>

3.                                      until 100 TeV

1. �/�SM > 3
<latexit sha1_base64="OZCYmG1xVxauAd+gxQyVUi2dva4="></latexit>

pp ! jjW±
L W±

L h
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4. Full Simulation:

Dependence on c6 and          :

2. No PT cuts required

�SM < 10�5pb
<latexit sha1_base64="iYi0kEtK8QTlqYR8tv9DWp1YqXc="></latexit>

3.                                      until 30 TeV

1. �/�SM > 3
<latexit sha1_base64="OZCYmG1xVxauAd+gxQyVUi2dva4="></latexit>

µ+µ� ! ⌫µ⌫̄µhhh
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c�1
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4. Full Simulation:

Dependence on c6 and          :

2. No PT cuts required

�SM < 10�5pb
<latexit sha1_base64="iYi0kEtK8QTlqYR8tv9DWp1YqXc="></latexit>

3.                                      until 100 TeV

1.

c�1
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pp ! jjhhh
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�/�SM > 6
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Conclusions

• In high energy, Amplitudes of                             or         :  
• Origin: 5-point scalar vertices  from c6 operator. 
• Behavior of cross section follows for                          /
• Cuts are needed for                             /
• Cross sections only large enough for future muon colliders and 

100 TeV pp colliders for c6 dependence

VLVL ! VLVLh
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