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\\\\ 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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New channels and new approaches?



• Measuring Higgs couplings with longitudinal external states. 

Kinda follow-up to this paper.
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• Parameterization scheme:  SMEFT. 

• Related to Higgs physics

• Higgs potential 

L = LSM +
P

i
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⇤2Oi + ...
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V (�†�) = �µ2�†�+ �h(�†�)2 + C6(�†�)3
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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
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2 Amplitudes
M(WLWL ! WLWLh) ' M(�� ! ��h)
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Feynman diagrams

• 2. One propagator.  8 diagrams. 

2. Amplitudes

: effective number of diagrams = 4. �+�� ! hhh
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Feynman diagrams

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

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



Summary of the amplitude
2 Amplitudes



• Amplitudes:   

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

and collinear)
• 2)  No. of diagrams (Only one diagram for C6)

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

3.Cross section



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

VLVL ! hhh
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3 Cross section
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•

• 14 TeV: Only ~ 10 events at c6=-2, 
• For h> bbar:  100 *0.6^3 ~ only 3-4 events 
• 27 TeV: ~ 3000 events for c6=-2. (Assuming integrated luminosity is 

3000fb^-1)
• h> bbar:  3000*0.6^3 ~  600 events 
• Very small SM cross sections: clean channel, but only in higher energies.  

pp ! jjhhh
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4. Full Simulation



HL-LHC

•

• 1. No significant enhancement for c6=-2.

• 2. only ~ 100 events 
• For w+> l+ v; h> bbar:  100 *0.2^2*0.6 ~ only 2-3 events 

• 3. Similarly for                                              at sqrts <=  1TeV
• 4.  Needs cuts to reduce log enhancement from SM.

4. Simulation

pp ! jjW±
L W±

L h
<latexit sha1_base64="l5cuRJ+0cEvAuGXH1lWt6f4vWd0="></latexit>

l+l� ! vlv̄lW
+
L W�

L h
<latexit sha1_base64="4sli/ZFeq5LNVCKg1S+ppcLDXBc="></latexit>



Madgraph Simulation: VV àVVh

• Ongoing investigation. Example:

• >0.3TeV.  pT(w+/w-)>0.6TeV, pT(h)>0.6TeVm2
ll
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4. Simulation



Conclusions
• VBS with 3-final states provide excellent channels for measuring

higgs self-couplings, especially deviation of Higgs potential in 
future high energy colliders:

• 1.In high energy, Amplitudes of                             or         :  
• 2.Origin: 5-point scalar vertices  from c6 operator. 
• 3.Behavior of cross section follows for                          /
• 4.Cuts are needed for                             /
• 5. More to come.
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