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[1]

• ttHH, ttHHH 
for both U and 
FD gauge

• ttHZ, ttZZ, ttHZZ, 
ttHWW only in FD 
gauge

Lagrangian
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Large cross section  
&  

sensitive to CPV phase

Motivations

CMS:JHEP07(2023)092
ATLAS:ttH+tH, H>bb CMS:ttH+tH, H>ls/rr/ZZ 

LHC search and constraints

Feynman-Diagram Gauge

[3],[4]

Top Yukawa processes at the muon collider

SM

• SMEFT with 
dimension-6 operator 
in the Unitary (U) 
gauge

WWF µ-W+ W-µ+ anni-Z anni-γ

anni-µ

U gauge v.s. FD gauge

dim-5 ttHH 
vertex

dim-6 ttHWW 
vertex

• the SM Yukawa  is replaced by 

 

• FD gauge propagator 

• Weak bosons are 5-components W±M=(W±µ,π±), unlike in Rξ gauge, EOM mixes W±µ and π± 

• Helicity ±1 states don’t mix with the Goldstone boson. Helicity 0 state is a mixture of 

and the Goldstone boson.

• Because the Goldstone bosons are parts of the physical weak boson, all Goldstone 
boson vertices contribute to the scattering amplitudes in the FD gauge

• In this process, e.g.

contributes as  

and dominates the total cross section 
because of its dim-6 property.


