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Direct measurement of a CP violating top-Higgs Yukawa Lagr'cmglcm a’r

LHC and e’e” collider
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Top Yukawa processes at muon collider
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109;‘ -+ Complex Yukawa
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| In the SM, E/mw from individual diagram cancels after
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gauge invariance.
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A gauge invariant top Yukawa sector:

Dimension-6 operator
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Perturbative Unitarity

In the SM, gq\y = m,/v, unitarity should be valid at all scales

When & # 0, perturbation unitarity can be violated at /s > 0 (—
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Unitarity bound
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Feynman-Diagram (FD) gauge

* Weak bosons are 5-components W*n=(W*,,m*), unlike in R¢ gauge, EOM mixes W*,and m*

- FD gauge propagator n(q)gD — (Sgn(qo), — _’/|cﬂ)
; ~8uv + q#n: o g
GMN(q): qz—m2+ie imny 1 nlq M,N = 0O to 4,
n-g

* Helicity +1 states don't mix with the Goldstone boson. Helicity O state is a mixture of

Qnk 2 _ ./
n-q _EM(Q7h_O) Qv Q_ ‘q2|

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
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FD gauge
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* In this process, e.g.

_ g
gsm — g€ 4
3 T HtEtR—I—h.c.
contributesas L H L
A \{
w- W-
A Y
T T

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

Automatic generation of FD gauge is available in Madgraph by command 'set gauge FD'.



Summary

+ We identify the cause of a power law increase of the y'u* — vvttH cross section when the top Yukawa coupling

is complex as due to the power law increase of the weak boson fusion sub process cross section, which is a
consequence of gauge non-invariance of the dimension four Lagrangian.

+ We identify the dimension-six SMEFT operator which gives a gauge invariant description for complex Yukawa
coupling and confirm that the total cross section for W W — ttH satisfies the Goldstone Boson Equivalence

Theorem.

*+ We obtain a novel perturbedive untarity bound on the SMEFT operator by summing over all 2 - 2 and 2 — 3

processes which contribute to the J=0 HH — HH amplitude.

* In the Feynman-Diagram gauge, the cross section is dominated by the WBF diagrams making the GBET
manifest.



