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LHC searches and constraints
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Top Yukawa processes at muon collider
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Representative Feynman
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v, U, ttH at future muon collider
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¢ dependence:
at low energy: s-channel diagrams contribute.

at high energy: t-channel (VBF) dominates.
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Energy dependence at high energy:
BSM: quadratic growth
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logarithmically growth
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88 diagrams generated from
Madgraphb, 20 diagrams are
Vector Boson Fusions

Vector Boson Fusion
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Energy dependence at high energy:
BSM: quadratic growth from (E/mw)?2, with E=+/3 /2
SM: constant
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,b polarized weak boson wave functions E/mw,.
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[ In the SM, E/mw from individual diagram cancels
; £ =0 after summing up, leading to the Goldstone

: boson equivalence theorem (GBET) as a
manifestation of gauge invariance.
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Gauge invariant formulation: Models like two Higgs doublet models,etc
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A gauge invariant top Yukawa sector

Dimension-6 operator
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w-pt = v, v ttH in SMEFT
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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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Um'mm‘ry bound
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Why the high energy behavior of the WW—H{tt cross section Iin
the original complex Yukawa model is 4 times that of the SMEFT?

above 10 TeV
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There may be a gauge invariant representation of the complex
Yukawa coupling with 2 times the mmHtt GB coupling of SMEFT.



2 2\ 2
££§Hf — QTgbtR {ysM | j;g <¢T¢ 02 ) | j{i (¢T¢ v2 ) + } + h.c.
- (5~ )

3)\6U | )\SU 2,1 _ o
+( N ICRINGTY )@L] tLtRj—l-'” =0 —Scenario 2

/272 2 Y
A 2502 .
( ﬂj@ \/58;(4 )Er*w—HtTLt ]3 .-~ + h.c. =0 —Scenario 3
dim. of SMEFT operator pim-4 Dim-6 Dim-8
Scenario 1 Vsm ysm—yeit Negelible SMEFT
Scenario 2 Ysm Ysm—ye's -3/2(ysm—ye'?) HEFT
Scenario 3 Ysm Ysm—ye's -1/23(ysm—ye'*) No E? energy growth

SMEFT expects the couplings from each operator follows |dim4|>>|dim6|>>|dim8]|.
Violation of the above condition tells that the new physics scale is not much above the SM scale.

Vernon Barger, Kaoru Hagiwara and YJZ, in preparation.



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

is complex as due to the power law increase of the weak boson fusion subprocess (WW — ttH)cross section.

+ 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 perturbative unitarity bound on the SMEFT operator by summing over all 2 - 2 and 2 — 3

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

+ We comment on the case with dimension-8 operator.



