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Two outstanding puzzles in SM

Origins of EWSB  and  Flavor breaking
(W/Z Mass) (Fermion Mass)
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Top quark is not heavy! It is naturally around weak scale.

Q: why are the other quarks and leptons so light?



Testing the SM at weak scale
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Top-quark Yukawa coupling

directly measured from the ¢tfH production
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Q1: can we determine K; without those assumptions?



Higgs boson width
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off-shell measurements of signal strength
achieve a significantly higher sensitivity
to the total width

Q2: alternative way to measure the Higgs boson width?



Four top-quark production

QHC, Chen, Liu, 1602.01934
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TwO scenarios

g t .
FdX
g ) t
l

6(pp — titf) x k! uX Ki Ky _
/ T, T Rr
1) Ty~ M 2) szl _
Rare modes (v, utpu™) Major modes (bb, WW*)
2
K
2.2 X t
Ki Kx = 'MtfH R_ — ll/tl‘l‘H
[




Measuring K; from four top-quark production
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____________ 84 Lt
8 TeV 1.344 -0.224 0.171
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NLO corrections: Bevilacqua, Worek (2012);
Alwall et al (2014); Frederix, Pagani, Zaro (2017)



Measuring K; from four top-quark production
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Measuring K; from four top-quark production
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Dependence of 6/05); on K,

o(111f) = o> (1111 o 7y, + K030 + K 0>V (HTHT)
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Collider simulation

Event Topology: same-sign charged leptons plus multi-jet (b-jet)
leptonic
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Collider simulation

Event Topology: same-sign charged leptons plus multi-jet (b-jet)
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Not adequate to claim a discovery of K, at LHC but could set a bound

(14 TeV: K < 1.34 (300 o) A
27 TeV: k, < 1.17 (10 ab™1), & < 1.14 (20 ab™!), « < 1.12 (30 ab™ )

@O TeV: easy to reach a 5sdiscovery —> precision measurementj
A
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rare decays
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Potentlal at the 100TeV FCC-HH/SppC
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FCC-HH report, 1606.09408

Four-top production reaches

5sigma discovery with an

integrated luminosity of 9fb-1.

Top Yukawa coupling precision
(stat. uncertainty only)
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Q3: CP property of top-Higgs interaction
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CP property of top-Higgs interaction
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Four top-quark production (gg — titt ) is complicated.

o(titl) .y < #a! + #a7b] + #b} +#a + #b] + #
18



CP property of top-Higgs interaction

o ﬁ y : In preparation
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Rough estimation:
b, < 1.5 fora pure CP-odd coupling
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Summary

The four top-quark production can constrain
the top Yukawa coupling without any assumptions
on Higgs boson width or decay branching ratios.

The four top-quark production is sensitive to
the CP property of top-Higgs interaction.

Combining 7t production and 7/ production
could constrain Hyy/Hu "~ couplings or 1.
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Thank You!



