Limits on Top-Higgs Interaction
from Multi-Top Final States
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Top quark in the Standard Model
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Top-quark Yukawa coupling

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



Higgs on-shell
production

Higgs off-shell
production
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The combination of both on-shell and
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
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Two scenarios
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Measuring K; from four top-quark production
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____________ 84 Lt
8 TeV 1.344 -0.224 0.171
LO 13 1ev 9.997 -1.547 1.108  in unit
14 TeV 13.14 -2.007 1.515  ofib
27 TeV 115.1 -15.57 11.73
100 TeV 3276 -356.9 273.1

NLO corrections: Bevilacqua, Worek (2012);
Alwall et al (2014); Frederix, Pagani, Zaro (2017)



Dependence of 0/0gy0n 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
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rare decays
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Lower bounds
on rare decays
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Potentlal at the 100TeV FCC-HH/SppC

=1

1.2¢

t

— = Ugg Kb

Rp

-Yellow 10 ab™!
"Green 20 ab™!
-Blue 30 ab~!

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

my .
L g = — THt(at + 1b,ys)t

o(tftt)y « 1.183a* + 0.004a’b, + 2.845a’b? + 2x 107%ab’ + 1.848b}

o(titf),, « — 1.553a? + 0.002a,b, + 2.905b}

int



— o(ttt)y

— O (tftf)mt

1
_12_
60
as
t‘ —_
anT - _Ht(at

1bys)t

0.0070

0.0068

efficiency

0.0066

0 .0066

v

a;

0 02 04 06 08

1.0




CP property of top-Higgs interaction
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Rough estimation:

b, < 1.48 for a pure CP-odd coupling 234.5 fb™ pure CP-odd ruled out
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= Combined observables:
o Single lepton: b, and sin(6;")sin(®
o Dilepton: An(I*,I7), Ag(t,t) and

sin(6;")*sin(6’ ,)

= Assuming no correlation between
variables for Asimov data

= Pure CP-odd exclusion at 95% CL
with ~400 fb™’

234.5 fb! pure CP-odd ruled out

H\
bh)



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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