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Top-quark Yukawa coupling
directly measured from the        production

Q1: can we determine     without those assumptions? κt
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Higgs boson width
Caola, Melnikov (2013)

Higgs	on-shell	
production

	

Higgs	off-shell	
production 	

Q2: alternative way to measure the Higgs boson width?

Signal
Dominant		
background

Background

The combination of both on-shell and 
off-shell measurements of signal strength
achieve a significantly higher sensitivity 
to the total width
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Four top-quark production

off-shell on-shell

μX
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Qing-Hong Cao, Shao-Long Chen, YDL, 1602.01934

ATLAS-PHYS-PUB-2014-016
14TeV LHC, 300fb-1

μγγ
tt̄H = 1.00 ± 0.38 μZZ
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Two scenarios 
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Measuring     from four top-quark productionκt

σ(tt̄tt̄ ) = σSM(tt̄tt̄ )g/Z/γ + κ2
t σSM

int + κ4
t σSM(tt̄tt̄ )H
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8 TeV 1.344 -0.224 0.171
13 TeV 9.997 -1.547 1.108

27 TeV 115.1 -15.57 11.73
100 TeV 3276 -356.9 273.1

in unit 
of fb

LO
14 TeV 13.14 -2.007 1.515

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



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

Backgrounds: 

Event selections:
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Collider simulation
Event Topology: same-sign charged leptons plus multi-jet (b-jet)
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(a) 14TeV 14TeV

Not adequate to claim a discovery of      at LHC but could set a boundκt

  14 TeV:
  27 TeV:

100 TeV:  easy to reach a     discovery —>  precision measurement

κt ≤ 1.34 (300 fb−1)
κt ≤ 1.17 (10 ab−1), κt ≤ 1.14 (20 ab−1), κt ≤ 1.12 (30 ab−1)

5σ



κt < 2.1

2.1

NLO corrections:  
 Bevilacqua, Worek 
(2012);  
 Alwall et al (2014); 
 Frederix, Pagani, 
Zaro (2017) 
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Potential at the 100TeV FCC-HH/SppC
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Four-top production reaches 
5sigma discovery with an 
integrated luminosity of 9fb-1 .

Mangano et al , 

1507.08169

Top Yukawa coupling precision 
        (stat. uncertainty only)

L = 30 ab�1

b = 1 FCC-HH report, 1606.09408
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cancel out around SM κt = 1

σ(tt̄tt̄ ) = σSM(tt̄tt̄ )g/Z/γ + κ2
t σSM

int + κ4
t σSM(tt̄tt̄ )Hκ2

t κ4
t

8 TeV 1.344 -0.224 0.171
13 TeV 9.997 -1.547 1.108

27 TeV 115.1 -15.57 11.73
100 TeV 3276 -356.9 273.1

in unit 
of fb

LO
14 TeV 13.14 -2.007 1.515

Relative ratio -1.3 18~12
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Q3: CP property of top-Higgs interaction



CP property of top-Higgs interaction
ℒHtt̄ = −
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ℒHtt̄ = −
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CP property of top-Higgs interaction
in preparationℒHtt̄ = −

mt

v
Ht̄(at + ibtγ5)t @13TeV

σ(tt̄tt̄ ) = 9.997 − 1.547 × a2
t + 1.108 × a4

t
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CP-odd
(a=0, b=1) σ(tt̄tt̄ ) = 9.997 + 2.807 × b2

t + 1.788 × b4
t (fb)

(fb)

Rough estimation:
bt ≤ 1.48 for a pure CP-odd coupling
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Figure 5: The predicted SM value of s(pp ! tttt) [16], calculated at LO with an NLO/LO
K-factor of 1.27, as a function of |yt/y

SM
t | (dashed line), compared with the observed value of

s(pp ! tttt) (solid line), and with the observed 95% CL upper limit (hatched line).
κt ≤ 2.1
CP-even

234.5 fb-1 pure CP-odd ruled out



slide from Top2018

234.5 fb-1 pure CP-odd ruled out



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        production and       production 
could constrain                    couplings or      .

tt̄tt̄ tt̄h
Hγγ/Hμ+μ− ΓH

gg → Htt̄, H → γγ/μμ gHγγ / Yμ

gg → Htt̄, H → bb̄ ΓH

ΓH = ΓSM
H

yb = ySM
b
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