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Motivation
Hierarchy/Naturalness 

Vacuum stability
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Top Quark Yukawa Coupling: tth
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Top Quark Yukawa Coupling: tth
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Can we measure/constrain the top quark Yukawa coupling directly?
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Top Quark Yukawa Coupling: tttt
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No other assumption about Higgs boson

Sensitive to top quark Yukawa coupling



Top Quark Yukawa Coupling: tttt
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Collider Simulation
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leptonic decay

hadronic decay

Event Topology: same-sign charged  
                leptons plus multi-jet (b-jet)
Backgrounds: 
tt̄Z/W, W±W±jj, tt̄

Event selection:

Basic : pj,lT � 20 GeV, |⌘j,l| < 2.5,

SSL : Nl± = 2,

Jets : Njets � 5, Nb�jets � 3,

6ET : 6ET � 100 GeV,

mT : mT � 100 GeV,

HT : HT � 700 GeV.

t  1.94 @ 14 TeV LHC L = 100 fb�1

t  1.34 @ 14 TeV LHC L = 300 fb�1
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14 TeV LHC
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1.00± 0.38
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1.00± 0.32

Projection from ATLAS
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What else can we do?



tth and tttt
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Case I : Higgs Rare Decays
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Case I : Higgs Rare Decays
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Case II : Higgs Width

Invisible decay:Higgs Width Modified X ⇠ 1
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Case II : Higgs Width

R
�

= �total

h /�total SM

hR� <
ul 2
t

µtt̄h

(�)

μ� �_ �
μμ

μ� �_ �
��

μ� �_ �
γγ

μ� �_ �
����

� � � � ��

�

�

�

�

κ�

�Γ

2.6

1.34

R� < 2.9 ( �� mode )

R� < 3.5 ( ZZ mode )

R� < 6.9 ( µ+µ�
mode )

R� < 2.6 ( combined )

signal strength

combined

X
��

ZZ

µµ

µ̄X
tt̄h

1.00± 0.38

1.00± 0.49

1.00± 0.74

1.00± 0.32

Projection from ATLAS

t < 1.34

14 TeV 300 fb�1

2
t

R�
= µtt̄h



Summary

Four top quarks production process used to measure top  
Yukawa coupling t < 2.1

Combining tttt production and tth production:
Case I: Higgs rare decay
Case II: Higgs width 
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