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• Higgs is important not only for EWSB but also a 
window to new physics.
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Before Higgs discovery :

After Higgs discovery :

Higgs precision measurement

Higgs is special

1)The unitarity

2)New physics scale



Higgs precision : top quark Yukawa coupling

Can we measure top quark Yukawa coupling without any assumptions?



Higgs precision : Higgs width

Higgs	On-Shell	production:
	

F. Caola & K. Melnikov (2013)

Signal	for	Higgs	
production

Background	for	
Higgs	production

dominant	SM	
background

Higgs	off-Shell	production:
	

Can we measure Higgs boson width alternatively?

�total  13 MeV [1605.02329]



Can we measure top quark Yukawa coupling without any assumptions?

Can we measure Higgs boson width alternatively?



�̂(pp ! tt̄h ! tt̄tt̄)

/ 4
t �̂(pp ! tt̄h ! tt̄tt̄)SM

�̂(pp ! tt̄h ! tt̄X)

/ 2

t
2

X

�total

h /�total SM

h

�̂(pp ! tt̄h ! tt̄X)SM

/ µX
t¯th�̂(pp ! tt̄h ! tt̄X)SM

off-shell on-shell

g

g

t
t

t̄
t̄

t

X

t̄

h h

g

g

VS

off-shell on-shell

µ��
t¯th = 1.00± 0.38 , µZZ

t¯th = 1.00± 0.49 ,

µµµ
t¯th = 1.00± 0.74 , µ comb

t¯th = 1.00± 0.30 .

ATLAS-PHYS-PUB-2014-016

14TeV LHC, 300fb-1

X = ��, µ+µ�, ZZ⇤

Four Top Quarks and t

¯

th production
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8 TeV 14 TeV

�SM(tt̄tt̄)g+Z/� : 1.344 fb, 13.140 fb

�SM(tt̄tt̄)H : 0.171 fb, 1.515 fb

�SM(tt̄tt̄)int : �0.224 fb, �2.007 fb

Measuring t from Four Top Quarks Production



Collider Simulation

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

g

g

t
t

t̄
t̄

h

leptonic decay

hadronic decay

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.

Backgrounds: 
tt̄Z/W, W±W±jj, tt̄

t  1.94 @ 14 TeV LHC L = 100 fb�1

t  1.34 @ 14 TeV LHC L = 300 fb�1



Scenario I :
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Scenario II :

2
t

R�
= µtt̄h X ' 1

(�)

μ� �_ �
μμ

μ� �_ �
��

μ� �_ �
γγ

μ� �_ �
����

� � � � ��

�

�

�

�

κ�

�Γ

µ��
t¯th = 1.00± 0.38 , µZZ

t¯th = 1.00± 0.49 ,

µµµ
t¯th = 1.00± 0.74 , µ comb

t¯th = 1.00± 0.30 .

t  1.94 @ 14 TeV LHC L = 100 fb�1

t  1.34 @ 14 TeV LHC L = 300 fb�1

�
total

 2.6�total

SM

Upper Limit
2.6



μ� �_�
� �

_

������ �� ��-�

����� �� ��-�

���� �� ��-�

��� ��� ��� ������

���

���

���

κ�

�Γ

Four-top prod. reaches 5sigma 
discovery with an integrated 
luminosity of 9fb-1 .

Mangano et al , 

1507.08169

Top Yukawa coupling precision: 
        stat. uncertainty only
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b = 1 FCC-HH report, 1606.09408

Potential at the 100 TeV SppC



Summary

• The four top quarks production can constrain the top 
quark Yukawa coupling without any assumptions on 
the Higgs boson width, couplings, etc.

• Combining four top quarks production and tth 
production could constrain
➡ Higgs couplings to muon or photons
➡ Higgs width



Thank you!
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