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Observation of Higgs-Top and Higgs-Bottom couplings

CMS-PAS-HIG-18-019
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Top-quark Yukawa coupling
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Higgs boson width measurement
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Caola, Melnikov (2013)
Higgs on-shell 
production
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Recent measurements of Higgs width
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Direct measurements:
CMS, 1706.09936 
(13TeV, 35.9fb-1)

gg → H → ZZ* → 4ℓ

ΓH < 1.10 GeV

CMS, 1605.02329
(7+8TeV)

ΓH < 13 MeV

ATLAS, 1808.01191
(13TeV, 36.1fb-1)

ΓH < 14.4 MeV

Indirect measurement through invisible decay:
ATLAS, 1809.06682 (13TeV, 36.1fb-1)

Br(H → inv) ≤ 0.37 ≡ BrMax
inv

ΓH = Γknown
H + Γinv

H ΓH ≤
ΓKnown

H

1 − BrMax
inv

ΓKnown
H = ΓSM

H

ΓH ≤
ΓSM

H

1 − BrMax
inv

= 1.6ΓSM
H = 6.4 MeV

gg → H → WW* → 2ℓ + MET

Q2: alternative way to measure Higgs width?
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Four top-quark production
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off-shell on-shell

μX
tt̄H

̂σ(pp → tt̄H → tt̄tt̄ )

∝ κ4
t × ̂σ(pp → tt̄H → tt̄tt̄ )SMκ4
t
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ΓH /ΓSM
H

× ̂σ(pp → tt̄H → tt̄X)SM

QHC, Chen, Liu, 1602.01934
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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

in unit 
of fbLO

Measuring     from four top-quark production
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σSM
g = 1.216

σSM
Z/γ = 0.412

σSM
g+Z/γ = − 0.262

κt

NLO corrections:  
     Bevilacqua, Worek (2012)  
     Alwall et al (2014)
     Frederix, Pagani, Zaro (2017) 
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significant cancellations between 
strong and weak interactions

large scale dependence



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

Backgrounds: 

Event selections:

�8

g

g

t

t̄

t

t̄

H

leptonic
decay

hadronic
decay

pj,l
T ≥ 20GeV

|η j,l | < 2.5

Nl± = 2

Nb−jets ≥ 3
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F = 1.22 Ktt̄Z
F = 1.49Ktt̄W−

F = 1.27 KW+W+jj
F = 0.9

tt̄Z, tt̄W±, W±W±jj, tt̄
@14TeV
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Njets ≥ 6 Njets ≥ 6
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Collider simulation
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Event Topology: same-sign charged leptons plus multi-jet (b-jet)
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Not adequate to claim a discovery of      at LHC but could set a boundκt

@ 13 TeV LHC (300fb-1)κt ≤ 1.34



Sizing up top-quark interaction with Higgs 
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QHC, Chen, Liu
PRD95 (2017) 053004
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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).

arXiv:1710.10614

off-shell

g

g

t

t

t̄

t̄g
g

g

t

t

t̄

t̄

H

g

g

t

t

t̄

t̄Z/γ

off-shell

No assumptions 
made on how 
Higgs-boson decays

Four-top production

yt /ySM
t ≤ 2.1



�11

κ2
t

RΓ
= μtt̄H

13TeV LHC
 (300fb-1)
κt ≤ 1.34

ΓH ≤ 2.8 ΓSM
H

∼ 11MeV

assume κX ≃ 1 and invisible width

μtt̄H = 0.96+0.34
−0.31

CMS-PAS-HIG-18-019

� � � � ��

�

�

�

�

κ�

�Γ

13TeV LHC
 (35.9fb-1)
κt ≤ 2.1

ΓH ≤ 6.8 ΓSM
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CMS
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Q3: CP property of top-Higgs interaction
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ℒHtt̄ = −
mt

v
Ht̄(at + ibtγ5)t

σ(gg → H)
σ(gg → H)SM

∼ a2
t + 2.26b2

t
σ(gg → tt̄H)

σ(gg → tt̄H)SM
∼ a2

t + 0.46b2
t @13TeV

Boudjema, Godbole, Guadagnoli, Mohan,
1501.03157

pseudo-scalar dominates scalar dominates

ℳ(gg → H) ℳ†(gg → H)

CP-odd
(a=0, b=1)

σ(tt̄tt̄ ) = 9.997 + 2.807 × b2
t + 1.788 × b4

t+ 2.807

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

t
CP-even
(a=1, b=0) − 1.547



Potential of four-top measurements 
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Global analysis of multi-top productions
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Global analysis of multi-top productions
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Global analysis of multi-top productions
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σ(gg → tt̄H )
σ(gg → tt̄H )SM
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Global analysis of multi-top productions

�17
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Summary
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The four top-quark production can constrain 
top-quark Yukawa coupling without assumptions 
on Higgs boson width or decay branching ratios.

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

tt̄tt̄ tt̄h

0.54ΓSM
H < ΓH ≤ 1.18ΓSM

H

ℒHtt̄ = −
mt

v
Ht̄(at + ibtγ5)t

0.93 < a < 1.13, − 0.22 < b < 0.22

Global fitting of single-Higgs,        and      channels yields



Backup Slides
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Measuring     from four top-quark production
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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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• The gg-initiated contributions (LO1→3, 
NLO1→4) are the dominant ones

• LO2,3 are large and with different sign
• NLO2,3 are sizeable too, and show a very large 

scale dependence: they are mostly due to 
QCD-type corrections from LO2,3 respectively

• Remarkably, there is an almost complete 
cancellation between NLO2 and NLO3 which 
is also quite stable w.r.t. the scale choice

• Such a cancelation will be spoiled by e.g. non-
SM Yukawa interactions. A LO-based study may 
not capture the correct behaviour of the cross 
section

Results for 4-top:
inclusive results
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2 �26.0 �28.3 �30.5
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3 �10.3 1.8 16.1

4 2.3 2.8 3.6

5 0.12 0.16 0.19

6 < 0.01 < 0.01 < 0.01

NLO2 +NLO3 �1.7 �1.6 0.9

tt̄tt̄ �(N)LOi
/�LOQCD µ = µr = µf

NLO2 NLO3 µ

↵s LO2 LO3 tt̄tt̄

NLOEW ⌘ NLO2 NLO3

�NLO2

�NLO3
±15%

µ

�NLO2
�NLO3

HT /2 mtt̄tt̄ NLO2 NLO3

LO1 �NLO2
�NLO3

µ = HT /4 �NLO3

↵3
s↵

2/↵4
s = ↵2/↵s ⇠ 0.1%

NLO2 NLO3

LO2 LO3

�NLO2
+ �NLO3

LOQCD

�NLO2
+ �NLO3

�NLO4
↵2
s↵

3/↵4
s = ↵3/↵2

s ⇠ 0.01%

(N)LO
i

i > 1

yt

NLO2 NLO3 LO1

NLO1

µ

R. Frederix, D. Pagani, and M. Zaro, 
   JHEP 02, 031 (2018), 1711.02116 

Zaro’s talk @ Top2018


