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OUTLINE
• Baseline for future e-p machine 

• Single Higgs production with top-quark and formalism 
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• Constraints from LHC and e+e- on top-Higgs coupling

• Summary and conclusions 
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LHeC/FCC-heBaseline:
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In the Standard Model top and bottom Yukawa 
Couplings are given as :

Formalism:

LYukawa = �mt

v
t̄th� mb

v
b̄bh, Here v ⌘ (

p
2GF )

�1/2 = 2mW /g.

Beyond the Standard Model top and bottom 
Yukawa Couplings to study CP-nature of Higgs-
boson are given as :

CP-even

L = � mt

v
¯t[ cos ⇣t + i�5 sin ⇣t]th

� mb

v
¯b[cos ⇣b + i�5 sin ⇣b]bh.

In the SM  = 1, ⇣t = 0

ζt,b = 0 or π :  Pure scalar state 

ζt,b = π/2     :  Pure pseudo scalar state 

ζt,b     (0, π/2) or (π/2, π) :  A mixture of 
different CP states

CP Phase 
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Feynman Diagrams

Process

• In e-p machine, the top-Higgs couplings can be probed via associated 
production of Higgs-boson with anti-top quark necessarily with 5F proton

p e� ! b̄ e� ! t̄ h ⌫e

Negative Interference 

Insensitive to BSM

Sensitive to BSM

[Eur. Phys. J. C {75}, no. 12, 577 (2015)]
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1. Cross sectionObservables: 

L = �mt

v
¯t[ cos ⇣t + i�5 sin ⇣t]th

µF = µR = (mt +mh)/4

From here onwards we only use 
following Lagrangian in our 
studies:
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(All analysis at “parton”-level only)



2. Rapidity difference 
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Sensitive to  
phase angles 

SM

Observables: 



3. Top-Quark Polarisation 
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Pt =
N+ �N�
N+ +N�

⌘ �+ � ��
�+ + ��

1

�f

d�F

d cos ✓f
=

1

2

(1 + ↵fPt cos ✓f )

Information of top-spin reflect 
to its decay product:

For t ! b+W±(! l± + ⌫l)

↵W = �↵b = 0.39,

↵⌫ = �0.3,

↵W = 1 at LO

Partial width of f

Observables: 



4. Asymmetries

Optimising Events:

b� tagging e�ciency is assumed to be 70%, fake rates from

c� initiated jets and light jets to the b-jets to be 10%and 1%.

Follow the top-quark 
polarisation pattern
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Full process: p e� ! ¯th⌫e,

h ! b¯b, ¯t ! W�
¯b,W� ! l�⌫l

(l± = e±, µ±
)

Leptonic only:

(a) pjetT � 20 GeV , plepT � 10 GeV,

(b) � 2  ⌘b  5, 2  ⌘j  5,

(c)�R > 0.4,

(d)MET > 10 GeV,

(e) 115 < mbb < 130 GeV ,

(f) 160 < mt < 177 GeV.

m2
t = (mT +mb1)

2,

mT =

q
2 plT p

⌫
T (1� cos(�l � �⌫))

A✓ij =

NA
+ (cos ✓ij > 0)�NA

� (cos ✓ij < 0)

NA
+ (cos ✓ij > 0) +NA

� (cos ✓ij < 0)

,

A��ij =

NA
+ (��ij > ⇡/2)�NA

� (��ij < ⇡/2)

NA
+ (cos ✓ij > 0) +NA

� (cos ✓ij < 0)

,

�↵ =

s
1�A2

↵(⇣t)

�⇣t · L
, (↵ = ✓ij ,��ij)

Observables: 



Based on Asymmetry 

Exclusion Limits:
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Exclusion Contour
Significance: 

The exclusion contour with respect to integrated luminosities at various phase angles  
by considering significance based on fiducial cross section.

Ee = 60 GeV and Ep = 7 TeV.   

⇡

5
< ⇣t  ⇡

3⇡

10
< ⇣t  ⇡and

2σ 3σ
⇡

6
< ⇣t  ⇡

⇡

4
< ⇣t  ⇡and

4σ 5σ

For higher Ee = 120 GeV, the cross section 
for signal (background) is enhanced 
approximately by a factor of 4 (3).   

The luminosity required for exclusion is 
smaller compared to the Ee = 60 GeV 

At Lum. L=100 fb-1

⇡

20
< ⇣t  ⇡

⇡

6
< ⇣t  ⇡

4σ

5σ
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S =

p
2[(S +B) log(1 + S/B)]� S]
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Sensitivity of tth Coupling 

The exclusion contour with respect to integrated 
luminosities at various phase angles by considering 
significance based on fiducial cross section.

Ee = 40 GeV and Ep = 7 TeV.   

Exclusion Contour

K =

p
S +B

2S

Ee = 60 GeV   

 = 1.00± 0.17

Ee = 120 GeV   

 = 1.00± 0.08

Ee = 40 GeV   

 = 1.00± 0.31
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L = 1 ab�1

⇣t = 0



Constraint from e+e- and LHC

Denoting the CP-even (odd) couplings as: CS
t (C

P
t )

• LHC Run-I and Run-II Higgs data set:  

• Future e+e- at 240 GeV

0.85 < CS
t < 1.20, |CP

t | < 0.37

• Stronger than LHC Run-I data set:  
0.68 < CS

t < 1.20, |CP
t | < 0.54

|CP
t | < 0.19 with 0.5% accuracy

e+e� ! h�
[arXiv: 1610.06676]

Converting in terms of Phase angle :
One can realise better sensitivity at the LHeC 

⇣t = tan�1
⇣CP

t

CS
t

⌘
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Summary
• Large top-Yukawa coupling provide a unique opportunity to characterise Higgs-boson at 

colliders, namely, at the LHC and future e+e- or e-p colliders. 

• Nominal cross section and clean signature at e-p collider shows advantages over other 
machines. 

• Different observables like top-polarisation ,the difference between rapidities of anti-top 
quark and Higgs-boson provides unique features that are clearly distinct from the pure 
scalar type couplings. 

• By considering the leptonic decay mode of the anti-top quark and Higgs into b-quark 
pair, we constructed the asymmetry observables and constrain the top-Yukawa couplings 
at different possible energies for e-p configuration. 

• We find that almost all values of  ζt can be excluded at 2σ (4σ) with an integrated 
luminosity of 200 /fb

-

(700 /fb) for c.m.e. of 1.3 TeV.  These limits are superior to those 
found in studies at the HL-LHC.   

• The cross section measurement combined with accurate measurements of the kinematic 
observables can be a powerful probe at the LHeC to uncover the finer details of the 
nature of the top-Higgs couplings.


