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LHeC/FCC-he



I.



LHeC is the only machine where one can measure the 
HWW coupling directly without making any prior 
assumptions about new BSM physics.

II.



III.



Optimisation of Events



Choice of couplings are ad-
hoc though these values are 
derived at 0.4 /ab based on 
cross sections. 
[ M. Kumar, J. Phys. Conf. 
Ser. 645, no. 1, 012005 
(2015), arXiv: 1506.03999]

Azimuthal Angle correlations and Asymmetries 



Exclusion Limits of 
couplings at FCC-he: Ee = 
60 GeV, Ep = 50 TeV

Degradation of anomalous 
couplings w.r.t scale of 
higher dimensional 
operators:

g(1)hhh = 1.00+0.24(0.14)
�0.17(0.12) at

p
s = 3.5(5.0)TeV for an ultimate 10 ab

�1



All analyses at 
Parton level

IV.



Observables: 

1. Cross section 2. Rapidity difference 

3. Top-Quark Polarisation 



4. Asymmetries

Optimising Events:

(1) pT � 20(10) GeV b-tagged jets and light jets (leptons)

(2) � 2  ⌘  5(2  ⌘  5) b-tagged jets (light jets and leptons)

(3)�R > 0.4

(4)ET > 10 (GeV)

(5) 115 < mbb < 130 (GeV), 160 < mt < 177 (GeV)

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



Exclusion Limits:

Based on Asymmetry 

Based on Fiducial Cross Section 

S =

p
2[(S +B)log(1 + S/B)� S]



Higgs Invisible decay at the LHeC and FCC-he [S. Kawaguchi / M. Kuze (Tokyo Tech)]

CC production NC production • Focus currently on NC: both jet and electron information are 
available for analysis.

• Emulate Higgs invisible decay by SM process NC:  
assumed a branching ratio of 100% 

• Simulation and analyses based on LHeC and FCC-he 
configuration using DELPHES.

H ! ZZ ! 4⌫l

LHeC FCC-he
Cut0 : Nj � 1, Ne � 1; pT > 20GeV, |⌘| < 5.0 and�R > 0.4

for leading jet and electron

Cut1 : |�j � �ET | > 1.4 rad

Cut2 : ET > 70GeV

Cut3 : (⌘j � ⌘e) > 2.5

Cut4 : |�j � �e| < 2 rad

Cut5 : �1.0 < ⌘e < 1.2

Cut6 : 0.11 < ye < 0.6

Cut7 : require 1 electron, 1 jet,

veto ⌧ andµ

Cut1 : |�j � �ET | > 1.3 rad

Cut2 : ET > 70GeV

Cut3 : (⌘j � ⌘e) > 3.5

Cut4 : |�j � �e| < 2.1 rad

Cut5 : �1.2 < ⌘e < 1.2

Cut6 : 0.09 < ye < 0.5

Cut7 : require 1 electron, 1 jet,

veto ⌧ andµ
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V. Motivated by parton-level study by 
Y.L.Tang, C.Zhang and S.Zhu, Phys. Rev. D 94, 011702 (2016)

2� sensitivity to branching ratio limits are (calculated usingS/
p
S +B)

Br(h ! ET ) ⇠ 7.1% Br(h ! ET ) ⇠ 2.8%

*Statistical error only



LHeC FCC-he

Invariant mass distribution
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(Scaling the signal with 10% BR)

MVA (BDT) Analyses using 6 variables from Cut 1-6 

Br(h ! ET ) ⇠ 6.1% Br(h ! ET ) ⇠ 2.4%



Two-Higgs doublet Model at e-p collider

[ArXiv:1506.00612, 
1603.01208, 
1606.01674, 
1608.03466]

[Kumar et. al. Wits. Univ.]

Best Fit results: mH = 272+12-9 GeV

mh = 125,mH = 270,mA = 450,

mH± = 400 GeV

� = 1.0,↵ = 3.13

�1 = 0.1,�2 = 0.27,�3 = 1.1,

�4 = �0.5,�5 = 0.5.

VI.
Pr

el
im

in
ar

y 
st

ud
ie

s



Investigating CP nature of               coupling at 
the LHeC/FCC-he 

h⌧+⌧�VII.
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[Kumar et. al. Wits. Univ.]
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• Higher order virtual corrections in 

single Higgs production - interesting 
to measure Higgs-self couplings, 
WWh, WWhh, ttH couplings.

!!

• Finite, Gauge invariant, 
contributions in terms of size/
numbers ?

• Top-Yukawa at LHeC/FCC-eh

• h > tau tau

• h > bb, cc [M. Tanaka et. al., U. Klien et.al]

• h > WW, ZZ in fully hadronic mode, or semi-leptonic modes 

Coupling measurements :

Next-to-leading order :


