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LHeC/FCC-he0.
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Higgs production modes Measuring Higgs-self coupling

I’ll talk about this in top-session
4



I.

5



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

I.
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II.

}
Backgrounds

Signal: 
CC : p e� ! ⌫e hh j

NC : p e� ! e� hh j

PHOTO : p � ! hh j
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II. Formalism

[arXiv: 1310.5150]

Effective Field Theory Approach 
(EFT) derived from dimension 
less than or equal to six:

Here: Wµ⌫ = @µW⌫ � @⌫Wµ

W̃µ⌫ =
1

2
✏µ⌫⇢�W

⇢�

g(i)(...), i = 1, 2

g̃(...)

CP Even:
CP Odd:
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Optimisation of Events

(1)At least 4b+ 1� light jet with pT > 20GeV,

(2) |⌘b| < 5, |⌘j | < 7,

(3)�R =
p
(��)2 + (�⌘)2 > 0.7,

(4) pl
±

T > 10GeV are rejected,

(5) |⌘J | > 4.0,

(6)MET > 40 GeV,

(7)��MET j > 0.4,

(8)m1
bb 2 [95, 125],m2

bb 2 [90, 125],

(9)m4b > 290 GeV.

In the selection the b-tagging efficiency is 
assumed to be 70%, fake rates from c-
initiated jets and light jets to the b-jets of 
10% and 1% respectively. 

Significance calculated using Poisson 
formula: 

S =

p
2[(S +B) log(1 + S/B)]� S]

II.
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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 AsymmetriesII.
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Exclusion Limits of couplings at FCC-he: Ee = 60 GeV, Ep = 50 TeV (fiducial cross sections)

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

II.

Using signal injection test, locally measured one-sigma error bound around the expected 
SM strength of Higgs-self coupling is :

g(1)hhh is positive

}0.7� 2.5 at 15 ab�1

g(2)hhh is restricted to around 10

�1

g(1)hWW and g̃hWW can better probed at LHeC, while

g(2)hWW here is restricted of the order 10�2

constraint on these couplings increases and limits 
are reduce by a factor of 2
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Degradation of anomalous couplings w.r.t scale of higher dimensional operators:

} } }⇤1

⇤2

L = LSM +
1

⇤
O5 +

1

⇤2
O6 + ...

⇤3 ...

=) ⌃ ⌘ ⌃(pi,⇤i, ...)

⇤1 > ⇤2 > ⇤3...

II.

>100%

60-80%

60-80%

18%

10%
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One loop electroweak correction to hVV vertices - only Higgs self couplingIII.
Tree level single Higgs-boson 
production (charged-current) 
at e-p collider

Other product ion modes 
include from neutral-current as 
well as with single anti-top 
quark in charged-current.

Next to leading order one-loop correction of the order of Higgs-self coupling g(1)hhh
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https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/HiggsSelfCoupling
III. Formalism based on [ JHEP12 (2016) 080, arXiv: 1607.04251]

Note: � ⌘ g(1)hhh

C1 =
��3

�LO
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III.

Cross section

Transverse momentum 

Observables:

C1

pT

Needs m
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Exploring CP-even scalars of a Two Higgs-doublet model 
in future e-p colliders

IV.
[ M. Kumar et.al, arXiv: 1707.05997]

 ~260-270 GeV
3.6σ around 240-250 GeV

[ArXiv:1506.00612,1603.01208, 
1606.01674,1608.03466]

Best Fit results: 
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�9 GeV
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IV. [ M. Kumar et.al, arXiv: 1707.05997]

H ! hh ! bb̄bb̄

Signal rate ~ 55% of total production cross section of H. And dominant background bbbbj at 
LHeC (FCC-he) - ~2.0 fb (3 times) in CC, ~22 fb (7.5 times) in NC  

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

h⌧+⌧�!!
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[Kumar et. al. Wits. Univ.]
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V. Summary and Discussions:

• An overview of single Higgs production at the LHeC was discussed with hVV EFT couplings to 
investigate the possibilities of CP-nature of Higgs-boson. 

• Double Higgs production opens a very crucial opportunity to study the Higgs-self-coupling and 
results at FCC-he energies are encouraging (comparatively).  An EFT approach also applied to get 
the limit on other involved couplings like hWW and hhWW.     

• Higgs-self coupling can also be probed by Higher Order one-loop electroweak correction to hWW 
and hZZ vertices - but at both energies of LHeC and FCC-he, measurements of different differential 
observables are insensitive though the % contribution are similar as LHC. (We note that cross 
section is sensitive more on FCC-he energies but we need sophisticated techniques to probe more.) 

• Based on several features in data from LHC, we suggested mass of CP-even heavy neutral Higgs-
boson around 270 GeV and considering that Higgs-boson in a two-Higgs doublet model we 
investigated the possibilities of rates and dominant modes based on a parameter choices. Further 
investigation are under study. 

• Also Higgs couplings with tau-leptons are under study - which shows how this coupling will be 
measured at the e-p environment. 

• Overall prospects of Higgs-like scalars at the e-p machine are encouraging not only for its production 
but measuring its couplings with other bosons or fermions in a clean environment. 
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