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Reduce pdf error 2.8 MeV  

Remove PDF uncertainty on M
W

LHC

Spacelike M
W

to 10 MeV from ep

 Electroweak test at 0.01% !

High Precision for pp
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Can achieve <0.5% precision in pdf 

uncertainty, thus removing this 

uncertainty from the prediction of the 

Higgs cross-section.
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Higgs in ep

It is remarkable that VBF 

diagrams were calculated for 

lepton nucleon collisions 

before for pp!

Small theoretical uncertainties

Topological requirements 

effective in background 

suppression

Large S/B w.r.t. pp, e.g. in hbb 

expect S/B=3
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At LHC replace
lepton lines by quark lines
but dominantly gg  H



Cross-Sections
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NC

CC

Cross-sections given for 

unpolarized electrons

Cross-sections comparable 

to e
+
e

-
case

Higher Order corrections 

known to be very small

Tool for precision Higgs 

physics 



Higgs via VBF

Qualitative remarks

Unlike QCD 

partons that scale 

like 1/P
T

2
, here 

P
T
~sqrt(1-x)M

W
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Due to the 1/x behavior of the Weak boson the 

outgoing parton energy (1-x)E is large forward jets

At high P
T

Contribution from longitudinally polarized Weak 

Bosons is suppressed in favor of transversely 

polarized WB at high p
T
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Higgs Decay Products

Scattered fermions

Central Jet Veto




Well-defined prediction of the SM. Kinematics of 

scattered quarks, sensitive to new physics

Pseudo-rapidity of scattered quark
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LHeC, a Higgs Facility 



CDR Updates: Two independent analyses

ICHEP 2014

Master Thesis Ellis Kay, Liverpool 2014, 

PGS “detector” ATLAS-style and & 

modeling of PHP background using low 

Q2 NC DIS

[ after Higgs discovery MH=125 GeV,  Ep=7 TeV, Ee=60 GeV; cut-based & conservative]

100 fb-1

1 year of data

Confirmed CDR: S/N>1 

using conservative 

light misID and cut-

based  δμ=2% for 1 ab-1

PGS of LHC detector
+ flat parton-level b-
tagging for |η|<3.0
b: 60%, c: 10%, udsg: 1%
CAL coverage |η|<5.0
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BDT Results for Higgs @ LHeC

Hbb: Clear sensitivity 

to chosen jet radius; 

rather robust w.r.t. 

vertex resolution in 

range of 5 to 20 μm 

Hcc : High sensitivity to vertex 
resolution (nominal 10 μm) 
and jet radius 

 expect about 400-600 Hcc 
candidates

L=1 ab
-1

Pe=-80%

Daniel Hampson,
MPHYS 2016

using realistic HFL tagging at Delphes detector level
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Higgs in ep – clean S/B, no pile-up

& Izzy
Harris BSc 
2017

2% PHP
and 2%
other bgd

0.8%

Assuming

ATLAS

light 

jet misID 

efficiencies
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Observe/Exclude non-zero phase to better than 4σ at 

LHeC. Achieve <2% error on k
t
at the FCC-eh.

Top Yukawa coupling

Introduce phase dependent top Yukawa coupling  

Enhancement of the cross-

section as a function of phase

B.Coleppa, M.Kumar, S.Kumar, B.M., Phys. Lett. B770 (2017)  335 
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SM Higgs Signal Strengths in ep

Uta & Max Klein, Contribution to HL/HE Workshop, 4.4.2018, preliminary.

NC and CC DIS together over-constrain Higgs couplings in a combined SM fit. 

ZZH

25 fb

150 fb

WWH

LHeC 200 fb

FCC-eh  1 pb

Ee=60 GeV

HWW and HZZ signal strengths measured at once in DIS

via selection of the final state (e or ν)

submitted  to EU strategy  CERN-ACC-Note-2018-0084

M.Klein



Model-dependent Coupling Fit 

HE LHeC & FCC-eh 

 Assuming SM branching fractions weighted by the measured κ 

values, and Γmd (c.f. CLIC model-dependent method)

1.5%
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LHeC and HL-LHC Higgs Prospects

preliminary

2%

HL-LHC prospects using new CMS projections (3ab-1) with two scenarios, S1 and S2, in a 

SM coupling fit

 Amazing prospect for measuring fundamental Higgs couplings to high 

precision (dark blue) at LHC with pp + ep using SM assumptions.

Hcc@pp:    ~2.0-5.5 σSM@HL-LHC

[HL-LHC Oct 2017]
submitted to ECFA:
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Published in book 1 of FCC
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B.Biswal, R.Godbole, S.Kumar, B.M., S.Raychaudhuri 

Phys.Rev.Lett. 109 (2012) 261801

Model independent separation of HWW 

and HZZ coupling, unique capability of 

ep collisions, not available in pp and 

e
+
e

-
collisions 

Can consider azimuthal angle 

correlation between scattered 

neutrino and quark. Other 

observables can be used too.

Structure of HVV couplings 
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Cross-sections 

in the SM

Considering highly 

asymmetric 

collisions
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Also sensitivity to 

structure of hhh coupling 

Lambda_HHH 

measured 

within 10-15%

Phys.Lett. B764 (2017) 247-253



Probing Trilinear coupling via single h prod. 

(LHeC)
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Results can be significantly improved. Sensitivity will 

help the HL-LHC:

Diagrams sensitive to λ
hhh

No cuts

10% h acceptance 

K.Wang et al. 1910.09424
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Draft – in preparation



Outlook and Conclusions

Progress in devising concurrent ep/pp running

Unique DIS facility at CERN with 10
34

instantaneous 

luminosity, opens new horizon for particle physics, in 

particular in the space of precision measurements

Combining pp with ep, turns the LHC into a 

precision machine

Reach  <1%-<2% precision for HL-LHC/LHeC, 

depending on coupling

Competitive and complementary to e
+
e

-

Unique access to structure of hVV coupling

Measurement of trilinear self-coupling

FCC-eh yields ~10% precision and unique access to 

coupling structure

Preliminary studies shows sensitivity to self-coupling 

via single h production, can contribute to HL-LHC
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Additional slides
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Effective vertices. Note the dependence on momenta in non-SM 

vertices. This induces significant impact on scattering kinematics. 

M. Kumar et al.[1509.04016]


