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1. Introduction.

2. Higgs physics:
➜ Cross sections and yields.
➜ Studies.
➜ Couplings.
➜ QCD effects on Higgs.

3. Summary.

Higgs physics at the LHeC.
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• BSM physics at the LHeC and the FCC-eh, 8 Jul 2025, 17:30, 

Christian Schwanengerger, T09. 
• The LHeC collider as a bridge between major colliders at CERN, 

9 Jul 2025, 08:30, Jorgen D’Hondt, T13. 
• A detector for top energy DIS (poster), Laurent Forthomme, T11. 
• Top and EW physics at the LHeC, 11 Jul 2025, 09:10, Christian 

Schwanengerger, T06. 
• Two-photon processes in future electron-hadron facilities, 

11/07/2025, 09:30, Laurent Forthomme, T06. 
• QCD at the LHeC, 11 Jul 2025, 10:25, Néstor Armesto, T05.
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LHeC FCC-eh

PERLE

DIS at s ≃ 1.2/2.2/3.5 TeV, ∫ ℒdt ∼ 1 − 2 ab−1 ∼ 1000 × HERA

ep P=±0.8 ( )e−

Higgs physics at the LHeC: 1. Introduction.
1810.13022
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Detectors:
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➜ Large acceptance, precision 
device: design determined by 
kinematics (  in CC).

➜ Low radiation (1/100 that of 
pp) enables sensitive 
technology such as HV CMOS 
to be used.

➜ Low field dipole inserted 
before the HCAL to ensure 
head-on ep collision; 
conventional solenoid.

➜ Forward (p,n) and backward 
(e, γ) tagging detectors.

H → bb̄

➜ Modular structure for fast installation, fitting inside the L3 magnet in IP2.
➜ Forward-backward symmetrised version would allow eh and hh 
collisions in the same IP (2201.02436).

L=13.2 m [ FCC-eh: 19.3, about CMS size]

R=4.8 m
[FCC-eh: 6.2]

Higgs physics at the LHeC: 1. Introduction.
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● ep/eA colliders are the cleanest High Resolution 
Microscope: 

➜ Precision and discovery in QCD;
➜ Study of EW / VBF production, LQ, multi-jet final 
states, forward objects,…

● Empower the LHC Search Programme (e.g., PDFs, 
EW measurements).
● Transform the LHC into a precision Higgs facility.
● Unique and complementary discovery potential of 
BSM particles (prompt and long-lived).

● It is also a  facility.

● Overall: a unique Particle and Nuclear 
Physics Facility.

γγ
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DIS Xsections

● ep/eA colliders are the cleanest High Resolution 
Microscope: 

➜ Precision and discovery in QCD;
➜ Study of EW / VBF production, LQ, multi-jet final 
states, forward objects,…

● Empower the LHC Search Programme (e.g., PDFs, 
EW measurements).
● Transform the LHC into a precision Higgs facility.
● Unique and complementary discovery potential of 
BSM particles (prompt and long-lived).

● It is also a  facility.

● Overall: a unique Particle and Nuclear 
Physics Facility.

γγ



Higgs physics: cross sections
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Parameter Unit LHeC HE-LHeC FCC-eh FCC-eh

Ep TeV 7 13.5 20 50
p

s TeV 1.30 1.77 2.2 3.46
�CC (P = �0.8) fb 197 372 516 1038
�NC (P = �0.8) fb 24 48 70 149
�CC (P = 0) fb 110 206 289 577
�NC (P = 0) fb 20 41 64 127
HH in CC fb 0.02 0.07 0.13 0.46

Table 5.1: Total cross sections, in fb, for inclusive Higgs production, MH = 125 GeV, in charged and
neutral current deep inelastic e

�
p scattering for an Ee = 60GeV electron beam and four di↵erent proton

beam energies, Ep, for LHeC, HE-LHeC and two values for FCC-eh. The c.m.s. energy squared in ep is
s = 4EeEp. The last row shows the double-Higgs CC production cross sections in fb. The calculations are
at LO QCD using the CTEQ6L1 PDF [477] and the default scale of MadGraph [478] with dependencies
due to scale choices of 5-10 %.

Channel Fraction No. of events at FCC-eh

Charged Current Neutral Current

bb 0.581 1 208 000 175 000
W

+
W

� 0.215 447 000 64 000
gg 0.082 171 000 25 000
⌧

+
⌧

� 0.063 131 000 20 000
cc 0.029 60 000 9 000
ZZ 0.026 54 000 7 900
�� 0.0023 5 000 700

Z� 0.0015 3 000 450
µ

+
µ

� 0.0002 400 70

� [pb] 1.04 0.15

Table 5.2: Total event rates for SM Higgs decays in the charged (ep ! ⌫HX) and neutral (ep ! eHX)
current production of the Higgs boson in polarised (P = �0.8) electron-proton deep inelastic scattering
at the FCC-eh, for an integrated luminosity of 2 ab�1. The branching fractions are taken from [480]. The
estimates are at LO QCD using the CTEQ6L1 PDF and the default scale of MadGraph, see setup in
Tab. 5.1.

cross sections, including the decay of the Higgs boson into a pair of particles Ai can be written
as

�
i

CC = �CC ·
�i

�H

and �
i

NC = �NC ·
�i

�H

. (5.1)

Here the ratio of the partial to the total Higgs decay width defines the branching ratio, bri,
for each decay into AiĀi. The ep Higgs production cross section and the O(1) ab�1 luminosity
prospects enable to consider the seven most frequent SM Higgs decays, i.e. those into fermions
(bb̄, cc̄, ⌧

+
⌧

�) and into gauge particles (WW, ZZ, gg, ��) with high precision at the LHeC
and its higher energy versions.

In ep one obtains constraints on the Higgs production characteristics from CC and NC scattering,
which probe uniquely either the HWW and the HZZ production, respectively. Event by event
via the selection of the final state lepton which is either an electron (NC DIS) or missing energy
(CC DIS) those production vertices can be uniquely distinguished, in contrast to pp. In e

+
e
�,

at the ILC, one has considered operation at 250 GeV and separately at 500 GeV to optimise
the HZZ versus the HWW sensitive production cross section measurements [481]. For CLIC

143

● Cross section for NC and CC Higgs production 
through VBF makes study possible with foreseen 
luminosities; initial estimate of gHHH to 20 % accuracy 
at the FCC-eh.
● NLO contributions % with shape distortions.
● Large Higgs dataset for precision measurements.

≲ 20

U
. K

lein at IC
H

EP2024



Higgs physics: analyses
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● Large acceptance for jets and 
Higgs decay products crucial.
● Delphes cut- and BDT-based 
analyses performed, conservative HF 
tagging: b 60%, c 10%, udsg 1% (see 
also 2201.04037).

U
. K
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in
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t 
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Higgs physics: analyses
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● HWW from 4+1 jets +  configurations, CC cross section  in SM.

●  for FCC-eh.

ν ∝ g4
HWW

δμ/μ(HWW) ≃ 2 %

U. Klein at ICHEP2024
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● Few % level measurement of several couplings.

● CC and NC over-constrain Higgs couplings in 
combined SM fits.

Higgs physics: signal strengths

N. Armesto, 11.07.2025Higgs physics at the LHeC: 2. Higgs physics.

U. Klein at ICHEP2024
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●  : coupling strength 
modified parameters, 
powerful method to 
parameterise possible 
deviations from SM couplings. 

κi

Higgs physics: -frameworkκ

● Standalone study yields 
few % uncertainties 
assuming SM branching 
fractions weighted by the 
measured  values, and 

 (c.f. CLIC model-
dependent method, 
1608.07538).

κ
Γmd

N. Armesto, 11.07.2025Higgs physics at the LHeC: 2. Higgs physics.

U. Klein at ICHEP2024
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●  : coupling strength 
modified parameters, 
powerful method to 
parameterise possible 
deviations from SM couplings 
(SMEFiT, 2105.00006). 

κi

Higgs physics: -frameworkκ

● LHeC PDFs+  improve all HL-
LHC results:

➜ Significantly .
➜ Greatly .
➜ First time .

αs

κt, κτ, κg
κb, κW, κZ

κc

N. Armesto, 11.07.2025Higgs physics at the LHeC: 2. Higgs physics.

J. D’Hondt at the 
Open Symposium 
of the ESPP2026
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Higgs physics: -frameworkκ

● LHeC combines well with LEP3 
wrt. FCCee(240).

N. Armesto, 11.07.2025Higgs physics at the LHeC: 2. Higgs physics.

● LHeC needed to fully unlock the 
potential of FCC-hh.

J. D’Hondt at the Open Symposium of the ESPP2026

SMEFiT, 2105.00006



QCD input:
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● PDFs and  crucial 
for HL-LHC: high 
precision EW, Higgs 
(e.g., remove essential 
part of QCD 
uncertainties of gg→H), 
extension of high-mass 
search range, new 
dynamics at small x:

➜ Precise PDFs.
➜ Per mille-level .
➜ Breaking of 
standard 
factorisation.

αs

αs

Higgs physics at the LHeC: 2. Higgs physics.

DGLAP fit 
to DGLAP 

DGLAP fit to 
saturation 

Δαs(MZ) (incl . DIS) = ± 0.00022(exp+PDF)

Δαs(MZ) (incl . DIS & jets) = ± 0.00016(exp+PDF)



Higgs:
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● PDFs+  
measurements at 
the LHeC reduce 
very strongly the 
corresponding 
uncertainties in the 
Higgs cross section.

αs

● Also constrains 
the mass in the 
SM indirectly in 
EWK fits (mostly 
effect of ).mW

● Sizeable effect of the type of factorisation at small x.

1805.08785

Higgs physics at the LHeC: 2. Higgs physics.



Summary:
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●  LHeC in the landscape of particle 
physics colliders:

➜ Physics case on their own: QCD (precision 
and discovery in ep & eA), EW, top, Higgs, 
BSM.
➜ Enlarge the reach of hadronic colliders into 
(higher) precision, both for pp and for AA.
➜ Complementarities/synergies with hh & 
e+e-.

●  LHeC is not the next flagship project at CERN but it may serve as bridge 
between HL-LHC and a new major project at CERN (2503.17727):

➜ Ultimate exploitation of the results of the LHC (e.g., , Higgs couplings).
➜ Physics program on its own: proton/nuclear structure and dynamics, EW, top , Higgs, BSM.
➜ It facilitates technology (SRF, ERL, detector) and physics (e.g., PDFs for pp and AA, 
combinations of Higgs couplings, complementary regions on searches) for future projects.

mW

Higgs physics at the LHeC. N. Armesto, 11.07.2025



LHeC as a bridge:
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● In standalone mode (ep/eA only), LHeC may be a bridge between major colliders at CERN, 
between the end of the HL-LHC (2041) and the next flagship CERN collider.

Slide by J. D’Hondt

Higgs physics at the LHeC.
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● In standalone mode (ep/eA only), LHeC may be a bridge between major colliders at CERN, 
between the end of the HL-LHC (2041) and the next flagship CERN collider.

Slide by J. D’Hondt

Higgs physics at the LHeC.

Thank you very
 much to:

➜ the organisers
 for the invitation to delive

r this talk!

➜ Uta Klein for comments!

➜ you for your attention!



Backup:
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Accelerators:
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HERA

LHeC

EIC

FCC-eh

FCC-pp
40 TeV

● Thoughts of combining 
LEP with LHC came from 
the start (1990’s).

● LHeC idea born in 2005: 
upgrade of the HL-LHC to 
study DIS at the terascale.

● It should be able to 
run concurrently 
with pp (also FCC-eh), 
plus limitations on power 
consumption, high 
luminosity for Higgs 
studies,… ⇒ energy 

recovery linac as baseline.

Tevatron/HERA/
LEP (fermiscale) → 
HL-LHC/LHeC/
e+e- (terascale)

Higgs physics at the LHeC: 1. Introduction.



Parton luminosities:
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● LHeC provides a complete 
resolution of flavour and gluon 
substructure in single system/
experiment, in unprecedented 
kinematic range (no higher twists, no 
nuclear corrections,…): implications 
for hadron colliders.

● PDFs and  crucial for HL-LHC: 
high precision electro-weak, Higgs 
measurements (e.g., remove 
essential part of QCD 
uncertainties of gg→H), extension 
of high mass search range, non-
linear parton evolution at low x: 
saturation.

αs

Higgs physics at the LHeC: 2. Higgs physics.
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QCD: small x and αs
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DGLAP fit 
to DGLAP 

DGLAP fit 
to saturation 

● Breaking of standard factorisation: resummation 
and new non-linear regime of QCD, implications for 
FCC (e.g., gg→H).

●  to per mille accuracy (incl.+jets):αs

Δαs(MZ) (incl . DIS) = ± 0.00022(exp+PDF)

Δαs(MZ) (incl . DIS & jets) = ± 0.00016(exp+PDF)

Higgs physics at the LHeC: 2. Higgs physics.



BSM physics: invisible Higgs
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U. Klein at ICHEP2024



BSM physics: new scalars from Higgs
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● New exotic scalars (X) from Higgs decay: displaced signatures if long-lived.
● X → 2+ charged particles above pT threshold to identify DV and r>rmin from PV: LLP.

Improvements wrt HL-LHC

8.6. FEEBLY-INTERACTING PARTICLES 135

H†H operator of the SM. The minimal scalar portal model operates with one extra singlet field
S and two types of couplings, µ (or sinq ) and lHS [352]. The coupling constant lHS leads to
pair-production of S but cannot induce its decay, which requires a non-vanishing sinq . This
portal has several theoretical motivations. The new scalar can generate the baryon asymmetry
of the Universe [511] and play the role of mediator between SM particles and light DM in
case of secluded annihilations (cc ! ff , where c is the light DM particle and f the light
scalar mediator) [512]. It can also address the Higgs fine-tuning problem (via the relaxion
mechanism [513]), which generically leads to relaxion-Higgs mixing [514] and provides an
alternative baryogenesis mechanism [515] and a DM candidate [516, 517].

The experimental sensitivities are shown in Fig. 8.17. Shaded grey areas are already ex-
cluded, as detailed in Ref. [360]. The low-mass (< 10 GeV, see Chapter 9), low-coupling range
is optimally covered by SHiP at the Beam Dump Facility and MATHUSLA200. FASER2, with
3 ab�1 will explore the region above few GeV compatible with that of CODEX-b. MATH-
USLA200 has a unique reach in the high-mass and very low-coupling regime. Vertical lines
correspond to the bounds on the Higgs/dark-Higgs quartic coupling lHS and on m2

S/v2 from the
projections for the untagged-Higgs at future colliders [39] (see discussion in [518]). The mass
range above a few GeV can be explored also by CLIC and LHeC/FCC-eh using the displaced-
vertex technique. The large-coupling regime is covered by e+e� colliders using the recoil
technique (e+e� ! ZS) or running at the Z-pole, via the process e+e� ! Z ! S`+`�.

Fig. 8.17: Exclusion limits for a Dark Scalar mixing with the Higgs boson. LHeC, FCC-eh,
CLIC (all stages) curves and the vertical lines correspond to 95% CL exclusion limits, while all
others to 90% CL exclusion limits. See text for details.

In the limit of small mixing angle, one can bound the Higgs/dark-Higgs quartic coupling lHS
via the Higgs invisible width, which is naturally expected to satisfy the relation lHS . m2

S/v2.
In Table 8.3 projections for the constraints on lHS and the scalar mass for various future collider
options are provided.

Covering regions between pp and e+e- / low 
energy experiments



Components, cost, sustainability:
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A. Bogacz, full lattice simulation for ERL at 50 GeV

● Power consumption for this option: 220 MW including the ERL, the single-beam HL-LHC 
and the detector  +60 MW w.r.t. HL-LHC and +75 MW w.r.t. nominal LHC operation.⟶
Higgs physics at the LHeC: 3. Summary.

● Cost estimate for 1/3rd of the LHC, 50 GeV racetrack: 
1.6 BCHF (2018 cost, CERN-ACC-2018-0061), 46% 
corresponding to the SRF ERL accelerator and 24% to 
civil engineering; detector: 360 MCHF (75% calorimetry).

671

1622



Feasibility:
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2035 2041

● Target ep luminosity of  can be 
achieved in 6 years: two years for 
installation and commissioning plus one 
year LS leads to completion in 2050.

● Demonstration of multi-turn high-
current ERL in PERLE in 2029/2030:

1 ab−1



Challenges:
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● Accelerator (ERL in the ECFA Accelerator Roadmap 
and in the 2020 strategy):

➜ High quality SRF cavities integrated in the cryomodule: 
PERLE (iSAS).
➜ High-current, multi-pass ERL → PERLE as demonstrator 
(2029 1-turn, 2030 3-turn).

● Detector (in the ECFA Detector Roadmap):
➜ Keep material budget in the forward direction low 
(MAPS) → synergies with ALICE(3) and ePIC.
➜ Choose between more conservative or more aggressive 
proposal: particle ID, EMCAL? → synergies with EIC.
➜ Further develop an ep/pp option and the possibility of 
reusing existing detectors.

● Machine-detector interface:
➜ Synchrotron radiation protection: beam pipe and inner 
tracking.
➜ 3-beam IR: high aperture, field-free region Q1 (HL-LHC 
complexity). 2-beam configuration simpler.

1810.13022



Synergies between eh and hh programes:
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High precision ep 
measurements used 
as input in hh 
analyses for their 
improvements

ep measurements to considerably 
improve hh physics output, e.g., in 
final combinations

ep analyses with 
sensitivity complementary 
to hh analyses to 
complete the overall hh 
physics program 

→ Empowerment of hh 
program.
→ Input to pp physics 
analyses improving sizable 
uncertainties and limitations.

→ Competitive measurements and combination of results.
→ Uncorrelated uncertainties.
→ Resolve common/correlated expt. uncertainties.
→ Resolve correlations in parameters of interest.
→ Empowers global fits.

→ High precision QCD analyses.
→ High precision measurements 
of specific parameters.
→ Searches in complementary 
phase space regions.

 hh 

Higgs physics at the LHeC: 3. Summary. N. Armesto, 11.07.2025


