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LHeC

FCC CDR:
Eur. Phys. J. C 79, no. 6, 
474 (2019) - Physics
Eur. Phys. J. ST 228, no. 
4, 755 (2019) - FCC-hh/eh

Lint = 1-2 ab-1 (1000×HERA!)
• operated after HL-LHC data taking

• operated 
synchronously 
with FCC-hh

Energy Recovering Linac (ERL)

arXiv:2503.17727

under construction IJCLab, Orsay 

• Technological innovation: PERLE, 
under construction@IJCLab, Orsay

LHeC CDRs: 
arXiv:1206.2913, J. Phys. G 39 075001 (2012) 
arXiv:2007.14491, J. Phys. G 48, 11, 110501 (2021

(integrated lumi of 180 fb-1 per year)
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arXiv: 2503.17727 [hep-ex]

https://arxiv.org/abs/2503.17727
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The Large Hadron-Electron Collider at the HL-LHC
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5 pages summary:

h"ps://cds.cern.ch/record/2729018/files/ECFA-Newsle"er-5-Summer2020.pdf	

acce
pted

O. Brüning, M. Klein 

Eur. Phys. J. C 82 (2022) 1, 40

Bridge project: 2503.17727 [hep-ex]

https://arxiv.org/abs/2503.17727
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Complementary searches for new phenomena
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… and much more

LHeC and FCC CDRs: 
and several 
dedicated 
publications 
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Complementary searches for new phenomena
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➞ only a few specific examples given here

• ep collider is ideal to study common features 
 of electrons and quarks with
 - Electroweak / Vector Boson Fusion 
production, Leptoquarks, forward objects, long-
lived particles, Dark Matter

• Differences and complementarities with pp 
colliders

• Some promising aspects:
- small background due to absence of QCD 
interaction between e and p
- very low pileup

• Some difficult aspects:
   low production rate for NP processes due to 

small center of mass energy
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10

• 

• 

➞

-
-

-
-

-

detector allows detection of secondary vertices displaced by O(0.1)mm 
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Figure 1: Feynman diagrams for the dark photon production processes in electron-proton collisions. Here p and X denotes a parton
from the beam proton before and after the scattering process, respectively.

Figure 2: Production cross section for dark photons, via the process e�p ! e��0X, with X denoting a number of hadrons. The
dashed and solid line represents the lower transverse momentum cut on X to be 5 and 10 GeV, respectively.

comparable (larger) cross section and results in larger (smaller) angles for the �0 emission. We expect that
these processes could potentially increase the signal strength. Nonetheless, a quantitative statement requires a
dedicated analysis, which is beyond the scope of this paper.

The signal is given by the process e�p ! e�X�0, where X denotes the final state hadrons, and the dark
photon �0 decays into two charged fermions. This process is shown schematically in Fig. 3. In general in collisions
with low momentum transfer the scattering angles of the electron and X are small compared to the respective
beams. Therefore the electron and proton beams are used to define the backward and forward hemispheres of the
detector, which are optimized for low energy electromagnetic radiation and high energy hadrons, respectively.

Characteristic for the DIS production process of the dark photon are the small scattering angles of the de-
flected electron and parton from the beam interaction, which are, however, still within the geometric acceptance
of the LHeC and FCC-he detectors. The �0 is typically emitted from the electron and has a very small emission
angle. We find in our numerical simulation that the decay products, the fermion pair, carry a low momentum,
and a transverse momentum that is roughly twice the dark photon mass. For m�0 > 10 MeV, the resulting
transverse momentum together with the magnetic field in the detector with B = 3.5 T yields a gyroradius for
electrons that is larger than the radius of the beam pipe (which is asymmetric: on three sides 2.2 cm and 11 cm

Figure 3: Sketch of the signal signature of a displaced dark photon decay. The proton (electron) beam is denoted by the larger
(smaller) arrow from left to right (from right to left). The position of the primary vertex is inferred from the hadronic final state
X and the scattered electron e. From the primary vertex (labeled “PV” ) inside the interaction region the dark photon �0 emerges
and decays after some finite distance into the two charged particles f+ and f�.
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these processes could potentially increase the signal strength. Nonetheless, a quantitative statement requires a
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detector, which are optimized for low energy electromagnetic radiation and high energy hadrons, respectively.
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Figure 3: Sketch of the signal signature of a displaced dark photon decay. The proton (electron) beam is denoted by the larger
(smaller) arrow from left to right (from right to left). The position of the primary vertex is inferred from the hadronic final state
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Search for Dark Photons
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section, which also has contributions from strange and
charm quarks. We estimate that the increased production
cross section will be Oð10Þ% bigger, which renders our
result somewhat conservative. We consider the benchmark
masses mγ0 ¼ 10 MeV and from 50 to 800 MeV in steps
of 50 MeV.
First, we assume that a displaced decay of a dark photon

into a pair of charged SM particles can be detected with
100% efficiency and that all the above mentioned back-
ground processes are reducible without further effect on the
signal efficiency. We show the contour lines for N ¼ 1, 10,
and 100 expected dark photon decays at the LHeC and the
FCC-he under this assumption in the four panels of Fig. 5.
The above assumption on the number of background

events and signal efficiency is an optimistic approximation,
and in a real experiment irreducible backgrounds may exist,
the rejection of which, along with reconstruction losses and
further detector effects, may affect the sensitivity of the
experiment to the dark photon signature. To get an
impression on how these effects modify our prediction
for the exclusion power of the LHeC and the FCC-he, we
show contour lines for four different hypotheses at the
90% confidence level (C.L.) in Fig. 6, for the LHeC and the
FCC-he with total integrated luminosity of 1 ab−1 and
3 ab−1, respectively. For the signal significance at
90% C.L. with zero background events, we require 2.3
and 11.5 events for signal and triggering efficiencies of
100% and 20%, respectively; similarly, for 100 background
events, we require 14.1 and 70.4 signal events for effi-
ciencies of 100% and 20%, respectively. The final exclu-
sion sensitivity of the LHeC and the FCC-he for the
considered number of background events is inside the
colored area, depending on the real signal efficiency.
In Fig. 6, we consider final-state hadrons with transverse

momentum of at least 5 GeV to ensure the DIS regime
of the production process. Although they are very small,

we do not expect the momentum threshold of 5 GeV to
pose a problem to the experimental analysis, since the final
states (consisting of an electron with about 60 GeV, hadrons
in the forward direction, and two low-energy leptons or
mesons in the backward direction) all typically have scatte-
ring angles of a few degrees with respect to the beams,
which are well within the geometric detector acceptance.
Also included in the figure are the present exclusion

bounds on the dark photon, denoted by the gray area. The
limits in the lower-left corner of the figure stem from dark
photon searches at the beam-dump experiments E141 [6],
E774 [7], one in Orsay [8], and the updated constraints
from the NuCal experiment from Ref. [28]; the upper limits
on the mixing are from the beam-dump experiment
NA48 [9] and the electron-positron collider experiment
BABAR [10]. Shown by the light gray region and labeled
with “LHCb” is the region currently tested by the LHCb
experiment in their search for long-lived particles [18].
A preliminary evaluation of the sensitivity to dark photons
at the LHeC and FCC-he as presented in this paper had
been reported in Ref. [42] (Fig. 8.16), wherein they are
compared with the potential sensitivity of several other
future facilities, illustrating how electron-proton colliders
offer a complementary coverage in a low-mass and inter-
mediate coupling regime.
It is important to realize that in particular, the final-state

electrons are very difficult to test in any other present and
future experiment for masses below the dimuon production
threshold. Electron-proton colliders will offer an excellent
coverage for dark photon masses around 0.2 GeV and
mixing above 10−5.

IV. CONCLUSIONS

Extending the SM gauge group with an additional Uð1ÞX
factor gives rise to a dark photon that interacts with the SM
fermions via kinetic mixing. The interaction strength is

FIG. 6. Projected sensitivity of dark photon searches at the LHeC and FCC-he via displaced dark photon decays. The sensitivity
contour lines are at the 90% confidence level and consider a transverse momentum cut on the final-state hadrons of 5 GeV. The blue and
red areas denote the assumption of zero and 100 background events, respectively; the solid and dashed lines correspond to
reconstruction efficiencies of 100% and 20%, respectively. The shaded gray area labeled with “LHCb” is currently being tested by the
LHCb experiment [18]. See text for details.
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Figure 1: Feynman diagrams for the dark photon production processes in electron-proton collisions. Here p and X denotes a parton
from the beam proton before and after the scattering process, respectively.

Figure 2: Production cross section for dark photons, via the process e�p ! e��0X, with X denoting a number of hadrons. The
dashed and solid line represents the lower transverse momentum cut on X to be 5 and 10 GeV, respectively.
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these processes could potentially increase the signal strength. Nonetheless, a quantitative statement requires a
dedicated analysis, which is beyond the scope of this paper.
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Figure 3: Sketch of the signal signature of a displaced dark photon decay. The proton (electron) beam is denoted by the larger
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LHeC allows detection of secondary vertices displaced by O(0.1)mm 

90% CL

8.6. FEEBLY-INTERACTING PARTICLES 133

of the efforts have so far concentrated on the search for new particles with sizeable couplings1

to SM particles and masses above the EW scale. An alternative possibility, largely unexplored,2

is that particles responsible for the still unexplained phenomena are below the EW scale and3

have not been detected because they interact too feebly with SM particles. These particles4

would belong to an entirely new sector, the so-called hidden or dark sector. While masses and5

interactions of particles in the dark sector are largely unknown, the mass range between the6

MeV and tens of GeV appears particularly interesting, both theoretically and experimentally,7

and is the subject of this section.8

An important motivation for new physics in this mass range is DM (see Chapter 9), which9

could be made of light particles, with either a thermal or non-thermal cosmological origin. Ther-10

mal DM in the MeV–GeV range with SM interactions is overproduced in the early Universe11

and therefore viable scenarios require additional SM neutral mediators to deplete the overabun-12

dance [484–489]. These mediators, which must be singlets under the SM gauge symmetry, can13

lead to couplings of feebly-interacting particles to the SM through portal operators.14

8.6.1 The formalism of portals15

Portals are the lowest canonical-dimension operators that mix new dark-sector states with gauge-16

invariant (but not necessarily Lorentz-invariant) combinations of SM fields. Following closely17

the scheme used in the Physics Beyond Colliders study [354], four types of portal are consid-18

ered:19

Portal Coupling
Vector (Dark Photon, Aµ ) � e

2cosqW
F 0

µnBµn

Scalar (Dark Higgs, S) (µS +lHSS2)H†H
Fermion (Sterile Neutrino, N) yNLHN

Pseudo-scalar (Axion, a) a
fa

Fµn F̃µn , a
fa

Gi,µnG̃µn
i ,

∂µ a
fa

ygµg5y

20

Here F 0
µn is the field strength for the dark photon, which mixes with the hypercharge field21

strength Bµn ; S is the dark Higgs, a new scalar singlet that couples to the SM Higgs doublet H;22

and N is a heavy neutral lepton (HNL) that couples to the SM left-handed leptons. These three23

cases are the only possible renormalisable portal interactions. While many new operators can24

be written at the non-renormalisable level, a particularly important example is provided by the25

axion (or axion-like) particle a that couples to gauge and fermion fields at dimension five.26

8.6.2 Experimental sensitivities27

The portal framework is used to define some benchmark cases, for which sensitivities of dif-28

ferent experimental proposals are evaluated and compared with each other. Unless otherwise29

stated, all limits presented in this section correspond to 90% CL, since the majority of the liter-30

ature has been using this standard.31

Vector portal32

New light vector particles mixed with the photon are not uncommon in BSM models containing33

hidden sectors, possibly related to the DM problem. The parameters describing this class of34

models are e , aD, mA0 and mc , where e is the mixing parameter between the dark and ordinary35

photon; aD = g2
D/4p is the coupling strength of the dark photon with DM; and mA0 and mc36

are the dark photon and DM particle mass, respectively. The study of experimental sensitivities37

• have masses around the GeV scale and 
their interactions are QED-like, scaled 
with the small mixing parameter ε
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Figure 1: Feynman diagrams for the dark photon production processes in electron-proton collisions. Here p and X denotes a parton
from the beam proton before and after the scattering process, respectively.

Figure 2: Production cross section for dark photons, via the process e�p ! e��0X, with X denoting a number of hadrons. The
dashed and solid line represents the lower transverse momentum cut on X to be 5 and 10 GeV, respectively.

comparable (larger) cross section and results in larger (smaller) angles for the �0 emission. We expect that
these processes could potentially increase the signal strength. Nonetheless, a quantitative statement requires a
dedicated analysis, which is beyond the scope of this paper.

The signal is given by the process e�p ! e�X�0, where X denotes the final state hadrons, and the dark
photon �0 decays into two charged fermions. This process is shown schematically in Fig. 3. In general in collisions
with low momentum transfer the scattering angles of the electron and X are small compared to the respective
beams. Therefore the electron and proton beams are used to define the backward and forward hemispheres of the
detector, which are optimized for low energy electromagnetic radiation and high energy hadrons, respectively.

Characteristic for the DIS production process of the dark photon are the small scattering angles of the de-
flected electron and parton from the beam interaction, which are, however, still within the geometric acceptance
of the LHeC and FCC-he detectors. The �0 is typically emitted from the electron and has a very small emission
angle. We find in our numerical simulation that the decay products, the fermion pair, carry a low momentum,
and a transverse momentum that is roughly twice the dark photon mass. For m�0 > 10 MeV, the resulting
transverse momentum together with the magnetic field in the detector with B = 3.5 T yields a gyroradius for
electrons that is larger than the radius of the beam pipe (which is asymmetric: on three sides 2.2 cm and 11 cm

Figure 3: Sketch of the signal signature of a displaced dark photon decay. The proton (electron) beam is denoted by the larger
(smaller) arrow from left to right (from right to left). The position of the primary vertex is inferred from the hadronic final state
X and the scattered electron e. From the primary vertex (labeled “PV” ) inside the interaction region the dark photon �0 emerges
and decays after some finite distance into the two charged particles f+ and f�.
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• have masses around the GeV scale and 
their interactions are QED-like, scaled 
with the small mixing parameter ε

8.6. FEEBLY-INTERACTING PARTICLES 133

of the efforts have so far concentrated on the search for new particles with sizeable couplings1

to SM particles and masses above the EW scale. An alternative possibility, largely unexplored,2

is that particles responsible for the still unexplained phenomena are below the EW scale and3

have not been detected because they interact too feebly with SM particles. These particles4

would belong to an entirely new sector, the so-called hidden or dark sector. While masses and5

interactions of particles in the dark sector are largely unknown, the mass range between the6

MeV and tens of GeV appears particularly interesting, both theoretically and experimentally,7

and is the subject of this section.8

An important motivation for new physics in this mass range is DM (see Chapter 9), which9

could be made of light particles, with either a thermal or non-thermal cosmological origin. Ther-10

mal DM in the MeV–GeV range with SM interactions is overproduced in the early Universe11

and therefore viable scenarios require additional SM neutral mediators to deplete the overabun-12

dance [484–489]. These mediators, which must be singlets under the SM gauge symmetry, can13

lead to couplings of feebly-interacting particles to the SM through portal operators.14

8.6.1 The formalism of portals15

Portals are the lowest canonical-dimension operators that mix new dark-sector states with gauge-16

invariant (but not necessarily Lorentz-invariant) combinations of SM fields. Following closely17

the scheme used in the Physics Beyond Colliders study [354], four types of portal are consid-18

ered:19

Portal Coupling
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Scalar (Dark Higgs, S) (µS +lHSS2)H†H
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Here F 0
µn is the field strength for the dark photon, which mixes with the hypercharge field21

strength Bµn ; S is the dark Higgs, a new scalar singlet that couples to the SM Higgs doublet H;22

and N is a heavy neutral lepton (HNL) that couples to the SM left-handed leptons. These three23

cases are the only possible renormalisable portal interactions. While many new operators can24

be written at the non-renormalisable level, a particularly important example is provided by the25

axion (or axion-like) particle a that couples to gauge and fermion fields at dimension five.26

8.6.2 Experimental sensitivities27

The portal framework is used to define some benchmark cases, for which sensitivities of dif-28

ferent experimental proposals are evaluated and compared with each other. Unless otherwise29

stated, all limits presented in this section correspond to 90% CL, since the majority of the liter-30

ature has been using this standard.31

Vector portal32

New light vector particles mixed with the photon are not uncommon in BSM models containing33

hidden sectors, possibly related to the DM problem. The parameters describing this class of34

models are e , aD, mA0 and mc , where e is the mixing parameter between the dark and ordinary35

photon; aD = g2
D/4p is the coupling strength of the dark photon with DM; and mA0 and mc36

are the dark photon and DM particle mass, respectively. The study of experimental sensitivities37
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comparable (larger) cross section and results in larger (smaller) angles for the �0 emission. We expect that
these processes could potentially increase the signal strength. Nonetheless, a quantitative statement requires a
dedicated analysis, which is beyond the scope of this paper.

The signal is given by the process e�p ! e�X�0, where X denotes the final state hadrons, and the dark
photon �0 decays into two charged fermions. This process is shown schematically in Fig. 3. In general in collisions
with low momentum transfer the scattering angles of the electron and X are small compared to the respective
beams. Therefore the electron and proton beams are used to define the backward and forward hemispheres of the
detector, which are optimized for low energy electromagnetic radiation and high energy hadrons, respectively.

Characteristic for the DIS production process of the dark photon are the small scattering angles of the de-
flected electron and parton from the beam interaction, which are, however, still within the geometric acceptance
of the LHeC and FCC-he detectors. The �0 is typically emitted from the electron and has a very small emission
angle. We find in our numerical simulation that the decay products, the fermion pair, carry a low momentum,
and a transverse momentum that is roughly twice the dark photon mass. For m�0 > 10 MeV, the resulting
transverse momentum together with the magnetic field in the detector with B = 3.5 T yields a gyroradius for
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Figure 3: Sketch of the signal signature of a displaced dark photon decay. The proton (electron) beam is denoted by the larger
(smaller) arrow from left to right (from right to left). The position of the primary vertex is inferred from the hadronic final state
X and the scattered electron e. From the primary vertex (labeled “PV” ) inside the interaction region the dark photon �0 emerges
and decays after some finite distance into the two charged particles f+ and f�.
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Search for heavy neutrinos
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Heavy Majorana neutrinos in τ final states

Search for heavy neutrinos
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Search for heavy sterile neutrinos
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Search for axion-like particles (ALPs)

17
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Search for axion-like particles (ALPs)

18

→ promising sensitivity beyond LHC reach

LHeC

LHC

LHC

Phys. Rev. D 107, 115025 (2023)
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Anomalous FCNC tuγ, tuZ Couplings

19

test exotic models 
leading to FCNC
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FCNC Top Quark Couplings

20

complementarity 
of colliders

test little Higgs, 
SUSY, 
technicolor, …
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High Mass Searches at the LHC via EFT

21

➞ considerable improvement (up to factor 1.7) in reach of 
new physics mass scale using LHeC PDFs and αs 
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• LHeC great potential for a compelling and competitive physics programme 
• This includes direct and indirct searches for new physics 
• An electron-proton facility represents a seminal opportunity on its own but also in particular in 
combination of pp with ep 

• here some examples of the studies carried out are presented, more could be done 

•

Conclusions

22

The LHeC offers an achievable bridging 
project for CERN, with an impactful 
physics programme, including further 
empowerment of the HL-LHC 
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Backup
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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.

Search for new scalars
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• Interpreting the results for a specific model, where lifetime and production rate 
of the LLP are governed by the scalar mixing angle 

• The contours are for 3 events and consider displacements larger than 50 μm to 
be free of background.

→ covering complementary region

8.6. FEEBLY-INTERACTING PARTICLES 133

have not been detected because they interact too feebly with SM particles. These particles
would belong to an entirely new sector, the so-called hidden or dark sector. While masses and
interactions of particles in the dark sector are largely unknown, the mass range between the
MeV and tens of GeV appears particularly interesting, both theoretically and experimentally,
and is the subject of this section.

An important motivation for new physics in this mass range is DM (see Chapter 9), which
could be made of light particles, with either a thermal or non-thermal cosmological origin. Ther-
mal DM in the MeV–GeV range with SM interactions is overproduced in the early Universe
and therefore viable scenarios require additional SM neutral mediators to deplete the overabun-
dance [490–495]. These mediators, which must be singlets under the SM gauge symmetry, can
lead to couplings of feebly-interacting particles to the SM through portal operators.

8.6.1 The formalism of portals
Portals are the lowest canonical-dimension operators that mix new dark-sector states with gauge-
invariant (but not necessarily Lorentz-invariant) combinations of SM fields. Following closely
the scheme used in the Physics Beyond Colliders study [360], four types of portal are consid-
ered:

Portal Coupling
Vector (Dark Photon, Aµ ) � e

2cosqW
F 0

µnBµn

Scalar (Dark Higgs, S) (µS +lHSS2)H†H
Fermion (Sterile Neutrino, N) yNLHN

Pseudo-scalar (Axion, a) a
fa

Fµn F̃µn , a
fa

Gi,µnG̃µn
i ,

∂µ a
fa

ygµg5y

Here F 0
µn is the field strength for the dark photon, which mixes with the hypercharge field

strength Bµn ; S is the dark Higgs, a new scalar singlet that couples to the SM Higgs doublet H;
and N is a heavy neutral lepton (HNL) that couples to the SM left-handed leptons. These three
cases are the only possible renormalisable portal interactions. While many new operators can
be written at the non-renormalisable level, a particularly important example is provided by the
axion (or axion-like) particle a that couples to gauge and fermion fields at dimension five.

8.6.2 Experimental sensitivities
The portal framework is used to define some benchmark cases, for which sensitivities of dif-
ferent experimental proposals are evaluated and compared with each other. Unless otherwise
stated, all limits presented in this section correspond to 90% CL, since the majority of the liter-
ature has been using this standard.
Vector portal
New light vector particles mixed with the photon are not uncommon in BSM models containing
hidden sectors, possibly related to the DM problem. The parameters describing this class of
models are e , aD, mA0 and mc , where e is the mixing parameter between the dark and ordinary
photon; aD = g2

D/4p is the coupling strength of the dark photon with DM; and mA0 and mc
are the dark photon and DM particle mass, respectively. The study of experimental sensitivities
at future colliders is performed in the plane of e versus mA0 , assuming aD to be negligible
with respect to e . It is important to note that only minimal Dark Photon models have been

FCC-ee
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Determination of the strong coupling

25

➞ considerable improvement of world average

• αs is least known 
coupling constant

LHeC

LHeC CDRs and 
arXiv:2203.08271 

• αS from fits to ep jet production LHeC
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Status of the facility: Energy Recovery Linacs (ERL)

26

• Demonstrating ERL: scalability is critical path
• Prototype (PERLE @ IJCLab / Orsay) implementation started
• First stage (one turn) by 2028, 3 turns in 2029

multi-turn ERL based 
on SRF technology
(3-turns, 500 MeV, 20 mA)

→ first 10 MW 
    ERL facility 

CDR: J. Phys. G 45 (2018) 6, 065003
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R&D Need: Detector Design

27

Compact
13m x 9m (c.f.
CMS 21m x 15m,
ATLAS 45m x 25m)
Hermetic
- 1o tracking
acceptance
forward & 
backward
Beamline also
well instrumented

FCC-eh: 19m x 12m

Could be built now, but many open questions:
- a snapshot in time, borrowing heavily from (HL)-LHC (particularly ATLAS)
- possibly lacking components for some ep/eA physics (e.g. Particle ID)
- not particularly well integrated or optimized
… synergies with EIC, LHCb, ALICE3, future lepton colliders still to be explored

Eur. Phys. J. C 82 (2022) 1, 40
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Estimates of sustainability

28

➞  aspects of sustainability are 
being collected and reviewed 
by a dedicated working group 
of the LDG (Lab Directors 
Group), in due time this report 
will become public

• ‘sustainable’ 
acceleration:
~100 MW (similar to 
LHC today)

• green technology
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Costs and personpower

29

• 1-1.8 BCHF: in 10 years means ~8-14% of the 
CERN annual budget

• detector: ~few x 100 MCHF, presumably mostly 
coming from contributions via an experimental 
collaboration, so not core CERN funds 

• Considering electricity price of 0.1CHF/kWh: 
additional operation cost for the LHeC at around 
15MCHF to 30MCHF per year (similar to LHC)

• accelerator implementation: total personpower 
need of ca. 2500 Person Years (2300 of CERN 
staff plus personpower from international 
collaborations)

• operating the LHeC: with only one experimental 
insertion of one proton beam and ERL facility is 
comparable to the needs of to HL-LHC with two 
proton beams and 4 experimental insertions

costs: 2018

CERN-ACC-2018-0061, ATS report approved by 
director of accelerators, Frederick Bordry


