
LHeC, PERLE and FCC-eh

50 x 7000 GeV2: 1.2 TeV ep collider

Operation: 2035+, Cost: O(1) BCHF

CDR: 1206.2913 J.Phys.G (550 citations)

Upgrade to 1034 cm-2s-1, for Higgs, BSM

CERN-ACC-Note-2018-0084 (ESSP)

CERN-ACC-Note-2020-0002 àarXiv (July)

Powerful ERL for Experiments @ Orsay
CDR: 1705.08783 J.Phys.G
CERN-ACC-Note-2018-0086 (ESSP)

Operation: 2025+, Cost: O(20) MEuro

LHeC ERL Parameters and Configuration
Ie=20mA, 802 MHz SRF, 3 turns à
Ee=500 MeV à first 10 MW ERL facility

BINP, CERN, Daresbury, Jlab, Liverpool, Orsay (IJC), +

M Klein, O Bruening on LoIs for future ep:
Snowmass Meeting on TeV Colliders
8 July 2020, for the LHeC+PERLE+FCCeh

60 x 50000 GeV2: 3.5 TeV ep collider

Operation: 2050+, Cost (of ep) O(1-2) BCHF

Concurrent Operation with FCC-hh

FCC CDR: 
Eur.Phys.J.ST 228 (2019) 6, 474 Physics
Eur.Phys.J.ST 228 (2019) 4, 755 FCC-hh/eh

Future CERN Colliders: 1810.13022 Bordry+



title
DIS: the cleanest high 
resolution microscope
and a laboratory for
new particles and
new dynamics.

Taken from a poster to Lepton-Photon 2019 MK. See also arXiv:1802.04317 4



Machine Parameters and Operation - ep

For comparison, HERA I operated at 1031cm-2s-1, and was upgraded by a factor of up to 4 for HERA II
The total luminosity delivered was 1 fb-1 over a running period of 15 years, including shutdowns.
LHeC may operate at 20 x 1000 GeV2 and ”repeat” all of HERA in a short running period. 

The updated CDR considers a Ring-Ring ep collider as a back-up solution. May be revived for HE-LHC.

CERN-ACC-Note-2020-0002 àarXiv (July)

No pileup



LHeC in more Detail

- LHeC Configuration reduced from 60 to 50 GeV.
- LINAC: 112 cryomodules with 4 cavities each
à Total number of cavities: 896 [ILC: O(104)]

- Configuration may be staged with less RF
- Tunnel is small part of cost and better not 

reduced further, synchrotron loss, upgrades.. 
- ERL reduces power to << GW and dumps at < GeV

à novel, “green” accelerator technology

CERN-ACC-Note-2020-0002 àarXiv (July)

Positrons: 500pC is 3 109e-/bunch à 20mA and 1.2 1017 e-/s
LHeC programme needs e-p predominantly (Higgs) and only 
smaller e+p sample, ~fb-1à O(1015) e+/s, still demanding!
High intensity with yy or FEL options of LHeC (Frank Z)



Machine Parameters - eA

CERN-ACC-Note-2020-0002 àarXiv (July)

The LHeC and FCC-eh are the highest energy, most powerful electron-ion colliders the world may build.



Developments +Partners
SCRF: High Q0, complete Cryomodule

High Current Source (e-, P, e+)

Interaction Region Design and Q1 Prototype:

CERN, Jlab, Orsay +

BINP, BNL/Cornell (cBETA), Daresbury, IJC, Jlab, + 

BNL, CERN, +

Next: dressed cavity (HOMs), 100mA
Adapt SPL Cryomodule for PERLE

F Marhauser et al

B Militsyn et al

B Holzer, B Parker, S Russenschuck et al

PE
RL

E/
LH

eC

Jointly with FCC-ee

PERLE will
begin with 
5mA ALICE
source, which
has been 
transferred
from Daresbury
to Orsay while
UK was in EU..

Cf recent meeting: https://indico.cern.ch/event/923021/

https://indico.cern.ch/event/923021/


TeVatron-LEP/SLC-HERA eventually established the SM.

LHeC and FCC-eh Developments have the aim to
to restore the hh-eh-ll symmetry as is particularly 
important for the current situation of particle physics.

The baseline of the LHeC/FCC-eh is a multi-turn, large 
current energy recovery linac in racetrack configuration. 

The luminosity reach is 1034 cm-2s-1 leading to O(1) ab-1

owing to the intense hadron beams of the LHC/FCC.

An ERL demonstrator has been designed and is being 
developed for built at IJC laboratory at Orsay, by an
international collaboration, open for partners.

ERL has been recognized by the ESSP as one of the far
reaching new accelerator technologies to be developed.

An informative network exists for exchange of expertise
between several ERL facilities, not least CEBAF and CBeta

Specific ep tasks for the next year development are:

- High quality SRF, towards a complete cryomodule
[4 cavities of 802 MHz frequency, with FRT possibly]

- High current electron sources (with polarization, e+)

- ep 3-beam interaction region for concurrent 
ep and pp operation and head-on ep collision, 
with special demands on the focusing magnets

We are presenting to EF, QCD and other physics working
groups. 

The LoI process on accelerator, detector and physics
is being discussed for submission end of August, glad
to have your input, especially on synergies.

For ep and eA it is of interest to be in contact with the
American community and assist in the Snowmass 
evaluation of its physics and technology. 

Thank you for inviting to this process.

A few summarising remarks



LHeC Detector

Study of installation (sequence)
of LHeC detector in IP2 cavern
using L3 magnet support structure
[commensurate with 2 year shutdown] 

L=13.2 m [FCCeh:19.3 about CMS size] 

R=4.8 m
[6.2 FCCeh]
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