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Linac-Ring Collider, LHeC and FCC-eh
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e beam: 50, 60 GeV

Energy Recovering Linac

• operated synchronously with HL-LHC: 
   e beam: 50 GeV × p beam: 7 TeV:    
   √s=1.2 TeV
• operation: 2035+
• cost: O(1) BCHF
• luminosity of 1034 cm-2s-1

Lint = 1-2 ab-1 (1000×HERA!)

FCC-eh

LHeC

LHeC CDRs: 
arXiv:1206.2913, J. Phys. G 39 075001 (2012) 
arXiv:2007.14491 (accepted in J. Phys. G)

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

• operated synchronously with FCC-hh: 
   e beam: 60 GeV × p beam: 50 TeV: 
    √s=3.5 TeV
• operation: 2050+
• cost: O(1-2) BCHF

• The	LHeC	as	Part	of	the	
HL-LHC	Programme,	
Ludovica	Aperio	Bella,	
Apr	15,	2021,	8:50	AM	 

• DIS	(EIC	&	LHeC)	physics	
and	connec@ons	to	LHC,	
Tim	Hobbs,	Friday,	Apr	
16,	10:15	AM	 
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The Large Hadron-Electron Collider at the HL-LHC
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156 institutions involved

5 pages summary:

hAps://cds.cern.ch/record/2729018/files/ECFA-NewsleAer-5-Summer2020.pdf	

acce
pted

O. Brüning, M. Klein 
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Colliders in Europe at the energy & precision frontier
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The Large Hadron-Electron Collider at the HL-LHC
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Ursula Bassler (Chair of CERN Council), Talk about “European Strategy for Particle Physics: towards 
the next collider at CERN”, given at the German Physics Society Spring Conference, March 2021 
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Timeline of Future Colliders in European Strategy
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CERN/ESG/05b

extracted from 
submitted inputs 
by U. Bassler
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Energy Recovering Linac (ERL)
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•LHeC Configuration reduced from 60 to 50 GeV

•LINAC: 112 cryomodules with 4 cavities each 
 ➞ 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 

➞ novel, “green” accelerator technology and save energy

LHeC/FCC-eh: needs high luminosity, high energy:  
High ERL power facility P=Ie Ee 

• high	quality	Superconduc@ng	
Radio	Frequency	(Q0	>	1010)	

• high	current	sources	

• mul@turn	to	reach	high	Ee	

Technical	Synergies	of	LHeC	with	other	applica@ons	
• operate	the	ILC	as	an	ERL:	boost	luminosity	to	1036	cm-2s-1 

Vladimir	Telnov	at	the	March	21	LCWS	 

• 	SAPPHIRE:	a	γγ	collider	:	Higgs,	EWK	and	QCD	machine	 
F.	Zimmermann	et	al.,	arXiv:1208.2827	 

• 	Racetrack	as	an	injector	into	FCC-ee	[direct	into	Z]	 
O.	Bruening,	Y.	Papaphilippou	 

• 	HeC-FEL	 
F.	Zimmermann	et	al.,	work	in	progress	 

• 	Injector	into	FCC-hh	 
R.	Calaga	 

• 	Proposal	of	ERL	Version	of	FCC-ee	for	high	Lumi	at	high	Ee	 
V	Litvinenko,	T	Roser,	M	Chamizo-Llatas	arXiv:	1909.04437	 

• 	802	MHz	technology:	PERLE,	FCC-ee,	eSPS	 
F	Marhauser,	B	Rimmer	et	al.	 

• 	704	MHz	SPL	Cryomodule	(CERN)	modified	for	PERLE	 
F	Gerigk,	E	Jensen	et	al.	 

• ALICE	(Daresbury)	Gun	delivered	to	Orsay	for	PERLE	 
D	Angal-Kalinin,	B	Militsyn	et	al.	 

• 	JLEIC	Booster	(Jlab)	likely	to	be	used	in	PERLE	 
F	Hannon,	B	Rimmer	et	al.	 

• 	Forward	Calorimetry:	FCC-hh	and	ee	colliders	/	CALICE… 

• 	Inner	Tracker/CMOS:	ee	colliders,	new	HI	detector	at	IP2	 

• 	... 
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Powerful ERL for Experiments (PERLE) @ Orsay
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Chris Tennant (JLab)

CDR: 1705.08783, J. Phys. G
CERN-ACC-Note-2018-0086 (ESSP)

• The	ERL	Facility	PERLE	at	Orsay,	Alex	Bogacz,	Apr	13,	10:15	AM	 

PERLE	Collaboralon	(2021):	CERN,	Cornell,	Daresbury,	
JLab,	Liverpool,	Novosibirsk	(BINP),	Orsay	(IJC)	

• LHeC Technology Development Facility 
• high luminosity particle and nuclear physics experiments

• part of global ERL Developments
(Roadmap end of 2021)

• synergies: ERL Concepts for FCC-ee and ILC

➞ high precision elastic ep scattering,  
photo-nuclear reactions, …
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Powerful ERL for Experiments (PERLE) @ Orsay
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Chris Tennant (JLab)

CDR: 1705.08783, J. Phys. G
CERN-ACC-Note-2018-0086 (ESSP)

Ie=20mA

Ee=500 MeV 

802 MHz SRF
3 turns 

→ first 10 MW ERL facility 

PERLE	Collaboralon	(2021):	CERN,	Cornell,	Daresbury,	
JLab,	Liverpool,	Novosibirsk	(BINP),	Orsay	(IJC)	

• LHeC Technology Development Facility 
• high luminosity particle and nuclear physics experiments

• part of global ERL Developments
(Roadmap end of 2021)

• synergies: ERL Concepts for FCC-ee and ILC

➞ high precision elastic ep scattering,  
photo-nuclear reactions, …
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Powerful ERL for Experiments (PERLE) @ Orsay
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LHeC Detector Design
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LHeC Calorimeter Design
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LHeC Tracker Design
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New idea to combine LHeC and A3
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arXiv:1902.01211
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New idea to combine LHeC and A3
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arXiv:1902.01211
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Deep Inelastic Scattering at the Energy Frontier
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•  cleanest high resolution 
microscope: QCD discovery 


•  empowering the LHC/FCC 
search program

•  precision Higgs facility 
together with LHC/FCC-hh

•precision and discovery 
facility (top, EWK, BSM)

•  unique nuclear physics 
facility 

deliveries of ep/eA 
at the energy frontier 

➞ diversity
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Parton Density Functions
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PDF
• Determina@on	of	the	Parton	Densi@es	in	the	Proton	at	the	LHeC,	Claire	Gwenlan,	Apr	14,	10:50	AM	 
• Small-x	Physics	at	the	LHeC	and	FCC-eh,	Anna	Stasto,	Apr	15,	2021,	1:27	PM	 

LHeC provides a single, coherent 
base for PDF determination to N3LO
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Parton Density Functions

18

PDF QGP

• Electron-Ion	Collisions	at	the	LHeC	and	FCC-eh,	Heikki	Mäntysaari,	Apr	13,	1:08	PM	 
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Parton Density Functions
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QGPPDF
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Parton Density Functions
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PDF QGP
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Precision: Electroweak and top quark physics
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https://lhec.web.cern.ch/

EWK
• Precision	electroweak	measurements	at	the	LHeC	and	the	FCC-eh,	Daniel	Britzger,	Apr	15,	1:27PM	 
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https://lhec.web.cern.ch/

Precision: Electroweak and top quark physicsEWK
• Precision	electroweak	measurements	at	the	LHeC	and	the	FCC-eh,	Daniel	Britzger,	Apr	15,	1:27PM	 
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https://lhec.web.cern.ch/

Precision: Electroweak and top quark physicsEWK Top
• Top	physics	at	the	
LHeC	and	the	FCC-
eh,	Mukesh	Kumar,	
Apr	15,	12:51	PM	 

• Precision	electroweak	measurements	at	the	LHeC	and	the	FCC-eh,	Daniel	Britzger,	Apr	15,	1:27PM	 
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Higgs Couplings (κ-framework) 
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➞ complementarity of colliders
➞ adding electrons makes the LHC 

a Higgs precision facility

Higgs
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Higgs Couplings (κ-framework) 
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➞ complementarity of colliders
➞ adding electrons makes the LHC 

a Higgs precision facility

Higgs
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Search for New Phenomena
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BSM

… and much more• BSM	Physics	at	the	LHeC	and	the	FCC-eh,	Oliver	Fischer,	Apr	13,	11:09	AM	 
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Search for heavy sterile neutrinos
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BSM

• BSM	Physics	at	the	
LHeC	and	the	FCC-eh,	
Oliver	Fischer,	Apr	13,	
11:09	AM	 
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MEG: New constraint on the existence of the mu+-> e+ gamma decay
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Search for heavy sterile neutrinos

28

BSM
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Conclusions: Statement of the IAC to DG
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published in arXiv:2007.14491

➞ exciting programme for the coming years which is established and for us to shape
https://lhec.web.cern.ch/
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30

published in arXiv:2007.14491

➞ exciting programme for the coming years which is established and for us to shape
https://lhec.web.cern.ch/
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Backup
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LINAC at Stanford
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Max Klein
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Further developments
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Max Klein
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LHeC IR modified for dual purpose
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Max Klein
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Technical synergy
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Max Klein
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Combined A3 - LHeC Tracker
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P. Kostka


