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~ 1˙000̇̇ 000˙000˙000˙000˙000˙000˙000˙000 meter
~ 0.000˙000˙000˙000˙000˙000˙01 meter

distance to 
galactic center

distance light 
travels in one year

biological cell

atoms

proton
neutron

observable 
universe

8.8 1026m

quarks
< 10 -19m

large surface/volume observatories powerful accelerators

farthest human object 
from Earth (Voyager 1)

distance
Earth-sun

Jorgen D’Hondt
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~ 1˙000̇̇ 000˙000˙000˙000˙000˙000˙000˙000 meter
~ 0.000˙000˙000˙000˙000˙000˙01 meter

distance to 
galactic center

distance light 
travels in one year

biological cell

atoms

proton
neutron

visible with 
our own eyes

observable 
universe

8.8 1026m

quarks
< 10 -19m

large surface/volume observatories powerful accelerators

lifetime top quark 
5 10-25 s

lifetime
proton
> 3 1041 s

age universe
4.4 1018 s

lifetime
star

1013-1016 s

duration
supernova & GRB

0.1-100 s

farthest human object 
from Earth (Voyager 1)

distance
Earth-sun

lifetime
kaon (K±)

1.2 10-8 s

Jorgen D’Hondt
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MODEL TO DESCRIBE HOW OBJECTS 

BEHAVE IN SPACE AND TIME
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Basic
Principles

FROM INTUITION
e.g. the locality principle:
all matter has the same set of constituents

e.g. the causality principle: 

a future state depends only on the present state

e.g. the invariance principle: 

space-time is homogeneous

FROM LONG-STANDING OBSERVATIONS
the wave-particle duality principle

the quantisation principle

the cosmological principle

the constant speed of light principle 

the uncertainty principle

the equivalence principle

no obvious reason for 
these long-standing 
observations to be what 
they are…

T H E  B I G G E R P I C T U R E

Jorgen D’Hondt
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Basic
Principles

Fundamental
Theories

FROM INTUITION
e.g. the locality principle:
all matter has the same set of constituents

e.g. the causality principle: 

a future state depends only on the present state

e.g. the invariance principle: 

space-time is homogeneous

FROM LONG-STANDING OBSERVATIONS
the wave-particle duality principle

the quantisation principle

the cosmological principle

the constant speed of light principle 

the uncertainty principle

the equivalence principle

no obvious reason for 
these long-standing 
observations to be what 
they are…

MATHEMATICAL FRAMEWORKS HOW OBJECTS BEHAVE

① General Relativity (for gravity)

② Quantum Mechanics + Special Relativity = Quantum Field Theory  

(for electromagnetic, weak and strong forces)

T H E  B I G G E R P I C T U R E

Jorgen D’Hondt
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Basic
Principles

Fundamental
Theories

Concrete
Models

FROM INTUITION
e.g. the locality principle:
all matter has the same set of constituents

e.g. the causality principle: 

a future state depends only on the present state

e.g. the invariance principle: 

space-time is homogeneous

FROM LONG-STANDING OBSERVATIONS
the wave-particle duality principle

the quantisation principle

the cosmological principle

the constant speed of light principle 

the uncertainty principle

the equivalence principle

no obvious reason for 
these long-standing 
observations to be what 
they are…

MATHEMATICAL FRAMEWORKS HOW OBJECTS BEHAVE

① General Relativity (for gravity)

② Quantum Mechanics + Special Relativity = Quantum Field Theory  

(for electromagnetic, weak and strong forces)

APPLY MATHEMATICAL FRAMEWORKS ON OBJECTS

① General Relativity → Standard Model of Cosmology

② Quantum Field Theory → Standard Model of Particle Physics

need to be valid into even the tiniest cracks of space and time
and for all energies or masses of the objects… even at the extremes

T H E  B I G G E R P I C T U R E

Jorgen D’Hondt
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~ 1˙000̇̇ 000˙000˙000˙000˙000˙000˙000˙000 meter
~ 0.000˙000˙000˙000˙000˙000˙01 meter

.

.

.

.

observations how 
small objects 

behave in our 
laboratories 

T H E  B I G G E R P I C T U R E

Jorgen D’Hondt
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~ 1˙000̇̇ 000˙000˙000˙000˙000˙000˙000˙000 meter
~ 0.000˙000˙000˙000˙000˙000˙01 meter

observations how 
large objects 
behave in our 
universe

.

.

.

.

observations how 
small objects 

behave in our 
laboratories 

e.g. creation of 
chemical elements

e.g. nuclei built from 
quarks and gluons

building blocks of life on the human scale

T H E  B I G G E R P I C T U R E

Jorgen D’Hondt
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~ 1˙000̇̇ 000˙000˙000˙000˙000˙000˙000˙000 meter
~ 0.000˙000˙000˙000˙000˙000˙01 meter

observations how 
large objects 
behave in our 
universe

.

.

.

.

observations how 
small objects 

behave in our 
laboratories 

e.g. creation of 
chemical elements

e.g. nuclei built from 
quarks and gluons

communication
satellites
GPS

World Wide Web
touchscreens

“Scientific curiosity which ends up in your pocket”
Rolf Heuer (previous Director General of CERN)

building blocks of life on the human scale

production of particles and radiation
nuclear diagnosis and medicine

T H E  B I G G E R P I C T U R E

Jorgen D’Hondt
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THE QUEST FOR

UNDERSTANDING PHYSICS
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T H E  B I G G E R P I C T U R E

Jorgen D’Hondt

“Problems and Mysteries”

e.g. Abundance of dark matter?
Abundance of matter over antimatter?
What is the origin and engine for high-energy cosmic particles?
Dark energy for an accelerated expansion of the universe?
What caused (and stopped) inflation in the early universe?
Scale of things (why do the numbers miraculously match)?
Pattern of particle masses and mixings? 
Dynamics of Electro-Weak symmetry breaking?
How do quarks and gluons give rise to properties of nuclei?…
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T H E  B I G G E R P I C T U R E

Jorgen D’Hondt

Observations of new physics phenomena and/or deviations 
from the Standard Models are expected to unlock concrete 

ways to address these puzzling unknowns

“Problems and Mysteries”

e.g. Abundance of dark matter?
Abundance of matter over antimatter?
What is the origin and engine for high-energy cosmic particles?
Dark energy for an accelerated expansion of the universe?
What caused (and stopped) inflation in the early universe?
Scale of things (why do the numbers miraculously match)?
Pattern of particle masses and mixings? 
Dynamics of Electro-Weak symmetry breaking?
How do quarks and gluons give rise to properties of nuclei?…
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T H E  B I G G E R P I C T U R E

Jorgen D’Hondt

higher energy interactions 
in the lab

higher energetic phenomena 
in the universe



Physik | Institut für Kernphysik | ERLs for Future | Michaela Arnold

INNOVATIVE TECHNOLOGY

01.08.2023 18

T H E  B I G G E R P I C T U R E

Jorgen D’Hondt

higher energy interactions 
in the lab

higher energetic phenomena 
in the universe

RF cavities, high-field magnets, plasma wakefield acceleration

computing and software challenge for Multi-Exabyte Data Infrastructures
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higher energy interactions 
in the lab

higher energetic phenomena 
in the universe
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T H E  B I G G E R P I C T U R E

Jorgen D’Hondt

higher energy interactions 
in the lab

higher energetic phenomena 
in the universe

Particle beams required at high energy and high current = high power
!! ENERGY CONSUMPTION !!
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POWER BALANCE AND IMPACT ON DESIGN
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BASIC STRUCTURES OF A 

PARTICLE ACCELERATOR
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W H E R E D O  W E U S E P O W E R ?

22

particle 
production

beam 
preparation

experiment beam
dump

beam 
acceleration

Jorgen D’Hondt
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particle 
production

beam 
preparation

experiment beam
dump

cooling @ 2K

beam 
acceleration

Jorgen D’Hondt
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particle 
production

beam 
preparation

experiment beam
dump

cooling @ 2K

∼5%

magnets ∼10%
others ∼35%

Typical power consumption for an electron-positron Higgs Factory 
the highest priority next collider for particle physics

example FCC@250GeV

beam 
acceleration
∼50%

Jorgen D’Hondt
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particle 
production

beam 
preparation

experiment beam
dump

cooling @ 2K

∼5%

magnets ∼10%
others ∼35%

recover this 
energy

beam 
acceleration

∼50%

reduce most of 
this energy

beam 
acceleration
∼50%

Typical power consumption for an electron-positron Higgs Factory 
the highest priority next collider for particle physics

example FCC@250GeV

Jorgen D’Hondt
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IMPACT FOR THE CURRENT

DESIGNS OF HIGGS FACTORIES
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Linear colliders Circular colliders

ACC

dump >99.9999% of 
the beam power

radiate away very quickly 
the beam power

radiation

FCC-ee@250 ≃ 300 MW

∼2% of annual electricity 
consumption in Belgium

OBJECTIVE: develop new accelerating systems that save power with 
an impact of saving ∼1% of Belgium’s electricity

about half of this is dumped or lost due to radiation

Jorgen D’Hondt
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Linear colliders Circular colliders

ACC

dump >99.9999% of 
the beam power

radiate away very quickly 
the beam power

radiation

FCC-ee@250 ≃ 300 MW

∼4% of annual electricity 
consumption in Belgium

OBJECTIVE: develop new accelerating systems that save power with 
an impact of saving ∼2% of Belgium’s electricity

about half of this is dumped or lost due to radiation

Energy consumption 
is reducing in Europe, 
not excluded with ½ 
by 2050-2060

Jorgen D’Hondt
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OBJECTIVE
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F U T U R E  A C C E L E R A T O R S

28
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KEY BULIDING BLOCK FOR BEAM 

ACCELERATION: SRF CRYOMODULE

01.08.2023

F U T U R E  A C C E L E R A T O R S

29

Transferring grid power to the particle beam

power

cooling

SRF: Superconducting Radio Frequency

Jorgen D’Hondt
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FROM GRID TO BEAM
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F U T U R E  A C C E L E R A T O R S
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Picture adopted from M. Seidel

(IPAC 2022)

cryogenics

RF power generation

GRID

Jorgen D’Hondt
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Picture adopted from M. Seidel

(IPAC 2022)

efficiency ~30-60%

dissipated heat
∼ 1/Q0 

cryogenics
performance
∼ (300K – T) / T

beam power 
dumped 

or 
radiated

RF power generation

GRID RF power demand
by detuned cavities

∼ Dw2

Jorgen D’Hondt

power-inefficiency
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Picture adopted from M. Seidel

(IPAC 2022)

efficiency ~30-60%

dissipated heat
∼ 1/Q0 

cryogenics

operate cavities at higher T    &   improve Q0 of cavities 
e.g. Nb3Sn from 2K to 4.4K  3x less cooling power needed

improve amplifier efficiency 
e.g. solid state amplifiers for oscillating power demands

recover the energy 
from the beam

e.g. ERL reaching 
100% recovery

performance
∼ (300K – T) / T

beam power 
dumped 

or 
radiated

RF power generation

GRID RF power demand
by detuned cavities

∼ Dw2

dealing with microphonics
e.g. Fast Reactive Tuners

mitigation with 
novel technologies

Jorgen D’Hondt

discussed later
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Jorgen D’Hondt
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Jorgen D’Hondt

ALARA = As Low As Reasonable Achievable
principle enforced for nuclear safety,

also for energy consumption ?
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Picture adopted from M. Seidel

(IPAC 2022)

efficiency ~30-60%

dissipated heat
∼ 1/Q0 

cryogenics
performance
∼ (300K – T) / T

beam power 
dumped 

or 
radiated

RF power generation

GRID RF power demand
by detuned cavities

∼ Dw2

Jorgen D’Hondt

energy savings from the RF power

energy savings 
from the cryogenics

energy savings 
from the beam
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Jorgen D’Hondt

particle therapy

nanometer
semiconductors

DEVELOP ENERGY-SAVING TECHNOLOGIES 
ESSENTIAL TO INTEGRATE IN THE DESIGN OF A 

SUSTAINABLE LINAC CRYOMODULE

R&D Pathfinders 
for new

energy-saving 
technologies

TA#1: energy-savings from RF power

TA#3: energy-savings from the beam

TA#2: energy-savings from the cryogenics

particle therapy

TA: Technology Area 
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Jorgen D’Hondt

particle therapy

nanometer
semiconductors

DEVELOP ENERGY-SAVING TECHNOLOGIES 
ESSENTIAL TO INTEGRATE IN THE DESIGN OF A 

SUSTAINABLE LINAC CRYOMODULE

R&D Pathfinders 
for new

energy-saving 
technologies

TA#1: energy-savings from RF power

TA#3: energy-savings from the beam

TA#2: energy-savings from the cryogenics

INT#1

integrating new technologies in the design 
of a new sustainable LINAC cryomodule

particle therapy

TA: Technology Area, INT: Integration Activities
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Jorgen D’Hondt

particle therapy

nanometer
semiconductors

DEVELOP ENERGY-SAVING TECHNOLOGIES 
ESSENTIAL TO INTEGRATE IN THE DESIGN OF A 

SUSTAINABLE LINAC CRYOMODULE

R&D Pathfinders 
for new

energy-saving 
technologies

TA#1: energy-savings from RF power

TA#3: energy-savings from the beam

TA#2: energy-savings from the cryogenics

INT#1

integrating new technologies in the design 
of a new sustainable LINAC cryomodule

Higgs Factory
next highest 

priority collider

ESS upgrade

SC XFELs

HL-LHC

INT#2: full deployment of energy saving in current and future accelerator RIs

particle therapy

TA: Technology Area, INT: Integration Activities RIs: Research Infrastructures
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Jorgen D’Hondt

particle therapy

nanometer
semiconductors

DEVELOP ENERGY-SAVING TECHNOLOGIES 
ESSENTIAL TO INTEGRATE IN THE DESIGN OF A 

SUSTAINABLE LINAC CRYOMODULE

R&D Pathfinders 
for new

energy-saving 
technologies

TA#1: energy-savings from RF power

TA#3: energy-savings from the beam

TA#2: energy-savings from the cryogenics

INT#1

integrating new technologies in the design 
of a new sustainable LINAC cryomodule

Higgs Factory
next highest 

priority collider

ESS upgrade

SC XFELs

HL-LHC

INT#2: full deployment of energy saving in current and future accelerator RIs

INT#3: accelerator turn-key solutions with breakthrough applications

particle therapy

nanometer
semiconductors

TA: Technology Area, INT: Integration Activities RIs: Research Infrastructures
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Jorgen D’Hondt

particle therapy

nanometer
semiconductors

DEVELOP ENERGY-SAVING TECHNOLOGIES 
ESSENTIAL TO INTEGRATE IN THE DESIGN OF A 

SUSTAINABLE LINAC CRYOMODULE

R&D Pathfinders 
for new

energy-saving 
technologies

TA#1: energy-savings from RF power

TA#3: energy-savings from the beam

TA#2: energy-savings from the cryogenics

INT#1

integrating new technologies in the design 
of a new sustainable LINAC cryomodule

Higgs Factory
next highest 

priority collider

ESS upgrade

SC XFELs

HL-LHC

INT#2: full deployment of energy saving in current and future accelerator RIs

INT#3: accelerator turn-key solutions with breakthrough applications

particle therapy

nanometer
semiconductors

TA: Technology Area, INT: Integration Activities RIs: Research Infrastructures

ERL R&D
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EXAMPLE: AN ULTIMATE MICROSCOPE
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The ultimate microscope in hadronic matter: 
a high-energy electron-hadron collider
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THE SCOPE

01.08.2023

H I G H - E N E R G Y E L E C T R O N - H A D R O N C O L L I D E R

42

Jorgen D’Hondt

For ep/eA physics, the 2030’ies will be 
the decade of the EIC

The next ambition for the community will be to enable 
ep/eA physics both at higher luminosities and at higher 

energies

Jorgen D‘Hondt: In my opinion, major advances in 
science are enabled either by reaching major steps with 
today’s methods or by the development of major new 

methods

If we cannot make great strides into the unknown with current methods, 
we should concentrate on developing new methods

a great stride 
orders of magnitude
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43

Jorgen D’Hondt

new electron accelerator

existing/future 
proton accelerator
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COLLISION ENERGY ABOVE THE

THRESHOLD FOR EW/HIGGS/TOP
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H I G H - E N E R G Y E L E C T R O N - H A D R O N C O L L I D E R

44

Jorgen D’Hondt

from mostly QCD-oriented physics to General-Purpose physics

Compared to proton collisions, these are reasonably clean Higgs events 
with much less backgrounds

The real game change between HERA and LHC/FCC

at these energies, interactions with all particles in the Standard 
Model can be measured precisely

1000 fb
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THE LHEC PROGRAM

01.08.2023

H I G H - E N E R G Y E L E C T R O N - H A D R O N C O L L I D E R

45

Jorgen D’Hondt

J.Phys.G 48 (2021) 11, 110501

updated CDR LHeC

low x high x

BSM
Higgs
top
EW

precision
QCD

non-linear
QCD

LHeC (>50 GeV electron beams)
Ecms = 0.2 – 1.3 TeV, (Q2,x) range far beyond HERA
run ep/pp together with the HL-LHC (≳ Run5)
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THE FCC-EH PROGRAM
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H I G H - E N E R G Y E L E C T R O N - H A D R O N C O L L I D E R
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Jorgen D’Hondt
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low x high x
J. Osborne, W. Bromiley, A. Navascues

FCC-eh
8 point FCC: point D 

FCC-eh (60 GeV electron beams)
Ecms = 3.5 TeV, described in CDR of the FCC
run ep/pp together: FCC-hh + FCC-eh
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FROM HERA ONWARDS TO

HIGH-ENERGY PROTON BEAMS

01.08.2023

H I G H - E N E R G Y E L E C T R O N - H A D R O N C O L L I D E R
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Jorgen D’Hondt

Front. Phys. 10 (2022) 886473
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FUTURE FLAGSHIP AT THE

ENERGY & PRECISION FRONTIER

01.08.2023

H I G H - E N E R G Y E L E C T R O N - H A D R O N C O L L I D E R
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Jorgen D’Hondt



Physik | Institut für Kernphysik | ERLs for Future | Michaela Arnold

THE CHALLENGE
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H I G H - E N E R G Y E L E C T R O N - H A D R O N C O L L I D E R
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Jorgen D’Hondt

High-intensity electron beam

beam current × beam energy  
=  beam power

From HERA@DESY to LHeC@CERN

3 orders in magnitude in luminosity
1 order in magnitude in energy

LHeC  ∼ 1 GW beam power
equivalent to the power delivered by a nuclear power plant
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THE CHALLENGE
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Jorgen D’Hondt

High-intensity electron beam

beam current × beam energy  
=  beam power

From HERA@DESY to LHeC@CERN

3 orders in magnitude in luminosity
1 order in magnitude in energy

LHeC  ∼ 1 GW beam power
equivalent to the power delivered by a nuclear power plant
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ERL TECHNOLOGY:

STATE-OF-THE-ART AND R&D FOR FUTURE 
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ERL - 50 YEARS OF INNOVATION

01.08.2023

S T A T E - O F - T H E - A R T  A N D F U T U R E

52

arXiv:2207.02095 [physics.acc-ph]; accepted for publication in JINST

nuclear power plant
would be the required external power 

supply without Energy Recovery

Energy Recovery

great achievements on all aspects 
and large research infrastructures 
based on Energy Recovery systems 

have been operated successfully

Jorgen D’Hondt
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ERL - 50 YEARS OF INNOVATION
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arXiv:2207.02095 [physics.acc-ph]; accepted for publication in JINST

scalin
g

technology

nuclear power plant
would be the required external power 

supply without Energy Recovery

Energy Recovery

great achievements on all aspects 
and large research infrastructures 
based on Energy Recovery systems 

have been operated successfully

The Development of Energy-Recovery Linacs
arXiv:2207.02095, 237 pages, 5 July 2022

bERLinPro & PERLE

essential accelerator R&D labs with 
ambitions overlapping with those of 

the particle physics community

towards high energy & high power

Jorgen D’Hondt

S T A T E - O F - T H E - A R T  A N D F U T U R E

https://inspirehep.net/literature/2106268
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The 2020 European Strategy for Particle Physics recommended: 

“the particle physics community should ramp up its R&D effort 

focused on advanced accelerator technologies… a roadmap 

should prioritize the technology…”

Five areas were selected and roadmap panels 
established for each of: High-Field Magnets, Plasma 
Acceleration, High-Gradient RF, Muon Beams, and 
Energy Recovery Linacs. 
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ERL R&D: Main fields

The 2020 European Strategy for Particle Physics recommended: 

“the particle physics community should ramp up its R&D effort 

focused on advanced accelerator technologies… a roadmap 

should prioritize the technology…”

Five areas were selected and roadmap panels 
established for each of: High-Field Magnets, Plasma 
Acceleration, High-Gradient RF, Muon Beams, and 
Energy Recovery Linacs. 
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ERL R&D: Main fields

The 2020 European Strategy for Particle Physics recommended: 

“the particle physics community should ramp up its R&D effort 

focused on advanced accelerator technologies… a roadmap 

should prioritize the technology…”

Five areas were selected and roadmap panels 
established for each of: High-Field Magnets, Plasma 
Acceleration, High-Gradient RF, Muon Beams, and 
Energy Recovery Linacs. 
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ELECTRONS

E R L  R & D

57

Barletta, Spentzouris, Harms, Lecture notes USPAS

https://uspas.fnal.gov/materials/10MIT/Review_of_Relativity.pdf

 Particles = electrons

Electron: 𝐸0 = 0.511 MeV
Proton:    𝐸0 = 938 MeV

01.08.2023



Physik | Institut für Kernphysik | ERLs for Future | Michaela Arnold

 Particles = electrons

 Although ultra-relativistic at some MeV, phase slippage
is an issue

 Speed changes along the cavity

 Influence of energy gain

ELECTRONS

E R L  R & D

58

Barletta, Spentzouris, Harms, Lecture notes USPAS

https://uspas.fnal.gov/materials/10MIT/Review_of_Relativity.pdf

Simulation by Felix Schliessmann, TU Darmstadt

Electron: 𝐸0 = 0.511 MeV
Proton:    𝐸0 = 938 MeV

01.08.2023
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Running SRF multi-turn ERLs

 CBETA: 4-turn  1 nA, beam loss

 S-DALINAC: 2-turn  up to 7μA and

max. 87% recovery

Near future SRF multi-turn ERLs

 PERLE

 MESA

 CEBAF (5-pass)

Possible enhancement of multi-turn 

lattice?

Example S-DALINAC

MULTI-TURN ERL OPERATION

E R L  R & D :  L A T T I C E

59

arXiv:2207.02095 [physics.acc-ph]; accepted for publication in JINST

01.08.2023
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S-DALINAC MULTI-TURN ERL

E R L  R & D :  L A T T I C E

60

max(𝜂main LINAC) ≈ 87 %

 First performant 

energy-recycling

multi-turn SRF ERL

world-wide

 Limits of transverse beam tuning

(common beam transport) 1x acc

2x acc
1x dec

2x dec

3 cm

01.08.2023
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COMMON BEAM TRANSPORT

E R L  R & D :  L A T T I C E

61

E
0

E
0

ΔE = 1

ΔE = 1

E1 – 1. recirculation (accelerate and decelerate)

E3 – 2. recirculation (accelerate and decelerate)

E2 – 1. recirculation (accelerate and decelerate)

E4 – max. energy, interaction point (180° phase shift)

 Limited in degrees of freedom

01.08.2023
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 High efficiency, reliability, robustness  separate transport as promising concept 

 Proposals of

 DIANA (Daresbury Industrial Accelerator for Nuclear Applications): ~ 1 GeV, multipass SC-ERL  

 DICE (Darmstadt Individually recirculating Compact ERL): ~ 520 MeV, 20mA, multipass SC-ERL

SEPARATED BEAM TRANSPORT

E R L  R & D :  L A T T I C E

62

Idea of separate transport: 

Peter Williams and David 

Douglas

P. Williams, ERL Design Concepts DIANA and 

DICE, Electrons for the LHC: Workshop on the 

LHeC, FCC-eh and PERLE (2019).

https://indico.cern.ch/event/835947/contributio

ns/3553736/

E
0

E
0

ΔE = 1

ΔE = 1

E1 – 1. recirculation (accelerate)

E2 – 1. recirculation (decelerate)

E3 – 2. recirculation (accelerate )

E1 – 1. recirculation (decelerate)

E2 – 1. recirculation (accelerate )

E3 – 2. recirculation (decelerate)

E4 – max. energy, interaction point (180° phase shift)

01.08.2023
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10 m

28 m

height: 4m w/o gun

c

c

520

520

10

0.87

10

to ion ring

from ion ring

brems-

strahlung

DICE

E R L  R & D :  L A T T I C E – S E P A R A T E D T R A N S P O R T

63

publication in preparation

#dipole magnets ~ 120

#quadrupole magnets ~ 200

#sextupole magnets ~ 20

experiment

c = chicane

p in MeV/c

 Design work in view of a future collider

01.08.2023
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Running SRF multi-turn ERLs

 CBETA: 4-turn  1 nA, beam loss

 S-DALINAC: 2-turn  up to 7μA and

max. 87% recovery

Near future SRF multi-turn ERLs

 PERLE

 MESA

 CEBAF (5-pass)

R&D at future multi-turn ERL: PERLE

MULTI-TURN ERL OPERATION

E R L  R & D :  L A T T I C E

64

arXiv:2207.02095 [physics.acc-ph]; accepted for publication in JINST

01.08.2023
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PERLE

E R L  R & D :  P E R L E

65

Jorgen D’Hondt

Target Parameter Unit Value

Injection energy MeV 7

Electron beam 

energy
MeV 500

Normalised 

Emittance γεx,y

mm 

mrad
6

Average beam 

current
mA 20

Bunch charge pC 500

Bunch length mm 3

Bunch spacing ns 25

RF frequency MHz 801.58

Duty factor CW

first multi-turn ERL, based on SRF 
technology, designed to operate 
at 10MW power regime

3-turn ERL

PERLE @ IJCLab
international collaboration bringing all aspects together to 

demonstrate readiness of Energy Recovery for HEP collider applications

01.08.2023
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PERLE

E R L  R & D :  P E R L E

66

cryomodule from SPL @ CERN
relevant in FCC-ee feasibility study

start with only one LINAC
beams up to 250 MeV

ALICE electron gun from Daresbury
DC gun @ PERLE versus SRF gun @ bERLinPro

beam dump

second LINAC design & built
integrate FRT & towards 4.4K

beams up to 500 MeV

Booster from JLab/AES

PERLE @ IJCLab
international collaboration with several in-kind 

contributions

Jorgen D’Hondt

01.08.2023
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PERLE

E R L  R & D :  P E R L E

67

cryomodule from SPL @ CERN
relevant in FCC-ee feasibility study

FCC-ee cavities tested at PERLE ?

start with only one LINAC
beams up to 250 MeV

ALICE electron gun from Daresbury
DC gun @ PERLE versus SRF gun @ bERLinPro

beam dump

second LINAC design & built
integrate FRT & towards 4.4K

beams up to 500 MeV

Booster from JLab/AES

not enough space in cryomodule

PERLE @ IJCLab
international collaboration with several in-kind 

contributions

Jorgen D’Hondt

01.08.2023
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Running SRF multi-turn ERLs

 CBETA: 4-turn  1 nA, beam loss

 S-DALINAC: 2-turn  up to 7μA and

max. 87% recovery

Near future SRF multi-turn ERLs

 PERLE

 MESA

 CEBAF (5-pass)

Versatile test ERL: bERLinPro

GENERIC ERL R&D

E R L  R & D :  L A T T I C E

68

arXiv:2207.02095 [physics.acc-ph]; accepted for publication in JINST

01.08.2023
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BERLINPRO

E R L  R & D :  B E R L I N P R O

6901.08.2023

bERLinPro @ Helmholtz Zentrum Berlin
generic accelerator R&D with several aspects 
as stepping stones towards HEP applications

bERLinPro – Berlin Energy Recovery Linac Project

Jorgen D’Hondt
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BERLINPRO

E R L  R & D :  B E R L I N P R O

7001.08.2023

Jorgen D’Hondt

bERLinPro @ Helmholtz Zentrum Berlin
addressing HEP related challenges

bERLinPro ready for operation at 10 mA
contingent on additional budgets upgrades to 100 mA and ERL at 50 MeV can be planned to be operational by 2028
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bERLinPro

BERLINPRO

E R L  R & D :  B E R L I N P R O

7101.08.2023

Jorgen D’Hondt
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• focus on commissioning injector with SRF gun + diagnostic line 
(map out the reachable parameter space)

• installation of the Booster module
• recirculation, when LINAC funding is secured

First beam of bERLinPro@SEALab
to be expected in 2023
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SUMMARY
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POTENTIAL FUTURE OF ERL 

TECHNOLOGY

01.08.2023

S U M M A R Y

73

With stepping stones for innovations in technology 
to boost our physics reach

2030-2040’ies

high-power ERL
e- beam in collision

(ep/eA @ LHC program)

high-power ERL for
e+e- Higgs Factories

(Z/W/H/top/HH program)

1
 ER

L b
ea

m

2020’ies

bERLinPro

high-power ERL
demonstrated

ERL application
electron cooling

EIC

PERLE

2040-2050’ies

ERL for Higgs Factories
2

 ER
L b

ea
m

s

2070’ies

ERL FCC-eh
reu

se ER
L

the ultimate upgrade
of the LHC program

the next major collider

2030’ies

Jorgen D’Hondt


