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I Knew “in person” Max at the beginning of 2010.

The framework was the discussion for the future 
of ep physics and LHeC
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Genesis of very fruitful scientific activity and of a friednship !

The first and short discussion, immediately showed 
what an East German and an Italian are capable of... 
a mixture of visionary, somewhat dreamy projects... 

from that point on, 
our meetings always end with

Avanti and wunderbar ! 
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MAX 
and

PERLE

Which in fact I proposed
to Louvre instead of  

La jeune fille au collier de perles
VERMEER. Musée du Louvre
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The short story of the PERLE Genesis
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• Future particle physics imposes strong challenges on accelerators and requires a variety of 
accelerator R&D programs not only to meet the foreseen performances, but also to lower their 
energetic consumption and enhance their efficiency.    
à Energy Recovery Linacs offer one of the main options for energy frontier colliders 

• To probe deep inelastic scattering at high energy and to study the Higgs boson, LHeC proposes a high 
luminosity collider using the HL-LHC protons and an intense electron beam.

• For the electron beam, the ERL scenario has many advantages :
• High luminosity, low interference for installation next to LHC, machine size, energy consumption
• Concept also applied to the FCC-eh design

• The ERL-ring collider concept of LHeC based on 
• synchronous operation of HL-LHC and 50 GeV electron beams
• circumference of e- loop about 1/5 of that of LHC (5.3 km)
• luminosity of 1034 cm-2.s-1
à Multi-turn ERL (3+3 passes), 50 GeV, RF frequency: 801 MHz, 

20 mA  beam current (6 x 20 = 120mA load in the cavities). 



The short story of the PERLE Genesis
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PERLE: A testbed to explore and validate a broad range of accelerator phenomena & technical choices on 
the pathway to the LHeC and other new frontier machines realisation. 

Main challenges: Multi-turn, high bunch charge, high power energy recovery, … 

o 2 Linacs (Four 5-Cell 801.58 MHz SC cavities)
o 3 turns (164 MeV/turn)
o Max. beam energy 500 MeV
o I = 20mA

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

• high currents à high luminosity 
• high energies and stay compact

Provided we can implement multi-turn, high 
power = high current x energy ERL machine 
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Energy recovery in RF fields:
lRf

§ Energy supply à acceleration

EInjEOut = EInj

E = Einj +DE
(b ~ 1)

L = n · l + l / 2

E = Einj +DE

§ Deceleration = “loss free” energy storage (in the beam) à Energy recovery

Take the best of storage rings and linear accelerator :
High average beam power in compact machine, 
excellent beam parameters with high flexibility

• Idea from Tinger in 1965, has been tested in different facility.
• ERL became really viable with recent advances in SRF technologies
• We are today capable to go a step forward to make this concept

“incontournable” for HEP and many applications (nuclear RIB, FELs,
Compton light sources and high current electron cooler

ERL how it works

Max Klein Fest !
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2013…

CDR 2017…

Preparation to ESPP

2020…

2018…
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Ø Fall 2020: The LDG decided to create Expert
Panels for each of the five selected priority
areas for accelerators R&D.

Ø Dec 2021: Accelerators roadmap presented
and approved by the CERN Council and
recently published (March 2022) as the
CERN Yellow Report:
https://doi.org/10.23731/CYRM-2022-001

Lab Directors Group (LDG)

ERL Coordination Panel
Chair: Jorgen D’Hondt

Deputy: Max Klein

Jens Knobloch (bERLinPro)

Achille Stocchi (PERLE)

Andrew Hutton (R&D oversight)

ERL Stakeholder Forum
open forum

ERL International 
Advisory Committee

R&D Working Groups
transversal topics relevant for HEP

WG HOM Damping – NN

WG Beam Diagnostics – NN 

WG Simulation & Education – NN

WG ERL-based ee Colliders – NN 

bERLinPro (RI)
HZB

Axel Neumann

PERLE (RI)
International Coll.

Walid Kaabi

Institutes & Partners
incl. institute team leaders

Ø Sept 2022 to follow the
implementation of the
Accelerators Roadmap new
panels have been created to
follow the implementation
reporting to LDG and CERN
Council

Vol. 1 (2022): European Strategy for Particle 
Physics - Accelerator R&D Roadmap 
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2028
End Phase 1: PERLE @ 250MeV

2030
End Phase 2: PERLE @ 500MeV 

2025
End Phase 0: Injection line 

2023
PERLE TDR 

PERLE an International Collaboration 
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Lattice desing

Merging schemes
BCom magnet

Cavity design 
and production

HOM couplers studies and production

ESS Crymodule

Lattice consolidation & detailed 
Beam dynamic studies  

Quite a lot of news and progress in the last year !



DC gun installation progress
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IGLOO : fully equipped bunker 
(radioprotection, crane, electrical power, 

compressed air …) 

February 2022

Installation of HV Vessel

June 2022

Installation of HV columns

July 2022

Test of HV vessel tightness

September 2022

December 2022

Quite a lot of news and progress in the last year !
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To work with you  is an honor and always a great pleasure

I think it was fruitful and we have still plenty of ideas for the future and many came from you !

…Your knowledge and on your trust on future are a true inspiration for me

I’m happy  and honored to be your friend 

I have learnt a lot from you

MaxKleinFest

Caro Max….

Caro Max….

Today is a Fest Day ! 
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uno
per tutti 

tutti per uno

one 
for all 

all for one

but after that it's back to work

we need you and your guidance and ideas !

AVANTI !!WUNERBAR !! 


