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Talk outline

ÅIntroduction: 
from CTF3 to CLEAR 

ÅThe facility: hardware and 
beam performance

ÅOrganization and operation 
modes

ÅExperimental highlights and 
the CLEAR scientific 
outcome

ÅOutlook: the strategic role 
of CLEAR at CERN
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CLEX

CLIC Test Facility (CTF3) - completed its experimental program in 2016

From the CLIC Test Facility to CLEAR

Approved December 2016

CLEAR is a user facility at CERN, running in parallel with the 

main CERN accelerator complex, with the primary goal of 

enhancing and complementing the existing accelerator 

R&D and testing capabilities at CERN

Proposal to reuse the CLEX area and the 

CALIFES e- linac for accelerator R&D
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CLIC in a nutshell

The eÑCompact Linear Collider - CLIC could be built in stages of increasing collision
energy : starting from 380 GeV , then ~ 1- 2 TeV, and up to a final energy of 3 TeV.

To limit the collider length, the accelerating gradient must be very high ðCLIC aims
at 100 MV/m .

CLIC is based on a two -beam acceleration scheme , in which a high current e-
beam (the drive beam) is decelerated in special structures (PETS), and the
generated RFpower isused to accelerate the main beam .

The feasibility of the CLIC

scheme has been demonstrated

in CTF3 and documented in a

series of reports

CLIC International Collaboration

CLIC-380 is considered an alternative

to FCC-ee for the proposed future

Higgs factory at CERN
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Two-beam scheme issues

All covered 
in CTF3
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CTF3 ðthe original mission

High current, full

beam -loading 

operation

Operation of 

isochronous lines and 

rings

Bunch phase coding

Beam recombination 

and current 

multiplication  by RF 

deflectors

12 GHz power 

generation by drive 

beam deceleration

High-gradient two -

beam acceleration

4 A, 1.4us

120 MeV

30 A, 140 ns

120 MeV

30 A, 140 ns

60 MeV

First beam ðJune 2003
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Drive Beam Generation

SiCload

damping 
slot

10 m

RF pulse at output

RF pulse at structure input

95.3% RF to beam efficiency

Stable high current acceleration

Factor 8 current & frequency multiplication

Full beam loading acceleration

Factor 8 combination

Most RF power
to beam

High beam 
current

RF in No RFto load

άǎƘƻǊǘέ ǎǘǊǳŎǘǳǊŜ ςlow Ohmiclosses
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Two-Beam Acceleration

TD24

Maximum stable probe beam acceleration 
measured: 31 MeV

Ý Corresponding to a gradient of 145 MV/m

Two-Beam Acceleration demonstration in TBTS

Up to 145 MV/m measured gradient

Good agreement with expectations 
(power vs. gradient)

CLIC Nominal, 
loaded

CLIC Nominal, 
unloaded

Drive beam ON

Drive beam OFF
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CTF3 in 2015-2016

TBL 

deceleration

Two Beam Module,

Wake -field monitorsé

Phase feed -forward 
experiment

Diagnostics R&D 

using CALIFES

Last beam ðDecember 2016

Beam loading 

experiment
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Drive beam phase feed -forward

Goal: 

stabilize drive beam phase 

to the CLIC requirement

0.2Á@ 12 GHz  (50 fs)

DB feed -forward results, 2015

Drive-beam phase feed -forward tests in 2016

From about 1 Áto 
0.2Á@ 12 GHz, 
or 50 fs

J. Roberts
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CLIC Test Facility (CTF3)

2016
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CERN Linear Electron Accelerator for 
Research

(CLEAR) 2017
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The CERN Linear Electron  Accelerator for Research (CLEAR)

Scientific and strategic goals:

ÅProviding a test facility at CERN with high availability , easy 
access and high quality e - beams .

ÅPerforming R&D on accelerator components , including beam 
instrumentation prototyping and high gradient RF technology

ÅProviding an irradiation facility with high -energy electrons, 
e.g. for testing electronic components in collaboration with 
ESAor for medical purposes( VHEE/FLASH)

ÅPerforming R&D on novel accelerating techniques ðelectron 
driven plasma and THzacceleration. 

ÅMaintaining CERN and European expertise for electron 
linacs linked to future collider studies

ÅUsing CLEAR as a training infrastructure for the next 
generation of accelerator scientists and engineers.

CLEAR is a versatile 200 MeV electron 

linac followed by a 20 m experimental 

beamline, operated at CERN from 2017 

as a multi -purpose user facility.
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In-air test stand

Testing ground for beam 

diagnostics R&D and THz 

radiation studies

Irradiation for medical 

and other applications

VESPER

Beam irradiation facility for studies on 

radiation damage of electronics and 

medical applications

The Plasma 

Lens Experiment 

Novel concepts of plasma -based 

focusing and acceleration

CALIFES 

electron 

linac

Flexible 

accelerator 

providing 

200 MeV 

electron 

beams to all 

CLEAR users

CLIC Test-Stand

High-gradient and linear collider R&D

+ Beam instrumentation 

area CERN Linear 

Electron 

Accelerator 

for Research

CLEAR provides electron beams for a large and varied range of experiments 



R. Corsini, Seminar @ LOA ð20th March 2025

CLEAR Beam Parameters

Beam parameter Range

Energy 30 ð230 MeV

Energy Spread < 0.2 % rms (< 1 MeV FWHM)

Bunch Length 0.1 ps ð10 ps rms

Bunch Charge 5 pC ð3 nC

Number of bunches per pulse 1 to ~150

Maximum total pulse charge 80 nC

Normalized emittances 3 mm to 30 mm (bunch charge dependent)

Repetition rate 0.8 to 10 Hz

Bunch spacing 1.5 GHz or 3 GHz

Extended parameter range and 

performances since 2017

Å Short bunches

Å High charge

Å Large energy range

Å Stability, beam sizes,é
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Access to the facility

ÅAccess to the facility is free for all academic and research users. Any user willing to access the facility has 
to fill -up a beam time request form (https://clear.cern/content/beam -time -request ), specifying: 

Å Experiment description, scientific aim and justification 

Å Needed beam parameters

Å Experimental apparatus and logistics, safety aspects

In general, some iterations between the operation team and the requester are needed (before or after 
receiving the form) in order to clarify requirements and understand goals. 

ÅThe CLEAR Technical Board is responsible to allocate the beam time in the schedule following guidelines 
by the CLEAR Scientific Board , after checking technical feasibility, safety and RP issues .

ÅThe CLEAR Scientific Board members follows the formal approval procedure for each beam time 
request, which is carried out using the CERN EDMS infrastructure.

ÅA call for experimental request is done every year during the winter shutdown. The Scientific Board 
meets every year in February for assessment and evaluation of the requests received and to give 
overall recommendations. Flexibility is retained by the possibility of accepting further requests during 
the year, with the Scientific Board arbitrating in case priorities needs to be applied .

https://clear.cern/content/beam-time-request
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CLEAR Operation 2017 - 2024

Start with beam August 2017

Å19 weeks of operation in 2017

Å36 weeks in 2018

Å38 weeks in 2019

Å34 weeks in 2020

Å35 weeks in 2021

Å37 weeks in 2022

Å38 weeks in 2023

Å39 weeks in 2024

Due to Covid -19 related measures, 
2020-2021 activities were impacted, 
and mainly limited to CERN users
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Operation details

ÅCLEAR is a stand -alone installation, thus operation during general stops of the global CERN 

accelerator complex, including long shut -downs , is possible.

ÅCLEAR is operated for 30 to 40 weeks/year ðtypically from March to December, 

often 2 -3 weeks stop in summer.

ÅOperation organized over 2 shifts, roughly during working hours , 5 days/week

ÅNo night shifts or week -end running (apart few exceptions)

ÅCurrent operating team: 

2 Staff, 1 associate, 2 fellows, 1 PhD student, plus 1 part -time associate (in remote)

ÅSupport from CERN services and groups on technical systems, in general on best effort basis 

and subject to priorities

ÅDetailed weekly activities organized at the Monday operation meeting (often followed by 

access in the hall) and coordinated by a weekly supervisor (member of the operation team)
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Example of a òtypicaló year - 2023

- 38 weeks of beam

- 279 hours of set -up installation

- 230 accesses with radioprotection

- 1209 hours of beam

- 40 hours of fatal failure

- 1.9 experiments per week in average


