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Scope : Novel High Gradient 
Accelerators

• Original focus: European plasma acceleration community

– Plasma-based electron accelerators

– Plasma-based hadron accelerators

– Driven by lasers and/or particle beams (e- and p)

• Grown to include discussions and teams from dielectric 
vacuum accelerator R&D:

– Dielectric vacuum accelerators driven by THz (more specifically 
300 GHz) sources  AXSIS ERC synergy grant (DESY/UHH), 
CLARA, ...

– Dielectric vacuum accelerators driven by optical lasers  ACHIP 
international collaboration GBM grant Erlangen, PSI, DESY, 
GSI, TUD, ...



Novel Acceleration R&D 
in Europe

Funded by EU FP7 through 

EuCARD2

European novel accelerator projects with international involvement

National novel accelerator projects with European network

Funded by EU Horizon2020 

as EU Design Study

CERN experiment collaboration 

under leadership of MPI

Independent national 
projects*, funded by national 

states. About 16 major facilities 
for novel plasma acceleration 

R&D.

* See note on ELI

ERC Synergy Grant



EuroNNAc2 Mission I

Scientific Exchange

• 258 registered participants
• 45 sponsored students.
• Participants from 23 countries in 4 continents (11 

EU member states).
• Reached maximum capacity in 2nd such workshop.



Scientific Work

• Working Groups + Summaries: 7

• Invited Talks: 30

• Special Science Talk: 1

• WG Talks: 138

• Posters: 76
Thanks to Alban Mosnier + Program Committee

• Proceedings - Special Volume NIM   Published in 2016
Lead editor: Ulrich Dorda

• 81 papers, peer reviewed (from 50 papers at EAAC2013)

• Already generated 83 citations  papers are read and used!
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EuroNNAc2 Mission II

Strategic Assessment

ILC

FCC

Conceptual 

Design started

ESS

E-XFEL

LHeC ERLSuperKEKb

FAIR

LHC HiLumi

Hadron acc. project

Hadron acc. proposal

Lepton acc. project

Lepton acc. proposal

SwissFEL

/ CEPC

CPPC
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Fascinating Research Tasks

for the 21st Century (selection)

Understand nature 
beyond the Higgs

Understand & test 
quantum theory 

of gravity

Explain dark energy 
and dark matter

Investigate and understand 
transient states

Understand and manipulate
non-equilibrium phenomena

Control complex and 
dynamic  matter

Compact, high res & fast real 
time imaging of living 
organisms (humans)

High energy particle collider
Very large or high accelerating gradient

Accessible (compact) ultra-
fast  X ray FEL’s  university-based

Ultra-compact accel.-
based X ray imaging  
high resolution
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EuroNNAc2 Mission II

Strategic Assessment

Word cloud: Font size as indicator of invested effort. Based on community input.

EuroNNAc 2013
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EuroNNAc2 Mission III

Roadmap to the 2030’s



EUROPEAN

PLASMA RESEARCH

ACCELERATOR WITH

EXCELLENCE IN

APPLICATIONS

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782.

A Horizon 2020 Design 
Study for a future large 
Research Infrastructure
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EuPRAXIA is a 

Horizon2020 Design Study 

• EuPRAXIA is a so-called EU design study. 

• On average in accelerator field only one 
approved by EU every 2 years since 2007.

• DESY is coordinating lab of EuPRAXIA.

• Study is legally governed by contracts:

– grant agreement (269 pages , defining the work plan, 
milestones and deliverables.

– consortium agreement (48 pages), defining project
rules.

– Associated partners have sent signed letters, 
accepting consortium rules (governance, IP, ...).
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Participating Institutions
16 beneficiaries, 22 associated partners
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Shanghai Jiao Tong-University, China

Tsinghua University Beijing, China

ELI Beamlines, International

PHLAM, Université de Lille, France

Helmholtz-Institut Jena, Germany

HZDR (Helmholtz), Germany

LMU München, Germany

CERN, International

Osaka University, Japan

RIKEN SPring-8, Japan

Lunds Universitet, Sweden

LBNL, USA
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Università di Roma "Tor Vergata«, Italy
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Outreach 
 PR Material available

www.eupraxia-project.eu

#EuPRAXIA

#plasma

#accelerator

http://www.eupraxia-project.eu/
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The Decisive Goal

Build a plasma accelerator 
with usable beam quality!

Plasma Acceleration

Plasma Accelerator
(goal: high beam quality, lower cost, lower size)
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Project Timeline

09.2014 Proposal submission

07.2015 Approval

11.2015 Start of EuPRAXIA project

2016 Organization (collaboration agreements, …). Hiring dedi-

cated personnel. Ten workshops on EuPRAXIA/EuroNNAc

matters. Decision parameters for first study versions.

08.2019 Application to ESFRI roadmap for 2020 update

10.2019 Final conceptual design report and end design study

2020 Construction decision

2021 – 2025 Construction

2025 – 2035 Operation

ESFRI =

European
Strategy for
Future Research
Infrastructures
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Industrial Participation

Industry: involved through 

workshops and 

Scientific Advisory Board

Contacts still evolving, several 

cooperations under discussion

Thales group (France): Number of employees: 62,194 (2015)

Sales 14.06 B€ (2015)

Amplitude (France): Number of employees: 80 (2015)

Sales 17.4 M€ (2015)

Trumpf group (Germany): Number of employees: 11,181 (2016)

Sales 2.81 B€ (2016)
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Reminder: Linear Collider 

Design Constraints

High energy E
Low cost

Efficient acceleration with high accelerating gradients 
(small length)

High luminosity L
Low cost

Limited beam power Pb (14 MW x 2, 6% efficiency  500 MW wall plug)

Very small beam sizes (no beam-beam limit)
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Aim for maximum
energy reach Decrease 

beam sizes

1)

2)

Practical limit on IP beam sizes: Imperfections Errors

static + time dependent (= stability)

LC  Pb ≈ 14 MW
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Typical IP Spot Size 

Goals LC’s

Where is the feasibility limit with plasma accelerators?
(collide nm-size beams – no collider if beams miss each other)

Emittance
growth inside a 
stage and from 
stage to stage
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Tolerances from 

Emittance Growth



Horizon2020

Linear Collider  Not 

without stability!

Injectors Provide the beam

Damping rings Provide small emittance

Bunch compression Provide short bunch length

Linear accelerator Provide beam energy

Collimation Provide small background

Provide demagnification

Collide beams

Collimation

Linear accelerator

Bunch compression

Damping rings

Injectors

Final Focus

e-

e+

LEP: beam overlap alignment (Dy ~ 300 nm)

SLC: beam overlap alignment (Dy ~ 50 nm)
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Exponential loss in lumino-
sity with shot-to-shot jitter:
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Stability – A Multi 

Facetted Problem

• Errors: 
pointing stability of driver (laser/e-beam/p-beam), driver fluctuations, 

plasma inhomogeneities versus length, plasma relaxation issues shot to 

shot, plasma heating from driver, driver instabilities, ground motion, 

support resonances, ...

• Measurement, correction and feedback:
measurement of driver and accelerated beam, correcting accelerated 

beam, feedback against errors, plasma energy extraction, structural 

engineering, compensating schemes, ...

• Shaping of accelerated beam:
collimation, correction of correlated energy spread, ...
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HEP Roadmap from EuroNNAc2 

 for discussion

• OPTION A: 

– LHC program until 2035 

– A linear collider built in 2020’s

– Linear collider physics program 2030 – 2045

• OPTION B:

– LHC program until 2035

– No linear collider constructed in 2020’s 

– FCC built in 2030’s

– FCC physics program 2040 – 2055

• OPTION C:

– LHC program until 2035

– No large collider project approved.
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HEP Roadmap from EuroNNAc2 

OPTION C  for discussion
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...
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Notes on a PLC

• These are success oriented thoughts on a possible route to a 

plasma linear collider for the end of the 2030’s.

• Many very important issues but no showstopper. 

– Some showstoppers claimed are not fundamental (e.g. fixable with 

hollow plasmas, lower plasma densities, ...).

• Many challenges arise only for HEP, not for other applications. 

HEP must drive solutions for these issues!

• Only achievable if there is a SERIOUS R&D line with sufficient 

funding for plasma accelerator technology with HEP 

applications.

• Plasma accelerator technology as upgrade for a conventional 

LC is a very interesting option and easier to achieve!
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EuPRAXIA Laser Specifications

• On May 18, 2016 at SOLEIL - France. 

• Leading international laboratories were 
represented including:

– Intense Laser Irradiation Laboratoy (INO - Italy), 

– the Laboratoire d’Utilisations des 
Lasers Intenses (CNRS - France), 

– the Lawrence Livermore National Laboratory (USA), 

– the Centro de Láseres Pulsados Ultracortos Ultraintensos
(University of Salamanca, Spain), 

– the Central Laser Facility (Science and Technology Facilities 
Council, UK), 

– The Petawatt Laser Facility (University of Texas at Austin, USA) 

• and international laser manufacturers such as 
– Thales (France), 

– National Energetics (USA), 

– Amplitude Technologies (France), 

– Amplitude Systèmes (France) and 

– Proton Laser (Spain). 

• “Brainstorming” session starting basic specifications of the EUPRAXIA laser from EUPRAXIA 

steering committee, the so-called “

100 J, 100 fs, 100 Hz, contrast 1010 at 10ps  1PW @ 100Hz

From L. Gizzi and F. Mathieu
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Example: e- Beam Parameters at 
Entrance of Undulator Section
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Configuration A:   LWFA 
with internal injection

undulator
hall

3D layout by Dariusz Kocoń
and Paul Andreas Walker

2 plasma 
stagesLWFA with 2 stages 

sufficient to 
produce  5 GeV 
electron beam
In-vacuum 
undulators used for 
FEL radiation
A = 75 m2 needed 
on accelerator floor
Similar footprint for 
laser laboratory

two laser 
beams from 
level above

EuPRAXIA
facility

Including 
plasma, undulators, 
and user areas

A = 15 x 5 m2 = 75 m2

in-vacuum 
undulators
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Configuration B:    LWFA 
with external RF injector

undulator
hall

2 plasma 
stagesLWFA with external 

injection of RF 
accelerated 
electron beam
RF gun and S-band 
structures added
Results in more 
control and better 
beam quality

A = 2 x 15 x 5 m2 = 150 m2

RF gun &   
3 S-band 

structures

in-vacuum 
undulators

two laser 
beams from 
level above

EuPRAXIA
facility

Including 
plasma, undulators, 
and user areas

3D layout by Dariusz Kocoń
and Paul Andreas Walker
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undulator
hall

in-vacuum 
undulators

2 plasma 
stages

Compressor 
& plasma 

stage

two laser 
beams from 
level above

Configuration C:   LWFA 
with external plasma injector

LWFA with external 
injection with a 
plasma injector
All optical 
approach with 
laser beams as 
driver only
One plasma stage 
added in front of 
existing plasma 
stages A = 25 x 5 m2 = 125 m2

EuPRAXIA
facility

Including 
plasma, undulators, 
and user areas

3D layout by Dariusz Kocoń
and Paul Andreas Walker



Horizon 2020

undulator
hall

out-of-
vacuum 

undulators

1 plasma 
stages

one laser 
beam from 
level above

X-band 
structures

RF gun &   
3 S-band 

structures

Configuration D: PWFA
with external RF beam driver

PWFA uses electron 
beam as driver in 
one plasma stage
RF structures 
consist of S-band 
and X-band
Laser needed for 
pre-ionization of 
plasma

A = 45 x 5 m2 = 225 m2

EuPRAXIA
facility

Including 
plasma, undulators, 
and user areas

3D layout by Dariusz Kocoń
and Paul Andreas Walker
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Laser and RF Infrastructure

Laser and RF 
infrastructure on 
top level
Accelerator level 
below
TW lasers available 
in user areas of 
plasma

EuPRAXIA
facility

Including 
plasma, undulators, 
and user areas

3D layout by Dariusz Kocoń
and Paul Andreas Walker

RF and TW 
laser system

Accelerator research  
and user areas on first 
level

PW laser 
system

Undulator hall
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EuPRAXIA
Plasma & Beam Movie

Á. Ferran Pousa, A. Aschikhin, R. Assmann ,A. Martinez de la Ossa. IPAC17 paper TUPIK007.

A. Ferran Pousa et al: “Visualpic Data Visualizer and Post-Processor for PIC Codes”
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Configuration B:
Simulation I

Laser pulse: 
a0 = 3.1, λ = 800 nm, 100 fs (FWHM in 
intensity), w0 = 54 mm, 100 J energy, 1 
PW peak power, laser and plasma 
parameters adjusted for  self guiding.

Electron pulse: 
Gaussian beam, 1 pC, 100 MeV, 
relative energy spread = 0.1%, 3.3 fs
length (rms), 1.26 micron transv. size 
(rms),norm. emittance 0.99 mm mrad

Vacuum
From 
A. Ferran-Pousa
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Configuration B:
Simulation II

Plasma: 
Density = 1.2 x 1017 cm-3

Length = 2.5 cm

The acceleration regime:
close to blowout. 2D simulation: the 
3D animation was made assuming 
cylindrical symmetry and 
reconstructing a 3D field.

From 
A. Ferran-Pousa
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Configuration B:
Simulation III

Electron beam: 
Energy = 1 GeV
Relative energy spread = 1.5%
Normalized emittance = 0.995 mm mrad

Just after exiting plasma:
Back in vacuum.

From 
A. Ferran-Pousa
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A Low Energy Spread Solution
(beam-driven case CONFIG D)

From
E. Chiadroni
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Accelerator Builder’s Challenge 
(simplified to typical values)

1) Match (into &) out of plasma with beam size ≈ 1 mm (about 1 mm beta 

function). Adiabatic matching (Whittum, 1989 – also more recent LAOLA 

work).

2) Control offsets between the wakefield driver (laser or beam) and the 

accelerated electron bunch at 1 mm level.

3) Use short bunches (few fs) to minimize energy spread. 

4) Achieve synchronization stability of few fs from injected electron 

bunch to wakefield (energy stability and spread).

5) Control the charge and beam loading to compensate energy spread 

(idea Simon van der Meer).

6) Demonstrate “industrial beam quality”. 

7) Develop and demonstrate user readiness of a 1 – 5 GeV plasma 

accelerated beam.
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Work in Progress

• Add user areas for:

– Table-top test beam accelerator for HEP detectors and/or 
industry

– Compact and real-time medical imaging with high resolution

• Detailed estimates on required real-estate footprint

– Looks very hopeful compared to conventional RF facility

• Overview on investment cost for various options and 
configuration

• Overview on operational cost for various options and 
configuration

• Last not least: Beam and light quality, science reach
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Site Selection

Exciting developments in various partner and 
associate partner labs. Some discussed at 
EuPRAXIA’s first yearly meeting (more to come?). 

The EuPRAXIA design study is site-
independent. It’s final report will include 

various European site options. This is the 
basis for EuPRAXIA...
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Conclusion

• In Europe progress in bringing diverse efforts together.

• Issues in plasma accelerators exist but no fundamental 

showstopper identified by us. Solutions cost effort & funds!

• Community must work together towards the ambitious goals. 

Common roadmaps must be supported by common 

funding. Grateful for EU funding for network and DS. 

• EU efforts focus on beam quality (EuPRAXIA, ...) and high 

efficiency / high power drivers (AWAKE, ICAN, ...).

• High beam quality required for LC. Also opens applications 

for photon science, medicine, ... This synergy is central 

component of our EU strategy.

• Near term steps in Europe can be seen as required 

intermediate steps, similar to RF unit tests in conv. LC’s. 
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3rd European Advanced 

Accelerator Concepts Workshop

Pre-registration open at web site (deadline May 26):

https://agenda.infn.it/confRegistrationFormDisplay.py?confId=12611

Go to link “EAAC2017 Application Form”. 

Also: offering student grants. Please apply!



Horizon2020

Thank you for your attention


