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PRA 1A What is EUPRAXIA?

Collaboration between 16 European partners and
16 associated international partners

— Study-leader R. Assmann (DESY), deputy: A. Specka(CNRS)
— Scientific secretary: P.A. Walker (DESY)

Design study for an accelerator facility for a
— 5GeV electron plasma accelerator

— with user areas: FEL & HEP test site

— using laser or electron beam drivers

With “industrial beam quality”

— sufficient beam quality for user applications
— ready for 24/7 user operation
— “from acceleration to accelerators”

Including site-studies and financial planning

* oy K
Horizon 2020



PRA/@A European facilities & background

Horizon 2020

Plasma acceleration is studied at many sites in Europe.

EuCARD? = a EU funded “integrating activity project for coordinated Research and
Development on Particle Accelerators” in Europe.

Work-package EuroNNAc (European Network for Novel Accelerators) submitted in 2014 a
Horizon 2020 proposal for the design study “EuUPRAXIA”.
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European Strategy for Research
Infrastructures (ESFRI)

EuPRAXIA is a Horizon2020 design study funded by 3ME

Horizon2020 = 8% jteration of the EU Framework for Research and Technological
Development (former FP1-FP7)

This is one important step towards the goal of becoming part of the ESFRI roadmap, which
“... identifies the new Research Infrastructures (Rl) of pan-European interest ...."

.PRA,GA

Horizon 2020

EU Design Study
EuPRAXIA 2018 or 2020 ?

Individual common project L

EXpenments S ESFRI Roadmap

and facilities Project Decision

in various 4

countries Preparatory Phase
(2 M€)

Independent Ad.ditional
funding from national andI

: : internationa
national funding Individual support

agencies to ESFRI and other world-
class research infrastructures

funding

(5 M€)
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16 partners

& Science & Technology .
A @ Facilities Council Imperial College

London
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UNIVERSITA DI ROMA
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University of .‘
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R. Assmann, deputy: A. Specka
Scientific secretary: P.A. Walker (DESY)
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PRA 1A Timeline
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Horizon 2020

Proposal submission: 09.2014

Approval: 07.2015

Start: 11.2015

15t year:

— Organization (collaboration agreements, ...)

— Hiring of dedicated personnel

— 15t yearly meeting Oct. 2016: Decision on set of parameters
for first study versions.

Final report & project end: 11.2019

Future Targets:

— ESFRI roadmap in 2018 or 2020
— CDR for 2020

— Operation 2025 to 2035

11/10/2016 U. Dorda - EuPRAXIA 8



PRA 1A Plasma 101

The wake can be created using a particle beam or a laser pulse.

The plasma is used to convert the transverse beam/laser fields (TV/m)
into longitudinal, accelerating fields (GV/m)

The accelerated electrons can be taken from the plasma (internal
injection) or externally injected

There are also huge transverse forces

— Proper matching into/out of plasma is critical!
100pm / 330fs
-

Horizon 2020
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PRA/\GA Accelerator Builder’s Challenge

(simplified to typical values) Horizon 2020

Match (into &) out of plasma with beam size = 1 um (about
1 mm beta function). Adiabatic matching (Whittum, 1989 —
also more recent LAOLA work).

Control offsets between the wakefield driver (laser or beam)
and the accelerated electron bunch at 1 um level.

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

Achieve synchronization stability of few fs from injected
electron bunch to wakefield (energy stability and spread).

Control the charge and beam loading to compensate energy
spread.



vViaximum Beam energy

PRA 1A

Why now?

— FEL energies have been reached experimentally

— Required laser power available “off-the shelve”

e Currently still under heavy development: Repetition
rate, reliability & reproducibility (“klystron

equivalent”), power-efficiency

— Worldwide steady progress on beam quality

100 TeV

1TeV ¢
1GeV ¢

1 MeV ¢

10 keV =

11/10/2016

» Future goals
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PRA 1A

Transport

3 5
GeV GeV
- i

o!

150 Y 150
MeV A MeV A MeV
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Options

Horizon 2020

 EuPRAXIA currently still
contains several options
to reach this goal.

* With the manpower
starting these days and
the knowhow of all
collaborators, the next
yvears will be used to
compare all options and
identify the best one.

U. Dorda - EuPRAXIA 12



PRAIA Example: Option RF-injector

Horizon 2020

e 150 MeV conventional (S-band)
photo-injector

e Laser: (“100 cube challenge”)
— 100J, 100Hz, 100fs

* Plasma density: n = 10Y//cm?

 Target beam parameters at FEL
— £.: 1mm mrad

— — T (FWHM) = 10fs

e — - - Q: 25pC

SR - « Document with the targeted

parameter for all options being

finalized. To be used as common
starting point for all future studies

)
RF 1 Laser 1 RF 2 - ﬁ ig
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f;;PRA}éA Layout from proposal

Horizon 2020

PLASMA ACCELERATOR HEP-TEST SITE & OTHER USER
Pump Laser(s) AREA
Laser Transport
Laser HEP
i Injector -
J Bearp Widening User 50m
\ Monmentum Cut B —
Cdllimation .‘
Diagnostics
20m
/ / |
In-Matching Out-Matching Undulator Section
RF Photogun Diagnostics Diagnostics Photon Pulse Generation FEL
, User
Booster Linac or Plasma Rran
Drive Beam Linac Accelerator(s) FEL / RADIATION SOURCE
USER AREA
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PRALA  “Industrial Beam Quality”

* oy K
Horizon 2020

1. Criterion:
Transport 99% of pulses after plasma accelerator through a
transport channel of T phase advance with 99% transmission
at +- 10 o aperture.

2. Criterion:
Have a compact and cost-efficient accelerator that can finally
be operated by a small team (2-3 persons).

Such an accelerator is useable for many applications and would be
suited for the foreseen application range (hospitals, universities,
industry, ...).




PRALA  Work Breakdown Structure

Horizon 2020

Collaboration Scientific Advisory

. Board Board
WP1 - WP8: EU work packages: receive ——
. Office DESY
fU n d In g . Proj_ect Proj_ect

WP 9 — WP14: In-kind work packages: no Cooielingto i e :
EU fU nding VOCAL platform i
. {University ;
Available manpower over 4 years: Steering Liverpool) |
. . Committee e ;
* 42 man-years new hires, paidbytlU | S/ 7V—1 ) |
b u d get awnzl;::rlf rj]?;;lngsgfdgi?\r:t?;: WPS8: Outreach and Liaison l;:;:\l,:rr::;'lrnh? E
81 man-years (in-kind) oesr—curs S iy |

WP9: Alternative e-Beam
Driven Plasma Structure

http://www.eupraxia-project.eu/work-

WP2: Physics and Simulation

CEA=IST s | ERCSynergy
packages.html . GrantAxss |
WP3: High Gradient Laser ! WP10: Use of Other Novel : /; (DESY, UHH) i
Plasma Acc. Structure —: Technologies rh
CNRS - ICL . DESY — UMAN | :
___________________ s e ERC Advanced
i WP4: Laser Design and WP11: FEL Application : Grants

European Laser e i " R
! — Optimization ] Protatyping F

X-five (CNRS),

Industry i 2 i |
e GRS CHi ENRS = UHH COXINEL (SOLEIL)
| European accele- || [INSHGUAUSIERT WLt o e el |
! —— and Uptimization - Ltxperiments at [est Faciliies | Existing Facilities :
i rator Industry INEN - CEA : STFC -~ UROM :\

i CILEX-APOLLON

i ELI-Beamlines

WPS6: FEL Pilot application WP13: AIternati\{e Radiation E Helmholtz VI |
SOLEIL — ENEA Generation : ! INFNSPARC |
USTRATH = ICL | ' STEC CLF I

_______________________________ i Laser Lab i

WP?7: High Energy Physics ! WP14: Hybrid Laser-Electron- | CERN AWAKE
and other Pilot Applications Beam Driven Acceleration i etc ;

CNRS - UOXF ' USTRATH — DESY
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PRA 1A EU - work packages

 WP1: Project Management and Technical Coordination
WP Leaders: R. Assmann (DESY), A. Specka (CNRS)
 Management & definition of common parameters, overall layout
* WP2: Physics and Simulation
* WP Leaders: A. Mosnier (CEA), L. Silva (IST)

* Tasks: S2E simulations of plasma injector &
accelerating modules. External injection & =

Horizon 2020
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PRA 1A EU - work packages
 WP3: High Gradient Laser Plasma Accelerator 1

* *
Horizon 2020

}

Structure l’ }n
|
WP Leaders: B. Cros (CNRS), Z. Najmudin (ICL) ' ﬂj_““
Desion in { TN
* Tasks: Design injector and accelerator stage ;

* Workshop end Oct. in Paris

* WP4: Laser Design and Optimization
WP Leaders: L. Gizzi (CNR), F. Mathieu (CNRS)
* First WP meeting resulted in the 100cube
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PRA 1A EU - work packages

* oy K
Horizon 2020

 WP5: Electron Beam Design and Optimization
WP Leaders: E. Chiadroni (INFN), A. Chance (CEA)
* External RF injector incl. long. Compression to fs bunches

* Matching to/from plasma
 Workshop held last week (5.-6. Oct.)

* WP6: FEL pilot application
— WP leaders: M-E. Couprie (SOLEIL), G. Dattoli (ENEA)
— Provide requirements

— Study the beam manipulation techniques:
e transverse gradient undulator
 decompression chicane to sort the electrons by their energy

— Study innovative undulator magnets
* RF-type or laser-type undulators
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PRA 1A EU - work packages

Horizon 2020

WP 7: High Energy Physics and other Pilot Applications
— WP Leaders: A. Specka (CNRS), R. Walczak (UOXF)
— Survey the needs and requirements of test beam users that are not covered at
existing facilities
— ldentify users that may actually profit from “non-standard beam parameters”
 HE EM shower “simulation” in the lab

* Big detector calibration
* test facility for bunch length diagnostics

— Workshop “PAEPA” this week (11.-13. Oct.) in Paris
e WHP8 : Outreach and Liaison
— WP Leaders: C. Welsch (ULIV), B. Hidding (USTRATH)

: : THE EuPRALIA FILES
— www.eupraxia-project.eu, #EUPRAXIA -
[ I e
PARTICIPANTS -
PRA df-\ EXCELLENGE IN _
N r APPLICATONS / .
NOVEL FUNDAMENTAL RESEARCH
COMPACT EUROPEAN PLASMA
ACCELERATOR WITH SUPERIOR
BEAM QUALITY
== 7
Bt SN ad £W T
euPRAYSIA




PRAA  In kind - work packages

 WP9: Alternative e-Beam Driven Plasma Structure
— WP Leaders: J. Osterhoff (DESY), M. Ferrario (INFN)
— Electron beam-driven plasma wakefield stages

— Study the electron beam-driver options and beam preparation
schemes, studies into the plasma target and vacuum system, plasma
diagnostics, staging of acceleration modules, as well as general
engineering issues and stability studies.

— Workshop held last week (3-4. Oct.)
 WP10: Use of Other Novel Technologies

— WP Leaders: U. Dorda (DESY), Guoxing Xia (UMAN)

— Study/monitor the potential of other ‘novel’ acceleration techniques &
fiber lasers

* 4 K*
Horizon 2020

11/10/2016 u.



PRAA  In kind - work packages

WP11: FEL Application Prototyping

— WP Leaders: V. Malka (CNRS), A. Lifschitz (CNRS), A. Maier (UHH)

— Address technical issues in real experiments

— Simulations and comparative studies between experiments and theory
WP12: Accelerator Prototyping and Experiments at Test Facilities
— WP Leaders: R. Pattathil (STFC), A. Mostacci (UROM)

— Coordinate access to various test facilities for proof-of-principle tests
WP13: Alternative Radiation Generation

— WP Leaders: D. Jaroszinsky (USTRATH), Z-M. Sheng (ICL)

— E.g. betatron & synchrotron radiation, nonlinear Thomson scattering
WP14: Hybrid Laser-Electron-Beam Driven Acceleration

— WP Leaders: B. Hidding (USTRATH), A. Ossa (DESY)

* oy K
Horizon 2020

LWFA stage PWFA stage
Dopant jet (H/N) Dopant jet (H/He)
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Conclusion/ Summary/
PRA (IA ,
A( fu rth e r I nfo Horizon 2020

 EuPRAXIA is a design study for a plasma accelerator based facility in the
Horizon2020 research program of EU.

e 32 partners and associated partners presently.

e Collaboration is set up and personnel hiring started

* Technical approaches being followed towards 2019 proposal:
100cube challenge for lasers, compact accelerator, cost-effectiveness a must,
modular approach, stages with intermediate “conventional” beam forming, RF
vs novel injectors for controlled beam shaping, best solution approach (laser vs
beam vs hybrid driver), short bunches, feedbacks, advanced controls

Project started Nov 2015. Next steps:
* Finalize set of parameters for first study version end October 2016.

e 1st yearly meeting in October in Paris.
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