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European Plasma Research
Accelarator with eXcellence in
Application” EuPRAXIA

Aim: Conceptual design report for the worldwide first 5 GeV plasma based
accelerator

Two user areas will be developed for a novel Free Electron Laser and High Energy
Physics detector science.

EuPRAXIA will be a new large research infrastructure

with an estimated footprint of about 250 m. If the design study is approved it
will lay the foundation for a possible decision on construction in 2020.

Consortium 16 laboratories and 5 unis from 5 EU states, and 18 partners from 8
countries

Our proposal EuPRAXIA was finally submitted to the European Union Horizon
2020 Program. You will find the submitted version under:

the requested name is : eupraxia
the password 1is: Horizon2020

It is a 155 pages .pdf document


https://ard.desy.de/login_form?lang=eng&destination=https://ard.desy.de/e178196/@@siteview

dea of Laser Wake Field in Plasma

Electron beam
Plasma electrons

Laser Pulse (200TW, ~25 fs, E,., ~ TV/m) (plasma cell, ~10" cm)
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200 TW laser exciting a wake in a plasma of 107 em’



Fuiure goals
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Livingston curve for accelerators, showing the maximum reach in beam energy versus time



Today 2020s | 2030’

HEP collider, e.g. ILC,
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HEP collider, e.g. : 50— 100 km
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! Infrastructure
_ ¥ 5GeVFEL& HEP “ Ultra-Compact FEL
Multi GeV e- bunches

250 m | 10- 100 m

in plasma ace. (30 m)
Ultra-Compact e-

medical accelerator




RED on feasibility
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The Facility
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Figure 1.1: An illustration of the BuPRAXLA concept for designing & Ewrope=an Research Infrastrsdiure consisting of
|1} a plasma sccelerator for providing 3 GeV &- beam, (2] 2 high energy physics user area and |3) an FEL user ansa.
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Technical Parameters

Beam Parameter U it Value
Particle type Electrons
Energy Gey 1-1
Charge per bunch aC 1-30
Repetion rate Hz 10
Bunch duration fs 0.04 - 10
Peak current A 1 - 100
Energy spread % 01-3
Morm. emittance mm 0.01-1
FEL wavelength i 1-13

1 PW laser is needed
THALES, Amplitude
Technology show interest

The whole costs will be
200 Meuro

Single countries UK,
Germany have 30 — 50
Meuro for such facilities



The aim is to reduce the bheam size

wie.

3. Latest accelerator technology has shown the feasibility of generating and controlling small beam sizes
(down to 45 nm, see Figure 1.2) and short electron pulses (down to several 10 fs, less than 10 um). At the
same time it is now possible to achieve synchronization accuracies at the 10 fs level and to keep this over
24 hours (see Figure 1.3). This progress is fundamentally important for turning plasma accelrators into a
realistic option for users.

4. Laser technology has reached and surpassed the 1 PW peak power level, which is required for GeV-class
plasma acceleration. It is now realistic to focus technical work on improving the stability and reproducibil-

ity of laser beams and efficiency and scalability of laser installations.
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Now from the proposal

Date of preparation:
2nd September 2014
Coordinator: Ralph W. ABmann, e-mail:
They ask 3.000.000 Euro for the proposal for the design study (2015-2019)

* pp. 1—57: list of participants, general statements

* pp. 58—125: technical description, Work Packages, tasks, schedule gant chart

* pp. 26—155: clarification of proficiencies of the participants, relevant
publications, contact people (Wigner RCP listed on p. 152)

Associated Partner Mo 8 Wigrser Resssrch Center of the Hungarian Amdemy of Soemoe

iGen eral Desoription The Resesrch Centre was founded on 15t January, 2012, oy the meng-
ing of taa former resesrch institutes, the Resesrch Institute for Par-
ci= amd Huscear Physics, and the Ressarch Instiute for Solid Stabe
Phiysics and Optics of the HA S, It has expertise in High snengy physics,
pla=ma phiysics, apolied ootics and quambum optics, matching several
requirsd key expertices far EUFRANLA.

Contact Scientist and In- The comtact soemntist for EWPRANILA is Dr. imre F. Earna. Detailed partic-
volvement ipation remains to be defined.



mailto:ralph.assmann@desy.de
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J::n Adams Institute Universtity Darmstact Lund University University of California Los Angeles
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STFC Central Laser Facility Budker INP Braokhaven National Laboratery.

Liverpool University
University College London
Imperial Callege

Queen’s University of Belfast

Institute of Applied Physics RAS

Instituto Superior
Tecnico de Lishoa

IRAMIS/CEA
IRFU/CEA v

Laboratoire Leprince-Ringuet Extreme Light Infrastructures (ELI) Inst. of Physics, Chinese Academy of Sciences
i ppachze: CNRSEFS LI Beams (Czech Republic) Ts‘-nghm,wg,siw Seilng

LAL Wigner Research Canter (Hungary) Shanghal Jiao Tong University

INFN-LNF
European Organization for e Universty and INEN
Nuclear Research (CERN) Consiglio Nazionale Delle Ricerche, INO - GEARDZ

Psl ere
University of Rome LA SAPIENZA —

Overview on National Eur.
Projects in the field of
plasma accelerators

Participants of 1st European Advanced
Accelerator Workshop
2013, Island of Elba)



List of participants:

Participant mo. | Participant organisation name Short Country
name

i (Coordirator| | S3iftung Deutsches Elsktronen Synchrotron DESY Germany

2 stituto Mazionale di Fisica Nucleare INFM Ieahy

3 Consiglio Nazionale delle Ricerche CHR Itahy

4 Centre Mational de Ia Recherche Soentifigue CHRS France

3 Unmveraty of Srathclyde LISTRATH LK

B nstituto Superior Teomice IsT Portugal

7 Soence & Technalogy Fadlities Cound STFC UK

) Syrechirotron ZOLEIL — Frerch Neboral Synchrotran SOLEIL France

8 Unmeraty of Mamchester UMAN UK

10 University of Liverpooi ULy UK

i1 Apsnzia nazionale per le nupye tecnologie, EHEA Ieahy
renergia e lo SWluppo EconOmicD sostenible

12 Commissaniat 8 'Energie Atomigue &t aux CEA France
snargies alternatives

i3 Sapienza Universita i Roma UROM Ity

i3 Universitat Hansestadt Hamburg UHH Germany

i3 m perial College London ICL UK

iE Unmeraty of Ouafiord UOXF UK




List of associated partners:

Assooated Associated partmer onganisation name Short Country
partmer ne. Ml M2
1 Jinotong-Universitat Shanghaei Jus Chira
] Teingzua University Beijing TU8 Chira
3 Extreme Light Infrastructures - Eeams ELHB Czech Republic
4 Lill= Uiniversity FHLAM France
] Hedmhaltz Institute Jens HU GErmany
& Hedmbattz-Zzntrum Dresden-Rossendor HZDR SErmay
7 Lugwig-maximillians-Universitat Minchen LML Germany
- Wigner Research Center of the Hungarian Academy | WIGNER | Hungary
of Soence
] Ewrop=an Organization for Muclear Research CERM e
10 High Energy Accelerstor Research Organization KEX, lapan
11 Kmnsai Fhoton Sciemce nstitute, Japam Atomic En- | KPSHIAEA | Japan
Ergy AZENCy
12 Osaka University ou Inpan
i3 RIKEN SPring-8 Camber RSC lapan
14 Lund Uniwersity Lu Sweden
13 Center for Accelerstor Soence and Education at CASE i
Stomy Erook U B EHL
16 Lawrence Barkeley National Laboratory LBNL iy
iz SLAC Mational Acoslerstor Lsboratory SLac L=
18 University of Califomnia, Los Angeles UCLA LISy,

Hungary will get 12000
EUR for travel costs for the
next 3 years ??



Structure and
Collaboration Scientific Advisory
2 ors kg Work Packages
EU Project
Office DESY
Project
Coordinator
DESY
VOCAL platform
{Unihversity
Steering Liverposl]
Committee U NS B
WP1: Project Ma ' !
2 Project Managernent : Metworks ITH
WPE: Outreach and Liaisan
and Ted:ﬂllnrl_::;‘n;dlmﬁn i LA [Universit
Liverpood et al)
’ WPD: lernative e-Beam | | _
WP2: Physics and Simulation Driven Plasma Structurs
CEA- 5T DESY - WEN ERC Symanty
p Grant AXSIS
WPI; High Gradient Laser WR10: Uise of Other Hovel {DESY, LiHH]
Plagma Acc. Structure Technologles
ENRS - ICL DESY - LAMAN — - — - — -
ERC Advanced
WP: Laser Design and WP11: FEL Application Gramts
European Laser Optirmizaticn Prototyping ¥-fiwe (CHRS),
________ o Ch — CRS CMaS— LW COMIMEL [SOLEIL)
WES: Electron Beam Design WP1Z: Ace. Prototyping and R
European Accele-
and Optimization Experiments at Test Facilities | Existing Fascilitiess
| e NN - CEA STFC—UROM ! EL--Bearniines
- WPLA: Alternative Radiation 1 Helmholz VI
WeG: FEL Pilot ;ﬂuuun . | e
USTRATH - KL STRC CLF
Lazer Lab
WPT: High Energy Physics WiPL4: Hybeid Lager-Electron- CERN AWAKE
and other Pilot Applications : Bearn Driven Accsleration &t
CMRS = LAOXF LUSTRATH — DESY | T




Table 3.1b: List of EuPRAXIA Work Packages included in the EU design study. Person-months list the man-
power requested from EU as well as the total manpower {in brackets) per WP.

WP | Work package title Type of | Lead Lzad participant Person- Start End
Mo activi- patici- short name (depu- months month manth
l:yj_ pant Mo ty in brackets)
1 Project Management, MGT 1 DESY 24 M1 h4E
Technical Coordination {CNRS) (98]
2 Physics and Simulation RTD 12 CEA 88 M1 h4E
(IST) (250)
3 High Gradient Laser RTD 4 CMR3 42 M1 MAE
Plasma Accelerating (ICL) (142)
Structure
4 Laser Design and Optimi- RTD 3 CHNR L7 M1 h4E
zation {CNRS) (&3]
L Electron Beam Design RTD 2 INFM 78 M1 h4E
and Optimization (CEA) (Z18)
& | FEL Filot Application RTD B SOLEIL 126 M1 hMag
(ENEA] (266)
F) High Energy Physics, RTD 4 CNR3 1 hAl h4E
other Pilot Applications {UOXF) (54)
8 | Outreach and Liaison MGT 10 LILIV 50 M1 M4E
(USTRATH]) (80)
[TOTAL 501 (1209)




Table 3.1b-non-EU: List of EuPRAXIA Work Packages that are not included in the EU design study. The in-kind
contributions for these WP's are listed in Table 3.4a-total-project.

WP |Work package title Type of [Lead partici- [Lead participant short
Mo activity” [pant No name (deputy in brack-
ets)

a Alternative e-Beam Driven Plasma Structure RTD 1 DESY (INFN)

10 | Use of Other Novel Technologies RTD 1 DESY (UMAN)

11 | FEL Application Prototyping RTD 4 CNRS (UHH)

12 | Accelerator Prototyping and Experiments at Test Fa- | RTD 7 STFC (UROM)

cilities
13 | Alternative Radiation Generation RTD 5 LUSTRATH (ICL)
14 | Hybrid Laser-Electron-Beam Driven Acceleration RTD 5 LISTRATH (DESY)




Kapcsoldédasi pontok:
WP1 Project Management and Technical Coordination

abhwN -~

Management

Parameter, Layout and Cost Committee

Quality Assurance Plan

Implementation Model and Site Study (?EK Torok Szabina, Zagyvai Péter)
Radiological Impact (?EK Toérok Szabina, Zagyvai Péter)

WP2 Physics Simulation

P
1.
2
3

ok

Coordination and Communication

Machine model

Start-to-End simulation PIC Donkd Zoltan and Co. ???
AWAKE Rb ionizacid, propagation szamolas Gagik and Co.
Tolerance Budget

Final performance

WP3 High. Grad. Las. Plasm. Accel. Structure

1.
2.
3.

Design plasma acceler. Structure elements linked to laser. Plasm coupling
Design the plasma structures required ,
Plasma chamber design  (Rb kisérlet eredményei ?)

WP4 Laser Design and Optim.

S INE

System engineering
Laser design study
Transverse function
Laser control system



WP5 Electron Beam Design and Optimization
Coordination and Communication

Electron beam for injection

Electron beam manipulation

Electron beam

Final performance

a0~

WP6 FEL Pilot application (?Faigel Gyula and Co)
1. Coordination and Communication
2. FEL Baseline cases
3 Undulators and technological developments of equipments
4 Towards scientific applications
5 Operational model

WP7 High Energy Physics and other Applications (? Siklér and Co)

P
1 Coordination and Communication

2. ldentification of pilot application for LWFA electron beams
3

4

5

Specif. of electron beam parameters for selected pilot application
Beam Line conceptual design

User experimental area conceptual design

WP8 Outreach and Liaison
Coordination and Communication
Liaison with FEL and HEP Sciences

Dissemination of Information and Industry outreach

P
1
2
3
4 Training of required experts



Work packages not supported by the EC

WP9 Alternative e-Beam Driven Plasma Structure

1.

2 o

e-beam driver option and beam preparation
Plasma target and vacuum system

Plasma diagnostics

Beam tailoring and release into vacuum
Staging of acceleration modules
Engineering issues and stability

WP10 Use of Other Novel Technologies

P
1
2
3

Novel cold injectors
Dielectric structures
Fibre Laser (?Szip6cs R. and Co.)

WP11 FEL Application Prototyping

1.

Optimization of LWFA for FEL application

WP12 Accelerator Prototyping and Experiments at Test Facilities

1.
2.

3.
4.
5.

Testing laser-driven plasma source, staging, diagnostics and mode coupling
Testing laser feedback and correction methods and two plasma module
laser acceleration

Testing and optimizing electron beam properties before and after injection
Testing FEL parameters and performance

Testing application of Particle beams



WP13 Alternative Radiation Generation

1. Investigations of injection schemes for high quality electron bunches

2. Extension of spectral range of plasma-based radiation sources to gamma-
rays and the far infra-red

3. Investigations of coherence development in plasma-based radiation
sources

4. Development of diagnostic systems for investigating plasma-based
radiation sources

WP14 Hybrid Laser—Electron—Beam Driven Acceleration

Selective ionization os plasma components

Trojan Horse underdense photocathode witness bunch generation
Wakefield-induced ionization injection

Exploiting LWFA-generated electron bunches as drivers for PWFA
Integration of resutls of tasks 14.1—14.4. into the EuUPRAXIA Design Report
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Thank you for your attention!
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