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PRA A

The EuPRAXIA Consortium is preparing a conceptual design for the world’s first multi-GeV

plasma-based accelerator with industrial beam quality and dedicated user areas.

EuPRAXIA brings together a consortium of 16 research institutions from 5 EU member states. The project, coordinated

by DESY, is funded by the EU’s Horizon 2020 programme. EUPRAXIA has been joined by 22 associated partners.
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Horizon 2020

ASSOCIATED PARTNERS
(October 2016)

Shanghai Jiao Tong University, China
Tsinghua University Beijing, China

ELI - Extremne Light Infrastructure - Beamlines,
Intermnational

PhLAM - Laboratoire de Physique des Lasers
Atomes et Molécules, Université de Lille 1, France
Helmholtz-Institut Jena, Germany
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Ludwig-Maximilians-Universitat Manchen, Germany

CERN - European Organization for Nuciear

Kansai Photon Science Institute/Japan
Atomic Energy Agency, Japan

Osaka University, Japan

RIKEN SPring-8 Center, Japan

Lunds Universitet, Sweden

CASE - Center for Accelerator Science and

Education at Stony Brook University and
Brookhaven National Laboratory, USA

LBLN - Lawrence Berkeley National Laboratory, USA
UCLA - University of California Los Angeles, USA
KIT - Karisruher Institut far Technologie, Germany
Forsch Jalich, G

e

Hebrew University of Jerusalem, Israel
Institute of Applied Physics of the Russian
Academy of SGences, Russia

Joint Institute for High Temperatures of the
Russian Academy of Sciences, Russia

Universita degli Studi di Roma “Tor Vergata’, Italy




rraGia  Project timeline

Horizon 2020

09.2014 Proposal submission

07.2015 Approval

11.2015 Start of EUPRAXIA project

11.2016 First common study version of EuUPRAXIA design

11.2017 Mid-term

08.2019 Application to ESFRI roadmap for 2020 update

10.2019 Final conceptual design report and end design study
2020+ Construction decision

> 2027 —-2025 (Construction
> 2025 —-2035 Operation

Short time scale: EUPRAXIA Laser design based on technology with high TRL
Guideline: exploring extension of existing concepts and prototypes
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PRA A
4 CNR - Italy )
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rain  EUPRAXIA Objectives

EuPRAXIA is a conceptual design study for a 5 GeV electron plasma
accelerator as a European research infrastructure. Goals:

Horizon 2020

1. Address quality. Show plasma accelerator technology is usable:
— Incorporate established accelerator technology for optimal quality
— Combine expertise from accelerator, laser labs, industry, international partners

— Develop new technical solutions and a few use cases

2. Show benefit in size and cost versus established RF technology:

— Proposed solutions must offer a significant benefit, e.q. fitting constrained spaces
(small labs, hospitals) and/or must be less effective.

— Cost benefits must include low operational costs (turn-key, industrial lasers at high
repetition rate, cost-effective RF components, ...): small team, remote OP, ...

Note: FuPRAXIA will initially be low wall-plug power efficiency
«  Efforts with industry and laser institutes to improve rep. rate & efficiency (incorporate all viable laser
technologies with higher efficiency)

Forum ILP 15.06.2018 6
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Acceleration strategy
three main laser systems

PRA A

Horizon 2020

Starting point:

Laser system requirements emerged in WP 2 Physics and Simulation (A.Mosnier, L. Silva)
and WP3 High Gradient Laser Plasma Accelerator Structure (B.Cros, Z.Najmudin)

Three main lasers envisaged:

Laser 1: 150 MeV injector

YA Y.

pLasMAAce.  HHI—

e created & accelerated depleted

) AE

pLasMAAcC.  H—

e- quality preserved & acc. depleted

YA Y.:

Laser 3 : 5 GeV accelerator | slasMAACe, HH—
e- quality preserved & acc. depleted

Strategy: . laser
* Analysis of the available technologies for PW-class lasers,

« (Comparison with the requirements of Eupraxia,
« Evaluation of the suitability for the given time frame for construction (<5 yrs)

I

Laser 2 : 1 GeV injector REA

:

2

. electrons

Forum ILP 15.06.2018
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http://www.eupraxia-project.eu/wp2.html
http://www.eupraxia-project.eu/wp3.html

- pra Cin EUPRAXIA Research Infrastructure

Horizon 2020

PLASMA ACCELERATOR HEP & iLHEiR USER DRIVER LASERS
Pump Laser(s) (WP4 — Laser
Laser Transport design and
Laser i Optimization)
& Injector h Wide User 50 m
\ m Cut Area r =
Cdllimation
Agnostics
20m
.
In-Matchi Out-Matchi Undulator Secti
RFPhotogun | {oMatching Diagnostics] Photon Pulse Generation FEL
) User
Booster Linac or Plasma Area
Drive Beam Linac Accelerator(s EE| / RADIATION SOURCE
Compact, PW-kW USER AREA
laser-driver-for
ForumILP 15.06.2018 Lplasma aCCEleratiOn J
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PRA A

Laser-Plasma acceleration schemes
under consideration (WP2)

* *
* oy *

Horizon 2020

- T — 5 GeV 60 Me 5 GeV 150 Me 5 Gev
INFN LPGP, INO
Final Energy 150 MeV 1Gev / 5 Gev
CARANO(F.T ‘(’ggﬂsﬁgzﬂ_) DESY (E.Svystun & A F. Pousa) TR E € T CEA (X_ Li & P. Nghiem)
0.9x8 J 0.07J 101 J 28 fs Quasi - linear Bubble
30fs 38 fs 100 fs 8.4 pm 15J
45 pm 35pum 54 4 um CNRS-LLR (A. Beck) 1080 fs
delay 40 fs INFN (Andrea Rossi) 105 J 55 um
6.4J 28 fs
> 110 fs 40 pim
q_) 35 pm CNRS-LPGP (G. Maynard)
047 J
O energy (J) 150 Mev 20 fs
duration (fs) FWHM 1GeV 16 pm
] waist (um) 5GeV CNR-INO (P.Tomassini)*
DL IL (S3omega)
0.7x4-0.3x8 J 0.02J
EE——re— S S5V 25 f 30 fs
4B LNF 27 pym 42 um

nothing proposed for the 4B

delay 47 - 49 fs; *N2-Ar

CNR-INO (P.Tomassini)

DESY (E.Svystun & A.F. Pousa)

DL IL (3rd Harm.)
> 2.2x8 J 0.02J 456 ) Quasi - linear Bubble
Q) 50 fs 60 fs 70 fs 53J 75 J
60 pm 3.5 pm 50 pm 130 fs 108 fs
( ) delay 102 fs INFN (Andrea rossi) 55 um 48 um
56J
'n 110 fs
70 pm

CEA (X. Li & P. Nghiem)

Large BW (=30 fs) required for injector/1GeV stage. May be relaxed (=50 fs ->100fs) for 5GeV stage.
That could be not compatible with many available direct CPA schemes (Nd, Yb).

Forum ILP 15.06.2018
Zeudi Mazzotta

MULTI-PULSE drivers attracting increasing attention.



PRA A

Laser-Plasma acceleration schemes
under consideration (WP2)

* *
* ok

Horizon 2020

el Tl— 5 GeV 60 Me — 150 Me c cov
1 GeV
INEN LPGP
Final Energy 150 MeV 16
CNR-INO (P.Tomassini) IST-ID L. Silva & J. V
DL IL (2nd Harm.) DESY (E.Svystun & A.F. Pousa)
0.9x8 J 0.07J 101 J e
30fs 38 fs 100 fs
45 pm 35pum 54 4 um
delay 40 fs INFN (Andrea Rossi)
(D} T CNRS
(D energy (J)
duration (fs) FWHM
] waist (um) NR-INO
DL
=00 ‘_-.3><8 J
b ) fs
um
lay 47 - 49 fs; *N2-Ar
CEA (X. Li & P. Nghiem)
> Quasi - linear Bubble
o ) fs 53J 75J
6 90 um 130 fs 108 fs
( ) | N (Andrea rossi) 55 um 48 um
256 J
ln 110 fs
70 pm

Large BW « _u i5) required for injector/1GeV stage. May be relaxed (=50 fs ->100fs) for 5GeV stage.
That could be not compatible with many available direct CPA schemes (Nd, Yb).

Forum ILP 15.06.2018
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MULTI-PULSE drivers attracting increasing attention.
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DESY (E.Svystun & A F. Pousa) . Silva & J.

101 J
100 fs
54 4 um
INFN (Andrea R

duratlon (fs) FWHNM
waist (um)

ay 47 - 49 fs; *NZ2-Ar

J
is E
J um 130 fg
¢ (Andrea rossi) D 2

20 ® 6 )

70 pm
o 5 ->100fs)
,chemes (Nd, ./ \

[axed
‘.reasihcr atL .

Large BW . 15/ required for injector/1GeV stage. M.
That could be not compatible with many avalr
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Three laser systems
Requirements

Produce a credible laser design to meet project specifications for a
PW-class system, with demanding high average power
(>1 kW, ideally 10 kW)

Laser 1: 150 MeV injector-> 7J, 100 Hz, 25 fs

PRA A

Laser 2 : 1 GeVinjector-> 30J, 100 Hz, 30 fs
Laser 3 : 5 GeV accelerator-> 100J, 100 Hz, <100 fs

ajor effort required to fill the gap between]
¥ existing and required laser technology

Zeudi Mazzotta




PRA A Amplification strategy

TWO POSSIBLE SCENARIQOS identified:
» Medium risk: TiSa with DPSSL pump lasers;

> High risk: Direct CPA with new materials (surely
required for >100Hz);

Scenarios matching large programs at other institutions
(e.g. LLNL, LBNL, STFC ...);

Forum ILP 15.06.2018 13
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*

IS I possIDLe 10 scale existing

*

PRA 1A systems?
EuPRAXIA laser systems: 4 MAN CHALLENESS

| aser 1 drive a 150 MeV |nJector * Pumping technology (High rep. rate, high energy)
Lasel’ 2 . dl’ive 3 1 GeV iﬂjECtOl’ * (Gain media (Bandwidth, Dimensions, Thermal load, Cooling)

Laser 3 :drive a5 GeV accelerator

* Grating technology (Dimensions, LIDT, Thermal load, Cooling)
& Pointing stability (Transport)

Pump laser 100 Hz Laser 1: 150 MeV injector driver
>25] (> 2,5 kW)
40 nm
.. - 77,25 fs,100 Hz
Front ’ ’
X Amplification stage Small Compressor; Aay < 5 %

end 1 (>7]) > 700 W pointStab < 7 urad

Pump laser 100 Hz Laser 2: 1 GeV injector driver

Pump laser 100 Hz

! ©

25 (2,5 kW) > 60 J (> 6 kW)
35nm
Y o ——— n 30/,30 fs,100 H
Master - Front 1 Amplification stage . Amplification stage £Med1um Compressor; J Aa f<s 5 0 z
. 1 0

oscillator end 2 (7]) (>30]) >3 kW pointStab < 7 urad
Pump laser 100 Hz Pump laser 100 Hz | Pump laser 100 Hz Laser 3: 5 GeV injector driver
257 (2,5 kW) 60 J (6 kW) > 200 (> 20 kW) A —

~_-100 J}100/Hz-

18 nm

,,r <100 fs
G)- Front Amplification stage _ Amplification stage . Amplificationistagely Large Compresson ‘ T A

> 3
end 3 (7]) (30)) (> 100)p) > 10 kW pointStab < 1 yrad

Forum ILP 15.06.2018 14
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PRAIA INDUSTRIAL SUBSYSTEMS C
A7 pump lasers—P60 Amplitude

Industrial unit (P60): conversion to diode pumping fully designed

Amplitude

P40 flashlamps pumped version
Flashlamp pumped Nd:YAG/

: - IR output CCDs Image relays SHG tal  Shutter green g b .
— Disk amplifiers heads N s crysta reen beam DPSSL DOSS|ble

mirror SmtsnR 60 J @ 5 Hz, @532 nm
40J@T10Hz @ 532 nm

= a.:r‘
|_ 'ﬂm.-l“

™
‘|||m—’ |1|" : ::-f‘" é k

/Ilm_ .. e = e = 2 B
£ g um“mu _|\|||'_ —— ik e Cost of diode still an i
'iim_ I}III‘ emr\'l._miil\ i ol ost o IlO e st al Issue
| ——r O e —
’|||I\I_‘ 3 25— | currently 5x tota

W \ ﬂh-‘!‘..rm

O P . X (including operational)
{III\I_.‘ ‘IIIM{ : 1 costs compared to
; A e i flashlamps.
/ 2] ( « Expected to decrease in
IR beam
Table 5-10 yrs
1.5x4.8m Optical ¢ .
Isolators, . FrontEnd GBS * Maintenance free
diagnosis Seed Laser .
/\ operation for 25-30 yrs.
nothing but ulthafust
Forum ILP 15.06.2018 15
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INDUS TRIAL SUBSYSTEMS g
PRACIA - pump lasers—DiPOLE 100

CFD: 150K

* 6 x Yb:YAG slabs ¢ Y 120 mm square 1900/s 22 74
: : r o 3 8.5mmthick v i
. 4-pgss relay-imaging i \QS\O & y 5;%
design , % ' | "
« NF, FF diagnostics kel ‘
P ' 8 AT ~4K
on eaCh paSS Konoshima Chemical Co.,Ltd. % o
100J output AO
Bl Wave front control mirror
Pointing stabilised He flow
_Q QQ | Amplified
1030nm
\.\E |+ A
Tons s < O v
v T |
o aalala \\1 0,0.6
Diode pumps Amplifier i 0.4 at.%
(2 x 280 kW) Head HVﬂV
10bar,150K

Science & Technology Facilities Council

ForumLpLDﬁipE@LE 100 J _— Central Laser Facility

Zeud! Mazzotta




* ok

Thermal management

Transmission vs. “active mirror” configuration is currently being

evaluated to account for thermal management
“Active mirror” geometry

PRA A Amplification:

Transmission geometry . ;':?
~ ’ \ Pump. %
\Inputbeam E:;T:: y\\&\]‘ '//// miryrolrsg \ ’
Steering mirror
umpbeamn 4B Ti:Sapphire
Pump b — cry??als , 4 Ti:Sfypsgglire ! ; - é’
Steering mirror ‘ ~ - | R6f|eCtiV‘5_ coating / Ti:Sapphire crystals
' «.{ (cooled side)
\ Ouput beam Pro: Well established concept with no propagation through cooling fluid
o b - . \/ — Con: limited cooling (single face), to be modelled
Pump recycling \ / B
. Steering mirror Pum . .
mirror Steering mirror teering recygingmi,mr 70 - Gam comparison (AM P3)
60 | # Reflection scheme ¥
® Transmission scheme : ¢
50 - e
Pro: More efficient (double-side) cooling and = g
reduced complexity; - .
Con: propagation through flowing cooling liquid ol o "
10 | ; ‘
0 1 2 3 4 5 6

Pass #

*) Water cooled Ti:Sa amplifier (“Active Mirror” configuration) under development at ELI-HU (After V. Cvhykov et al. , Opt. Lett, 41,3017, 2016)
Fc **) Fluid (D,0) cooled Nd:YAG laser, 20 kW CW pump power, D,0 (After X. Fu et al., Opt. Express, 22, 18421 (2014) 17
***) Fluid (Siloxane ) cooled Nd:YLF laser, 5 kW CW pump power (After Z. Ye et al., Opt. Express, 24,1758 (2016)



My role
PRA 1A Transport to the target

Main challenges: large optics, mechanical stability, cooling of
gratings, beam quality control ...

Horizon 2020

u eEm o E e DS B M G SN SEE D EEE EEE GEE GEE EEE GEE GEE BEE GEn GEE GEE GEE GEn GEn GEn B San GEe EEam Bam Bae Bam e e Emm e .

E Telescope |
| Deformable & Compressor |
‘| mirror Spatial T P i
: filter Diagnostics |

mirror

achromatic

amplifier

Forum ILP 15.06.2018 18
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raia  COMPressorissues

HorizoZOZO
At each compressor we will arrive with an average power of :

* Injector 150MeV

> 1,2kW (12J @ 100Hz), needed 25 fs after compression (38nm bandwidth),
spectral acceptance required: 120 nm

* Injector 1GeV
> 5 kW (50)J @ 100Hz), needed 30-35 fs after compression (32nm
bandwidth), spectral acceptance required: 100 nm

e Accelerator 5GeV

> 16 kW (160J @ 100Hz), needed 60 fs after compression (18nm bandwidth),
spectral acceptance required: 60 nm

LIDT determines the laser fluence arriving on the compressor:
100mJ /cm?. This sets the value of the average intensity reaching the

three compressors: 10 W /cm?

Forum ILP 15.06.2018 19
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praGa FOCal spot characterization

Two purposes

e

Spatial profile » Instabilities

/\ Ar, AO
Strehel L

Ratio Dimension w

| ‘ Active and/or passive
Corrections stabilisation
qlzaourfyegégr;egfgﬁalehiagnhd |ntenS|ty In order to stay below pointing stability

e ) reguirements
maximize the encircled .

energy

Forum ILP 15.06.2018 20
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PRA A How to measure

Horizon 2020

Spatial profile « > Instabilities (Ar, AG)

=2

Nouveau module
pour measurer
<<7prad, >>10Hz

To place at the focal To place at the focal To place wherever
plane plane on the chain

Active and/or passive stabilisation

/ In order to stay below pointina stability requirements

Tiotil Mechanical action on mountings: measure the
Ip-tit stabilization before and after the intervention.

Forum ILP 15.06.2018 21
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pra A Ongoing measures (APOLLON)

1) Compact module 2)
<20cmx10cm

Horizon 2020

Nouveau module
pour measurer
<<1prad, >>10Hz

T e e N\
14 _J,r;;-ll.h EML_ b
Test under vacuum of ;F S I K }? %
the complete module = (L ==kl
Objective and other components S S
already tested. To test: the camera ISP intervention on the two big
(temperature and degassing) and DEI’iSCODES in APOLLON

the. cabling (degas;ing and, also, | Measure before and after the intervention with both
resistance to irradiation) (kapton | modules, for a first real test of the new module and a doule
cables failed the tests due to the |check of respective performances. ISP foresees a 10x

glues used by the company) improvement in the mechanical stability of the periscopes.
Fordm ILP 15.06.2018 55
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pr—

— ;}%@ >

L

Stability
measurement

= / -3 - | oA
. < = &
X - — o .
e \ - 0 .
- N ; - .
T - e . - T — ia = B -
i = ; e
4 A gl
/ = 3

——

Herelwelputtheltableifor Herelwelmeasurelthelstabilitylbefore
thellasergsournce e - andlafterthelinterventionzallitheld

minrorsgathellasenwilllcontributeltolthel
angulaginstability,

oth

bule
cables failed the tests due to the |check of respective performances. ISP forese/s a 10x
glues used by the company)

improvement in the mechanical stability of the =<riscopes.
Fordm ILP 15.06.2018 23
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MAIN GOAL

Deliveringlindustriallguiality,
5@0@&}@

Rumps&fihermallissues

\For the active medium
Forgthe compressor and the optics in general

ofStability.=>Imeasureland correction
g IJ:; = IJ -

research and innovation programme under grant agreement No 653782.
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