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DMLab - Plasma acceleration
coordinator : N. Delerue / J. Osterhoff 

�rst Plasma acceleration meeting in July 2023 in France (IJClab) 
15 participants from DESY and CNRS (IJClab, LOA, LPGP) and colleagues from CEA invited. CNRS LP2IB
colleagues were not available.

Review of possible joint work with the identi�cation of

→ high resolution neutral gas / plasma Diags development with eventually a DFG proposal.

→ STC Diags with experimental campaigns in DESY with LOA and IJClab teams

→ Simulations joint work :

→   (already very active ! ) 

→   new features implementation and development and test of optimisation for
simulation and experiment.

→ test of optimisation routine libs for laser-plasma operation

→ target development toward high average power operation (kW)

🔥 Decision to go for a �rst proposal to DFG-ANR should be taken within next week with CNRS, DESY and
KIT colleagues.

For next years several weeks of journey are being planned mainly for experimental joint work in DESY and
GSI.

▶ indico

LASY
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Collaborations
National level with

CEA-IRFU: D. Minenna, P. Nghiem et al.

LPGP: F. Massimo et al.

LOA: J. Gauthier, L. Ononenko, C. Thaury et al.

PhLAM: E. Roussel 🚧 

International within  and 

LNF-INFN: A. Biagioni, G. Costa, L.Crincoli et al.

DESY 🚧

Industrial partnership :  ; 

EuPRAXIA DMLab

Amplitude Laser Imagine Optics
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Challenges for LPA in collider perspectives
Why

Gradient: 1-100 GV/m → compactness

ultra short bunches < 100 fs → increased luminosity
( )

How

beam-driven: most advanced( ), high-repetition rate ( ),
high e�ciency, HALHF( )

laser-driven: compact, driver-limited repetition rate but ongoing project ( , 
) laser revolution is required for plug wall e�ciency (<0.1%  >10% )

Huge gap for colliders requirements

current FEL collider

charge [nC] 0.1 0.1 1

Energy [GeV] 0.1-10 0.1-10 1000

Energy spread [%] 2 0.1 0.1

Emittance [um] 0.5 0.5 0.01

Wall-plug e�ciency [%] <0.1 1 10

Rep. Rate [Hz] 10 101-106 101-106

Operation mode 24 24/1-24/7 24/365

Parameter stability [%] 2 0.1 0.1

src: J. Osterhoff 

Speci�c coordinated development required on:

high energy: plasma module staging

low-emittance: novel injector concept, plasma control

e�ciency: optimization beam-loading, high power
femtosecond laser technology.

average power: target development / material / laser

computing capabilities for optimisation

    Active community, rapid pace evolution

Roser et al. 2023

Lindstrøm et al. 2021 D’Arcy et al. 2022
Foster, D’Arcy, and Lindstrom 2023

KALDERA LAPLACE-
HR →

ECFA (2019)
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PALLAS in a nutshell (1)

Objectives
Aiming for “high-quality beam” laser-plasma injector (LPI) working in Continuous 10 Hz operation, pushing technological development
starting with a:

Advanced laser-control 1

Target development toward high repetition rate

Full e- beam characterization

 Achieve reliability and control comparable to conventional RF accelerator standards.

 A path to prototype injector for staging to >10 GeV range compact e- LINAC
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PALLAS in a nutshell (2)

How
Build a laser-plasma accelerator test facility

Improvement and adds of laser control and stability in collaboration with industrial partner

state-of-the art laser diags in the interaction region

start with a beam line design for laser-plasma “source” characterization

Control-Command and acquisition state of the art.

→

OpenData and data-driven optimized control

→ push for reproducibility simulations and exp./

→ encourage common de�nition of standards

enable advanced machine studies
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PALLAS in a nutshell (3)
Staged effort in EuPRAXIA technical design study framework 1:

phase 1: laser optimization & control, target
�rst electron characterization, optimization

phase 2: electron beam stability studies
feedback, surrogate model for optimized control

phase 3: beamline upgrade
full 6D characterization

LPI PALLAS beamline

Parameters phase 1 phase 2 phase 3 unit

energy 150 200 200 MeV

charge 15-30 30 >30 pC

frep 10 10 10 Hz

energy spread <5% < 3% < 2% rms

1 <1 <1

stability 5% 3% <1% -

reproductibility 5% 3% <3% -

Huge parameter space for optimization / complex interplay nonlinear process. Require :

high performances / high �delity simulations tools (PIC code  IN2P3 contributing (LLR)).

VIRTUALAPLACE Project A. Beck (LLR) gathering all the LPA French communities - 10 Mh.cpu / year GENCI .

εn,rms μm
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PALLAS installation overview
PALLAS LPI beamline is one of the main experience of the IJClab/LASERIX facility ( , , )

radiation shielded

cleanliness: ISO8

temperature controlled : 21.5  0.1 (RMS) °C

2  10 Gb/s network

DELLIGHTTWAC OPTO2X

±

×
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PALLAS beamline overview

src: G. Iaquaniello, Y. Peinaud, A. Gonnin, D. Douillet
src: C. Guyot, Ph. Nghiem et al. PALLAS beamline design and TraceWin-Codal benchmarking
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PALLAS starting con�guration (no collimation)
large delay on quadrupole magnet tender

src: G. Iaquaniello, Y. Peinaud, A. Gonnin, D. Douillet
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PALLAS Laser Driver : LASERIX
Recent update last amplifer

new cryo chamber for larger crystal extract 3.5 J @ 10Hz.

deformable mirror at the ouput of the last ampli�er thermal
drift pointing compensation in the laser system

control command : update of datalogging capacity.

6To -> 18 To, database restarting ⚙ 
update of beam pointing low drift correction 🚧

laser characterisation

test of multi-spectal camera for STC and compressor �ne
alignment and compression monitoring  /mdeg (V.
Kubytsky, M.Pittman, E. Baynayrd, G. Kane - article in
preparation)

ML-COLA > 6 μm∘
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Example : high speed large aperture mirror
�nal focus stabilization

Reach < 0.3 urad (rms stability) on target. Currently 3-7 urad (rms)

For large aperture mirror are required for 50 TW pulses min 90x120mm => ultra lightweight mirror

Combine SiC + boostec [1]: < 50 g (d=120mm,t=1.35mm) with WFE(PV) < 120 nm, WFE(rms) < 25nm

Test on piezo tip-tilt for optimal bandwidth [~400Hz]
validated [1]

MHz witness beam under validation (delay beamsplitter
delivery)

SiC successfully polished sent for coating

quali�cation test of femtosecond broadband coating on SiC:
IBS stress back face compensation

LIDT under vacuum > 200mJ/cm validated2
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Plasma target: parameters
Characteristics length of a plasma target for LPI (  cm  ) with laser a laser having m and m:

Rayleigh length of the laser      mm

Plasma wavelength            

Betatron wavelength          

Tailoring gas species density pro�les

to control injection: localized ionization injection ( ) ( )

tune the injected charge / beam loading ( ) ( )

Tailoring plasma density pro�le:

tune e- beam energy / acceleration length

limit emittance growth at the exit of the plasma  Control of the exit down ramp is crucial ! ( )

… in only few mm

≤ ≤1017 ne 1019−3 = 0.8 μλ0 = 19 μw0

→ = π / ∼ 1.3Zr w2
0 λ0

→ ≈ 10 − 30 μmλp

→ = ∼ 250 − 800 μmλβ 2γe
−−−√ λp

Zeng et al. 2014 Couperus et al. 2017

Lee et al. 2018 Kirchen et al. 2021

⇒ Migliorati et al. 2013
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Plasma target beamline integration
Various integration con�gurations exist for plasma target gas-cell type( ):

… and local evacuation for high pressure operation gas operation, kHz regime at LOA ( ) and 10 Hz operation gas
jet at DESY ( )

→ how to optimize the integration for high average power operation

Audet et al. 2018

LPGP(ELISA)/ LOA-SJ-XRL/SL_ALC DESY LUX/ ELI-BL LUIS IJCLab

e- beamline e- beamline
laser focusing laser focusinglaser 

focusing

e- beamline

ne

ne

Rovige et al. 2021
Bohlen et al. 2022
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Plasma characterisation test bench
Test bench for plasma target cell with a 2 TW laser beam
PlasmaCell beamline LASERIX.

Diags: time resolved high resolution plasma density
diagnostic 1 and VIS spectral imaging for dopant distribution
control 2

→ density resolution  e/cm 
spatial resolution ~ 10um
time resolution ~ 50fs

→ spectral resolution nm
spatial resolution ~ 25um
integration-time: 1s

mass-�ow controlled gas injection system with continuous
�ow target operation with two stages differential pumping

→ gas injection system with  accuracy on the �ow with
gas mixer for  concentration in He or H from  to 

→ staged match pumping speed evacuation system for
maximum e�ciency allowing to go from mbar to 
mbar in cm.

3 × 1017−2

0.3

0.3%
N2 2 0.5%25%

100 10−3

30
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Target prototype generation 2.X
Prototype 2.X inspired ( ) and also (

)

→ ease of density pro�le tailoring

→ less waste

→ limited online plasma diags during operation

        

Example of assembled sapphire (AlO) target at IJClab

CFD simulations (collaboration: C.-E. Demonchy (LP2I-B), P.
Drobniak (IJClab) ) comparison openFoam ANSYS/Fluent

 few mbar tolerance on pressure control.

Kim et al. 2021 Kirchen et
al. 2021

2 3

⇒
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First e- production results [preliminary] (1)
Test of target prototype 2.X on the 100TW LOA SJ laser facility and implement a node of control command and acquisition system.

4 days beamtime

collaboration : IJClab, LOA, LLR, LP2I-B, LNF-INFN

simple characterization beamline : spectrometer, BPM, ICT, BeamScreen.
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First e- production results [preliminary] (2)
Spectrum

Case of localized controlled ionization injection

Case of parasite self-injection in the tuning:

Beam pro�le analysis

 
Improvement required :

better control of the longitudinal waist position

gas injection system update cycling process when changing
N doping.2
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Massive fast PIC simulations
Using   with envelope approximation
and low particle per cell (

):

4 input parameters [, , , ]

5 Random Scans (RS)

5 x 2401 = 12 005 con�gurations

5 x 4 h < 1 day

Unique dataset => surrogate model for beam
parameter prediction (V. Kubitskyi G. Kane)

Smilei
Drobniak, Baynard, Bruni, et

al. 2023

a0pcN2xoff
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Control command acquisition (CCA)
Overview

CCA based on  with experienced team (ThomX project, Andromede, Agata …)

web based IHM :  +   +  scripting / API

Data acquisition : archiving tango system  => timescaledB =>  storage

PLC : vacuum, gas target, person safety.

Architecture: main tango sever (1) + camera server (3) + archiving server (1) + computing node (96 cpu + 2 GPU A6000) on
2x10Gb network.

laser driver with its own distributed control command system (ElliOOs proprietary)

→ Instruments : 21 CCD, 4 spectrometers, 6 motorized mirror mounts, pump laser control …

→ datalogging system

→ shotCounter

LP accelerator devices: 26 CCDS, 6 motors controllers, 10 laser diags and control instruments, 2 gas and control + high-level
device server.

Development (O.Neveu and J.-L. Coacolo)

Device server : 

Script for automated Tango installation 

GUI testing Taranta based webpage with user starting 🚀

Tango-controls

Taranta Grafana

TDB/HDB++ virtualData

▶ gitlab:noliprog

▶ gitlab:noliprog
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Tango device server development status
DS name Status Priority Families manufacturer test description OS developer

archiver   🚧 1 archiving IJClab on going linux debian 11 ON

MasterclockISEO   ✅ 1 synchronisation Thales Ok - ms windows 10 Thales

ShotCounter   👾 1 timestamping Amplitude on going - linux debian 11 ON

AdaFruitDHT22   ✅ - measurement DHT22 Ok temperature & humidity linux arm debian 11 ON

SmaractMCS   ✅ - motor Smaract Ok MCS smaract controller linux arm debian 11 DESY

SmaractMCS2   ✅ - motor Smaract Ok MCS2 smaract controller linux debian 11 DESY

Newport8742   ✅ - motor Newport Ok N8742 piezo controller linux debian 11 TC

MRCLbsc   🚧 1 opto MRC on going MRC compact controller linux debian 11 ON

XagylFW   ✅ 1 opto xagyl Ok xagyl �lterwheel linux arm debian 11 ON

WaveTango   🚧 1 opto Imagine optic on going ILAO / HASO4 ms windows 10 IO

ICEPAP   ✅ - motor ESRF Ok ICEPAP controller linux debian 11 ESRF

LIMACCDs 🚧  (*) - detector on going linux debian 11 TC

FemtoFSFROG   🚧 1 detector FEMTOEASY on going FROG pulse length meas. linux debian 11 ON

FemtoMISS   ✅ 1 detector FEMTOEASY on going 2D imaging spectrometer linux debian 11 ON

S-LINK   ✅ 2 detector EO-GENTEC on going S-LINK PM interface linux debian 11 ON

PIE872Q   🚧 4 motor PI — piezo mike controller linux debian 11 ON

ZaberMotion   ✅ 1 motor ZABER Ok zaber built-in ctrl stage linux debian 11 ON

target mover   ✅ 2 motor SYMETRIE NAOS Ok DC motor driver linux debian 11 SYMETRIE

PLCModbus   ✅ 3 PLC SIEMENS Ok PLC comm for GIS linux debian 11 ON

MSCCD   ⚠ 5 detector SpectralDevices TDD to be developed multi OS ON; GK

CAENFastPS   ⚠ 5 magnet CAENELS Ok TbT developed by MBI (py) multi OS MBI

bergozbcmrfe   ✅ 6 daq Bergoz OK TbT developed by Alba (py) multi OS Alba

WaveCatcher   ⚠ 4 daq ICJlab Ok TbT developed by Ijclab multi OS PG

(*) : network load can be an issue at 10Hz with large > 1 MPixel CCD/CMOS. Required on optimized distribution of the network load on trigger.

various various
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Next…

In line for production of �rst e- at  in spring 2024 🚀

We are seeking for more collaboration at the national and European level and reinforce existing one

multi-parametric optimisation (ML)

surrogate model development (ML)

electron beam diagnostic in particular longitudinal phase-space measurement

contribute to high energy stage modeling and studies

GEANT4 modeling of collimators

plasma diagnostics

Looking forward to develop joint work in the frame of DMLab

Come and visit us next year !

IJClab
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