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ELI ERIC / ELI Beamlines

E1/L1: Material & Bio-molecular app.
E1/L1: ALFA-kHz low-energy electron beam
E2/L3: X-ray sources (Betatron)
E3/L3+L4: Plasma Physics
E4/L3: ELIMED-Proton Acceleration
E5/L3: ELBA-Electron Acceleration
E5/L2: LPA-based FEL-oriented (LUIS)  

L1 (40mJ) 100mJ / 1kHz
L2 (3J) 5J / 20-100Hz
L3 (15J) 30J / (3.3Hz) 10Hz
L4 1.5kJ / 10PW

A.Molodozhentsev / March 24, 2026



Funded by 

the European Union

www.pacri.eu

EuPRAXIA LPA-based pillar (2nd site) 
at ELI Beamline (March 25, 2025)
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ELI ERIC / ELI Beamlines

✓ ELI Beamlines is one of the leading European research facilities in 
laser-plasma technology.

✓ Through collaborating with the EuPRAXIA Consortium partners, 
ELI Beamlines is positioned to build the Laser-Plasma-Accelerator-
based EuPRAXIA pillar, aiming to deliver the electron beam for 
different practical applications.

A.Molodozhentsev / March 24, 2026
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Main Objectives for ELI @ EuPRAXIA

➢  Laser-Plasma-Accelerator-based Compact Free Electron Laser

     - PHASE1: 1 GeV electron beam energy → “Soft” X-ray photon beam

     - PHASE2: 5 GeV electron beam energy → “Hard” X-ray photon beam

➢  Laser-Plasma-Accelerator-based Betatron Radiation Source

➢  Laser-Plasma-Accelerator-based Low Energy Position Source

L2-laser / 5 J @ 100 Hz

NOVEL-laser / 20 J @ 100 Hz

L3-laser / 30 J @ 10 Hz

L1-laser / 100 mJ @ 1 kHz

The development of PHASE1 at ELI Beamlines is based
 on ELI Beamlines' existing infrastructure.

A.Molodozhentsev / March 24, 2026
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ELI Beamlines: Phasing 

Preparatory Phase

Implementation Phase
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L2-laser for LPA-based FEL is under development → with the PACRI partners

L3-based Betatron Source → Setup is OPEN for USERS / USER Call

L1-based low-energy electron beam (1 kHz) → USER Call 

Infrastructure preparation → integration of existing experimental halls (E5 and E6)

TDR preparation

 R&D → Experimental verification

 Prototyping → Low Energy LPA-based compact FEL
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LPA-based FEL: 1 GeV case

TRL = 3-4

TRL = 3-4

TRL = 6

TRL = 6

1

2

3

4

1 → L2 commissioning: 3 J 20 Hz

2 → LPA for FEL: ~ 400 MeV / 20 Hz → TRL=5-6

3 → L2 upgrade: 5J 50 Hz → TRL=5-6

4 → PROTOTYPE: LPA-based EUV FEL → TRL=5-6

4+ → E5+E6 integration finalization

NOW

R&D
5J / 100Hz

A.Molodozhentsev / March 24, 2026
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Current Status: LPA-based FEL

Physics and System Simulations

TDR-Chapter: FEL Physics and Choice of Main Parameter → Drafted

A.Molodozhentsev / March 24, 2026
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Physics and System Simulations

Current Status: LPA-based FEL

Tolerance analysis is needed:

Beam “shot-to-shot” stability
Beam pointing stability / Laser Jitter effects

TDR-Chapter: FEL Physics and Choice of Main Parameter → Drafted
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Current Status: LPA-based FEL

Physics and System Simulations

S2E modelling: LPA PIC

LPA-PIC Collaboration (IST, ELI, CNRS, Sacley, CEA, SCAPA)

LPA-based FEL: “shock injection”
Experimental verification was performed
            SIOM-2021-2025, Osaka-2024-2025

TRL = 4 

2 - 3 kA 

< 0.25 %  

< 0.25 - 0.4 µm 

Energy chirp
- minimized

Xuezhi Wu, J.Vieira (IST)

1000 MeV (IST)
500 MeV (ELI Beamlines)

Martin Matys, Mihail Miceski (ELI Beamlines)
Francesco Massimo (University of Sacley)

We = 1000 MeV
Ip ~ 2.5 kA
n < 0.5 µm
/ < 0.5 %

Detailed information → Jorge Vieira 

Osaka-2024

SIOM-2021
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Current Status: LPA-based FEL

Physics and System Simulations

S2E modelling: LPA PIC

Plasma density tapering at the EXIT of the plasma unit

Minimize the transverse divergence of the electrons
Control the transverse emittance

A.Molodozhentsev / March 24, 2026

In progress LPA-PIC Collaboration (IST, ELI, CNRS, Sacley, CEA, SCAPA)

PIC modelling in the case of the realistic
laser beam profile
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Current Status: LPA-based FEL

Alterative approaches

Hybrid scheme
ReMPI scheme 
Experimental campaign (November 2026, ELI NP)

Both schemes should be experimentally verified → TRL = 3

Physics and System Simulations

S2E modelling: LPA PIC

A.Molodozhentsev / March 24, 2026
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Current Status: LPA-based FEL

Physics and System Simulations

S2E modelling: LPA PIC + Electron Bea Line + SASE FEL

Verification of the Self-Amplified Spontaneous Emission regime along the UNDULATOR line
LPA-based FEL prototype (We ~ 315 MeV)

LPA-FEL Collaboration (ELI, ENEA, PSI)

A.Molodozhentsev / March 24, 2026

NEXT: 
o Verification for 1000 MeV case
o Use the 6D distribution from the LPA PIC modelling

PIC result
GENESIS result
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Current Status: Electron Beam Line

Physics and System Simulations

S2E modelling: LPA PIC + Electron Beam Line + SASE FEL

LPA CAPTURE

LASER STOP

CHICANE
MATCHING UNDULATORBLOCK STRUCTURE

of Electron Beam Line

Similar to:

LUX / DESY
COXINEL 
BELLA 
SIOM 
Osaka 

PQMs → TRL=6
  or
Active Plasma Lens → TRL=3

EDMs → TRL = 6

EQMs → TRL=6

Main Challenge:  preservation of the e-beam parameters required for SASE-FEL

E-beam

A.Molodozhentsev / March 24, 2026

In progress
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Current Status: Laser 

Implementation
Primary focus on laser commissioning in L2 hall

• Booster Laser profile troubleshooting
• High energy amplification
• Compressor Population

Work to contribute to TDR preparation
• kW-class pump laser OPCPA characteristics
• Impact of non-radial symmetry of square pulses 
      on electron beam acceleration
• Simulations of kW pumped OPCPA underway to evaluate 

variations in phase matching angle and impact on 
efficiency/spectrum based on current crystals and 
mounts.

Detailed information → Tyler Green Talk

Collaboration: PACRI

A.Molodozhentsev / March 24, 2026
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Current Status: Plasma Source 

Detailed information → Jorge Vieira and Angelo Biagioni

Gas Target prototyping for ELI-TDR
Gas-Cell Capillary

- Excellent guiding properties
- Possible discharge plasma channel formation
- High beam quality potential
- Limited lifetime at high rep-rate
- Complex cooling system for long lifetime

Shock-Front Gas Target

- Complex gas flow
- Excellent beam quality
- Precise jet profiling required
- Continuous gas flow
- Differential pumping 

Common issue 
Lifetime

Plasma debris and laser-induced 
damage at high rep-rate.

Collaboration: PACRI
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Current Status: Electron beamline and Undulator

Collaboration: PP/WP9+WP13 + PACRI + SWISSELITE (PSI/ELI) 

A.Molodozhentsev / March 24, 2026
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Current Status: Photon Beamlines 

Science Case is Drafted

o AMO science
o Chemistry and catalysis
o Condensed matter physics
o Life science and imaging

E6 hall at ELI Beamlines

CONCEPT of Photon Beamlines in E6

MAIN Components

MC1,2: Mirror chamber, alignment and deflecting mirrors
AL: Alignment laser
Ap: Aperture
S: Screen
DP: Differential pumping
GDM: Gas Monitor Detector
OPIS: Online photoionization spectrometer
VLS: Variable line spacing spectrometer
BD: Beam dump
FW: Filter wheel

Chp: Chopper
GA: Gas attenuator
MG: Monochromator grating
MKB: Vertical mirror for KB focusing optics
KB: KB focusing optics
WFS: Wavefront sensor
ATM: Arrival time monitor
HHG: High Harmonic Beamline

Collaboration: ELI BL+FLASH (DESY)+FERMI+INFN+PSI

Coordinator: J. Andreasson

A.Molodozhentsev / March 24, 2026
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Current Status: LPA-based FEL

Extra TDR-related work packages are activated:

-    Low Energy Position Source

- Safety and Radiation Protection

- Integrated Control Systems and DAQ

- Infrastructure Integration

- Engineering Design

- Quality and Risk Assessments

A.Molodozhentsev / March 24, 2026
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Current Status: Betatron

Setup:
❖   fully commissioned
❖   open for users → User Call #8 is activated

Broadband X-ray (1-20 keV) beamline 

Science Case is Drafted

o Magnetic Materials and Spin Dynamics
o Energy Materials and Energy Conversion
o Ultrafast Structural and Electronic Dynamics in Biology and 

Chemistry
o Ultrafast Pink-Beam Serial Crystallography
o Industrial applications

Coordinator: U.Chaulagain

A.Molodozhentsev / March 24, 2026
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ELI-TDR Timeline

Consolidated efforts of all EuPRAXIA members are required to be on time
 with the ELI-TDR preparation 

A.Molodozhentsev / March 24, 2026
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Thank you for your attention
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