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• Motivations and Challenges

Motivations for Laser-Plasma-Accelerator-based Free Electron Laser:

✓ Electron beam energy, obtained experimentally by many LPA teams, exceeded the 1 GeV range 
with the peak current of a few kA and the bunch duration of a few fsec.

✓ LPA-based compact accelerator can produce a high-energy, high-quality electron beam.

✓ Control of the ‘slice’ energy spread

✓ Laser repetition rate > 5 Hz 

➔ Development of the NEXT generation of FEL

Laser-Plasma Accelerator:
“n cm” scale

LINAC: “n100 m” scale

LPAW-2025, Ischia, Italy, April 13-19, 2025

P
la

sm
a 

A
cc

el
er

at
o

rs

3



• Motivations and Challenges

LPAW-2025, Ischia, Italy, April 13-19, 2025

Challenges for Laser-Plasma Accelerator aiming for FEL

o The RMS relative energy spread of the electron beam should be < 1 %
o The RMS transverse divergence of the electron beam should be < 1 mrad
o Preservation of the quality of the high-energy electron beam (1 – 5 GeV)
o High repetition rate ( ~ 100 Hz)
o Stable and repeatable operation
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• Motivations and Challenges

Experimental results 
High Quality e-beam / SIOM team (China)

Energy ~ 500 MeV
Energy spread ~ 0.2-1.2% (RMS)
Divergence ~ 0.1-0.4 mrad (RMS)
Qb=10-50 pC with limited statistics
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Experimental results 
Stable operation / LUX team (DESY)

Energy ~ 80 MeV
Energy spread ~ 1.3 % (RMS)
Divergence ~ 5 mrad
Qb ~ 15 pC (72’000 shots/6h)

Challenges for Laser-Plasma Accelerator aiming for FEL

o The RMS relative energy spread of the electron beam should be < 1 %
o The RMS transverse divergence of the electron beam should be < 1 mrad
o Preservation of the quality of the high-energy electron beam (1 – 5 GeV)
o High repetition rate ( ~ 100 Hz)
o Stable and repeatable operation
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How to Attack the Challenges 



ELI Beamlines (ELI ERIC in the Czech Republic)

ELI Beamlines facility was opened in October 2015.

The implementation phase was completed in 2019 by the commissioning of the main laser and experimental systems.
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E5 experimental area (length of the hall is around 50 m with a possible extension up to 100 m : E5+E6). 

Laser floor

Experimental floor

L1

L2
L3

L4

LUIS technology

L2-BT L3-BT

ELI Beamlines (ELI ERIC in the Czech Republic)
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E5-hall

7



→ LWFA-based undulator incoherent photon radiation source (We ~ 450 MeV, ph,1 ~ 4 nm)
→ based on the LUX development at DESY (UHH/ELI Beamlines Collaboration)
→ based on a novel high-repetition rate high-power laser system (L2-DUHA: 200 TW / 20-50-100 Hz)

LUIS Project at ELI Beamlines

2017
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→ LWFA-based undulator incoherent photon radiation source (We ~ 450 MeV, ph,1 ~ 4 nm)
→ based on the LUX development at DESY (UHH/ELI Beamlines Collaboration)
→ based on a novel high-repetition rate high-power laser system (L2-DUHA: 150TW / 20-50 Hz)

LUIS Project at ELI Beamlines
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April 2018

LUIS technology

May 2023
E5-hall E5-hall
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Commissioning (schedule) – 2nd half of 2025

Laser development at ELI Beamlines

L2-DUHA laser: LUIS dedicated
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LUIS target chamber

Sapphire capillary
o Gas-cell (~ 2 cm)
o Optional: Preformed plasma channel

Laser-Plasma electron Accelerator (LUIS) 

Technology verification was done using the L3-cropped beam / May 2024
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PIC modeling of the laser-plasma interaction and electron beam acceleration
Motivation: high-quality high-energy electron beam, suitable for LPA-based FEL

Staging approach in the gas-cell
(1) Self-truncated ionization injection
(2) Acceleration

Credit: Srimanta Maity

Energy ~ 400 -600 MeV
Spread (FWHM) < 2%
Divergence (FWHM ) < 2 mrad
Bunch charge ~ 15-30 pC

(1) (2)

o Laser-Plasma electron Accelerator (LUIS) 
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LUIS: 

LPA-based Incoherent Undulator Radiation Source

Main challenges:
- High repetition rate ( from 20 Hz up to 50 Hz), utilizing the L2-DUHA high power laser
- Stable and repeatable operation
- Improvement of the LPA-based electron beam quality aiming at suitability for LPA-based FEL
- Electron @ Photon beam diagnostics

LUX – collaboration
HPM planar undulator

PHASE-0
2025

PHASE-1
2026

Expected electron beam parameters from LPA

Energy range MeV 300 – 600

Bunch charge pC ~ 50

RMS relative energy spread % < 5 → < 1

RMS divergence mrad < 5 → < 1
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Laser-Plasma-Accelerator-Based FEL 
at ELI Beamlines
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‘In-vacuum’ hybrid PM planar
→ SwissFEL (Aramis) type

u = 15 mm
Gap = 3÷6 mm
Bpeak ~ 0.95 T *
K0 = 1.30 *
* gap=4.5mm

Single-unit undulator

LPA-based EUV-FEL at ELI-Beamlines

Scientific Goals: 
o demonstration of the SASE EUV-FEL and Seeded FEL regimes
o saturation in a single undulator unit (~ 4 m)
o L2-aux beam + HHG → for seeding signal

User End-Station

EUV-FEL ( We = 350 MeV / λ1 ~ 28 nm) as a possible usage of the LUIS beamline
in combination with the Swiss-FEL undulator

LPA-based Coherent Undulator Radiation Source
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‘In-vacuum’ hybrid PM planar
→ SwissFEL (Aramis) type

u = 15 mm
Gap = 3÷6 mm
Bpeak ~ 0.95 T *
K0 = 1.30 *
* gap=4.5mm

Single-unit undulator

LPA-based EUV-FEL at ELI-Beamlines

Scientific Goals: 
o demonstration of the SASE EUV-FEL regime
o saturation in a single undulator unit (~ 4 m)
o L2-aux beam + HHG → for seeding signal

User End-Station

LPA-based Coherent Undulator Radiation Source

LPA-based EUV SASE-FEL (h=1, Ku=1.2)

Energy MeV 350

Rep-Rate Hz 20 → 50

Wavelength (h=1) nm ~ 27.8

Photon energy eV ~ 44.5

Peak power GW ~ 2.1

Undulator length m ~ 4

Total photon flux ~ 1.6×1013

Brilliance 0.1%bw ~ 4×1029
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Start-to-End simulations are in progress

EUV-FEL ( We = 350 MeV / λ1 ~ 28 nm) as a possible usage of the LUIS beamline
in combination with the Swiss-FEL undulator
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LPA-based Coherent Undulator Radiation Source 

Connection with the EuPRAXIA (ESFRI) Project

Consortium decision 
March 25, 2025
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LPA-based Coherent Undulator Radiation Source 

Conceptual solution to integrate the entire setup, including the 
photon beamlines and user stations, into the existing infrastructure
of ELI-Beamlines.

LPA-based soft X-ray FEL is one of the goals
of EuPRAXIA Consortium (Phase-1). 
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The plasma photocathode in combination with
the hybrid LWFA-PWFA approach could reduce
the length of the entire setup significantly.
The dedicated R&D is required.
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PLASMA ACCELERATOR BASED FREE ELECTRON LASER 

PROGRAM AT ELI ERIC (ELI Beamlines) 

Current schedule aiming … →

2025 2026 2027 2028

Incoherent soft X-ray (LUIS)

LPA-based XUV-FEL (LUIS +)

LPA-based soft X-ray FEL

User operation

L2 laser-to-E5-LUIS

EuPRAXIA Collaboration

TDR for LPA-based EuPRAXIA pillar (Phase-1) Commissioning → 2030
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Summary

❖ High-power High-Repetition rate novel Laser System (L2-DUHA) is under

preparation at ELI-Beamlines → 1st L2-LUIS operation (plan): Q4-2025

❖ Incoherent undulator radiation source at ELI-Beamlines
→ commissioning during 2025-2026

❖ Coherent undulator radiation source (LPA-based FEL): 

→ from XUV to soft X-ray FEL (EuPRAXIA-PHASE1 at ELI Beamlines)

XUV LPA-based FEL

Soft X-ray LPA-based FEL
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Thank you for
your attention.

Join us in a groundbreaking 
collaborative effort to establish

the EuPRAXIA Laser-Plasma 
Accelerator pillar at ELI 

Beamlines. 
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