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Experimental Halls

ELI-Beamlines facility (near Prague) E5-hall E6-hall

o ELI-Beamlines (ELI-ERIC) and LUIS Project: main objectives
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LUIS at ELI-Beamlines  LWFA-based undulator incoherent/coherent photon radiation source
 based on the LUX development at DESY (UHH/ELI-Beamlines)
 based on a novel high-repetition rate high-power laser system (L2-DUHA)

o ELI-Beamlines (ELI-ERIC) and LUIS Project: main objectives
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o Laser development at ELI-Beamlines
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o Laser development at ELI-Beamlines

L2-DUHA laser system (in collaboration with STFC/UK)
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o Laser-Plasma electron Accelerator 

LUIS target chamber

Sapphire capillary
o Gas-cell (~ 2 cm)
o Option: Preformed plasma channel
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o Laser-Plasma electron Accelerator 

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 injection
(2) Acceleration

Credit: S.Maity

Energy ~ 300 (up to 600) MeV
Spread (FWHM) ~ 2%
Divergence (FWHM ) ~ 2 mrad
Bunch charge ~ 15 pC

(1) (2)
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o Laser-Plasma electron Accelerator 

Credit: A.Mondal
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o LPA-based Incoherent Undulator Radiation Source

Main issues:
- High repetition rate ( from 25 Hz up to 50 Hz), utilizing the L2-DUHA laser
- Stable and repeatable operation
- Improvement of the LPA-based electron beam quality
- Electron @ Photon beam diagnostics

LUX – collaboration
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o LPA-based Coherent Undulator Radiation Source
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Required electron beam ‘ slice’ parameters:
We ~ 350 ÷ 400 MeV; n ~ 0.25 π mm.mrad; Ipeak ~ 3 kA;  < 0.4 %

 Reach the saturation in the 4-m undulator

Similar parameters are
demonstrated experimentally (SIOM-team / China)

doi:10.1038/s41586-021-03678-x

o LPA-based Coherent Undulator Radiation Source
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o LPA-based Coherent Undulator Radiation Source

Dedicated electron beam transport is required in order to:

 Capture electrons from LPA  issue: preservation of the transverse normalized emittance *
 Clean the ‘halo’ of the electron beam, caused by the chromatic aberration effect
 Control the slice energy spread  ‘decompression’ chicane as a basic option **

In addition: 
- ‘capture’ block of focusing elements has to be placed as close as possible to LPA
- high-power laser beam can be separated from the electron beam only after the ‘capture’ block.

* M.Migliorati et. al., “Intrinsic normalized emittance growth in laser-driven electron accelerators”, Phys.Rev. ST Accel. Beams 2013, 16, 011302. 

doi:10.1103/PhysRevSTAB.16.011302.

** A.Maier et al., Phys.Rev. X 2, 031019 (2012)



o LPA-based Coherent Undulator Radiation Source

INITIAL beam:

LPA-source
We = 350 MeV
Qb = 70 pC

‘Projected’ values
n x,y = 0.2 π m.mrad
x’,y’ = 0.5 mrad
 = 0.5 %

Capture block

Triplet: 3 EQMs

Triplet: 2 PQM + EQM Active Plasma Lens
(concept)
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Possible solution: LPA-based FEL / BELLA scheme, presented by van Tilborg (ICFA FLS2018, Shanghai, China)

Main issue: preservation of the LPA electron beam quality in a dedicated electron beam transport

Matching quads

o LPA-based Coherent Undulator Radiation Source
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Possible solution: LPA-based FEL / BELLA scheme, presented by van Tilborg (ICFA FLS2018, Shanghai, China)

Main issue: preservation of the LPA electron beam quality in a dedicated electron beam transport

Matching quads

o LPA-based Coherent Undulator Radiation Source

LPA Capture block, based on
active plasma lens

Decompression chicane
to control ‘slice’ parameters *

* A.Maier et al., Phys.Rev. X 2, 031019 (2012)

Main concept at ELI-Beamlines
for LPA-based EUV-FEL

LPA-source
We = 350 MeV
Qb = 50-70 pC

‘Projected’ values
n x,y = 0.2 π m.mrad
x’,y’ = 0.5 mrad
 = 0.5 %

APL
‘Slice’ parameters
< n x > = 0.35 π m.mrad
< n y > = 0.37 π m.mrad
<  >= 0.23 %
Ipeak ~ 3 kA

Collimator:
Propagation ~ 75 %
DC angle = 0.9 degrees
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o LPA-based Coherent Undulator Radiation Source

0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
3.5

4.0

4.5

5.0

5.5

6.0

 350 MeV 

Sa
tu

ra
tio

n 
le

ng
th

 [m
]

Bending Angle [degree]

Sources of the transverse emittance degradation 
in the LPA-based electron beam line

o Chromatic aberration  Intrinsic effect for the LPA-based electron beam
o Collective effects (space charge)
o Coherent synchrotron radiation
o Imperfections (injection errors, misalignment of main components …)
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SIMPLEX: doi:10.1107/S1600577515012850

Comprehensive “Star-to-End” simulations are needed

Photon beam parameters at saturation
for the optimized case with Collimator 
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LPA-based EUV SASE-FEL (h=1, Ku=1.2)

Energy MeV 350

Rep-Rate Hz 25  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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Summary

 High-power High-repetition rate novel Laser System (L2-DUHA) is under
preparation at ELI-Beamlines  1st operation (plan): Q1-2024

 High-quality High-energy compact Laser-Plasma Accelerator is under
preparation (E5-LUIS experimental setup)  1st commissioning run (plan Q4-2023),
utilizing the ‘cropped’ L3-HAPLS laser system  

 Incoherent undulator radiation source at ELI-Beamlines  commissioning during 2024

 Coherent undulator radiation source (LPA-based FEL)  next step … of the development
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Thank you for your attention


