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Outline

o Brief relevant overview: ELI-ALPS

o Ongoing related activity

o Potential development relevant to the project
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ELI-ALPS
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ELI ALPS Facility Layout

ELI ALPS 
(Attosecond Light Pulse Source)
ELI ALPS is a leading research 
facility in ultrafast physical 
processes as well as a world-class 
centre for generating outstanding 
biological, chemical, medical and 
materials science results.
Research fields and applications:
• Development of attosecond 

light sources and 
measurement techniques

• Radiobiological applications
• Energy research: solar cells, 

artificial photosynthesis, 
• High-peak-power photonics
• Information technology, 

materials science and 
nanoscience

• Particle acceleration with few 
cycle laser pulses
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o Material science and recollision 
physics in generation medium

o Ultrafast semiconductor 
optoelectronics

o Ultrafast material change

o Plasma optics

o Laser accelerator physics

o Attosecond resolved plasma 
physics

o Attosecond collective 
phenomena

o Tomography and imaging

o Flash Radiobiology with e and 
high energy THz

o Strong field quantum optics

o Pump probe attosecond physics

o Intense nano-photonics 

o The micro macro connection

……In gas-solid-liquid-plasma and 
designed matter

Real tools

Virtual tools

Ex
pe

rim
en

ts
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MTA

HTA

LTA
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HIGH FIELD LASER: SCHEMATIC VIEW

OPCPA
20 fs, 800 nm, 4 kHz, CEP

CEP-stable, high contrast frontend 

1 µJ, 20 fs 
seed pulses

Ti:Sa CPA + post-compression

Öffner stretcher + 
DAZZLER

Ti:Sa RGA + MAZZLER
0.8 mJ, 1 kHz

Ti:Sa MPA
10 mJ, 100 Hz

Grating 
compressor

Terra
10 mJ, 1 kHz

XPW + CM
1 mJ, <10 fs,

100 Hz

PW stretcher 3 J Ti:Sa amplifier frontend (10 Hz)

6 µJ, 17 fs FTL 
seed pulses

Power amplifiers (10 Hz/2.5 Hz)

PW compressor

Terra
30 mJ, 100 Hz

Öffner stretcher + 
spectral shaping

MPA 1 + 
DAZZLER

1 mJ

MPA 2
25 mJ

MPA 3
400 mJ

MPA 4
3 J

MPA 5
14 J

MPA 0
200 µJ

2 x InLite II
160 mJ, 10 Hz

4 x PowerLite+
8 J, 10 Hz

PowerLite+
2 J, 10 Hz

8 x TITAN HE
32 J, 10 Hz /2.5 Hz

T-Pulse + S-Pulse HP2
1030 nm, 1.4 mJ, 500 fs, 4 kHz

HF
BT

S

MPA 6
50 J

2 x PremiumLite
100 J, 10 Hz/2.5 Hz

Vacuum compressor
>34 J, <17 fs,
10 Hz/2.5 Hz

HF-2PW arm

HF-100 arm

Surface harmonics

Electron

Ultrafast applications

Secondary sources

in
 p

ro
gr

es
s

10 Hz
shutter

DM
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HIGH FIELD LASER: IN REALITY

HF-100 frontend

3 J frontend

Power amplifiers

PremiumLites
Beam transport

Compressor

Metrology bench

TITANs
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COMPRESSOR AREA AND IN-HOUSE DEVELOPMENTS

Operation modes
• Mode 1: turning mirror IN
• Mode 2: turning mirror OUT

Compressor

Metrology bench

Turning chamber

15:1 demagnification 
telescope

In-house developments
• Diode laser for co-alignment: usable for exp. beamlines
• PW beam dump

• Designed for 10 Hz operation @ >34 J pulse energy
• Tested @ 10 J and 10 Hz for >2 hours

• Large aperture ND filter stage: for low energy alignment pulses
• 10 Hz shutter: enabling single shot from 10 Hz or 2.5 Hz!

PW beam dump ND filter stage
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Telescope
12:1

PW-BD

Vacuum compressor
>10 J, <25fs, 2.5 Hz

Turning 
chamber

Spatio-spectral

Temporal

Energy

Spatial profile

Metrology bench

Wavefront

METROLOGY

Operation modes
• Mode 1: turning mirror IN (transmitted pulses measured)
• Mode 2: turning mirror OUT (reflective attenuator after amplifiers)

Diagnostics
Spatial
• High resolution cameras: CMOS-1.001-Nano, CMOS-3501 (Cinogy)
• Wavefront sensor: HASO4 (Imagine Optic), SID4 (Phasics)
Temporal
• Wizzler (Fastlite)
• SEQUOIA (Amplitude)
• D-shot R (Sphere Ultrafast Photonics)
• Tundra+ (UFI)
• SEQUOIA HD 2nd gen (Amplitude, from Q2 2024)

Spatio-spectral/temporal
• PhaDiM (CE-Optics)
• Insight broadband (SourceLab)
• Sphere ICE (Sphere UP, from Q1 2024)
• MISS-L-B (FemtoEasy)
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SPATIAL AND TEMPORAL QUALITY

Wavefront
• Device: SID4 (Phasics)
• Measurement location: in metrology bench
• Strehl ratio: 0.9 (@1/e2) @ 10 Hz & 2.5 Hz

24.1 fs
(SHG FTL: 23.7 fs) 

1.8% rms error

Temporal characterization
• Device: D-shot R (Sphere Ultrafast Photonics)
• Measurement location: collimated beam in metrology bench 

after NF spatial filtering
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EXPERIMENTAL BEAMLINES IN HTA

PW-SHHG
• Plasma mirror contrast 

cleaning
• Multi-mJ atto pulses

ePW
• Plasma mirror contrast 

cleaning
• Electron: GeV+
• X-ray: 20 keV+

UFO
• Plasma mirror contrast 

cleaning
• Versatile experimental end-

station

ePW

PW-SHHG

UFO

Highly radiation shielded target area
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SHHG HF PW

Interaction

S. Mondal et.al. ‘’Surface plasma attosource beamlines at ELI-ALPS’’ 
JOSA B 35, A93 (2018)
https://doi.org/10.1364/JOSAB.35.000A93

O. Jahn et.al. ‘’Towards intense isolated attosecond pulses from 
relativistic surface high harmonics’’ Optica 6, 280 (2019) 
https://doi.org/10.1364/OPTICA.6.000280

A. Nayak et. al. ``Saddle point approaches in strong field physics and 
generation of attosecond pulses’’ Physics Reports 833, 1-52 (2019)
https://doi.org/10.1016/j.physrep.2019.10.002

S. Mondal ``Ultrafast Plasma Electron Dynamics: A Route to Terahertz 
Pulse Shaping’’ Phys. Rev. Applied 13, 034044 (2020)
https://doi.org/10.1103/PhysRevApplied.13.034044

T. Lamprou et. al. ``Quantum-Optical Spectrometry in Relativistic 
Laser–Plasma Interactions Using the High-Harmonic Generation 
Process: A Proposal’’ Photonics 8(6), 192 (2021)
https://doi.org/10.3390/photonics8060192

S. Mondal ``Intense isolated attosecond pulses from two-color few-
cycle laser driven relativistic surface plasma’’ Sci. Rep. 12, 13668 
(2022) 
https://doi.org/10.1038/s41598-022-17762-3

S. Choudhary ``Controlled transition to different proton acceleration 
regimes: near-critical density plasmas driven by circularly polarized 
few cycle pulse’’ In Print Matter Radiat. Extremes (2023)
https://doi.org/10.48550/arXiv.2303.12121

Plasma Mirror
Interaction Target

TP

XUV-FF
TP: Thomson parabola
XUV-FF: Flat field spectro

SHHG HF PW

https://doi.org/10.1364/JOSAB.35.000A93
https://doi.org/10.1364/OPTICA.6.000280
https://doi.org/10.1016/j.physrep.2019.10.002
https://doi.org/10.1103/PhysRevApplied.13.034044
https://doi.org/10.3390/photonics8060192
https://doi.org/10.1038/s41598-022-17762-3
https://doi.org/10.48550/arXiv.2303.12121
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27th September 2023: 1st ever HF Laser shot on solid 
target in SHHG HF…..Control room
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27th September 2023: 1st HF Laser few practice 
Shooting on solid target in SHHG HF

- 4 J on target
- No DM on the laser 

side (damaged)
- Quick test with crude 

alignment
- Single shot mode 

tested with laser@2.5
Hz

- Target motion
- Trigger functioning 

tested
- CC tested

Pinhole image of 
interaction on MCP 
@ target normal

On target damage 
near 50 degree 
incidence, P-pol

On target Focal spot

SHHG HF PW

mailto:laser@2.5


Subhendu KAHALY Prague ELI-German LIF 2023 ELI-ALPS

Matter under extreme intensity with PM
(otherwise unattainable with the currently available laser technology)

FIB, EBL Nanofabrication unit, 
optoelectronical sample preparation, 
condensed matter analysis
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UFO(HTA): UltraFast Optics interaction station



Subhendu KAHALY Prague ELI-German LIF 2023 ELI-ALPS

UFO(HTA): Capacity and Capability
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From SHHG-PW_HF

To e-PW

Capacity:
o allow cylindrically 

observation of interaction 
point (if needed) 

o diversity of  experiments

Capability:
o all phase material plasma
o user defined target 

experiments
o in-house development

Pump-Optical probe

Potential development
Pump-SeSo probe
Multi-beam 20-80 configuration
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Different target configurations: Solid/liquid 

Near critical gas targets
(ion acceleration)

Near critical foil targets
(relativistic transparency)

Foil targets
(MG B-field metrology)

Special targets
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Designed CNT targets
(relativistic HEDP)

Liquid shaped targets
(relativistic plasma)

Designed tip targets
(relativistic nano-photonics)

Different target configurations: Solid/liquid 

Special targets
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Relevance for LIF: Laser plasma

https://phys.org/news/2020-01-relativistic-effects-laser-fusion-approach.html 

Multiscale

Multiphysics

https://phys.org/news/2020-01-relativistic-effects-laser-fusion-approach.html
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Optical probing of the plasma

Probe Pulse

optical
diagnostic

Plasma: birefringent
phase object

Probing: interferometry (SDI, FDI)
polarimetry

Underdense
or

Overdense
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Online diagnostics: phase recording, B mapping
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µm-fs real time movies of magnetic fields

fs movie with micrometer resolution !
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Correlation with backgroung density
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Plasma mirrors

PlasmaVacuum

ne

xL << l

nc

≈400 nc

Plasma mirrors are naturally produced (or almost so) 
on initially solid targets by intense ultrashort laser pulses

wp
2(x)=nee2/me0 >>wL

2

with ne≈1023 cm-3

Plasma frequency
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Phys. Plasmas 16, 043114 (2009): dynamics
Phys. Rev. E, 77, 046118 (2008): morphology
PNAS 109, 8011 (2012): space-time resolved
Phys. Rev. Lett, 108, 235005 (2012): CNT

Hot electron transport and dynamics in excited matter
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SOME SCIENCE DIRECTIONS RELATED TO LASER FUSION ENERGY 

Probing WDP

Femtosecond X-ray Absorption Spectroscopy
- Hydrodynamic instabilities
- Resistivity; High Z spectroscopy

HF

LWFA X-rays

Phase contrast tomography 
of capsule

Ultra-high resolution

Slide @ JCK

Two beam experiments
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SOME SCIENCE DIRECTIONS RELATED TO LASER FUSION ENERGY 
X-ray polarimetry: proposed by JC

• As a diagnostics of anisotropies 
(hot electrons, magnetic field etc…)
in high intensity-laser plasmas 
and for High Energy Density science

• Polazized X-ray sources (LWFA) by
using ionization-induced injection 
for plasma Science and Material
Science

Slide @ JCK
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Development of a sub-200nm D2O liquid leaf target

• Two	liquid	jets	collide	from	two	glass nozzles
• Pulsation	damping	system for stability
• Recirculation	system	for	continous	operation
• Cold	finger for 10-4mbar	vacuum
• Thickness measurement in	situ,	in	air	and	in	vacuum

Füle et al, submitted.

Slide @ KO
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State of the art neutron generation at 10 Hz repetition
rate (~6 hours)

R&D related to LIF
• Development of high repetition rate target systems

(liquid leaf, tape target)
• Development of neutron detection

(high reprate, pulsed, short bunch duration)
• Exploring novel ideas, pilot experiments

Contact: Karoly Osvay

Slide @ KO
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THANK YOU!


