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Laser parameters & status

Parameters Status Datefor useraccess

HR1
100 kHz, 30 fs, 1.8 mJ
100 kHz, <7 fs, 1 mJ

CEP stabilityunresolved, will be treatedQ2 2023 Availableto users

HR2 100 kHz,<6 fs, 5 mJ, CEP
Underdevelopment

(current status 76 fs, 6.3 mJor 9 fs, 3.5 mJ)
byQ1 2023

HR Alignment 1 kHz, 7 fs, 1 mJ Underprocurement byQ3 2023

MIR
100 kHz,<42 fs, 130 mJ, CEP
100 kHz,<20 fs, 70 mJ, CEP

recommissionedin newlab Availableto users

MIR-HE

3.2um, 1 kHz, CEP: 
<50 fs, 20mJor <25fs, 10 mJ
1.6um, 1 kHz, CEP:
<100 fs, 12 mJ

Underdevelopment byQ2 2023

SYLOS 2 1 kHz,<7.5 fs, >30 mJ, CEP flat top profile > 30 mJ; Gaussianbeamprofile >24 mJ Availableto users

SYLOS 3 1 kHz, <8 fs, >120 mJ, CEP Underdevelopment byQ4 2023

SYLOS Alignment 10 Hz,<12 fs, >40 mJ postcompressedpulseson target: >10 mJ, <4.5 fs Availableto users

SYLOS Alignment2 10 Hz, 15 fs, 40 mJ, 850 nm Underprocurement byQ4 2023

HF PW
10 Hz, <17 fs, 34 J
2.5 Hz, 25 fs, ~7-10J

Underdevelopment
(currentstatus 10 Hz, 24 fs, 10 J)

by2025
byQ2 2023

THzPump
1 kHz, 100 fs, 4 mJ
50 Hz,<0.5 ps, 0.5 J, synch

pump-probeschemesin development Availableto users

userready
by Q2 2023
by Q4 2023



SecondarySource
Specs

Achieved
Status Datefor useraccess

GHHG HR1 & 2 GAS (LTA4)
>270 pJ@ generation, >50 pJon target; 
166 as; @100 kHz; 30-70 eV 

train of atto pulses, CEP of driver not
resolved

Availableto users
with HR1

Q2 2023 (HR2)

GHHG HR1 & 2 CONDENSED 
(LTA3)

current status 170pJ@ generation
XUV monochromatorinstalled

train of atto pulses
XUV monoresolution100-400 meV

Availableto users
with HR1

Q2 2023 (HR2)

GHHG SYLOS COMPACT (LTA2)400 nJ@ generationin Ar, ~1 mJin Xe
2-photon XUV processobserved

pol gatingin development
settingup Flagshipproj

Availableto users
Q4 2022

GHHG SYLOS LONG (LTA1) 400 nJ@ generationin Ar, ~1 mJin Xe
in commissioning
(XUV flux studies)

byQ1 2023

SHHG SYLOS (MTA) Underconstructionon site byQ3 2023
SHHG PW (HTA) Underconstructionon site byQ3 2023
MIR HE GEN ATTO Underdevelopment byQ3 2023

NLTSF / THz SPECTROSCOPY 
(THz)

energy: мл ˃W ŀǘ ǎƻǳǊŎŜΣ р ˃W ŀǘ ǎŀƳǇƭŜ
useful spectral content: 0.15-2 THz
ǇŜŀƪ ¢IȊ ŦƛŜƭŘ ŀǘ ǎŀƳǇƭŜΥ җ450 kV/cm

recommissionedin newlab, 
pump-probeschemesTHzςTHzςwhite

lightςgreen
Availableto users

THz HIGH ENERGY (THz)
energy~ 1 mJ, @50 Hz
usefulspectralcontent 0,15 ς1,5 THz

pump-probeschemesin development Availableto users

ELECTRON- SYLOS (MTA) Underconstructionon site byQ3 2023
ELECTRON PW (HTA) Underdevelopment byQ4 2023

Secondary source parameters & status

userready
by Q2 2023
by Q4 2023



Experimental Stations Status Datefor useraccess

REACTION MICROSCOPE/ COLTRIMS installedon HR GHHG available to users

VMI SPECTROMETER ENDSTATION tested on HR GHHG, adaptationto MIR ongoing available to users

CONDENSED MATTER STATION (NANOESCA) internalVUV source, CEP stableoscillator, HR GHHGsource available to users

MAGNETIC BOTTLE e SPECTROMETER (IMPULSE) ςcollabFORTH under development Q1 2024

NANOSCIENCE & NANOFABRICATION electronbeamlito + focusedion beam available to users

NANOSCIENCE: time resolvedELLIPSOMETRY under internaldevelopment Q3 2023

NANOSCIENCE: ScanningNearfieldMicroscope under procurement Q3 2023

LIDT and LASER MACHINING test station under internaldevelopment Q2 2023

CHEMICAL REACTION CONTROL STATIONS (GPRC; TAS)
transientabsorptionsetupfor condensedsampleson HR, gasphase

reactioncontrolon SYLOS available to users

LIQUID JET ENDSTATION ςcollabLMU commissioningtestsongoing Q2 2023

MULTIDIMENSIONAL SPECTROSCOPY (FEMTOBIOLOGY) ςcollabBRC under development Q2 2023

RADIOBIOLOGY / BIOMEDICALLAB

standard biologytoolset
zebrafishembryotest modelfor radiobiostudies
Radiobiology toolset (irradiator, dosimetry setup) 

available to users

eSYLOSIRRADIATION FACILITY (for biol, chem, physsamples, dosimetry) under internaldevelopment Q3 2023

eSYLOSX-RAY GENERATOR under internaldevelopment Q3 2023

HIGH FIELD PHYSICS STATION (PW) under internaldevelopment Q3 2023

THzPUMP ςXUV PROBE under internaldevelopment Q2 2023

CHEMICAL PREP LAB standard chemistrytoolset available to users

Experimental stations implementation status

userready
by Q2 2023
by Q4 2023



ELI ERIC facilities recent advancesðannual report



1. Postcompressionof laserpulses@ highenergies
Processis scalable, preparing to applyto all lasers.
Increasedpeakpower.
Improvedtemporalresolution

MIR (5.4 cyclesto 1.9 cycles)
SEA (4.13 cyclesto 1.2 cycles)
SYLOS ςongoing

2. Developingsecondarysources(attosecondbeamlines)
Improvingthe flux (reachednonlinearregime)
Improvingtemporalcharacteristics, incl. Polarizationgating(towardssingle
attopulsegeneration)

3. Increasingthe versatilityof pump-probeschemeson multiple lasers(THz, HR)
2nd harmonicgeneration, 4th harmonicgeneration, white-light generation

All the developmentshavebeenrequestedby users, to be ableto do next
generationexperiments, to reachparametersnot accessibleelsewhere. 

ELI ALPS technological highlights
ðdevelopments initiated by user requirements



SYLOS 3
1 kHz, 8 fs, 120 mJ

THz- NLTSF

Transmutation

SYLOS Compact

HR Gas

HR Condensed

HR1&HR2
100 kHz, 7 fs, 1 mJ
100 kHz, 7 fs, 5 mJ

MIR HE (3.2 mm)
1 kHz, 40 fs, 15 mJ

HF PW
10 Hz, 17 fs, 34 J.

SYLOS 2
1 kHz, 7 fs, 35 mJ

SYLOS AL
10 Hz, 12 fs, 40 mJ

SYLOS Long 

eSYLOS

SHHG SYLOS

PW Electron

HF Physics(UFO).

PW SHHG.

THzpump
50 Hz, 500 fs, 500 mJ

MIR (3.2 mm)
100 kHz, 40 fs, 150mJ

HE THz

MIR HE HHG

NanoFab

RadioBiol

VMI

ReMi

NanoEsca

ChemReacContr

Facility overview



MIR (3.2 mm)
100 kHz, 40 fs, 150mJ

MIR activity
~ 3mm

MIR HE (3.2 mm)
1 kHz, 40 fs, 15 mJ

MIR HE HHG

in development



@10 kHz, activefeedbackloop, 82 mradRMS
95% of pointswithin [-150, +150]

0.9 % powerstability
2.4 % pulse-to-pulseE stability

INPUT
11W, 110 mJ, 50 fs

OUTPUT
88 mJ, (17.5 fs) 1.9 o.c.@ 3 mm

Parameters Status Operationduedate

MIR
100 kHz,<40 fs, 0.15 mJ, CEP
100 kHz, 17.5 fs, 88 mJ, CEP

Operational sinceOctober2017

Status of MIR laser

Spectralbroadeningin cystalpairs
(YAG & Si, BaF2 & Si)

userready

Availablediagnostics:
Spectrometer1.5-5 um (Mozza, Fastlite)
ScanningFROG all reflective, down to sub-2 cycles@ 

3mm
TIPTOE, down to singlecycle@ UV to MIR.
Single-shotCEP detection(Fringeezz, Fastlite10 kHz; 

TOUCAN, ELI-ALPS, 100 kHz)
Beamprofilers(IRC912 MIR CCD camera, Ophir

Nanoscan, PyroviewDIAS InfraredBolometric
camera)

Wavefrontsensor(SID4-DWIR, Phasics)



Configuration Central

wavelength[nm]

Pulseenegry

[mJ]

Pulseduration 

[fs]

#1 3200 20 <50 (5 cycles)

#2 1600 12 <100 fs

#3 3200 10 <25 (2.5 cycles)

HE-ATTO
(water window

& keV)

All configurationsCEP stable
(passiveviaDFG + feedback)

MIR -HE laser - overview



MIR-HE 
laser

MIR -HE atto - overview

HHG chamber

XUV-IR 
Recombination/ 
Refocusing chamber



HR Gas+ ReMi/VMI

HR Condensed+ NanoEsca

HR1&HR2
100 kHz, 7 fs, 1 mJ
100 kHz, 7 fs, 5 mJ

HR activity
100 kHz



Parameters Status User readiness

HR1
100 kHz, 40 fs, 1.5 mJ
100 kHz, <7 fs, 1 mJ, CEP

Operational sinceDec2017
Aug2021

HR2 100 kHz,<6 fs, 5 mJ, CEP In development by Q4 2022

Å fiber lasertechnology
Å doubleMPC conceptfor 

postcompression<7fs

Status of HR lasers

HR1: userready



Frontend
Å Setat moderatepowerof 7.2 mJ, but capableof >10 mJ

(270 fs, 100 kHz, >1 kW)

Post-compression
Å Firstpost-compression(MPC-1): Long-term tested at 6.3 mJ

(ҕ0.6% for 8 hours) 76 fs (chirped, ~50 fs FTL) (capableof < 

40 fs pulses)

Å Secondpost-compressionstep(MPC-2): work in progress

(currently9  fs, 3.5 mJbut now onlya ~ 15W samplebeam

is compressedfor CEP tests)

Todo list
Å CEP: Highpriority

Å System shouldbe readyby March2023.

Frontend

MPC-1

MPC-2
(work in 
progress)

Development status of HR2 laser

userreadyin Q3 2023



ÅXUV-IR pump-probe studies on gaseoustargetsat 100 kHz

Ådiagnostics for thetemporal, spectral and spatialcharacterization of 
the XUVpulses

Åflexible reconfigurationaccording to user needs (target area 
between CH04 nd CH05)

Status of HR GHHG Gas beamline (LTA -4)

userready

~166 as, 
~250 pJgenerated,
~50 pJ on target
@ 100 kHz

Highest flux attosecondpump-probe beamline running at 100 kHz
Å19%transmission from generation to target 
Å51 pJAPT on target(267 pJat generation)

Peng Yeet al., Ultrafast Science 2022, 9823783(2022) 

Peng Ye et al.,J. Phys. B: At. Mol. Opt. Phys.53154004 (2020)



speciallydesigned, cooledstaticHHG cell

Record flux

Results of HR GHHG Gas beamline (LTA -4)

userready

Peng Yeet al., Ultrafast Science 2022, 
9823783(2022) 

Peng Ye et al.,J. Phys. B: At. Mol. Opt. Phys.
53154004 (2020)



Monochromatized XUV pulses with few femtosecond duration

XUV mono

TOF Photon spectr. 
(Liquid jet)

N
a

n
o

E
S

C
A

HR GHHG Cond beamline + XUV mono (LTA3) 

Supportscondensedmatter end-
stationswith XUV-IR pump-probe 

capabilities

T. Csizmadia et al., ά{ǇŜŎǘǊŀƭƭȅ tunable ultrashort monochromatized
extreme-ultraviolet pulses at 100 ƪIȊέΣ ǳƴŘŜǊ ǎǳōƳƛǎǎƛƻƴ

userready



to obtain energy- and angle resolved information 
on ions and electrons resulting from the 
photoionization or photofragmentationof atoms, 
molecules or nanoparticles

Electron VMI, Xe, IR (ATI)

Experimental stations for gasphase studies
userready
mobile stationsVMI-ES

Kinematicallycomplete experimental study of ion and 
electronfragmentsdetectedin coincidence

ReMi/ Coltrims

C
O 2

fr
a

g
m

e
n
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tio
n



White light (probebeam) generationwith sapphireplate
Greenor UVC light (pumpbeam, SH) generationwith
BBO crystals(~25-40 fs, 100 kHz)
Optical chopperusedat 6 kHz for Lock-in measurements
and 2 kHz for measuringthe spectra

Sapphire
plate

Sample
in 

QPod
unit

OceanInsight
FX spectrometer

Delaystage

BBO 
crystal
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-0,01
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Au 40 nm (Sigma-Aldrich)
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 1.0ps

 2.0ps

 2.5ps
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 3.5ps

 4.0ps

 5.0ps

Au 
nanoparticles

Transient Absorption Spectrometer (TAS) setup

userready



sample

lenssystem

MCP  
screen

IR + XUV

ImagingDouble
Hemispherical
Ananlyzer(IDEA)

TOF

Corecapabilities, at 80 MHz fs CEP oscillator:
Å PhotoemissionElectronMicroscopy (PEEM) mode: laterallyresolvedmicroscopyof the sample

surface
Å Imaging Photoelectron Spectroscopy mode: lateraland energyresolution
Å Momentum microscopy: imagingof the momentum spacewith energyresolution
Å Spin dependentimagingin both realand momentum spacewith a state-of-the-art Au/Ir(100) 

imagingspin filter

66 mm

Spin domainson an iron plate
(recordedat ELI w Hglamp)

System: NanoESCA end station
coupled with CEP oscillator

userready

D. Vasilyevet al., J. ElectronSpectr. Relat. Phenom. 199 (2015) 10

M. Escher et al., J. Phys.: Condens. Matter 17 (2005) S1329



Transmutation

SYLOS Compact

SYLOS 2
1 kHz, 7 fs, 35 mJ

SYLOS AL
10 Hz, 12 fs, 40 mJ

SYLOS Long 

eSYLOS

SYLOS activity
1 kHz

SYLOS 3
1 kHz, 8 fs, 120 mJ

in developmentSHHG SYLOS

Lu et al. PRSTAB 10, 

061301, 2007

User 
activity



~ 2.2 

җп.5 TW

850-975 nm

>0.7

250 mrad

Parameters Status User readiness

SYLOS 2 1 kHz,<6.5 fs, 30 mJ, CEP Operational sinceMay 2019

SYLOSalignment 10 Hz,<12 fs, >40 mJ Operational sinceJan 2019

Status of SYLOS2 laser

userready



Compressed pulse:

Å FTL: 3.52 fs

ÅMeasured: 3.79 fs

1.4 optical cycle
12 mJenergy

Measurement device:

Å D-cycle NIR (Sphere U. P.)

Å 500 ς1250 nm

Å Scanning

~ singlecyclelaserpulsesachievedat >10mJ pulseenergylevel.

Thin plate compression of the SEA laser

Sz. Toth, et al., 3 TW single-cycle pulses enabled by thin plate postcompression, Optics Letters (submitted, 2022) userready



Status of SYLOS2 laser
Spatial filtering

SF57 SF57 FS

Spatial filter 
(250mm cone under vacuum)

Pre-compressorNOPCPA Telescope

Output parameters:

Å Transmission: >80%

Å Energy: >24mJ Gaussian beam 

profile

CCD



Status of SYLOS2 laser
Post-compression

(a) (b)

(c) (d)

4.75 fs

Measured (a) and retrieved (b) d-scan traces, measured (blue) and retrieved (grey) fundamental spectra with 

the retrieved spectral phase (c), and finally the FTL (dashed grey) and retrieved (solid blue) pulse temporal 

profiles (d).

Very similar optical setup as it was used for the SylosExperimental Alignment post-comperssion

Compressed pulse:
ÅPulse duration: 4.75 fs
ÅEnergy: 16 mJwith 0.6% RMS stability

Under further investigation!



Status of SYLO3 laser
DL3 Factory Acceptance Test

ĂDL3 Partial FAT: Demonstration of the operational capability 

of pre-amplifier and pump laser of SYLOS 3 laser systemò

Measured output spectrum of the front-end Calculated transform-limited pulse duration

Output energy stability of the front-end over 60 min

Measured typical pulse duration of PPL

83.3 ps

Measured typical beam profile of PPL



SYLOS GHHG Compact in commissioning

Developedby:

YǸƘƴΣ Ŝǘ al., The ELI-ALPS facility: the next generation of attosecondsources, J. Phys. B 
50, 132002 (2017)
Nayak, et al., Multiple ionization of argon via multi-XUV-photon absorption induced by 
20-GW high-order harmonic laser pulses. PhysRev A, 98(2), 023426. (2018)
Orfanos, et al., Two-XUV-photon double ionization of neon, Phys Rev A (in print)
Nayak, et al., The Compact beamline at ELI-ALPS. (manuscript in prep)

IR shaping

IR focusing (10m, 6m, 3m)
XUV generation

LTA 2

SYLOS 2, SEA

XUV separation
Diagnostic/User
ENDSTATIONS

SEA
40 mJ,12 fs
Super Gaussian 4-6 cm
Rep rate: 10 Hz 

SYLOS 2
35 mJ, 7 fs,
Gaussian 4-6cm
Rep rate: 1 kHz 

Xenon

Neon

Argon

XUV spectra

Phasematchingregime:
High pressure targets & lose focusing

~1 mm

IR drivers

userready


