The Extreme Light Infrastructure
Joint Call for Users Webinar

The ELI ALPS Research Institute

Dimitris Charalambidis
Chief Scientific Advisor, ELI-ALPS
18 July 2022

) eli



)» ») l The ELI project: a distributed
) el research infrastructure of the ESFRI roadmap

——— ——

ELI:
To strengthen Europe’s
leading role in laser physics.
User facility for researchers of
various disciplines.

3 complimentary pillars

Mission of ELI ALPS:

To provide advanced femtosecond and attosecond pulses, for
temporal investigations of ultrafast dynamics in atoms,
molecules, plasmas and solids.




))»») el] Global complementarity ELI-ALPS
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l- Portfolio of research opportunities
’)»») el Capacity, Capability and Uniqueness

Simulation tools

Simulation tools in intense laser matter interaction
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Particle In Cell (PIC) Simplified PIC
WARPX WAKE

OSIRIS CALDER-CIRC
EPOCH

LPIC

PIConGPU

Charge dynamics (particle acceleration),
Plasma field dynamics (absorption, HHG)

\ Featured in p19-20 https://hpc.kifu.hu/sites/default/files/2021-06/HPC Echo 2021.pdf /
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))»))) eli ELI ALPS - Achievements to date
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))»))) elj Research potential offered @ ELI ALPS

———) SECONDARY SOURCES === EXPERIMENTS

HR1 100«Hz 6.5 fs, 1 mJ, Cep 250 mrad - HR Beam
Deliver
H R2 100 kHz, 6.5 fs, 5 mJ, CEP 250 mrad - Y
SYLOS AL 10Hz, 125, 20mi -—)
SYLOS
SYLOS2 1tz 7.5 ts, 30 my, cep 250 mrad - Beam
Delivery
SYLOS3 : kHz, 8 fs, 120 mJ, CEP 250 mrad -

MIR 32 um, 100 kHz, 40 fs, 0.15 mJ, CEP 100 mrad —

1111 11

MIR HE 32um, 1z, 40fs, 15my, cep 150mrad I ———
HF Beam =p
H F PW 2 PW, 10 Hz, 17 fs, 34) Delivery l
THZP 504z, 05 ps,0.51 /1 ktz, 100 75, 4 ms - THz Beam —
NLTSF pump 1k 2005, 6 ms -— DY —

Attol: GHHG HR
Atto2: GHHG HR

Attosecond studies in atomic
and molecular dynamics

Condensed matter physics

Atto3: GHHG SYLOS
Atto4: GHHG SYLOS

Atto5: SHHG SYLOS
Particlel: e- SYLOS

Nanophysics, materials
science

High resolution imaging

Source development and
metrology

Atto6: HHG MIR

Plasma physics

Atto7: SHHG HF
Particle2: e HF

Radiobiology

THz1: spectroscopy

THz spectroscopy

THz2: high energy
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PW SHHG
PW Electron
SYLOS 3 T
1 kHz, 8fs, 120 mJ g |
SHHG SYLOS i
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Transmutation
e-SYLOS
SYLOS Lon
SYLOS Compact

MIR HE (3.2 pm)
100 kHz, 40fs, 150 pJ

MIR HE HHG
NANO ESCA [l HR Condensed

VMl ReMi JHR Gas

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

MIR (3.2 pm)
100 kHz, 40 fs, 150

HF Physics (UFO
SYLOS Alignment
10Hz, 12s, 40 mJ

Chem Reac Contr
e

SYLOS 2
. v 1 kHz, 7 fs, 35 mJ

HF PW
10Hz,171s, 34 J

-2 - Chem Reac Contr
]
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Facility overview

THz - NLTSF

THz pump

50 Hz - 500 fs, 500 mJ
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: ELI-ERIC call instruments
)»»» eh The MIR activity ~ 3mm

in development
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Status of the MIR laser

Spectral broadening in cystal pairs
(YAG & Si, BaF2 & Sl)
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@100 kHz, active feedback loop, 82 mrad RMS 2000
95% of points within [-150, +150]
INPUT

2500

0.9 % power stability 11W, 110 pJ, 50 fs

2.4 % pulse-to-pulse E stability

100 kHz, <40 fs, 0.15 mJ, CEP

MIR
100 kHz, 17.5 fs, 88 wJ, CEP

FASTLITE

T
- - -lInput (FTL = 47.8 fs)
——YAG (FTL = 34.4 fs)
—Si (FTL=21.4fs)
——YAGH+Si (FTL = 17.5fs)
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user ready
14 user campaigns

Zn0 optical axis || laser pol.
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88 uJ, (17.5fs) 1.9 o.c.@ 3 um

| Parametes | Status | Operation due date

Operational

since October 2017



o ELI-ERIC call instruments
))»») eh The HR activity 100 kHz

I HR Condensed + NanoEsca
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))»») el'l Status of the HR laser

* fiber laser technology % HR1: user ready
* double MPC concept for activefiber 7 user campaigns
postcompression<7fs R

HHG In argon
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_ Parameters m User readiness

HR1 100 kHz, 40 fs, 1.5 mJ Operational since Dec 2017
100 kHz, <7 fs, 1 mJ, CEP Aug 2021

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



))»») Eli Status of the HR GHHG Gas beamline (LTA-4)

user ready

e XUV-IR pump-probe studies on gaseous targets at 100 kHz

 diagnostics for the temporal, spectral and spatial characterization of
the XUV pulses

* flexible reconfiguration according to user needs (target area
between CHO4 nd CHO5)

~166 as,
~150 pJ generated,

~50 pJ on target
@ 100 kHz

Quantum path interferences with chirped laser pulses

Single-atom response 4
TL, 48 fs ved 5

245 25 ps5
Harmonic order
Medium end, on-axis

P.Ye etal., J. Phys. B 53, 154004 (2020)
8 P.Ye et al., submitted to Ultrafast Science (2021)

@CNRIFN (=

Istituto di Fotonica e Nanotecnologie : : 245 25 2565
Harmonic order

Harmonic signal (arb. u.)

Electron Energy (eV )



))»») el] Results of HR GHHG Gas beamline (LTA-4)

specially designed, cooled static HHG cell user ready
R\ Y
N 0.018 Spectral density w(v) (HHG in Argon, 4 mm gas cell)
Pulse energy (with 100nm Al filter) =51.4475(+3.4298)pJ
0.014 -Energy at generation ~ 171.4918pJ
Energy Conversion Efficiency =2.3818e-07 5 =
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= 0 A A : 1
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M. Osolodkov (2020) [23 Q A
S. L. Cousin (2017) [20] S. Mikaelsson - 00 5 0
A (2020) [12] -0. ’
P 5 T e 5 Time (fs) P. Ye et al., J. Phys. B 53, 154004 (2020)

Repetition Rate (Hz) P. Ye et al., submitted to Ultrafast Science (2021)



))»») el] Experimental stations for gas phase studies
VMI-ES user ready

to obtain energy- and angle resolved information mobile

on ions and electrons resulting from the
photoionization or photofragmentation of atoms,

molecules or nanoparticles

ReMi / Coltrims

Kinematically complete experimental study of ion and
electron fragments detected in coincidence
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l- The NanoESCA end-station dedicated for
’)»», el condensed phase and surface dynamics
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Spin domains on an iron plate
(recorded at ELI w Hg lamp

Core capabilities, at 100 kHz XUV — IR / 70 MHz fs CEP oscillator:
Photoemission Electron Microscopy (PEEM) mode: laterally resolved microscopy of the sample

surface with time resolution

Imaging Photoelectron Spectroscopy mode: lateral, time and energy resolution
Momentum microscopy: imaging of the momentum space, time and energy resolution
With a state-of-the-art Au/Ir(100) imaging spin filter (spin selective electron detection)

Imaging Double
Hemispherical »( -

Ananlyzer (IDEA) \l

sample

user ready
2 user campaigns
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IR + XUV we o MCP
screen



))»») el] HR GHHG Cond beamline + XUV mono (LTA3)

XUV mono User ready bV QZ 2022
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Supports W 1 csizmadia et al, in preparation S
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. ELI-ERIC call instruments
’)»») el'l Nonlinear THz Spectroscopy Facility

user ready
THz pump—THz probe measurements 8 user campaigns

Charge carrier dynamics
Lattice anharmonicity
THz nonlinearities

Charge separation dynamics in biological
molecules/complexes

[spectrally resolved THz imaging]

Pump laser (cryo-cooled Amplight)
* Wavelength: 1.03 um

Pulse duration: 200 fs *pulse energy: 210 pJ
PECSI TUDOMANYEGYETEM
Pulse energy: 26 mJ UNIVERSITY OF PECS espectral maximum: in the 0.3-0.6 THz range
Repetition rate: 1 kHz euseful spectral content: 0.15-1.5 THz
Jitter to an external clock signal: <100 fs peak THz field at the sample: 2200 kV/cm

THz source:




Focused lon Beam,
Electron Beam Lithography
Nanofabrication unit, ...
optoelectronical sample
preparation, nanooptics
research, condensed
matter analysis

Mechanical and electrical

workshops

(incl rapid prototyping)
Optical workshop for custom
optics and coatings

B
r

Perovskite —
Compact TiO, -

(incl advanced metrology)

Auxilliary facilities

~
\\.

FTO

Glass —

I NanoFab

Zebrafish embryo model to
investigate radiobiological
effects of pulsed radiation.




))»») eli User experience gathered
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0 ELI-ALPS early user experiments
)»») eh The quantum spectrometer

Photon energy (eV)
(a) s o4 321
0.0 ) ZnO optical axis || laser pol. cr%)
— : Q- 1.04 8 7 6 5 23
= b 2 (.81 o
2 00 5 -~
£ S 0.6 Photon energy (eV)
) . .
£ 0.4/ ¢ 3 4+ 3 2 |
e > 02. | 1Zn0O optical axis L laser pol. 5
-0.10 0.00 0.10 13 | &
gt A J \J v L) \ £
Swir [a-u] 84 8.6 8.8 g 0.8 L2
N n/10° (photons per pulse) < 0.6-
- =
PMT/C-S 7. E 04 .
Z
0.2+ ~
15t User paper from ELI-ALPS W,
PHYSICAL REVIEW LETTERS 122, 193602 (2019) 88 89 . 90 91 92 93 94
o n/10" (photons per pulse)

Quantum Optical Signatures in a Strong Laser Pulse after Interaction
with Semiconductors

N. Tsatrafyllis,] S. Kiihn,2 M. Dumergue,2 P. Foldi,z"’ 5 Kahaly,2 E. Cormier,z‘4 LA. Gonoskov,5
1 B. Kiss,” K. Varju,”® S. Varro,”” and P. Tzallas"*"
- 1 . ' Foundation for Research and Technology-Hellas, Institute of Electronic Structure and Laser,
n‘“d- I Rl-[ F N : - PO Box 1527, GR-71110 Heraklion, Greece
2 A L - ELI-ALPS, ELI-Hu Non-Profit Ltd., Dugonics tér 13, H-6720 Szeged, Hungary
: *Department of Theoretical Physics, University of Szeged, Dom ter 9, 6720 Szeged, Hungary
) *Univ Bordeaux, CNRS, CELIA, CEA, F-33405 Talence, France
......... : Max Planck Institute of Microstructure Physics, Weinberg 2, D-06120 Halle, Germany
(’Deparmzent of Optics and Quantum Electronics, University of Szeged, Dom ter 9, 6720 Szeged, Hungary
Wigner Research Center for Physics, 1121 Budapest, Hungary

.
3 IS/EG'

® (Received 28 September 2018; published 14 May 2019)
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. Other upcoming instruments
’)»») eli SYLOS activity 1 kHz

in development

SYLOS 2
SH HG SYLOS 1kHz, 7 fs, 35 mJ 1 kEZYllg_Sﬁzng

Transmutation

SYLOS AL

N\

10 Hz, 12 fs, 40 mJ

eSYLOS

SYLOS Compact




Hours of cperation 1

Howrs of operation 1

Measured trace Retrieved trace Error vs. lteration

= H :5‘: o] user ready
. | oo B \ 3 user campaigns

~ 2 2 500 0 500 500 0 500 0o 25
L] GDOD [fs?) GDO [fs?) Iteration nr.

))»») el Status of SYLOS2 laser

6.4fs (TL = 6.3fs), Strehl = 0,98

A ks s o

; o 24.5 TW S S
! h\o.hkl .q,,v WA NB\ .'\WINVJ’“LWL"' W b,.‘w \ﬂ\"'\\‘v Ry e o o5 o e =

7 8

velength[nm

850-975 nm

Mw m ' W "V>07 @%g%ﬂLERSION

W, 250 mrad % EKSPLA

e = =

SYLOS 2 1 kHz, <6.5 fs, 30 mJ, CEP Operational since May 2019
SYLOS alignment 10 Hz, <12 fs, >40 mJ Operational since Jan 2019



))»») elj SYLOS GHHG Compact in commissioning

LTAZ-01

XUV beamprofile  User ready by Q2 2022

Harmonics 15+17
- 308 nJ at generation
- 7 nJinto end-station

XUV spectrum

XUV spectrometer signal (Al filter)

Entire spéctrum
- estinjated 1 pJ at

gengration
1 user campaign

2021225212531 39 414541 XUV spectrum of Xenon: Pulse energy of
Photon Energy (eV) i = S e
I. ‘. IA .A ‘. ; . = . ; . ; . - o . . ._ .N;eanl . H. 0-25 L 2 hVXUV " i 40 "

R 56006 Lineout g 0'20 ! Ar RN Ar2+ '. '0
- 0.15 S
: | S 0.10f =%
o 2 I
S N 0.05}F &
E 5000 MJ\ < 10
= /\NW\ 0.00}s _ _ _ _

01 0.0 0.1 0.2 0.3 0.4 0

3‘1 3'9 4'7 SIS 6'3 7'1 7l9 8|7 9'5 163 1]|.1 1?;.9 lé7 13'5 13 17 21 25 29

Harmonic order XUV intenSity [a-u.] Harmonic order



)»») el SYLOS GHHG Long in commissioning

GHHG Turning  User ready by Q3 2022
User ready by Q3 2022 Refocusing

Interaction

IR focusing

Interferometer

Transport chamber
-

LUND

UNIVERSITY

generation
setup

Interferometer
Split-and-Delay

Harmonic order

21 23 25 27 29 31 33 35 37

—— HHG spectrum with Al filter

700000 ~——— HHG spectrum with Sn filter
P St I -~ Alfilter transmission {arb. units)
600000 R S i S ~=~ Sn filter transmission {arb. units)

Pump-probe options
XUV + XUV

XUV + IR

XUV + XUV + IR :
XUV+XUV+IR+IR/SHG/T

_. 500000

100000

0 44

15 20 25 30 35 40 45 50 55



Other upcoming instruments
SYLOS driven high field interactions
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o Other upcoming instruments
)’»») eh The HF PW activity 10 Hz

PW SHHG.

HF Physics (UFO).

PW Electron

HF PW

10 Hz, 17 fs, 34 ).




o Other upcoming instruments
) eli THz activity 0.15-1.5 THz

THz pump

50 Hz, 500 fs, 500 mJ




. Other upcoming instruments
’)»») El'l High Energy THz Beamline

L . i user read
Materials in extreme THz fields, phase transitions y

Molecule orientation & alignment

SN TN
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Electron acceleration, manipulation, and bunch
. . PECSI TUDOMANYEGYETEM
characterization

UNIVERSITY OF PECS

Relativistic (~1 MeV) ultrashort electron source for time-
resolved diffraction & imaging (microscopy)

Proton post-acceleration

: 2
Pump laser: Amplitude Technologies 2 I /
Y T

*Wavelength: 1.03 um THz source:
*Pulse duration: 500 fs
*Pulse energy: 2500 mJ
*Repetition rate: 50 Hz

*Synchronized short-pulse output:
0.8um | 100fs | 1 mJ | 1 kHz

*pulse energy: 21 mJ

espectral maximum: in the 0.3-0.6 THz range
euseful spectral content: 0.15-1.5 THz
waveform: <2 cycles
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