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Nl ELI Beamlines (mission profile)
beamlines Dolni B S e ¢ aCzech Republic

el

V Provideunique toolgso supportscientificexcellencavorldwide

V Exploranteraction of light withmatter (plasma) at

ultrahigh intensitiegup to 163 W/cny)

V Developandoperatefour leadingedge,high-power femtosecond laseystems (L1, L2, L3, L4) with
high energy, high repetitierate capability (10TW @1kHz, 100TW @ 100R%Y @10Hz, 10PW @0.0)Hz

V Offersecondary sourcgX-rays and accelerated particjesith unique capabilitie® users

V Enablepioneering research not only mlasma physic$aboratory astrophysicand material science, but
alsoin biomedicine, chemistry and other disciplimeth strongmultidisciplinary application potential

Joint ELI User Meeting 2022

daniele.margarone@dtieams.eu



di ) &

Czech Academ
FZU of Sciences i

))»») elj Paradigm shift

Dolni B S e g é&eafore ELI BL)

Joint ELI User Meeti ng 2022 ‘ o\ F Z U Institute of Physics e Eb’,ﬁ,?eﬁ’},'frfcﬁ'ﬁ'ﬂand Investing Funds
of the Czech * * .
. . * * Operational Programme Research,
daniele.margarone @dtieams.eu 24 HEETY RS i

MINISTRY OF EDUCATION,
Development and Education S



the High Energy Beams Pillar of ELI

el] m ELI Beamlines Facility

beamlines

mmmm | 1-E1 User Operation

Laser Building Cryogenic systems, power supply
cooling,auxiliary systems mmmmm | 3-E3/E4 Commissioning

- = | /n-E3 Commissioning
Support Rooms l
First Floor B

EEBERE

m m m [ 3-E5 pre-Commissioning

m mm|2/E2 Development

L1 100 m) / 1kHz ' L4 10 PW / 1.5 kJ / 0.01 Hz

Lasers
Ground Floor

E1 Material & Bio- L4c Compressor E4 ELIMAIA
molecular Applications . : lon Acceleration

Experimental Halls %
Basement

E5 Electron Accelaration & .
Laser Undulator X-ray Sourcg P
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- ) Laser beam transport

'I example; L3-to-E4
beamlines
from L3-HAPLS

compressor@
V 78 m beam pathfrom L3
L3-HAPLS b ' /
compressor output to ELIMAIA vaneport
target (E4)

V Opticalbeampath: 13turning
mirrors(8in L3BT sectiorand
5in ELIMAIA chambers)

V Excellenpointing stabilityof
the integratedsystem:.3urad
(FWHMyJjitter over54 min of
continuousoperation (shoto-
shotlinear fluctuation on
target<l um FWHM)

Example of operation day

(E4 ELIMAIA beamline)

Total net time 6 hr 40 min 43s,
300 shots, total energy 2.76 kJ

E4 experiment beam time - 24/11/2021

E4 experiment shots @ 10 J
No. of shots: 252

-
o

(63}

Avg. rep rate = 1 shot /1 min 20 s

. i E4 experiment shots @ 6 J »
i No. of shots: 27
Avg. rep rate =1 shot/1 min 13 s

Energy [1]

o= 2.3 urad

Vertical shift [urad]
o

-5
a, = 1.7 prad i
_ , | E4 experiment shots @ 1.2 J !
-10 : i 1.3 prad i Pump laser ramp-up P No. of shots: 21 @»:
-10 0 10 ,‘ duration: 10 min Avg. rep rate = 1 shot/ 1 min q s :
Horizontal shift [.rad] v @ 2 s e

3 o S » »
g & & i 4
oF o5 oF o5 o5

3
& Archiver Date & Time &
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el- ] Current User Offer (2022)

] beamlines

= gt
L3HAPLS
Currently @ O.5PW/3.3HAYI

L4ATON

L-ALEGRA .
Currently @ 1.2kJ/Q.5130nS/0.01 ZA 10PW/0.01H2|)

Currently @3TW/1kHZA > 5TW/1kHz)
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el. m L1 ALEGRA laser status

] beamlines  R. Antipenkov, Bakule B.Rus(Dep.91)

Achieved 58nJ / <15 fs pulses @ 1 kHz

Routine operation for users
- ~30mJon target in E1

A Availability in experimental halls: E1
hall

A availableon average 6.8 hours per day
for planned user experiments in EAll

A Picosecond OPCPA architecture: inherently high temporal pulse contrast
A System designed and built atBelamlines (using commercial tlisk pumgasers

wsecond beam >10m5 fs, synchronized with o W
L1, any delay with <100fs precision o |

w100mJ 15 fs outputfrom L1 ALLEGRA (requires
completion of 0.5 J, 1030 nm amplifier)

................................................................................................................

DWW —— ' ——
0%00 10:00 17:00 1200 1300 1400 1500 1600 1700 1800 1900 20:00
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< E1 Experimental hall

X-ray beamlines & end-stations

] beamlines  J. Andreasson et al. (Dep.88)

| HARD X-ray = =

RO applications: Diffraction, Ultrafast Optical YOS IR I
# apgllcalélopsl.AMO spectroscopy, radiolysis = spectroscopy, ' /=
E and ma el;la S_Clence —:‘ _‘ ' i MIR to DUV W,

Function is fundamentally related to dynamics!

In the E1 experimental hall we have developed beamlines
and stations for photon science experiments in the
mid IR to Hard X-ray range at kHz

These are used for time resolved experiments using
pump-probe techniques to study femtosecond to
millisecond dynamics

pump

_A
'\

probe

spectrograph,
sample CCD detector

N\

% 14

delay stage
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el. ) HHG & PXS kHz beamlines in E1

] beamlines  O.Hort, D.D. Mai, J. Nejdl, S.V. Bulanov (Dep.86)

o O S A A Gas | ayyy (hm) | XUV energy (mJ)
HHG in Neon p
H H G ] Xenon @3]0) 2
TOW&rdS XUV diagnOStiCS 0 4I5 5Io 5‘5 elo 6‘5 7‘0 7I5 80 8‘5 Argon @0 02
end station Monochromator IR rejection Neon ('13 0.02
SOy Sl : Helum| ©&10 0.02
’ | HHG target _
- Focusing or
’ﬂ Y folding mirror

i

/

PXS

jet (incommissioninyg

V Xrayoptics Montel _ ~ 106
(monochrom) or <50 um
olycapillar B
YR 12y puise auration STV
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E1 hall user experiments

'i '»»» capabilities and support technologies
beamlines  J. Andreasson et al. (Dep.88)

FA

A
 reconstr

Operationof user end stationfor: A Nee/ Nee/
201 "1_- VUV/NIR nanoplasma -

formation -

1.MAC: Science with Coherent XUV radiatio- A

Nanoplasma ignition probability (%)
w

A Atomic, Molecular and Optical (AMO- !
science 2 o i T et
A Coherent Diffractive Imaging (CDI) T i
A XUV Material science PPRT Ko
A HHG source development " 84 s Kp
Pt *= 00 4 8 12

2. TREX: Hardrdy science -~
A Diffraction and spectroscopy
A Plasma Xay source development

Photon energy (keV)

Spectroscopy

30 ' 50 ' 7'0
. e e R L Photon energy (keV)
3: Ultrafast optical spectroscopy o R e

A Femtosecond Stimulated Raman Wide band-gap ellipsometry

. . . semiconductors *1
Scattering SRS) antransient absorption Metalfinsulator

Light harvesting
100 Metal complexes

[‘" § Protein dynamics

A time resolved spectroscopitlipsometry  wansitions L ;

. . — 51 I
A Transient Current Technique L — G A Y 22
A 2D IRspectroscopy - — —

7018

fen?tosecond p_“he FSRS probe recol 2 . A0, 14018
. ) . . . mﬁﬁz':::tauc(;;‘on asnapshot o \ X ' If.210fs
For technical details of available instruments and beamlin®§ bybetnger e dely 1
! excitation 120 em™

(280 fs)

https://www.elrtbeams.eu/calls/thextremelight-
infrastructurecaltfor-users/
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https://www.eli-beams.eu/calls/the-extreme-light-infrastructure-call-for-users/

- L1-to-E1 kHz user programme

] beamlines statistics

= Applications = Awards = Conducted
USERS BY COUNTRIES 2019-8/2022

20 100%
15 80%
60%
10
= 40%
= 5 1 B 20%
= 0 . 0%
= c > ;. 2 < 2 T gL X :zZz £ @
= ] : © ] © C © =
= T =% 2> 3538 s E g4 &5
= = b= 5 X g L c c I
50053 8 ¢
Call0 Call 1 Call 2 ELI ERIC Call 1
16

Number of No of experiments [ Number of User Publications °
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ERIC Call 1 17 wl ]

Call 2 29 24 58 8
Call 1 22 22 60.5 . ®
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i
2017 2018 20159 2020 2021 2022 2023

JOInt ELI Usel’ Meet|ng 2022 Institute of Physics BUROIFEAY WINIIeRY

of the Czech Europe.an Structural and Investing Funds
QOperational Programme Research,

daniele.margarone @dieams.eu Academy of Sciences *#*” | Development and Education MINISTRY OF EDUCATION,




eli M.

A 1 PW 10 Hz repetition rate beamline

A Nd:glaseliumcooledDPSLL pump laser

A Ti:sapphireshortpulsechain, heliuncooled poweamplifier
A 2 2 NJhigh@si peak powdaser dioderrays

A Highlevel ofautomation

J. Cupal, BRug(Dep.91)

Temporal contrast (ps-level)

1:10™ down to ~20 ps before the pulse

Compressor output

Artefacts

Intensity [arb. units]

e R

=52

L[]
Sy ]
WWH»

E Lawrence Livermore
National Laboratory

Joint ELI User Meeting 2022
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Remnant from FE  (thin beam spiitiers for diagnostics)
e level

beamlines |

L3 HAPLS laser status

High repetition rate Advanced Petawatt Laser System

Design performance:1 PW/ 10 Hz
30J/<30fs

Current performance:n ®p t 2 K
13.3J/27.Fs

NPp

Ramping to PW / 10 Hz in progress:

-1 PW / shoton-demand spring- summer2023
-1t 2k 0O | bpring-summer 2024
-1PW/10Hz spring- summer2025

i ;

EUROPEAN UNION

European Structural and Investing Funds
QOperational Programme Research,
Development and Education

Institute of Physics
of the Czech

Academy of Sciences MINISTRY OF EDUCATION,
YOUIH AND SROR1S



ELIMAIA beamline (E4)

i ')»») lon Accelerator section

beamlines  F. Schillaci, L. Giuffrida et al. (Dep.87)
Available |  Design
i A p 1 Hsony

Laser energy >10J 30J

Laser pulse width <30 fs <30 fs
Repetitiorrate up to 0.5 Hz 10 Hz

25MeV. 100 Mev
Proton fitn(>3"IMe\/) IS I V2 /57 1 I SRR Y R /2 vl

Interaction chambe lon, e & X/ gdiagnostic station lon beam transpor

30 10t AN
3 g
2.20 élolo
2 5 10-10
[0} =)
In-air laser diagnostic station Laser Alignment and lon Dosimetry and| 610 5 10°% 1 -
(BDS)1 on-shot & full-power Plasma diagnostic stations | sample irradiation IS 3 0J (350
0 — 871021W/Cm2
8 %0 % w0 5 10 15 20 25
Shot number Energy [MeV]
Fluctuations 100 consecutive shots 230 0%
Laser energy 0,3% 9.95+0.02J g%_ 0.5 Hz rep. rate serles_4 = >30 1
RGNS 0.8%  (1.39+0.01)102tWicn? B0 .2, h
=) 13 ¢ - ¢
4% 3.06+0.12 MeV S5 . TP :
Photon flux 1% glo../'/ \'\.-[\"\../'v"/"'\.--«"’.\/‘-\,«f"‘\/"J\_/!"q.h/'\f\./'\.f \’W/\/JW*‘- _,«'\'2 % 10 7
IR = = L] = c
Proton energy 1.2% 14.48+0.17 MeV Sl L s 6
O St il 8 , , , , .
(cutoff) S 0 , , , , = 200 220 240 260 280 300
> 30 07-10%+0.32*10L0 g2 ° 220 240 260 280 300 Shot number
Setenhiheeel s 5.3% 6.07-10°40.32*100 sr 2 shot number
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F. Schillaci, Giuffridaetal. (Dep.87) ELIMAIA beamline (E4)

d‘i ')»», ELIMED ion beam transport and dosimetry section

beamlines
ELIMED Station Design parametersiy Sl i L_s;serrtatr_git s e
@ user sample ! |ac ° =3 i
Proton energy 5-60 MeV 1 SN - Y L = .
Bunch duration EEELIYSILSHM = = & - 5
lonbeam aperturc [T RGO - - ..

, ' el e =k Y8 - { lon beam |
0.1-10 mim (FHM) B I et % NS & 1on beam transp| | dosimetry
= lon beam & focusing & sample
energy selectio T irradiation

Repetition rate Possible active || lonbeam [
- modulation (Hz) = collimation
| Irradiation system
Multi-gap chamber

lon beam collimation system: - : o e
5 DMooe 36 yt' Dot 100 T lon beam energy selection system: Dosimetry and Irradiation system-gii):
Qs, 36mm magnetic bore, m - SEM for beam current monitor, Multi
gradient with 2% uniformity 4 electrodipoles, 55mm bore, 0.06 hamber f lativen
1.226Twith 0.5% uniformity, linear gap chamber for relativeniine

: : | resolution with slit aperture size, dosimetry, FC for absolute dosimetry,
Joint ELI User Meeting 2022 _ ) ) - L automated sample irradiation svstem
daniele. margarone @dtieams.eu ‘| active energy modulation possible &t _ Y : y er




status and plan

) ELI-ELBA beamline (E5)
di W

beamlines  G. Grittani, S.V. Bulanov (Dep.86)

A Electron acceleration line installed

A CounterPropagation line procured, waiting for
delivery, installation completed by March 2023

A Setupaccommodates different wavefront splitte
configuration, so the split ratio could be changec
depending on user requirements

A Involvemenbf user for experimental diagnostics,
data analysis and modeling is kegtigcess

First Light (Spring 2022) Laser Electron Collider (2023)

LWFA Accelerator
(Autumn 2022)
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el, m ALFA: kHz electron acceleration with L1

pilot experimental results

] beamlines G. Grittani, S.V. Bulanov (Dep.86)
Laser focal spot

N, (98%)/He(2%)
ne=5.7x10%%m3

ALFAAllegra Laser For Acceleration)
55mJ(100 mJ planned)
16fs on target

Supersonic nozzle

1 kHz on target
1-2 pradpointing stability

electron beam energy50 MeV within
reach with current laser parameters

To To To To I

Electron Beam L1 Laser
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kJ CPA system to provide 10 PW peak power

el. m L4 ATON laser

] beamlines  P.Trojek B.Ruset al. (Dep.91)

Parameter | Achievedalue

CPA pulse ener 1512 J
P 9y significant headroonhigher energy possible

Bandwidth FWHM ~14 nm Gaussian fit

non-optimizedcompressibilityl 54 fs

Long pulse (LP) energ 0
significant headroomhigherenergy possible

Pulse width <0.510 ns
/ temporal shaping 125 ps with 60 ps rise time

A Mixed Nd:glass in the power amplifiers providing s 6] A wevEe GlLE
spectral bandwidth >15 nm Currentshot rate P (hig quality

Pulse compression t150fs 1 perminute (moderate quality)

A Advancediquid cooling to achieve 1 shot /1
minute

A NanosecondJ pulses with programmable

temporalshape PA2 Beam size

A 323x323 mm kJ LP

A Compactiimensions, laser tables footprint 19.8 m
A 620620 mm 10 PW

X6.1m

A Developedy National Energetics / EKSPLA-/ ELI
Beamlines

Joint ELI User Meeting 2022 ( S —
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10 PW compressor

el. m L4 ATON laser

] beamlines P.TrojekB.Ruset al. (Dep.91)

GA3 GA2

Courtesy of Diffractive Optics Group, NIF&PS, LLNL
Highenergy, lowdispersion (HELD) muiliyer
dielectric (MLD) diffraction gratings for L4
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L4-ns + L3

e'.] m P3 experimental platform (E3)

beamlines  S. Weber et al. (Dep.89)

C L4n as driveio generate shocks
& L3 as diagnostiool

C L3SFLenergetic protons (radiography),
K-alpha, gammas (few MeVs);
f/3 OAP, focal length 0.75 m

C L3LFL betatron broadband radiation,
potentially electrons (?!);
f/20 spherical mirror, focal length ~5 m

Long focal length configuration Short focal length configuration

AT 15

Betatron x-ray
radiation

L4n

Angle L4n and x-rays Angle L4n and L3
at TCC = 112° at TCC = 58°

Joint ELI User Meeting 2022
daniele.margarone@dtieams.eu

Institute of Physics
of the Czech
Academy of Sciences

MINISTRY OF EDUCATION,
YOUIH AND SPOR IS




L4-ns @ ~1shot/min

el. m P3 experimental platform (E3)
]

beamlines  S. Weber et al. (Dep.89)

C using P3 as a potential platform for HEDP in general and ICF/IFE in particular L4n setup Spectrometer §
~ . . . . . . iNsi .26 o

C time-resolved diagnostics for LPI (Raman, Brillouin, TPD) and shock physics inside P3 .Cng's gg

(VISAR/SOP) in commissioning stage K10° """""""""""""""""" : ;

VAR =

X

VISAR |aser I- TOp VieW mfj@z

Spherical X-ray PE i

spectrometer  _

@ ~
S =
Q 9
S ,,)Q
7 P3 experimental
. . & 75
Backscatter diagnostics 3“5 chamber

/ ©
Y
C Hard X-ray diagnostic available inside the chamber \ 2

0.5° tilted lens

C Targetry: solid, gas, multi-layer and foam on tape & raster 2.6m focal length

multi-layer targets for shocks
developed by ELI-NP for P3
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