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CLPU - Centro de Laseres Pulsados CLPU

CENTRO DE LASERES PULSADOS

Mission: User Facility opened to the domestic and international community through Few numbers on users (up to now):
competitive access. e 3userscalls

24 proposals accepted
ICTS Roadmap T =~ 42 institutions

e e i l__ 12 countries (mostly European)
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e NP R EP Particle acceleration, material
S e, AL Il science, nuclear physics, plasma
N " \ ) Al ' : physics, laser technology,

astrophysics...

Our last user experiment
(October 2023):

Pl: Klaus Spohr (ELI-NP &
IFIN-HH: Horia Hulubei
National Institute of Physics
and Nuclear Engineering)
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CENTRO DE LASERES PULSADOS

VEGA Ti:Sa CPA system:

e Central wavelength 800 nm

e Bandwidth 750 -850 nm

e High Power 20-200-1000 TW

* Short duration 30 fs

* High rep. rate 1-10 Hz

* High contrast ratio > 10%°

* High beam quality (Strehl Ratio 0.75-0.9)
* High flexibility (pump & probe)

PW Laser “easily” upgradable
to 5 Hz Repetition Rate




Motivation CLPU
Follow repetition rate of available laser sources, specially interesting for  Possible strategies: |I. Prencipe et al., HPLSE 5 (2017)
laser-driven ion accelerators * Fast foil positioning systems (matrix of holes/ladder)
* Increase of ion average flux: applications and applied research * Cryogenic ribbons D. Margarone et al., Phys. Rev. X 6 (2016)
e Technical challenge due to: * Liquid crystal P.Poole et al., Phys. Plasma 21 (2014)

* Fast refreshing and alignment toward particle yield stability and...

 EMP-related issues (radiation damage and electrical failure)
e Large debris-production

High-density gas jets Liquid jets Thin film tapes
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High-density gas jet CLPU

CENTRO DE LASERES PULSADOS

Full ionized plasma: n_,>n _ (A =800 nm) ~ 10?1 cm™3
(i.e. near-critical plasma and efficient absorption)

me Several ion acceleration mechanism can be triggered, both in
- laser forward and transversal directions in near critical plasma:
E e TNSA L. Silva et al., Physical Review Letters 92 1 (2004)
o C. Palmer et al., Phys. Rev. Lett. 106, 014801 (2011)
Imw e RPA-HB s.chenetal, Sci. Rapports 10.1038 (2017)
. CSA P. Puyuelo-Valdes et al., Phys. Plasma 26, 123109 (2019)

P.Singh et al., Sci. Rep. 10, 18452 (2020)
V. Ospinaetal., arXiv:2311.04187
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REQUIREMENT SPECIFICATIONS:
* 100 bar and 1000 bar gas boosters (compression in two steps)
* Compatible Hydrogen, Helium, Nitrogen, Argon, etc.

* Fast solenoid valve (few ms open/close). Compatible H, Solenoid valve

* Valve isolation to prevent damage from EMP High controller and
 Gas catcher and differential pump pressure EMP protection
booster

J.L. Henares et al., Rev. Sci. Instrum., 90, 063302 (2019)


https://arxiv.org/abs/2311.04187

High-density gas jet: commissioning CLPU
| /\ l Alignment: collinear laser focal spot imaging
\/ EG FNT 3 daser system and gas density imaging
~ 50 shots @ shot 2
7, = 30-300 fs * E,max=2,0MeV @ 0° from laser axis min? stable operation
Ep =30 * Epmax=2,2MeV @ 90° from laser axis with one single nozzle
I}, =2,2 x 10 W/cm? * Epmax= 1,75 MeV @ 60° from laser axis
* Ehemax= 5,8 MeV @ 90° from laser axis
a 10" ' w ‘ ‘ o -

Fast solenoid
valve

 Imaging
system

109,

108}

Thomson
Parabola
Spectrometers

107

Spectrum [particle/MeV/sr]

Conduction
108

25 3 35 4 45 5 55 6 65 7 715 8 reductor
Energy [MeV]

J. L. Henares et. al., (2023) accepted in J. Plasma Phys.



High-density gas jet: rep. rate

Rep. rate strategies:
* Damage mitigation: different nozzle materials tested
e Stainless steel
* Fused  silica
* Tungsten
* Damage mitigation: nozzle geometry to generate shock point @ 1 mm
e Efficient vacuum pumping and vacuum conductance minimization

~ 50 shots @ shot 2 min!stable
operation with one single nozzle

Tungsten nozzle Fused silica nozzle

J. L. Henares et. al., (2023) accepted in J. Plasma Phys.
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Liquid flat sheet CLPU

CENTRO DE LASERES PULSADOS

Developed by Microliquids GmbH Characterized by Interferometry and wavefront sensing
LICIUId Vacuum
‘ chamber
pump 10
45°
C Nozzles
30 um diameter 85
Liquid

sheet .~
Catcher

Thickness [y:m]

104 mbar

Liquid storage

-280
1.5

Position [mm] 1 0

140

Position [im
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Up to sub-micron thickness

Full ionized plasma: n, ~ 1023 cm3(i.e. overdense)

Thick edge (~50 um)



Liquid flat sheet: commissioning CLPU
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Spectrum fits TNSA protons
« T=0.35MeV,E,_ =2.4 MeV
@ 5 um thick target.
« T=0.65MeV,E,__ =3.5MeV

@ 1 pm thick target.
J. Schreiber et al., Phys. Rev. Lett. 97 (2006)

More than 1000 shots were
performed in 1 Hz bursts (™
100 shots) for 4 hours in
continuous operation

P. Puyuelo-Valdés et al., Plasma Phys. Control. Fusion 64, 054003 (2022)



Tape Target System (TaTaS-PW) for PW-operation CLPU

CENTRO DE LASERES PULSADOS

Projection
Tape 1
Stable plane of Tape (laser) / [pm]
(normal) / [pm]
Al —64 £+ 24 —62 £+ 23
Kapton
(89-K-l-ad) -3.0+3.3 —2.94+3.2
T. Nayuki et al., Rev. Sci. Intrum. 74 (2003) Kapton-enforced
N. P. Dover et al., High Energy Density Physics 37 (2020) Al I()g-Al-e-K) —15+39 —15 438

spool with brake

/ MHV BNC to

' feed return
current a) 28.5J; 31fs 9 um Al tape Kapton-enforced
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| g, ) 310°FOV | -
(’(0 2 , b)103;  [13J;;15J; Smm  [23J;
P L 30fs  130fs!30fs | !30fs

motorized spool

M. Ehret et. al., arXiv:2311.05547, submitted to HPLSE
M. Ehret et. al., arXiv:2302.04769, submitted to New J. Phys. e B b (s
1 article in preparation 89 um Kapton tape



TaTaS: commissioning CLPU
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/ Very stable TNSA cut-off energies (stand. dev. 1,5%)
VEGA-3 laser

Fully operational fs-class

F/11-12 urrl FWHM - Aol 12,5° PW-level refreshable =
7, = 28-160 fs solid target @ 1 Hz for i ' -
E; = 10-30J 10 | { |
! 1

s 20 , 30 mins }1 =
I}, max =1x107- 2,5x 10 W/cm

1

Lrayleigh = 130 um >> target fluctuations % ,

=" 4

S = =

&

=

9 —

3

4

{ +¢+ 9 pum Al Tape in frame mount
2] 89 um Kapton Tape

-+ 9pm Al Tape

00 05 10 15 20 25 30
On-target Intensity / [Wcm-2] 1e20

Debris-mitigation strategies required (~1 kg of Al debris in 1 year): electronic capture, micro-structured (mass limited) tapes...
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Summary
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Outstanding rep. rate achieved at femtosecond-PW level with 3 diferrent strategies

High-density gas jet for low-energy light ion acceleration
* Debris-free
e Variable bulk composition possible to accelerate
* New particle acceleration mechanisms at play
e Can be optically probed
e Durability and stability issues
Flat sheet water target for low-energy proton acceleration
* Debris-free
* Tunable thickness in same target: tunable TNSA proton energy cutoff
* Variable bulk composition
* Extremely complex operation
Thin solid tape target for moderate energy ion acceleration
* Drastic generation of debris
* Robust TNSA
* Different materials available

Contacts:

TRy

 High density gas jet: José Luis Henares
( )

* Liquid target (on upgrade stage)
Carlos Salgado ( )

| Tape Target: Michael Ehret
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