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1. What can we do with high power lasers?

Plasma target

Projectiles

2. What kind of nuclear physics?

Double beam experiments

Nuclei in extreme environment

3. Challenges to overcome
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Laser-induced plasma

The 4th state of matter (99.9% visible matter)
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Laser-induced plasma
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Laser-induced plasma
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Laser-induced plasma
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Laser-induced plasma

Nuclear processes in a plasma

« plasma» Laser




Laser-induced plasma

Nuclear processes in a plasma

Photo-Excitation From plasma particles

Nuclear Excitation by Electronic Transition

From atomic electrons

Nuclear Excitation by Electron Capture
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Nuclear physics with lasers

— Plasmatargets and plasma environment

1 Nuclear Excitation by Electronic Transition
Photo-Excitation From plasma particles

« projectile»
Laser

Inelastic collision .
. : From atomic electrons

« plasma» Laser
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Laser-induced Electrons and y ray sources

Very high fields created

Measurement :
Z. Najmudin et al,
Phys. Rev. Lett.
87, 215004 (2001)

NE~10° V/cm
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UHI laser :
|~1018-20 \W/cm?2
At = ~10s fs

=> Extreme environment



Laser-induced Electrons and y ray sources
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Laser-induced Electrons and y ray sources

Bremsstrahlung y rays
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Laser-induced ion acceleration

Target

Fast ions

......

Laser

Electron cloud

Target Normal Sheath Acceleration (TNSA)



. aser-induced 1on acceleration

Laser-accelerated protons ' ‘ | =
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. aser-induced 1on acceleration

v TNSA able to accelerate >1013 ions [1-200] MeV

v'Gas jet advantages : Few debris at high repetition (10 Hz)

roton phase space after 4,5ps ®
- < Proton phase space after 3.5 ps
Experimental chamber ¢ Proton phase space after 2.4 ps =
® — Electron initial density profile in critical densities
2 0.8
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~200 bar Compress up to 1000 bar Control System

Longitudinal momentum (mc
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New process : Collisionless Shock Acceleration (CSA)

2D PIC simulations ; with ELI-NP : ~75 MeV protons

v'possibility to accelerate different ions
v'acceleration in volume : large number of ions expected

v CSA studies on Apollon : Working group ELI-NP/LULI/LIDYL/CELIA/CENBG
A T experiment on PICO2000 in October 2017



= New possibilities with high power lasers

— Plasmatargets and plasma environment
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Nuclear physics with lasers

= New possibilities with high power lasers

— « Simultaneous » use of several beams : target preparation + projectile

Solid target . L
I « projectile»
@
@ 1 ’30 : o Laser
) " ° o | ©° o.g’:f"o
o o 0 \ ’ ® ) S ® o o
— o0 (4 ® @‘ :
) ...o.o.“'.. o® g ‘.f k Particle source 2
« preparation» i “. f 4 °
Laser I
Particle source 1

Target : 102! nuclei/cm? ; Projectile : 1012 particles on @ 100um spot ; Cross section : 0,1 barn
— 1013 /cm2 secondary targets x 10*3 particles — 10 reactions/shot
1 shot / min — ~14 400 reactions /day

v'"Nuclear reactions on very short-lived radioactive nuclei (down to few ns)
v" Nuclear reactions on excited nuclei
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Nuclear physics with lasers
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ISOMEX calculations of excitation rates of 8™Rb in a plasma, as
functions of the mean charge state of the plasma

D. Denis-Petit, PhD thesis, University of Bordeaux , 2014

—Apparent half-live modification



2 lasers of the
HPLS

Small-angle focusing

{-290.6, 1500.}

Production Laser : 0,1 PW/0,1s
3J - 30fs

Plasma Laser : 10 PW / 60s
250J -0,5ns
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84Rb experiment at ELI-NP

76Ge(12C’p+3n)84mRb

Target
100 nm Al with C deposit 1cm

Production Laser
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Assuming a plasma with : 30 um depth
250 um diameter
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per cycle : 0.9 <Njp.e < 710

fagsgiet per day : 18 <N, < 14200
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Detector In laser environment

Shielding
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Detector In laser environment

1E+11 — Shielding : lead(5mm) +aluminium(0,5mm)
\ Detector=38,1 mm of LaBr3 @ 10 cm distance from source

1,E+10
o \
O1,E+09

\ Initial Photon distribution

El,E+08 \\ do-1E
= \ = 1E+12 photon/keV/sr
5 LEY07 T=10keV
3 \
B 1LE+06 \
gl,E+05
gl E+04 \
= LEF T . I
o \ Photon distribution in
£ 1,E+03
L E+02 I \ detector
1,E401 Il ‘ {_\\\ Energy IN detector=1E+05keV | | |
1,E+00
10 100 1000 10000
Photon energy (keV)
Initial X photon distribution
1.E+12
i:;g \ AQ = 1.00E+12 photorvkeV/sr 100 MeV deposited energy in detector through the shielding
AR T =10 keV
1E+04 \\ A10pm diameter hole @10 cm — 800 MeV deposited energy
1.E+02
1.E+00 \ \ T T \ 1
0 200 400 600 800 1000 . ¢ ’
fadeisies Energy (keV) Tight shield is needed ... but we need to detect



Gamma spectroscopy in laser environment

Alternative: no shielding, but fast detector

ELFIE experiment 2014 (F. Negoita) QOZ Ne
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Gammer spectroscopy N Iaser environment
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Gamma spectroscopy in laser environment

ELFIE experiment 2016
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v Spectroscopy should be possible ~50us after laser pulse

v Detection rate Possible up to 100MHz
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* Nuclear physics with high power lasers :

* Nuclear excitation in extreme environment
* Production and reactions on unstable nuclei

* Nuclear reactions on excited nuclel

= Challenges for next years
 Produce high flux of ions with gas jets (CSA)

 Improve nuclear observable detection in laser environment

®Nuclear physics with high power lasers will be possible thanks to
multi laser beam facilities and high repetition rates lasers
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