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The High power Laser
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Are nuclear reactions the same in a star as

in a solid?

The plasma is the 4th state of matter (99.9% of the visible matter)

*Multicharged ions
*Free electrons
*Photons

->Huge population of
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Do the nuclei have the same properties in
plasma as in a solid?

* Nuclear reaction Cross section modifications on excited state

Neutron energy 77mLy(n, y)178mLu /
177Lu(n,y)178mLu

<25 meV 0,47 +/- 0,07

* Modifications of apparent half-lives
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Apparent half-life modification
experiment

X(k,r)Y*
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Apparent half-life modification
experiment
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Apparent half-life modification
experiment

ReqUires . X(k r)Y*
1. Laser-Plasma Acceleration of projectiles,

Production and Characterisation -
2. Producing astrophysical plasmas « production»

3. Detection of nuclear observables near a :> e
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X ray flash makes detector blind

BUT : generation of X background X-ray spectrum measured at CELIA (ECLIPSE)
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CdTe for gamma spectroscopy

(v< 1 MeV)

Cadmium Telluride

v' Good for detecting few hundred keV gamma
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CdTe for gamma spectroscopy
(V<1 MeV)

X-ray emission (Ph/shot/keV/sr)
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X-ray emission (Ph/shot/keV/sr)
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CdTe for gamma spectroscopy
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* Good matching between simulation and experiment
* We can put confidence in the simulation

(v< 1 MeV)
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CdTe for gamma spectroscopy

(v< 1 MeV)

CdTe in X flash from Higher intensity laser: Simulation

Experimental data

Photons /keV/sr

(one of the worst conditions)

Geant4 Simulation

R ey a—
——
-
~~

| Ng~10%0 ph/sr
.| Tp™~805 keV

1
\
\

1
"1 PeV total energy emissipn
1

10°

10! 10? 10°
Energy[keV]

X-flash
10 GeV

cathode

000 ’_'—’_‘_‘\—_—‘
—
Almost uniform =~ 21
energy deposition ]
100000 ~10 GeV _3? b mA max
: * 14 ps duration for a 10 GeV
500 1000 -43 ey
o Depth 2 = energy deposition!
=z 1
I
Z(2mm) £
- > 8
6 =
-7 <
-8 1 R . .
0 4 8 12 16 20 24
Time (ps)

When can a gamma be detected after the X flash?

12



CdTe for gamma spectroscopy
(v< 1 MeV)

CdTe gamma spectroscopy in X flash from Higher intensity laser:
Simulation

v’ X flash + 122 keV gammas
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CdTe for gamma spectroscopy
(V<1 MeV)

CdTe gamma spectroscopy in X flash from Higher intensity laser:
Simulation

v’ X flash + 122 keV gammas

2D view @10 ns 2D view @21 ps
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CdTe for gamma spectroscopy

(v< 1 MeV)

CdTe gamma spectroscopy in X flash from Higher intensity laser:

Simulation
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* Detection at the instant of the laser short is not

possible

* The earliest detection without deformation of the

pulse is about 10 us
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Scintillator in high power laser
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Scintillator in high power laser
environment
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Scintillator in high power laser
environment

during ELFIE experiment
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Scintillator in high power laser

environment
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Conclusions

Lasers: unigue tools to study nuclear properties in astrophysical plasma : it creates
both targets and projectiles

The main issue remains the detection in such perturbed environment. We are
looking for a detectors capable of recovering from a laser shot : Semiconductor and
scintillators are considered.

For the moment the lower limit of blindness duration is ~10us
» To be confirm experimentally for CdTe
» To reduce afterglow with photo stimulation




