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LASER-PRODUCED PLASMA

PLASMA
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The visible Universe is plasma
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NUCLEAR PHYSICS IN PLASMA: SIMULATION STUDY

Modification of nuclei apparent lifetime in plasma: Case of 8*Rb
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Simulation study by:

D.Denis-Petit et al. Ch.21, Applications of Laser-Driven Particle Acceleration, Eds.
Parodi, Bolton, Schreiber, CRC press, ISBN 9781498766418 (2018)
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NUCLEAR PHYSICS IN PLASMA: SIMULATION STUDY

Modification of nuclei apparent lifetime in plasma: Case of 8*Rb

* Population of 57 from the 6™
* Reduction in the lifetime of 8*Rb to few ps
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Partial level scheme of 84Rb nucleus

Simulation study by:

D.Denis-Petit et al. Ch.21, Applications of Laser-Driven Particle Acceleration, Eds.
Parodi, Bolton, Schreiber, CRC press, ISBN 9781498766418 (2018)
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NUCLEAR PHYSICS IN PLASMA: EXPERIMENTAL STUDY

Modification of nuclei apparent lifetime in plasma: 7Ge(*2C,p+3n)3*™Rb

* We need carbon ions for this reaction
* High power lasers can also accelerate ions and produces Plasma

Ps/fs Laser 1
10-90J

) |

um target

* Huge quantities of X-rays!!!
* Our detectors will be blind
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NUCLEAR PHYSICS IN PLASMA: EXPERIMENTAL STUDY

DETECTOR TEST in high power Laser environment: 2°Zr(p,n)’°"Nb
v=122 keV, t1/2=63 MsS,
y=257 keV, tq/,=6ms

Lanthinum Bromide+ PMT
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F. Negoita et al., AIP Conference Proceedings vol. 1645, p. 228, 2015
M.Tarisien, et al., IEEE Transactions on Nuclear Science, Vol 65, issue 8, p.2216-2219 (2018)
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NUCLEAR PHYSICS IN PLASMA: EXPERIMENTAL STUDY

DETECTOR TEST in high power Laser environment: 2°Zr(p,n)°°"Nb Lanthinum Bromide+ Hybride Photodiode
vy=122 keV, t1/2=63 MS,

y=257 keV, tq/,=6ms \
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NUCLEAR PHYSICS IN PLASMA: EXPERIMENTAL STUDY

OFFLINE ANALYSIS 1/2

Oscillogram X-ray signal baseline subtraction
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* @Gain correction
e Peak detection
* Histogramming
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NUCLEAR PHYSICS IN PLASMA: EXPERIMENTAL STUDY

OFFLINE ANALYSIS 2/2
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MANAGE PILEUP OCCURRENCES OFFLINE

PILEUP SIMULATION: From LaBr; Scintillator Captured By An Oscilloscope
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EXPLORING SEMICONDUCTOR: Cadmium telluride (CdTe)

How it works: Drift current

e CdTe is efficient around 100 keV of gamma
* Poor mobility of holes 10 times less than electrons; p,=100 cm?/Vs, p,=1100 cm?/Vs

Edep
e—h energy

no. of e-h pairs =
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* Currentisinduced in the process =>Ramo-shockley: | a v(e,h)
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EXPLORING SEMICONDUCTOR: Cadmium telluride (CdTe)

With ATLAS SILVACO: CdTe+ y (different positions in Crystal)

ATLAS OVERLAY

Data from multiple files
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PILEUP CONCERNS!!!
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EXPLORING SEMICONDUCTOR: Cadmium telluride (CdTe)

Ideal case: CdTe+X-flash+y

t+At t=0

X-flash
100MeV

i
\ 4
cathode

09/12/2021
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Anode

+t

X-flash signal (100MeV of deposited x-ray energy)

Gamma signal
122 keV

4.83mm

Current A

v

Time s

When can the 122 keV signal be found on the flash
signal if it arrives after the flash?
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EXPLORING SEMICONDUCTOR: Cadmium telluride (CdTe)

Ideal case: CdTe+X-flash+y

X-flash signal (100MeV of deposited x-ray energy)
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of charges from X-ray flash signal if it arrives after the flash?
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EXPLORING SEMICONDUCTOR: Cadmium telluride (CdTe)

Real case: CdTe+X-flash+y

X-flash(t=0)+y(10ns)+y(100ns)+y(3pus)
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CONCLUSIONS AND PERSPECTIVE

= Large Quantities of Xrays =>A major limitation of ¥ spectroscopy in Laser Plasma

=  With scintillators => limited in 10s of us

= (CdTe considered:
—> detection possible within few pus
= Pileup concerns$¢

= Back to scintillators=> Filter bands of interest from Scintillator
= Try silicon=> with more thickness (Good hole and electron mobility)

" Further test experiments next year

= Suggestions are welcomed

—
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Number of ions/(MeV sr)

Energies reached for Cand H ions
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OFFLINE ANALYSIS
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Amplitude [V]

OFFLINE ANALYSIS
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Amplitude [V]

—— Gaincorrected data
0.07 4 —— pileup-corrected data
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Gain correction

e Combining successive LEDs
we can restore each gamma
pulse to their original
amplitudes
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Efficiency (%)

WITH SEMICONDUCTOR HOW CLOSE CAN WE GET FOR 122 keV?

Exploring Cadmium telluride (CdTe) : °°Zr(p,n)°°Nb
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SILVACO SOLVES THE FOLLOWING EQUATIONS

Modelling CdTe detector with SILVACO E‘ — _V’w
Radiation pass @ - ldfv?Jr G —R a
through the ot g n n o Electron current
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0 1. 72 0o Hole curent
£ = _~divJ,+G —R
Ot q P D P
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N
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Jp = qpW,Ep—qD Vp
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EXPLORING SEMICONDUCTOR: Cadmium telluride (CdTe)

Real case: CdTe+X-flash+y

X-flash(t=0)+y(10ns)+y(100ns)+y(3us)

ax1008 __|
] undetected 122 keV H—  Anode Current (&)
71008 @10ns and 100ns
6x10708 _: X-ray flash .
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