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" CHIRPED PULSE AMPLIFICATION
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" COMPACT PARTICLE ACCELERATORS

Nuclear Photonics is about taming relativistic light-matter interaction
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" OUTLINE

© The Nuclear Photonics lab at TAU

@ The interaction of relativistic light with wavelength-scale objects

@ Undepleted direct laser acceleration
and neutron generation

© Tests of strong-field QED at LUXE

@ High harmonic generation from Plasma Mirrors
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" THE LASER SYSTEM

© 10 Hz /500 mJ on-target / 25 fs

Oscillator Seed Module Ti:Sapphire Booster Amplifier Module

Spectra-Physics

Synergy — =l Dazzler %—\ﬁ

o
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(seed for ps YAG) (seed for 800 nm OPCPA)|

© Front-end is based on picosecond OPCPA
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UNDEPLETED DIRECT LASER ACCELERATION




I ACCELERATING CHARGED PARTICLES USING LIGHT

Single electron under the force of an EM plane wave

A = Agcos(kx — wn) ay = eAOZ I = a_gs,-nM [\ Figure-8 motion in some
m,C 8 A — _
NYYT & J moving frame of reference
MMM“'HHH“‘“ Thhe }/OE\/1+a2/2 ky = —Lsing | no net energy coupling p
| q 0 Y0 N, U
The ponderomotive force
Add a slowly changing spatial Separate the charge position to an oscillating and Focusing / defocusing beam:
envelope E to the olane wave a slow component 2 acceleration / deceleration
r)=7.(t)+ 7.(0) — d ,_ e — [0 0)
. . ¢ g fr=m—(Vv)=-— V{ E“(r,(1),t e ———— o
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Employ the plasma’s collective response, for example: laser wakefield acceleration State-of-art:
Malka, V. (2012). Laser plasma accelerators. Physics of Plasmas, 19(5), 055501.
' 1 ndn ' ' [ o 0
Use the ponderomotive force i aser putse TR Energies as high as 8 GeV  (L*)
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" DIRECT LASER ACCELERATION (DLA)

© The ponderomotive force of the leading part of the laser pulse
expels electrons and forms a slowly evolving quasi-stationary ion channel

© The laser electric field transfers energy into transverse (betatron) oscillations

©) This energy is redirected by the magnetic field of the laser into the longitudinal direction

WANG ET. AL, POP 26, 083101 (2019)

_eFW)

- tenuousplasma

AREFIEV ET. AL, POP 23, 056704 (2016)
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" DIRECT LASER ACCELERATION (DLA)

Malka, G., et al., Physical Review Letters, 79 (11), 2053 (1997).

. ] Malka, G., et al., Physical Review Letters, 78 (17), 3314 (1997).
@ DLA has been observed in experiments for 25 years Gahn, C., et al., (1999). Physical Review Letters, 83 (23), 4772-4775.
_ . _ . D. Giulietti, et al., Phys. Rev. E 64, 15402 (2001).
© These experiments used low-Z targets (plastic foils or gas jets) D. Giulietti, et ak., Phys. Plasmas 9, 3655 (2002).

Willingale, L., et al., New Journal of Physics,15 (2), 025023 (2013).
Rosmej O. N., et al, New Journal of Physics, 21 (4), 043044 (2019).
Rosmej O. N. , Plasma Phys. Control. Fusion 62, 115024 (2020).
Shaw, J.L., et al., Sci Rep 11, 7498 (2021).

: . Gorlova, et al. (2022). Laser Physics Letters, 19 (7), 075401.
(@ Reported conversion efficiency of laser energy to electrons of over 25% Gunther, et al., (2022). Nature Communications 2022 13:1, 13 (1), 1-13.

@ DLA produce MeV-level, continuous electron spectrum

©) An ideal method for generating a large number of photo-nuclear reactions

Pomerantz I., et al., Physical Review Letters, 113 (18), 1-6 (2014).
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I DLA: A LOW-Z VS. HIGH-Z PLASMA TARGET

@ We generated DLA electron beams from high-Z plasma targets (Au)

@ For each plasma type, the plume’s density profile was optimized to yield a beam with a maximal electron temperature

> 4 6 3 10 12 14
E (MeV) ao

©) DLA from Au plasma maintains Pukhov scaling, CH plasma does not. Why?




I THE DLA SETUP AT TEL-AVIV U.
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| SIMULATION

S 2
sy INPUT PLASMA PROFILES (FROM MEASUREMENT)
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| SIMULATION Time = 5161 o
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, the target is from all of its ionization electrons too early, resulting in




" ELECTRON AND NEUTRON YIELDS

Highest performance with ap = 4.5, 800 nm thick Au targets, pre-pulse of 1.9 mJ at t= -60 ns

@ >20% conversion efficiency from laser energy to E>0.5 MeV electrons

©) We used the electron beam to generate neutrons
1 cm thick 238U converter

3x10% neutrons per shot <
(assuming a 41 distribution) / / 1
500 . . . . /
_63CU
400 [ s 18017 | ]
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£ 300
\Cé 200 r |
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