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In the interaction between an ultra-short laser pulse and an ultra-thin film target, field ionization dominates
the plasma formation. The charge and density distribution of the plasma are determined by the laser pulse and
the target, and play a crucial role on the following ion acceleration process. In this paper, we study the role of
ionization in laser ion acceleration with particle-in-cell simulations. The ion energy spectra in the simulations
including ionization are significantly shaped comparing with those from the simulations using a pre-ionized
plasma. The shaping of the ion energy spectra is robust in a wide parameter range, in term of laser temporal
profile, intensity, duration and target material. This work also shows the possibility to generate
quasi-monoenergetic ion beams resulted by ionization. The benchmark simulation well reproduces the narrow
bandwidth ion energy spectra, the evolution of the particle number with charge state, and the leaps on the ion
energy, those observed in the previous experiments. This study reveals the necessity to include ionization in
modeling laser ion acceleration, and provides an approach to understand the shaping of ion energy spectra in

the experiments.
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Abstract

The influence of ionization on the formation of plasma channel and the propagation of a relativistic electron
beam in a near-critical density hydrocarbon gas are investigated by using two-dimensional (2D) particle-in-cell
(PIC) simulations. A magnetic-dipole vortex is formed and self-sustained by its magnetic field pressure inside
the plasma channel when the short pulse laser energy is almost depleted. After its formation, the magnetic
dipole vortex moves forward with the relativistic electron beam in the plasma channel. In a fully ionized
plasma, a high density plasma barrier is usually formed ahead of the plasma channel due to the density profile
steepening. Therefore, the deflection of the plasma channel can easily occur during the forward movement of
the magnetic dipole vortex. In contrast, the deflection of the plasma channel is suppressed by the ionization
effect with hydrocarbon gas. Two main mechanisms to suppress the deflection are found. These mechanisms
are the decrease of the plasma density steepening at the front of the plasma channel in a partly-ionized plasma,

and the consuming of the electromagnetic field energy due to the ionization itself.

Keywords: ionization effect, laser pulse, relativistic electron beam, magnetic dipole vortex.
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FATRA R EEAR 7w T Betatron F&5T AR E ML, EITHEOK BT S EOLIK R ROHR,
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{#%L: The strong-coupling mode, called quasimode, will be excited by stimulated Brillouin scattering (SBS) in
high-intensity laser-plasma interaction. And SBS of quasimode will compete with SBS of fast mode (or slow
mode) in multi-ion species plasmas, thus leading to a low-frequency burst behavior of SBS reflectivity. The
competition of quasimode and ion-acoustic wave (IAW) is an important saturation mechanism of SBS in
high-intensity laser-plasma interaction. These results give a clear explanation to the low-frequency periodic
burst behavior of SBS and should be considered as a saturation mechanism of SBS in high-intensity

laser-plasma interaction.
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Figure 1 (a) The SBS reflectivities of different modes evolve with time. (b) The reflectivity and the

A Stimulated Brillouin scattering; quasimode; ion-acoustic waves; inertial confinement fusion
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TS T BRI B S 9 T sea RIRTINGE P A R B AT T, A TERIBAVER] LiD ey
Fefeth, SRR LIF B mmith, 28k Z 1 p-D M1 d-D WA RGE, a0 M T 5k
PERIP A 7 M . (R A (Imm JE2) A1 CD i (2um JEJ2) #2%¢ LiD ¥, Pk LiD &)
A T 2 o e A ) R 05 43 R S URRTE A BE b, BB T- 4 MeV HI T4 5 Cu RZE ®Cu(pn)
Szn B, 5 HRE Li ks, PR Z MR T (E< 5SMeV). W 1 FiR, AAENE
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B AT P AR SEEOEH LM R d i T PUB RO B (L =10" L), FERIm
R T SR A T FL R HOL S B s B A O ke ) R B SR e ik B 10°Wiem? (B
YRR 10"°VIM), XS BRGS0 5 A EAE F AR X A2 il AR 28 MR B i B BT H sl
% (QED) HEFMTERE, J 7 EZSIBIF R IT, |ATE %t KLAPS K+l (PIC) &7 [11
Hul FFFR T QED-PIC f2/F [2, 3].

BT, BATRIFZAR 7 R SR Bk 5 1) )RR FE SO I K B % 1 [ At 22 40 LA R EAT TR
RIMEAS RSN MOCEER B, ShAe 4 B0 QED &0 [4). 4imisot 54 88 E N, —J5 e
YLz FERTE AT IE S GeV B4, 5 — ISR EFUR TR SR HES S R G, FafEs
MRS = A6 fL RS I3RS, e A SRR T o [ A A 22 B8 1) v 25 P AR SO s ik S HE 2 18 51 S A
IR, AR EIEE S AEE Gev BTN, H Bk ER LLUAS] 10nC &4, 1MAARSE RN
AR EAE 100pC B[R] [ {0 240 22 0 v 2% A A5 0 6 7 A 3 T T Rl 1 HE 5 A5 M 1) LRG3
Hom, TLUAE 10MVIm B, fERTHIEAR AT, %A MRS %I Schwinger Il F 17 5
Esh=1.32>10"V/m (37 37T ATE 2025 i B30k B SO ), AR T IR 51 R 0 [R5 48
WEL#HNT QED ik, HiMAEHIET mauh /A EE RGM SR SmeEmEidgk. =4
QED-PIC #HR A, MBS LM UK T KR8 X S 3 L TROREE (XFEL), HIDETRES
EE] L+ MeV 2IJLE MeV (bt XFEL /& 3 MNME ), MO EINFE 5 28 115 3 3R AT DL 10%.
538 R R O 5 T RS P A v RN S R AR B, AT AR R PR T X BRSO T R R,
T LR B8 ey A 5 S 2 ) B . DR RS 1) RS, DRI AN S R R S FE AR BB ORER T . IXFh e
M LA BUREYT « R FAZGAE . SEIe S RAREE . N3 e+ AL S BA 15 B A5
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The properties of an atomic system immersed in dense plasmas are strongly modified by the interactive
plasma environment. For instance, the emission spectrum originating from bound-bound and bound-free
transitions is shifted and broadened due to collisions between the emitter system and the plasma particles.
These modifications are known as pressure broadening and shift of spectral lines for bound-bound transitions
and ionization potential depression for bound-free transitions. We focus on the phenomenon of ionization
potential depression in dense plasmas.

Theoretical modelling of ionization potential depression and the related ionization equilibrium in dense
plasmas, in particular in warm/hot dense matter, represents a significant challenge due to ionic coupling and
electronic degeneracy effects. Based on dynamical structure factor, a quantum statistical model for ionization
potential depression in multi-ionic plasmas, where quantum exchange and dynamical correlation effects in
plasma environments are consistently and systematically taken into account in terms of the concept of
self-energy within the framework of Green’s function technique. Calculations for values of ionization potential
depression for different chemical elements are performed with the electronic and ionic structure factors. The
ionic structure factors are determined by solving the Ornstein-Zernike equation in combination with the
hypernetted-chain closure relation. As a further application of our approach, we present results for the charge
state distribution of aluminum plasmas at several temperatures and densities through solving the coupled Saha

equations.

[1] C. Lin, W.-D. Kraeft, G. Roepke, and H. Reinholz, lonization-potential depression and dynamical structure factor in
dense plasmas, Phys. Rev. E 96, 013202 (2017).
[2] C. Lin, lonization potential depression and ionization balance in dense plasmas, arXiv: 1904.04456v1 (2019).
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Abstract: The effect of an externally applied magnetic field on the ion acceleration by laser-driven
collisionless shocks is examined by means of multi-dimensional particle-in-cell simulations. For the
interaction of ultra-intense sub-picosecond laser pulses with the near-relativistic critical-density plasma,
the longitudinal transport of the laser generated fast electrons are significantly inhibited by the kilo-Tesla
(KT) level transverse magnetic field, resulting in a thermal pressure which significantly exceeds the laser
radiation pressure in the hot electron accumulation region. As a result, the accumulated plasma expands
into the vacuum and leads to acceleration of asupersonic plasma flow in the opposite direction through
the rocket effect, which streams into the target and drives asupercritical magnetized collisionless shock. In
comparison with the case without the external magnetic field, where an electrostatic collisionless shock
can be driven, the energy flux of the shock accelerated quasimonoenergetic ion beam is considerably

increased by an order of magnitude due to the strength enhancement of the magnetized shock.

Keywords: laser-driven ion sources, collisionless shock acceleration, magnetized collisionless shocks
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