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Ultra-high intensity lasers
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Laser-plasma inte

«» Laser driven acceleration

@articles acceleration

+» X-ray generation.

« Applications
+~ Radiotherapy
+ Blo-Imaging
+~ HED physics
+ LabAstro
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lon/proton aceeleration at target/vacuum Interface
induced by laser-generated hot electrons in the present widely used
regime: Target Normal Sheath Acceleration
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LPA: records
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Sub-PW OPCPA PEARL laser facility
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Accomplished experiments

lon/proton acceleration at target/vacuum interface
induced by laser-generated hot electrons in the present widely used
regime: Target Normal Sheath Acceleration
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Accomplished experiments

lon acceletation

N

Al 1,475mm Al 218um

dN/dE [1/Mev/msr]

—_
(@]
[o}]

e experimental spectrum
adiabatic approxomation

' P. Mora PRL (2003)

Sw
MY -

00 15 5
Energy (MeV)

Experimental data:

Shot 60

AN /AE = negCtaceSshean/ QETy)'* x exp (= QE/Ty)"?) with T, = 3.5 MeV

15 20 25 30 35 40 45
E [MeV] 13

——



Accomplished experiments

lon acceleration:
X-ray
spectrometry
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lon/proton aceeleration at target/vacuum Interface
induced by laser-generated hot electrons in the present widely used
regime: Target Normal Sheath Acceleration

Laser-plasma interaction: applications
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Laser-plasmas are great tool to
Investigate“laboratory astrophysics”

- what can be realistic goals?

1. Observe the dynamics of a directly+fully scalable phenomenon

2. Investigate physics (even if non fully scalable system) that Is
out of reach of present-day codes

3. Test a segment of a model/code (e.g. E0S)

Position

o)
t=26ns Position

Robey et al (2002) Glanz (1997)
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Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena

2

WASP-18 HD209458
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0
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Mormal Star




Laboratory astrophysics

Modeling of magneto-hydrodynamic

Jet

 Jet formation:
effect of poloidal magnetic field.

115

1 Accretion column:
magnetized plasma flow interaction
with surface.

 Accretion disc dynamics
In the vicinity of f~1.

21
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Adapted from Camenzind, (1990).



Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena

Ambient magnetic field
» Split pulsed solenoid
o Uniform configuration (20 T)

 “Zero-point” configuration

Laser plasma production

« PEARL pump laser
(~100 J, 1 ns, 1054 nm)

« Solid-state targets

22



Initial laser-plasma conditions
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Initial laser-plasma conditions

Ne =3el8cm-3,Z=6.3, Te=200eV,Ti=200eV,B0=13.5T, V=600 km/s,L=0.4 cm

'v_s(km/s) =" [ 104.2111]

'v_A(km/s) =" [ 104.4661]

'lambda_e(um) ="' [ 43.3147]

'lambda_i(um) =" [  1.4920] E_)
'rho_e(um) ="' [ 2.4975] =
‘rho_i(um) = [ 69.1992] gv

'‘M(Mach) = [ 5.7575]

'M_A(Afven Mach) ="' [ 5.7435]

'‘beta(p_th/p_b) =" [ 1.5259] =
'beta_dy(p_dynamic/p_b)="' [ 65.5693] %o

'Pe_heat (Peclet) =" [ 4.3136] %

'‘Re (Reynolds) =" [1.7794e+005] i

'ReM (magnetic Reynolds) ="' [2.2529e+003]

'Hall_ e =" [ 17.3433]

'Hall_i=" [ 0.0216]

'‘Pr (Prandtl) ="' [ 0.0379] L
'‘p_b(magn. press.,, MPa)=" [ 72.9000] i”;
'‘p_th(kin. press., MPa) =" [ 111.2381]

'‘p_dy(ram press., MPa) ="' [3.6875e+003]

'c/omega_pi(um) ="' [ 545.7387]



Laboratory astrophysics

Modeling of magneto-hydrodynamic

Jet

 Jet formation:

effect of poloidal magnetic field.
3 Accretion column: s
magnetized plasma flow interaction
with surface.

 Accretion disc dynamics
In the vicinity of B~1.

25

g

nlasma phenomena
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Adapted from Camenzind, (1990).



Full-scale astrophysical simulation

Simulations performed by A. Ciardi (code RAMSES)
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Pvent (Part.cm™) 10° 107 10°
Pambiant (PArt.cm) 4.10° 4.10° 4.10*
Rejection (U.A) 8 10 10
vitesse d'éjection (km.s™) 200 70 130
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Laboratory astrophysics

+ Modeling of magneto-hydrodynamic plasma phenomena: jet formation

Laser-plasma plume
propagating along
the ambient magnetic field

v Probe
beam

Target motion allows
reconstruction of the jet

mechanisms

A

Target
Compressed Shocks Jet base Jet

magnetitl_; field lines / \ /’.-’F \\

=

i
-

ars
==
=

integrated density

J’;l:,eil' [':m_zl

Line of sight

I-—- [Epp———

== ki G2 d= &N

10 - 15

Laboratory formation of a scaled protostellar jet by coaligned
poloidal magnetic field

B. Albertazzi et al.

Science 346, 325 (2014);

DOI: 10.1126/science.1259694
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Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena: jet formation
mechanisms

B. Albertazzi et al.,
Science 346, 325

28



Laser / astrophysical plasma scaling

101 W/cm? |
P, > 1: close to 1, thermal conduction

B, 20T ~1e-3 G / plays a minor role
Peclet 3.5 1.0ell . R.>>1: viscosity negligeable
Reynolds 1.0e4-1.0e5 1.0el3
Magnetic Reynolds 50-5000 1.0e15 — R_,,>1: magnetic field lines frozen
In the outflow
i 1- 10- .
Mach (vie: /cs) >0 0-50 M>1: outflow supersonic
>>1 near Same,
B=Ppiasma/Pmagnetic source  <<1from B: plasma varies from kinetic to
<<laway ~10s AU magnetically dominated

* Time: 20 ns - 6 years '

“*Space: 1 mm - 300 AU, or 4.5 1013 m Both are ideal MHD plasmas

*Magnetic field: 20 T - 1 uT

D. D. Ryutov et al., The Astrophysical J.
29 Suppl. 127, 465 (2000)



Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena

Jet

ing

s~

 Accretion disc dynamics
In the vicinity of f~1.

30 Adapted from Camenzind, (1990).



Laboratory astrophysics

» Modeling of magneto-hydrodynamic plasma phenomena: accretion disc
PN edge dynamics

Jet
Jase]

/

ionized ——

s
ccretion Disk{ 197w,

198.4e1p1|0S

| | |
IRo 12Rg 1Al

PI2Y4-9

Adapted from Camenzind, (1990).
il



Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena: accretion disc
edge dynamics

Laser-plasma plume rozel
propagating across
the ambient magnetic field

B-4!6|9

20|19 f9LBef

expect:

plasma expansion across B,
IS limited by magnetic pressure

further plasma expansion
Is along B,

Andrea Ciardi (2016)
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Laboratory astrophysics

» Modeling of magneto-hydrodynamic plasma phenomena: accretion disc

16ns, 25
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Laboratory astrophysics




Laboratory astrophysics

I\/Iodelingo magneto-hvdrodvnamic plasma phenomena: g 01| '




Laboratory astrophysics

henomena: accretion disc

» Modeling of mag






ophysIcs

a phenomena: accretion disc




Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena: accretion disc
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Laser plasma expansion across B : experiment

A ¢ (pap), 5173

A b (pan),s173v

I SD
E
N o5
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Laser plasma expansion across B : experiment
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Laser plasma expansion across B : experiment
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Laser plé

Ne=1el8cm-3,Z2=6.3,Te=30eV,Ti=30eV,B0=13.5T,V=600km/s,L=0.1cm

'v_s(km/s) =" [ 40.3608]
'v_A(km/s) =" [ 180.9407]
'lambda_e(um) =" [ 4.2320]
'lambda_i(um) =" [ 0.1458]
'lambda_p(c/f_p, um) =" [ 33.9292]
'rho_e(um) ="' [ 0.9673]
'rho_i(um) =" [ 26.8007]
'M(Mach) = [ 14.8659]
'M_A(Afven Mach) =" [ 3.3160]
'beta(p_th/p_b) ="' [ 0.0763]
'‘beta_dy(p_dynamic/p_b)=" [ 21.8564]
'Pe_heat (Peclet) ="' [ 22.7988]

'Re (Reynolds) =" [9.4045e+005]
'ReM (magnetic Reynolds) =" [ 37.8895]
'Hall_e =" [ 4.3752)

'Hall_j=" [ 0.0054]

'Pr (Prandtl) ="' [1.2057e-004]

'p_b(magn. press., MPa)=" [ 72.9000]
'p_th(kin. press., MPa)="' [ 5.5619]
'p_dy(ram press., MPa) =" [1.2292e+003]
'c/omega_pi(um) =" [ 945.2472]
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Modeling of magnetc

Main dynamics:
RT instability ?

Side oscillations:
KH instability ?

Where are the accretion columns ?
Are the astrophysical accretion
models correct ?

Andrea Ciardi et al (2016)
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Modeling of magneto-hydrodynamic plasma phenomena: accretion disc
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Adapted from Camenzind, (1990).
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edge dynamics
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Summary

= [lporpecc B NasepoCTPOEHUN:
o 1 PW yBepeHHO npovaeH
2 10 PW oxupgaetca B bnmxkanwem byayuiem
» JlazepHO-nnasMmeHHOe yCKOpeHUe 3apsaXeHHbIX YacTuL:
o KBa3aMMOHO3HEpPreTu4yHbIe 3NeKTPOoHHbIe Ny4ykn (4o 4 'aB)
o [NpoToHHbIe nyykn go 100 MaB

» lnpokne BO3MOXXHOCTU OIS MPUIIOXEHUN N NccreaoBaHn B obnacTu
nabopaTtopHoOu acTpodOU3NKM
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