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Sub-PW OPCPA PEARL laser facility
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Laser-plasma interac
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Laboratory astrophysics

Modeling of magneto-hydrodynamicplasmaphenomena
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Initial laser-plasma conditions




Initial laser-plasma conditions

Ne =3el8cm-3,Z2=6.3, Te=200eV,Ti=200eV,B0=13.5T,V=600km/s,L=0.4cm

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

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

'lambda_e(um) ="' [ 43.3147] =
'lambda_i(um) =" [ 1.4920] F__J
'rho_e(um) =" [ 2.4975] =
'rho_i(um) ="' [ 69.1992] I
'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] g

'Pe_heat (Peclet) ="' [ 4.3136] %

‘Re (Reynolds) =" [1.7794e+005] ?

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

'Hall_e ="' [ 17.3433]

"Hall_i=" [ 0.0216]

'Pr (Prandtl) ="' [ 0.0379] .
'p_b(magn. press., MPa)="' [ 72.9000] %
'p_th(kin. press., MPa)=" [ 111.2381]

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

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



Space plasma processes
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Space plasma processes

Modeling of magneto-hydrodynamicplasmaphenomena
e

Jet

4 Jet formation:
effect of poloidal magnetic field.
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wind ————
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1 Accretion column:
magnetized plasma flow interaction
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Accretion Disk

[ Accretion disc dynamics
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Adapted from Camenzind, (1990).
9



Space plasma processes

» Modeling of magneto-hydrodynamic plasma phenomena: accretion disc
edge dynamics
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Modeling of MHD processes: experiment
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Modeling of MHD processes: experiment

Ambient magnetic field

* Split pulsed solenoid
* Uniform configuration (15 T)
 “Zero-point” configuration
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Laboratory astrophysics

Modeling of magneto-hydrodynamicplasmaphenomena
e

Jet

4 Jet formation:
effect of poloidal magnetic field.
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16 Adapted from Camenzind, (1990).



Laboratory astrophysics

Modeling of magneto-hydrodynamicplasmaphenomena

N BS

vertical beam \/

Y straight beam

delay ~ 6 ns to 56 ns

CCD camera

tilted, P

polarizing prism

tilted, s /
straight, P O—\f \ X0
straight, S I \ \ \ X
B
|:| j /\ ~l—.—n [ laser beam (ns)
camera l \
\ \ § ) probe beam (fs)

17



Laboratory astrophysics

»  Modeling of magneto-hydrodynamicplasmaphenomena:jet formation
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Full-scale astrophysical simulation

. Y,
Simulations performed by A. Ciardi (code RAMSES) |'@V§£9JI € < LERMA,
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Laser / astrophysical plasma scaling

Quantity Laser-plasma  YSO
13 2
105 Wyem P. > 1: close to 1, thermal conduction
B, 20T ~1e-3 G / plays a minor role
Peclet 3.5 1.0e1l 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
Mach (viet /cs) 1-50 10-50 M>1: outflow supersonic
>>1 near Same,
B=Pplasmal Pmagnetic source <<l from "\, B: plasma varies from kinetic to
<<laway ~10s AU magnetically dominated

“ Time: 20 ns > 6 years '

“*Space: 1 mm - 300 AU, or 4.5 10 m Both are ideal MHD plasmas

“*Magneticfield: 20T > 1 uT

D.D. Ryutovet al., The Astrophysical J.
20 Suppl.127,465(2000)



Laser / astrophysical plasma scaling

10 W/cm?
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o
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“*Magneticfield: 20T > 1 uT

B. Remington etal., Rev. Mod. Phys. 78,
1 755 (2006)



Laboratory astrophysics

» Modeling of magneto-hydrodynamic plasmaphenomena




Laboratory astrophysics

Modeling of magneto-hydrodynamicplasmaphenomena
e

Jet
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s Adapted from Camenzind, (1990).



xpansion across B,
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Laboratory astrophysics

Modeling of magneto-hydrodynamic plasmaphenomena: accretion disc
edge dynamics
Laser-plasma plume rozei
propagating across
the ambient magnetic field
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Andrea Ciardi (2016)
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Laser plasma expansion across B,: experiment

- Modeling of magneto-hydrodynamicplasmaphenomena: accretion disc
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Laser plasma expansion across B, : experiment

» Modeling of magneto-hydrodynamic plasmaphenomena: accretion disc

26ns, 25]




Laser plasma expansion across B, : experiment

Modeling of magneto-hvdrodvnamicplasmaphenomena: accretion disc




Laser plasma expansion across B, : experiment

- Modeling of mag bhenomena: accretion disc
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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 plasma expansion across B, : experiment

A p (pap), s44

A o (pan).sddv
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Laser plasma expansion across B, : experiment

A ¢ (pap), s36

53




Laser ple

Ne=1el8cm-3,2=6.3,Te=30eV,Ti=30eV,B0=13.5T,V=600 km/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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Laser plasma expansion across B,:
modeling of accretion disc
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Adapted from Camenzind, (1990).
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Summary

Kulkarni and Romanova MINRAS. 386, 673—687 (2008)

» Small-scale RT instability at the edge of an accretion disc

+ The source of the turbulence in accretion discs (Ot-models)

» Structure of plasma flows in the vicinity of different astrophysical objects (hot
Jupiters etc.)
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