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Laser-plasma interaction: applications

❖ Laser driven acceleration

❖ Particles acceleration

❖ X-ray generation. 

❖ Applications 

❖ Radiotherapy

❖ Bio-imaging

❖ HED physics

❖ LabAstro

❖ ICF
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Sub-PW OPCPA PEARL laser facility
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PEARL
Ion acceleration

Experimental data:
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Ускорение протонов/ионов: 
непрозрачная плазма (твердотельные мишени)
острая фокусировка лазерного излучения (высокая I )
высокий контраст лазерного излучения

     

             Laser beam    

    F/4 OAP

IP

 RCF-stack

      Targets

λ0 ≈ 910 nm,
τ ≈ 60 fs, 
E ≈ 10 J, 
P ≈ 160 ТW
D ≈ 100 mm, 

I ≈ 3 × 1020 W/сm2

С > 2 × 108 (1 ns)

Адаптивная система



Accomplished experiments

Ion acceleration

4m
m
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             Laser beam    

    F/4 OAP

IP

 RCF-stack

      Targets

λ0 ≈ 910 nm,
τ ≈ 60 fs, 
E ≈ 10 J, 
P ≈ 160 ТW
D ≈ 100 mm, 

Sub-Rayleight 
positioning



Accomplished experiments

Ion acceleration

Experimental data:

λ0 ≈ 910 nm,
τ ≈ 60 fs, 
E ≈ 10 J, 
P ≈ 160 ТW
D ≈ 100 mm, 
F/4.2,
I ≈ 3 × 1020 W/сm2

С ≈ 2 × 108 (1 ns)

P. Mora PRL (2003)
with Th= 3.5 MeV 

Al 1,475mm Al 218µm

EBT3
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Accomplished experiments

Ion acceleration:
X-ray spectrometry

Dose, Gy

Focusing Spectrometer with Spatial Resolution (FSSR) 

No signature of a significant preplasma 
at the target front:
the target remains at solid density by the time the main laser 
pulse arrives
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Accomplished experiments

Ion acceleration:
statistics

Dose, GyP. Mora PRL (2003)
with Th= 3.5 MeV 

10μm TP
10μm
5μm
3μm
0.5μm
0.8μm

noise

0              0.5            1                 1.5          2   

noise
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Ogura et al., Optics Letters 37 14 (2012)
41 MeV - TNSA

IAP RAS summer 2015 (SR)
43 MeV - TNSA

Wagner et al, Phys Rev Letters 116 205002 (2016)
85 MeV - TNSA

43.3 MeV proton beam

Jong Kim et al, Physics of Plasmas 23 070701 (2016)
93 MeV – RPA (world record for today)

Daido et al., Rep. Prog. Phys. 75 056401 (2012)
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Laser-plasma interaction: applications

❖ Laser driven acceleration

❖ Particles acceleration

❖ X-ray generation. 

❖ Applications 

❖ Radiotherapy

❖ Bio-imaging
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❖ LabAstro
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Laboratory astrophysics
❖ Modeling of magneto-hydrodynamic plasma phenomena

Accretion 
columns

Outflows
interacting with 

ambient 
medium

Accretion disk

Young star

A Hubble image  of 
a “Young Stellar 
Object” (YSO)

How are jets 
formed?

How is matter 
accreting?
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Laboratory astrophysics
❖ Modeling of magneto-hydrodynamic plasma phenomena

Je
t

Accretion Disk

Adapted from Camenzind, (1990).

 Jet formation: 
    effect of poloidal magnetic field.

 Accretion column:
    magnetized plasma flow interaction 
    with surface.
 
 Accretion disc dynamics 
    in the vicinity of β~1.
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Laboratory astrophysics
❖ Modeling of magneto-hydrodynamic plasma phenomena

Ambient magnetic field

•   Split pulsed solenoid

•   Uniform configuration (20 T)

•  “Zero-point” configuration

Laser plasma production

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

•   Solid-state targets

B0
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Laboratory astrophysics
❖ Modeling of magneto-hydrodynamic plasma phenomena

Je
t

Accretion Disk

 Jet formation: 
    effect of poloidal magnetic field.

 Accretion column:
    magnetized plasma flow interaction 
    with surface.
 
 Accretion disc dynamics 
    in the vicinity of β~1.

15 Adapted from Camenzind, (1990).



Laboratory astrophysics
❖ Modeling of magneto-hydrodynamic plasma phenomena: jet formation 

  mechanisms

Laser-plasma plume
propagating along
the ambient magnetic field 

B0
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Laboratory astrophysics
❖ Modeling of magneto-hydrodynamic plasma phenomena

Je
t

Accretion Disk

 Jet formation: 
    effect of poloidal magnetic field.

 Accretion column:
    magnetized plasma flow interaction 
    with surface.
 
 Accretion disc dynamics 
    in the vicinity of β~1.

17 Adapted from Camenzind, (1990).



Laboratory astrophysics
❖ Modeling of magneto-hydrodynamic plasma phenomena

Je
t

Accretion Disk

 Jet formation: 
    effect of poloidal magnetic field.

 Accretion column:
    magnetized plasma flow interaction 
    with surface.
 
 Accretion disc dynamics 
    in the vicinity of β~1.
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Laboratory astrophysics
❖ Modeling of magneto-hydrodynamic plasma phenomena: accretion disc 

edge dynamics

Je
t

Accretion Disk

19
Adapted from Camenzind, (1990).



Laboratory astrophysics
❖ Modeling of magneto-hydrodynamic plasma phenomena: accretion disc 

edge dynamics

Laser-plasma plume
propagating across
the ambient magnetic field 

Andrea Ciardi (2016)

expect:

plasma expansion across B0 
is limited by magnetic pressure

further plasma expansion 
is along B0 
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16ns,                        
                  25J

Laboratory astrophysics
❖ Modeling of magneto-hydrodynamic plasma phenomena: accretion disc

B0
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26ns,                        
                  25J

Laboratory astrophysics
❖ Modeling of magneto-hydrodynamic plasma phenomena: accretion disc

B0
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❖ Modeling of magneto-hydrodynamic plasma phenomena: accretion disc
36ns,                        

                  25J

Laboratory astrophysics

B0
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❖ Modeling of magneto-hydrodynamic plasma phenomena: accretion disc
46ns,                        

                  25J

Laboratory astrophysics

B0
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❖ Modeling of magneto-hydrodynamic plasma phenomena: accretion disc
56ns,                        

                  25J

Laboratory astrophysics

B0
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❖ Modeling of magneto-hydrodynamic plasma phenomena: accretion disc
76ns,                        

                  25J

Laboratory astrophysics

B0
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❖ Modeling of magneto-hydrodynamic plasma phenomena: accretion disc
    46ns                                        

      46ns

Laboratory astrophysics

B0
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B0



6nsПервичные данные недельной давности

B0



16nsПервичные данные недельной давности

B0



26nsПервичные данные недельной давности

B0



36nsПервичные данные недельной давности

B0



46nsПервичные данные недельной давности

B0



Laboratory astrophysics
❖ Modeling of magneto-hydrodynamic plasma phenomena

Andrea Ciardi (2016)

Main dynamics:
RT  instability ?

Side oscillations:
KH  instability ?

Where are the accretion columns ? 
Are the astrophysical accretion 
models correct ?
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Laboratory astrophysics
❖ Modeling of magneto-hydrodynamic plasma phenomena: scaling

35

W = NTL3

NT = B2/8π



Основные результаты

38

❖ Российский лазерный комплекс PEARL активно используктся для широкого 
спектра исспледоваий в области  лазерной физики, физики плазмы, в 
частности среды с высокой плотностью энергии. В частности:

❖ Проведены экспериментальные исследования лазерного ускорения частиц 
(электронов и протонов), которые станут основой большого числа 
прикладных исследований в области медицины, HED физики и пр.

❖ В настоящее время продолжаются экспериментальные исследования 
распространения плазмы поперек магнитного поля, способные пролить свет 
на фундамнтальные вопросы динамики образования звезд и ряда других 
актуальных задач.
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