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Laser-plasma 1nteract10n applications

petatron X- ray

Laser driven acceleration

« Particles acceleration
* X-ray generation.
Applications

* Radiotherapy

* Blo-imaging

HED physics

* LabAstro
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Sub-PW OPCPA PEARL laser facility

Front-end system, 2Hz
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PEARL
ITon acceleration
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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

Ton acceleration
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Accomplished experiments

Ton accelel;ation
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Accomplished experiments

Ton acceleration:
X-ray spectrometry
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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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Pulse Pulse Proton/ion
energy duration Irradiance Target and Incidence energy &pn.

MNo. Reference W (I) T (fs) Iy (W em—2)2 Contrast thickness (gem) angle (%) (MeV/inucleon)

1 Snavely et al (2000) 423 500 3 = 1020 1 =< 10* CH 100 0 58

2 Krushelnick ef al (2000b) 50 1000 5 = 10'° Al 125 45 30

3 Nemoto ef al (2001) 4 400 6 > 108 5 = 10° Mylar 6 45 10

2 Mackinnon er al (2002) 10 100 1 = 102° 1 =< 10'@ Al3 22 24

5 Patel et al (2003) 10 100 5 = 10'8 Al 20 0 12

6 Spencer et al (2003) 0.2 60 T o 1018 1 =< 10° Mylar 23 0 1.5

7 Spencer er al (2003) 0.2 60 T = 108 1 =< 10° Al12 0 0.9

8 McKenna ef al (2004) 233 F00 2 = 1020 1 > 107 Fe 100 45 40

9 Kaluza et al (2004) 0.85 150 1.3 = 10'° 2 = 107 Al 20 30 4

10 Oishi ef al (2005) 0.12 55 6 > 108 1 =< 10° Cu 5 45 1.3

11 Fuchs er al (2006) 10 320 6 = 10" 1 > 107 Al 20 0 and 40 20

12 Neely et al (2006) 0.3 33 1 = 10'® 1 =< 10'@ Al 0.1 30 4

13 Willingale er al (2006) 340 1000 6 = 1070 1 > 10° He jet 2000 10

14 Ceccotti er al (2007) 0.65 65 5 = 108 1 =< 10'@ Mylar 0.1 45 5.25

15 Robson et al (2007) 310 1000 6 = 1020 1 =< 107 Al 10 45 55

16 Robson et al (2007) 160 1000 3.2 = 102° 1 =< 107 Al 10 45 38

17 Robson et al (2007) 30 1000 6 = 10'° 1 < 107 Al 10 45 16

18 Antici et al (2007) 1 320 1 =< 108 1 < 10! Si;N, 0.03 0 7.3

19 Yogo ef al (2007) 0.71 55 8 = 108 1 > 10° Cu 5 45 1.4

20 Yogo et al (2008) 0.8 45 1.5 = 10'° 2.5 =< 10° Polyimide 7.5 45 3.8

21 Nishiuchi er al (2008) 1.7 34 3 = 10" 2.5 = 107 Polyimide 7.5 45 4

22 Flippo er al {2008) 20 600 1.1 =< 10 1 =< 10°% Flat-top cone Al 10 0 30

23 Safronowv et al (2008) 6.5 900 1 = 10'® Al2 0 B

24 Henig er al (2009b) 0.7 45 5 = 10" 1 = 10" DLC 0.0054 0 13

25 Fukuda er al (2009) 0.15 40 T o= 10177 1 = 10° COs+He cluster jet 2000 10

26 Zeil ef al (2010) 3 30 1 = 102! 10 2 x 10% Ti 2 gem 45 17

27 Gaillard er al (2011) 82 670 1.5 »= 10?° 1 =< 10° Flat-top cone Cu 12.5 0 67.5
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Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena
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Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena

e
)
)
2
> Jet formation:
effect of poloidal magnetic field.
e
7 Accretpn column: | . i et
magnetized plasma flow interactron— 15 =
with surface. : e
Accretion Disk { 107v,
7 Accretion disc dynamics e
in the vicinity of ~1.
l | I
IRg 12Rg 1AU
i

13 Adapted from Camenzind, (1990).



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
(~100J, 1 ns, 1054 nm)

* Solid-state targets

14



Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena

e
)
v
!
> Jet formation:
effect of poloidal magnetic field.
s
57 Accrethn column: . | el e
magnetized plasma flow interactres 1S =
with surface. . A
Accretion Disk { 107v,
7 Accretion disc dynamics =
in the vicinity of p~1.
l | I
IRg 12Rg 1AU
S

4% Adapted from Camenzind, (1990).



Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena: jet formation

mechanisms
Laser-plasma plume A
ropagating alon Target
propag . 8 & o Compressed Jet base Jet
the ambient magnetic field magnetic field lines \

J Probe

beam

i
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ars
=
=

Line of sight

1 1

I ; i

I--- s o s L | S — J l
5

10 15

Target motion allows |
reconstruction of the jet 0

== ki  Ea  d &N

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

16

integrated density

[ mn.dl {':m_zl



Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena

Jet

/

ionized ——
WIn /

1S

> Accretion disc dynamics
in the vicinity of ~1.

IR 2Ry 1Al

A7 Adapted from Camenzind, (1990).



Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena

Gierlinski M., Done C., Barret D., 2002, MMNRAS, 331, 141

18

y ©@

|
ﬁ MagnetOSpheriC Accretion ﬁ

Accretion models has to take into account that central neutron star has ~10'2 G B-field.

Far-field: 5 ) 6
R B R
B(ry=(—) B, hence Prag=—=[(—) B2
(r) ( r ) P ™0 8 ( r ) 2
On the other hand, the accreting material has a ram-pressure

2
Pram = pv® or  Pam =

M <2GM)1/2
47y2
assuming free fall (v = (2G'M /r)"/?) and spherical symmetry (M = 4mr2pv).

For Prag > Fam, B-field dominates = plasma couples to B-field lines at the Alfvén radius

871’2 1/7 R12Bg 1/7
e = T M2
RN/, B N\YT/ M NV e —2/1
= 1800k
m(10km> (1012G> (1.4M®> (107M@yr1)

H For typical NS parameters, the accretion close to the NS is dominated by the B-field. H

s 4

r




Laboratory astrophysics

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

)
()
@
e
onize
115 wind ———
Accretion Disk { 107m,
'II ""..III "\.IIII
| |
l |
| | | i
R, 12Rg 1Al .
D
o on

Adapted from Camenzind, (1990).
4%



Laboratory astrophysics

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

Laser-plasma plume
propagating across
the ambient magnetic field

expect:

plasma expansion across B,
is limited by magnetic pressure

further plasma expansion
is along B,

Andrea Ciardi (2016)

20



Laboratory astrophysics

*  Modeling of magneto-hydrodynamic plasma phenomena: accretion disc

16ns,
25]
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Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena: accretion disc
zzzzz




Laboratory astrophysics

Modeling Mmaocneto-hvdrodvnamic nlasma nhenomena: 01y 1













Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena: accretion disc

“ i

r—

e

———
S

,,,,,

1

' CSE S Ml
S 7 NN
" |

600 Y00 BOO 900 1000

2




.._
sk

”
e
2
. .__H#

[TepBurunble gar




=
=
O
O
=
0
S
H.__
-
O




20NS

| lepBuunbie JaHHbIe HeeIIbHOM JaBHOCTU

3 el A,

- oo iR w Ty

L—
l‘i
&!i‘!‘!ﬁ
s i LF. l......i

| sttt AR 1.
" #i“i: i

§ v i, o ki b AR PR e e

a
.i%i
A
o

R




-—

HOVI JITaBHOCTY







Laboratory astrophysics

Modeling of magneto-hydrodynamic plasma phenomena

Main dynamics:
RT instability ?

Side oscillations:
KH instability ?

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

Andrea Ciardi (2016) 33



Incident stream

Laboratory

B-Field = 20T

CTTS

B-Field =1 x 1037

Material

Electronic density [n.cm™]
Temperature [eV]
Density [g. cm_3]

Speed accertion flow [km.s™1]
Sound speed [km.s_l]
Mach number
Reynolds

Peclet number
Magnetic Reynolds

B
l./L

Euler number (vy/p/p)
Alfven number (B /,/p)

C,H;Cl
1.5 x 10*®
10
8 x 10°°
1000
21
45
2 X 10°
6% 10°
2 X 102
1.5x 1072
7x 1073
6 x 10*

2% 10°

34

H
1x 10
26x 1071
1.7x 107+
500
13
38
1x10°
5% 107
1x10°
6x 1072
2x10°%
5% 10?%

1% 10°



Laboratory astrophysics

’ ool\T/IQde-l-i-pg of _magn?FO'h_YqFOdY??miC plasma phenomena: scaling

1007 |

10T | - -
: 110 "cm™>x100 eV

. | W = NTL?3

1T}

2! NT = B?/8n

110" cm3<1 eV

110" cm3x1 eV

; : : : 110 “cm3x1 eV

1G :
: 110 cm™x1 eV

1 mm 1 cm 10 cm 1m 10 m 100 m

L 55




OCHOBHbIE PEe3YJIbTAThI

- Poccurickmn stazepHbIt KomiuieKC PEARL akTvBHO MCIIONIB3YKTCA OIS MIMPOKOTO
CIIEKTpa MCCIUIeIOBanii B 00J1acTy JIa3epHOVI (PU3MKY, PU3MKY IUIa3MBbl, B
YaCTHOCTVI CpeIbl C BEICOKOW IIOTHOCTBIO SHeprum. b yactHoCTN:

- ITpoBereHBI 53KCIIeprIMeHTaIbHBIE VICCIIeTOBAaHVIS JIA3€PHOTO YCKOPEH S YaCTULL
(32JIEKTPOHOB M IPOTOHOB), KOTOPBIE CTAHYT OCHOBOW OOJIBIIIOrO UMcIIa
IIPUKJIJIHBIX MCCITeqoBaHmI B 00y1acTu MeauiiHbl, HED dowsuku u np.

* B mHacTodiiee BpeMs IIpoI0/DKaIOTC SKCIIEPYMEHTaIbHbIE MCCIIeIOBaHA
pacITpoCcTpaHeHVs TJIa3Mbl TTOTIEpeK MarHUTHOTO MOJIsl, CIIOCOOHBIE TPOJIUTH CBET
Ha PyHIaMHTa/IbHbIE BOIIPOCHI IMHAMVKV 00pa3oBaHVIs 3B€3/1 U psfia JPYyTVX
aKTyaJIbHBIX 3a]a4.

38
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