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Challenging Basic Science in
Laboratory Astrophysics

1. Test bed for Numerical Astrophysics
2. New Finding of Physics not Expected
3. Provide Challenging Plasma Physics
\4. Prediction of Astrophysical Phenomena

I Supercomputer

(x1014) Space & Time

Supernova

Scaling Parameters Controlling Physics

1. Hydrodynamics 3. Plasma Shocks
M= :
Cs Bz/ﬂo 1
UL L o= > =
Re=—=M— mnU Ma
1% 14
oc M xLxn
2. Atomic Process 4. Rel. Pair Plasmas
__L =10-100
IC — nt é: — W



2012/3/15

Backlighter
X rays

Photons Particles

Passive

Active, Multi-angle and Time-evolution
Diagnostics are Possible
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time-resolved x-ray
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imaging camera

wiime 33 ns

p Measurement of fluid instability
E : with x-ray shadow graph method
= Uneven structure is

seen to grow in time



1. Hydrodynamic Instability
and Turbulent Mixing

1. Test bed for Numerical Astrophysics

2. New Finding of Physics not Expected

3. Provide Challenging Plasma Physics

4. Prediction of Astrophysical
Phenomena

1.To Validate and Verify Physics Models and
Codes through Comparison with Model
Experiments in Laboratory.

Example (1): Mixing in Supernova Explosion
(B. Remington et al)

Supernova 1987A Nova experiment

45 ns 35ns

3x 1‘2 |

PROMETIUS Code for Astrophysics Laser Experiment (Courtesy Kim Budil)
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2. Photo-ionized Plasma

1. Test bed for Numerical Astrophysics

2. New Finding of Physics not Expected

3. Provide Challenging Plasma Physics

4. Prediction of Astrophysical
Phenomena

X-ray from Companion Star of Cyg X-3

Photo-ionization by
X-rays from BH
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The origin of x-ray emission near blackhole can be
studied by using the implosion x-ray source.

Binary system Laboratory expriment

Implosion plasma

. Blackhole : nitoieki —
./ S 7% 7 old and rarefied

<. Accretion disc
55 ~ “
Q; = X-ray source : = silicon plasma

| - mimicking
| accretion flow

Accretion flo

Companion star

S. Fujioka, H. Takabe et al.,
Nature-Physics, 5, 11, pp 821-825 (2009)

High-Mach Number
Collisionless Shock Formation
and Origin of Cosmic-Rays

1. Test bed for Numerical Astrophysics
2. New Finding of Physics not Expected
3. Provide Challenging Plasma Physics
4. Predict Astrophysical Phenomena
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What is Cosmic-Ray?
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Young Supernova Remnants
(Cosmic Accelerators )

Cas A (AD1680) Kepler (AD1604) — 18
. iy 1 pc =3x10+°cm

«—>
0.7pc

SN1006 (AD1006)

A. Bamba et al.
2003, 2005 ApJ

SNR is Accelerator in Universe

1. Relativistic Syclotoron Emission

hv,.. = 2 keV (1;?) {mf:ev):

2. Shock Thickness (Observation)
W,y =1 x 10 cm (=1/400 | 4,)

I I T
upstream ’ downstream

SN1006 NE shell

effective exposure : 68 ks

0.3 2.0 keV
Chandra 2.0-10.0 keV

(Bamba, Yamazaki et al. 2003)




Laser Experiment on Astro-
Shock and Cosmic-Rays
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Chandra X-Ray Satellite

Two Different Types of Shocks

Hydrodynamic Shock Plasma Shock
(Molecular Viscocity) (Collisionless)
Supersonic Projectile (WT Exp.) ‘ ‘ Solar Wind and Magnetosphere
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Diffusive Shock Acceleration

(Fermi Acceleration)

T. Terasawa / Science and Technology of Advanced Materials 2 (2001) 461-472
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Fig. 4. An illustration of the diffusive shock acceleration process (courtesy by M. Scholer).

Widely Accepted in Astrophysics

NON-RELATIVISTIC COLLISIONLESS SHOCKS IN
UNMAGNETIZED ELECTRON-ION PLASMAS

Tsunehiko N. Kato and Hideaki Takabe
Astrophysical Journal 681, L93—-L96, Jul 2008
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Transition Region Shock Wave
Formation
and Profiles

X-ray intensity (SN1006
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Current filaments generates strong magnetic fields
within the transition region
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Weibel Instability in y-z Plane
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Phase space Vx and X

w,  t=2100 In (Ne)
pe Plots of : EWsenCanCLswato_Upsxe-3U. dat
electron
high energy
electrons
TEUU
Plots of : E'UsenCanCL=Wato_U2\psx-3U. dat
ion

Fig. (A) shows that a large fraction of electrons have been accelerated to light velocity
in the shock transition region. However, the acceleration mechanism is not very clear. It
apcymay due to the shock acceleration! 5

Electron Trajectory
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How to make such counter streaming ultra-
high speed plasmas
L

Cosmic-rays

A: Ablation
B: Shocks

How are collisionless shocks formed?

I Collisionless plasma flows l

e, i i o © i
lons pass through without creating a shock
| Clean interpenetration l

;
li

Coulomb mean free path is large

[ Collisionless shock forming plasma flows | Weibel Collisionless
filamentation shock forms

» Localized current filamentation forms via plasma instabilities

« Current filamentation generates localized magnetic field

+ Magnetic fields exert the Lorenz force F=q (vxB), on ions

« The ion trajectories in the interpenetrating flows are sufficiently interrupted
(localized) that a shock is formed

2012/3/15
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Gekko XII Laser Facility at ILE,
Osaka University

ES collisionless shock experiment using GXII laser

PRL 106, 175002 (2011) PHYSICAL REVIEW LETTERS pyock ending

Time Evolution of Collisionless Shock in Counterstreaming Laser-Produced Plasmas

Y. Kuramitsu,** Y. Sakawa,' T. Morita,” C.D. Gregory,® J.N. Waugh," S. Dono,” H. Aoki,? H. Tanji,” M. Koenig,* 60 w.CH planc
N. Woolsey," and H. Takabe'

Plasma ionized by radiation
and scattered light
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PHYSICS OF PLASMAS 17, 122702 (2010)

Collisionless shock generation in high-speed counterstreaming plasma
flows by a high-power laser

T. Moma aly, Sakawa Y Kuramltsu S Dono H. Aol-(l H. TanJl T. N. Kalo,2

Y. T.Li,* Y. Zhang,* X. Liu,* J. Y. Zhong,” H. Takabe, 2 and J. Zhang®

'Graduate School of Science, Osa.ﬂa University, 1-1 Machikane-yama, Toyenaka, Osaka 560-0043, Japan
jnmmrs of Laser Engineering, Osaka University, 2-6 Yamada-oka, Suita, Osaka 565-0871, Japan
“Graduate School of Engineering, Osaka University, 2-6 Yamada-oka, Suita, Osaka 565-0871, Japan
488[]:}13 National Laboratory for Condensed Matter Physics, Institute of Physics,

Cirmzse Academy of Sciences, Beijing 100190, China
Hm National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China

Sirang!im Jiao Tong University, Shanghai 200240, China
(Received 11 October 2010; accepted 15 November 2010; published online 1 December 2010)

The experimental demonstration of the formation of a strong electrostatic (ES) collisionless shock
has been carried out with high-speed counterstreaming plasmas, produced by a high-power laser
irradiation, without external magnetic field. The nearly four times density jump observed in the
experiment shows a high Mach-number shock. This large density jump is attributed to the
compression of the downstream plasma by momentum transfer by ion reflection of the upstream
plasma. Particle-in-cell (PIC) simulation shows the production of a collisionless high Mach-number
ES shock with counterstreaming interaction of two plasma slabs with different temperatures and
densities, as pointed out by Sorasio ef al. [Phys. Rev. Lett. 96, 045005 (2006)]. It is speculated that
the shock discontinuity is balanced with the momentum of incoming and reflected ions and the
predominant pressure of the electrons in the downstream with PIC simulation. © 2010 American

Institute of Physics. [doiz10.1063/1.3524269]
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PHYSICS OF PLASMAS 17, 122702 (2010)

Collisionless shock generation in high-speed counterstreaming plasma
flows by a high-power laser

T. Monta 1Ay, Sakawa Y Kuramlisu S Donc H Aokl H. Tanjl T. N. Kalo,2

Y T. Li,* Y Zhang X. Liu,* J. Y. Zhong H. Takabe andJ Zhang

7Gmdm.re School of Science, Osaka University, 1-1 Mm:h;kﬂne -yama, Toyonaka, Osaka 560-0043, Japan
!rrsnmre of Laser Engineering, Osaka University, 2-6 Yamada-oka, Suita, Osaka 565-0871, Japan
Graduare School of Engineering, Osaka University, 2-6 Yamada-oka, Suita, Osaka 563-0871, Japan
Bsgmg National Laboratory for Condensed Maiter Physics, Institute of Physics,

C‘hrriﬂe Acadenmy of Sciences, Beijing 100190, China
wa National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China

Sfmngﬁm Jiao Tong University, Shanghai 200240, China
(Received 11 October 2010: accepted 15 November 2010; published online 1 December 2010)
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We Need NIF to Demonstrate Universality

1. Shock width

1 A
AX=02cm X — |—
Z_ Ingg

2. Coulomb mean-free-path

1 A2 V2
1= = ZUcmx——B >mm

no,lnA Ztn

3. Energy of counter-streaming plasma

N,,=n/102%cm-3
Vg=V/108m/s

E = ZmynV2L3

70 kJ

33

H. Takabe et al., Plasma Physics and Controlled Fusion 50,124057 (2008) ‘

NIF

Studying astrophysical collisionless shocks with

high power laser experiments

Presentation to
International Fusion Sciences and Applications
Sep 12-16, 2011
Bordeaux-Lac, France

|/® Lawrence Livermore Hye-Sook Park w PRINCETON
National Laboratory (on behalf of ACSEL collaboration) UNIVERSLIY

&> stk unvensiy [ E'T"e* m cn

Lawrence Livermore Natlonal Laborator: & Photon Sc

ork performed under the auspices of the U.S. Department of Ener

2012/3/15
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OMEGA Laser at U of Rochester,
NY, USA

“Astrophysical Collisionless Shock Generation in Laser
Driven Experiments” OMEGA Facility, Dec. 14, 2010

Participating collaborators

*  Hye-Sook Park (PI), Steve Ross (LLNL)

*  Youichi Sakawa, Yasuhire Kuramitsu
(Osaka University, Japan)

*  Dustin Froula (LLE)

*  Chris Gregory (York University, UK)

*  Anatoly Spitkovsky (Princeton, USA)

*  Alessandra Ravasio (LULI, France)

LLNL (USA): Hye-Sook Park, D. Ryutov, B. Remington, S. Pollaine,
S. Ross, S. Glenzer, N. Kugland, C. Sorce

Osaka University (Japan): Y. Sakawa, Y, Kuramitsu, H. Takabe

Oxford University (UK): G. Gregori, A. Bell

Princeton University (USA): A. Spitkovsky, L. Gargate, L. Sironi

LLE, Univ. of Rochester (USA): D. Froula, J. Knauer, G. Fiskel
Ecole Polytechnique (France): M. Koenig, A. Ravasio

ETH Zurich (Switzerland): F. Miniati
York University (UK): N. Woolsey, C. Gregory
Rice University (USA): E. Liang

University of Rochester (USA): R. Betti
University of Michigan (USA): E. Rutter, M. Grosskopf, C. Kuranz
University of Nevada, Reno (USA): R. Presura

|
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Abstract

We present progress in the use of proton imaging to study electric
and magnetic fields that are relevant for collisionless shock forma-
tion in experiments at the OMEGA & OMEGA EP laser facilities.
Collisionless shocks are important for understanding cosmic mag-
netic field generation and ultra high-energy cosmic ray acceleration.

We use lasers to model astrophysical plasma flows
SN 1006 (NASA) - Shocks & filaments Laser produced plasmas

~

\ : e

A T =

/l\__ ,

T -
) *\\.:_ B : y

=

: % > - 1
Universe Micro-physics OMEGA & EP expts.

Collisionless shock formation parameters

Collisionless growth scales  {* < ling <K Amfp Collisional MFP
+ _ Vflow C Interaction A Viiow
Wpi  Wpi length Z* n,
n (cm®) wi v, (cm/s) Amfp € [ Amip
pi

1 2x10" cm 3x108 4x10" em 2
(42 light years)
V.
- 1018 100 pm 1x10° 1.5 mm 5

D. Ryutov, 2010; Cassam et al, ApJ 680 1180 (2008); Bamba et al, ApJ 589, 827 (2003)
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_NIF
We are now conducting preparatory experiments on -
OMEGA through the LBS and NLUF programs

OMEGA and EP LBS and NLUF experiments are aimed at
understanding the counterstreaming plasma properties and developing
diagnostics

OMEGA target
. / chamber

OMEGA EP
— target
chamber

omeGA Laser B2V / X Main
Compression iiflers
chamber e

O
\ m amplifiers
- OMEGA-60
— 60 beams Lnser By
: gon:( ‘cjii'an::rget *OMERA-LR
chavibe — 4 beams (2 can be short pulse)

— 1 kJ/beam short pulse (10)
— ~2 kJ/beam long pulse (3a)

How are collisionless shocks formed?

| Collisionless plasma flows |

g“”’@........ ...:.;*‘-'. . ) [

lons pass through without creating a shock

Coulomb mean free path is large

| Clean interpenetration |

| Collisionless shock forming plasma flows ‘ Weibel Collisionless
filamen&'ition shock forms

+ Localized current filamentation forms via plasma instabilities
+ Current filan ion generates | lized r ic field

Magnetic fields exert the Lorenz force F=q (vxB}, on ions
The ion trajectories in the interpenetrating flows are sufficiently interrupted
(localized) that a shock is formed

2012/3/15
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Thomson Scattering Diagnostics

We create a high velocity plasma flow by irradiating a CH, H

foil target with 10 beams from the Omega Laser

2w Thomson Scattering data provides
n, T, T, v measurements

Timing
=T 8ns
g — T ns
E S| T 6ns CH, F-*
@| @ 1
e ———
g 5 5ns 2mm “
ol ®
a g = 4ns ¥
& mm
‘ = 3ns Thomson Scattering
Volume
— T 2ns
= 1ns
q == 0Ons

Thomson scattering
looks at plasma waves
along the k-vector (k,)

2012/3/15
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Collection Thomson scattering from ion-acoustic and
electron-plasma waves is used to measure the plasma conditions

Thomson scattering is the scattering of an electromagnetic wave by free electrons.

Intensity

Optical —,
Laser (&)

Electron Feature

10-22_

1024 4

107261 -(—nE_r. _T
> |I e

107, / — \_

10—30

500 2, 600
Wavelength (nm)

I(‘ f

2 ('
S(k,w)zz’Tl—I“ ..(J}Lz;rz y
e

k e Tk k

lon Feature

B Z

Intensity
| 1__|

- | 1 -
! A
L L
525 526 527
Wavelength (nm)

5]

_NIF
Our OMEGA experiments study the plasma conditions of -

single and double flows

Experimental results

2o Thomson Scattering data provides
n, T, T, Vv, vy, measurements

Heater Beams

/ K,
ki
,ﬁqm .
TS volume

10 beams per foil
(~6 kJ per target,
8x10' W/iem?)

Thomson Volume

e

CH Foil

<-4 mm

2o Probe
Beam

$62465 Data from 6/1/11

6.0
ron Feature
— 5.8 T
n
&
g 5.6
E

lon Featu

562466

20 10 0.0
Wavelength (nm)

470 520 580
Wavelength (nm)

Electron feature fit
T,=100eV
n, = 6.6x10" em

o !

L. Wi

427 477 527 677 627
Wavelength (nm)

Intensity (arb. Units)

5.4 { i
5.2 ? i
5.0 ‘

2012/3/15
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ALl

An increased Hydrogen percentage is measured in the
Thomson scattering volume at early times

The ion feature can be used to measure The electron temperature and density
the ion species fraction and ion are measured using the electron
temperature feature
g ; 1t=3.0ns
Sost g
£o6 |C/H ~0.08 m
Zoar - 8 O4carbon Traction 7] 8
2 T=60eV|| B i e &
E 0.2+ B E 0.3L ne T 1 s
0 L - . L el 5
523 5235 524 524.5 525 5 + 1 g i 2
Wavelength {nm) 2 g2l . - '\ ..;.14 @
. & I Y -— -
s 1] sl <
g’ lt=gons || < 2 i 13%
= = 0. o [ oegeh b =
Sos| ] g 01 F LR PR
o - w0 -3
§os| 1CH=033]| =, o q§
204 ] = 02 3 4T_5 6 7 8 9 b
£ 02 T, =30eV ime (ns)
E 0
525 5255 526 526.5 527
D — Wavelength (nm) H r—)

Our OMEGA experiments study the plasma conditions of
double flows using a two foil configuration

ALl

Heater beams are on for 1 ns and deliver 5 kJ to each target

Heater Beams

- Probe Beam

=

Drive Beams

8ns
7ns
6 ns

CH, Foil
5ns — plasma\*

®

4 ns :
3ns
2ns
1ns

0ns

Drive Beams

2012/3/15
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Interesting observables are measured from the
double flow experiments

= Velocity slows down when two flows intercept
*Note: W(elV)~5x10" A4, [v(cm/ s)

T o} |
c !
= % Sp— «“Missing energy”?
>
§ oof A0 g ‘{ = Te and Ti considerably higher on double flows
° -
R -~ lon slowing-down by ‘resting’ electron gas and small
2 angle scattering may explain our observations

1.00) w o
= Iy " - &0—‘%‘”
> % ;
£ siop T} Wy L] electrons
i)

lon-ion collisional slowing- Heating from small-
oorl : - + . down characteristic length scattering
s A2 [v(em/ )] A
2L o ey 4 ANELLE R | I L~ N

- - Ay ~ 561070 25 n.om) S T, =1keV
s A, ~10mm @ 5Sns
g" 0.10] B T 372 l, ~0.9mm
£ ‘?j" G 4 Aw ~ “"HZ(;T) W ~ 60keV (@ ~10°cm/ s)

001 Ly Ag, ~Smm

2 “ 6 8 10
Time (ns)

(D. Ryutov, R. Berger, 2011)

Omega experimental results show the first quantitative
measurements of high-velocity interpenetrating plasma flows

NI}

]
o

0
E
(2]
"“‘c_! 15+ +— Hydra Simul3tion®
td
210r T
S =
k-1 A -
£ 5r Double foil —_
3
T 034567
Time (ns)
lon Temperature
L T
1.5 -
3
s .
2 1 il L
= : I i
05l |
-
0
2 3 45672829
Time (ns)

Flow Velocity

& Singlefoil |y

14

Electron Density

n (x10" em™)

1.2

3456789

Time (ns)

Electron Temperature

1

2012/3/15
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Considerably higher T, is observed from double foils,

electron heating due to electron-ion drag is considered

A drastic increase in the electron
temperature is observed in the double
foil geometry

Initial electron heating is dominated by
electron-ion drag

Predicted electron heating due to drag

1.2
11
—~ 0.8
>
E 0.6 Double Foil ]
- 0.4} v
0.2[ % single Foll g
oLt
2 3 4567829
Time (ns)
Single Foil Double Foil

= e

Force acting on electrons from beam 1:

u —u
f—an {;—H)—mnv“) (7’}
‘ n,L+n,j

The heating rate:

3 . .
5»:{,1‘,_ =fow+foou,  n=Z(n,+n,,)

3., . ;
Ef?L,Lf:_,:Z N (1, —u) =0

Canonical electrical resistivity:

", [ Vi "’J Heat conduction is
= _7 not included in this
en, simple model

Single flow Thomson scattering data is used to see if

our plasma state can create collisionless shocks

We need the condition: PIC simulation suggests that the
= ™ v £% << Ly <<Apyp tO Create shock was beginning to from but
£ = N collisionless shock not fully developed
-
> - lon density

1000.00 1
o Aty
5 N N. ’g 10000 e p
;-_° . E L] 2 rEs
* )/%\m B of Len300%(ciw,)
-k §
S
N T olor clw, 1
ool TTTmegeeeen Nl b
%‘ o \y 2 3 4 5 7 )
x| Time (ns)
-
£*< A'mfp

= T; e~
% ion int
S [ w—a lf:l:talt::‘llty rleetr_lgtlh scalelsa,t T
= " m theoretical speculations. Tt

(Ved » A.A. & Ryutov, D.D., Rev, Ft::lz fzn_ned shock require ~10x more
T || Plasmas Phys1975; Spitkovsky, A., ApJ, OCenEty
Time (ns) 2005)
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Proton Back-lighting Diagnostics

High power laser experiments can study collisionless
shock relevant micro-physics in the laboratory

OMEGA EP
Experiment

Two each of the following:

a) 351 nm 3 ns laser, 2200 J
100 um spot, 9 x 10" W/cm?

b) Plasma ablation source
2 mm diameter CH, plastic

c) 1053 nm 10 ps laser, 250 J
40 pm spot, 2 x 10" W/icm?
d) Proton source
50 pm thick Au disk
€) Proton source shields
3 pm thick Al foil on an Al
washer (2.7 mm ID)

26
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We use proton radiography / deflectometry to image
shock formation and to measure magnetic fields

) |
¢+ ¥
CH, Plasma

CH, Plasma

- 10151 2 10148 10150

EP experiment on Aug 30, 2011

= Proton radiography time sequence
shows eventual self-organization of
the counterstreaming plasmas

= Large bubble features may be from
laser ablative RT instability growth
or MHD instability

= Planar features from electron
temperature gradient

= Striation features may be from
electrostatic field generation

We collected very interesting proton radiography data
Early turbulence and striations self-organize horizontally with time.

22ns

W

Striations 10151
52ns
\
10448 10150
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Images of single & counterstreaming plasmas flows
7 MeV proton imaging at 5 ns shows a dramatic difference (joint shot)
Counterstreaming

Circular flows +B_, (1T) l Filamentary @
turbulence

r

One plasma

Simulated proton image (turbulent field Ansatz)

Divergent 10 MeV  Turbulent potential; Proton image with caustics
proton beam B,=40T

7
Sigird

Gaussian-colored turbulence

Proton motion was traced using the LSP (PIC) code in 3D. We see that
soft turbulent objects generate sharp caustics in the proton image.

28
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Turbulent field structures predicted by 3D PIC sims

E-field slice B-field slice Tristan-MP code, A. Spitkovsky.

Counterstreaming H plasmas:
v, = 10° crm/s
n =10%cm?

Electric field is predicted to
dominate proton imaging.

Turbulent fields are a signature of collisionless shock formation. Possibly
due to electromagnetic (Weibel) or electrostatic (two-stream) instabilities.

Summary of our findings
+ We have seen very interesting proton images of plasma flows
+ Even a single plasma flow is complicated

» We might have observed the signatures of collisionless shock
formation (turbulent fields and filamentation)

Path for future investigation in 2012 & beyond
+ Study late-time evolution
» Vary target composition (CH,, pure C)

* Try two different materials for strong B-field from current drive
D. D. Ryutov et al, Phys. Plasmas 18, 104504 (2011)

+ Create fully formed collisionless shocks with the NIF laser
(contingent on diagnostic availability)
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Science on NIF Committee just after the Evaluation
July 15, 2010 at LLNL

% ra S e A 0000 N7
. David‘Arnett*, Wdniversit 5 G

Riccardo Betti, Universi
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Astrophysical collisionless shock generation on NIF

Pls: Y. Sakawa (Osaka U.) / G. Gregori (Oxford U.)

Collaborators: A. Bell, A. Diziere, L. Gargate, S. Glenzer, C.
Gregory, M. Hoshino, T. Ide, T. Kato, R. Kodama, M.
Koenig, Y. Kuramitsu, E. Liang, M. Medvedev, F. Miniati, T.

Morita, C. Niemann, H. Park, A. Ravasio, B. Remington, D.

Ryutoy, Y. Sentoku, A. Spitkovsky, H. Takabe, N. Woolsey,
R. Yamazaki

Institutions: Osaka, Oxford, LLNL, Princeton, Ecole
Polytechnigue, York, ETH Zurich, UCLA, Aoyama Gakuin,
Tokyo U., Kansas, Rice

Scientific Objectives:

(1) To study the generation of high Mach-number
non-relativistic collisionless shocks relevant to
SNRs and protostellar jets

(2) To study the formation of self-generated
magnetic fields from the Weibel instability and
cosmic ray acceleration

Why NIF?
* Ability to reach high Mach numbers, much

higher than possible in classical plasma shock
tubes or at other laser facilities

SN1006: example

Collisionless
shocks are

| generated

: when In'lfp> Ishk

Proposed production mechanisms are:

Mediated by
Weibel instability

% PIC simulation by
A. Spitkovsky

Mediated by magnetic
reflection

. xpanding
shock
wave
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Collisionless Shock Experiment with NIF

Drive beam
10 kJ/ beam x 64 beams
for each foil, 10 ns
D-He? implosion beam
1.5 kJ / beam x 64 beams, 1 ns

2 x Proton backlighter Double-foil target
2x 32 beams, 1 ns

AP 4 64 beams
/ .
protons 4’ m for each foil,
’ \\‘ 10 ns

D-3He filled glass l AV @

shell capsule
(500-mm diam, CH or CD
2-mm thick) (3x 3 mm2)

NIF is the facility where properly scaled
astrophysical shock experiments in this regime are possible

%.0.5 mm thick

PIC simulation of Weibel mediated collisionless shock using OMEGA plasma condition

lon density
s 20
i =
o 10
e

20
x [em] x [em]
We need ~50x more density to create fully formed collisionless shocks.
NIF is the only facility to provide such platform

$
g g
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&
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Bringing Star Power to Earth
{ NIF is the world’s largest and
NIF Science Technical Review Committee i , highest-energy laser system. Its
) goal is to ignite a self-sustaining
June 14, 2011 nudlear fusion reaction and
produce net ¢ gain — the

makes the stars shine and provides
the life-giving energy of the sun. &

Summary and future work

« Detection of self-generated electromagnetic fields from plasma instabilities
such as Weibel instability will be a break-through in laboratory
astrophysics and may provide a generation mechanism of the seed
magnetic fields in universe

Omega experiments measure quantitative plasma conditions for optimizing
collisionless shock creation

Omega experiments suggests the existence of previously unknown
mechanisms for electric and/or magnetic field generation in the
counterstreaming plasma flows

+ We are continuing in our Omega and EP experiments to study collisionless
shock formation under pre-existing magnetic fields as well as theory and
experimental optimization

NIF experiments will begin when the required diagnostics are constructed

NIF experiments will lead to a truly scaled collisionless shock laboratory
astrophysics experiment

» See also Y. Sakawa’s talk on Fri (Session N+0O 13:30 pm, Room C)

2012/3/15
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