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Obsah prednasky

e Uvod
* Plazma ve vesmiru

* Prehled astrofyzikalnich objektu, ktere jsou
simulovatelne v laboratorich na Zemi

* Diagnosticke systemy v ruznych
experimentech

* Priklady experimentu
e Z-pinche:
— fyzikalni princip
— svetove experimenty
— simulace astrofyzikalnich vytrisku

* Lasery:
— fyzikalni princip
— giganticke lasery a fuze
— stavova rovnice nitra velkych planet a hvezd

— nekolizni soky v mezihvezdnem mediu
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Co je to plazma?

Ucena definice nam o plazmatu rika: ,,Plazma je kvazineutralni soubor ¢astic s volnymi nosici
naboju, ktery vykazuje kolektivni chovani“. Pojd'me si ji trochu polidstit. To nejdulezitéjsi je, ze
se v plazmatu nachazi volné nosi¢e naboje. Atomy jsou alespon ¢aste¢né ionizované. Stupen
ionizace nemusi byt pfilis veliky, je-li plazmovy utvar dosti rozsahly. Pravé volné nosice naboje
plazma zcela odlisuji od plynU. Plazma je vodivé a silné reaguje na elektricka a magneticka
pole. Druha vlastnost je kvazineutralita. Pozadujeme, aby v makroskopickych objemech bylo
vzdy v prameéru stejné mnozstvi kladnych a zdpornych ¢astic. Navenek se plazma jevi jako
nenabitd tekutina (kapalina Ci plyn). PoZzadavek kvazineutrality vy¢lenuje z definice plazmatu
nabité svazky ¢astic, které maji prece jen ponékud odlisné vlastnosti. Posledni soucasti
definice plazmatu je jeho kolektivni chovani. Tim se rozumi, Ze plazma je schopné jako celek
svymi projevy generovat globalni elektrickd a magneticka pole a na takovato globdlni pole
reagovat. Do plazmatu vétSinou nezahrnujeme rizné svazky nabitych ¢astic (nespliuji
kvazineutralitu) a velmi slabé ionizované plyny — napfiklad plamen svic¢ky (nesplfuji kolektivni
chovani). Pojem plazmatu poprvé pouiil Irwing Langmuir (1881-1957).

* BéZné plazma: elektronové obaly atomu jsou ¢astecné poskozené (vysokou teplotou nebo
tlakem). Volné elektrony jsou zodpovédné za plazmatické vlastnosti [atky.

* Termonukledrni plazma: atomarni obaly neexistuji, Iatka je smésici holych jader a volnych
elektrond. V tomto stavu je plazma v jadrech hvézd, kde probiha TJ syntéza.

Plazma v laboratori
Nejtypictéjsi priklady jsou:

* [aserové plazma — doba Zivota: 10-12 + 10-9 s
* pulsni plasma — doba Zivota: 10-9 + 10-6 s

* tokamak — doba Zivota: 1 s

* studené plazma — doba Zivota: hodiny, dni, roky
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Map of the high energy density physics regime in the density - temperature plane.
High energy density as defined in this report corresponds to matter under the extreme
conditions in the region above and to the right of the 1 Mbar (heavy blue) curve. The
numbered boxes correspond to the 15 science thrust areas identified in this report and
show a representative parameter regime for each of these thrust areas.
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Astrofyzikalni objekty

» Astrofyzikalni vytrisky/jety:

Jety se casto objevuji v
energetickych procesesch
jako pad hmoty do cerne diry
nebo na povrch neutronove
hvezdy — centra akrecnich
disku.

Zajimavy fenomen je kolize
jetu s mezistelarni hmotou/

p|azm0u. Quasar 3C175
YLA Gem image (c) NRAD 1996

Jets in the Universe

24um .
Hotspot

2 Outflow NE

" /Outﬂow Sw
H-%r ¢
R ¢

jet™

Compact jet -~~~

Bow shock

Jets are “fossil” record of activity and give
information on inaccessible source regions.

s.lebedevi@imperial.ac.uk DZP 2008
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Bow shock front
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Astrofyzikalni objekty

e Sokove viny v mezi-planetarnim mediu:

— nekolizni soky v meziplanetarnim mediu jsou velkou
zahadou, jelikoz v nich castice neinteraguiji skrz
Coulombovych interakce, ale pomoci plazmovych vin
(sirka soku je mensi nez kolizni delka castic)

— pohyb castic se neda jednoduse predpovedet pomoci
teorie, experimentalni investigace je nutna

Magnetosphere
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Astrofyzikalni objekty

 Nitra velkych planet/hnedych trpasliku:
Jupiter
Metalizace vodiku:
- Pod jakym tlakem? teplotou?
- Zmena stavu plynula nebo nahla
(first order/plasma phase transition)

Stavove rozdeleni H/He :

» Atmosfericky podil H/He se
vyrazne lisi od protoplanetarni
mlhoviny

(He schovane hluboko uvnitr?)
* Kondensace He v metalicke
obalce vodiku

(He se hur ionizuje nez H)

Molecular
hydrogen

Rocky
core

Liquid metallic
hydrogen

Pevne jadro?

Saturn

— — | stable regions?

165170 K Sopat NG RDA oo LTI
oo \x. ‘“;\_‘:‘“ molecular hydrogen ] bulk abundance of water?
I M\ ET - (helium poor)

CLOUD TOPS — AEROSOLS
AMMONIA CRYSTALS

AMMONIUM HYDROSULFIDE CLOUDS
ICE CRYSTAL CLOUDS

WATER DROPLETS

DR

09 —\I‘_I . \\,\\*.\‘ A el AT

6300~6800 K224
0.8 My

deep zonal winds?

| magnetic dynamo?

4 Nibar \| plasma phase transition? |
TRACE COMPOUNDS

metallic hydrogen

05M
J (helium rich)

16 Wbar

"33 Mbar

15000~21000 K —
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location & extent of
inhomogeneous region?

core: well-defined
or diluted?

FLUID ;
MOLECULAR
HYDROGEN

TRANSITION
ZONE

HYDROGEN

POSSIBLE CORE—=

This is a schematic of the interior o
Image from: NASA




Astrofyzikalni objekty

* Nitra hvezd:

“Convective
Zone

Studium termonuklearnich
reakci, ktere urzuji teplo v
“peci” v jadrech vsech hvezd,
vcetne naseho Slunce muze
jednou byt hlavnim cistym
zdrojem energie na Zemi —
jaderna fuze.

Interface Layer
P ~

Radiative Zone

Core

+
Ce

Tritium Neutron
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Astrofyzikalni objekty

 Gamma bursts/zablesky:

Silne a nahle vysoko-energeticke
zablesky v oboru gama jsou
pravdepodobne vysledkem tech
nejvetsich explozi ve vesmiru.
Nikdo vsak nevi, jak presne tyto
zablesky vznikaji. Muze se jednat o
nahle vybuchy rotujicich supernov;
kolize neutronovych hvezd;
nekolizni soky; energeticke procesy,
kde vznikaji anticastice (positrony),
ktere rychle anihiluji s hmotou, atd.

Gamma- Ray Bursts (GRBs) The Long and Shortof It

Long gamma-ray burst Short gamma-ray burst
(>2 seconds’ duration) (<2 seconds’duration)

A red-giant -
l star collapses
_,"_ onto its core Stars® in
: 1i a compact
binary system »

begin to spiral

inward....

- -
becoming so
dense that it

/ Jexpels its outer

S ~eventually
Gamma-Ray Burst Host Galaxies Hubble Space Telescope B I» ion. colliding.

980703 990705 990712 x\u///
XC
/'/ T‘\\
qb-— i . - *
000926 020903 030329

“H B »

NASA, ESA, A Fruchter (STScl), and the GOSH Collaboration STScl-PRC06-20

The resulting torus
has at its center

a powerful

black hole.

Gamma rays

*Possibly neutron stars.

LS\ UNIVERSITY OF
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Laboratorni astrofyzika

e Studium astrofyzikalnich objektu v laboratori:

— bezjednotkovym parametrum (simulace obrovskych
objektu v miniaturnich meritkach)

— vytvoreni identickych podminek (vysoke teploty a
tlaky, vysokoenergeticke procesy, magneticka pole)

— dostupnejsi laboratorni techniky, prime mereni

Name (description) Formula Typical value
Sonic Mach number M =wv;/c ~ 10 - 50
Density contrast H = pﬂiﬁﬁ ~1-10
Cooling parameter X = E;—‘;DL‘) ~ 0.1-10
Plasma beta [ = ﬁ‘% = ?21_”—("/1% ~ 1

Jet aspect ratio L;/R; ~ 15 - 1000
Localization parameter (fluid-like d= ’\—Efﬂ < 1

nature of the jet)

Reynolds number (viscosity) Re = @ > 1
Peclet number (heat conduction) Pe = Ej;l"- > 10

Table 1: Dimensionless parameters of astrophysical jets. Here v; stands for the characteristic
jet velocity, ¢ is speed of sound, p is density, 7., 18 time for cooling time, kp is the Boltzmann
constant and 7' is temperature, L; and R; are the characteristic radius and length of the jet,
Amfp 18 the mean free path of the particles perpendicular to the jet flow, v and v, are the
viscosity and thermal diffusivity respectively. [12, 8]
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* Z-machine (Sandia National laboratories), New Mexico
 MAGPIE (Imperial College London, UK)

* Cornell University, New York

* CAE, Francie

* Pontificia Universidad Catdlica de Chile

* FEL, CVUT, Praha

UNIVERSITY OF
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MAGPIE

M.A.G.P.I.E.

0 Marx Generator (x4)
@ Pulse Forming Line (5 Ohm)

€) Trigatron Switch (x4)

& Transter Line (1.25 Ohm)

6 Diode Stack, MITL and Z-Pinch load
@ X-ray shielding -~
& Data acquisition screened room £
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“Wire array”

LJ
f
s
o
L | L Anode plate
! Wires
| Notched rings to
o ‘ﬂj position wires
|1 l¢————Cylinderto hold
| wires in place
il if

)

E% Mirror for end-
on interferometry

Figure 2: Typical wire array used at the MAGPIE Z-pinch project at Imperial College London.
Photo from the MAGPIE Z-pinch project website [14].
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Imploze Z-pinche

axial current j z-axis

B-field Vv
<"\,
-« S\,

Figure 3: Schematic of a Z-pinch implosion of a cylindrical plasma shell due to axial current j.
The radial collapse of the plasma shell is due to the inward j x B force and the kinetic energy
of the plasma is released in form of an X-ray burst when it reaches the z-axis. [4]

Bo=ﬂ

* Magneticka sila: o

Tmin

. . 2 :
* Energie imploze na osu: g ~ HoI” n( o )

47
Global B-field Current j,

L ISen :
S 000e-07
1.250e-01
000000
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Imploze Z-pinche

s Shock in front
B of bubble

J*B ‘bubbles’ a)

TR R )

Ablation at wavelength
of coil

NIVERSITY OF
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Diagnosticke pristroje

Gated XUV __
cameras
(10ns interframe)

Crystal X-ray
Spectrometer

Optical Streak
Camera

Laser shadowography

Schlieren
Interferometry
Laser shadowography ‘
Schlieren
Interferometry X-pmc
Backlighting X-ray Streak
Film pack Camera

Camera

PCD X-ray P~

diodes =
Gated XUV -
camera
(30ns interframe)

23mm

X-pinch backlighting:

Current

.. , UNIVERSITY OF
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Diagnosticke pristroje

Laserove zobrazovani:

Object Lens 1 Lens 2 Image

5

Laserova interferometrie:

Re-combining
beamsplitter

Mirror/ W

/acuum Chamber

Laser %

Béams;:Mter ‘ Mirrar

—— e

No plasma With plasma

@ UNIVERSITY OF
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Astrofyzikalni vytrisky na Z-pinchich

Scaling of laboratory jets _;

Motivation: to produce in laboratory experiments plasma jet with

Space — similar —py  EXperiment
“shape” &
HH 212 A di - .
: imensionless parameters: N

Mach number
=
_:t . M~10-50
= - Density contrast: jet / ambient ;
s n~1-10 |

Cooling parameter

T cool
y=—2_-0.1-10
x Rj/V

Magnetic fields:
B~1
AIR<<1, Re>>1, Re,>>1, Pe>>1

«dev@imperial.ac.uk DZP 2008 [1] D.D. Ryutov et al., Astrophys. J. 518, 821 (1999) and Astrophys. J., Suppl. 127, 465 (2000)

Radiatively cooled jets:

Gekko-12 laser (Shigemori et al., 2000) Magpie Z-pinch (Lebedev et al., 2002)
(@) ; CH (Z:3.5) (b)i - Al (Z:13) Fe w
LR -
. N » A
\ ! [ N
) 1 mm i 1.5
- — cm
(c) x Fe (Z:29) (d) / Au (Z:79)
| £
' 346ns 326ns 343ns

Interaction with
ambient plasma

Jets with angular
momentum

(Next talk)

High Mach number (~20)

No dynamically significant magnetic field

NIVERSITY OF
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Astrofyzikalni vytrisky na Z-pinchich

Conical

Shock

N

Plasma
Streams

NN S
aser shadowgram

\ / Wires

Jets created by conical
wire arrays with no
twist (a) and with
wires arranged with
/8 twist (b). The top
two figures are side on
laser interferometry
images showing the
fringe

shift due to the
vertical jet. The jet
from the twisted array
is diverging due to the
effect of

added angular
momentum. The
bottom two images
show XUV self
emission imaging at 30
eV

from the imploding
wires.

No twist Twisted

337ns

NIVERSITY OF
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Astrofyzikalni vytrisky na Z-pinchich

A
Magnetized outflows (Camenzind, 2007) %
1 Poloidal g' - Experiment: plasma outflow
Current I:? (&) A\ driven by toroidal magnetic field
Flow v a _——  + ambient medium
~rRB, § § =
g BEAM S
@ Sshocks, g. 1. Formation of a collimated beam
mgt?zbilities, 1 § ‘t_ = 2. Quasi-periodic generation of the
Entrained ? 0 '-;” jets
0 . =] . .
, o © 3. Trapping of the toroidal
Stationary o . .
T @ - magnetic flux (high Rey, )
g;’ rl‘:i"n «—— | 4. Efficiency of magnetic to kinetic
im':mal energy conversion
structures I E——

= Test for ’\’l B
stabilitiy / y\
3 t-dep MHD »
olecular cloud core
| e :
> 1

Side one laser Schlieren images of a jet propagating in a transverse wind
produced by ablating a CH foil.

o UNIVERSITY OF
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Astrofyzikalni vytrisky na Z-pinchich

Producing jets in the lab s,

Magnetically driven jet
— Radial wire array

— Jet driven by
predominant toroidal
magnetic field

« 16 metallic wires (W,Al)
(5 - 50um diameter)

« Cylindrical central
cathode
(3 — 6mm diameter)

(Lebedev et al, 2005)

f N\ ) _Toroidalfield )
— Current passes through || — Stronger magnetic field compresses and
the wires and the cathode near the cathode collimates jet on axis
—Global toroidal field dm/dt o« J x B¢ S
from cathode (B¢ = 1/) y (pinch)
- wire breakage — Current driven MHD
— JxBgforce ablates instabilities disrupt the jet
material from wires forming || — New path of the current
background ambient ) , — Opening of bubble
— Formation of expanding and detachment of
— Denser plasma on axis shock TRy
(“precursor” jet) (“bubble” magnetic cavity)
N AN AN J

a UNIVERSITY OF
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Astrofyzikalni vytrisky na Z-pinchich

Radial wire array: Results Bs,

Time resolved XUV emission images (E>10eV)

JxB force

Wires

wd

6 m m/ ‘ | Current |
264ns Eletiodes

4th JETSET School - Ponto Delgada, June 2007

B-global

® Measured bubble 120 -21¢JZDU2§)|9230I240I250'200I270I290'290I300
expansion velocities: 1a]| ¢ Roubok ,nl
. 12 ‘ —4'5
Axial: V, = 198 km/s ".
Radlal VR = 64 km/s go_a: start ofiaxial iexpapsion: “" - * %
- X-ray emission provides Nos] L .l TS
timing of “events” in the jet “leliius by | |7
which can be changed by " IS N/ S
varying cathode and wire "oz ze 2o a0 zo 20 z0 ze 20

d i a m ete r ©0206_07: 18x10um W, 8.3mm hollow 33 time [ns]

4th JETSET School - Ponto Delgada, June 2007
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Astrofyzikalni vytrisky na Z-pinchich

Radial foil B,

« Magnetically driven jet using foils
— Replacing W|res by a metalllc foil (6Bum Aluminium)
- - B - Easier to build ©

+ Allows to use smaller size
' cathode

— B, is stronger at
smaller radius

 Mass distribution is
different from radial wires

— Expect different
breakage conditions

Time resolved XUV emission images (E>10eV) DN
.
K ‘\. .
3mm $0301_07, 6um Al foll
237ns 256ns 267ns 286ns 297ns 306ns 336ns
W77
. P . . 3 1| = Z1stbubble 3rd
« Formation of “periodic” bubbles | 2 2w bubble 1,
with increasing expansion e sth | 2
velocities = \ o | Pubblep 5
« Correlated with x-ra isSi ol pasble | / Stronagt ®
- y emission 05 bubble i - H p|nch7 %
» Possible smaller jet forming 04 o | 3
: 02 -
on axis for each new bubble wl . o 7 \ V5 S N
200 220 240 260 280 300 320 340 360

time [ns]
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Astrofyzikalni vytrisky na Z-pinchich

Time resolved XUV emission images (E>10eV)

$0301_07, 6um Al foll

267ns 286ns 297ns 306ns 336ns

« Formation of “periodic” bubbles 2nd bubble

3rd bubblel

4th JETSET School - Ponto Delgada, June 2007

Hot Gas Bubble Ejected by Binary Star XZ Tauri
Hubble Space Telescope * WFPC2

NASA and J. Krist (STScl) » STScl-PRC00-32

NIVERSITY OF
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Laserove laboratore

e koherentni (podelne i napric)

* monohromaticke (kvazi- \
monochromaticke)

* muze mit velmi presnou/ Yot [ yump When aser
kontrolovatelnou polarizaci (pokud e
zrcadlovy rezonator ma v sobe e S S| oy e,
polarizacni prvek) TN S

° Velmi Zamereny paprsek S niZkou pz:"np 1 1 f Photons reflect off
divergenci e

electrons to emit

. o . A - . ~ /7 | their photons.
* muze mit vysokou svetelnou intenzitu Q%VQ:’}?Y 1/~

N VA YVAY

Excitation Energy f 1 f
pump
on pump on

A chain reaction
of photons begins

N\

% Laser Gain Medium Laser Beam a:;i:lhseulla"slears o
7 ey | A

Rear Mirror

Front Mirror / Output Coupler

Total Reflector Partial Reflector

Full
operation.

/ 1 JAA

LASER RADIATION

NIVERSITY OF
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Laserove laboratore

60 paprsku s max. energii
140 000 J, nanosekundove
/| B pulsy & Omega EP — ps
x : K " | laser - druhy nejvetsi laser

Ry
/ ' [ \; na svete!

UNIVERSITY OF
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Laserove laboratore

Integrated computer
conltrols system —__

Beam-path infrastructure ——_

experimental
systems

-

UNIVERSITY OF
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Meziplanetarni soky

Collisionless shock experiment at the
Nevada Terawatt Facility

2 . I
e < aser
o = o/
@ L . S-
c i - k
" 3% B
& 9"! ’ t
8T — 8
-
Electrode 1mm
Plasma shell parameters: Plasma regime:
velocity: Vo= 2x107 cmis resistive diffusion: R, > 30
density: =~ 7%x10'7 cm3
i e em Hall term: (clwp)2 L,
field strength: B=8-10T
temperature: T,<200eV, T;<100 eV lon magnetization: 2n/0;2 1,

length scale: L,=0.2-0.3 mm

R. Presura ef al., Astrophys. Space Sci. 298, 299 (2005)
W. Horton et al., Phys. Plasmas 11, 1645 (2004)

Vulcan: Colliding laser-produced plasmas in magnetic field

CgHy 100 nm
thick foils

¥ N

7 T field produced by laser-

10?“0\5;:-' — ,0-8»«0 Wi Generated electrons
- 4 mm ‘s
\ - %
Parameters SNR: 100 yrs Exp: 300 ps - ~. €
R, 1013 107 4 ~, 7
Pe 10" 10" N - L”L
= 109 3 %102 ¢ |
r/L 109 10-1
Plasma f B=5 x102 B*=4x102
Eu 18 21
M 16 12
Ma 3 %102 20

Helmholtz Foil holders & Foils

coil » observed features smaller than A;
) * no evidence of collisionless shock
» plasma not enough magnetized

N. Woolsey ef al., Phys. Plasmas 8, 2439 (2001)

UNIVERSITY OF
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Meziplanetarni soky

UCLA: Exploding laser-produced plasma
in a large magnetizz%d plasma

-
o He, 2x102 cm? | 5eV
o8 ,
TI=F 1 Hz
S B (0.3 - 2 kG)
-

anode B-dot probes, etc.

30J1
v Large Plasma Device (LAPD

P i

Perpendicular shocks:

V, = 500 km/s (M,=2.5)

Size D=50cm

Shock transit time: ™= 1us
Di(ciw,) =1, W, = 1, A;/D>500

C. Constantin ef al., Astrophys. Space Sci. 322, 155 (2009)

W. Gekelman et al.

Measurements show super-Alfvénic pulse (M, =2-3)
propagating away from piston

target cluy,

b 350.
300
0} 2500 . fast B-field diffusion
. - G 200
£ o * large amplitude shear-waves
S 100 150
>
100 * 2D hybrid simulations predict
is that c/w;210 is required for
-20 shock to form
0
wd-
3ol 600 km/s = 3v,

05 00 05 10 15 20 25
time (us)
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Nitra velkych planet

104 T T T
Va rp ur
Specimen — 103 F p-T track for sun
Water curtain >
confining medium 3 ':ad(‘gg\;e'ly
P eated foi
< = 102} R
©
Focused laser bearn 8 1 plam(
[ £ 10 shocks ]
T ling ul L
shock waves 100 planetary cores |
10-1F
Paint (ablation medium
10-2 | | | ]
103 102 10-1 1 101 102 103
Density (g/cm?3)
LILAC simulation (t = 3 ns) )_‘ LILAC simulation (t = 5 ns)
a ) . | i :
( ) > Field of view , —‘}‘E;II’"— > Field of view ,
1023 . Unshocked 1023 . Unshocked
E _ F 1
1022 - e ="ler g022. e er /i
& - [2.0%1023 cm-3 G : ak
2.0x108 ecm=3 |!
21 (p - 3 £ 1021 - :
E 104! =|(p ~ 0.8 g/em3) S 1047 = (o ~ 0.8 g/emd) E
) o H
£ 1020 - S 1020 L :
t 1020, 1 < :
C Liquid 3 Liquid Y = i
1019 - : 1019 .- Liqul 2
= deuterium E deuterium__/ % 410
0.00 0.25 0.00 0.25 0.50 0.75 1.00
X (mm)
Scattered
'Lasgr Re gasket Sample light
light in '
Diffracted ¢ Focused X-ray
X-ray L[J
Laser
beam out
Ol )
Heater |pressure
Thermo o markers

couple (Au, Pt, ruby)
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Nitra velkych planet

(Do Omega Experiment un g

Planar cryogenic target Non-collective 90° X-ray 6 ns drive pulse
i . X (mm i 14 2
scattering geometry: (mm) with 10 W/cm
0 1 (12 Omega beams)
Cu cryo cell L
N Liquid
Pinhole aperture A deuterium

Saran foil (Cl Ly-a) \

(polyimide window)

1 ns backlighter
with 101 W/cm?2
(16 Omega beams)

8 um CH ablator “piston”

(polyimide window)

Transmitted x-ray spectrum

i

10000 T T T < Field of view
-5- Experiment
_ 8000 ] V HOPG/XRFC
=)
[=
- < 6000
2 [] Drive beam
— — 2 Backlighter beam
> —_ g 4000 N
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. FIG. 1. Conceptual layout of the OMEGA line-imaging shock breakout
WlndOWS diagnostic. An image of the target is relayed to the streak cameras through a

pair of velocity interferometers.
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Diagnosticke pristroje — VISAR, SOP
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* Velocity (first shock): p 0.65 g/cc

17 + 0.9 km/s i 045 Mbar
T 0.45 eV

* Velocity (2" shock): 0 0.68 g/cc
P 0.76 Mb

23 +1.0 km/s o
T 0.75 eV
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Inercialni fuze

* Tyto laserove systemy maji desitky az stovky jednotlivych
paprsku, ktere se vsechny soustredi do jednoho bodu =>
rovnemerne ozareni fuzni kulicky

* Vysko-energeticke lasery (kazdy paprsek ma 200 — 1000 J)

* Pomerne dlouhe pulsy ne-
kolik nanosekund =>
vykon: 1012 W =TW I!!

e Tyto parametry jsou velmi
dulezite pro vyzkum inercialni
fuze a laboratorni astrofyziky

e Lasery jsou schopne
vytvorit podminky panu-
jici v nitrech velkych pla-

Ablation _—Incoming

het a hvezd surface laser beam

Ablating
plasma

2H °H

5. @
@)

o 4He + 3.5 MeV
n+ 14.1 MeV

Imploding
plastic shell
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Inercialni fuze

Vedle velmi zname -
magneticke fuze, kterou si
fyzikove procvicuji na
tokamacich JET a brzo snad i
v ITERu, existuje nemala
skupinka vedcu, kteri se
pokouseji o “zazech” na

HSI fusion target

One of the 350-nm
compression laser

nejvetsich laserovych o] B
610°C /
M [ Fission blanket
systemech sveta jako NIF, T
Lithi _’| d fi Be neutron multiplier
Omega nebo Gekko. walcooa
§m
* Direct drive: == Radiation *» Blowoff =» Inward transported thermal energy
. . 3
Lasery uniforme ozari i . 4 v
povrch zmrazene kulicky L v o
deuteria tritia (D-T). Hmota ';\\ /:' - e
z povrchu se rychle zahreje t b -~ LS
. Ty
a zacne expandovat jako
] P J Laser beams or Fuel is compressed During the final Thermonuclear
raketa. Silne sokova vina laser-produced by the rocketlike part of the capsule  burn spreads
pak pa di smarem do centra :(hrays rl;apidlyf I:sat blo‘¥voff of tt:e 'h(l)t implosionhthe fuel :ﬁpidly throughd
’ e surface of the  surface material. core reaches e compresse
pricemz stlacuje a zahriva fusion target, 20 times the fuel, yielding
. . forming a density of lead many times the
vodik uvnitr, ve kterem se surrounding and ignites at input energy.
nakonec zazehne plasma envelope. 100,000,000°C.

termonuklearni reakce.

* Indirect drive:

Lasery zari na vnitrni
povrchu zlateho
hohlraumu, ktery vyzaruje
silne a rovhomerne
Rentgenove zareni, ktere
pohani sokovou vinu v D-T.
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Lasery umi vyrabet i positrony!

Au Target Sheath

_Field

Short-pulse Laser

- e+

oy POsitron |
’ e+ Acceleration

'__

Long-pulse Laser

+ 4+ + + + + +

 Two Possible Mechanisms:
— Direct process:

e +Z—e +te +7

* Trident process
— Indirect process (via Bremsstrhlung):

e +Z—e +y+Z—e +te +te +7Z

* Bethe-Heitler (BH) Process

* Since electrons have a shorter stopping
distance thick targets favour BH
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Obsah prednasky

e Laser vyrabi celou radu nabitych castic a
fotonu, ze zadni strany jsou urychleny
elektrony, positrony, protony a ionty

Au or Ir » | Image plate for +ve charges

-/

é

70-200J

on target
Image plate for -ve charges

— +ve plate
protons

electrons -ve plate

POSITRONS!!!

el

electrons
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Dalsi priklady & zaver

* Dalsi priklady astrofyzikalnich objektu, ktere se
simuluji v laboratorich pri podobnych
experimentech:

— vybuchy supernov (Z-pinche, lasery)

— dynamika Slunce/hvezd & korona (lasery)

— akrecni disky & MHD nestability (lasery)

— mlhoviny/molekulova mracna (lasery, Z-pinche)
— kosmicke zareni (SLAC)

— cerne diry (urychlovace)

— Velky tresk (LHC ???)

— ... atd ...

» Laboratorni astrofyzika se v poslednich letech stala
dulezitou soucasti vyzkumu vesmirnych objektu

* S novymi energetictejsimi lasery, Z-pinchi,
urychlovaci a dalsimi vykonnymi zarizenimi jsou
dnesni vedci schopni vytvaret i ty nejextremnejsi
podminky panujici ve vesmiru

* Hlavni vyhodou techto experimentu je siroka skala
diagnostickych technik, ktere primo a soubezne
mohou studovat fyzikalni procesy — astronomove
maji k dispozici jen omezene mnozstvi diagnostik
(spektroskopie - teleskopy, magnetometry
+chemicka analyza — kosmicke sondy)
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