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KPATKOE CONEPYAHWE IOKIAJIA

» High Energy Density - OCTU>XXMMOCTb B COBPEMEHHOM
9KCIIePHUMEHTE

» OkcrnepuMeHTanbHble yciaoBusi PEARL
> [IprMephI 3KCIIEPHMEHTOB

» [loTeHLManbHbIE PEKHMMBI B3AUMOAEUCTBUS, IPUBOLSIIUE K
HED

» Heobxoayumasi MoepHHM3aLHMs 1a3€pPHOI'O KOMILIEKCa
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OKcnepumenmasivbHble ycaoeus,
docmuxcumvie Ha PEARL

[Iukosass moufHOCMb

pemmo-umnynvca
do 0.4 IIBm. (18/Ixc, 45¢c, 9101m)

Hnmencusnocms ~10 " 21 Bm/ecm ™ 2 npu F/2,
duamemp namua pokycuposku 2,5-3 mxm.
JnunHa nepemsincku okoso 10 mim.

do ~10" 22 Bm/cm ™ 2 npu 6onee ocmpou poxycuposke F/0.7

ITonozas ¢poxycuposka F/40 -
duamemp namua 50 Mkm,
dnuHa nepemsikku -15 mm

1054um@2w - 1 nc - do 180 Huc. (300nc@ 1w) Oxmcummepk k cuenany 50nc.

Maznummnoe noie 00semom nopsi0ka HeckoJbKux Kyouueckux canmumempos u
amnaumydou do 20 T.



[IPAMEPDBI BbIOJIHEHHBIX PEJIEBAHTHBIX KCEPUMEHTOB

1. LWFA (YckopeHue 31eKmpoH08 8 NIA3MeHHOM KUNb8dmepe onmuieckozo dpaiieepa)

TNSA (Ycxopenue npomoHos)

Pe-(ﬁOKyCLlPOBKCl INNIUNCOUOATIbHBIM NA3ZMEHHBIM 3epKajiom

sl

Jlabopamopras acmpodusuka.



YCKOPEHUE B MIASMEHHOM KWIbBATEPE ONTUYECKOIO JIPAUBEPA
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JIASEPHOE YCKOPEHWE NIPOTOHOB
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Basic laser parameters:
A0 =910 nm,T = 60 fs,

a) T ‘\ E=~104,
% flat X-ray Q™ P=160 TW
4/ mirror Sp?ﬁ‘é%"&?“’o' D =100 mm, F/4.2,
77910 nm, 60fs, up 10 8J <—— compressor | =3 x 10720 W/cm?2
C=2x1078 (1 ns)
La:g:rtn ent—" ''''' }I\ I‘ target ﬂ Fl4 1 Shot/20min
cch

\‘\ RCF holder %al:;?_ohc
stack

/40

\’ A

Thomson
parabola

N
S List of diagnostic equipment:

*Thomson parabola
*RCF stack
*FSSR X-ray spectrometer
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Focusing & contrast of the laser pulse (rel. units)
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TP scheme

Thomson parabola data:

Energy (MeV)
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Proton data: RCF - experimental spectrum
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X-ray diagnostics

FSSR
spectrometer

Intensity (a.u.)
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Statistics of the shots

proton energy cut-off (MeV)
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Numerical simulations
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lon concentration of the target (blue line) at the moment of the
main pulse arrival, fitted with
green by exp(x/L) with L = 0.16 um for the overdense part;

red by exp(x/L) with L = 1.1 um for the dense part; and
cyan by exp(x/L) with L = 12 um for the low-dense part
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PEQOKYCHPOBKA 3JUTHIICOUMAJIbHBIM MJIASMEHHBIM 3EPKAJIOM

low-cost production
efforts under way =»

OAP  [0AP focus

~ Raw print

* Tight focusing for increased intensity has demonstrated higher TNSA
energy
* However, open questions remain on role of magnetic fields
* Technology has not been tried for sub 100fs lasers.






JIAbOPATOPHAA ACTPO®U3HUKA
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Reviews in Modern Astronomy, v. 3, (1990), p. 234-265.
Adapted from Bouvier, J., et al., arXiv preprint, (2006).



JIAbOPATOPHAA ACTPO®U3NKA

Y straight beam

CCD camera

- delay ~ 6 ns to 56 ns
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Laser / astrophysical plasma scaling

13 2
o e P, > 1: close to 1, thermal conduction
~ ] ' 1
B, 20T 1e-3 G / plays a minor role
Peclet 3.5 1.0ell 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 (vjet /) 1-30 1050 . M>1: outflow supersonic

>>1 near Same,

B=Pplasmal Pmagnetic source <<1 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

“*Magnetic field: 20 T 2> 1 uT

D. D. Ryutov et al., The Astrophysical J.
29 Suppl. 127, 465 (2000)



BepTrkanbHoe ceyeHme B NiI0OCKOCT BepTvkasibHOE ceveHne
HAHOCEKYHOHOro MMMyJbca B M/IOCKOCTU MarHUTHO MoSs

tilted probe
tilted probe

1ns, 254, 1053nm

straight probe

KapTa MHTepMmeporpaMmbi:

B
12mm @

1.5mm =130pix
1pix=11.5 mkm

16mm
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CpasHeHrue ebicmpesnos Ha @ 1w u @ 2w
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Laboratory astrophysics

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

Jet

/

ionized ——

1S

ccretion Disk{ 107m,

| | |
IR 2R, 1Al

Adapted from Camenzind, (1990).
45
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Craptosag 4yacTtb PEARL.
AKTYQOAbHbIM AM3AMH.

30 fs, 210 nm, 3 nJ, 50 MHz

trigger

1 ns, 1054 nm, 1 mJ, THz



CraptoBagd 4yacTte PEARL.
HOBbI AM3AMH.

Femtosecond Fiber Laser
ANTAUS

Ins

Filter 1054nm

SHG

B »EX

OPAI

SHG i
OUuT

SLM/DAZILER

Spectral
modulator

Phase compensation

4-pass 1 ns, 1054 nm, 1 mJ, Tnm
amplifier
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