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Absorption length of A=0.27 nm
in Titanium (Z£=22) : ~ 20 pm

In laboratory always transient micro-plasmas with strong gradients
— spectroscopy with high spatial and temporal resolutions
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Relevance of Laser-produced Plasmas
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Fundamental Parameter: Brightness

time [s] emitting size [mm?] divergence [mrad?]

v’ time-resolved X-ray diffraction

fast ions

Laser

v' point-source for radiography

v" backlighter for Thomson scattering

electron

preplasma cloud

v" electron and ion acceleration (TNSA)

Target

© Wilks

v laser-fusion and the ,Fast Ignitor“-scheme
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Physics of IR-Laser-Target Interaction

Ponderomototive Potential
f thi ~ ~ 2

et o Thot ~ Gpona ~ V1A

101° W/cm? IR-laser pulse
focused laser puls 3 gt creates fast electrons

electrons with energies
up to MeV heat the cold

fast electrons , .
SRR  target by collisions

S

electrons With__ E > 5keV
In Titanium are capable of
K-shell ionization

High Density & Fields, refluxing, filamentation,... we observe Ka-emission
Hybrid PIC-fluid model: Evans et al., HEDP 2 (2006) from the heated target

LIE Zastrati 6



200 ans d'enseignement et de recherche

Experiment at 1OOTW Laser, LULI icFuu

LULI 100TW Laser standard operation (w) and frequency doubling (2w)
to obtain higher prepulse contrast

Ti:Sa + Nd:Glas

X-ray
Spectrometer

330 fs pulse duration
max. 13 J energy in focus
8 um focal diameter

1057 nm central wavelength
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Titanium Foll

different titanium samples:
massive (bulk) and foils of 25, 10 und 5um

U. Zastrau et al., PRE 81 (2010), 026406 1-4
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Model:

BD—

um-Foll bulk

transition from cold
to warm Titanium plasma:

blue-shift due to thermal
M-shell ionization

Theoretical line shape models:

Stambulchik,.., Zastrau, et al., J. Phys. A 42 (2009), 214061 1-5
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E, > 100 keV e
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hinders slow electrons
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Summary
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-LP Titan-Plasmas: radial Distribution of the
Plasma Temperature with 4Ar = 13.5 pm

- Toroidally bent crystal X-ray spectrometer

- Single-pulse spectra

- 2D Abel-inversion

- Homogeneously heated central region at kyT = 30 eV

- up to 10x the laser focal diameter Iin size

- spatially integrated spectra show a 3x lower plasma temperature
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Basic idea of X-ray optic with toroidally bent crystals

focal lengths: f,= (Ry/2)sin@g  f,=(R,/2)sinOg

line focus at Rowland circle - R /R, < sin? Oy

toroidally bent crystal

N
P

f 1D space resolved  J
focused spectrum

harizontal bending | magnification >

radius R | + - .
magnification=1
wavelength Coy aeecwr

at the Rowland circle

High Resolution X-ray Spectroscopy
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X-ray optical imaging test of bent crystals

1 D imaging and spectroscopy
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results by E. Stambulchik et al., Weizmann Institute =iG/F s

Ti charge-state distribution

—— Collisional-radiative modeling
—— Saha + Plank-Larkin renormalization

The Ka emission duratlon IS<1ps (T,=T,Is assumed) 8

In bulk titanium, delocalized quasi-free
electrons have to be taken into account.

- A low-temperature-limit charge-state

ity (a.u.)

Is Ti V (four-times ionised, Ti**).

T1VIK  spectrum at different bulk temperatures
(peak-normalized; hot electrons: 0.1%, 150 keV)

LT
===
@ a0
<<<

P — =

S O oo n

02

)"

Z9490 4495 4500 4505 4510 4515 4520
Eph (eV)




Hansen et al.

Accurycy of the method: COMET laser, LLNL, Kalifornien
1057nm, 3-6 J, 500fs, 10 19 W/cm?

Kal Hansen et al.,
| | PRE 72,
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Figure 3.3: Left: K-shell ionization cross section for titanium. Right: Comparison of ex-
perimental data (symbols) and several models (lines) for copper. For details, refer to [62].
The non-relativistic model after Casnati et al. [60] is indicated by the blue curves, and the
relativistic correction [61] was applied by the red curves.




