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Femtosecond laser plasma
— unique source of hard x-ray, fast

electrons, ions and neutrons with
high energies

Applications:
A x-ray spectroscopy with high temporal resolution;
A nanostructures Investigation;
A medical researches:
A biology;

A etc.



X Plasma properties

A Solid state density, n,=10% cm3
A Non-Maxwellian distribution of electrons:

- thermal electrons, E_=up to 1 keV ) at
- hot electrons, E,=20 keV - 1=10" W/cm?

-

A Emission of hard x-ray:

- bremsstrahlung

- radiation of lines
A Duration of x-ray pulses C few ps;
A High efficiency of conversion of laser

radiation into x-ray ¢ F M3
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Advantages of a liquid target

A Simplicity of target
construction;

A Stability at high
repetition rate of
pulses.




X Experimental setup!”)

. ~. 7 5] .
Ti:Sa laser parameters:

- pulse duration: 60fs; 7

- wavelength: 800 nm; /
- energy of a pulse: 1 mJ 5

- repetition rate: 10 Hz

- peak intensity: 101" W/ cn® .

1 ¢ laser beam, 2 C objective (F/D=6), 3 C vacuum chamber (P=107 torr),
4 ¢ heater, 5 ¢ bath with melted Ga target (T=300 °C), 6 C filters, 7 C PMT

with Nal(Tl) scintillator, 8 C spectrometer (PIN-diode Amptek AXRCR)
08)

(*)JD.S.Uryupina, M.V. Kurilova et al.// Moscow University Physics Bulletin, 63, No4, 267 (20
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Spectrum of plasma
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Stability of x-ray source at 10 Hz!")
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(*)V.M. Gordienko, M.V. Kurilova, E.V. Rakov et al.// Quantum Electronics 37, 651
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Stability of x-ray source at 1 kHz

Ti:Sa laser parameters: pulse duration —100fs; wavelength —

800nm; pulse energy —2 mJ repetition rate —1 kHz
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Laser pulse shape

Laser pulse parameters:

- pulse duration: 60fs; : ﬂ

- pulse energy: 1 mJ 5

- prepulse No2 energy (a.u.): g — pOTfs
104 2 {13 ?

- prepulse Ne3 energy (a.u.): < 0. _/\ 7%’\

3 . 2 1

2x107, from 10?1 to 4001

- s~ and p-polarization; Time

1 € main pulse, 2 C prepulse at picosecond scale,
3 C prepulse at nanosecond scale
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Main results
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Expected energy of hot electrons at 10 W/cm? : E, =20keV

At prepulse amplitude 50 efficiency of conversion of laser radiation:

- into entire spectrum into range >6 keV ¢ 4x10%%

-into K, and K lines —2x10%%
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Optical shadowgraphy

Ti:Sa laser parameters:

- pulse duration: 60fs;

- wavelength: 800 nm;

- energy of pulse: 5 MJ(200K ¥h target);
- repetition rate: 10 Hz

1 ¢ beam splitter, 2 ¢ SHC, 3 C objective, 4 ¢ CCD camera

magnification XZO\
4 ‘




Size of formations after 13ns of prepulse action:
- jets — < Jiln;

- opaque bubble—1 O m;
- oblong jet—1 3 Um. U
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K Conclusions

A liquid gallium can be used as a stable laser-plasma
source of x-ray pulses with repetition rate up to 1 kHz
with more than 10° x-ray quanta per second;

A 60 times increase in hard x-ray yield and almost fourfold
growth of hot electron energy in plasma is achieved
using a laser pulse with a prepulse;

A submicron jets are found, which might lead to local
electric field amplification and also independence of
plasma parameters on polarization.
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Thank you for
your attention



