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The purpose of our investigation is to verify experimentally the basic results obtained with
the magnetoactive laser plasma theory [1]. The experiments were performed on the
NEODIM laser setup outlined in Fig.1. The laser setup consists of the following main
components: start system, amplification path, compressor, vacuum target chamber, laser

radiation diagnostic system, and plasma diagnostic complex.

Fig. 1. NEODIM laser setup
scheme.

1 — master generator;

2 — stretcher;

3 — regenerative amplifier;

4 — pre-amplifief]6x110 mnf;

5 — amplifying system with four
amplifiers;

6 — compressor;

7 — focusing system;

8 — adjustment laser;

9 — Faraday isolators;

10 — Pokkels sells;

11 — mirror;

AD; — aperture diaphragms;

F, — vacuum spatial filters;

T —target;

VC - vacuum chamber.
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Eznzranti avrinm,
v

Measurements showed that at the laser setup exit the laser beam with the diameter of 120

mm has the laser pulse energy of up to 12 J at pulse duration of 1.5 picoseconds.

From the laser setup exit, the laser beam goes to the vacuum target chamber where it is
focused at the target into a spoth in diameter with an off-axis parabolic mirror. It

provides the intensity of 1#®Wi/cn?.

For our laser plasma investigations we developed the diagnostic complex which consists of

the X-ray spectrographs with spatial resolution; the activation neutron detector; the all-
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wave neutron detectors based®sie counters; the neutron- apdletectors based on
stilbene or plastic scintillators; tlyedetector based on Nal(Tl) crystal; and the track
detectors.

Our experimental setup is outlined in Fig.2. Using the off-axis parabolic mirror, the laser
beam was focused on different targets &tv@ih respect to the target normal. As a target,
we used solid-state plates made of deuterated polyethyleng, (CB0 to 35Qum thick;

plates made of deuterated berillium BeD $00 thick; targets based on (gRPpowder

with the density ofp= 0.1 g/cni; as well as targets made of teflon, berillium, aluminum,
magnesium, copper or zinc.

Fig. 2. Experimental setup
scheme.
T —target; VC — vacuum chamber;
W — vacuum chamber window; M —
off-axis parabolic mirror; LR — laser
radiation; F — Pb filters; D-
scintillation detector based on
stylbene GH1, crystal; B, Ds —
neutron radiation detectors based on
- *He counters; - highsensitive
neutron activation detector;s[Ds,
D, — detectors based on plastic
scintillators; FSSR-1, FSSR-2 — X-
ray Focusing Spectrographs with
Spatial Resolution.
. Target T, mirror M and detectors
"X L D1, Dy, Ds, Dg, FSSR-1, FSSR-2
T placed in one plane XY.

Control of laser radiation intensity was made by measurement of hard X-radiation with the
detector @ based on stilbene crystal. We did not change position dei2ctor and its lead
protection throughout the experiments. To monitor laser plasma neutron radiation, we used
two detectors - Pand I3 — based on helium counters, which were placed at 20 cm behind
the target (P detector) and at 1 m under the targef dBtector). D detector performed

neutron radiation monitoring along the laser beam, whildddector — across the laser

beam. To determine neutron yield we used highly sensitive activation neutron detector D
placed at 25 cm above the target. To estimate neutron energy distribution with the time-of-
flight method we used two detectorss &hd Oy — based on plastic scintillatorss Betector

was placed at 2.8 m from the target, whiledatectors — at 4.1 m from the target. Both D

and [} detectors were placed within lead housings with the walls 10 cm thick to provide

protection against-radiation from laser plasma.
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To estimate the maximum energy of hard X-radiation and the numbgipuahta we used

D- detector based on plastic scintillator placed at 1 m from the target. In front of the
detector we installed lead filters of different thicknesses. Lateral surfacesletdator

were protected with lead protection 1.5 cm thick.

To register plasma X-radiation we used two FSSR spectrographs with spatial resolution.
In Fig.3a we present oscillograms of pulses from the neutron detectors based on helium
counters (the upper ray corresponds talEtector digital output, while the lower one —to
D, digital detector). The data were obtained when detecting neutrons frog (@Det

350 micrometers thick at laser radiation intensity df Yo/cn?.
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Fig. 3. Experimental oscillograms.
Detection of neutrons and estimation of their energy were made using the time-of-flight
method.
Fig. 3b illustrates oscillogram of the signals from the detector based plafdic
scintillator. It can be seen that except for the first pulse causgdétgction, there is
another one delayed by 200 ns with respect to the first one. The second pulse is associated
with detection of neutrons having energy of about 2.2 MeV. These data confirm that the
neutrons detected in the experiments are not of thermal nature but result from fusion
reaction D+D- n(2.45MeV) +He.
It is interesting to compare our results for neutron yield from laser plasma on solid-state
deuterated (CP), targets with those obtained in other research laboratories. Fig. 4 presents
measurements of neutron yield with solid-state deuterateg){@Pgets at different laser
pulse intensity and duration (the triangles correspond to lasers with the duration of 50 to
300 femtoseconds, while the circles correspond to lasers of picosecond duration). Our
results are indicated with circles N6, 7. It can be seen that in terms of maximum neutron
yield on solid-state deuterated (gptargets it is preferably to use lasers of picosecond

duration. Note as well that the threshold intensity of laser radiation to obtain sufficiently
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large neutron yield of order of 1per a pulse is about ¥on/cnt for femtosecond lasers,

while for picosecond lasers — about 10//cnt.
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The fact that picosecond laser plasma has sufficienly high temperature even at laser
radiation intensity of order of 10Wi/cn? is confirmed by our experimental results

obtained for detection of fast ions, fast electrons and super-strong magnetic fields.

The summary of our experimental investigations are:

1.

Neutron generation in laser plasma has been investigated at intensities'freon 10
10" W/cn? with different deuterated targets.

Fast ion distribution has been obtaineb=aB10' W/cnf. The part of fast ions having
energy higher than 10 KeV is about 20%.

Maximum electron energy (cutoff enerdigvax = 650 KeV has been estimated at
310" wient.

Spectral method for local measurement of super-strong magnetic fields in laser plasma
has been developed based on registration of F IXygiX-ray line satellites. Values

of magnetic field intensities has been found to be equ&aktd0 MG atl = 210"’

Wi/cnt andB = 60 MG atl = 310" W/cn¥.

Laser plasma diagnostics has been made by Mg and Al ion X-ray specifa avith

Ne estimation. Spectrum of highly-excited states has been investigated for N-, O-, F-
like ions of Zn XXIV, XXIII, XXI.
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