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Abstract

Recently the D-D reaction in the PF-1000 devicéP®LM Warsaw was studied with ten
scintillation detectors placed at the distanceween 7 and 85 m from the neutron source in
both axial directions. The deuterons producingribetrons have the energies in the range of
10 - 300 keV. The energy distribution of deuteraras calculated supposing both the axial
motion of deuterons and the dense and hot sphesinatture at the heel of the umbrella
shape of the current sheath as a neutron soursea part of neutrons, minimally 20%
with energies in axial direction between 2.35-2M&V, could be produced by the deuterons

with isotropic distribution of velocities.
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1. Experimental and diagnostic setup

The measurements were performed on the PF 100idyfét], which operated at the
electrical energy of 500 kJ, the voltage of 27 k¥d the maximum current at about 1.8 MA.

The radiation in the range from visible to hard &rmwas measured with temporal,
spatial, and energy resolution. We used the didgsosimilar to that described in [1]. We
employed one soft X-ray microchannel-plate (MCPedw®r, split into 4 quadrants. A PIN-
silicon diode detected XUV-rays in the window of02® 300 eV and in the range above 600
eV. Four optical framing cameras imaged the intgredi bremstrahlung at the visible spectral
window. A thin plastic scintillation detector, coed with a 10um thick Al foil filter,

recorded soft X-rays (SXR) of energy above 5 kelas# scintillation probes of 5 cm



34th EPS 2007; P.Kubes et al. : FAST DEUTERONS AND NEUTRONS IN PLASMA FOCUS DISCHARGE 20f4

thickness, equipped with fast photomultipliers degd the hard X-ray radiation (HXR) above
a few hundred keV and neutron emission. The prolme situated downstream (at distances
of 6.8 m, 16.3 m, 58.4 m and 84.2 m), upstreandi&ances of 6.8 m, 16.3 m, 30.4 m, 44.2
m. 58.4 m and 84,2 m) and side-on (at distance.®i9 and they were shielded from the
scattered noise. For the neutron yield measurenmediyym and silver activation counters

were used.

2. Experimental results and discussion

The presented results were obtained from the datallysis of signals recorded
mainly in the shot No. 6540 with the total neutrgield amounting 7x18. The time of
production and energy distribution of neutrons waralculated using Monte-Carlo
simulations and the time-of-flight method (K. Renathis proceedings).

In Fig. 1 we can see the energy distribution of reg simulated from the signals
recorded in all axial detectors. Dominant part efitérons producing neutrons had dominant
axial component of their velocity downstream (ab2wvb MeV).

In Fig. 2 one can see the signals of scintillati@bectors registered in distances 6.84 m
downstream, upstream and side-on and the dominahcthe fast deuteron velocities

downstream, especially in the second neutron pulse.
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Fig. 1: Shot 6540. Energy distribution of Fig. 2: Shot 6540. Signals of scintillation
neutrons in the direction downstream detectors registered at 6.84 m downstream,

side-on and upstream

We can discuss the energy distribution of deutesupgosing the existence of the axial
deuteron velocity component only. The number oftelens is strongly influenced with the
cross-section of D-D reaction. The neutrons witargres in the range of 2.55 — 3.2 MeV are
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produced with deuterons of 10 - 300 keV energiesingogdownstream and the neutrons with
energies 2.0-2.35 MeV with deuterons of 10 - 250 keergies moving upstream. We can
estimate the mean free path of D-D reactipp for the cross-sectiow(Ep) [2] using the
equationApp = 1ho(Ep), wherek; is energy of deuterons amgis the deuteron density of
the target (neutron source). Then we can calcti@energy distribution of fast deuterons for
the probability of D-D reactioppp = 1/4pp (I is the length of the target) knowing the neutron

energy distribution function and the dimension #r&density of the target.
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Fig. 3: Shot 5071. XUV frames of the dense andshroicture at the heal of the current sheath

The time of neutron production corresponded toftmation of the dense like spherical
structure imaged in Fig. 3 and described in [1,3/¥¢ can calculate, if this dense and hot
structure may be the spatial source of the neutrdisble and XUV frames showed the
evolution of the stagnated plasma. During 0 — 7@hescylindrical structure of the hot and
dense plasma was transformed into spherical. Tddslity with intense radiation had
temperature above 10 eV (threshold of the sensitofi the soft X-rays MCP) and electron
and ion density above 1om™ [4,5]. Its left boundary moved axially from thecate with the
velocity of 16 m/s, which corresponds to 10 keV deuteron enefigs( 4 a,b,c). The
structure was located at the heel of the umbrélégps of the current-sheath and it lasted for
life-time up to 150-200 ns. Using; = 2x10°> m* andl = 2 cm we obtained the dependence
presented in Fig. 4. In this figure we can sed, ti@ number of fast deuterons monotonically
increases with decreasing deuteron energy downmst@s E and upstream as*EThe
deuterons with energy below 10 keV do not take pathe D-D reaction (in this case their
number should overcome the real number of partitiethe pinched column 3x39). The
neutrons in the energy range of 2.35-2.55 werergése by the fast deuterons with important

radial velocity component.
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Fig. 4: Shot 6540. Energy distribution of fast gdgahs downstream (up) and upstream
(down)

3. Conclusions

In this paper we estimated the distribution of eéles of fast deuterons from energy
distribution of fusion deuterons in typical shottiaé plasma focus device PF 1000. 70% of
deuterons had dominant component downstream andup@3¥#eam both in energy range of
10-300 keV. Minimally 10% of detected neutrons tave a dominant component of radial
velocity. The number of fast deuterons monotonycalicreased with decreasing deuteron

energy and the neutrons are produced only by degevith energy above 10 keV.
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