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Before its demise DIANA Hi-TECH, LLC, demonstrated the u§éwm 50 kJoule Plasma Focus
devices for the copius production of fast neutrons, x-rays eadio-isotopes. Such a device
is suitable for fast neutron non invasive interogation afitca-band materials including hidden
nuclear materials. It could be particularly useful fdag and fail safe interogation of large cargo
containers, or in merchant marine port of entries. The perémce and fast neutron production
(2.5 or 14 MeV at 18" or 10'3 per pulse, respectively) of the two PF50 Plasma Focus device
produced by DIANA HiITECH, LLC, are discussed.
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1. Introduction

The Plasma Focus (PF) phenomenon was independently diedolg J. Mather [1] and N.
V.Filippov [2] in the late 50’s. Since then advances were enf@jlin many laboratories that studied
the capabilities of PF for producing short pulses (10 - 100afisX-rays, neutrons and fast ions
depending on PF mode of operation. The production of rastitepes in PF has recently received
attention [4, 5]. Commercial PF devices are now availalenfAll-Russia Research Institute of
Automatics [6]. PF operation can be briefly described as astiwge process (see Fig. 1) with the
appearance of high-energy ions and nuclear reactionsrirggim the last stage. In Fig. 2 we show
a picture of the PF25 operated at DIANA HITECH, LLC, in Norte@en, New Jersey,.

These studies [7] suggest the following empirical formuathe flux of ions with (E> 0.1
MeV): d®/dE ~ E~™ (2 < m< 3). This spectral dependence of ions trapped in the plasma lead
to the observed neutron spectrum emitted from a plasma foeuse operating with deuterium
gas. The data provide evidence that the yield of fast beamgkhas the reaction yields in plasma
(Yp) and/or with external target¥;] placed inside a PF, all scale with the square of the energy (W
stored in the capacitor bank [8].

The experimental group at Steven Tech has achieved higlheeffic (vield per kJ of stored
energy) for the production of short-lived radioisotopea plasma environment [9] using a Mather-
type PF device with a capacitor bank energy of W=7 kJ (18,0dls)/and a gas mixture pressure
of p~ 5 Torr. Gas mixtures were composed of low-Z (LZ) isotopesitbgen or deuterium) mixed
with high-Z (HZ) isotopes. The obtained results are showhign 3, from which it is clear that a
broad range of radioisotopes, with large yield, can be predun a PF device. A relatively small
PF-machine, operated at a discharge power of W= 7 kJ, prddi@eto 5 x 10° radio-nuclei per
pulse, while with a medium size machine, operated at digehpower of, W = 70 kJ, one can
expect a hundred times higher yields.

2. The Stevens Tech and DIANA's PF5, PF25 and PF50
3. Production of Fast Neutrons

Of particular interest are PF devices operating with a dautegas or deuterium plus tritium
gas mixture. They yield 2.5 and 14 MeV fast neutrons, regpdygt Since the cross section for
t(d,n)a reaction is 100 times larger than d(d,n) reaction, the prtion rate of 14 MeV neutrons is
100 times larger under the same PF conditions. The pulsétiepeate of of PF is mainly dictated
by the charging time of the RC capacitors, and the time dumatf the pulse can be manipulated to a
small extent by changing the geometry of the plasma eleesrfitD, 11, 12]. It must be emphasized
that the neutron yield of the PF device is due to the instasliproduced in the last stage of the
plasma (stage 5 in Fig. 1) which causes pulse to pulse fluotuat the absolute neutron yield and
the spatial location of the neutron source. Hence apptioatof the PF must include monitoring
these effects.

The rates of neutrons produced in two PF50 devices operaithgdeuterium gas were mea-
sured at DIANA HITECH, LLC, by measuring the activation oiver by the moderated neutrons
to producel®®Ag (r = 2.41 min) and''°Ag (1 = 24.6 sec). The activation method was calibrated
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Figure1l: Schematic operation of a plasma focus header (used for tuription of*’F). We indicate the
sequence of plasma sheath positions. The central eledianheter is approximately 50 mm, the chamber
is filled with oxygen plus deuterium gas mixture at p = 0.1 - TrTa’ he plasma develops in stages: 1 -
the plasma sheath is formed, 2 - the plasma sheath movegittheanode nozzle (% 10° m/s), 3 - the
sheath arrives at the end of the anode and rearranges intmdesywith a conical opening, 4 - the plasma
is compressed at the axis @8dons/m?), 5 - the plasma column quickly develops instabilities assed
with high energy acceleration (with large nuclear reatstiaind intense X-ray emission). Small (20 - 300
microns) plasma domains are created. The domains have ablidetate densities, and temperature of KT
> 3 keV and magnetic fields sufficient to trap ions with kinetiesgy of up to 5 MeV/nucleon.

DIANA's PF-25

Figure2: A picture of the PF25 operated at DIANA, HITECH, LLC.

using an intense Pu-Be source at the Wright Laboratory a& Walversity. The obtained neutron
production rate with the two PF50 device tested at DIANA HOHE LLC, confirmed (after scal-
ing) the production rate predicted for the PF70 devicé{hipulse for d-d fusion and 1®n/pulse
for d-t fusion) as shown in Fig. 3. The two PF50 devices werraied over a long period (a few
days) at a rate of 1 Hz. The control system of the PF was slieldd contained in a Faraday cage
due to the intense associated electromagnetic pulse.
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Figure3: Measured production rates (with PF7) and predicted yieldF70). Neutrons (2.5 MeV) are
produced in PF loaded with deuterium gas (13). For a mixttidetat the production rate of 14 Mev neutrons

is 100 times larger.

Temperature Plasma in Non-Cilindrical Z-Pinch" in 1st @onf. on Plasma Fusion Physics,
Salzburg-1962, Publ. by IAEA as Nuclear Fusion Suppl, 19622, pp577-587.

[3] See for example Proc. 2nd IAEA Research CoordinationtiigeDense Magnetized Plasma,
Nukleonika, Vol. 51, 2006.

[4] J.S. Brzosko, K. Melzacki, C. Powell, M. Gai, R.H. FraritleJ.E. McDonald, G.D. Alton, F.E.
Bertrand, and J.R. Beene. "BreedingddRadioactive Nuclei in Compact Plasma Focus Device;
A.l.P.CP576(2001)277.

[5] E.Angeli, A. Tartari, M. Frignani, V. Molinari, D. Mostzi, F. Rocchi, and M. Summi, "Production of
Radioisotopes Within a Plasma Focus Device", Nucl. Teck. Reotec20, 1(2005)33.

[6] All-Russia Research Institute of Automatics (VNIIA)tp://www.vniia.ru/eng/index.html.

[7] Nardi V., Bortolotti A., Brzosko J.S., Esper M, Luo, CMe#rielli F., Powd| C, and Zeng D., IEEE
Trans. On Plasma Science 16,368-373 (1988).

[8] Brzosko, J.S., Degnan, J.,Filippov, N.V., Freeman,.BKiuttu, J., Mather, J.W., "Comments on the
Feasibility of Achieving Scientific Break-Even with a Plagffocus Machine", Current Trends in
International Fusion Research edited by R. PanarellappidPress, New York, 1997, pp. 11-32.

[9] Brzosko IS., and Nardi V., Physics Lett. A155, 162-16891), Physics Leth 192, 250-257 (1994),
Phys. Plasma2, 1259-1269 (1995).

[10] Sing Lee and Adrian Serban; IEEE Trans Plasma28i996)1101.

[11] J.S. Brzosko, B.V. Robouch, L. Ingrosso, A. Bortolodtind V. NBardi; Nucl. Inst. Meth.
B72(1992)119.

[12] J.S. Brzosko, J.R. Brzosko, B. Robouch, L. IngrossysPRlasm&(1995)1259.



