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The paper presents the two compact simple systems for the measurement of the absolute neutron yield in the range
10°-10" neutrons/pulse and higher and spatial anisotropy of neutron radiation. The systems are destined for the registra-
tion of the short duration neutron radiation of the pulsed plasma installations, such as Plasma Focus (PF), z-pinches and
others plasma installations. This paper also includes the results of the neutron emission measurements on different PF
installations: "Tulip" (P.N. Lebedev Physical Institute, Moscow, Russia), the PF-1000 and PF—150 installations (Insti-
tute of Plasma Physics and Laser Microfusion, Warsaw, Poland).

PACS: 52.58.Lq; 52.70.Nc
1. INTRODUCTION

The neutron measurements are usually conducted on
the every Plasma Focus installations. On the base of the
results received by the neutron measurements on such in-
stallations the dependence of the neutron yield on the en-
ergy stored in capacitors (scaling law) was obtained.
However, since the methods, used in those experiments
for the neutron measurements, the absolute calibration of
detectors, the background of low-velocity and moderate-
energy neutrons were different, some degree of uncertain-
ty can take place. Therefore it is necessary to carry out the
neutron measurements on different installations with the
same neutron measurement system (at most simple and
mobile). In the paper we describe the devices for neutron
measurements, which allow to measure of neutron yield
with a good accuracy on different installations without the
additional calibration.

2. THE SYSTEMS FOR THE NEUTRON
MEASUREMENTS

Two compact simple systems for the measurement of
the absolute neutron yield (10°-10" neutrons/pulse and
higher) and spatial anisotropy of neutron radiation were
developed in the Lebedev Physical Institute (Fig. 1). The
systems are destined for the registration of short duration
neutron radiation of the pulsed plasma installations.

These systems are minimally sensitive to background
of low-velocity neutrons and have been calibrated as mo-
bile instruments (in other words, the calibration parame-
ters have to be unchanged when we place the neutron reg-
istration systems in different positions on different instal-
lations) [1-3].

The first system consists of minimal number of
recording devices and compact interchangeable activation
detectors with different dimensions of moderator contain-
ers. The electronic unit is built on the TTL standard; the
AAA-accumulators are used in power supply of the elec-
tronic system.

The second system utilizes the same small activation
detectors. The small optically isolated electronics package
has 4-digit data output to LCD display and is screwed to
the sensor of the detector. In the power supply of the elec-
tronic unit and the sensor the 9V accumulator is used.
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Fig. 1. Different detectors of the neutron registration sys-
tems. The size of containers with moderator: cylinders
with diameter 3.5, 6.5, and 14 cm and length 12, 11, and
20 cm correspondingly

The developed neutron measurement systems utilize
the halogenous Geiger—Muller counters of the CTC—5 and
CTC-6 types as sensors (Russia) that is wrapped with in-
dium or silver foils and placed in the containers filled
with the neutron moderator. As it is known, for such rela-
tively small moderator containers, the dimension of the
moderator determines the sensitivity of the device—the
larger moderator, the higher sensitivity. On the other
hand, the larger the size of the moderator, the influence of
background of low-velocity neutrons is heavier. (Low-ve-
locity neutrons arise due to the scattering of fast neutrons
in the material of the constructing elements of the installa-
tion, neutron shield packages, and walls.) Taking all that
into account, we have determined the optimal size of the
containers with moderator. The material of the moderator
is plexiglas (or paraffin) covered with cadmium foil. Cad-
mium is used in order to reduce the influence of low-ve-
locity neutrons on the results of measurements (the cad-
mium capture cross-section for thermal neutrons is very
large one). The experiments conducted on the various in-
stallations have confirmed the correctness of the chosen
parameters of the neutron detectors.

Rather low efficiency of the neutron detectors imposes
severe conditions on the resolution time of the counter
electronic circuit. In order to increase the efficiency of the
neutron detectors it is desirable to reduce the miscounts of
the recording system. With the purpose to reduce the mis-
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counts, obviously, the resolution time of recording system T

is necessary to make as short as possible. For the given 72 —the relaxation time of a radioactivity;
variant of the neutron detectors the resolution time of 1 = In2 ’
recording system was approximately equal to 120 ps that T

is only a little longer than the dead time of the sensors. % —the half-life of corresponding foil isotope.

The two nuclear reactions give an important contribu-

tion to activation of indium or silver foil. Corresponding-
ly [4, 5]: CALIBRATION CONDITIONS
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The neutron measurement systems were calibrated
with Po-Be, Pu-Be, and Americium—241/Beryllium
sources. The procedure of calibration of the neutrons
counters with indium foils is given in [2]. The influence
of the low-velocity and moderate-energy neutrons back-
ground to experimental results have been tested by the in-
dependent measurements of the neutron yield [6].
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The single and double primes indicate the parameters of
reactions, which we have written for two indium isomers
or silver isotopes (In''® and In'"*™ or Ag'*® and Ag'"").

Fig.2. The maximum neutron yield on the different Plas-
N—the recorded number of pulses; ma Focus installations. ®— measurements with these di-

) agnostic systems; m—data from the literature
AN —the errors of the recording system;

I—the intensity of the neutron source; 3. RESULTS AND DISCUSSIONS

& —the effectiveness of detector;

At —the measurement time; The results of the neutron measurements are presented
t;—the irradiation time; in Figures 2-3. In Fig. 2 one can see that the character of
t,—the time interval between the irradiation end and the  the neutron emission of two installations (PF—4 and PF—
counter beginning; 150) is close to the E? law, the neutron emission on others

N_ 4'2 —the average number of background pulses for PF installgtions are significantly lower. The reasons of
Atp ) such low yield could be:

* the shape and dimensions of the electrodes are not opti-
Q —solid angle at which the detector is visible from the = mum;
location of the pulsed neutron source;
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* a restriction of the ion component of the current that
could be arise in the near anode area on the big PF instal-
lations [7];
* the loss of the current due to the pinch rotation [8];
* the splitting of the pinch into filaments [9];
* the secondary breakdowns near the insulator,
and others.

The neutron emission can exhibit a strong forward di-
rected anisotropy. Anisotropy factors Yo/Yeand Yo/Yisoin
the range between 1 and 2 were measured (Yo, Yoo, and
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Fig.3. Spatial neutron anisotropy measured with these
neutron activation counters systems

Y so—correspondingly neutron yields at the angles 0°, 90°
, and 180° to the Z-axis of PF).

The figures show that anisotropy factor decreases with
the increase of gas pressure in PF chamber. We also ob-
served that anisotropy is higher in shots with high neutron
yield (especially for the factor Y¢/Yis0). The high spatial
anisotropy is an indication of the dominant role of axially
directed ion beams in the neutron generation process.

Fig. 3(a) shows that the role of the accelerating mecha-
nism of the neutron production on the large installations is
less than one on the small PF devices. The accelerating
mechanism, as it seen from the Fig. 3(b), is suppressed by
the increase of the pressure of the operating gas.
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MAJIOT'ABAPUTHBIE AKTUBAIIMOHHBIE JETEKTOPBI IS U3SMEPEHUSA
HEATPOHHOI YMHUCCHUHU HA YCTAHOBKAX TUIIA «ILJTASMEHHBIIA ®OKYC»

U.B. Bonoobyes, O.H. Kpoxun, B.Al. Huxynun u E.H. Ilepezyoosa

B paGore npencraBieHsl JBe POCTbIe ManorabapuTHBIE CUCTEMBI JJIsl K3MEPEHHsI aOCOIIOTHOTO HEUTPOHHOTO BbI-
xoma B o6mactu 10°-10'* HEHTPOHOB/MMITYJILC M BBILNIE M IIPOCTPAHCTBEHHON aHWU30TPOIIMH HEHTPOHHOTO H3ITyYeHHS.
CucteMbl IpeiHAa3HAUESHBI U1l PETUCTPALIMK KOPOTKOT'O 10 JUTUTEIbHOCTH HEUTPOHHOTO M3ITy4eHHSI IMITYJIbCHBIX ILTa3-
MEHHBIX YCTaHOBOK, Takux kak [Inmasmenssiii poxyc (I1P), z-mmHun u npyrux. B pabore Takxe npuBeaeHs! pe3ynbTa-
THI TI0 U3MEPCHUI0 HEUTPOHHOH sMmccuy Ha pa3nuuHbiX [1® ycraHoBkax: «Trompnan» (OuU3nUYecKHid MHCTUTYT WM.
[1.H. JleGenera, Mocksa, Poccust), PF-1000 u PF—150 (MHcTuTyT H3uKy 1mi1a3Mel ¥ J1a3epHOI0 MUKpOcHHTE3a, Bap-

maga, [lombiua).

MAJIOTABAPUTHI AKTUBALIMHI JJETEKTOPH 1151 BUMIPY
HEWUTPOHHOI EMICIi HA YCTAHOBKAX TUITY «ILJIA3SMOBUM ®OKYC»

I.B. Bonooyes, O.H. Kpoxin, B.A. Hikynin i €. H. Ilepezyoosa
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VY poGori npencrasieHi ABi MPOCTi MajIoradapuTHI CUCTEMH JJIsl BUMIpY aOCOIOTHOTO HEHTPOHHOTO BUXOMY B 00J1acTi
10°-10"* HeHTPOHIB/IMITYJIBC i BHILE i IPOCTOPOBOI AHI30TPOINIT HEHTPOHHOTO BUNPOMiHIOBaHHs. CHCTEMHU TIPU3HAYECHI
IUTsL peecTpanii KOPOTKOTO MO TPUBAJIOCTI HEHTPOHHOTO BHIIPOMIHIOBAHHS IMITYJIbCHHX IUIa3MOBHX YCTQHOBOK, TAKUX
sk [ImasmoBuit pokyc (IID), z-minuwm # iHmMMX. Y poOOTI TaKOXK MpHUBENEH] Pe3yIbTaTH IO BUMIpYy HEHTPOHHOI eMicii
Ha pi3HuX [1® ycranoskax: «Trompnany» (Pizumunnit incrutyt im. I1.H. Jlebenea, Mocksa, Pocis), PF-1000 i PF-150
(IrcTuTyT (hi3WKW TUTa3MH 1 JIa3EpPHOTO MiKpocHHTE3yY, Baprasa, [Tonpmia).
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