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THE NEUTRON SUPERMONITOR 4-NM-64 dﬁ.ﬂm
CONTROL OF THE LONG TERM STABILITY
OF MEASUREMENT

JURAJ DUBINSKY*, JOZEF ILENCIiK*, MICHAL SEMAN*, KoSice

The properties of the neutron supermonitor are investigated from the point of view of
the long term stability and the comparability of measurement. The special * unit
controlling the whole aparatus is described. With the help of the unit the counting rate in
the individual channels, the contents of the multiplicity counters together with the time
information, values of barometric pressure, high voltages applied to the proportional
counters and values of the discrimination levels on the preamplifiers are recorded on
paper tape. : ’

HEUTPOHHBIV CYOEPMOHHTOP 4-NM-64,
CIENSmHAN 3A JANUTEJABHON YCTONYHMBOCTLIO M3MEPEHUA
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pceit annaparypoit. C NOMOLBI0 ITOTO 650Ka 3aMOCLIBAIOTCH HAa OyMaXHyio JICHTY
JaHHbIE O CKOPOCTH CYETA B OTAENbHBIX KBHANIAX, O COACpXaHuH MHOXKECTBEHHOCTH
CYETYMKOB cOBMECTHO ¢ wHdopManued O BPEMEHH, 3HANCHHIX 6apOMETPHYECKOrO
AABNICHHA, BbICOKOT HAMPaXEHUs, MPHIOXCHHOTO K NPONOPHHOHANBHBIM CYETIUKAM,
M O 3HAYeHUAX Pa3IPEINAIONMX YPOBHEH HA PCABAPHTENLHBIX YCUIHTENAX.

1. INTRODUCTION

The measurement of the nucleonic component of the cosmic rays intensity was
begun on Lomnicky $tit in the International Geophysical Year with the help of the
“SIMPSON” type heutron monitor. Later, when the large NM-64 monitor was
designed -by Carmichael [1] for the IQSY, we began along with other
laboratories the study of the macrovariations of the cosmic rays intensity with
amplitudes ~0.5 %, using the mentioned monitor.

In spite of many satellite experiments the ground level measurements by the
neutron supermonitor make still an important contribution to our knowledge of the
interplanetary space.

* Institute of Experimental Physics, w_o<.nw Academy of Sciences, Moyzesova 11, CS-040 01
KOSICE.
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Il. THE DETECTOR ‘DESCRIPTION

The main parts of the p
shown in Fig. 1.

The detector with pream
composed of four identical
section is shown in Em. 2. )

The used proportional counters are filled with BF, enriched up to more than
30 % by B'® at a 200 mm Hg pressure. The plateau length is more than 200 V and

eutron supermonitor installed on Lomnicky §tit are

plifiers is placed mnvmamwo_w in the measuring house. It is
parts — sections. The arrangement of the supermonitor

urrounded by a polyethylen layer, the function of which is to moderate neutrons
enerated in the lead producer, thus increasing the probability of their capture in
he boron trifluoride. A neutron captured by a B'® nucleus induces the exothermic

caction
B+n o Lij+ Iam .

1 94 % of the reactions the nuclei Li and He have the total kinetic energy of
30 MeV, in the remaining 6 % 2.78 MeV. As the counter is operated in the
oportional region, it is possible to discriminate between relatively small pulses
oduced by the passage of other charged particles through this counter.
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1. Main parts of the neutron supermonitor: P — proportional counter, A — preamplifier,
-puncher, B — barometer, HV — high voltage power supply, PS — power supply, DRU — driving
and recording unit, DV — digital voltmeter.

The thickness of the polyethylen moderator (3 cm) was .aoﬁnnum:na nxvom.ﬁm:-
tally as the thickness giving the maximal nﬁcnazm rate, with the other conditions
unchanged (Fig. 3), and is in agreement with Hr.a resuit om, Eu.. . .

Lead as the local producer of neutrons is used in the form of rings with an :5”-.
diameter of 24 cm and an outer diameter of 36 cm. Pn»@ has cnma n:.omos since ﬁ. M
average number of neutrons produced by the nucleon interactions increases wit
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Fig. 2. Arrangement of the supermonitor section.
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Fig. 3. Counting rate as a function of the polyethylen thickness.

the atomic mass of the producer and lead has Bo~.ao<an a relatively low thermal
neutron absorption cross section (0.17 barn). The _.E.mm. m.nn u_wnna w_oam the whole
counter. The distance between the axes of the adjoining rings _m.l 50 n.E. The
thickness of the lead producer represents approximately 0.75 of the inelastic mean
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free path of nucleons in lead, thus ~ 50 % of the incident nucleons carry out at least
one interaction in the producer. A further increase in the producer thickness at

The outher part of the detector, apolyethylen layer with m:.mnwaomwom 7.5 cm,
reflects the neutrons produced within the ‘Eoiaaﬁa &B:EE@O:&% _.mc_mnnm.num

regards the stability of the whole apparatus. Ata counting rate of ~ 2000 000 imp/
/hour and at the mentioned leve] of enrichement by B', the properties of the used
Proportional counters remain stable for ten years.

The increase in the plateau of the proportional counters (~3 %) necessitates
a high stability of the used high voltage power supplies. Their long term stability is
greater than 5 x 1073, Moreover, values of HV measured by the digital voltmeter
are recorded every five Tinutes on a paper tape, providing the possibility of
correcting the registered counting rates, the working characteristic of the propor-
tional counter being known.

The long term stability of the measurement is influenced also by the stability of
the preamplifier n_.mn_,mamnmmozv level. The circuit diagram of the preamplifier

chEQ of the discrimination level is mostly defined by the stability of power
supplies (better than 0.1 %). The total change in the discrimination level is less

than 0.5 %. The analog output of the preamplifier makes the proper choice of the

discrimination level possible.

The barometric pressure measured by a barometer (accuracy +0.1 torr) with an
"_wnﬁln output is recorded through the digital voltmeter on paper tapes in five
ninute intervals, together with the other information. When processed by the
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computer, the necessary corrections in the counting rate depending on the
barometric pressure changes are made. ‘
The long term continuity and stability of the measurement depends on the

the capacity of 10° pulses. In this way the four relatively independent channels of
the monitor are formed. .
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"~ Fig. 4. Circuit diagram of the preamplifier.

At the previously mentioned counting rate the dead time of electronics practical-
ly does not introduce any error into the registered count, since the recovery time of
the preamplifiers after a relatively big inpunt pulse (220 mV) is 200 usec and the
dead time of the scalers is ~ 50 nsec.

As mentioned before, the neutron supermonitor is divided into four electronical-
ly independent channels. The response of the channels to the changes in the
intensity of the nucleonic component of the cosmic rays should be the same, so that
comparing the counting rates in the individual channels we can control internally
the stability of the monitor. At the proper function of the monitor the ratio of the
counting rates in the individual channels must be constant within statistical
fluctuations. The detailed analysis' of the monitor stability is perfomed while
processing by the computer the information from the day before. Since
a malfunction of the monitor at such a control can be found with a delay of up to 24
hours, the driving unit includes a module controlling the difference between
channels, thus identifying in a relatively short time an improperly working channel.

In spite of the lower sensitivity, compared with the control of the ratio of the

counting rates, the difference between channels is controlled because of the much
simpler electronics and as shown in Tab. 1 at relatively small variations in the
intensity (+20 %), a sufficient sensitivity to detect the malfunction of channel

results.
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Fig. 5. Block diagram of the driving and recording unit. ..
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Table 1

Probability of error indication for various values of N
N=16 000 imp/min N=20000 imp/min N=24000 imp/min

At deviation

from proper 4 % 0.61 0.912 0.9398
function of 5 9, , 0912 0.995 o 0.9999
the channel 6 % 0.9898 0.9999 ~1
Because -

of statistical
fluctuation 4x10-7

z ,2HNQZI3 3

where o,,_,, = Voy,+ 0, is the mean Square deviation of the difference (N -N,)
and N, and N; are the mean values of the counting rates in the individual chanmels
(~20000 imp/5 min.), at the average intensity of the nucleonic component of
cosmic rays, and o, , Oy, are the mean Square deviations of N;, N,.

Using this interval of the allowed values for the &moaoanmu it is possible to detect
with much probability deviationg greater than 4 % from the proper function of any

nucleon of the Cosmic rays in the producer increases with the energy of the incident
nucleon. A change in the energy spectrum of the primary cosmic rays causes
a change in the multiplicity distribution, and from the continuous measurement of
the multiplicity distribution we can deduce 3 change in the €nergy spectrum,




Apart from measuring the multiplicity (MODE 1) the module is designed to
measure the time &mavczo.s of the captured neutrons (MODE 2). From this
distribution one can find the mean life time of the neutrons in the monitor,

In the first mode the first neutron from a mul

TO COUNTERS

Fig. 6. Block diagram of the module for multiplicity and neutron life time measurement,

minute intervals under the centrol of the program generator (Fig. 5). First the mB.o
information is recorded (day, hour, minute), then the values of Ea\cmnoanﬁ.n
pressure, the values of high voltages applied to the proportional counters and the
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values of the reference voltages defining the discrimination levels on the preamp-
lifiers. Then there follows the recording of the contents of the multiplicity counters
together with the value of the chosen gate time. )

Two paper tape punchers are used to record the information, one in five minute
intervals, the other in one hour intervals. The last information is used for the

After the source of the error is removed, the record can be repeated without any
loss of information, since this is stored for five minutes in the registers,
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