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REGISTRATION OF ELECTRONS WITH ENERGIES HIGIHER THAN 30 KEV
IN THE NEAR-LUNAR SPACE

(*)
Kosmicheskiye Issledovaniya by N. L. Grigorov
Tom 5, vypusk o, V. I. Lutsenko
str. 891 - 890, V. L. Maduyev
IZDATEL' STVO "NAURA'', 1907 N. F. Pisarenko
I. A. Savenko
SUMMARY

Electron fluxes with energies higher than 30 kev were registered on
the AES "LUNA-11". Description is given of the apparatus consisting of
gas-discharge counters with magnetic filters and of a scintillation counter.

The results of measurements of electron fluxes on 1 and 8 November 1960
arc discussed.  These measurements correspond to the period d ring which
short-lived increases of electron intensity were revealed.

*
* *

The study of penctrating radiation in the outer space conducted during
the latest years with the aid of spacecrafts have ed to the detection beyond
the Earth's magnetosphere of electrons with encrgies above 40 kev, whose ori-
gin is solar |1, Z].

Inasmuch as the question of the mechanism of their emergence, of their
intensity and anisotropy in outer space is little studied, we undertook the
attempt to further investigating the electrons of outer space.

With this in view an apparatus was installed aboard AMS "'LUNA-11",
consisting of gas-disharge and scintillation counters (Fig.l). The former
had a mica window of 5 mm in diameter and a thickness of 1 mg.-cm~* €SBT-9).
A layer of gold 0.3 mg cm™® thick was sprayed over that window. The SBT-9
counters were shielded by a brass screen v 2 g em™? thick. A collimator
with 00° angle of the cone was installed ahead of the mica window. Outside
the conical collimator ferrite plates of the magnetic filter were mounted
whereupon these plates were magnetized only near the counter No.2. The
magnetic ficld was of such intensity that the clectrons with energies of the
order of 100 kev register with efficiency of less than one percent (1%).
For electrons with a pulse » 1.5 Mev/sece the effectiveness of registration
was nearly 1006,

(*) RHGISTRATSIYX.V OKOLOLUNNOM PROSTRANSTVE ELEKTRONOV S ENEGIYEY
VYSHE: 30 KEV
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Counter Nol with the magnetized ferrite registered through the mica
window all charged particles with a pulse p » 1.5 Mev/sec and a path
R> 1.5 mg.cm™ Al, i.e. electrons with cnergy Ee> 1 Mev and protons with
energy > 0.5 Mev. At the same time, the spectrum "cutoff' of registered elec-
trons is determined by the magnetic field, and that of protons by the thickness
of mica window (the magnetic field of the filter does not practically affect
the the passage of protons, since protons with energy B, = 0.5 Mev have a
pulse ~ 30 Mev/sec.  Counter No.l registered clectrons with path RZ= 1.5 mg. cm™
i. c. with energy e > 30 kev and protons with energy Ep > 0.5 Mev. In this
way the difference in the intensitics measured by counters No. and No2 is con-
ditioned by eclectrons with energy from 30 kev to 1 Mev. As the Sun hit the
ficld of vision of counters SBT-9, they were capable of registering the Sun's
X-ray radiation.

The geometrical factor of counters 1, 2 and 3 for particles registered

through the mica window, constituted 0.15 cm? sterad. For the isotropic flux
of penetrating particles the geometrical factor was 2.6 cm?.

A type-STS-5 gas-discharge

oy 4 counter shielded by 3 g-cm™2 Al
T =] p 2 was also part of the apparatus.
tf Hj” : o
e o -,] The scintillation counter
Neo o NS with a CsI(Tl) crystal 1 mm
SRT-9 scintill. SBT-9 thick and 12 mm in diameter had
counter a conical collimator with a 60°
N . _ angle, 10 mm height and 10 mm
Fig.l. Sensors: : in the part adjacent to the
1} magnet; 2) brass screen; 3) SBT-9 counter; crystal. The latter was cover-
4) CsU(T1) crystaly 5) TEU; 0) brass screen ed above bX aluminum foil of
2.7 mg-cm-°  thickness.

Integral discriminators were installed at FEU output; they transmitted
to the counting circuits the pulses which corresponded to liberation in the
crystal of energies Il > 30 kev, E, > 300 kev and E; > 1.5 Mev.

Taking into account the absorption in the {oil and in the superficial
msensitive crystal layer, to the irst threshold corresponded electrons with
cnergy Le > 00 Kkev and protons with encrgy b, > 0.9 Mev, to the sccond threshold
respectively e > 300 kev, By > 1.0 Mev and Eo the third threshold corresponded
an cnergy of protons 100 Mev > Ly > 1.8 Mev,  The geometrical factor of the
scintillation counter for purticaos hitting it through the collimator, consti-
tuted 1.3 am” sterad, and for the isotropic {lux of penetrating partocles it
was cqual to 0,00 cm”.

The counting rate of sensors was registered by logarithmic intensimeters
with reading precision of about 20 percent and time constant of 8 seconds.

The interrogation ol intensimeters was conducted in communication sessions
with frequency of once in 0.75 sec.  The duration of the sessions {luctuated

A

from 2 to 10 minutes.




buring the entire measurement period (to 1 October 1960} AMS LUNA -11
spinned around its own axis with period of about 122 sec, whercupon the di-
rection of the axis of rotation was close to that of counter No.3. The axes
of counters 1 and 2 and that of the scintillation counter were perpendicular
to the axis of rotation which permitted the measurement of the angular distri-
bution of cemission fluxes. TFrom the analysis of data on corpuscular radiation,
X-ray emission and according to the readings of the light sensor installed on
board, it follows that the angle between the axis ol rotation and the direction
at the Sun was nead 90°,

The time period during which measurements were conducted aboard TUNA-11
1s charactevized by an increased solar activity. A sceries ol powerful flares,
having begun on 28 August worc attended by intensive proton end electron
uxes in the near-lunar space [5). During the communication sessions prece-
Jding these flares, clectrons were not registered.

Plotted in Fig.2 arce examples of registration ol clectrons with cnergies
P = 0 Kev in the near-lunar space for 1 September 1906.  Besides measurement
tine, the ordinal number of the respective measurement are shown in the abscissa.

In the period {rom the beginning of measurements to the the time T; =21 h
02 min. 22 scc. the scintillation counter and counters 1, 2 and 3 registered
sol't radiation (protons with Ey =1 -2 Mev), exceeding by several times the
hackground of galactic cosmic rays. The sharp increcases in the counting rate
of counters 1 and 2, recurring with period of 122 sec., were induced by the
registration of solar X-ray emission. Because of its high threshold, the scin-
tillation counter could not register this radiation.

TABLE 1
e e R R
COUNTING RATLL, scc
PTCKUPS
T T, Ty < T <T, 1Ty <« T < Tyt Tg < T < 1y
Counter No.l 70 350 80 75
Counter No.2 40 50 30 30
Counter No.3 25 90 30 30
Scintill.counter )
1st threshold 140 500 230 200
nd " 140 140 170 170
Sl'd 2] 23 ..3 %() 30 J

At the moment of time T, counters SBT-9 No.l and No.3, and also the lst
threshold ol the scintillation counter registered a rapid increase of the
counting rate. Taking into account the intensimeters' time constant, it may
be asserted that the time of intensity accretion was ol no more than 10 sec.
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Fig.2. Pickup rcadings during the sessions
of 1 September 1900

We compiled in Table 1 the mean counting rates of the various pickups
to the time Ty and in the period from T; to T, = 21 h. 03 min. 23 sec.
or T > T, there is observed a decreasc in intensity linked with the fact
that the Moon partially overlaps the field of vision of the sensors.

It may be scen from Table 1 that the particles having induced the in-
crease of the counting rate at the time Ty, arc endowed with the following
propertics: a) their pulse does not exceed 1 to 1.5 Mev/sec (otherwise they
would be counted by the counter No.2) and b) the cnergy liberation in the
CsTETD) crystal, conditioned by these particles, constitutes 30 -~ 300 Kev.
Only clectrons could satisfy these conditions.

The intensity of electrons with energy Ee » 50 kev (by counting rate
ditference of counters 1 and 2) constitutes N =~ 1700 cm™2 sec™! sterad™!,

At the same time, the intensity determined by the counting rate of the lst
and 2nd theesholds of the scintillation counters, constitutes more or less
500 em™® sec™! sterad™! . If this discrepancy in intensities is referred

at the expense of difference in energy thresholds, it will be necessary to
ascribe the comparaively soft spectrum to registered clectrons. Indeed,

at transition from 30 kev encergy to 00 kev, the intensity decreases by about
0 times. 1If we described the integral spectrum of electrons by cxponential



function of the type N(E) v E7Y,  would be in the energy interval 30 to 00 kev

= 2.5, To the latter value ol the invariablity of the counting rate of the
2nd scintillation counter's threshold is not contradictory.

The following measurement session, of

Ll some 3.5 minute duration, began at 21 h.
5 160 min. 10 sec. The averaged sensor's

counting rates, between the moments of

time Ty = 21 h. 16 min. 51 sec. and T, =
STy =21 h 17 min 38 sec, and also between
o5 0l Knib Ty = 21 h. 18 min. 45 sec. and Tg = 21 h.
oLy IO 19 min. 46 sec, are compiled in Table 1.
The intensity of clectrons dropped nearly
to the initial level, to be more precise,
it decreased 5 to 7 times in the coursc
of 10 min. Thus, the duration of the
oer "burst' of electrons was of the order of
10 min.
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. . The sharp increases of the counting
Y TN rate of counters 1 and 2, synchronously
recurring with the rotation ol the satel-
S lite, were zaused as during the previous
session, by the registration of solar X-
200 ray radiation.
. , ' |
17 Mod g / ) A decrease in the counting rate by
AN the three thresholds of the scintillation
St X muem =000 ¢ roooo A .
i counter and by counter No.l in the interval
/ 77 20 S , between the moments of time Ty and Ts.
22"5 1"y 10" "5 This decreasc is conditioned by the shield-
Moscow time ing of the ficld of vision of sensors by

- . . . the Moon.
Fig.3. Sensor readings during the
- 1 ~ ) QPN { . . .
session of 8 Sep. 1900 A second case of shortlived rise in
lux of clectrons was registered on 8 Sep.
1900 at 10 hours A0 minutes Moscow time.

The measurement session having lasted 3.5 min,  began at 10 h. 37 min. 30
soc. The resualts ol these measurements are plotted in Fig.5. There existed
in the time imterval from 10 he 37 min. 30 sec. to 10 h., 40 min. 00 scc. a
Clun of electrons with cnergies Lo < 30 kev Ny = 600 cm™? sec™! sterad™! and
with cnergios 00 kev < Lo s 300 kev N, ~ 230 am™ sec™!.sterad™!. A sharp in-
crease in the (lux of clectrons registered bu counter No.l and by the 1st thresh-
hold of the scintillation counter, took place at 10hours 40 minutes 00 seconds.

In the intensity maximun the {luxes ot clectrons constituted: for Leg < 30 kev
hev N =4 10% cm™? sec™! sterad™! and for 60 kev < ¢ < 300 kev, N=1-103
an”see” ! sterad-t.

A great intensity of the flux ol clectrons was observed only for 25 sec,
atter which it returned to its former value.
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I't should be noted that this phenomenon was observed in the period when
LINA-T1 was on the shadow side of the Moon, outside the direct visibility of
the Sunj this is why the possibility of registering the electromagnetic radia-
tion {rom the Sun was excluded. A 20-minute measurcment session took place
two and a half hours later, during which the satellite was also in Moon's sha-
dow. During the entire 20-minute mcasurement cycle the counting rate of the
scintillation counter by the 1lst and 2nd thresholds and the rate of counters 1
and 2 varied periodically and in phase, whereupon the variation period coinci-
ded with the rotation period of LUNA-11 about its axis. The intensity modula-
tion was conditioned by partial overlapping by the Moon of counters' solid angle.
The rates of the sensors in the maximun
and minimum of measured intensities are TABLL 2
compiled in Table 2,

Counting rate, sec”}

It follows from Table 2 that in the

maximun of registered intensity the flux SENSORS
of clectrons with e » 30 kev was of the maximum | minimum
order of 800 cm™? sec™ ! sterad-!, while
that with cnergies o0 kev ¢ Lo ¢ 300 kev Counter No.1l 180 35
was of the order of 300 cm™?sec™! ster-! Counter No.2 60 32
i. ¢. the spectrum of electrons was cha- Scintill.tion
racterized by an exponent vy = 1.4, counter:
, 1st threshold | 580 90
In this period, just as in the pre- 2nd threshold | 140 90

ceding measurement sessions, there were
in the outer space proton f{luxes with
cnergy By ow 10 Mev, which were registered by the 2nd threshold of the scintil-
lation counter and by counter No.2. The fluxes of these protons were of the

order of 107 em™? sec™ ! sterad™1,

The sineularities of the above constdered cases, to which we should like
to draw attention, are:

1) rapid increase ol electron flux, as the flux of protons remained almost
invariable;

2) simultaneous vartation of electron fluxes with energies Eg > 30 kev and
e 2 00 Kev

In either case the rise in intensity of electrons took place in a time
10 sec.

In order to explain the indicated singularities two different models may
be proposed:

1) Electrons of difterent energies begin to be emitted simultancously by
a4 certain source, the distance to which does not exceed 5 10° km, so that the
dispersion of velocities does not lead to scattering of arrival time exceeding
10 sec. Such sources miay be shock waves in interplanctary space, forming in
the course of collisions of magnetized plasma {luxes moving with various specds.



Note that during the session of 8 September the angle Sun - Earth -Moon con-
stituted 90°; this is why the electrons propdgdthg along the lines of fOlLC
of the geomagnetic field could nol peach tic v einity of the o

2} The fluxes of electrons exist a long time. lHowever, the rapid accre-
tion and drop of the flux are conditioned by the fact that the flux is spatial-
Iy located cither in the magnetic tube, or in the region of magnetized plasma,
shifting with the velocity of the solur wind, which causes rapid and simulta-
neous variations of the counting rate for clectrons with cnergy Ee > 30 kev
and e > 00 kev. The estimate of the dimensions of the localization region
of clectrons in the direction of motion gives a magnitude of 10% — 10° km.

In order to ascertain the nature of electrons registerced in the near-lunar
space, simultancous measurements of radiation in the vicinity of the Moon and
far from the system LEarth- Moon are quite promising.

In conclusion the authors express their gratitude to T. N. Markeleva and
D. P. Sukhoy for the preparation and calibration of magnetic filters, to L. F.
Vascenko and L. L. Lifshits for their help in processing the information.
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Manuscript received on 25 May 1967.
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