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X-RADIATION OF THE MOON AND ROENTGEN COSMIC BACKGROUND
ACCORDING TO DATA OF AMS '"LUNA-12"

(*)
Kosmicheskiye Issledovaniya by S. L. Mandel'shtam
Tom 6, vypusk 1, 119 - 127, I. P. Tindo
Izdatel'stvo '"NAUKA'", 1968 G. S. Cheremulhin
L. S. Sorokin
A. B. Dmitriyev
SUMMARY

lic results of measurements are presented of soft X-radiation of the
Moon probably occurring during fluorescnce of the lunar surface under the
action of Sun's X-radiation. The flux of Moon's X-radiation in the 8—1L4 A
spectral region constituted in different time periods ~ 10—150 photons, cm?
sec sterad. The cosmic roentgen background constituted ~ 7.5 photons em2/sec
sterad kev in the spectral region 8 —12 A. Corpuscular fluxes, apparently elec-
trons of solar origin with energy E > 50 kev and reaching ~ 1+ 103% particles
em sec sterad, were registered near the Moon. The intensity of these fluxes
agrees well with the index Ap of geomagnetic disturbance.

*

Investigations of Moon's X-radiation, begun on AMS LUNA-10 [1], have been
pursued with the help of AMS LUNA-12. The problem of the experiment centered
on the further search of soft X-radiation emitted by the superficial layers of
the Moon, which has a roentgen-fluorescent nature and occurring under the action
of Sun's X-radiation.

The apparatus' response was raised by comparison with that used on LUNA-10.
Two identical Geiger counters (Cr.l and Cr.2Z) served as radiation receivers;
they have aluminum windows 10 wum thick and an area of 5 cm?, with effective
field of vision of 0.8 sterad. The geometrical factor for the registration of
the hard isotropic aadiation constituted 12.6 cm®. The curve of counters' spec-
tral sensitivity, the counters being filled with a neon-xenon-oxygen gas mix-
ture, is plotted in Fig.l (see [2|). Thus the counters were sensitive to cha-
racteristic lines of Al and Mg atoms entering in the composition of the lunar
surface. A third identical counter (Cr.3) was additionally shielded by an Au-Ag
filter; it controlled the contribution to the counting rate of the penetrating
radiation constituted by cosmic rays and electrons with energy > 50 kev that
are present in the vicinity of the Moon [1]. Still another counter (Cr.4) with
aluminum window of 0.05 cm area served for the measurement of the intensity of

(*) RENTGENOVSKOYE IZLUCHENIYE LUNY I RENTGENOVSKIY KOSMICHESKIY FON PO
DANNYM SPUTNIKA LUNY '"'LUNA-12"



(9]

X-radiation arriving from the Sun in the 8 —14 A spectral region. Its geome-
trical factor constituted at registration of hard isotropic radiation 6.3 cm .
The assurance that the Sun hit the field of vision of the counters was control-
led with the aid of an optical sensor (0A), which is a silicon phototransformer
wuth two outputs of different sensitivity, namely a Moon sensor with hifher sen-
sitivity output and fun sensor with lesser sensitivity. The disposition of the

counters and of the optical sensor is schematically represented in Fig.2.
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[Fig.l Spectral sensitivity Fig.2. Disposition of the
of the X-ray counter receivers of X-ray radiation
and of the optical sensor on
AMS LUNA-12

The photon counters' readings were registered by logarithmic intensimeters
and scaling circuits; they were telemetered to Earth alongside with the read-
ings of the optical sensor. The measurement sessions with duration from a few
minutes to 1.5 hours were conducted in the period from 26 October 1966 to 6 Jan.
1967. During the first sessions the windows of the counters were shielded by
an aluminum cover 1 mm thick which then was opened up on special command.

AMS LUNA-12 was during measurements in an nonoriented flight regime and its
frece motion about its center of masses was close to pure spinning. The axis of
rotation was perpendicular to the longitudinal axis of the satellite, which is
about perpendicular to the plane of the drawing in Fig.Z2; it lied almost in the
orbit plane of the satellite. Because of satellite rotation the counters were
alternately oriented at the Sun, the outer space and the Moon at time of its
motion over a substantial part of the illuminated surface of the Moon. As to Cr.4,
the Sun hit its field of vision only at time of certain sessions (28, 30 and 31
October, 13 and 16 December 1966); during the remaining days it was outside the
counter's field of vision.

During the measurement period the registrations of the control counter Cr.3
and of Cr.4 with small window area have shown in the course of a series of ses-
sions that the counting rate exceeds very considerably the background level
induced by cosmic rays. This is evidence of the appearance near the Moon of
intense corpuscular fluxes, as a consequence of which the sessions in question
could not be utilized for X-radiation measurements.
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Fig.3. Registration of readings of X-ray counters and of the optical
sensor of the Sun and of the Moon in a period of
low solar activity on 2 Nov.1966
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Registration of readings of X-ray counters and
the optical sensor of the Sun and of the Moon in
a period of high solar activity of 5.Jan.1967




Let us examine the results of mcasurcments during the days free from
interferences due to corpuscular fluxes. Shown in Figures 3 and 4 are the
typical specimens of readings of the counters and the optical sensor at the
time when LUNA-12 was above the illuminated part of the Moon. The moments
of time when the Sun hit the visual field of the apparatus are seen in the
rcadings of the Sun's sensor, and thosc of the Moon are seen in the readings
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Fig.5. Registration of the readings of X-ray counters during
during the recording of increased corpuscular fluxes on 16 Dec.
1966

of the Moon's scnsor (because of its high sensitivity the sensor is off-scale
when the Sun hits it). The readings of X-ray counters 1 and show the por-
tions when the Sun hits them, which are attended in its central part by the
"off-scale'", i.e. a drop of readings to zero, and also the portions correspond-
ing to hits Dby the Moon and the outer space. The portions corresponding to
the times when the counters are directed at the Moon are marked by (/ocs) and
when they by-pass the Moon and aim at the outer space - by (@).




Plotted in Fig.3 1s also the reading of the solar counter Cr.4, showing that
during the session the Sun did not hit its field of vision*)

It may be seen in Figures 3 and 4 and also on analogous registrations
during other measurcment sessions, free from interferences, that the counting
rate of Cr.1 and Cr.2, when they are directed toward the illuminated side of
the Moon, is somewhat higher than when the direction by-passes the Moon and
heads toward the outer space.

Data for cight sessions are compiled in Table 1; the values of I{Jocs) and
1(P) averaged by the cntire segment Jloen and along the segment ¢ arc brought up
for each session. Consideration of Table 1 shows that the count excess

1'_1 Rt 1(-70(‘11) e l((l’)

varics from session to session TABLE 1
within a considerable range.
In order to verify the reality X-radiation of the Moon (r,,) according
of this excess, that is, to to data of cxperiment on LUNA-12
prove that it is not the result pulses/sec
of counter ''racing" conditioned I —
by a preliminary exposure to the ‘ Lr.l [ Cr.2Z
Sun, two sessions were used, ‘ o VTV T T T
namcly those of 28 October and f‘”m“’lmw S et R
23 November 1966; during these ' ‘ , R
sessions the Moon remained out- ;§§1Wm1 ol e Bl IO B B
side the field of vision of the 12.X1 54| 44| 10| 52+ | 46 | 6 6
. . " Tt A 4 — | -] — 4 7 '
counters. ‘The respective avera- 25%}1 G luln: Zg Bl 0|
gings by two sessions have s.aown 3X11 70 | 571 131 66 47 | 19] 15
that the difference I(®,) — I(P) axII 9t | 631 28| — | — | — 27‘
does not exceed 1 pulse/sec #%) 5.11967r 2407} Y0 150 { 250 93 15T A2
This is evidence of the fact that .
within the limits of measurement ¥ Cy:rection 1s introduced to ITWlgw for
precision the '"racing" does not the incomjlete filling of the visual field
distort the results of observa- of the counter illuminated by part of Moon
tions.

TABLE 2

Let us refer again to Table 1.

In order to scparate the X-ray ra- Readings of X-ray counters of LUNA-12

diation of interest to us from during flight over the dark part of the

the quantityilu it? is.necessary Moon (helght 250 km, 9 Dec.1966), expres-
to take the f{ollowlng into account: sed in pulse%/sec

contribution to the counting ratc I{(Joce R

1s made by X-radiation of the Moon | 1 ) Cu ot
e - ; i L - Orbit -
and by cosmic rays, while the ‘iffu doe] @ | dnen| @ | re| @
sive X-radiation of outer space and - -
cosmic rays contribute to the count- ool sioluoal oo Ogbf
55,8 | 50, 61469 123,91 23,6
lng rate of ]((I)) é 5;,5 40,1 | 48,3 L 45,7 | 24,2 23,4
. . - 3 47,6 | 46,1 1 45,4 1 a6 ] 24,11 22,0
The contribution from the dif- 4 4605 | 43,4 | 4000 | 399 | 25,2 | 23,9
fusive X-radiation of outer space 5 44,0 | 44,3 | 48,2 | 42,2 ] 26,1 | 22,5
was QQtermincd from comparison of average | 49,9 | 46,6 | 46,8 | 43,3 | 24,7 | 23,1
readings {rom Cr.1 and Cr.3 (control) ) o 0!
insensitive to X-radiation. Ioﬂwﬁ)-—l(w)u o114 7‘;h«i-v7 | 4,6£1.0]

%) *%) geo these notes on page 10 The underscript TEM refers to dark part.




In {irst sessions, when the windows of the counters were shut by a cover,
the counting rate for *H“ ¢ counters  constituted respectively 44.5 and 44.7

pulses/sec (the observed difference is caused by the calibration imprecision
of intensimeters and the difference in counters). Following this a counting
rate of 46.9 and 44.3 pulses/sec was registered with the open cover (with the
Sun and the Moon outside the field of vision). Taking into account the differ-
ence in the counters this gives an estimate of the contribution of X-radiation
from the outer space n 2.7 pulses.sec, which corresponds in the region § 12 A
to about 7.5 Photons/cm? sec sterad kev [3, 4].

When determining the background of cosmic rays, constituting during the
days of measurements about 3.4 pulses/cm? sec, one should bear in mind that the
corresponding contribution to I(Je) and I(@) readings is somewhat different
because of the presence of lunar surface's albedo for the component of cosmic
rays registered by our counters. [5, 6]. Cosmic rays, reflected by the sur-
face of the Moon, penetrate into our counters through the windows and through
the lateral walls; the visual field of all counters is centered for this ra-
diation in the direction of minimum screening by the matter of neighboring sys-
tems located on the satellite and just about coincides with the direction of our
device's optical axis. This explains the difference in the background of cos-
mic rays when the windows of the counters are oriented at the Moon or toward
the outer space. The contribution of lunar albedo of cosmlc rays to I, was
estimated by us by comparing the counter readings w1th 3 cm® and during measure-
ments above the dark side of the Moon with 0.05 cm®* windows. These readings
are compiled in Table 2 for five consecutive hittings by the Moon of the visual
ficld of apparatus during one of the measurement sessions; the rotation phase
(relative to the direction at the Moon) was extrapolated by us according to data

on the rotation period and orientation on the nearest illuminated portion of
flight. As may be seen from Table 2, the contribution of albedo constitutes

for the Cr.1 and Cr.2, 3.1—4.4 pulses/sec, and for Cr.4, 1.6 pulse/sec, which
corresponds to the geometric factors' ratio for the registration of cosmic rays.
The absolute value of albedo is v 8% and it is somewhat less than that measured
in [6], which may be explained by our registration of only the soft component of
the reflected cosmic rays.

The thus determined intensity of Moon's X-radiation, taking into account
the corrections for the diffusive roentgen background of the outer space and
for the Moon's albedo for cosmic rays ([Ipa) pulses/sec, registered in the des-
cribed experiment, is presented in the last column of Table 1. If we take
into account the efficiency of our counters, the flux of X-radiation of the Moon
constitutes from ~, 10 to 150 photons/cm? sec sterad. Let us compare these
values with those of computed values of X-radiation in K; -lines of Al and Mg

[1]:

By B
cosg  eosy /57 photon/cm?. sec-sterad.
dl

Here N, is the flux of Sun's X-radiation with wavelength % <2y, in
photon/am* scc, P is the relative probability of transition of the measured
line, w is the fluorescence yield factor, K, is the weight concentration of
Al and Mg in the rocks of the lunar surface. T is the true absorption coeffi-
cient of the lunar rock for incident radiation,u, and p, are the absorption



cocfficients of the lunar rock for the incident and outgoing radiation, ¢ and

y arc respectively the angles of incidence and outgoing radiation. We Dhall
assume cosp = cosy 1, Ky =04, 2wy~ e, P~1 and w= 3-10-2. The flux
of solar radiation in the region 1 —~10 A constituted according to our data -~

v 2.5 -107" erg/cm? sec curlng the first day of measurements, which corresponds
to Ny =~ 5-10¢ photons/cm? sec; in the period from 3 December to 9 December

N, pulses /sec

60

October November December

Fig.6. Readings of the control counter Cr.3 and index
of geomagnetic activity

Triangles indicate the fullmoon times

the radiation intensity increased and reached v 2.6 .1073 erg/em? sec [7], which
corresponds to Ny & 5-10° photons/cm? sec.

Utilizing the above values of constants and Ny, we obtain for the flux of
fluorescent X-radiation of the surface of the Moon for the above indicated days
of measurements Nj = 10—100 photons/cm?-sec-sterad. Such a coincidence of
experimental and computed data, account being taken of the low measurement pre-
cision and the estimated character of calculation, is unquestionably casual.
However, the presence of parallelism between the increase of the flux of Moon's
X-radiation and the rise of Sun's X-radiation, and also the agreement within the
limits of one order of absolute values of measured and computed radiation fluxes
compels us to assume that the registered Moon's X-radiation is really the roent-
gen-fluorescent emission of lunar surface. The absolute value of this emission
agrecs well with the representations on the basaltic character of lunar rocks.
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[t is quite probable that the observed enhanced signals of Cr.3 on AIS
LUNA-10 on 8, 23, 27, 28 April and 29 May 1966 [1] also correspond to the re-
gistration of the roentgen-fluorescent emission of the Moon.

Let us consider now the data related to the registration of corpuscular
{luxes, cnhanced by comparison with the background og cosmic rays. Plotted in
Fig.5 arc the results of measurements of 16 December 1966. Cr.l and Cr.2 give
a high counting rate, nearly not modulated by the rotation; counter 4 (Cr.4)
shows a lesser increase in the counting rate on account of the relatively
smaller window area. Readings of Cr.l and Cr.2 are evidence of nearly full
isotropy of registered fluxes. The observed relatively shallow minima, anno-
tated by arrows, correspond to the direction at the Moon and indicate the screen-
ing effect of the fluxes by the Moon. The maximum flux of particles registered
on 13 December constituted about 1.4 *10% particles/cm?-:sec-sterad. In other
days, such as 16, 29 December 1966 and 6 January 1967 there were observed fluxes
of nearly 30 partlcles/cm2 sec - sterad.

The rcsults of measurements of the control counter (Cr.3) for the period
from 26 October to 8 December 1966 are plotted in Fig.6.

The positions of the maxima are notably displaced relative to the bounda-
rics of the extension of the Earth's magnetosphere ''tail'', crossed by the Moon
1 to 2 days prior and 1 to 2 days after the relative moments of time of fullmoon,
as this was revealed on AIS LUNA-10 in April-May 1966 [8]. The assumption that
the registered particles have a solar origin correspond better to the combina-
tion of the observation data. This assumption is also corroborated by the com-
parison with the indices of geomagnetic field disturbance K, and A, for these
days (see Fig.6, where data for A, are shown).

The authors extend their gratitude to A. P. Popov, V. F. Sukhanov, V. P.
Fridshtand and V. G. Chaykovskiy for their help in the preparation and checking
of the experiment.
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INFRAPAGINAL NOTES FROM PAGE 6

%) The fluctuations of the registered counting rate from point to point,
noticeable in Figures 3 and 4, are partially induced by signal fluctuations and
partially also as a consequence of errors arising during the action of the dis-
crete system of reading codings. Fluctuations are less noticeable on the regis-
tration by Cr.l4 than in the case of Cr.l and Cr.2, as the interrogation on the
former is twice as small.

*%) (Jocs) are the rea’ings when the counters aim at the free space, in the
rotation phase of the AMS corresponding (in other sessions) to the direction at
the illuminated Moon.




