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In this paper are given the calculations of intensity of characteristic
fluorescent lines of silicon, aluminum and magnesium in the content of the
surface layer of lunmar rock formations, stimulated by the X-radiation of the
Sun., Instrumentation installed on the satellite of the Moon "Luna-10" and
used for the experimental discovery of X-radiation of the Moon is described.
This paper includes the results of measurements in course of which the level
of the cosmic background in the vicinity of the Moon was determined and
electrons of the '"tail" of the Earth's magnetosphere with an energy of more
than 40 kev. have been discovered. Preliminary data on the registration of

X-radiation is given.
INTRODUCTION

Several papers dedicated to the X-radiation of the Moon have been
published recently. The papers (Ref. 1-4) conduct a theoretical examination
of this problem, the paper‘(Ref. 5) makes, an attempt to discover experimentally
radiation by means of instruments, installed ;h foéﬁets, which yielded negative

results,

X-radiation of the Moon might occur in result of the following basic
processes: reradiation and dispersion bj the lunar surface of X-rays from
the Sun, bombardment of the lunar surface by fast particles which might be

" and also electrons contained in

included in the content of "a solar wind,
the tail of the Earth's magnetosphere. It is also possible to anticipate
X-radiation of the lunar surface caused as a result of natural radiocactive
lunar formations and induced radioactivity from cosmic rays. The evaluation

shows that, with an exclusion of cases of particularly sharp increases in
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the flux of fast electrons of terxestrial or solar origin, the largest
coritribution to the X-radiation of the Moon is apparently made by the X-
radiation fluorescence of lunar formations in the characteristic lines of
Ka - Si, Al ahd Mg, which occurs due to the influence of X-radiation of
the Sun. &

The atoms of Si, Al, Mg absorb solar X-radiation with a wavelength

shorter than the Ka-edges of absorption, which compose respectively

A
sh .
Si\ = 7.11 i, Al) = 8.3 Aﬁand Mgh = 9,87 A. The contribution of lines of

= 6.7, 7.9 and 9.4 R and re-emit it in the characteristic lines of

heavier elements to the overall radiation is very low, since the intensity of
solar X-radiation with a wavelength shor ter than 5-6 } is extremely small .
(in the absence of solar eruptions); the contribution by lighter elements

is also very small due to the low contents of these elements in the lunar

rock formations,

Figure 1 presents schematically the distribution of a number of photons
in the solar spectrum within a region shorter than 10 } in the case of a
quiet Sun and a mean level of solar activity (Ref. 6), as well as the

position of characteristic lines of Si, Al, and Mg and the respective regions

of absorption, 5 A
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Figure 1, Experimental distribution of the number of
photons in the X-ray spectrum of the Sun for July 21,
1959, (Ref. 6) (1); region of sensitivity of counters
with aluminum (2) and organic (3) windows. The position
of the characteristic lines and ksh-regions of absorption

Si, Al and Mg is shown stchematically.
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Let us evaluate the anticipated number of photons within the radiation
of the characteristic line of the element Z (See, for instance, Ref. 7). We
will define by NSh the flux of photons from the Sun with a wavelength of
A< )‘sh’ which falls during one second on one square centimeter of the lunar

surface. The number of photons reaching the depth ¢ will be
N =My cos pemiee,
where ¢ is the angle of incidence, y is the linear coefficient of absorption,

The number of photons absorbed by the layer df{ will be
AN = N ype-wioosed],

where 7 1is the coefficieﬁt of the true absorption. By defining the coefficient
of fluorescence escape by w, the weight concentration.of atoms of the given
element Z in the rock formation by kz and by P, the respective probability

of transition for the given line, we will obtain the number of emitted

photons with a wavelength A

ANy, = Pwlczl\éﬁre;ullcosmdl_ »

The following number of photons will leave in a direction of Y, per
unit of the solid angle .
Pwkzv ‘-w(-i—+ t )
Ny, = —_— COBY  COS ,
=M e @

Assuming, for insfance, that in the case of Al: Nsh ~ 1:105 photon/

square centimeters ¢ sec (high level of solar activity), kyy = 0.1, 7~ U,
P l, wes 3‘10"2 and cos ¢ s cos § ~ 1, we obtain N)\ ~ 10 photon/square
centimeters « sec * sterad. Such a number of photons might be reliably
recorded by a lunar satellite with the help of, for instance, "a photon

counter,

The contents of elements of Si, Al and Mg in rock formation on Earth,
an analogy of which might be anticipated on the Moon, changes very significantly
(See table [Ref. 8], in which the content of elements in percenta:hd the ratio

of these contents is given).




Table

—type of rock form.
' o o FE) FE)
element (X% o| & | ~ NS
(S )] o [y} [w}
o & o 0 o
be|l 3 o v
gl © Q b0
Mg 14,0 126,0 | 4,5 2,2
Al 1,3 | 0/45| 8,8 | 7,7
Si 18,0 119,0 |24,0 | 32,3
Mg/Si 0,8 11,3]0,2] 0,07
. Al/Si 0,07{ 0,02| 0,3 0,24
. Mg/Al 11 |55 0,61 0,22

Thus, by measuring the respective contents of the elements Mg, Al and
Si, it is possible to get some idea about the character of lunar rock

formations and in principle to prepare a map of the distribution of rock
formations on the surface of the Moon.

In addition, the discovery of X-radiation of the Moon répresents an
interest independently, particularly on the part of the characteristic of
the radiation background on the surface of the Moon.

These ideas formed the foundation for the experiment oh the discovery
of X-radiation of the Moon with the help of the first artificial satellite
of the Moon "Luna-10". The purpose of this paper is to describe the

instrumentation and the preliminary results of this experiment.
INSTRUMENTATION

In the capacity of radiation receivers served photon geiger counters
with a neon-oxygen quenching mixture and two types of windows: aluminum
foil with a mass of 2.7 mg/square centimeters and organic film with a mass
of 1.1 mg/square centimeters. The area of the window was about 0.5 square

centimeters; the field of vision was about 1 sterad.*

‘The areas of sensitivity of both types of counters are presented
schematically in Figure 1l; the counter with the organic window is semnsitive
to lines of Si, Al and Mg, the counter with the aluminum window is sensitive

to the lines of Al and Mg. The counters were assembled in three units and

*The counters were developed by L. S. Sorokin, V. G, Chaykovskiy, and
A. B. Dmitriyev, to.whom';hg aythors of this paper extend their gratitude.
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installed on the external surface of the satellite, as ié shown schematically
in Figure 2. Each unit included also a solar sensof (a silicon photo-
converter). Pulses from the counters with aluminum windows were registered
by three separate logarithmic integrals with a measurement range for the

speed of count from 5 - 500 pulses per second; the time constant of the

integrators was about 10 seconds.

Ni=w -
'\ C6T-9 SBT-9

| \! Aol cx-1
k (Counter)
G-l =] o .

cr-1f |.\. L
I
(ih‘fl;’"” \ X

Figure 2. Direction of optical axis of the X-ray
instrument indicators (Cr-I, Cr-II, Cr-III), the

particles counter SBT-9 and the direction of the

X, Y, Z axes of the ferrozondal indicators of the
artificial satellite of the Moon 'Luna-10".

Another such integrator registered the readings of three counters with
organic windows which were connected on a parallel to each other. Each of
the four integrators was carried out to a telemetry chahnel. The signals
of the three solar sensors, which were also connected parallel to each other,
were fed, after amplification, to the output cascade with a time constant of
abouf one second. The readings of this cascade were registered along two
telemetry channels (in order to decrease the time between the subsequent
interrogations). The output voltage of this cascade was inversely proportional
to the luminescence of the photodetectors; the zero value Uout corresponded
approximately to the direction toward the Sun of each of these photodetectors.




The telemetry system interrogated each of the outputs of the measurement
channels of this instrument once every two minutes with a shift of twelve

seconds.
MEASUREMENT RESULTS

The instrumentation was activated by command from Earth during the
period from April 8 - May 29, 1966, A total of more than 40 telemetry-
measurement sessions has been conducted during that period of time. During
the period between April 8 ~ May 23 - 29 of 1966, the level of solar activity
was extremely high, and duringAthe early part of May, the level of activity

was considerably lower,

The measurement reéults are presented in Figure 3, It is necessary to
keep in mind the following during the examination of these results. According
to the measurements of the intensity of radio signals from the satellite's A
transmitter, the magnetometer readings, and our indicators, the disoriented
satellite rotated with a period of 30 ~ 40 seconds. The position of the
momentum vector in respect to the aiis of the satellite and in space has not
yet been established. However, based onlthe results of magnetic measurements,
it is possible to make the following assumption. During the period between ’
April 8 and April 21, 1966, the component of the magnetic field on the X-axis
remained positive during the entire period of time, the Z component remained
negative, and the Y component was of an alternating character. From this it
follows that the momentum vector (and the axis of rotation of the satellite
close to it) was close to direction of the magnetic field and was located
approximately within the plane of the drawing shown in Figure 2, passing
through the second and fourth quadrants.  If we assume that the registered
magnetic field is basically of a solar origin, then the direction of the
field should be close to the direction toward the Sun, whereby the vector
of intensity of the field was directed toward the Sun., Thus, the Sun has
been apparently located in the fourth quadrant (Figure 2). Taking into
consideration the fact that the time interval between the two interrogations
of the telemetry system comprised two minutes and the period of rotation of

the satellite was 30 - 40 seconds, we find that the results of the registration




of the counters, as given in Figure 3, contain a considerable stroboscopic
effect, thanks to which the observed period is much larger than the actual
period of rotation.

By taking into consideration these data during the analysis of the
results of recordings, we arrive at the following conclusions. Modulated
signals from the counter III during the period from April 8 - 28 are
apparently of a solar origin; this fact is confirmed by the readings of
the photodetectors. The minimal readings of the counters correspond to the

cosmic background of ~. 12 pulses per second.

The counters I and II could see the lunar surface. The counter I gave
the speed of count below the level of the cosmic background, with the
exception of several measurement sessions., This could be, if the counter
was subjected to a very high load;--according to laboratory measurements at
a temperature of about 20° - 30° C., this comprised ~ lO5 pulses per second.
If, however, we take into consideration the fact that the counter and the
semiconductive elements of the input device were overloaded, then such a
situation might occur at considerably lower speeds of count, for instance,
at a temperature of about 70° - 80° C, at ~ 103 pulses per second. It is
most probable, however, that as a result of the increased temperature of the
counter and the semiconductive elements of the input device, the amplitude
of the pulses was insufficient for a stable count. Incomprehensible remain-
so far the separate points in the readings of this counter, which correspond
to a speed of count ~ 500 pulses per square centimeter per secoqd. In
certain cases, the counters II and III registered during this period of time
only the cosmic background, i.e., the agent which was registered by the
counter I is of a directional character. Apparently all of this is not the
X-radiation of .the Moon:Against such an assumption testifies the circumstance
that these readings of the counter I were ‘taken when the satellite was
located over the illuminated as well as dark sides of the Moon. We are
unable at the present time to give an interpretation of the readings of

this counter.




e e s e e

09/8t/%
3
AT°82
362 52 1281
H
/-
[}
~
i
T
—
T T
- ]
YY)
'—
1
A
1I54JIJ‘I|
£

4
[}
|
1
[}
1
»

8Z/Y

=4

Al'82
18- 12 gl
T
SN m

]|

T B |

on nw.ﬂrm
AT S SR T
axrie iz ALz sz e
g2 pif2  0¢ 52 2z sl L8 £F 62 (52007 gt E&:nm 80 ho 002
T T T—T . k T 1T 1 73 _l ]
[ L L .J u ) r T ”M ]
A ] 1 1) ]
wl’lu—.ll T T rriTrid LIRS BEAR SRNE BN BN N § rTT I T 1T
] —3] ] ] ]
=TT ﬂl_l_ljl]_!lu.l nll..‘.-l;d.lq.._.l_.l —TT . -|_||_1|._|_||_ )
— /\.o"‘ R \J/‘\\‘l ‘!\0.‘ s .
i : ] 2“
J E - 4 - -
Lo ) T T. 1 §F T 7 L R S N B | T T 4. 1§ v
.QIQII ] 'lo.‘)\.\l,l _ " ——g—r—o—o—o | o.l‘/. ] A/\/l
E . ’ E . R E 4 -

9e/T1/%

O
zu
$5,85,40

W

]

L

]

]

298
H-

g

e

1.

|

loo L 1

Modaki bk

92 22 81 M50 "

0
z

b

INO0= n.xzuu

| T T |

[

Z2-Va

I~V

.mHD& N = (NIIuARN

¢-ad

1-ad
1039939p
-o3044

(mopuim
otuedio)
193Uno)

I11-32D

I1-3D

I-1D
193uUno)



L/s

3
.7

I0E 550 62,4000 .M_leffmga

J

A NV N OO . 0

¢/s

32
%1

[ T T S

]

[ S D T |

LS B

/

[

11.11.j

(uorienurizuod) °*g¢ 314

Svh/S €/s £/s €/s /S €/s /s 99/81/%
ca — 4 | [ o | o] [t | 3 A
As0nno xto Ato Ao A0 €0 Az0 g2 .
90 mge U M7 B 5472 £5 61 Stl0  Bn mh JrOD 85 S 0552 s¢ 602
] T T # T E Lame mue a1 4— ] | S I ] T T T T ] Q )
4 . 4 4 4 4 e m
] ! 7 o ] ] ] ; & 2-0d
K -1 —"] 1 =] ] 7
} ANO0= (X199
g a
r 1 L} + T T T T T T T 1 T 1 T T T Q
3 e . 1 = - g 4 7
e 1 e/ - 7 N E 8
\ ] \ ] L] ] ] ] ) R 1-ad
” M ” \\l N 1 {1 A % =
. 4 L -3 - ——t—t | - B n \a
, IN0= 2
[ suts oum St M T e o | T 7 T T 7 T T7 o
] - =
E E - s T4 E : E 402 S
(A UNTN
T T T r~rr TTT T T T T rr7 T T
] ] B i B E 1y &
] '\\I‘l L e . {JI o}l‘l . vl’l.l‘lol I“M £~ HHH'HU
3 3 3 3 3 : 001
) ] X I ] ) 1706
- - - - - - - YEROATN "
] j P 4 ] ] 1 7
—— s ] \ ] - — . R . o4 IQ.W~ .W
] 1 ] . . ] ] “mmmﬂﬂ-uu
- - - - o = - .
———t ———) P —t——a — gt . . NITUANN _
T E > 4 r E L E 04
] ] ] ] ] ] ] 7% 2
] ] ] 3 - 3 ] 9015 1=3D
: ] 3 ; ] ] ] o0z -
, ) v . 1-99s-s1nd ¢ uk&&%\ﬁ
- - .\ R . - r




29/71/¢
(-
A2l

£ 62 §2 4z 1 L1 60 S0 115

T T T T T T

T T T T

(uorjenurijuod) *¢ °*81g

A VAT /s AVA
= - e
b/ 'z ru
19,4085 $5 .5% 17 L 8190 08 87,2250

[ N DO W 4
[ TS T D W |

S T T |

T T 7

T T T

L SO U TOE T T

)

TR D 1
(I T S T e |

| W S T SO W |

11/8 11/6
(-] (]
Iu X

SO0 67 5090

T

99/11/S
-
I

a5 b Ewﬁh§
T 0

|

2-Vdh

¢-ad

VO T U T Y |

h z
.l\ ._ . 9
3 JOIIBQBS

[ W T Y

]

[ S S S T W |
| I T T T Y |

PR

!
}
|

Lamn s -t

r———t—

| T T |

[ I |

[ —

008
_N3D-UWITN

0z D

00§
HBDUWITN

-

- 08 .
1-2°98- sind‘N= .m%.sa.us

STV, UULIR DUV

10




Acoaum:uauGOUV ¢ *813

99/€2/S" £1/S 61/  81/S L1/S hﬁ\m - L1/S 99/11/S
3 [ — 1 [ (-] L3 3 =
.¥ 4 A€2 Py A8l . ¥4 Mt At Al

Ry 66 S JNH 85 00 (IS5 JSH 00 JBE U M8 m s e g 8K

<-|nl.4|l—.Jl.|n|ﬂ|4|| . T T T T T
E 4 4 4 1 4
4 4 4 _ i ) ] R ‘ 7 %
] 1 1 ] 1 ] R z-ad
n - » Ilt” f‘l’lfbu ” o
. ] ] ] ] ] 1
) : 1No= \.x:eh,
K T ——tTTTT —r T [ T T T 0 .
\ -1 ] . E - g 4 Z 9
J ] J i 3 i ; N
‘ | ] CI.\,\| S \/A T T 7 # L 1-ad
1 - ] 1 1 =1 ~—771 3] T
; Ino= \.5.5
—rTTeTT T T T T ) T T T i
4 . - 4 ] . - C 0z 2
" Oln\ol'l’.o\o“ — — ] hanandt Q:‘lol.\tu, e Il'lon} %w.\ ™M MHO\PHU
. o ] ¥ 1 T 1 - T 00z =
(P9 -UNR'N i
T T T —TT —TT] T T T ql]lJlj.J.l
e S —we ] e e o—a—o—o—ro - IIQ\OI.QIIIQN n.MJ
< B ' 4 4 J s -X
] 3 3 3 : “ iy ST
- - : : : : 5009
T —rT —v<y j —rTTT T .|1J|J|+|1I1|_ ) :
. -~ E ) i e ] e | o | .Ol- ~—e -IIQ.N ..th
] ] : : . m i~ 11- 1)
L J u S J 4 ..m
L= e e o B e ——g —— s &%QE;\NQ
] ] ] ] ] : g2
-] ] ] ] ] ] fe 3. 1-1D
] ] ] ] ; : N | TR
- p - - ] ] ] 002

c 008
Hnomw.mﬁza N = t&:i:h

11




. Mtgugn;cm?'= N,-puls-osec‘} T
~ 2001 e [ . [
Cr-1 ' 100j ) i F -
r-1 > 5 : 2
S 20F . . - F :
. jok , [ -
A%%ﬁ?EF*“ ' " = ;
. 200t L | . BN '
Cr-IT W oot CF o o
& K s "
’ h —L-',.J-I—-o-t
Mu%-m:"‘ﬁ——" - u_‘u :‘-H -
N s : : :
- U ¢ s
Cr-I11 [ S L A L
Mumn-cer’ = = .
o %%- . | ! s 5
.Cr.org.wg sof > | S e  Saanl
s 20t . F - L L .
S 1 g
Lol PO 1 F “ T B )
Y’ =out s - : . o
1 /‘ R b— . | ' | _\‘-.—o-l—o | | . . .
-1 % f SR ; Y r. T - ‘
' [ T - 1) [ ] -l... _||. vL.||(|‘|‘ L 1?..11..:
Vo =ou t e
. | | | | | o »»k-.—‘—.-o—.
o . i ”4/' [ ~— e
[} L L S o L L
p‘]?...Z NI A K | F L S - '
: 02“**” LA ;k" L%“‘ e it : oo
W wzz W™ o 20" o 20" -5 wu” o5 2" w ow 2o 1.5 4l 15 19 a2t
- 24X 25X 20 . 21Y 28.Y . 287 : 23.Y Lo Y
-3 o= 3 O i [ - ]
5/24/66 5/25 5/26 5/27 5/28 5/29 5/29 5/29/66

Fig. 3. (conclusion). Readings of X-ray counters and photodetectors
during the period of 8 April through 29 May, 1966.

Cr-I, Cr-I1 and Cr-I1I are the readings of the counters I, II and III
equipped with aluminium windows. Cr.org.w. -~ designates the readings of the
counters I, IT and III equipped with organic windows and turned-on in parallel.
PD-1 and PD-2 are the readings of the photodetectors of the I, II and III units
turned-on in parallel. The readings of PD-2 were obtained during each measure-
ment cycle, 12 seconds after the readings of PD-1. (U,,=0 corresponds to the
moment when the Sun comes into the center of field of vision of one of the photo-
detectors). The white rectangles at the bottom of the charts correspond to the
satellites flight over the illuminated part of the lunar surface. The dark --
correspond to the flight over the dark side of the surface, and the partially
shaded rectangles correspond to the flight near the lunar terminator.
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The readings of the counter II contain also period when the speed of
count is lower than the level of the cosmic background. In addition, we
have also a number of measurements during which the speed of count was close
to the level of the cosmic background. A comparison of these measurements
when the satellite was located over the illuminated as well as dark parts of
the lunar surface shows that if the counter II pointed toward the Moon at
these moments, then the intensity of X-radiation of the Moon is lower than
the measurement errors which comprise 3 - 5 pulses per square centimeter .
sec, We must, however, underline the fact that due to the presence of a
stroboscopic effect which we have mentioned earlier, and the short duration
of the measurement sessions, it is not excluded that the counter II did not

"gee" the Moon during all of these moments of time.

An analysis of the readings taken by the counters with organic windows
is hampered by the fact that all three counters are connected to one
telemetry channel. The high level of count which is observed on this channel
is possibly caused by the electrical leads on one of the counters. A slight
modulation of the signals can probably be explained by the fact that the Sun
came into the field of vision of the counter in the unit III.

Apparently the direction of the satellite's axis in respect to the
momentum vector changes gradually in time; this circumstance does not permit
the interpretation of readings obtained from the counters during the middle

as well as the end parts of May.

Thus, due to the absence of accurate data on the orientation of the
satellite in respect to the Sun And the Moon, we are unable at the present
time to arrive at any definite conclusions about the registration of the
Moon's X-ra&iation during this experiment. It is necessary to continue the
experiments, possibly with the application of instruments of a much higher
sensitivity.

An analysis of the recordings given in Figure 3 makes it possible to
draw a conclusion about the registration of particles by our instrumentation,
apparently electrons which are included in the content of the "tail"
continuation of the Earth's magnetosphere (Ref.”9). The satellite intersected

the limits of the proposed continuation of the Earth's magnetosphere four

13



times around the dates of April 4, between April 8 and 9, between May 2 and 4,
and on May 7., During all of these cases (with the exclusion of April 4, when
the instrumentation was:-not turned on) an exceeding speed of count over the
cosmic background was registered simultaneously by the counters II and III
(the counter I remained "out of range'"). This testifies to the comparatively
isotropic character of the registered radiation. At the same time we
observed an increase in the speed of count of the geiger counter SBT-9, of

N. L. Grigorov's, et al, instrumentation (Ref. 10); intensive fluxes of
slow electrons were discovered by the instrumentation prepared by K. L.
Gringauz and others (Réf. 11). The counter used by Grigorov and others had

a lower sensitivity to X-radiation as compared with our counters, and
approximately the same sensitivity toward particles, It is natural to
interpret the increased readings of the counters during these days as a
registration of particles in the tail 6f the Earth's magnetosphere, which

was earlier studied up to a distance of 31.5 Earth radii (Ref. 12).

When the satellite was located in a zone of radiation related to the
tail of the magnetosphere, the speed of count (excluding the cosmic back-
ground) consisted of about 50 pulses per square centimeter ¢« seconds ¢ sterad,
Assuming that electrons were registered, we find that the flux of electrons
with an energy of E > 40 kev comprised ~ 50 electron/square centimeters . sec

+ sterad.

It should be noted that such a flux of electromns is produced by a flux
of X-bremsstrahlung of ~ 0.1 photon/square centimeter: . seconds °* sterad.
(Accepting the fact that in the case of the lunar surface, this is Z ~ 10),

i.e., considerably less than the anticipated flux of Roentgen fluorescence.

The authors express their gratitude to V. F., Sukhanov and A. D.
Ulyanitska for their participation in the preparation of the instruments for

this experiment.

Submitted for publication
August 8, 1966,
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