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' ABSTRACT: " The results of measurements of energy spectrum of
prmary cosmic ray o -particles in the 5xIOI -IOI"2 eV/nuc-
leon. energy Tange from Proton-3 satellite are presented.
_In: the 5xIOI° 5xIOI eV/nucleon enexrgy range the spectra -

. ofo( ~particles and protons are similar, the only diffe-

rence is in intens:.ty. The ratio of o( ~-pgrticle to proton
fluxes of the same energies is 0,56 & 0.1 &

I. Measurement techm.que
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.- The SEZ-I4 instmment carried aboard Proton-3 satelli‘ce ‘

. permit’ced ’che energy spectra of primary cosmic ray part:.cles
wlth different. charges to be studied.. Schematical view of the

) 1nst:ument 46 shown in FigeI while various elements and detec~

(* tn.on systems e.re described /1/ « The nature of particle (its
"cha;r.'ge) Lwas: detemined using a double  Droportional counter

(see Fig.I in/ 14./ ). The pu'Lses from: each proportional counter
gene;:'arl:ed.:~ when particle passed through the detec’co:c _aifected -
. differential discriminators isolabing different nucleus. groups.
The~~0(~-particles viere detected with differential discriminators‘ ‘
which were in opera’cion if the amplitudes of pulses .V, from

the proportionab cou.ntefs ‘were within 2,7 V. :eob* V<8, OV

B where vﬁ’;‘b 15 the most probable value of ampli’cude of

\

the pulses generated in the proportional counter by a s:.ngle-‘
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: charge ‘relativistic particle (by muon at sea level) « If theseOG 53
‘aiscrininstors were in operation simultanecusely in both
proportional counters (within T = 6xI0™° sec) 'e-ign'al' Z, was )
produced. - ‘ - |

| "Energy of o( -particles was measured w:o.th ionization calori-
meter consisting of steel plates between which - plastic SCintil-
lators were inserted/I/. The plastic scintillators were viewed
‘with two photomultipliers (PM-III, Fig.I) with mutial anode
o resiste.nce. The PM signal. emplitude was proportional +o the
energ;y released in ionization calorimeter and affected 8 row
' ‘, of integral anplitude discriminators with dn_fferent thresholds
ofresponce Ei(i I-9). Scintillation. counters made of plastic'
scintillators and covering the whole area of the\ calorimeter
were located above and under the ionization calorimeter (1,11,
‘Fig.I) Operation of the amplitude discriminator Bi simulte-
neousely Wi th s:.gnals from both scintillation countersresulted
in ‘the production of the signal denoted as E o Loca.ted gbove -
o the proportional counter was the detector of particle movement'
E di/rection (DDIB, Fig.I) consisting of four directional Cerenkov
- counters which operated at single load. The di rection detector
2 ’was triggered by e. single particle en.ter:.ng the instrument

:fiom its "inlet window" and may be triggered with a shower
Lleaxlng the calorimeter with number of particles/,fIO. However,
B such shower could not as a rule imitate o -partiole for in this
" case the signal amplitude of the proportionel counter located
} 'between the calorimeter and direction detector would e beyond .
“the dif.:ﬁ‘erential "window" Zpe e '
. The SEZ-II{- instrument detected coincidences of the s:.gnals
from both proportione.l counter (Za) ionization calorimeter '

and ecintillation counters (€] i)’ and éerenkov counter (DD),i.e. ‘
- Rel a‘: : “»:}1 - T 1781 - N . :




complex sigﬁels denoted as ZIDDE ;. 4 ZZDDE i everty ment ’(:ha;;)G 53
at the moment of energy release E in the ionization calori—
meter a-particle with charge Z = 2 had passed through the
direction detector and both pni-oportiona’l. counters. The di-
' rection detector was comnected to the detection system in such -
- & way that such events could be detected with only e half of
SEZ-i4, -
‘ During the flight Z,DDE_; events acccumulatad in the "opera-
tive memory" system were counted each 8.5 sec and memom.zed
in the systenm of - "long~term memory" which was interrogated
j during the periods of satellite-Earth communications. ‘

2. Measurement results
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The in:formation obtained between‘ the communication periods
(6~I2 hours of satellite flight) wes treated in such a way
that the number of the Z,DDE ci events was calculated for each
measurement period and then the mean 1nten.sity of these events,
' Imrd’ was determined., The mean intensities Per a measurement
period ‘have made it possi'ble to plot time dependence of the
counting rate for thd Z,DDE.; events and to establish that
during the satellite flight the operation of the equipment

was, as a rule, stable., It was also established that the
Zzl)D“.n."ci counting rates were independent of the posz.t:.on of ‘
the ‘target in the instrument/ 1/ which made it possible to average
the ‘intensities found over the whole period of the flight

end -to £ind (T nrdy 04 their RES errors (statistical error

was: teken for only rare Z, DIE o events). When calculating

the averages those measurements were excluded for which the devial

ion £rom the a.verage ‘was in excess of tripled value of the




0G - 53
- Such 'cases amounted to ~I% of the total number of measu-

-rements Since the electron methods of particle detection

are not su:ff:.c:.ently visual and make the estimation of various
immitations difficult we chose the following procedure to
.elucidata their role in the detected J.ntensn.ty of the 2 DDE ol
‘.'events. i .

As'it' is known the Proton-3 was not orignted with Tespect
to a fixed direc'b:i:on and ppinned irregulari’y with respect

to its three aﬁces. Therefore a part of the time the SEZ~I4
"inlet window" was directed to the Barth and the instrument
~could not detect the protons and ‘A -particles of high-
energies entering through the direction detector (DD) » Denote
~such orientation "as down" end the Z,DDE,; measured at this
“orientat:.on as 7 down. A part of the time the "inlét window"
was oriented to the upper hemisphere and the instrument could
‘detect the protons a.ndoﬂ particles of high energies. Dgnote
‘such orientation as "up" and the intensity measured at this
“orientation as j,x v

- Using the roadings of the three-component magnetometer

; “é.'rried' on Proton-3 we could determine the SEZ-I4 ordentation
up" gnd "down™ for -some positions of the satellite. As the
*measurement results have shown the counting rate from high-

ne rgy protons (the 27 ( Np+ Ne) DIE, events ) ceased actually .‘
t - the - "down" orientation. At the "“up" orientation the proton
ounting rate was maxmum. Therefore, we have selected from
Tthe tobal period of ‘the Proton-3 .flight all the intervals
uring which the Zy ( Ny Nz) DDE,; counting rate was zero

the "down" - ; crientatjon) and meximum (the ‘"up" orientation)
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: 5. .
and detezﬁined the avarage intensities ¢ J d°w§~a.nd .{fjo(ug 0G-53
f£ar these time intervals. It appeared that K =

= N, = 3.4 2 0.6, This value shows that the '

L PP/

Ak - particle immitations did not contribute su'bstantially

'.to the datected intensity of the ZzDDE i events, It should

-‘ be noted thet the real value of K must be higher since the

averaging in detex-mination of <Z¢ > included the time inter—
: vals when the "inlet window™ of the :mstrument could 'be
partly shielded by the Barth. ”

To determine the ratios of the flux intensities of o( ~par-
1 ticlas and.”protons of the same energies we proceeded as
follows., The ‘counting rates of the Zzbm‘c:.( 70( ); end

- 2.( NI + Nz) DDEci (.7 p)i events for the same time intervals
. Were determined i’or 850 hours of the satellite ﬂight. For
the same value of index L the ratio % corresponds to Ghe
" ratio of the detected fluxes of ({ - particles and protons
[‘k;which releese energy 7 E; in the ionization calorimeter.

or E, ,E4,E (o( - particle detection began from energy E > > By) )
we have obtained the seme value within statistical errIors.

he value o:f(j"%)averaged over the three energy thresholds

appeared to be 0.5’7 ¥ 0.I. This ratio is not true sn.nce the

interval is 0.7 according to our calculations and the proba-
ity of jprot’on detection by both proportional counters is
'?'38.' Besides that a somewhat shorter interaction path of a
rimary o ~ particle in the ionization celorimeter as compared
¥Lo that of proton leads to the fact that on the average the
heTgy release of ol - particles in the ionization calorimeter

15y be IO% higher than that of protons. Including these
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corrections we get that the intensity ratio -
‘~ ' L5 = 0.5 % 0.0

’l‘his ratio, with mespect to the method of its ‘measurenment,

0G ~ !

) lS independent of the aocuracy of detemining absolute o -par- .

bticle flux. To ob’cain the &bsolute values of theo( ~particle

fluxes ’che measured frequency of ZZDDECJ. detection was divided

‘by the effective geometrical factor I = Cye Cy ‘[.= 26 ster.cn®,

. ¢heze o 1s the geometric factor of the instrumen'b, Cr= 0.7

is ‘bhe efficiency of A - particle detection by both propor-

'bional cou.nters; 02 = 0,65 is the coei’f:.cient J.ncluding the

shielding oi’ the instrument by the Eaxrth.,

. . The energy thresholds were cons:.dered to correspond to the

pa.rticle energies determined in the same way ‘as for the

. pz'otons/ e/ taking account of the fact that the o( particle

em I3y release in the ionization calorime'ber is IO% higher ‘

than the energy release of the protons of the same energies.
Pig.2 presents the absolute intensities of f - particles

with. energies higher than the given energy (per & nucleon)

obtained 'dnring 1270 hours of measurement period. Presented

also for comparison are the results of measuremenbs of

A = particles’ 31415:6/ and protons’ 2% in cosmic rays

obtained by other authors. s '
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Fige1s Schematical view of the $'£Z-14 instrument:
.1- inte'ractionldetector; 2 - Iower scintillation counter;
1-10 ~ scintillators of energy detector; 11-13 - diffusers
of the energy detector, interaction detector, and lower
scintillation counter respectively; 44— charge detector
(dou’ble proportional counter); 15 direction detector
I(Cerenkov coﬁnter).
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"'§ = the Proton-3 results;
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' i - the results from
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'l - proton spectrum according to the data of Proton-1 1293
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