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PROION SPECL RN MEASUREENI TN THE ENERGY RANGE ABOVE I 1TEV
N.Ll. Grigorov

Institute of Muclear Physics, oscow State University,
Mo scow ITY9899, USSR

To hiwvestigate the spectrum of protons in the energy range above
I TeV, the “"Skol" apparatus described in ("Skol" apparatus project
I1979; Vermov et al. I98[) had been advanced by the author.

The chief gpecial feature of the apparatus was to visualize sepa~
rate particle recording results. For this reason the apparatus compri-
sed 95 automatically operating detectors: 80 scintillators included in
an lonization calorimeter (IC) served for energy measurlng and IS Ce-
renkov counters over the IC for primary particle charge measuring. In
eleven of the couters the Cerenkov directional radiation was used
(D2-I detectors). Therefore they were rot sensitive to the back-scat-
tered particles from IC. These counters sexrved for measuring the chaxr-
ge of protons, Hellum rmuclei and other light nuclei, ihe charge measu-
red by them we designate as 2., In four Cerenkov counters (I8-2) loca-
ted over those of D2-I the 11éht diffused by white case walls was usd.
These counters served for measuring the charge of nuclel with 25 5.
The charge measured we designate as 2,.

The experiment with "Skol" appara%us onboard the Farth satellites
"Cosmos" serles was organized by Academician S.N.Verrmov and the author.
The first gpparatus was installed onboard the "Cosmos-ID43" satellite.
The results ovtalmned were published in (Ivanenko et al I986; Ivanenko
et al T987). Came from the measurement results, some Improvements were
Introduced into the apparatus. Measurements with "Skol-2" apparatus

were carried out onboard the "Cosmos-I/I3" satellite, The results were
described in detail in (Grigorov et al 1988). In this work the crite-
ria of particle selection were consldered, the numbers of recorded par-
ticles of different charges in differemt energy intervals were presen-
ted.

In the work (Grigorov I989 NITYaF) the detailed analysis of measure-
ment results has been carried out. Some part of it concerning protons
is set forth in the present report.

The visualization of the process of particle recording made it pos-
sible to determine the coordinates of cascade axis with an accuracy of
~ 0. cm in every IC row, The cascade axis was taken for the primary
particle movement direction. The charge of primary particle was deter-
mined on the evidence of the cascade axds had passed through, the cas-
cade axis contimmed from the IC to the level of IZ-T and DZ-2 counters.
Simultaneously the pulse amplitude was measured (in the value of Z;and
22 charges) in those I2-I and IZ-2 counters the primary particle passal
by (additionally operating coumters).

In Fig.l a primary particle distribution in Z; at different conditi-
ons of particle selection 1s presented. It is se]e:m from Fig I, when
backscattering 1s small (cascade begimning 1s in the depth of IC) and
when 1t 1s large (cascade begliming is in the first IC row), protons
are surely separated from Helium nuclel (Z; = 2).

In Fig.2 the distribution of particles ]j-.n charge measured by IZ-2

counters, with D2-I measurement results drawn, is shown (Grigorov 1989
JEIP). It 1s seen in the figure that with the help of DZ-2 we record
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rather wanbigwusly nuclei with Z > 5.

* e results of measuring the particles of different charge in diffe-
rent energy intervals with “"Soko 1-2" apparatus .are given in Yable T
(Grigorov et al 1986).

Table T

E, TV 10 T 23 3% 5 50 70 I0o15 oD 20-0; D

-.—__—____—_..—____-.——_———_———-———__

N (B) 277/172 TO2/I60 48/58 24T 30/39 I3/23 /19 - 2/3 I/ 272
NP D(E) 202/T4 9y/T8 4254 17720 26/3%4 10/23 5/ 2/0 12 5/6
Z>S(E) 36I/247 166/223 57/T09 2748 19/36 19/19 /19 3/8 55 6/

The particles but are included into the Table, that have a cascade
axls going through the IC lower base area and the upper or lower plane
of I2-I radiator. The numerator of each fraction is the mumber of par-
ticles in a given energy interval related to an energy 1;‘}“ measured
directly in IC. Denominator is the number of particles ,ﬁ%ﬁed to the
energy interval of E = east O F where the correction AE is the enexr-

gy leaving the IC th%ough the lower base and lateral sides, as well as
non-detected part of nuclear disintegration energy (Grigorov et al I9g8).
lakding use of Ey we Introduced the correction on non~recorded en-
exgy fraction into t%e spectrun E = ¥ as (Grigoxov 1989 NITYaF) like
that we made with the measurement re ts from "Proton" Satellites.
(Tonization calorimeters of both "Sokol" and SE2-I4 apparatus onboard
the "Proton" satellites were practically identical). Thereby the par-
ticle flux intensity was detemnined by the expression:
1(>e)-('z)“N(fs)/w I, (1)
where N - the number of particles, W - the pmbability for particle to

go through the charge detectors without interaction in and in the sub-
stance above, T - measuring time in a given conditions for master sig-

‘nal to work out [ - geometric factor of the apparatus, () - the me-

an value of an oorrec‘tion coefficient, The numerical values of all
these coefficients are presented in (Grigorov I989 NIIYaF).

Into the measured number of particles of each ¥ind the correction
+6h on particles with cascade axes to. go out beyord the DZ-I bounds
(due to the finite accuracy of axls reconstruction) was introduced. To
the number of protons, besides that, a correction was introduced equal-
led to -7 of the number of He nuclei that are the He nuclel traver-
sing IZ-I radiator in short chords (passing through a lateral radlator
side) and so initiating protons. To the mmber of nuclel with 2 5 the
correction +I0% was introduced to account.for the L grouwp nuclei that
do mot enter into the statistics.

After the corrections were accounted for, the intensities of vari-
oug n¥cl .fluxes were obtalned, lis-ted in Table 2, expressed by
m “h™sr u&rigorov 1989 NIIM')

The results of Table 2 may be approximated by the expressions:
in the range of E 2 TeV for nuﬁleﬂl,withlz>2 '

;A2 E) - (IB38-I3) E| ¥im 2 Yi-.I.GItO.IO;

1“ GB - (o) B n2 e Y= 1.60£0.I3;
for protons in the range of >l+ITeV : i .

I& *E) = (274232 E~%m™° n™ sr™l at §p = 2.0810.Ta. (A value

s .obtained with measurement results from - "Cosmos-IS43" satellite
at%racted (Grigorov 1989 JETP). Particle energles are expressed in ‘TeV).
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l'able 2

I, ,(2E) 48.0t 22.3 9.3 .45 3,48 2.0 L 55 0.79%
ke tr9 tra 1.2 t1.0_*0.72 %0.56_ 0,49 0.3H _
I, (»E) 36.9% 9.2 11,6t 8.8 4I- 29 174 1,20 1.0%
. *o.e ftr,g SIa4 tI.3 0.8 '0.84 0,64 054 0.5
I (>’E) 430f; 23.9"+ E I"' IO-I)- q'al)t 2.2t 0. 7t = -

b “3.I t2.2 fr.8 1.5 tr.0 *0.70 *0.42

I_/I, I.I7% I.2ut 1,30% I.I9% I.I0% 0.76- 0.45%
P *0.12 t0.17 £0.22 0,24 0,33 *0.33 0.0

W

The intensities of different components may be yeald,from the data
listed in Table I, by the formula I (2 E) = KN (E) m "h™sr™ at K =
«0,I89, 0.I76 and 0.I55 for protons, He nuclei and nuclel with 2 2,
respectively, provided Eg.,o used, and K = 0.I30, O.I49 and 0.I22 pro-
vided E  used. :

In Feg.B the intensities of proton fluxes of Table 2 and all parti-
cle flux (the sum I_ + I°‘+IZ>2) are compared with the measurement re-
sults on "Proton" sBtellites (“Akdimov et al. I96Y). It is seen from
Fig.3 that by the identical methods used to introduce the corrections
in energy, the measurements carried out by "kol" apparatus where the
backscattering of particles leaving the IC has not Influenced on spect-
run shape, give the same proton spectrum as has been recorded onboard
the "Proton" satellites. _

In the publications (Ivanenko I.P. et al I988; I989; Ivanenko et al
1988) another affirmation is stated. ,

The detalled conslderation of demoted reasons of discrepancies in
conclusions of the present work axd (Ivanenko et al I988, I989 & Iva-
nenko et al T988) will be published.

Referemnces
Aximov V.V, et al T969 ITth ICRC conference Papers 0G-99
Grigorov N.L. et al I988 Preprint NIIYaF LiGU-88-43/64
Grigorov X.L. I989 Pissma v JEIP 49, 246
Grigorov N.L. I989 Preprint NIIYaF MGU-89-9/86
Ivanenko I.P, et al T986 Pissma v JEIP 44, 00
Ivanenko I.P. et al. 1988 Pisma v JEIP 48, 468,
ibid. T989 49, T92
Ivanenko I.P. et al, T988 Preprint NIIYaF MGU-88-5/82
Ivanenko I.P. et al. I987 Yademaya Flzika ?2, 1069
"Luchi kosmicheskye galakticheskye". GOSI 25645.122; GOSI 25645.125-85
Goskom, SSSR po standartam
"Sokol" apparatus project. NITYaF MGU I4979.
Vermov S.N, et al. T98I I7th ICRC Conference Papers 8 #49.

75

© Organizing Committee of the 21st Int. Cosmic Ray Conf * Provided by the NASA Astrophysics Data System



. 73G

.3,

19901 CRC. . .

0G 6.I-2

| 4

2,?

Fig.I. a - cascades begin below the first IC row; b ~ cascades
begin in the first row; c - all the cascades. A primary particle
goes ot nearer than 2 cm to the IB-I radlator edge.

Fig.2.
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The distribution of particles in Z on the results of
measurements by DB-2 cownters in use the data of I2-I again.

E, Tev ) 5
o ! 10 10 Flg.3. Both protons and
all the particles spectra on
- measurements onboard the
. % "Proton" satellites and in the
Y., . ’&i._,zﬁ_}&"* present work (e, X and O,V ).
e Ibts, the approximation of
e spectra glven in (Akdmov et al
| {{ 1969). Point at E =1Tev - ex-
trapolation,
1.
e-protons

x-olf particles }._Proton-z.s,‘r"
eeomdpproXimation (8]

| O-protons }_,Soxof-a"

V- att particles

— [u]

76

© Organizing Committee of the 21st Int. Cosmic Ray Conf ¢ Provided by the NASA Astrophysics Data System



