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V.G.Abulova, L.A.Hein, K.V.Mandritskaya, G.P.Sazhina, N.V.
Sokolskaya, E.S.Troshina, A.Ya.Varkovitskaya, E.A.Zamchalova,
V.I.Zatsepin.

Institute of Nuclear Physics,
Moscow State University, Moscow 117234, USSR

ABSTRACT

Five emulsion chambers were exposed in the
stratosphere in 1978. Parametersgf the exposure
were the following: SR =0.628 m“sr (for zenith 5
angular interval of 25-60° T=200 hours, P=13 g/cm®.
Three chambers with T=130 hours have been pro-
cessed by now and about 1000 cascades were regis-
tered. For 135 events with energy higher than
3 Tev the type of primary particle was determined
(proton, o -particle, heavy nucleus).

Experimental data were analysed to answer the
question whether proton energy spectrum differs
from spectra of o -particles and other nuclei
in the several Tev region.

Congtruction of Chamber. Each emulsion chamber consisted
of 2% lead plates with -the area of 0.9m*0.48m. Upper 10
plates each of 1 mm thickness were interlayed with sheets
of nuclear emulsion of 50 thickness. Between other 14
plates of 5 mm thickness £%o X-ray emulsion films and one
nuclear emulsion sheet were placed. One sheet of nuclear
emulsion was placed above the upper layer of lead to discri-
minate interactions in the chamber cover which resulted in
a shower just in this sheet.

Experimental Detailg. Methods of tracing of a shower in
nuclear -emulsion-layers-and of estimating of primary partic-
le charge were described in our previous papers /1-4/. Ve
would like to remember that standard deviation © of measu-~
red values of coordinates was 180 n , accuracies of charge
estimation for various groups of nuclei were Gy =0.53,

Ou =0.93, Bvu=1.5. The probability to take a_lackground
nucleus as a shower primary was less than 10 -,

Each shower was characterizied by energy parameter & ,
which was determined as the energy of electron-positron
pair which would produce in the chamber a shower with the
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measured value of optical density in the cascade maximum.
A form of cascade ' curve was not taken into account. The
relative standard deviation of the value of & was 10-15¢%
in the energy range of 2-20 Tev. ‘

Results are shown in table 1.
e N Whereo and A are the

E,Tev| P A A |F SH | NI numgersdog sﬁiwers
produce y -par-
;g ?g 1g 1; %2 %? Z ticles and nuclei
»10 1 5 |2 |5 | 4 |0 ]| with Z7 6, (Nuclei
»20 0 5 5 0 1 0 w%th 4=3+5 are prace-
340 0 1 0 0 o |o tically absent in
this energy region).

F is the number of showers appear to be members of air fami-
lies, SH is the number of events with shower seen in, the
first layer of nuclear emulsion. A shower was assumed to be
a _proton one if it did not get into any previous groups.

NI = not identifined showers, i.e. showers which we failed
to trace along the trajectory.

Discusgion. To interpret the data of table 1, it is ne-
cessary -to -ecalculate the relation between the value of &
and the energy of mucleus. Calculations of cascade curves
from nuclei of various groups in lead were made in ref. /5/
in the core approximation of electromagnetic cascade theory.
Now we somewhat refined this calculations through more cor-
rect treatment of P, ~distribution of particles in nuclear
interactions. Nucleus-nucleus interaction is treated as a
superposition of nucleon-nucleus interactions, as before.
Fluctuations of the number of interacting nucleons and of
the value of Ky were taken into account.

In fig.1 the ratio of energy of nucleus Ep to & is
plotted versus € . Deviation of the ratio from a constant
value is connected with spatial dispersion of secondary par-
ticles in nuclear interactions. This effect is stronger fo:
nuclei due to lower energy per nucleon in a nucleus.

In fig.2 the ratio of the number of showersproduced by

ol -particles to that produced by other nuclei (a) and the
ratio of the number of proton cascades to the number of cas-
cades produced by nuclei (b) are shown. Solid, dashed and
dotted lines correspond to ratios expected for "normal" pri-
mary mass composition and for models with depletion of pro-
ton component. As the "normal"™ masscomposition we take the
one with equal spectral indices  of all components () =1.7)
and intensities shown in table 2.

- — TP [X | |8 |VHE
I(31 Tev) [menr~Ysr~"[220 [137 [115 |122 | 88
SAATANY [m“hr sr]  [30.9[35.5[37.0[34.6]31.2
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Fig.1. The ratio of

energy of nucleus E, to &
versus & .
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Pig.2. The ratio of the num-
bers of cascades produced by
various primaries versus € .
Curves are calculated for dif-
ferent models of primary mass
composition. Solid line -
"normal" composition, dashed -
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" line - Grigorov model of
the spectra, dotted line
- model from ref./6/.

~ Fig.3, Intensities of

& the proton, o  and nuc-

1 lei fluxes versus energy
per nucleon. Denotions
for curves are the same
as in fig.Z2.

&, 0 -p,& -li.3.Ryan /7/
A,0-Dy& -S.Tasaka /8/
M. 0-p,X - JACEE /7/

W¥-nuclei - ii.Simon /9/

/ 0 100

0,0,® -p, & ,nuclei -
present data.

E , Tev/nucleor

© INSDOC -« Provided by the NASA Astrophysics Data System



.9..179A

19831 CRC. . .

oG 4-2 182

The number of cascades witn & above a fixed value may
be calculated according to the formula:
N(E)= TEE) » SATAR
where I E) is the intensity of nudlei on.the top of the
atmosphere,SQTis the factor of exposure, A is the effi-
ciency of registration, ) -the coefficient of absorption in
the atmosphere, -correction factor of intensity connected
with the dispersion of & due to experimental procedure.
Experimental data on p, d and A groups are shown in
serms of absolute intensities in fig.3. One may conclude
from fig.2 and 3 that experimental data on the spectra of
& -particles and other nuclei do not contradict the idea
about "normal" composition. On the contrary it is seen that
the experimental number of protons is less than that expec-
ted from the "normal" composition. It is necessary to note
that the group named "protons" may involve some omitted &,
F and SH . events, especially in the low-energy region. On
the other hand, the probability of a proton to get into an-
other group is small. Therefore, experimental energy distri-
bution of protons and o -pariicles may be somewhat distorted
by this effect. If it is so, real intensity of protons would
be still lower than that shown in fig.3.
Conclusion. It is difficult to interpret the data ob-
tained if not to assume a decrease of the proton part in the
several Tev primary flux.
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