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FRAGMENTATION PARAMETERS
OF COSMIC-RAY NUCLEI
IN NUCLEAR PHOTOEMULSION

D. KAZIMIRY), L. Em.j, Kogice

The work presented has been carried out upon experimental material obtained by the
irradiation of emulsion on the satellite Intercosmos-6. It deals with the determination of
fragmentation parameters have been determined on a large statistical set, especially for

[TAPAMETPBI ®PATMEHTAIIVIM STEP KOCMUYECKRX
JIYYEX B AOEPHBIX DOTOIMYIALCHUAX

B paGore npusenenn: IKCIEPUMEHTANbHBIE AaHHLIE, NONy4eHHble IpH OGnyueHnu
3MYALCHI Ha CllyTHHKe «HHTepKrocmoc-6». Tlpu oM onpepensmucs napamerpsl ¢par-
MEHTALHMH TXENLIX sep ¢ 3apsyom Z2= 10, Tapamerpar ¢$parmenramm ompeneneHn!
Ha GOJNBIIMX CTATHCTHYECKHX Habopax, rnaBHbLIM 06pa3oM nas nerkux u TAXENBIX Agep
$oToaMynscHm. Dueprist nanarommx finep Gonbie, yem 2 ['aB/uyknon. B KOHLIE CTaThLH
CPaBHHBAIOTCS MONYYEHHbIE PE3YNLTATHI C NAHHBIMU APYIMX aBTOpOB.

L INTRODUCTION

In our work we attempt to détermine more precisely the fragmentation parame-
ters of heavy nuclei of the cosmic ray with a charge Z> 10 in nuclear photoemul-
sion. By the fragmentation of a nucleus we understand a process of fission of the
incident nucleus i on the target nucleus y by producing the new nucleus J, which
moves in the same direction, with the same energy per nucleon as that in nucleus ;
and with a charge lower or the same as the charge of the incident nucleus Zj<Zi.
The fragmentation parameter Pij gives the number of fragments of the type j
produced in the process of fragmentation of the nucleus i, ie., the probability of
fission of the nucleus i into the nucleus j during an inelastic nucleus-nucleus
interaction.

) Ustav rédioekolégie a vyuzitia jadrovej techniky, 040 61 KOSICE, Czechoslovakia.
*) Ustav experimentélnej fyziky SAV, 041 54 KOSICE, Czechoslovakia.
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The experimental material for the study of inelastic collisions of high energy
particles of the primary cosmic ray with nuclei of the photoemulsion has been
obtained from the experiment on the Earth satellite Intercosmos-6.

One part of the experimental equipment was also a block of the photoemulsion
NIKFI BR-2 with a capacity of 451. A more detailed description of the satellite
orbit parameters, experimental equipment on its board and of the further treat-
ment of the emulsion block can be found in [1] and [4).

IL. DESCRIPTION OF THE EXPERIMENTAL
TREATMENT

The detection of primary cosmic radiation trajectories in nuclear photoemulsion
with dimensions: 10x 20 x 0.045 cm’ has been carried out at the distance of

emulsion, by means of a ZEISS-AMPLIVAL microscope with the eyepiece 12,5 x
and a lens 6.3 x. We selected only those trajectories which satisfy the following
Criteria;

a) The length of the tra jectory in one emulsion plate is greater than 0.7 cm (at
the given magnification it was equal to three visual fields in the microscope).

clearly visible, which corresponds to the particles with a charge of Z=10.

By means of these criteria we speeded up the detection and evaluation of the
individual trajectories. Totally, 2784 out of the heavy nuclei trajectories of primary
cosmic radiation satisfied these criteria and more than 240 m of nuclear photo-
emulsion was scanned simultaneously. The scanning of the trajectories, which have
satisfied the given conditions was carried out by the same microscope with a lens
16.5x . In the case of some changes on the trajectory of the nucleus, or in the case
of an inelastic collision, an immersed lens with a 100 x magnification was used. All
the fragments resulting from the interaction were scanned using the same magnifi-
cation until their exit from the emulsion, or until further interaction, As heavy
fragments only nuclei with a charge Z<3 were considered, alpha-particles were
not scanned further. As fragments of .2 nucleus we considered only those
high-energy nuclei, the direction change of which was in comparison to the incident
nucleus less than 3° in the laboratory system.

The charge of all primary nuclei and fragments was determined by the summa-
tion method of slow S-clectrons, described in {4]. - OF

In the determination of the charge by this method the error is [AZ|<1."

IIl. FRAGMENTATION PARAMETERS

Fragmentation parameters Pij of nuclei of the cosmic ray photoemulsion rw«n_.coo:
calculated from the 708 observed interactions (630 primary and 78 secondary
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Table 1
Mean values Primary interactions Secondary interactions
z 15.5+1.7 115+12
N, 9.6+0.7 6.1+0.5
n, 114+0.8 88+0.6
N, — number of c_uo,_n tracks
n, — number of relativistic tracks
Table 2
]
z LM 107 11]12] 13] 14 150116 17) 18| 19 207212223 24 25| 26
alM{ 271 25] 26111 75 {199 75 [ 1811 88 208| 44 63| 2 | 20 513 ~-110
10 - ) O | 2(5)12] 4 1 1 il B B R U R R
11 -11 314 1 9 2 e S I e - -
12 11316 )]3]14] 3 32 -1 2] -] =
13 11334 LI N R I O P e e — ]
14 Llst10fa4f13)3|~-|_ dl B I U U B
15 Jj 131614 -1|._ -1 - JJ
16 o Al L 2 2 A I e I I B
17 LI R N I B s U R I I
18 1 1 I I I S I R B
19 =l -1t -=-11] -1t _|_
20 -1 = -T=T
21 il B I S R
22 - -1 -1<11
23 N RS R
24 - -1-
25 - =
.26 -
X |126120(24]79 44 1133| 53 115 421971251271 1 121131 -1]%s
"3 |2 353 279 50
*IM:3<Z<9
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Table 5

Freier, Waddington

Judek, Heerden

Table 7

KaZimir, Just Judek, Heerden

N.,>7 .. -

i P, Zj Zi P; Py

IM - gIM 10 0.700+£0.265 7 183 0.470+0.051 86

H3 - M 1.073+£0.085 161 0.909:£0.203 20
150 22

— H3 0.080+£0.023 12 0.045 1

H2 - LM 1.735+0.113 236 1.636 +£0.386 18

— H3 136 0.184+0.037 25 11 0.182+0.129 2

— H2 : 0.037+0.017 5 0.091 1

H1l - alLM 1.815+0.259 49 2.450+0.350 49

+ H3 0.148+0.074 4 — —

27 20 ’
— H2 0.37 1 0.200+0.100 4
- Hi — — 0.050 : 1

Z. ——

i P, i i P, Zj Xi P, i
IM—alM 26 1.038+0.200 27 613 0.887+0.038 544 466 0.861+0.043 401
H3- alM 1.448+0.064 511 1.464+0.081 328 1.482+0.132 126

. 353 224 85
—H3 0.144+£0.020 51 0.161+£0.027 36 0.153+0.042 13
H2-s alM 1.867+0.082 521 1.924+0.116 277 1.500£0.261 33
" >H3 279 0319+ 0.034 8 144 0306+ 0.046 44 22 0.227+0.102 5
—H2 0.054+£0.014 15 0.063+0.021 9 0.091 £0.064 2
Hl— alM 2.060+0.203 103 2.158+0.044 2365 2.133+£0.218 96
—-H3 0200+£0.063 10 0.179+0.013 196 0.044 £0.031 2
50 1096 45
-H2 0.120+0.049 6 0.151+0.012 165 0.289+0.080 13
—-Hi1 0.060£0.036 3 0.109+£0.010 120 0.133+£0.054 6
Table 6
KaZimir, Just Judek, Heerden
N, <7

Zi P, by Xi P; Zj

IM - aIlM 16 1.250+0.280 20 283 1.113+0.063 315

H3 - 1M 1.724 £0.092 350 1.683+0.163 106

203 63

— H3 0.192+0.031 39 0.190+0.055 12

H2 - olM 1.993+0.118 285 1.363+0.352 15

- H3 143 0.448 +0.056 64 11 0.273+0.160 3

- H2 0.07010.022 10 0.091 3

H1 - .alM 2.348+0.319 54 1.880+0.274 - 47

— H3 0.231+0.094 6 0.080+0.056 2

23 25
- H2 0.192+£0.082 5 0.360+0.120 9
N 0.115+0.067 3 0.200+0.089 5

Acvording to Tables 5 »6, 7itis cl
are in very good acoordance with t
[2] and in good agreement with 3],

/

€rTofs.
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parameters given in the work
rge interval within the limit of

IV. DISCUSSION

1) On a large statistical set fragmentation parameters of primary cosmic radia-
tion in photoemulsion have been determined. This set is one of the largest hitherto
evaluated sets of nucleus-nucleus collisions.

2) Our results are in good accordance with' the works of other authors. The
comparison was made for particles with any energy of about 2 GeV per nucleon.
The difference is observed only in the fragmentation into alpha-particles, which
were not determined by a suitable method.

3) We determined the fragmentation parameters for individual nuclei in group
H2, which has not been published yet.

REFERENCES

[1] Grigorov, N. L. Izucenije kosmideskich Iucej vysokych energij na ISZ, Annual conf, INTER-
COSMOS;; Cosmic Physics, Cluj 1973.

[2] Freier, P. S, Waddington, C. I.; Ast. and Space Scien. 38 (1975), 419,

{3] Judek, B, van Heerden, I. J.: Can. Journ of Physics 44 (1966), 1121,

(4] Just, L.: Kandiddtska dizertatnd prica, PF UPIS, Kosice 1978,

[5] KaZimir, D.: Rigorézna prica, PF UPIS, Kosice 1980,

Received February 23rd, 1982

281




