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Sommary, — The inelastie-interaction mean frec path and fragmenta-
tion parameters in nuelear emulsion of acoelerated 2.1 GeV/nucleon
1201, 4N and %0 have been dotermined. The diserimination of the targeis
has been achioved with a new method. The global vesults obtained for
the threc ions Liave been compared with the M.group of the cosmic
radiation.

1. — Intreduction.

To extrapolate the cosmic-ray spectra obtained at the top of the atmosphere
to the sources, it is necessary to kunow the fragmentation parameters both in
air and hydrogen. 8o far nuclear emulsions exposed to cosmic radiation have
been used in determining their fragmentation parameters. The facilities offered
by the Berkeley L.B.L. have allowed us to make an analogons determination

{*} This work has been partially supported by Junta de Energia Wnelear and Comisién
Nacional de Investigacién del Lepacio (Spain).
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of the interaction mean free path and fragmentation parameters in nuclear
emulsion, with the advantage over cosmic ray of having known charge and
well-defined energy.

This work deals with the fragmentation of 2.1 GeV/nucleon '*C, N and
160 jons. As the contribution of fluorine to the M-group (6< Z<9) of the cosmic
radiation is negligible (<49% (%)), a comparison can be made with the previous
data obtained in that group.

Several stacks of Ilford nuclear emulsion were exposed at the Berkeley
Bevatron (Table I). The intensities of the beam were measured by gecintillation

Tasre 1. — Dala of the exposure performed.

Emulsion Plate Number Beam Expo-
type size of plates intensity sure
(em?) used (particlesfecm?)  date
120 Iford G5 3.5 x19.56X 0.06 3 104 I -1972
Ilford Kb 3.6 10.56£0.08 7 104 VI-1972
uN Iford Gb 5 X 5 x0.08 1 5:10¢ X -1971
%0 Ilford K6 3.6 10.6>0.06 6 104 VI-1972

counters. The beams penetrate at zero degree with respect to the larger area
of the plate and normal to its smaller side. The emulsion plates were developed
by the two-temperature method.

2, — Identification of the target nuclei.

The different kind of nuclei contained in the emulsion can be classified
into two categories: light nuclei (C, N and O) and heavy nuclei (I, 8, Ag and Br).
We shall call « blacks » those tracks which show a ionization I>101,, I, being
the ionization of a proton at minimum, «grey» those with 101, > I > 1.41,
and « relativistic » those with T<1.4I,. In terms of energy the conditions men-
tioned correspond to the ionization of a proton of K <30 MeV, 30 MeV << It <<
< 360 MeV and #3360 MeV respectively.

Tn the type of interactions studied the heavy component N, (black 4 grey
tracks) is formed not only by fragments from the target but also by frag-
ments from the projectile. In certain types of interactions such as those with
a jet of relativistic particles of different charges, the jet can be taken as pro-
duced by the fragmentation of the projeetile, but in general this possibility
depends on the impact parameter in each interaction, which conditions the

(1) V. L. Givzeure and 8. 1. Syrovarsgir: The Origin of Qosmic Rays (Oxford, 1964).
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nnmber of nucleons of the projectile and the target which interact in » first
ghage, in the extreme eases (central or guasi-central collisien) the fragmentation
products of the projectile and target are mixed in such a way that it is difficult
to diseriminate which belong to which, In this situation a criterion for diserim-
ination based exclusively on the value of ¥, would not have much significance.
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Tig. 1. — Angular distribubions of relativistic + grey tracks emisted in the interactions
produeed with 12C, BN and *0 of 2,1 GeV/nueleon: - g BN, -~ -180,

Tn. this work we have used several discrimination criteria. The heavy com-
ponent from the target Nys = Nj — Vg, where Ny, is the contribution of
the projectile to the value of N, deduced from the energetic fragments of the
jot. Figure 1 shows the angular distributions of relativistic tracks plas grey
tracks for the iong in the interval 0.80<cof 0<1.00 for all the interactions
studied. These distribntions show a pronounced peak from which we conclude
that almost all the interactions have & cone angle of the order of 8°(cos 8°~=0.99),
The value taken as representative of N, I8, consequently, the number of en-
ergefic fragments emitted with §< 8°. The black and grey tracks emitted in this
angular interval are considered as coming from the projectile because of their
energy. The contributions of black and grey tracks from the target have baen
determined by measuring their residual range,

Other oriteria nsed were:

a) The intaraction was with a light target i §,<8 for interactions of a
jet of fragmentation. In the ease of dispersed fragments (no jet) the value taken
was Nyp<<12, )
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b) Among the Ny <8 there should not appear any recoil nucleus (residual
range <10 pm), otherwise the interaction is taken to occur with an heavy
nucleus.

¢) In the case Nyy<8 the presence of tracks with residual range botween
10 and 50 pm is additional evidence of interaction with light nuclei, due to
the fact that in any case these tracks are produced by alpha-particles whose
emission is favoured by the lower potential barrier of the light nucleus.

The application of these criteria to the interactions studied gives us the clas-
sification shown in Table II.

Tasre II. — Olassification of the inleractions on the basis of the target size.

Number Light Heavy

of interactions target target
12¢; 105 419, 59%
1N 102 65% 359
150 109 289, 72%

3. — Resulis.

3.1. Inmteraction mean free paths. — In order to obtain the interaction mean
free path for the three jons studied, we have followed the tracks found at the
entrance of the beam in the plates until they interact or leave them. We have
considered as interaction any process resulting in a star with a minimum of
one heavily ionizing particle ejected, .. the mean free paths obtained are the
inelagtic ones. In Table IIT we give the scanning results as well as the inter-
action mean free paths.

TaBLE IIL. — Scanning and A vesults.

Number Number Total length A

of tracks of interactions followed (g/em?)

followed found (m)
120 458 203 30.0 56.74+3.8
uy 508 123 16.8 66.14+2.3
180 913 424 50.4 53.6 1+ 2.7

The result for “N was obtained by measuring the attenuation of the
flux at different distances from the entrance in the plate (Fig. 2). This method
wag preferred due to the good collimation of the incident beam. For 20
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and 150 we have wsed the method of the total length divided by the numper
of interactions found, bheeanse of the bad definition of the beams.” With the i
three values obtained we have caleulated the corresponding value of the
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Fig. 8. — Interaction mean frec pathe of HM-group ions. The numbers in parentheses
ave references,
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{* V. Y. Rajorapurr and C. J. WapnmweroN: Phil. Mag., 3, 19 (1868).
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(*) C. J, WADDINGTION: Prog. Nucl. Phys., 8, 1 (1960}
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M-group uging the expression

= (33 (3),

where J, ig the interaction mean free path of the ion considered and N, the rel-
ative abundancies of the three ioms in the M-group of cosmic radiation
(44:21:31 (). The mean value ({1,)) is showm in Fig. 3, together with the
results obtained by other authors using cosmic rays. It can be noticed thab
our result ig slightly higher than the results previously obtained and is in good
agreement with that found by FRIEDLANDER et al. (7).

3'2. Fragmentation parameters. — To obtain the fragmentation parameters,
geanning of interactions over the volume was performed. The interactions were
measured and their geometry reconsgtructed. The results presented here were
derived from 105 inferactions of 12C, 102 of N and 109 of °0. In addition to
the geometric meagsurements we have performed measurements of ionization
by blob counting. In the energetic fragments ejected at < 8° with respect to
the dirvection of the incident ion ({2~ 6-10-%sr), opacity measurements were
made (8). To make those measurements comparable amongst the three ions
we have used as photomefric parameter the relative opacity (opacity of the
ejected ion divided by the opacity of the incident ion). As the energies per
nucleon of both ions are the same (°), this parameter is only dependent on the
charge of the ejected ion, which allow us to determine its charge. Furthermore,
if we use that ratio, the possible effects due to uneven development, back-
ground, ete. are conveniently compensated in the global study of the three ions.

Tasrr IV. — Fragmentation parameters of 1*C, 1*N, 80 and M-growp at2.1 GoV/nucleon.

Emer-
gent Alpha L
Incident Target
Light Heavy All Light Heavy All

¢ 0.8840.22 0.724+0.18 0.80-+0.14 0.384-0.14 0.1410.08 0,254.0.08
N 1.044+0.16 1.034-0.20 1.031-0.13 0.3440.09 0.2564-0.10 0.30+0.07
160 0.9640.19 0.664+0,12 0.734+0.10 0.384+0.12 0.34--0.08 0.354-0.07

M 0.9740.11 0.794£0.09 0.8740.07 0.364£0.07 0.27--0.06 0.3140.04

(8) J. SEQUEIROS, F. FERNANDEZ, R. KAISER and V. Ganpis: Nwucl. Insty. Meth.,
104, 469 (1972).

(") H. H. HrcEmAX, D. . GREINER, P. J. LixpsTrRoN and I'. 8. Biesgr: Phys. Rev.
Létt., 28, 926 (1972).
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Table IV shows the results obtained for the fragmentation parameters of
the three ions and that of the M-group (obtained as a global result of the three)
in ions of the L-group and alpha-particles, for light, heavy and all target types.
It can be noted that the values are very similar for the different groups of targets;
this might indicate that the fragmentation is independent of the target (®). The
same can be oblained from Tig. 4, where we have represented the values given
in the literature and our results for the M-group, On the other hand the produe-
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Fig. 4. — Fragmentation paramelers of J{-group ions. The numbers in parentheses
are references. o light target, a heavy target.

tion of alpha-particles and M-group ions is in good agreement with that ob-
tained from cosiic rays, but nevertheless we have found a greater production
of IL-group iong than there.

(%) H. Aizu, Y. Fujimoro, 8. Haseeawa, M. Kosmpa, L. Miro, J. NismiMurA and
K. Jogo1i: Prog. Theor. Phys. Suppl., 16, b4 (1960).

(") Y. HirasEiMa: Nuovo Cimento, 12, 1 (1959).

(**) G.D.Baprwar, N. DURGAPRASAD and B. VIsavALAsmMi: Proc. Ind. Aecad. Sei.,
61, 374 (1965). )

(") V. D. Horrer, J. E. LaBY and Y. K. Lia: Nuove Cimento, 7, 552 (1958).

(**) M. KosHiBa, G. Scrurz and M. ScreM: Nuovo Cimento, 9, 1 (1958).

(**) B. Jupex and I. J. vaN HerpEN: Can. Jowrn. Phys., 44, 1121 (1966).

(*) P. H. Fowrer, R. R. Hitoer and C. J. WavpixaTon: Phil. Mag., 2, 239 (1957).
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Suminary. — The inclastie-interaction mean frec path and fragmenta-
tion parameters in nuoelear emulsion of accelerated 2.1 GeV/nucleon
1303, W and 10 have been determined. The diserimination of the targets
has been schisved with 2 new mothod. The global resulés obtained for
the three ions have been compared with the M-group of the cosmnie
radiation.

1. — Introduetion.

To extrapolate the cosmic-ray spectra obtained at the top of the atmosphere
to the sources, it is necessary to know the fragmentation paramebers both in
air and hydrogen. So far nuclear emulsions exposed o cosmie radiation have
been used in determining their fragmentation parameters. The faeilities offered
by the Berkeley L.B.L. have allowed us to make an analogous defermination

(*y This work has been partially supported by Junta de Energla Wnolear and Comisidn
Nacional de Investigacidn del Espaecio {Spain).
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@ RIASSUNTO (")

8i gono determinati il cammino lihero medio ed i parametri d’interazione delle inte-
razioni anelastiche in emulsioni nucleari di ©2C, N e %0 accelerati a 2.1 GeV/nucleone.
81 & ottenuta la diseriminazione dei bersagli facendo uso di un nuove metodo. Si sono
confrontati i risultati globali oftenuti per i tre ioni con il gruppo M della radia-
zione cosmica.

(") Tradusione a cura della Redazione.

@parMenTanmsi yckopeHHbIX monor 12C, N u 160 po smeprum 2.1 I'B/uykiaon B sAepubIX
IMYJIBCHAX.

Pesrome (*). — Onpepernstores cpefss AnmHa cBoboauoro npofera OTHOCUTENLHO HeyI-
PYLOro B3amMOACHCTBYH M TapaMeThl GpParMeHTAIFH B sIICPHON IMYNBCHH YCKOPEHHDIX
momor 20, UN mw 150 ¢ smeprmeit 2.1 I'sB/uyxnoH. Pacrosnapanme MHIIEHel POH3BO-
ITATCS ¢ IOMOMILEO HOBOTO METOZA. BbUIO MPOBEACHO cpaBHEHMe TI00AIBHOTO PE3yIbTATE,
HONYYEHHOTO AMsl TPEX HOHOB, ¢ M Ipymmoi KOCMHYECKOIO H3ITyYeHH,

(*) Iepesedeno pedaryueil,
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