Notas de Fisica Vol, III N2 §

MEAN FRZE PATH OF Ij,3 BEV NEGATIVE PIONS IN NUCLZAR EMULSIONS

by

Alfredo Marques, Neusa Margem and G. Ae Be Garnier

Centro Brasileiro de Pesquisas F{sicas

Rio de Jarleiro, D. Fs
( October 20, 1956 )

T. INTRODUCTION

In the present work we have measurasd the interaction me =
an free path of li,3 Bev T-mesons in nuclear ermulsions, and a value
of 33,7 + L,7 cm was obtained., This result was compared with those
obtained by other others workers in different energy regionsj each
measured value of the mean free path was converted into an average
interaction cross~section for the emulsion nuclei and then plotted
as a function of the pion kinetic cnergy ( fige 1 Yo Within the
statistical fluctuvations of the observations one can conclude that
in the energy range from 750 MeV to about 100 BeV, the average inw-
teraction cross-section of the emulsion is roughly congtant and is
significantly smaller than the one obtained by calculating the geo

metrical cross-section with a nuclear radius equal to

1/ ( Me ).Al/j cm. Agreement with experiment csn be obtained by
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talking 1,2.10m19.A1/3 cti for the nuclear radius.

II. METHOD

Ilford G-5 Nuclear Emulsions, 1000 microns thick, were
exposed Lo the 7~ beam of the Berkeley bevatron. The beam was ob-
tained through bombardmént of a Be target with 6,2 BeV protons
and then magnetically analysed and focussed; the plons kinetic en
ergy impinging on the emulsion was li,2 BeV.

Tracls with an angular deviation within 59 with the ave
rage direction were selected for measurement and their trajector-
ies were followed. Each track wag followed back, from the selec-
tion point to the point of entrance in the ermilsion, in order to
ensure that it was not a secondary particle. The number of tracks
selected and followed was 885, corresponding to a 18182 mm track

lengthe

IIT. EVENTS

D7 interactions were observed and they are classified
as follows:

a) a pion makes a small angular deviation ( smaller
than 10° ) with the initiel direction without any apparent change
in ionization; no associated tracks or blobs are abserved ( LI e-
vents };

b) the pion stops in flight without any change in foni-
zation, production of visible secondaries or recoils ( 1 event ).

¢) a pion interacts with an emul=ion .-nucleus producing



i

typical evaporziion tracks and lightly ionizating ones (U6 events)

d) a pilon interacts with an emulsion nucleus and ohly
lightily ionizing secondaries ( minimum or gray tracks ) are ob-
served ( 6 events ).

The four events found in class {a) were congidered to
be shadow or, possibly, coulomb scatterings. Cellisions with neu~-
trons in the edge of the nucleus, however, could have the appear-
ance of class (a) events.

Four out the six class (d) events had only two light-
ly ionizing secondaries; only twc of these could be analysed, and
vere shown not to corregpond to me- p scatterings. In thg two
remaining class . {(d) events 3 and 5 minimum icnization seconda
ries were observed. These events could not be analysed, but they
are certainly procecsses where meson production has occurred; 85
the number of charsed secondaries is odd the collisions involved
bound neutrons.

Oout of the total of 57 events observed, only 3 could be
due to interactions with free protons in the emulsion, l.es, the
two not analysed class (d) cases and, possibly, class _(b)
eventes Thig number is congistent with the expected number of such
golligions if we assume that the mean free path for 77~ p interag
tions of li,5 BeV pione doew not differ gsensibly from that at
1,5 BeVB ( 8,7 m )e Bvents of the same nature as class (b) e~
vent have, however, bcen interpreted, at lower energies, as stars
where cnly neutral particlas have been emitted 1"3’? » For the
purpose of calculating the average Interaction cross-section  of
the emulsion nuclei ( hydrogen exciuded } we have taken class (b),

clagss (c) and four out of the six classes (d) events.



The gtarte disgtribution in number of vprongs is shown in
fige 2 { ordinates in logarithmic scale )+ For the sake of compa
risan, events observed at 1,5 BeVlO, normélized to the same total
number, have been included. The stars show the same genevral charag
teristics; it can be seen that at l1,3 BeV  stars with a greater

number of vigible prongs are more freguent.

IV. RESULTS

A total 184182 mm pion track length has been observed .
The correction For muon contamination in the beam reduced that
lenght to 17.873 mme The resulting interaction mean free path is
35,7 % 11,7 cme This result as well as those obtained by other wor-
kers in other energy regions are found in figel, converted into an
average -cross-gection. Thils cross-section is related to the inter
action mean free path through G;barnéz 21/}xcmﬁ gpproximately.The
point plotted with pions from cosmic radlation at intermediate e~

Iy

nergies” corresponds to an average energy of ‘350 MeV, caleculated

from the measured spectrum of the particles. The point at L0 = U5

BeV was obtained by the Terino group7 anc 1s related to a Jet of
particles having momenta between 1 and 200 BeV/cj the mean free
path of the pions in the jet was 37 ¥ 6 cm. The result of this

work has been checled against the value which one can compute star
ting from counter measurements. From the cross~sections cof Be, C,
Al and Cu for l,2 BeV pionsll we have computed the average interag
tion cross—section of the emulsion and found the value 599 t 20mb,

which is in & good agreement with the experiment.
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