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STARS IN PHOTOGRAFHIC EMULSIONS INITIATED BY 77 =MESONS
Frank L. Adelman and Stanley B. Jones
Radiation Lebhoratory
University of Californie
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November 29, 1949

Stars initiated by “w =mesons in photographic emulsions have been
examined in order to determine the probability that such a meson will form a star

of a specified number of prongs. Preliminary results have been previously

1 2

published in abstract form™. Recently, Perkins® has made a similar study using

! F. Lo Adelmen end S. B, Jones, Phys. Rev. 75, 1468(A) (1949)

2 D, H, Perkins, Phil. Mag., Ser. 7, Vol. XL, p. 601 (1949)

egsmic ray data., When account is teken of his different methed of tabﬁlating
recoils, his distribution is compatiﬁle with that given in this paper,

It may be noted that these results are potentially useful in connection
with the pessible existence of mesons of mass different from that of either
7 or m-mesons, since a prong spectrum is expected to be characteristic of each’
meson typeeo

The opportunity to study a group of 7 " -mesors with essentially no
contemination by .4 ~-mesons was.afforded by the determindtion‘of the mass of the

3,4,5

W~ -meson which was made in this laboratory The apparatus, shown in

® B Gardner, Physo Rev, _7'_§_,,* 1468(A) (1949)
¢ A, S, Bishop, Phys. Rev. 75, 1468(A) (1949)

5 Co Mo Go Lattes, Phys. Rev. 75, 1468(A) (1949)
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Fig, 1, selects a group of mesons in a small momentum range. The channel was
designed to eliminate 7y~ -mesons of undesired moments as well as positive mesons,
and to minimize the number of «&™ -mesons. For this work Ilford C.2 emulsions
were used. The mesons were measuréd by the method of H(? and range described in

earlier reportssﬁ496°

6 E. Gardner and C. M., G, Lattes, Science, 107, 270 (1948)

In order to estimate the/u—mcontaminationQ the prong spectrum of those
mesons in the central part of the distribution of meson masses was compared with
the spectrum of the remainder of the group. Since the 4« -mesons would be products
of the decay of 7 =mesons in flight, their apparent mass values are expected to
be distributed throughout the entire mass spectrumo However, it was found that
these two pfOng spectra agreed within the probableverrorso From these results

and ‘the assumption that s¢ -mesons do not initiate starsT”sgAit is concluded

"W Y. Chang, Rev. Mod. Phys. 21, 166 (1949)

8 Y. Goldschmidt=Clermont, D, T. King, H. Mulrhead D M. Ritson, Proc. Physo

Soc. 61, 183 (1948)

that no more than one percent of the mesons in&luded in the totai prong spectrum
are//z‘smesonso |

In making this study, those events were termed stars in which at least
one track could be discerned leaving the terminus of the meson with a ﬁellwdefined
direction. A star was considered to have a recoil as one.of its prongs when at
least one of its branches was a "heavy" track less than five microms in length,
with a definite direction, Howe;erg a‘poorly defined group of grains, showgng

no preferred direction, was not considered a prong, but was called a "club®. A

®club® may, in fact, be a nuclear recoil, but this interpretation is not certain,
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Mesons which énded within fi#e microns of .either emulsion surface were discarded
in order ﬁot tb include stars all of whose prongs might not be observgbleg Photo-
micrographs of typical meson events are shown in Fig. 2,

In this study 512 77’;mééons ﬁ;ré obééfved‘to'éﬁd in the emulsion,
Their prong spectrum is shown in Fig., 3. The 137 mesons which appear in the
first colﬁmn did not initiate sta;§o Fifﬁ&-ﬁwo of these formed "clubs™, as
indicatedAby the blacked=in portion df'ﬁhié coiuﬁﬂo A count.Was not maae
of ?clubs“ which were assoqiatedIWith ;taré of 6ne.or‘more prongs. - Shading
in the other columns indicates stars which ﬂad‘a recoil prong as one-of its
branches, It was found that 26,8 i;Z.percént-éf thé'?r‘dmésons ending in the
emulsion do not initiate observable stars. For all mesons in this study, the
avefage number of prongs pef mesoﬁ is 1.7 i;Oolo

Earlier prong spectra, taken with a different geomeﬁryg indiqate
that there is no statistically significant difference betweeﬁ Eéstmgn NTB9
Iiford Co2, and Ilford CoSIemul%iops, and that there is aléo no significant
difference betwé;n 50 and 100 micfén emulsion thicknesséso'. R ;

The prong spectrum in aﬁ eleéﬁroﬁ sensitive emulsion (Eastman'NTBS)_
was studied by Ellen Grunweld at the suggestion of Dr, w; H? Barkas. By grain
counting; she found that in 64 7 "-meson stars, no protons of eneréy greéter
than 40 Mev (or heavier partiglg; of éprresponding graii density) were emitted.
Her érong spectrum was consigtentbﬁith ours withiﬁ fhé poor Stétistics; This
agreement was to be expected, since no particles were found of energy greater
than that registered by Ilféra C.2 emuiéions (protons of 50-60 Mev)o A few
slow electrons were observed, but no high energy electrons were seen, Since
low energy electrons often could not be reliably assigned to an evéht Becéuse
of thé‘ﬁ;é#y background'of 1ow énerg& eléctfonSQ né estimate of their frequency
of occurrence is given here. Tﬁisvw§fk is.ﬁeing continued by'ohe'of us

(Ps Lo Ao) using Ilford G.5 emulsiom. -
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The decay of a 77 -meson at rest into & # -meson has been observed in

photographic emulsionsgo A significant question has been whether this process

% G, M. G, Lattes, Ho Muirhead, C. P. S. Occhialini, C. F. Powell, Nature 159,
694 (1947)

is restricted to positive mesons. In the more than 4000 7 -mesons that have
been observed at this laboratory to end in the emulsion, only two evehts have
been found (by Drs. W. H. Barkas and H. Bradner) which may be interpreted eas
negative‘]fyadeca&s. However, the possibility that these are stray 77+ -mesons
has not been ruled out; the probability is eveq larger that they are éecays of
% -mesons which take place before the 77";mesan comes to rests It follows that,

since the emulsion consists of discontinuous grains of AgBr and gelatinlo,

0
Jo Ho Webb, Phys. Rev. 74, 511 (1948)

7 ~-mesons seldom, if ever, undergo 77 4(¢ decay either in gelatin, which consists

of light elements, or in AgBr. This substantiates the assumption of lattes et

11

al™™ that the -« decays observed in cosmic ray photographic emulsions are decays

1 ¢, M. G, Lattes, Co Po S. Occhialini, C. F. Powell, Nature 160, 486 (1947)

of positive mesons.
LAmong 3000 meson events, eleven “hammer" tracks were found. A photo-
micrograph of such an event is shown in Fig. 4. These "hemmer® tracks are

attributed to the emission of a L1§ nucleus as & star pfonglz; The Li8 decays

12 ¢, Pranzinetti and R. M., Payne, Nature 161, 735 (1948)
into Be® with a half life of 0.88 seconds and the Be® disintegrates into two

alpha-particles of equal energies with a half 1lifeld® of the order of 16”21 sec,

3
Calculated from energy spread given by T W. Bonner, J. E. Evans, C. W. Malich,
Jo R. Risser, Phys Rev. 72, 163 (1947)




UCRL=530

=T

The presence of these "hammer®" tracks implies that the emission of fragments other
then alpha-particles and nucleocus might occur with significant probabilify° This
conclusion is not inconsistent with the observation of deuterons and tritons in

high energy nuclear reactions induced by the Berkeley 184-inch cyclotronl4o

14 ¥, Brueckner and W. M. Powell, Phys. Rev, 75, 1274 (1949)

Since it is extremely difficult to distinguish these heavier nuclei from alpha-
particles. in the emulsions used, and since an unknown number of neutrons is
emitted from each star, the detailed caleulation of the energy given up to the

star by the meson is impracticable in most cases,

We are indebted to Professor Ernest 0. Lawrence for his continued
interest in this work. We alsc wish to thénk Professor R. L. Thornton and
Drs. Eugene CGardner and C. Mo Go Lattes for much helpful discussion. The
authors are very grateful to Fo M. Smith and D, Jo. 0!Connell for microscopic
 work, to A. Jo. Oliver for the photomicrographs, and to James Vale and the
'cyclcéfon crew‘for making the bombardments., This work was done under the

auspices of the Abtomic Energy Commission.

Information Division
ead/11-30-49
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Fig. 2

Typical ~y~ -meson events. Mesons enter at top of each
photomicrograph. Each circle is 100 microns in diameter.
(A) Meson ending with no event associated; (B) Meson forming
a "club"; (C) l-prong star; (D) l-prong star; (E) 3-prong
star; (F) 2-prong star; (G) Star with 3 prongs, one of which
is a recoil prong; (H) Star with 2 prongs, one of which is a
recoil pronge.
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FIG. 4
TRACK (A) FROM STAR INITIATED BY 1 -MESON

"HAMMER"

ENTERING FROM THE TOP





