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* The fission process produced by high

energy v-raysdn heavy nuclei was inves-
tigated up to an energy of 500 MeV by
JUNGERMAN and STEINER (1), who exam-
ined the following nuclei: 238(J, 2357,
232Th, 20Bi and 1°7Au, by means of the
University of California and of the Cal.
Tech. syncrotrons. The present letter
gives our preliminary results on photo-
fission obtained by means of the Frascati
synerotron, between 300 and 1000 MeV,
with an
technique, on 2%8(J, 282Th and 29Bi.
The work is still in progress, but it
seems useful to give a preliminary
account of it as some U, and Th results
are different from those by JUNGFRMAN
and STEINER (1).

The photoemulsion techmque is that

(*) Communication presented at the 46th
Conference of the S.I.F., Naples, Sept. 29- Oct. 5
1960. )

(**) On leave of absence from the Centro
Brasileiro de Pesquisas Fisicas and Comissio
Nacional de Energia Nuclear (Brasil).

*) J. A. JUuNGERMAN and H. M. STEINER:
Phys. Rev., 108, 585 (1957).
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improved nuclear emulsion’

described by pE CARVALHO et al. (23),
which makes it possible to get only
very -clear fission tracks, on a back-
ground of up to 10° « decays per square
centimeter, under heavy ~v-irradiations
(up to 10007). Bismuth loaded KO pel-
licles were kindly supplied by Ilford Itd.;
U and Th loaded pellicles were prepared
from KO gel emulsion in this laboratory.
Technical details about the loading, the
precise (~19%) measurement of the weight
of the included elements, and the diffi-
culties met with the processing of the
loaded emulsions will be described else-

‘where.

Emulsions were exposed perpendic-
ularly to the collimated +y-ray beam.

_The collimator diameter was very small,

so that it was possible to make a com-
plete scanning of the small (8 mm dia-
meter) emulsion area hit by the vy-rays.
Between 1000 and 6000 fission tracks

(*) H. G.Dr CARVALHO and A. G. DA SITvA:
to be published in Nuovo Cimento. . '

() H. G. pE Camvarmo, A. CmLavo and
R. RINZIVILLO: communication at the S.I.F.
Conference, Naples (October 1960).
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were counted in any scanned plate.
The intercalibration of different scanners,
with and without a track mapping, was
carefully performed and gave a ~ 959%

G. DE CARVALHO, A. CELANO, G.

CORTINT, R. RINZIVILLO and G. GHIGO

authors is mainly responsible for thiy
discrepancy. If the straighi-line approsx-
imation is accepled, as a consequence the
cross-section per photon oy= dof/dIn E
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scanning efficiency. Dose and energy
measurements were obtained by: means
of the standard Frascati facilities.
Our results are shown in Fig. 1,
in comparison with those by JUNGERMAN
and STEINER (1). The Bismuth. results
are in good agreement, but on the con-
trary the U and Th results are rather
different: JUNGERMAN and STEINER got
rather dispersed points and reached the
conclusion that any increase in the yield
curve at high energy was masked by
the big background coming out from
fissions produced by the bremsstrahlung -
spectrum in the giant resonance region
(~15 MeV). We found, instead, that
when the maximum bremsstrahlung en-
ergy F is increased from 300 to 1000 MeV
a marked increase of the cross section of,
per quantum equivalent is  observed; our
five experimental points (Fig. 1 a, b) are
aligned along a straight line. Probably
gome difference of calibration between

the two machines used by the previous
results to be constant and the least-
square calculations give (see graphs in

Fig. 1), in units of 1027 cm?:
(1) oxg(U) =60;
(2) ox(Th) = 36 ;
(3) oR(Bi) = 6.5.

The overall experimental errors are
evaluated to be of the order of 109%.
The above results can be compared with
those obtained by several authors (475)
about the photoproduction of stars in
the elements of the photoemulsmns

(4) R. D. MiLLER: Phys. Rev., 82, 260 (1951);
8., Kixoucki: Phys Rev., 86, 41 (1952); H. P.
GEORGE: Proc. Phys. Soc. (London), A 69, 110
- (1956); V. Z. PerERgoN and C. B. Roos: Phys.
Rev., 105, 1620 (1957); V. Z. PETERSON: private
communication.
() C. CasragNoLi, M. MUcHNICK, (. GHIGO
and R. RINZIVILLO: Nuove Cimento, 16, 683
(1960).
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 Inside the experimental errors, these
results are consistent among them and
with the assumption of a cross-section
approximately constant between 300 and
1000 MeV. N :

" Now, according to the accepted
theoretical scheme (8) the stars are pro-
duced by high energy photons via the
photoproduction of mesons which are
reabsorbed in the nucleus. On the other
hand, the experimental photostar cross-
section is so high that one must assume
that a star is produced any time a
photomeson is produced, that is that
the reabsorption probability is nearly
unity. This conclusion is reached by

taking into account any type of multipie

meson production, with the approprlate
statistical weight (7). v

Therefore, it is possible to get a
reasonable guess about the photostar
production cross-section, in any nucleus,
by simply taking account of its number
of nucleons (disregarding the rather
small difference between the inelastic
cross sections of vy-rays against the two
kinds of nucleons) (7).

By means of this procedure, starting

from the slope of the straight line giving
the 0§ of photostars in photoemulsions
plotted against In #, we get the fol-
lowing ecross-sections for photostar pro-
duction (in mb)

(1) oHU) — 73
(2" on(Th) = 71;
(3") ox(Bi) = 64 ;

with errors- of ~ 209 (%)
For the «fissionability » defined as
@=o0x/ok We obtain

, 2(U) = 0.85;
C o(Th) = 0.52 ;
x(Bi) = 0.10 .

© (®) G. BERNARDINI, R, RErmrz and . SEGRE
Phys. Rev., 90, 573 (1953).

(") ¢. NEUGEBAUER,. W. D.

R. L. WaLker: Phys. Rev, 119, 1726

WaALEs and
(1960).
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All these values of x appear to be
approximately constant, at least be-
tween 500 and 1000 MeV. They are con-
sistent with the fissionabilities obtained
by SreErwer and JUNGERMAN (8) with
protons between 100 and 340 MeV.

Of course much work is still nec-

~essary in order to confirm eqs. (4) and

give them a clearer significance. These
points will be discussed in a next paper,
when more experimental data will be
available. For the moment we want
to note two points. The first one is
that 2 depends very strongly on the
considered nucleus, but is quite insen-
sitive to the excitation energy. A pos-
sible explanation of thig behaviour can-
not be derived from the fact that the
U and Th nuelei (having a low threshold)
can undergo fission even when a pro-
duced meson is not reabsorbed. In fact
the fission probability in an excited
nucleus, at low energy, is only ~109%,.
Besides, this argument is not at all able
to explain the quoted results with high

-energy protons (3).-

The second point is that some enhance-
ment effect due to a coherent. pro-
duection of n’-mesons and of wtr— pairs (°)
could contribute to the star production
and be partly responsible for the unex-
pectedly high observed cross sections.

* % %

Our deepest thanks are due to
Mr. GrErNBERG of Ilford Ltd. for his
very kind co-operation in preparing

bismuth loaded. pellicles, to the Frascati

Syncrothron crew and to the Naples
myecroscope scanners, and to Dr. M. NA-
GaSAKI for many useful discussions.

(3) H. M. STeEINER and J. A, JUNGERMAN:
Phys. Rev., 101, 807 (1956).

(*) G. DE SavUussURE and L. S. OSBORNE:
Phys. LRev., 99, 843 (1955).
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