NOTAS DE FfSICA
VOLUME XTI
NS 11

PHOTOFISSION OF Bi, W AND Ag FROM 300 TO 1000 MeV

by
H. G. de Carvalho, G. Cortini, E. Del Giudice
G. Potenza, R. Rinzivillo and G. Ghigo

CENTRO BRASILEIRO DE PESQUISAS FisIcas
Av., Wenceslau Braz, 71

RIO DE JANEIRO
1964



207
Notes de Fisica - Volume XI - Ne 1l

PHOTOFISSION OF Bi, W AND Ag FROM 300 TO 1000 MeV

H. G. de Carvalho
Centro Brasileiro de Pesquisas Ff$icas and
Comissao Nacional de Energla Nuclear (Brasil)

G. Cortini, E. Del Giudice
G. Potenza, R. Rinzivilio
Istituto di Fisica Superiore dell'Universita - Napoli
Istituto Nazionale 41 Fislca Nucleare - Sottosezlone di Napoli

G. Ghigo
Laboratori Nazionali di Frascati del CNEN

(Received June 9, 1964)

SUMMARY: The fission of Bi, W and Ag induced by (300 + 1000) MeV photons
has been studied. Nuclear emulsions, loaded with known amounts of suitahle
salts of the fissionable elements were used. The cross-section per photon

and the fissility were obtained.
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1. We briefly report here some experimental resulte on the fisg-
sion of Bi,W, and Ag induced by photons of between 30C and 1000
MeV. We postpone to a later, more extensive paper, a detalled
discussion both of the theoretical as well as experimental ques-
tions related to this investigation. The present paper is part
of a systematic determination of fission ecross-sections for

heavy elements, induced by primaries of various natures and

energles 1) 3,

2. The o=ray source was the Frascati 1 GeV electiron-synchrotron,
one of whose beams was used to bombard loaded and unloaded Ilford
K-0 nuclear emulsions. A loading technique developed 4 and by
now extensively used by us allowed the introduetion of a eonsider
able amount of fissioning element into the bulk of the gelatin,
as well as the accurate determination of the number of fission-
able nuclel per square centimeter of emulsion. Suitable pro-

cessing 495

eliminated all background problems and permitted
rather heavy irradiation doséso Rather careful cqllimation
pfecautions during the exposure, as well as a reliable scanning
method séfved to reduce the usual sources of systematic errors.
The dose measurement was carried out by means of the usual Wilson
quantameters in use at Frascati. All the data needed for the
determination of the photofission cross-sections at 1000 MeV are

collected, as an example in Table I.

3. The general picture of the events found in the Bi-loaded
plates is well described by the hystogram of Fig. 1, where the
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Table I
Nuclide Bi 209 W 184 Ag
Number of runs 3 2 1
Number of atoms cm™> ~2,1020 | ~ 5,1020 1022
Total number of tracks ~ ‘6000 ~ 500 ~ 100
Cross-sections per equivalent
quantum, Ty at 1000 MeV (mil | 12.2+0.7 | 1  +0.,1 0.1
libarns)

Cross-seétions per photon Oy 0
between 300 and 1000 MeV (mil 7.8+ 0.8 | 0.65+ 0,11 | ~ 0.05
libarns) '

Fissility 0.12 0.012 £0.0015

range spectrum of the heavy tracks is shown.

No doubts about the attribution of these

40
tracks to Bl fission are possible. | x
0

The cross-section for photofission of T

o Lo
W being relatively small, a conslderable '_ﬁ :LJ5 »
contribution to the total number of  tracks - Eﬂg. 1
in this case comes from heavy tracks due to fragments of the
more abundant Ag and Br nuclei (see Table I). In order tbl

determine this contribution, the unloaded plates were as well
analysed. Figures 2a and 2b show the results: range spectra of
heavy tracks found in W-loaded and unloaded plates are shown.

The contribution of the W nucleil can be determined from the
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difference in the total number of tracks,
and in their range distribution. The
determination is substantiated by a

) .
careful analysis of the actual morphology ﬁt b)
18}
of the observed events, taking into ag- 5|
count both the frequency of noncollinear 0"
4
15 - o
géé

events (showing an angle 170° between the
10 |
two fragments) and the distribution of the i

ratio of the fragment ranges (see caption

10 15 20 2%
of Fig. 2). The general aspect of events #m)
is indeed very different., Fig. 2

The data from the unloaded plates should give information
on the fission of the emulsion nuclei. The sitnation is complex
however, first becaunse at least two nuclear species (Ag and Br)
can undergo flssion; and, besides, because; as Just remarked, the
general aspect of events is different from that observed in the
loaded pellicles so that the identification of any event as due

to fission 1Is no longer so clear-cut.

If one ignores this difference, and admits that all the
events in the unloaded emulsions come from Ag nuclei (which is
probably far from being the case) then one would get the fisgsion
cross-section of Ag nuclei. Due to the preceding observations,
however, we can at most expect to obtain an upper limit for this

cross-gsections.
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4, Figure 3 shows the Bi photofission ecross-~section per equi-

valent quantum, as obtained both in the present experiment as well

as in previous experiments carried out by us 1

637_

and by other
authors The small discrepanty between our previous results
and the present ones we think can be safely attributed to a
systematie error (in the first experiment) due to the fact that,
at the time, emulsions kindly loaded for us by Iiford Ltd. were
used. Since they could be exposed only after several weeks of

storage, 1t is probable that some of the loaded material was

lost during that time.

The cross-section per photon of a

glven energy oj is obtained from the

cross-section per equivalent quantum

by taking the derivative of the latter
10

\-u-

with respect to log E, From Fig. 3 it

is seen that OQ(Bi) is avproximately

Og {mb)
s

linear over a wide energy range (300 f

to 1000 Me¥), so that the slope of the 4

best fitted straight line should be a 100 udj.' 3&;'3&0
good measure of o; (Bi) (see Table I). £, {wa¥)

We define now the fissility as the Fig. 3

ratio £ = Ck/oktg where oy, is the

total interaction cross-section. As will be shown in a next

publication, O can be roughly obtained from the measured photo

y 819

star cross=-section Ok (referred to the single nucleon by

means of the equation
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G,

%t = 1.25 A,G_ks ]

where A is the mass number of the considered nuclide. Observing
that cks is constant over the considered energy range, we find
for the case of Bi

fpy = 0.12 ((300+ 1000) MeV).

5. PFigure 4 shows the W photofission cro§s-section per equi-
valent quantum. The scanty experimental data do not even war-
rant the linearity of oy as a function of log Eih A rough value
of O can however be obtained if,one assumes the fissility be
constant over the (300 + 1000) MeV energy range also in  this
case. Under such assumption 1f suffices to determine the cons~
tant factor by which the photogtar cross-section per equivalent
quan%um should be multiplied in order to obtaln a best fit to
the experimental pointz. The élcpe of the straight portion of
the line in the (300 + 1000) MeV interval gives OR(W) (see Table
I). The fissility, calculated as in the casge of Bl, comes out
to be

f.. = 0.012 ( (300 + 1000) MeV),

W

6. An upper limit for Gk(Ag) will

be obtained; as said above, con- 10‘ -

sidering all the events found in

the unloaded pellicles as due to |

fissloning Ag nuclei. An assumed 065 {
linear dependence of GQ(Ag) on leg

E gives the o'k(Ag) value shown 100 560 1000

E (Me¥)
Fig. 4
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in Table I. The fissility, found as for the other two elements,

comes out to be
ng §0,0015 °

7. All the present results will be re-examined together with
other photo-fission results (for U and Th) in a more extenslve

paper for which experimental work 1s still in progress.
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Gaptions to figures:

Fig. 1 - Range spectrum of the heavy tracks in the Bi-loaded plates exposed atb
1000 MeV. Only collinear events (see text) were considered. R = 20.6 pm.

Fig. 2 -~ a) Range distribution of events obgerved in W-loaded plates exposed
at 1000 MeV. The shaded areas correspond to noncollinear events. b) The sane
distribution for the unloaded plates.

Fig. 3 - The Bi photefission cross-section per equivalent quantum, plotted
against 1n E, The data from Bernardini et al. 8 (circles), from Jungermen et
al. 9 (squares) and from de Carvalho et alo~1 (open triangles) are shown,
togother with those obtained in the present work (full triangles).

Fig. 4 - The W photofission cross-sections per quantum equivalent at 600, 650 and
1000 MeV are given by the full squares. The data can be fitted roughly with a
curve corresponding to a constant value of the fissility.
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