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Abstract:

mined absolutely for fission of 232

13 cummulative yields and 10 mass chain yields from

3

87Kr to 14 Ce were deter-

Th induced by 7.64 MeV monochromatic gamma rays.

The gamma photons were obtained from the thermal neutron capture gamma source instal-
led at the swimming pool reactor of 1AE, by using Fe radiator. The samples used were Th
metal disks which were sandwiched between two thin Th foils during irradiation. The fission
events of these thin Th foils were detected by solid state nuclear track detectors. In this

way the fission rate was determined absolutely.

The influence of fast neutrons was inves-

tigated and corrected accordingly. Fission product activities of irradiated samples were mea-

sured by Ge(Li) gamma ray spectrometry.

(Fission yields, photo-fission, 23

Introduction

The photo-fission process has been widely inve-
stigated since 1940s. Some authors have published
the experimental results of the product yields in238U
and 2327h photo—fissionlnn. Most of these measure-
ments, however, were performed by using continuous
spectrum gamma rays from bremsstrahlung source,
and in some cases only relative yields were obtained.
10

238

reported the yields (relative to that
U fission induced by 17.5 MeV mo-

Meason et al.
of 140Ba) of

nochromatic gamma rays produced in the 7Li(p,l’)ZO(
reaction. Using the thermal neutron capture gamma

rays from Cr, Ni and Fe, wolt!! investigated the
238U(‘f,f) reaction, but in his paper only the inde-
pendent yield of 1341 was given. In present work the

produect yields of 232Th fission induced by 7.64 MeV
gamma rays were measured by means of direct gam-
ma spectrometry. The 7.64 MeV gamma rays were
produced from the thermal neutron capture by Fe.
Altogether 13 cummulative yields and 10 mass chain

87 143

Kr to Ce were determined absolu-

yields from
ly.

Experiment

Gamma source

The gamma source was installed at the swim-
ming pool reactor in IAE. The high energy gamma
photons were obtained from the Fe(n,Y) reaction in-

duced by thermal neutronslz. The iron radiator was
located in the beryllium reflector near the core. The
collimated gamma beam was extracted through a ho-
rizontal channel. In order to reduce the low-energy
gamma ray and neutron backgrounds a series of ab-
sorbers were inserted into the collimator.

Many gamma lines are emitted in the de-exci-
tation process of the excited compound Fe nuclei
formed after neutron capture. The energies of the
main lines above the (y,f) threshold and the numbers
of quanta of that line per 100 neutron captures (fi-

gures in parentheses) are!3: 9298 kev (3.9); 7646 keV
(24.4); 7632 keV (27.7) and 7279 keV (5.3); respec-
tively. The estimateﬁ intensity for 7646 and 7632keV

gamma lines is 5x10 n/s, The detailed descrip-

2Th, thermal neutron capture gamma rays.)

tion of the gamma source equipment has been publi-

shed elsewherelz.
It is unavoidable that some background fast neu-
trons were existed in such beam together with gamma

photons. These fast neutrons can induce 232Th fission
too, and the neutron fission cross section is larger
than the photo-fission cross section. To estimate cor-
rectly the contribution of fission events induced by
background fast neutrons is rather difficult. We used

the activation reaction 238U(]f,n)237U to determine
the gamma fluence rate distribution in the channel

along the axis, and the 115ln(n,n')115m

determine the neutron fluence rate distribution. The

115In(n,n') reaction was adopted because its excita-
tion curve is similar in shape to thatlgf the thorium
neutron fission reaction below 6 MeV™ ,and the con-
tribution of neutrons with higher energy is negligibly
small.

To meet both the requirements of high fission
rate and low neutron background we chose the irradi-
ation position at a point in the channel 2.0 meters
away from the Fe radiator. At that point the gamma

In reaction to

fluence rate is 2.0x107photons/scm2, and the fluence

rate of background neutrons is 2.8x105n/scm2 in case
that the thermal power of the reactor is 3.8 MW.
Then the ratio of the fission events induced by neu-
trons to that of photo-fission is estimated as R=0.17.

In a separate experiment we checked the inho-
mogeneity of the gamma beam. A Th plate covered
with SSNTD was irradiated and than the fission
tracks were counted under a microscope. It is shown
that the beam is homogeneous within the size of the
sample.

Irradiation of thorium samples

The sample used in the experiment are thorium
metal disks. The content of thorium is greater than
99.9 percent. The sample size is 22 mm in diameter.
The weight of the sample varies from 1.6115 gram-
mes to 2.1335 grammes. In order to avoid the escape
of fission fragments each sample was sealed in Al

foil with the thickness greater than 5.6 mg/cmz.

Two thin Th foils with the same size as the sam-
ple were put on the both sides of the sample and ir-
radiated together. The masses of these thin Th foils
were 66.76 ug and 78.58/ug, respectively. Two mica

sheets were used as the solid state nuclear track de-
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tectors to record the fission fragments of the thin
Th foils. After irradiation the mica sheets were et-
ched in the 40 % HZFZ
rature for 15 minutes. Before irradiation the mica
sheets used were pre-etched in the same condition
for 45 minutes to eliminate the background or para-
site tracks. From the number of tracks in the mica
sheets the absolute fission rate in the sample could
be deduced. For calibrating the detection efficiency

of the SSNTD a 252Cf source was put at the same
position of the thin Th foil and the tracks were co-

unted. The activity of the 252Cf fission source was
determined in a low solid angle equipment. The va-
lue of 0.831 0.016 was obtained for the efficiency
of mica.

solution under 100°C tempe-

Determination of the radio-activities of the fission
products

The activities of the fission products were mea-
sured by using a Ge gamma spectrometer. The data
were collected by a MCA-computer system. The ef-
ficiency of the spectrometer was calibrated by using
a series of standard gamma sources. Routine proce-
dure of gamma spectroscopic measurement was adop-
ted. The details of the spectrometer system has be-
15

en described elsewhere
Results

The data were treated according to the method

used in our previous worksls’w. The nuclear spec-
trometry data used in the yield calculation were ta-
ken from 17 . Altogether five runs of experiments
were carried out and for each sample the gamma
spectra were taken at different times after irradia-
tion. The results obtained from five runs agree with
each other and were averaged.

Some corrections were taken into account,inc-
luding the self-absorption, effect of imcomplete
pile-up auto-correction, cascade gamma coincidence,
influence of the delayed neutron emission, ete.

The contribution of fast neutron induced fission
was calculated and corrected separately according to

the yields data of neutron fissionlg.

The resultant cummulative and chain yields we-
re given in the Table. In cases A = 97,99 and 132
we obtained cummulative yields of two nueclides in
the same mass chain. From them two values of cha-
in yield could be derived. For A = 97 or 132, we
adopted the chain yield calculated from the cummu-
lative yield of the nuclide which is nearer to the
stable one in the chain. For A = 99, however, we

99Nb instead
of 99Mo, considering the uncertainty of the branch-

ing correction in 99Mo data.

The main error terms were coming from the
absolute determination of the fission rate, the ef-
ficiency calibration of the germanium detector, the
statistic uncertainty of the peak areas, the correc-
tion of cascade gamma coincidence, the correction
of self-absorption, ete. The errors of the branching
ratios of the investigated gamma-lines, however,were
not included in the summary errors given in Table.

recommended the value deduced from

Table The cummulative and chain yields
of 232Th photo-fission
mass nucl ides cummulative chain yield
nurber (A) (B) yield,Ya(%) Ym(%)
87 875r 8Tk 6.5440.57  6.9240.60
91 g, 9y 7 9540.44 7.9520.44
92 p 929, 6.5440.41  7.3320.46
Ny % 2.9320.17
9 97 97
Zr Nb  3.1520.20 3.1520.20
o+ 9% 1.9120.11  1.9120.11
99 9 99
Mo Te  2.0840.11
1325, 1320 1 5940.16
132 132 132
Te 1 2.1240.10 2.1320.10
133 1337e+133Mpg 133y 5 7649.92  3.8440.22
134 134p,  134; 4.4120.30  4.99%0.37
142 142, 1421, g.2640.43  8.3120.43
143 143
143 La Ce  7.60%0.32  7.60%0.32
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