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EF_’ ABSTRACT

The yields of various fission products in the 19-, 32- and 44-MeV proton-induced fission of
232Th have been experimentally determined by recoil catcher and an off-line y-ray
spectrometric technique using the BARC-TIFR Pelletron facility at India and medical
cyclotron (MC-50) at (KIRAMS) Seoul, Korea. The mass-yield distributions were obtained
from the fission-product yield data using charge-distribution corrections. From the mass
yield distribution of present work and the literature data at various energies, the peak-to-
valley (P/V) ratio was obtained in 23*Th(p,f) and are compared with the similar data in
28U(p,f). From these data following observations were made. (i) The mass-yield
distributions in the 2*2Th(p,f) reaction are triple humped unlike in the 238U(p,f), where it is
double humped. (i1) The yields of fission products for A=133-134, A=138-139 and A=143-
144 and their complementary products in the 23?Th(p,f) reaction in the three energies of
present work are higher than those of other fission products. This 1s due to the nuclear
structure effect, which has been observed for the first time in the energy range of present
work but not at other energies from the literature data of earlier work due to missing mass
yield data for relatively short-lived fission products. (ii1)The yields of symmetric products
increase with excitation energy, which causes the decreasing trend of the peak-to-valley
(P/V) ratio. (iv) At all excitation energies the P/V ratio in 23°Th(p,f) reaction is lower than the
238U(p,f) reaction. However, the decrease trend of P/V ratio with excitation energy is more
faster in 232Th(p,f) reaction than in 238U(p,f) reaction. This is due to the different type of
potential energy surface in in the fissioning system 233Pa* (**Th(p,f)) compared to

**Np“(>*U(p,D)).




Er..-: INTRODUCTION

e Mass and charge distributions of photon-, neutron-, and proton-induced fission of pre-
actinides and actinides are important for the understanding of the fission processes related
to effect of nuclear structure and dynamics of descent from saddle to scission [1, 2].

* Mass distribution in the photon-, neutron-, and proton-induced fission of pre-actinides (e.g.
W, Au, Pb, Bi) and heavy-Z actinides (e.g. Es to Lr) are symmetric in nature, whereas for
medium-Z actinides (e.g. U to Cf) are asymmetric in nature.

e Mass distribution in the photon-, neutron-, and proton-induced fission of light-Z actinides
(e.g. Ac, Th, Pa) are asymmetric with triple humped.

» With increase of excitation energy and Z of the actinides, mass distribution changes from
asymmetric to symmetric and the effect of nuclear structure decreases.

* Photon-, neutron-, and proton-induced fission of Th and U are of more interest due to their
applications in accelerated driven sub-critical system (ADSs), advanced heavy water
reactor (AHWR), conventional light and heavy water reactor, and fast reactor.

¢ Photon-, neutron-, and proton-induced fission of 232Th is more interesting compared to 233U
due to its different type of behavior expected from the systematic and theory, which is
called as Th anomaly.
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» The yields of various fission products in the
proton-induced fission of 23°Th have been
experimentally determined by recoil catcher and
an off-line y-ray spectrometric technique.

1. 19.55-MeV proton using the 14UD BARC-TIFR
Pelletron facility, India.

2. 32- and 44-MeV proton using the medical
cyclotron (MC-50) in KIRAMS, Seoul, Korea.



€a BARC-TIFR Pelletron Accelerator Facility

» The 19.55 MeV proton induced fission of 2*Th was carried out by using 14UD

BARC-TIFR Pelletron at Mumbai, India.
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€P MC 50 Cyclotron Facility, KIRAMS

» The 32.21 and 44.76 MeV proton induced fission of 2*Th was carried out
using medical cyclotron (MC-50) at the Korea Institute of Radiological and
Medical Science (KIRAMYS) in Seoul, Korea.
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‘EF.’ Experimental Arrangement and Sample Preparation
AL-Th-Al
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e The natural 2%°Th metal target having the size of 1 cm? with thickness of
0.025 mm was covered with 0.025 mm thick super pure Al foil on both side
of the target to make the Al-Th-Al stack. —

Flange

* In the case of MC-50 cyclotron, in between two sets of Al-Th-Al stacks, a 3.8
mm thick Al was used as energy degrader. The two Al-Th-Al stack targets
and thick Al degrader were also additionally wrapped with 0.025 mm thick

Al.
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€a Gamma ray Spectrometer
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2 Determination of Yields for Fission Products

® From the observed number of y-rays (N_.,) under the photo-peak of each individual
fission product, their cumulative yields (Yy) relative to 1331 were determined by :

N, (CL/LT)=no (E)®I, &Y, (1-e " )e " (1-e ")/ A

where 7 1s the number of target atoms G¢(E) 1s the proton induced fission cross-section of the
target nuclei and @ is the proton flux. The ¢,,. and ¢, are the irradiation and the cooling time,
and CL and LT are the real and the live times of counting, respectively. A is the decay
constant of the i1sotope of interest and & 1s the detection efficiency of the y-rays in the
detector system. /, is the abundance or the branching intensity of the chosen y-rays of the

reaction products.

® From the relative cumulative yields (Yg) of the fission products, their relative mass-
chain yields (Y, ) were determined by :

EOF”™™ ZTéXp[— (Z-Z,)" /207 ]dZ

2707 2,

where FCY is the fractional cumulative yield, Z, is the most probable charge and G, is the
width parameter of an isobaric yield distribution. EOF“? is the even-odd effect with a(Z) =
+1 for even-Z nuclides and -1 for odd-Z nuclides.

Y,=Y,/FCY, FCY=




€a Determination of Detector Efficiency

Detector efficiency
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€a Uncertainties of Measurement

Source of Uncertainty %
(a) Random  (I) Counting statistics 3-4
(11) Irradiation time 1-1.5
(i11) Rate of fission (R=nco) 5-7
(1v) Least sqgare analysis) 5-7
Total (oR) 7.8-10.8
(b) Systematic (1) Half-lives 1
(11) Gamma ray abundance 2
(i1) Branching ratio (abundance) 2-5
(iv) Detector efficiency 5
(v) Precursor yields 4-5

Total (o) 7-9



The mass vields distribution of fission nroducts in the 32.21 and 44.76 MeV nroton-induced
Fig. 1. Yields of Fission Products for Proton-induced fission of 23°Th
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Yields of fission products (%) as a function of excitation energy for (a) A = 89 in the
232Th(p, f) and A=99 in the 238U(p, /), (b) 4 = 143 in the 2’Th(n, /) and A=134 in the
28U(n, /) and (c) A = 143 in the 134 in the *°Th(y, /') and A=134 in the 23¥U(y, 1)

reactions.
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Yields of symmetric fission products (%) and peak-to-valley (P/V) ratio as a function
of excitation energy in the (a & d) 2>’Th(p, f) and 238U(p, /), (b &e) 23*Th(n, /) and

Z8U(n, ), (¢ & £) 2°Th(y, ) and Z5U(y, f).
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Peak-to-valley (P/V) ratio as a function of excitation energy for (a) A=233 & Z=91,90
i.e. 22Th(p, /) and **?*Th(n, f), (b) A=239 & Z=93, 92 i.e. 28U(p, f) and**8U(n, 1), (c)
Z=90 & A=233, 232 i.e. 2?Th(n, /) and 2*’Th(y, /) and (d) Z=92 & A=239, 238 i.c.
28U(n, ) and 238U(y, 1).
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€E’ Summary for Yields of Fission Products

(1)

(i1)

(111)

The yields of fission products in the 19.55-, 32.21 and 44.76-MeV proton-
induced fission of 23?Th were determined by using an off-line y-ray
spectrometric technique. From the yields of various products mass chain yield
were obtained by using charge distribution corrections.

The mass-yield distributions in the 2*?Th(p, f) reaction at various energies are
triple humped, similar to those of 23*Th(y /) and ***Th(n, f') reactions. The
approach of symmetric split in the proton- and neutron-induced fission of >*°Th
is faster than those in 238U,

The yields of fission products for 4 = 133134, 4 = 138-139, and 4 = 143144
and their complementary products in the proton-induced fission of 23?Th are
higher than those of other fission products. This i1s due to shell closure
proximity based on standard I and II asymmetric mode of fission besides the
probable even-odd effect and N/Z effect of the fissioning system on fission
products.



@ Summary for Yields of Fission Products

IV. In the bremsstrahlung, neutron and proton induced fission of 232Th and >*8U, the

VI

yields of high yield asymmetric products decreased marginally, whereas for
symmetric products increased sharply with excitation energies. Accordingly, the
P/V ratio in all the cases decreases with excitation energy. This shows the role
of excitation energy.

At all excitation energies, the P/V ratio in the bremsstrahlung, neutron and
proton induced fission of 2*Th is lower than those for 238U. This is due to the
different type of potential surface in the former than latter.

At same excitation energy, for same-A compound nucleus, the P/V ratio is
lower for heavier-Z than lighter-Z system. Conversely, for same-Z compound
nucleus, the P/V ratio 1s lower for lighter-A than heavier-A system. This implies
that the P/V ratio systematically decreases with increase of fissility parameters.
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