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1 Mass-distribution in the 131Th(y,f) reaction 

Fission fragments detection by their activity using radiochemistry and y

spectroscopy methods is proved to be the best in accuracy for mass-distribution 

measurements. In the 23'1:b(y,f) photofission reaction the individual mass yields 

were measured in ref.1;z The E1 x E, method was applied teo'·' and the growth of 

the mass-sym:netric yield with the excitation energy increase was observed. 

However, mass-distribution behaviour near the symmetJy was studied with the 

accuracy limited due to low enough yield values. 

In the present experiment mass-distributions of the thorium photo fission were 

measured at two energies by t."te activation technique using the Ge HP y

spectrometer with the energy resolution of 1.8 keV and a 20% relative efficiency 

(with respect to the standard Nai) by the 60Co y-lines. A gram-weight target made 

of purified thorium oxide was irradiated by the bremsstrahlung at the FLNR JTh'R 

microtron beam. y-spectra of induced activity were measured during two weeks 

after the irradiation, thus, short and long enough lived nuclides were detected. 

Their relative yields were determined by the y-lines intensities ta.'dng into account 

the y-line abundance, efficiency values and decay factors. Many of the detected 

radioisotopes accumulate the total yield of the individual isobaric P-decay chain. 

Then their cumulative yields (35 values) give one the possibility to plot the final 

fragment mass-distribution. Corrections on the incomplete curnulativity as well as 

on the yield redistribution due to the delayed neutron emission were introduced 
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basing on the detailed information available in the fragment yield Handbook 4 for 

the thermal neutron induced fission of 235U. One can assume close enough charge

distribution parameters for the latter reaction and the studied one. For the absolute 

calibration of the mass-distribution the maximum yield in the asymmetric mode 

peaks was taken to be 8% in accordance with ref.' 

The final fragment mass-distributions are demonstrated in Fig. 1 for the two 

values of the bremsstrahlung end-point energy E, = 12 and 24 MeV. The behaviour 

of the points near asymmetric maxima shows fine structure irregularities in 

accordance with ref. 2 The random errors do not exceed the size of the points, 

however, some systematical errors on the level of 10-15% can take place due to 

inaccuracies in the tabular values of y-line abundance and in the detector efficiency 

as well as due to the possible contribution of weak non-resolved y-lines. It seems to 

impede the conclusive discussion of the fine structure. 
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Figure 1: Final fragment mass-distributions of the bremsstrahlung-induced 232Th fission. 
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One can see in Fig. 1 that the symmetric mode peak manifests itself more 

clearly than it was shown in ref.'.> after measurements by the E1 x E, method. 

Assuming there are three Gaussians the mass-distribution was decomposed and the 

mass-variance parameters were estimated as a,= 5.1 ± 0.5 for the symmetric peak 

and a, = 6.2 ± 0.5 a.m.u. for the asymmetric ones. lf one assumes the existance of 

three fission modes (five peaks), the mass-distribution unfolding gives lower values 

for the standard I and standard II mass-variance parameters. The same as in other 

cases the unfolding procedure could not be absolutely reliable. 

The relative abundance of the 

symmetric-to-asymmetric modes, 

Y.,./Yarm• (in bimodal decomposi

tion) can be evaluated accurately 

because of the distinctive maxima in 

Fig. I. The result in comparison with 

ref'.> data is given in Fig. 2 as a 

function of the bremsstrahlung end

point energy, E,. Good agreement is 

observed. The spectrum of excitation 

for the fissioning compound nuclei 

was calculated using the known 

spectrum of the bremsstrahlung 

radiation as well as literature data on 

the giant resonance cross-section and 

fission probability'·' The mean 

excitation energy values were found 

to be 8.0 and !3.5 MeV at E, = 12 

and 24 MeV, respectively. Thus, our 

experiment confirms previous 

measurements of the symmetric mode 

probability and deduced value of the 

symmetric fission barrier, Br = 

7.6 MeV for 232Th. 

2 Cluster emission probability 
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Figure 2: Symmetric-to-asymmetric modes 

abundance ratio as a function of Ee as it was 

measured in ref. 1 - • • ref. 3 
- x and in present 

experiment- o. 

Spontaneous cluster decay of heavy nuclei from ground states as well as cluster 

emission from highly excited (E" <: 70 MeV) compound-nuclei (c.n.) were described 

in literature. Thus, emission of light nuclei at mcxleratc excitation energies of about 

10-20 MeV is actual for the experimentai studies. One can assume the emission 
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from a spherical c.n. and from a strongly-deformed fissioning system. In the 

present work the yield of such light nuclei as 7Be, 24Na, 28Mg, "s, 48 Ca and "'Fe is 

searched for in products of photon-induced activation of Ta and Th targets at the 

bremsstrahlung end-point energy E.= 24 MeV. 

The same method was applied as described above for the fission fragments. In 

addition, the 48Ca doubly magic cluster yield was estimated by the complementary 

product (1331) yield using the radiochemical isolation of the iodine fraction from a 

gram-weight metal Ta target One could expect an enchanced probability of the c.n. 

decay in the case ofboth fragments being spherical, near-magic nuclei. However, as 

low as ,;;Jo·" limit was reached for the probability of the 181Ta" ~ 48Ca + 133I 

reaction. For lighter nuclei, 24Na etc., the probability limits are presented in the 

Table. The symmetric fission fragments in the Ta target irradiation were not 

detected, and it was explained by a high-enough fission barrier, Br"" 25 MeV for 

Ta. The sensitivity level reached for any individual product varied from 10., to 10'10 

in dependence on its individual radioactive properties. A significant background in 

the y-detector is due to the 1'1-a nuclide produced in the (n, y)-reaction after the Ta 

irradiation on the microtron beam. 

In the case of the 232Th target an intensive y-radiation of the fission fragments 

creates a much higher counting rate in the spectrometer and disturlls the weak y

lines detection. The 24Na and 28Mg nuclides have half-lives of 15 and 21 h and 

abundant high-energy y-lines of 2754 and 1779 keY, respectively. These properties 

arc optimal for their revealing in the presence of other radionuclides. However, the 

analysis of the fission fragment y-spectra showed that very weak y-lines of 2752.8 

and 1778.6 kcV were emitted in the decay chains of 112Pd ~ 112 Ag ~ 112Cd and 

13'Te ~ 1321 ~ 132Xe, respectively (see Nucl. Data Sheets). These lines disturb the 

detection of the 24Na and 28Mg nuclides. Only upper limits of the emission 

probabilities were finally deduced and they were not as deep as in the case of theTa 

target. The results are given in the Table. 

Table: Relative yields oflight nuclei normalized to the (y,n)-reaction yield at Ec = 24 MeV. 

Product T," 
181Ta target "'Th target 

Q,MeV Yield Q,MeV Yield 

7Be 53.3 d -10.3 $1.7-10'7 -4.2 $1.2-10'5 

24Na 15.0 h 28.0 $0.7·10'10 50.9 $!.1·10·' 

"Mg 20.9 h 37.3 $1.2·10'10 69.0 Q.Ho·' 

"s 2.84 h 56.7 $1·10'10 87.0 :52.8·10 .. 

48 Ca(1331) (20.8 h) 81.7 $1.5·10'" - -
'"Fe 44.5 d 84.8 $3.1·10'8 125.5 :55.8·10'7 

------
:_____ ___ --
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long-range a-particle Emission of light nuclei 

in the ternary fission of 242Pu 
c.n. excited to E"<>:20MeV 

6 
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was discussed in ref. 7 ~ 
Emission from a fissioning 

system is not a subbarrier 

process because of a large 

elongation of the scission 

point and, respectively, a 

decreased barrier. Therefore, 

the emission probability is 

regulated by the formation 

and partition probabilities for 

the third fragment, rather 

than the barrier penetration 

factor. Thus, one can expect a 

weak energy dependence for 

!he ternary fission probability, 

and, indeed, the probability of 

the long-range a-particle 

emission shown in Fig. 3a 

demonstrates a surprising 

stability with the excitation 

energy. In Fig. 3b the 24Na 

nuclei emission probability is 

plotted by the results of ref.'·' 

and our values of the upper 

limit. For the bremsstrahlung 
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Figure 3: Excitation function for the ternary fission 

relative probability plotted: a) by data compiled in ref. ' 

for long-range et-particle emission and b) for ''Na 

production by the results of ref. 7 
- •, ref' - R, and 

present experiment - 0. 

induced reactions the horizontal bars show the width of energy distribution for the 

fissioning nuclei. From Fig. 3b one can conclude that the cluster emission can be 

detected in photofission of 23'Th atE, = 24 MeV if the sensitivity of the experiment 

is improved by one or two orders of magnitude. Being measured, the cluster 

emission probability may throw some light on the potential energy and dynamics of 

the fissioning system on the way deviated from the standard fission valleys in 

deformation coordinates. This is because some special shape should be precursive 

to the ternary fission with a massive enough third fragment 
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3 Summary 

Mass-distribution of the 232Th(y,f)-reaction is measured and the symmetric mode 

relative yield and mass-variance parameters are determined at two values of the 

mean excitation energy. The probability of light nuclei (24Na, etc.) emission from 

the fissioning system is estimated with a sensitivity limited on the level of 10"7
• 

The reliable detection of this process seems to be important as a probe of the 

potential surface at nonstandard deformations. The cluster emission probability 

from an excited up to 24 MeV 181Ta nucleus is limited on the deep level of about 

10"10 
- 10·1!, which confirms that the Coulomb barrier penetration factor is very 

strong for the subbarrier emission. 

Acknowledgements 

Authors are grateful to Yu.S.Zamiatnin for the helpful discussion and to 

V.A.Khalkin for the supply of the Th target material. 

References 

1. M. Piessens eta/., Nucl. Phys. A 556, 88 (1993). 

2. J.C. Hogan eta/., Phys. Rev. C 16, 2296 (1977). 

3. W. GUnther eta/., Z. Phys. A 295, 333 (1980). 

4. V.M. Gorbachev, Yu.S. Zamiatnin, A.A. Lbov, Handbook on "Interaction 

of radiation with heavy nuclei and fission", Moscow, Atomizdat, 1976. 

5. S.S. Dietrich and B.L. Berman, At. Data Nucl. Data Tables 38, 199 (1988). 

6. J.T. Caldwell eta/., Phys. Rev. C 21, 1215 (1980). 

7. R.H. Iyer and J.W. Cobble, Phys. Rev. 172, 1186 (1968). 

8. Yu.P. Gangrsky eta/., Rus. Journ. Nucl. Phys. 44, 294 (1986). 

Received by Publishing Department 

on January 21. 1997. 

6 

Index 

E7-93·274 

Jll4-93-325 

Jll.9.13-93-459 

E7-94·19 

94-55 

E2-94·95 

Jll4-94-269 

E7-94-270 

EIJ-94-290 

E2-94-347 

E4-94-370 

E4-94-386 

02-94-390 

The l'uhlishing L>cparlmcnt 

of the Joint Institute for Nuclear Research 

offers you to acquire the following books: 

Title 

Proceedings of the lntcrn:.~tional School-Seminar on Heavy Ion Physics. 

Dubna. 1993 (2 volumes, 498 and 590 pp .• stiffened cover, in English) 

Proceedings of the Workshop «Activation Analysis in Environment 

Protection». Duhn;1. \992 (in Rus!<>'ian and English) 

Proceedings of the II Workshop on JINR Tau-Charm Factory. Dubna. 

1993 (266 p. in Ru:-sian and English) 

Proceedings of the lntcrnati~Jnal Conference on Dynamical Aspects 

of Nuclear Fission_ Smolcnicc, 1993 (318 p. in English) 

Proceeding.s of the International Bogoliubov Memorial Meeting. Dubna, 

1993 (216 p. in Russian and English) 

Proceedings of the International Symposium «Dubna Deutcron-93». 

Dubna, 1993 (390 p. in English) 

Abstracts of the XXX Conference on Low Temperature Physics. Dubna, 

1994 (2 volumes in Russian and Etlglish) 

Proceedings of the Workshop on Physical Experiments and First Results 

on Heavy ion Storage and Cook:r Rings. Smolenice. \992 (324 p. 

in English) 

Abstracts of the 17th lntcmational Conference «Nuclear Tracks in Solids>>. 

Dubna, 1994 (296 p. in English) 

Intcrnat.ional Workshop «Symmetry Methods in Physics». In Memory 

of Professor Ya.A.Smorodinsky. Dubna, \993 (2 volumes, 602 p. 

in English) 

Proceedings of the IV International Conference on Selected Topics 

in Nuclear Structure. Dubna, 1994 ( 412 p. in English) 

Proceedings of the VI Trilateral German-Russian-Ukrainian Seminar 

on High-Temperature SuperconJuctivity. Dubna, 1994 (340 p. in English) 

D.l.Blokhintsev. Proceedings of the Seminars. Dedicated to the 85th 

Annivcrsuy of the Birthd:ty or D.LBlokhintscv. Dubna. l9lJ5 (27! p. 

in Russian and English) 


