Zeitschrift: Helvetica Physica Acta

Band: 46 (1973)

Heft: 5

Artikel: Total spontaneous fission half-life, mass and charge distribution of
252Cf

Autor: Hooshyar, M.A. / Bary Malik, F.

DOl: https://doi.org/10.5169/seals-114505

Nutzungsbedingungen

Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich fur deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veroffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanalen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation

L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En regle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
gu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use

The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 10.01.2026

ETH-Bibliothek Zurich, E-Periodica, https://www.e-periodica.ch


https://doi.org/10.5169/seals-114505
https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en

Helvetica Physica Acta
Vol. 46, 1973. Birkhauser Verlag Basel

Total Spontaneous Fission Half-Life, Mass and Charge
Distribution of ***Cf

by M. A. Hooshyar
Physics Department, Arya-Meher University of Technology, Tehren, Iran

and F. Bary Malik?)
Institut de Physique de 1’Université de Neuchatel, Switzerland

(3. VII. 73)

Abstract. We have examined the total spontaneous fission half-life, mass and charge distri-
bution in the decay of 252Cf within the context of the recently proposed coupled channel decay
theory of fission and find substantial agreement with observed data.

Recently the fission phenomenon has been treated within the context of a reaction
theory[1, 2]. Furthermore, it has been shown that the interaction potential between the
daughter pair contains an external barrier which plays the central role in determining
life-times. This barrier results from the facts that i) the nuclear density varies
as a function of the distance from the centre and ii) a density reorganization
occurs as a daughter pair is formed out of a parent nucleus. Both of these points
are evident from our experimental knowledge of the nuclear density as a function of the
distance from its centre and from the obvious fact that the daughter pair and its parent
have a Fermi or a similar type of density distribution having a surface of about 3
Fermi thickness to be compared to a half density radius of about 6 to 7 F.

Within the context of such a coupled channel approach and a barrier, it has been
possible to reproduce [3] i) the total spontaneous and isomer fission half-lives of 234U,
236 and 24°Pu, ii) the mass yield curve for both the spontaneous and the isomer fissions
of these nuclei, and iii) associate kinetic energy spectra and observed mean kinetic
energies. In addition, the observed spontaneous and isomer fission half-lives of 244Cm
and 24¢Cf are accounted for.

Here we extend thisinvestigation of treating fission as a multichannel decay process
[2, 3] to the decay of 252Cf. Apart from the kinetic energy spectrum, the half-lives and
the mass yield curve, recently the charge yield curve in the decay of spontaneous fission
of 22Cf has been measured. All these data together provide a very stringent test to the
theory because a simultaneous explanation of the mass and charge yield curves reflects
that the theory can account for partial half-lives in enormous number of decay modes.

1) On leave of absence from Physics Department, Indiana University, Bloomington, Indiana
47401, USA, and this work is performed as a visiting professor under the auspices of the
commission of physics, Switzerland (C.I.C.P.).
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To this end we use exactly the parameters of Ref.[3]. The characteristic feature of
this fission barrier is an external thin barrier around 15 Fermi. This is a direct conse-
quence of the many-body density dependent mass formula [1, 4, 5].

We note that i) the maximum of the barrier height used is about 200 MeV which is
inaccord with the customary belief and ii) the mass dependence of the coupling constant
A can be simply reproduced by (4 is the mass of the parent)

A= 4.56 + (36.1) exp(—| (175 — 4)/75.3|%). (1)

For the final computation, the kinetic energy spectrum is to be specified. To obtain
the kinetic energy spectrum, we use the theory of Terrell [6]. The kinetic energy Ey,
associated with fission to a particular daughter pair is given by

Ein=0 — E(exc). (2)

Qis the Q-value for the decay to a daughter pairinits ground state and E(exc) is average
excitation energy and is equal to

Elexc)= > B@,n@)— > (v(@)96)+y()

n(i),i=1,2 i=1,2

where, B(7,n(z)) is the binding energy of the n(i)th neutron emitted from the ith
fragment 7 ( = 1, 2) and can be obtained from a mass formula of Myers and Swiatecki
[7]. y(2) is the energy of prompt gamma rays emitted from the sth fragment and is
estimated [6] to be approximately equal to (})(B(%,7(¢)). »(i) and (i) are, respectively,
the number of neutrons emitted and the average centre of mass kinetic energy of emitted
neutrons from the sth fragment. »(z) is about 1.4 MeV (Ref. [6]) and from the analysis
of Terrell v(z) is given by

v(i) ~0.08(A(1) —82); if82<A <126
~0.1(A(1) —126); if 126 < A. (3)

Clearly, the Figure 11 of Terrell’s first paper indicates that to a first approximation
v(1) does not depend on the parent nucleus but on the individual daughter fragmentsand
equation (3) reflects that the shell structure of the daughter pair plays an important
role in determining v(¢). This conclusion is further confirmed by the recent work of
Facchiniand Saetta-Menichella[8]. Using (3) and (2), the kinetic energy associated with
the decay of 2°2Cf to a daughter pair can be calculated and are shown in Figure 1 by
dotted curve. Actually, this dotted curve represents a simple average of the calculated
kinetic energy of a daughter pair having the same mass number but different charges,
or atomic numbers, i.e., in actuality an average of the decay of 232Cf to a pair of the
same isotones. Dashed curves are the actual values used in our calculation and is
associated with the decay of 2°2Cf to a well-defined daughter pair having atomic num-
ber Z; and Z,. The larger of these two atomic numbers is marked next to a dot. The
experimental result [9] is plotted by a solid line.

The computed mass yield curve (dots) and the experimental data (solid curve)
are shown in the lower half of the figure. Clearly, the theoretical mass yield curve is in
agreement with the observation. Theoretical computation is performed in the JWKB
approximation [13, 2 and 3].
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Figure 1
Upper half: Comparison between the theoretical (dashed curve and dots) and experimental (solid

line) kinetic energy spectrum. Lower half: Comparison between the theoretical (dots) and experi-
mental (solid like) mass yield spectrum.

The computed total half-life of the spontaneous decay and mean kinetic energy are

respectively 86 years and 185.4 MeV. These are in agreement with observed value of
(86.5 4 0.5) years [10] and (186.5 4+ 1.2) MeV [9].

Table I
Comparison between the theoretical and experimental percentage charge yields and average masses

A(p)

Charge Theory Exp. (Ref. [11])  Exp. (Ref. [12])
z A(p) % vield A(p) % yield A(p) % yield
34 86 01 — @ — ew e

36 g LE e e -

38 97.5 2.3 946 1.97+027 955 29 +0.1
40 10.9 9.5 1008 7.38+0.52 100.6 7.9 +0.3
42 107.5 17.9  105.0 15.36+1.13 105.2 154 + 0.3
44 1127 104  109.8 11.86+0.85 109.6 13.6 + 0.2
46 116.5 6.1 1141 6.83+073 1138 7.8 +0.3
48 1195 2.2 1189 1.66+021 — —

50 Ml B2 — - —

52 135 6.1 1345 4.96+0.32 1339 7.8 +03
54 139.4 10.4 1385 9.63+0.70 138.5 13.6 + 0.2
56 1445 17.9 1433 16.23 +1.08 143.3 154 =+ 0.3
58 150.2 9.5  148.0 9.2 +068 1479 7.9 +03
60 1545 2.3  152.6 240+026 1525 2.9 +0.1
62 159.5 1.7 1586 1.08+0.99 156.9 1.13+0.06

64 166 0.1 — — — —_
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Table I represents a comparison of theoretical percentage charge yield and average
mass with experimental results of Ref. [11] and Ref. [12]. The theoretical average mass
represents an average of two or three masses associated with the fastest decay modes

foragivenset of (Z; and Z,). In general, the theoretical results are in substantial agree-
ment with experimental data.
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