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Observation of B-Delayed
Fission from “‘Ac”
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Abstract 3-delayed fission for ** Ac was searched. 2 Ra was produced via multinucleon transfer

reaction by 60 MeV/u ') ion irradiation of 22 Th target. Thin MRa Lz’?\c sources of 10° atoms
were acquired through radiochemical separations. The mica track detectors were used to record the
fission events. The B-delayed fission nucleus ** Ac was identified via the observed two fission events
and the measured Y-ray spectra. Its B-delayed fission probability was obtained to be (1.19+0.85)
x107".
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Berlovich and Novikov predicted a p-delayed fission (BDF) island''!. The BDF process

can be represented schematically as follows:
]
(z,N) > (z+1,NF1)" — 3(Z..N).

And BDF region can be obtained from the condition of complying with the following inequali-
ties (1) and (2) using mass value from [2]:
Tuz(B) < Tuz(a);Tuz(SF), (1)
Q(ZN—Z+1,NT1)=BJ(Z+1,NF1). (2)
Thielemann and Klapdor et al. have carried out theoretical investigation of BDF probabilities
of the nuclei in the island and shown its role in the production of heavy elements and built of
heavy isotopic abundances in astrophysical 7 process as well as the influence of the delayed
fission on the production of cosmochronometers™>"* .

There have been some reports on SDF experiments[H J. At first, BDF has been reported
to occur in 2*2*Pa with aprobability of about 107 for **Pa and 6 X 1077 for *Pa, respec-
tively'> . However, the latter value was not confirmed by a later study® using automated
chemical separation procedures in which SDF of 28 P4 was not observed. The upper limit for
this decay mode was cstimated to be 2.6 % 107%. Hall et al. performed an experimental re-
search for BDF of **Es™. The 8DF precursor B6Eg™ was identified and its BDF probability
was determined to be 2 X 1077, An experiment searching BDF of ***"*¥Fr and "Ac
showed that no SDF fragments were detected. The upper limits of their fDF probability were
given to be 2 X 1077,3 %107, 2x10°% and 1 X 10°° for 200 and PAc,
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respectively'® . In this paper, we present the identification of 8DF precursor nucleus *° Ac
and the determination of its BDF probability. In these experiments “’Ra was produced as
target like product via transferring two protons from target nucleas to projectile, i. e.,
(** Th-2p).

The experiments were performed at Heavy Ion Research Facility in Lanzhou (HIRFL)
of Institute of Modern Physics (IMP). The 60 MeV/u O beam with a intensity of ~ 40
enA was used to irradiate a “radium free” ThO, powder targets (1.5g/cm’). After irradi-
ation of 3 hours, targets were rapidly transferred to the chemical laboratory 30 meters away
by a pneumatic transport system. Isotopes of Ra produced in the reactions were radiochemi-

cally isolated from the mixture of thorium and other reaction products. Thin **Ra £, Ac
sources were prepared for observing fission fragments from B-delayed fission of ** Ac. Mica
foils were stuck on the sources as fission track detectors. The sources together with mica foils
and a HPGe 7 detector were placed face to face in a lead room. The sources were exposed to
the mica fission track detectors for 10 hours and measured by the HPGe ¥ detector for 4
hours. These mica foils were etched in a solution of 40% HF at 50C for 4 hours. After pro-
cessing mica foils were scanned by means of an optical microscope. 20 runs were performed.

As a result of scanning the foils, two fission fragment tracks were observed (Fig. 1),
which differ clearly in size from those of natural background (Fig.1). Since these mica foils

Fig.1. The ohserved two fission fragment tracks from B-delayed fission of ** Ac (a)
and (b). A track from natural background of fission fragments (c).

were already etched for 10 hours before the experiments. Inspection of the samples by 7-ray
spectroscopy showed that except for some impurities of Ba and Sr the radium fractions were
radiochemically clean. Besides the more intense ¥ rays from “*Ra and its daughter
0 Ac, there were the ¥ rays from ’Ra, ®*Ra, *Ra, ®’Ra and the daughters of the
*'Ra and **Ra through their « decay in the measured 7Y spectra, moreover those from other
radioactive isotopes of radium were not detectable. According 1o the theories, BDF will obvi-
ously occur only for heavy neutron-rich nuclei far from stability'"***. In addition, from the
systematics of 3-decay energies and fission-barrier heights BDF should appear first of all in
odd-odd nuclei, since they have the greatest -decay energies and the daughter even-even nu-
clei are characterized by high fissility!'* ' . Consequently it is confirmed that only the *" Ac
could produce 8DF among all the radioactive isotopes contained in the thin 2°Ra L. 20 Ac
sources. As far as spontaneous fission of **Th, the daughter of * Ac B decay, no fission
event could occur because of the long half-life(7. 54 X 10°a) , the minor spontaneous fission
probability (<3.8x107)!) | and a very limited total number(1.68 % 10%) of ® Th in the
whole experiments. Furthermore thorium was depleted by factor>2 X 10*. This means that
during the whole series of experiments less than 2 X 1073 fission tracks were expected from
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remaining 2 Th impurities. It should be pointed out that the same experiments mentioned
above except irradiation of the target materials were carried out so as to check the back-
ground, no fission event was found.

All the arguments mentioned above indicate that the obtained two fission events could
unambiguously been assigned to the 8DF of B¢

A total of 1.68 X 10°  * Ac B decay accepted by the fission track detectors has been de-
termined. Consequently the BDF probability of *Ac was obtained to be (1.19 £ 0. 85) x
1078,
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WE BET ABERRE. B 60MeV/uPOBTFREM Th, B S BT H

HE R A ™Ra. BHRUESE R NP Ra—>PAc B H 45, KAT 10°
AOACET FRAAEERELTENBEE. SHTFHAN Y HEAEAY
EEA, ST PREABERSAC,BE T EHBEARE/LEH(1.19£0.85)
x10 ®.
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