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A 1.53 iz0.0h MeV proton.activity with a 245 + 20 msec half-life has
been observed in theé reaction of'166~bn hoCa.-’The most plauéible origin of

this activity is the proton radioactifity,of'SBCdm,‘althoughcthe'deCay of this

isomer by~bema—delayed-protonnemission=remaihsnas a possibility.
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A recently reported eXperlment [l] ‘has demonstrated the feas1b111ty of
using heavy-ion induced reactions to produce new nuclides of the A= bn + 1,
T, = - =-% serles.of beta—delayed proton emltters Protons |
emitted from the 10west T = 3/2 state 1n'h9Mn: were observed following the
LLOC (120 3n)h9Fe reaction.‘ As a natural extensiou of this program a similar , -

4o, 16

experiment was de31gned to produce 53Ni'Via the  Caf O 3n) reaction. This
communlcatlon reports an unforeseen*result of ‘these: experlments——the observation
of a proton:activity for which the.most plau31ble explanatlon is direct pro-

ho (16

ton decay of an unbound isomeryin 53Co produced in the 0,2np) reaction.

In the 1n1t1a1 experiments de51gned to produce 53Ni, a natural calcium

16 (

“target was bombarded Wlth a. pulsed beam of ~N 0.5 uA of 0(L+) ions at ener-
gies up to 81 MeV produced by the Harwell variable energy cyclotron »DelaYed
protons were detected and thelr llfetlmes measured w1th the same system as

that described in ref. 1 except that the semlconductor telescope con51sted of

a 23 um AE counter followed by & 100 1m E detector and these fed a par—

tlcle 1dent1f1er [2]. As'Shoun in’fig. 1(a), the.identified'pro—

ton Spectra from this reactlon were domlnated by a strong group near the minimum
energy (v 1.3 MeV)'requlred for reliable detection. (ngher energy protons
expected from the decay of 53Ni were in fact observed at the higher bombarding
energies but their production cross section was roughly an order of magnitude

lower than that found for producing the.) In order to obtain energy spectra -

unaffected by'the'telescope cutoff, this low energy actirity was also measured

.’_'?’

using a single 50 um, totelly depleted, silicon détector as shown in fig. 1(p).
Both detection systems always gave identical results for this activity Q/
which can be summarized‘as follows: (a) the energy of the protons after cor-

rection for energy loss in the target is 1.53 * 0.04 MeV and their half-life
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is 245 + 20 msec; and (b) their excitation function indicates a ‘threshold below an

16
0 bombardlng energy of 39 MeV-with 8 peak eross: sectlon N 8 ub occurring in the

53

reglon of 53 MeV (laboratory) The low threshold eliminates Ni ‘as a source

of these protons and 1rrad1atlon of other targets indicated that the observed

act1v1ty could not be attrlbuted to any llkely contamlnant |

. In order to investigate further the reactlons of 16O on hOCa, delayed

gamma-ray spectra were recorded vith a Ge(Li) detector following the bom-
bardment of a calciﬁm tefget with“pulsee of 160 ions at energles below SO MeV
produced by the coupled 1n3ector and EN tandem fac111ty at Oxford As was

anticipated, prominent peaks were observed corresponding to the known [3] cas-

50 sh o m

cades in ShFe and _Cr following B+-decay of the high-spin isomers Co" and

PO, These isomers Were populated via the'(l60,ph) and (16O,apn).reactions
with cross-sections of ™ 0.8 mb and " 4 mb, respectively, at a mean bombarding

energy of 47 MeV. At this energy, however, the observed intensities of Y-rays

of energies 0.701, 1;011, 1.328 and 2.339 MeV indicated a cross—section of

~ 50 mb for the ( O 2pn) reaction leading to 53Fem - a 2.5 min isomer at an

excitation of 3.04 MeV [4]. This isomer is presumed to be 19/2-, T = 1/2 on

the basis of its observed properties and shell model predictions for high spin

states with the configuration (f )_3

7/2

Considering the observed yleld of >3

Fe' from'thef(l6

0,2pn) reaction, it

is reasonable to expect a lower but s1gn1f1cant populatlon of its isobaric ana-

(160 2np) reaction. -The mass excess of the 53Co

53

logue state in 5-300 from the

ground state is predlcted to be -k2.64 MeV from the known mass of Fe (5] and

the Coulomb displacement energy calculations of Harchol ‘et al. [6]. From the knOWn mass

52 53

of ““Fe [T], the binding energy of_a proton in Co is then estimated to be
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53 'm

53Co . the 1sobar1c analogue state of Fe ', must be unbound.

1.6 MeV and thus,
If the observed proton group is attrlbuted to the dlrect decay of 53C to 52 Fe,
obtalns a value of 8. h2 MeV for the mass dlfference between the analogue iso-
mers. This result is . in adequate agreement with- the value 8 30 MeV calculated

in ref. [6] for the correspondlng ground states [8]. The calculated threshold

for the C (16 )5300 reaction is 33.0 MeV, consistent w1th the experi-

mental observatlons, and 1ts excitation function agrees well with that expected

from simple statistical model calculations [9].
. Based on 53cbm as the origin of the proton act1v1ty, the probable decay

N

scheme presented in flg. 2 is cons1stent w1th our data. The observed 2h5 msec
half-life 1mp11es that the domlnant mode of decay~1s by pesitron emission to
53Fem} Tne oartial half—life for the Fermi component alone;of the superallowed
8+—decay can be calculated with considerable precision [10] to be 0.35 sec; if
the Gamow—Teller matrlx element is then included (essuming . pure (£ /a)—3 con—
flguratlons),one obtalns 0.2 sec as the ant1c1pated half- llfe [11]-<in .reasonable
agreement with_observatlon.v

‘Proton emisaionuapparently ariseé only as a weak branch in the

decay of 23

Co. A rough order.of magnitude estimate of the partial lifetime .
for this branch can be obtained from the statistical model calculations [9]:

.at an 16O energy of 47 MeV the predicted ratio of

Qiiggzgﬁﬁl iS'_*‘,ZQ* sv
O(l 0,2np) ~ - -1

while the observed ratio of

53_my - .
o . Fe ) is ~ 15000
o proton _l

| activity

]

one

"™

&7

o~

G
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implyiﬁg a partialphalf;lifeekfﬁoysec. - Since penetration through' the Coulomb
and 8 =9 centfifugal barriers_[la]pleads to an expeeted half;liferf'% Ot3 Usec
for Y§~= 1, this rough estimation implies ﬁi A 6.x‘10—9 foriﬁhis very complex
decay. A 0.7 MeV C;é{é:.'zh,z)proton'groug leading to the first excited (2+) state [13]
of‘szfe is also eﬁergeticallylpossible (wlth a barrier penetrability 50 times
less) buf could not have.been observed in.these experiments.

The best alternatlve explanation for thls act1v1ty is of course to
attribute it to beta—delayed proton em1531on.b The only known nuclei expected
to be more than very weak delayeddproton emitters and Whlch could pOSSlbly be

produced in the present experlments have T, = - 3/2- A= hn + 1. The measured

Z
half—llfe and energy spectrum are quate anonslstent w1th the known members of
this series (90 0, -= 1T1, and e) and the observed threshold precludes'
45

production of the unknown T = - 3/2 nucllde Cr.

Z
In this vein one must also.consmder the ground stateseand,isomers of all

other nuclel for which the emlssion of beta—delayed protons of 1. 53 MeV is

energetlcally possible. Of these the most reasonable example follows the

assumption that the ‘parent nuclide is stlll the isomer 53Com, but that

its direct proton decay is too wegk to be observed. One would then attrlbute

the observed activity to delayed-proton emission following B -decay to a level

in the region of 9.08 MeV inv53Fe,as shown in fig. 2. In the unlikely event

that such a state were populated.py B+—decay from 53Com haﬁing a log ft as low

as 3.8, such a branch would represent'onlyvh X 10"h of all decays of the iso-

mer. This would lmply that the retio 0(53 o) / O(SBFe ) was at least one order

of magnitude higher than expected on the basis of statistical model calculations

[9l. ‘Similar arguments and the excitation function data make it improbable
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that any other TZ = - 1/2 orl;i nuclidé below 56Ni---—even if prodﬁced inba
fission—type feaétibn—Ais fhé“ofigiﬁ of this aéfi&ityl However, as is obvious,
our argumen#évrely upon‘thévpreséﬁfly known systematics of the deéay of.suéh
nuclei. B | | | |

It is our opinion that the best explanation for the origin of the
53

observed activity is the weak proton radioactivity of Co®. Tts origin as a

beta-delayed proton radiation from 5300m can not, of course, be ruled out by
the present data nor can‘the activity without question be attributed to this
nuclide. Further experimentation is obviously needed to clarify these points.

At the very least, however, it would appear that >3

Co" is the best presently
known candidate to be an observsble proton-radioactive nucleﬁé [lA].

We wish to thank Professor K. W. Alleh‘for his support and encouragement
of this work. Further, we should like to-acknowledge the assistance given to us
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FTGURE CAPTTONS
1. (aj Anvidentifiéd'pfoton épeétrum-afiéinébfrbm the'bombardmeht of
calcium by 16O at ué.MeV.:'Protohs befwéén.l.é and‘3;6 MeV-coﬁld be linéérly
detected.v | |

(b) A spectrum recorded in a single 50 um detector of the activity

arising from bombardment of calcium by L9 MeV 160. The center of mass energy
53,

shown results from assuming Co™ to be the origin of this activity. Events

‘beiow 0.6 MeV arise from the high B-background and those below 0.4 MeV are

hot shown.

2. The proposed deéay scheme for the proton ﬁnstable isomer 53Com,. Ener-
gles are’given‘in MeV. The_probable décay modes are given by solid arrows
while the less;likely producfibn.of beta-delayed protons is indicated by

dashed lines.
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