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Abstract
Additional sfudies on the proton radiocactivity of the 2&7 * 12 msec

53

isomer 2 Co™ lead to an improved estimate of v 17 sec for its
partial half-life for emission of 1.59 * 0.03 MeV protons to the 5?Fe ground
state. An upper limit of 1/250 for the ratio of direct proton decay to the

* : : .
22pe (2+, 0.84 MeV) state relative to decay to the 52Fe.(g.s.) can be set.

* S N ' R ’ B .
N Work performed under the auspices of the U. S. Atomic Energy Commission.
’ : v : _
National Reéearch Council of Canada Postdoctoral Fellow.

++Present Address: U.S.S, leland, AS-32,WFPO New York, New York
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1. Introduction

This report arises from an extension of our studiesl—z) on the proton
decay of 53Com. In particular the earlier work has shown a) that this isomer
. . 53, m o= m o : 3-hy
is the mirror of the well known “~Fe (3.0 MeV, 19/27, T = 1/2) isomer~ ') which

arises from the (¢ )_3 configuration and is another example of the so-called

T/2
"spin-gap" isomerss); b) that the dominant decay mode of 247 * 12 msec
23com appears to be superallowed positron emission to'53Fem; and

c) that a weak branch;-not in coincidence with pbsitrons--arising in the decay

53

of 2°Co" is the direct emission of 1.59 + 0,03 MeV (centér-of-mass, c.m.)

protons to the ground state of 52‘Fe. [This half-life and energy are "best

values"varising from the analysis of both the previous and the present data. ]
Two improvements in thevresults frbm‘this eariier work are of interest.

First, we have searched for a further protdn decay groﬁp of v 0,75 MeV (c.m.) o

52

leading to the first exéited'state of “"Fe, since neither of the earlier experi-
ments could have detected such a branch. Secqnd, since an indirect appfoach-(employ—

ing in part statistical model calculations to determine relative cross-sections)

was required in estimating the absolute branching ratio for the 1.59-MeV proton

‘decay group, it appeared worthwhile to improve the earlier estimatel) through

use of the spin-dependent nuclear evaporation model of Grover and Gilat6).
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2, FExperimental Procedure

External proton beams of various energies from the Berkeley "88-inch"

53

cyclotron were qsed to produce _Cdm via the ShFe(p',.2ri) reaction on a separated
isotope taréet :(Shoyug/cmg)n ' The experimental setup used for fhese measure-
ments was also eﬁbléyed in our earlier WOrke) and is illustrafed‘in fig. 1.
Since high beam curreﬁts-—typically 3—8.ﬁA-—wére ﬁtilized, it was necessary
‘.to shield the detectors during tﬁe bombardment peribd.

" As is showr in fig. 1, the two deteétor-tel'escopes were pfot'ected‘by
a03.2;mm-ﬁhick slotted tantalum wheel driven at a constant velocity. The two
large slots rotate in front of the detectors during the beam-off period. Both
a long and a very short narroﬁ slit can éléo'be seen iﬁ the plane view of this
whéel. A light shining through tge-longvslit generated.signais_frbm a8 photo-~
diode whi'ch"r.nodﬁlvatved the cyéiotroﬁ dee- voltage to conitrol the duration of the
beaﬁ-on interval; In addifion, fhe signal from the photodiode aligned with
the shortbslif,"which appears immediately.following ﬁhe blockingvof the beam-on
signal, was used to geherate an "inspect" pulse. This inspect pulse triggered
a rétg;meter_wifh,a,pre-sef fhreshold, which was fed by signals frbm bne'of the
detectors; should thetbeam_fail.to.cut off (or drop away‘fbo'slowly), a signal
from the raté4met¢r blocked all the electronics for that‘bombardment Cyéle., For
these expériments the bombardment period was 5'670 msec, followed by a coﬁnting
period of Vv 750 msec. | |

Two se@i-qondﬁctor detectér telescopes feeding Goqlding-Landis particle
identifiers were used iﬁ these measuréments. Both telescqpes‘employed Ortec
suyface barrier AE-detectors and phqsphorps—diffused éilicon E- and Ereject'

detectors; the E- and EreJ -detectors were cooled to -40°C. Telescope #1,

ect
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mounted at 35.5° to the beam axis, used an 8-im AE and a 50-um E detector (due
to the thickneés of this AE detector, telescope #1 was primarily used as a ;
monitor in the éeafch for the 0.75 MeV (c.m.) proton group). 'Telescope'#é,

at 70.50; employed a 4-pm AE and a 50-im E detector. Becausevof the very high

capacitive noise of this 4—im (and 50—mm2)'detector, a special pre-amplifier

- was used which incofporated:two liquid-nitrogen-cooled, field-effect transistors

in parallei in its input stage. Telescope #2 could detect and identifj
protons rénging from %.hbo keV to 2.1 MeV. Anbenergy-anélyzed beam of
3.39-—MeV.H2+ ions scattered from a thin Au target was used for the energy
calibraﬁion.

Energy speétra of idéﬁtified protons were storéd as & function of time
in a h696-chahne1 analyzer.operating in an 8 x 512 channel‘mode. The
time router indicated in fig. 1 supplied eight routing signals which'pérmifted
an initial time group of 50 ﬁsec‘followed byvseven groupé, each of 100 msec
duration. ‘In additioh, half-life infbrmation on the 1.59-MeV proton gfoup

was also acquired using a 40O-channel multi-scalar whose address was advénced

. by a quartz-crystal oscillator.

AY
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_ii . 3. Results and Discu351on

3.1. SEARCH FOR THE DECAY. 53C0m 5 22

Fe (2+) + p

Figure 2 presents an identified—proton energy spectrum measured in

telescopei#Q arising from the decay of 53Com. A’bombarding energy of 35 MeV

was used in thisvekperiment, corresponding toithe observed peak of the (p,2n)

excitation_function. The maximum yield of the 1.59 + 0.03 MeV (c¢.m.) proton

pY

group arising in the‘decay of the isomer to the Fe(g.s ) is ~ 450 nb. 'No

evidence for an.additional O.TS—MeV.(c.m.) proton group leading to the

. L _ o

52Fe (2+, 0. 8h-MeV) state ) can be seen above the low background - These data
o x

set an upper limit of 1/250 for the ratio of protons populating the nge (2+)

state relative to those populating the'nge(g.s.)L

93 +_52Fe(g.s.)'+ D
53Com could not be determined

v

3.2. PARTIAL HALF-LIFE FOR THE DECAY
TheCPOSitron'decay (and ebsolute yield) of

. due to its weak production[and the much greater yield of other'activities (e.g.

54 . 50

Co, ”"Mn) with similar half-lives and positron end;points'(aiso see ref. l))._

~,

. However, an indirect estimate of the'partial half-life for the 1.59-MeV proton

53

decay branch of 2Co™ can be obtained by comparing the experlmental ratio of peak cross-

5k 53

sections for Fe(p,pn)53Fe /5 Fe(p,2n)”>Co [proton branch only] to the ratio pre-

dicted from the Spin-dependent nuclear evaporation program GROGI-2 of -Grover and
6,8 53..m 53, .m

Gilat °7). Relative eXC1tation functions for produCing Fe and Co by the (p »pn)

and (p,2n) reactions, respectively, were calculated with this code by follow1ng in

detail the de—excitation of the compound nuclei via neutron, proton, a—particle
and gamma—ray.emission channels. |

Based on‘a pre—selected sequence of emitted‘particles;'GROGI—Q calculates
the distribution in excitation energy (E) and'spinv(J) of the cross section
populating‘successive_daughter.nuolei_in the euaporation chain. Bothvtbe
!initial distribution of tue excited populationfahd the»trahsmission coefficients

N
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for fhe emitted particles were supplied to the program by the optical-model

code ABACUS-29);' Optical-model parameters were chosen following the approach

of Hodgsonlo). The phase space available to the eveporating particles was

constrained in part by the yrast levels (EJ) which Were_determined by a

combinatorial calculation based on the full numerical level density calculation

of Hillmaﬁ and Groverll). Le?el density parameters ﬁere taken from ref. 12)

and the spin parémeter R and ‘pairing correction § were then determined by a

- 5
least squares fit of the function EJ = (g aRl 2) + § to the numerical yrast calcula-

tion., The probability for dipole radiation was normalized from extrapolated

13)

‘ ) RPN _ )
data of ref. and that for quadrupole emission was taken® ) to be 10 3 [(dipole).

Finally, level densities were calculated using the Lang préséfiptibnl5) as dis-

cussed in ref. 8);

> )53

Figure 3 presents calculated excitation functions for the Fe(p,pn Fe™

54 ) 53

m — - . . X
Co reactions. In order to obtain relative cross-sections for

>3

and ~ Fe(p,2n

populating thése JTT = 19/2" isomers, the de-excitation of the final Fe and

53

Co nuclei was terminated at the appropriate excitation energies (and spin).

. The theoretical cross-sectiOHS-were normalized to experiment at the

excitation function. Proton bombarding

observed peak of the ShFe(p,2n)53Com

energies were measured with the high-resolution andlysis mggnet of the cyclotron;

quite good agreement between the experimental and theoretical excitation functions

: L s
for the production of 53Com can be seen., (Although Eskola ) reports excitation

P

hFe(p,pn)53Fem reaction, uncertainties in his absolute

beam energy determinations preclude a similar comparison,)

Taking Eskola's'valueh) of v 5 mb for the peak cross section of the
Fe reaction (and our peak proton yield of 0.45 ub),

uFe(p;pn)

one finds the ratio O(bSFem)/G(proton activity) v 11,000,
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whlle the theoretlcal result for 0(53 )/o( o) using peak cross sections is
" 165. Th1s‘then leads to a partial branch of ~v 1.5% for the observed proton

decay or a partlal half—llfe of 3" 17 sec, Slmllar GROGI-2 calculatlons were

performed to obtaln the peak cross-section ratio ko (160 2pn )53Fem/hoCa(160,

2np)53 , which was then compared to the experimental results of ref. l)Lv

- Though the large errors inVolved in determining absolute cross-sections for these

heavy-lon 1nduced reactlons limit the usefulness of this comparlson, it did give

a part1al half-life consistent with v 17 sec.

530o™ DECAY SCHEME AND REDUCED WIDTHS
' Figure 4 presents our decay scheme for ?306™, The mass of the as-yet-
unobserved 53Co gfound state is taken from the Coulomb displacement energy

$
H

calculations of Harchol.gp.glpl6). ‘As is discussed_in fef.'l), the expected

.

half-life for the isomer would be_350 msec based solely on the Fermi component

of its superalloWed‘B¥adecay; this reduces to 200 msec when the Gamow-Teller
matrik element is included (assumingjpure (f?/z)—3 configurations). bThe
observed 247 msec_half—life agrees well with this estimate.

Since £he " 17 sec partial half-life for direct emission of a 1.59-MeV
(c.m.) protop to the ~° .

the reduced width for this decay. A standard calculation for the penetration :

'through the Coulomb and =9 centrifugal'barfiers (using-ro = 1.4 fm) leads to

an expected half—llfe of v 60 nsec for a reduced w1dth Y ='1." The observed

half- llfe then 1mp11es that Y v h x 10 -2 for this complex decey.' Since the.
*- .
barrier penetrablllty for the proton group populating. the SEFe (2+) state
52 '

(an & = 7 decay) is Vv 6% of that to the ““Fe(g.s.), our data set an upper

limit for the relative reduced widths of

. \

Fe(g.s.) appears quite long, it is of ‘interest to estimate
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2,
v (g.s.) 15

=)

CI‘

) ' One estimate of the order of magnitude to be expected for the reduced

width for proton decay to the 2 17),

2Fe(g.s.) has been performed by Peker Eﬁ.él°
who find fair agreement with our value. The present results on the ratio
of the reduced widths for proton decay to the ground and first-excited states

of o2

Fe should provide an additional test of such theoretical éalculations,
Although proton radiocactivity shou;dvbe a widespread phenomenon for highly
neutron-deficient nucleilB), it is quite possible that experimental considerations

- may cause the decay of many—particle ispmeric statesl7).to be our richest source
of stﬁdies of this new nuclear decay mode for some timé,

We should like to thank Don ILandis for his development work on several

aspects of the overall electronic setup.

-
L -
N
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Figure Capﬁidns
- Fig. 1. A éChematic diagram of thé_appafatus employed in these puised;beam,
shielded—deteétor measurements,

53Com produced

Fig. 2. An identified;proton enérgy spectrum from the decay'of_
5)4 14 .

by the ~ Fe(p,2n) reaction induced by 35-MeV protons. The vertical arrows

~ denote the energy region over which decay protons could be reliably observed, while

" the horizontal arrow indicates the location of any possible trénsitions to

e L v
the 52Fe (0,84-MeV) state.

53

Fig. 3. Theoretical predictions for the excitation functions of _Fem and

2300 employing the approach of Grover and Gilat (see text). The theoretical

curves have béen‘normalized'to the experimental excitation function for

54

the Fe(p,2h)53Com reaction.

2300,

. \ .

Fig. 4. The decay scheme of "

»
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