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ABSTRACT -

The yield curve for the 58re (p, ¥ )59Co reaction was measured for
proton energies from 2150 to 2270 keV. Gamma-ray spectra were mea
sured with a Ge (Li) detector at 4 resonances. A Q-value for this reac
tion of 7363.2 + 1,4 keV was obtained. A decay scheme for levels up to
4.5 MeV is proposed.

1. - INTRODUCTION -

In the last few years a great effort has been devoted to study the
structure of the odd Co isotopes. From the theoretical point of view
the low-lying states of such nuclei are well reproduced by the intermedia
te-coupling unified model(l), The energy levels of P9Co were 1nves'r1ga~
ted using inelastic scattering of protons and neutrons(2, 3, 4), strippin
and pick-up reactions(%s 6) In recent years Coop et al. (7) and Swann(8),
using (e, py) and resonance fluorescence reactions respectively, galned
information about levels in 29Co up to ~ 3 MeV excitation energy. Only a
few levels at an energy higher than 3 MeV have been reported by Swann
with large uncertainties. In addition, the B-decay study of 59pe(9) gave
detailed information about spins and lifetimes of levels upto 1.5 MeV,

In the present work the 58Fe(p, y )59Co reaction has been used to de-
termine excitation energies and branching ratios of several bound levels



and of four resonances. An excitation curve has been obtained for pro-
ton energies ranging from 2150 keV to 2270 keV, in the region of the a-
nalogue of the 0 e ground state(10), High-resolution gamma-ray spec
tra have been measured at four resonances using a Ge(Li) detector. The
analysis of the gamma-ray spectra allowed for an accurate determina-
tion of the @-value of the reaction relative to Sb6pe (p, 7) Q-value.

2. - EXPERIMENTAL PROCEDURE -

The proton beam was produced by the 7.5 MeV Van de Graaff accele
rator of the Laboratori Nazionali di Legnaro (Padua). A 90° magnetic e
nalyser, equipped with an NMR fluxmeter, was used to define and control
the proton energy. The experimental resolution of the proton beam was
about 300 eV. Targets were prepared by vacuum evaporation of enriched
iron (chemical form Fey Og) onto 0.2 mm tantalum backings. The enri-
chment was 82% 98Fe, with 16% 26Fe impurity, Target thicknesses we-
re ~ 2u g/ecm? and ~ 104 g/em?2 for yield and specira measurements
respectively. The targets were watercooled and no target deterioration
was observed over periods of several hours of 5 uA beam current run
ning time. A beam current integrator was used to measure the accumula
ted charge on the target. Yield curves were obtained detecting gamma-
-rays at 550 with respect to the proton beam in a 4" x 4" NaI(T1) crystal,
€ cmn away [rom lhe larget, ;

Gamma-ray spectra were recorded uging a 50 em?3 Ge(Li) Ortec de-
tector at 55° with respect to the proton beam, 4 cm away from the tar-
get. Pulses from the Ortec pre-amplifier were fed into two independent
chains (a Tennelec TC 203 BI.R Amplifier plus a Laben 4096 - channel
analyser), The dispersion in the two chains was 0, 7 keV /channel and 2,5
keV /channel, so that two spectra were accumulated simultaneously, tak-
ing energies up to 3 MeV (low-energy spectra) and up to 10 MeV (high-ener
gy spectra) respectively, The energy resolution, including long-term in-
stabilities, was 2,4 keV I'WHM at 1,3 MeV and 8 keV at 9, 5 MeV,

Gamma-ray spectra were analysed by the automatic computer code
CERPI(11), Three low-energy gamma lines of 59Co (1099.3 + 0.1, 1190. 6+
+ 0.1 and 1291.5 + 0.1 keV) were accurately calibrated for c_omparison
with sources of known energies (60Co and 22Na) by taking spectra with
these sources placed near the target. The energy calibration of the spec
tra was determined by using a least-squares polynomial fit program for
which the input data consist of known energies of gamma-rays from 59Co,
from background and other reactions, of the positions of full-energy,
single - and double - escape peaks, and the requirement that the energiés
of gamma-rays emitted in cascade add up to the excitation energy of the
resonance. i

The relative full-energy peak efficiency (E,< 2.5 MeV) of the detecter
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was determined measuring gamma-ray intensiiies from an 116m 15 sour
ce produced by (n, y) reaction(12) Gamma-rays from the capture reac-
tion 27A1(p, y)28Si at E‘p = 902 keV was used for determining the efficien
cy in the high-energy range from 2 to 10 Mev(13), o

3. - RESULTS -

3.1. - Excitation curves and @ - value. -

The excitation curve for the reaction 28Fe (p, y), shown in fig, 1, ex
tends from 2150 keV to 2270 keV in steps of about 0.7 keV, Each point
corresponds to a deposited charge on the target of 300 wC. Gamma rays
of energy greater than 4.0 MeV were counted. Resonances at which
gamma-ray spectra were measured are marked with an asterisk in
Fig. 1.The proton energies for these resonances were obtained utili-
zing the small contamination of 56 e in the target. From a spectrum
measurement at ¥ = 12794 ke with thin target we deduced that the diffe
rence between the cross-over transitions to the ground states of 57Co
and 99Co is 1336.5 + 0.7 keV. As the Q-value of the ?6Fe(p, ) reaction
is known to be 6026.7 * 0,7 keV(14), the Q-value for the 28Fe(p, y) reac-
tion turnes out to be 7363.2%1. 4 keV, wheretheerror takes into account
the indetermination in the proton energy due to target tkickness. This
value is to be compared with 7369.8 + 2. 9 keV based upon the 1972 mass
table(15), From the Q-value and the excitation energy of the resonance le
vels we obtain for the proton energies at the four resonances 2198, 221 5,
2224, 2228 keV.

Gamma-ray spectra were recorded with the NaI(Tl) crystal in the pro
ton energy range Ep = 2200 + 2240 keV in steps of 0,7 keV. Yields of se
lected primary radiations to low-lying levels were thus obtained. The ana
lysis of the partial yield of the transition to the ground state has shown B
that all the observed resonances in this region are due to the 58Fe(p, v)
reaction, Inelastic proton widths to the first excited level in 58Fe were
found to be comparable with radiation widths, by measuring the yield of
the 810 keV gamma-ray transition de-excitingthe 2% level of 58pe,

3.2. - Gamma-ray spectra -

The high-energy gamma-ray spectrum from the proton capture reso-
nance at Ej, = 2228 keV, is shown in Fig. 2. The peaks in the spectrum
are labelled by the gamma-ray energies (in keV), corrected for Doppler
and recoil effects. Primes and double primes indicate single - and dou-
ble - escape peaks. Energies and intensities of gamma-rays relative to
the four resonances investigated are listed in table 1.

Several peaks in the spectra were identified as background lines or
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FIG. 1 - Excitation curve for the °8Fe (p, 7)39Co reaction.
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as being due to spurious reactions. A spectrum was accumulated at
Ep = 2228 keV with the protons on the tantalum backing. The broad
peak at ~ 1630 keV is believed to be due to the superposition of gam-
ma-rays from the 23Na(p, p' y) and 19F(p, y ) reactions.

The errors in the energy values reported in table 1 were calcula-
ted by a standard statistical procedure, taking into account the peak
centroid indetermination as well as the goodness of the fit of the cali-
bration data. The intensities are normalized so that the sum of the in
tensities of the primary radiations is 100 for each resconance. The er
rors inthe intengity assignments are of the order of 10% and 20% for the
low-energy and the high-energy region respectively, for the most pro-
minent lines. Low-intensity values are less reliable because of the lar
ge indetermination in the peak area computation.

3.3. - Decay scheme. -

The level scheme of 29Co was obtained by using a computer code ba
sed on the Ritz combination principle(lﬁ) and is shown in Fig. 3. The
input data for the program were the energies of previously established
levels plus the weighted mean of gamma-ray energies observed at the
four resonances, The resulting level energies are reported in Fig. 3
toghether with the spin assignments taken from refs. 6,7, 8.

In the proposed decay scheme 36 bound and 4 resonance levels are
inserted as well as 88 out of the 123 chserved gamma-ray transitions.
This corresponds to about 95% of the total observead intensity. As many
as 35 levels are directly fed by a primary transition in at least one re-
gonance; the branching ratios of the four resonances are reported in Fig.
3. Most of the levels with an energy greater than 2.5 MeV were not pre-
viously observed.

The excitation energies of the four resonances were determined by
the weighted mean of the values resulting from several gamma-ray ca
scades to ground state. Statistical external and internal errors were
found to be consistent and equal to about 0.3 keV.

4. - DISCUSSION -

Tentative spin assignments for the four resonance levels were obtai

ned on the basis of previous spin assignments for the low-lying levels and
of the measured branching ratios. The strong transitions to the 7/27 ground
state and to the 1/2~ level at 1433 keV together with the absence of appre
ciable feedings to the 9/2~ level at 1190 keV, rule out a spin 1/2 or 7/2_
assignment for the four resconances, As the ratio between the proton pene
trabilities at E = 2200 keV on 58fe for an ¢ p = 3 and an &y = 2 resonan
ceis ~ I,O‘l, also a 5/27 assignment does not seem to be compatible with
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the high intensity of the investigated resonances. Among the other pos-
sible spins a 5/2" assignment for the resonance at Ep = 2215 keV and a
3/2 assignment for the other resonances seem to be the most likely ones
from the comparison between the branching ratios to the 7/2~ ground sta
te and to the 1/2+ level at 2713 keV. Moreover a negative parity for the
3/2 resonances is suggested from the hi gh intensity of the quadrupole
transitions to the ground state. These above assignments are compati-
ble with the decay intensities to the 3/27 level at 1098 keV. An opposi-
te behaviour is shown by the 3/2~ level at 1290 keV: the M1 transitions
are strongly enhanced compared with the E1 transition.

We can therefore conclude that the resonances at Ep = 2198, 2224 and
2228 keV may be components of the fragmented analogue of the 99Fe
ground state(10), Moreover, the 1290 keV level is a very serious can-
didate for being the antianalog state. In order to definitely clear out the
different structure of the two 3/2~ low-lying levels, which do not seem to
be well reproduced by the theory(l), spin and multipole mixing measu-
rements are in progress,

The authors wish to thank Dr. V. Roca and Dr. M. Romano for their
help in performing the measurements,
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£S5, INTENSITIES AND ASSIGKMENTS OF
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y-RAYS OBSERVED IN THE 58
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Res.E_=2198 ke¥ Res.E =2215 ke¥ Res. =2223 ke Res.£ =2218 ke Level (keV)
£ (keV) 17“3 E_ (keY) 17‘) E_ (keV) H ’) E (ke¥) - Iya) from to
$524.130.3 8 9540.3+0.4 18 9548.7+40.4 52.840.5 ) vac. - g.s.
8424.9+0.3 7 5441.629.4 11 £480.56+0.5 8454.0+0,7 5 res. 10085
233.0+0.2 21 8249.2+0.5 1 8258.3+0.3 18 £261.6+0.2 17 res. 1290.7
8203.8+0.6 56?;(;,.,
8089.3+0.6 2 8106.7+0.7 3 £115.9+0.4 3 £119.2+0.2 19 res. 1433.1
8044.4+0.5 2 8058.9+0.5 B 8067.5+0.5 2 8071.5+0.2 S res. 1481.0
7780.0+0.3 6 Tes. 1743.8
7462.540.5 3 7479.5+0.6 4 res. 2061.0
7436.7+0.4 2 7454.1+0.6 3 7465.0+0.6 2 7467.0+0.3 3 res. 2086.7
7320.8+0.2 7 res. 2203.3
7047.7+0.4 <1 uaresolved line 7072.0+0.4 § 7075.1+0.6 2 Tes. 2478.1
6942.3+0.9 3 958.8+0.4 12 6967.7+0.3 14 6970.3+0.2 20 res. 2581.6
6803.3+0.6 2 6834.9+0.5 2 6838.9+0.4 2 res. 2713
€753.9+0.7 2 6770.2+0.5 3 6779.3+0.6 2 6781.8+0.3 2 res. 2770
6743.6+0.5 2 6767.3+0.9 2 res. 2782.0
6708.7+0.7 3 6731.6+0.6 2 res. 2816
6695.040.5 3 6712.2+0.4 5 6724.5+0.4 2 res. 2828.0
6568.5+0.4 3 6585 +2 3 res. 2955.0
6561.4+0.8 1 6586.140.4  (5) 6590.4+0.6  (4) res. 2963.3
6552 =2 24 6576.3+0.8 {5)  6579.8+0.3  (3) res. 2973
6437.4+0.5 2 64635.0+0.8 1 res. 3086
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1290.7+0.1

1189.7+0.1

1001.3+0.4
914.4+0.9

-2

37

10

-

T

™~

s

1218.7+0.3
1189,7+0.1
1148.3+0.1

098.5+0.1

1000.8+0.3
912.8+0.3
866.4+0.3

795.4+0.1
722.7+0.1
579.7+0.1
553.8+0.1

~1
|+

| +

40

<l

bt

1336.0+0.2
1250.7+0.1

1219.6+0.3
1189.7+0.1
1148.1+0.2

1098.5+0.1

866.1+0.2

722.6+40.2
580.0+0.3
553.8+0.1

(2]

-~

ta

{381

(a8}

1458.8 = £.S.
4412 = 2550
3141 - 1743.8

56 o
PR(P-Y)

Bxatp,y) .
4508 - 3162
i MR =
1290.7 = g.5:
2973 - 1743.8
2963.3 - 1743.8
1189.7 - g.s.

65Cu(p.p‘y)
1098.5 - g.s.

S

2203 .3~ 1280.7

*®Fe(p,p'y)
SBFe(p,p'YJ
2086.7 - 1290.7
2203.3 - 1481.0
2061.0 - 1481.0
1743.8 - 1189.7

R i



511.006+0.002 Ann. 8"

495.0+0.2 160(?:7}

439.6+0.2 - zsxa(p,p'y)
382.4+0.1 7 382.340.1 6 382.1+0.1 6 362.1+0.2 & 1481.0 - 1098.5
33&.710.1 2 334.6+0.1 3 334.4+0.1 4 334.5+0.2 5 1433.1 - 1098.5
301.540.3 i A

a)- Intensities are in /100 captures. Values in parathensis are less reliable.
b}- Double line .
c)- Background line
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