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Low spin structure of the NÄZ odd-odd nucleus 27
54Co27
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Low spin states in the odd-odd nucleus54Co were investigated with the54Fe(p,ng)54Co fusion evaporation
reaction at the FN-TANDEM accelerator in Cologne.gg-coincidences,gg-angular correlations, and Compton
asymmetries were measured. 28 low spin states were observed. 19 for the first time, eight new spin assign-
ments and six new parity assignments were made, and seveng-branching ratios were measured for the first
time. M1 andE2 transition strengths between low-lying states in54Co were calculated in the shell-model
framework. The experimental branching ratios and multipole mixing ratios indicate the existence of very strong
isovectorM1 transitions.

PACS number~s!: 21.10.Hw, 23.20.Lv, 23.20.Gq, 27.40.1z
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I. INTRODUCTION

Self-conjugate nuclei, which have equal numbers of n
trons and protons (N5Z), are particularly interesting ob
jects.N5Z nuclei are the most symmetric systems with
spect to the isospin degree of freedom and thus allow u
test sensitively the isospin symmetry of the nuclear forc
Only in N5Z nuclei can one study nuclear states with t
lowest possible isospin quantum numberT50. Particularly
interesting are odd-oddN5Z nuclei with mass numbersA
'40–60. In these nuclei one finds that the lowestT51
5Tmin11 states are below theT505Tmin states or nearly
degenerate as in58Cu. This is one of the many interestin
properties of odd-odd self conjugate nuclei. The structure
N5Z nuclei is sensitive to certain parts of the nuclear forc
as shown, e.g., by the Wigner energy@1#. Therefore the
structure ofN5Z nuclei is at present a very actively@2–11#
studied topic in nuclear structure physics. For compariso
model calculations it is important to identify the low lyin
T50 andT51 states and to measure their properties.

In this work we have investigated the low-spin structu
of the odd-oddN5Z nucleus 54Co up to an excitation en
ergy of 4 MeV. We have considerably enlarged the hithe
known low spin level scheme of54Co @12–18#. We have
performed shell model calculations using a residual surf
delta interaction~SDI!. Good agreement with experiment
obtained for branching ratios and multipole mixing ratios
the yrast states.

II. EXPERIMENTAL DETAILS AND RESULTS

Excited states of 54Co were populated in the
54Fe(p,ng)54Co fusion evaporation reaction. The proto
beam was provided by the Cologne FN-TANDEM accelerator.
Five Compton-suppressed Ge detectors and one Comp
suppressedCLUSTER detector were used in theCOLOGNE-

COINCIDENCE-CUBE-spectrometer. Two of the Ge detecto
were mounted in forward direction at an angleu545 ° with
respect to the beam axis. Another two were mounted in
backward direction at an angleu5135 ° with respect to the
beam axis. The fifth Ge detector and theCLUSTER detector
were placed at an angleu590 ° below and above the bea
0556-2813/2000/61~4!/044312~7!/$15.00 61 0443
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line, respectively. Singleg spectra andgg-coincidence spec-
tra of the depopulatingg cascades in54Co were measured
with high energy resolution. As an example of the data, F
1 shows theg spectrum observed in coincidence with th
decay of the Jp511, T50 state to the groundJp

501, T51 state in54Co. From thegg-coincidence rela-
tions a low spin level scheme of54Co was constructed
which is displayed in Fig. 2. We observed 28 levels and 4g
transitions in this nucleus. With respect to earlier spect
scopic work@12–18# 29 g transitions and 19 levels are new
In order to assign spin and parity quantum numbers we a
lyzed thegg-angular correlation information and the pola
ization information obtained with the compositeCLUSTERde-
tector. The angular correlation pattern is determined by
spin quantum numbers of the levels involved in a cascade
the Gaussian widths of the m-substate distribution of the
initial level and by the multipole character of the correspon
ing g radiation. The analysis of thegg-angular correlations
resulted in six new unambiguous spin assignments, nam
for the levels at 1614 keV (Jp511), 1822 keV (Jp

531), 2174 keV (Jp531), 2290 keV (J53),
2852 keV (Jp541), and 2919 keV (J53). If we use the
spin and parity assignmentJp571 of the isomer at 197 keV,
given in Ref.@18#, we can, moreover, give unambiguous sp
assignments for the levels at 1887 keV (Jp551) and
2652 keV (Jp541). The spin quantum numbers 1 and
for the levels at 937 keV and 1446 keV given in Ref.@18#
could be confirmed in our analysis. As an example we sh
in Fig. 3 the experimental values of thegg-angular correla-
tion of the 559.6–1614.1 keV cascade together with the fit
values for two different spin hypotheses. The number of d
ferent correlation groups results from the geometry of
COLOGNE-OSIRIS-COINCIDENCE-cube-spectrometer@19#. The
559.6–1614.1 keV cascade connects the level at 2174 k
which could be assignedJp531 via the angular correlation
of the 727.8–508.8 keV cascade, with theJp501 ground
state. It is evident from the figure, that with a spin value o
for the intermediate level at 1614 keV the experimental v
ues cannot be reproduced by the fit (xmin

2 515.8) for any
possible value of the multipole mixing ratiod of the 31

→21 transition. In contrast to this with a spin value ofJ
©2000 The American Physical Society12-1
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I. SCHNEIDERet al. PHYSICAL REVIEW C 61 044312
51 for the level at 1614 keV, the fitted values are in go
accordance with the experimental ones (xmin

2 50.8). Besides
the spin quantum numbers of the excited states, the meas
gg angular correlations also give information on the mu
pole mixing ratios of the involvedg transitions~see Table I!.

For six out of the eight levels, to which we assigned
spin value, we could also deduce the parity. In five cases~the
levels at 1614, 1822, 1887, 2174, and 2652 keV! this assign-
ment was based on the electric or magnetic character o
depopulatingg transitions. To determine this character, t
CLUSTER detector was used as a Compton polarimeter. T
sum of two coincident detector signals, which stem from
Compton scattering of an initialg quantum in one segmen
of the CLUSTER and the subsequent absorption in anot
segment, carries the full energy information of the initialg
ray. The geometry of the Compton scattering process
pends on the polarization of the initialg ray with respect to
the beam. Therefore observable asymmetries of the Com
scattering process allow us to measure theg polarizations

FIG. 1. gg coincidence spectrum observed in the54Fe(p,n)
fusion evaporation reaction. This coincidence spectrum is obta
by requiring a coincidence condition with the 937 keV 11

1→01
1

transition in 54Co. For the left and the right part of the spectrum
different scale for the counts was used to improve the visibility
the high energyg lines.
04431
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and the radiation character. Although its seven large volu
Ge crystals are not arranged in the usual orthogonal w
numerical simulations@20# as well as experimental tests@21#
have shown that the figure of merit for theCLUSTERScapa-
bility to measure polarizations can be even somewhat la
at high g-ray energies than that of orthogonal five-crys
arrangements@22# or segmented crystals@23#, compensating
the loss of polarization sensitivity by its large absolute e
ciency. Figure 4 shows the configuration of theCLUSTER

with respect to the beam line in the present experiment. T
configuration leads to three different scattering planes for
Compton scattering ofg rays between adjacent segments
the CLUSTER. In our experiment these scattering planes e
closed an angle of 15 °, 75 °, and 135 ° with the react
plane, respectively. We analyzed coincidence-events
tween pairs of segments in the 15 ° and in the 75 ° scatte
plane. The sum energy of the two coincident signals w
sorted in two different spectra depending on to which sc
tering plane the involved pair of segments corresponds. If
denote the intensities in these two spectra byI 15 ° and I 75°,
respectively, the experimental asymmetry is defined as@21#

Aexp5
I 75 °2I 15 °

I 75 °1I 15 °
'QPolP, ~1!

whereQPol denotes the positively defined polarization se
sitivity of the CLUSTERandP is the linear polarization of the
incoming photon with respect to the given geometry. Sin
the sign of the linear polarization sgn(P) determines the
character of the electromagnetic radiation, with Eq.~1! we
can conclude this character from the sign of the experime
asymmetry sgn(A). To illustrate the experimental asymme
tries, Fig. 5 shows the difference spectrum of the 75 ° a
the 15 ° spectrum. The parity assignment for the level
2852 keV was based on the nonvanishing multipole mix
ratio of the 1029.6 keV transition to the 31 level at 1822
keV and the dominant magnetic character of thisDJ51
transition deduced from the measured multiple mixing ra
A summary of the energy levels with certain spin and par

d

f

FIG. 2. Low spin level scheme
of 54Co from thegg coincidence
relations obtained in the
54Fe(p,ng)54Co reaction at 13
MeV beam energy.
2-2
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LOW SPIN STRUCTURE OF THEN5Z ODD-ODD . . . PHYSICAL REVIEW C 61 044312
values and with their depopulatingg transitions and branch
ing ratios is given in Table I. Figure 6 shows an excerpt
the full level scheme including only those low-spin sta
with unique spin or parity quantum numbers. The assignm
of the isospin quantum numberT51 is done by comparing
the energies of theT51 states with the energies of the co

FIG. 3. Experimental and fitted values of thegg-angular corre-
lation of the 559.6–1614.1 keV cascade which connects the1

level at 2174 keV with the 01 ground state. Only theJ51 spin
hypothesis for the intermediate level at 1614 keV can account
the observed correlation pattern. The fitted multipole mixing ra
for the 31→11 transition isd50.03(6), which supports pureE2
radiation and the same parities for the 31 and the 11 state.

TABLE I. We give the excitation energyEi , spin, parity, and
isospin quantum numbersI i

p , Ti of the initial levels, the mea-
suredg-transition energiesEg and the excitation energyEf and the
quantum numbers for the final levels. The last three columns de
the radiation characterP ~E5electric, M5magnetic!, the relative
intensity ratioI g and theE2/M1 multipole mixing ratiod.

Ei I i
p ,Ti Eg Ef I f

p ,Tf P I g d
~keV! \ ~keV! ~keV! \ %

937 11
1,0 936.8~2! 0 01

1,1 M
1446 21

1,1 508.7~2! 937 11
1,0 M 100~2! 0.02~3!

1445.7~2! 0 01
1,1 E 10.4~3!

1614 12
1,0 1614.1~2! 0 01

1,1 M
1822 31

1,0 376.0~2! 1446 21
1,1 M 100~3! -0.01~5!

884.6~4! 937 11
1,0 E 2.2~3!

1887 51
1,0 1689.9~2! 197 71

1,0 E
2083 ~3! 261.3~2! 1822 31

1,0 100~3!

195.8~2! 1887 51
1,0 42~4!

2149 52
1,0 1952.2~3! 197 71

1,0
2174 31,0 728.0~3! 1446 21

1,1 M 100~10! 0.01~5!

559.6~2! 1614 12
1,0 E 97~10!

1236.7~2! 937 11
1,0 E 55~9!

2290 ~3!,0 843.6~2! 1446 21
1,1 -0.03~4!

2652 41
1 ,(1) 830.4~2! 1822 31

1,0 M 100~3! -0.02~3!

765.0~2! 1887 51
1,0 M 57~2! 0.04~6!

1206.4~3! 1446 21
1,1 E ,2

2852 42
1 ,(0) 1029.8~2! 1822 31

1,0 M/E 100~3! 0.10~4!

964.3~2! 1887 51
1,0 51~3!
04431
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responding states of theT51 isospin multiplet in the nucle
54Ni and 54Fe. The states of54Co, which have isospinT
51 and spin and parity quantum numbersJp

501, 21, 41, form isospin triplets with the positive
parity T51 even spin states of the neighboring isobars54Ni
and 54Fe. From isospin symmetry we expect therefore t
the excitation energies of the corresponding states are c
in all three nuclei. The two lowest excited states in54Fe are
the Jp521

1 state at 1408 keV and theJp541
1 state at 2538

keV. From the absolute excitation energies of the 21
1 states

in 54Fe ~1408 keV! and in 54Co ~1446 keV! one can assign
the isospin quantum numberT51 to the 21

1 state in 54Co.
No other state with firm spin and parity assignment 21 is
known in 54Co. TheJp541 excited state at 2652 keV in

r
FIG. 4. Configuration of theCLUSTER detector in the presen

experiment.

FIG. 5. Difference spectrumI 75 °2I 15 ° for initial g rays, which
were Compton scattered and then fully absorbed in two differ
crystals of the compositeCLUSTER detector with a relative arrange
ment of 75 ° or 15 ° with respect to the beam axis~see text!. One
expects a positive differenceI 75 °2I 15 ° for dominantly electric ra-
diation ~e.g.,E2) and a negative difference for dominant magna
radiation ~e.g., M1). The largest differences are labeled with t
corresponding transitions.

te
2-3
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I. SCHNEIDERet al. PHYSICAL REVIEW C 61 044312
54Co can be tentatively identified asT51, Jp541
1 state.

This identification is based on the excitation energy rat
Ex(4

1)/Ex(2
1) in 54Co @Ex(4

1)/Ex(2
1)51.834# and in

54Fe @Ex(4
1)/Ex(2

1)51.803# and on the pureM1 transi-
tion to the lower lying 31 and 51 states. However, we can
not rule out that the nearbyJp541 state at 2852 keV is the
T51 state.

III. DISCUSSION

It is worthwhile to compare the rich data ong transitions,
branching ratios, and multipole mixing ratios to shell mod
calculations. Spherical shell model calculations with the
sidual surface delta interaction~SDI! @24,25# have been car-
ried out for 54Co considering56Ni as the inert core. At first
only the protonp f 7/2 and neutronn f 7/2 valence orbitals were
taken into account. Thef 7/2 orbital is well separated from th
lower lying sd shell ~5 MeV! and the next higher lying or
bital is p3/2 ~4 MeV! @26#. The valence orbitalf 7/2 is occu-
pied with one proton hole and one neutron hole. Within t
limited configurational space proton and neutron ho
couple to the even-spin (J50,2,4,6) T51 multiplet and
odd-spin (J51,3,5,7)T50 multiplet. The residual nucleon
nucleon interaction that was used in the present calculat
has the form

VSDI~r1 ,r2!52 (
T50

T51

$4pAT8d~V12!d~r 12R!d~r 22R!

1B@2T~T11!23#%, ~2!

FIG. 6. Part of the level scheme, including those levels
which definite spin or parity quantum numbers are known. T
width of the arrows corresponds to the relative intensity of theg
transitions. All levels not labeledT51 areT50 levels.
04431
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whereV12 is the angle between the interacting particles,R
51.2A1/3fm is the nuclear radius,AT508 and AT518 are the
two strength constants of the SDI for the two possible is
pin quantum numbers. The parameterB adjusts the shift of
the T50 and T51 centroids of level energies. The SD
parametersAT508 andAT518 regulate the splitting of the odd
spin states and even spins, respectively. Using such a sim
interaction as the SDI andf 7/2 model space we can onl
reproduce the excitation energies of the yrast states witJ
,7. The excitation energy of the 71

1 is not satisfactorily
obtained. This problem remains also for the enlarged c
figurational space which besides thef 7/2 configuration also
takes into account the one-nucleon excitations to thep3/2
orbital. Therefore thêJp571uVSDIuJp571&B50 matrix el-
ement for the f 7/2 shell is replaced with 1.93^Jp

571uVSDIuJp571&B50 in order to reproduce the exper
mentally observed 0.197 MeV excitation energy of theJp

571 state~see Fig. 7!.
The calculated excitation energies of the low-lying sta

which do not havep f 7/2
213n f 7/2

21 character are much highe
and are not shown in Fig. 7 excepting the 32

1 and 42
1 states.

As shown in Ref.@26#, relatively good agreement with ex
perimental data can be achieved for somef 7/2 nuclei using
empirical two-body matrix elements~m.e.! instead of the
SDI matrix elements. Using these empirical m.e. we can
produce energies better but the wave functions do not di
very much from the SDI wave functions. Thus for the calc
lation of electromagnetic~e.m.! transitions between low-spin
states we can use the simple SDI.

For the case of the single-j -shell configurational space th
e.m. transition probabilities are interaction independe

r
e

FIG. 7. Comparison of calculated and experimental spectra
the Jp501271 states in54Co. Th-1 and Th-2 label the calcula
tions within (f 7/2) and (f 7/2,p3/2) configurational spaces, respe
tively. The states with isospin quantum numberT51 are plotted
with dashed lines andT50 with solid lines.
0
1

TABLE II. The interaction parameter of the surface delta interaction as defined in Ref.@25#, the single
particle energies of the orbits included and effectiveep anden charges.

Theory Parameter values~MeV! ep en

AT51
pp AT51

nn AT51
pn AT50

pn B «p f 7/2
«pp3/2

«n f 7/2
«np3/2

Th-1 0.75 0.75 0.75 0.75 0.11 0.0 0.0 2.79 2.0
Th-2 0.75 0.75 0.65 0.65 0.11 0.0 3.9 0.0 3.9 1.77 1.1
2-4
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TABLE III. Calculated electromagnetic transition strengths, experimental and calculated branching ratios and multipole mixingd
in 54Co. The experimental energies were used for calculations of branching ratios. The results are shown for the effective sping factors
gs

eff50.7•gs
free. The effective proton and neutron charges are given in Table II. In the fourth column the measuredRexp(Ji) values defined

by Eq. ~3! are given~see text!.

(Ji ,Ti)→(Jf ,Tf) B(E2; Ji→Jf), @e2fm4# B(M1; Ji→Jf), @mN
2 # Rexp(Ji) Branching ratio d

Th-1 Th-2 Th-1 Th-2 Expt. Th-1 Th-2 Expt. Th-1 Th-2
(11

1,0)→(01
1,1) 0 0 4.05 3.81 100 100

(21
1,1)→(11

1,0) 1.0 0.4 4.63 4.17 4.2~1! 100~2! 100 100 0.02~3! 0.002 0.001
(21

1,1)→(01
1,1) 126 129 0 0 10.4~3! 9.1 10.3

(31
1,0)→(21

1,1) 2.6 1.1 4.55 4.22 4.1~5! 100~3! 100 100 -0.01~5! 0.002 0.002
(31

1,0)→(11
1,0) 141 129 0 0 2.2~3! 2.2 2.0

(32
1,0)→(21

1,1) 0.014 0.028 100~10! 100 0.01~5! 0.004
(32

1,0)→(11
1,0) 3.5 0 55~9! 7

(32
1,0)→(12

1,0) 13 0 97~10! 1
(41

1,1)→(31
1,0) 4.3 2.2 4.12 3.58 .1.9 100~3! 100 100 -0.02~3! 0.007 0.005

(41
1,1)→(21

1,1) 125 94 0 0 ,2 0.9 0.8
(41

1,1)→(51
1,0) 7.3 2.6 4.28 3.81 .1.1 57~2! 82 78 0.04~6! 0.008 0.005

(42
1,0)→(31

1,0) 1.4 0.004 100~3! 100 0.10~4! 0.11
(42

1,0)→(51
1,0) 86.5 0.007 51~3! 252
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Thus theM1 andE2 transitions are more convenient too
for testing the nuclear structure than the energies. There
we focus our attention only on theM1 and E2 transition
probabilities between low-lying states. From the data
know some branching ratios and multipole mixing ratiosd,
which are given in Table I. Our first aim is to compare the
observables with the shell model predictions.

In order to calculate e.m. transitions in the shell model
have to know the effectiveg factors for theM1 transition
operator and effective charges for the quadrupole transi
operator. We have done two calculations labeled Th-1
Th-2. The configurational space of Th-1 contains only
f 7/2 shell. The Th-2 contains an enlarged configuratio
space that includes the 2p3/2 orbital with the restriction that it
can be occupied with one proton and one neutron.

The quenching factoraq50.7 for the effective proton and
neutron sping factors (gs

eff5aqgs
free) was taken from Ref.

@26# while the orbitalg factors remain free (gp
l 51.0, gn

l

50.0) for both calculations. The effective protonep and
neutronen charges were chosen to get the best agreem
with experimental branching ratios for both calculations. T
effective charges, single particle energies, and interac
parameters1 for the Th-1 and Th-2 calculations are given
Table II.

Using these parameters we have calculatedB(M1) and
B(E2) values between the low-lying states, and with the
B(M1) andB(E2) values we have obtained the branchi

1The fitted interaction parametersAT
r,r8 are connected to thos

from Eq. ~1! by the following expression:AT
r,r85AT8^d(r r

2R)d(r r82R)&, where the radial matrix element^d(r r2R)d(r r8
2R)& is supposed to be independent of the single particle st
involved ~see, for details, Ref.@25#!.
04431
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ratios. The calculated branching ratios are compared with
corresponding experimental values in Table III.

We obtain good agreement for the branching ratios for
transitions between the states with the rather purep( f 7/2

21)
3n( f 7/2

21) configuration. We obtain also agreement with
the experimental errors for the mixing ratiosd for the tran-
sitions between thep( f 7/2

21)3n( f 7/2
21) states.

If we suppose that the experimentally observed 31 state
at 2174 keV and the 41 state at 2852 keV are the shell mod
32

1 ,T50 state and the 42
1 ,T50 state, respectively, with the

main (p f 7/2
223n f 7/2

21)3p(p3/2
1 ) and (p f 7/2

213n f 7/2
22)3n(p3/2

1 )
components, we obtain agreement with the experimental
ues as shown in Table III. TheE2/M1 multipole mixing
ratiosd for the transitions from the 42

1 state to the 31
1 state

and from the 32
1 state to the 21

1 state are in good agreeme
with experiment. However, the 32

1→12
1 and 32

1→11
1 tran-

sitions are calculated to be much weaker and the 42
1→51

1

transition is calculated to be much stronger than the co
sponding observed transitions. This means that other c
figurations that include 2p3/2, 2p1/2, and 1f 5/2 orbitals are
important for the 12

1 , 32
1 , and 42

1 states.
Based on the rather good agreement for the yrast sta

we can now use the shell model to make some general
dictions for M1 andE2 transitions between the states wi
the main (p f 7/2

213n f 7/2
21)J,T configurations. These prediction

are given in Table III. We note that the (p f 7/2
213n f 7/2

21)J,T

states fall in two classes with isospinT50 andT51: T
51, Jp501, 21, 41, 61, andT50, Jp511, 31, 51, and
71. From our calculations given in Table III we note th
following predictions:

~i! The isoscalarDT50, DJ52 transitions have large
B(E2) values. We note further thatB(E2) values for the
21

1→01
1 and 31

1→11
1 transitions are rather similar.

~ii ! The isovectorDT51, DJ51 transitions between
(p f 7/2

213n f 7/2
21)J,T states have largeB(M1) values and smal

es
2-5
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I. SCHNEIDERet al. PHYSICAL REVIEW C 61 044312
B(E2) values. The shell model predictsB(M1; 01→11)
512.15 mN

2 for 54Co. We compare this value with theDT
51,01→11 M1 transition in 6Li for which the reduced
transition strengthB(M1; 01, T51→11, T50)515.4(3)
mN

2 is known experimentally@27#. TheseM1 transitions be-
long to the strongest known magnetic dipole transitions
tween bound nuclear states. They are caused by the cons
tive interference of the spin and orbital parts of theM1
matrix elements between thequasideuteronconfigurations
formed by one proton and one neutron in thej 5 l 11/2 sub-
shell @28#.

It is tempting to try to extract also the largeB(M1;
21

1 , T51→11
1 , T50) and B(M1; 31

1 , T50→21
1 ,

T51) values more directly from our data on the branch
ratios from the gamma decay of the 21

1 and the 31
1 states

given in Table I. In order to do this we need to know t
absolute B(E2; 21

1 , T51→01
1 , T51) and B(E2;

31
1 , T50→11

1 , T50) values. These values are not know
We know, however, theB(E2; 21

1 , T51→01
1 , T51) in

the T51 isospin partner nucleus54Fe. It amounts to
129(5)e2fm4 @29#. Assuming thatDT50 E2 transition
strengths between isobaric analogue states are close, we
judge the strengths of isovectorM1 transitions in54Co from
the measured branching ratios and the measuredB(E2)
strength in54Fe. For this purpose it is convenient to defi
the following experimental quantity:

Rexp~J!5129
B~M1;J→J21!/mN

2

B~E2;J→J22!/e2fm4

5 f ~Eg1 ,Eg2 ,d1 ,d2!
I g1~J→J21!

I g2~J→J22!
, ~3!

which is proportional to the measured intensity branch
ratio to the final states withJf5Ji21 andJi22. The pro-
portionality factorf (Eg1 ,Eg2 ,d1 ,d2) involves the observed
g energies and theE2/M1 multipole mixing ratios. The mea
suredRexp(J) values are shown in Table III. Let us no
judge absoluteB(M1) values in 54Co from the measured
quantities Rexp(J) and the assumptionB(E2; 54Co,DT
50, J→J22)'B(E2; 54Fe, 21

1→01
1) for J52 and 3.
r
A

J.

P
cu
A
. M
d

04431
-
uc-

.

ill

g

Under this assumptionthe Rexp(J) values equal the
B(M1; J→J21) values in units ofmN

2 . TheRexp(J) val-
ues compare rather well with the corresponding shell mo
B(M1) values~see columns 3 and 4 in Table III!. This sup-
ports the dominant (p f 7/2

213n f 7/2
21)J,T structure of the 11,

21, 31, and 41 yrast states in54Co. But while comparing
the measuredRexp(J) to the calculatedB(M1) values we
must keep in mind that this identification relies on the po
tulated equality of theB(E2; 21

1→01
1) values in54Co and

54Fe, which is suggested from isospin symmetry.

IV. CONCLUSION

Summing up, we have investigated the low spin states
the odd-oddN5Z nucleus 54Co with the 54Fe(p,ng)54Co
fusion evaporation reaction. In the present experiment
low spin excitations were observed for the first time a
eight new spin and six new parity assignments, were ma
We have performed shell model calculations for the lo
lying states in54Co using the SDI residual interaction and w
have compared the results with the corresponding exp
mental quantities. The calculated branching ratios indic
that the 01

1 , 11
1 , 21

1 , 31
1 , and 41

1 excitations are predomi
nant p( f 7/2

21)3n( f 7/2
21) seniority n52 states. The 01

1 , 21
1 ,

and 41
1 states are the members ofT51 even spin multiplet

and the 11
1 and 31

1 states are the members of theT50 odd
spin multiplet. The shell model yields largeDT50 E2 tran-
sition strengths and largeDT51 M1 transition strengths
From the calculated transition strengths we determin
branching ratios for the yrast states, which agree very w
with the data in most cases. Large scale shell model ca
lations in the completef p-shell model space are needed
establish the above made assignments and to identify
structure of other nonyrast states.
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