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Lifetime measurements of excited states in 57Mn
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Excited states in 57Mn are populated using the 55Mn(18O, 16O) 57Mn two-neutron transfer reaction at the
FN tandem accelerator in Cologne. Lifetimes of excited nuclear states in 57Mn were determined utilizing the
Doppler-shift attenuation method. A comparison between experiment and shell-model theory was made for
excitation energies and reduced transition strengths along the odd-Z isotopes Sc, V, Mn, and Co. The new
results on transition strengths in 57Mn are described well by the standard interactions GXPF1A and KB3G.
The development along the N = 32 isotones for these odd-Z nuclei and discrepancies between experiment and
theory are discussed.
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I. INTRODUCTION

Shell evolution in the neutron-rich isotopes from Ca to Ni
is the subject of on-going research in theoretical and experi-
mental nuclear physics. In particular, a detailed study of the
two subshell closures at N = 32 and N = 34 is important in
order to benchmark the shell-driving mechanisms away from
stability. Experimentally, the subject is pursued by mass mea-
surements and by spectroscopic studies of the exotic nuclei
along isotopic chains.

Recent high-precision mass measurements of neutron-rich
Ca, Ti, and V isotopes were performed at TRIUMF’s Ion Trap
for Atomic and Nuclear Science (TITAN) and the Low Energy
Beam and Ion Trap (LEBIT) facilities [1]. At RIKEN the
atomic masses of 55Sc, 56,58Ti, and 56−59V have been deter-
mined using the high-precision multireflection time-of-flight
technique [2]. The TRIUMF measurements around N = 32
and N = 34 support the disappearance of the N = 32 shell
closure with an increasing proton number above Ca; the new
results do not support the presence of a shell closure at N = 34
for nuclei with an even-proton number higher than that of Ca.
The RIKEN results confirm the nonexistence of the N = 34
two-neutron shell gaps for Ti and V.

However, signatures of subshell closures were also de-
duced from the excitation energy of the first 2+ states in
even-even nuclei, while more refined studies focus on the
transition probabilities. For the Ca isotopes, the N = 32 and
N = 34 subshell closures were deduced from the increased
excitation energy of the first 2+ states [3–5]. In addition, the
energy of the first excited 2+ state in the Ti and Cr isotopes
increases at the neutron number N = 32 [6,7]. The subshell
closure at N = 32 was also corroborated by a minimum in the
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transition probabilities B(E2; 2+ → 0+) that were determined
from lifetime measurements [8–10].

Shell-model interactions like GXPF1A and KB3G pre-
dicted these increased excitation energies of the first 2+ state
in the even-even nuclei at N = 32 by explaining it with a
larger gap between the ν(p3/2) and ν(p1/2) orbitals. The size
of this N = 32 shell gap decreases at higher proton numbers
and vanishes completely in the iron isotopes with the proton
number Z = 26 [5]. This is caused by the interplay between
the proton and neutron orbitals as additional protons in the
π ( f7/2) orbital reduce the single-particle energy of the neutron
ν( f5/2) orbital so that the shell gap between the ν(p3/2) and
ν(p1/2) orbital disappears.

For the discussion of a neutron subshell closure in the
Z = 25, N = 32 isotope 57Mn, the excitation energies of the
11/2−

1 and 9/2−
1 states and transition probabilities are consid-

ered. Previously 57Mn was populated via fusion-evaporation
reaction, transfer reaction, and β− decay [11]. Lifetimes
of excited states in 57Mn were measured only by Nathan
et al. via the 48Ca(13C, p3n) 57Mn fusion-evaporation reac-
tion using the Doppler-Shift attenuation method (DSAM)
[12]. No lifetime information of the 9/2−

1 state is known,
while a lower limit for the lifetime of the 11/2−

1 state
was determined to be τ (11/2−

1 ) > 0.5 ps [12]. In 2010,
Steppenbeck et al. [13] measured angular distributions and
expanded the level scheme up to spins of 25/2 with an exci-
tation energy of around 8 MeV after the 13C(48Ca, p3n) 57Mn
fusion-evaporation.

The new measurement was motivated by the missing life-
time information in 57Mn, which extends studies at N =
32 along Z , as well as the N (even) systematics for the
Mn (Z = 25) isotopes. The paper is organized as follows.
The experimental setup and its details are the subject of
Sec. II. Details of the data analysis and new results are
described in Sec III. The discussion of shell-model re-
sults for odd-even nuclei in this region is the subject of
Sec. IV.
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FIG. 1. Particle-energy spectrum of the solar cells is shown with
two dominant peaks coming from reactions with the Al backing
and the Mn target. The chosen gate for the γ -particle coincidence
analysis is indicated in red.

II. EXPERIMENT

Lifetimes of excited states in the odd-even 57Mn nu-
cleus were determined using the DSAM. The experiment
was performed at the FN tandem accelerator at the Institute
for Nuclear Physics, University of Cologne, employing the
55Mn(18O, 16O) 57Mn two-neutron transfer reaction at 38-
MeV beam energy. A setup of 11 high-purity germanium
(HPGe) detectors was employed, positioned in two rings at
polar angles of θ1 = 45◦ (six detectors) and θ2 = 142.3◦ (five
detectors) with respect to the beam axis. To detect back-
scattered beamlike oxygen ions after two-neutron transfer
reactions in coincidence with γ -ray events, the setup was
extended by six solar-cell particle detectors in the backward
direction [14]. As the level lifetimes of interest are expected
to be in the lower picosecond and sub-picosecond region, a
DSAM foil was used consisting of a 0.4-mg/cm2 55Mn target
evaporated on a 3.5-mg/cm2 27Al backing. Coincident γ -ray
events were processed and recorded utilizing the NuDAQ
data-acquisition system [15] employing 100-MHz synchro-
nized V1782 and VX1730 digitizers as well as a V2495 logic
module manufactured by CAEN S.p.A. The data were finally
sorted into γ -particle coincidence matrices and were analyzed
for the HPGe-detector rings under forward and backward an-
gles separately. In total, 108 coincident γ -particle events were
recorded and stored to disk.

In Fig. 1 the measured energy spectrum of the back-
scattered ions in the solar cells is displayed. The lower-energy
peak is caused by reactions of the 18O beam with the 27Al
backing material. A separation between the different 16,17,18O
isotopes relating to the two-neutron transfer, the one-neutron
transfer, and the inelastic scattering is not achieved due to
the low angular granularity of the solar cells and the energy
and angular straggling of the recoiling nuclei. The interesting
γ rays from transfer reactions are enriched by gating on the
marked region in Fig. 1.

FIG. 2. Partial level scheme of populated excited states in 57Mn.
The widths of the shown arrows correspond to the intensity of the
transition adopted from Ref. [13]. Excitation energies and transition
energies are given in keV. The analyzed transitions are marked in red.

III. DATA ANALYSIS AND RESULTS

A partial level scheme of 57Mn is given in Fig. 2. Ex-
cited states populated in this two-neutron transfer reaction
are shown. Spins, parities, excitation energies, and transition
energies are adopted from Ref. [13]. The thickness of the ar-
rows is correlated to the intensity of the transition with respect
to the 7/2− → 5/2−

1 transition with 100%, extracted from
Ref. [13]. The lifetimes of the first 11/2−

1 and 9/2−
1 states

were determined using their depopulating 11/2−
1 → 7/2−

1
and 9/2−

1 → 7/2−
1 transitions (marked in red).

The lifetimes are expected to be in the sub-picosecond
regime. Therefore, the DSAM was exploited employing the
APCAD program [16]. The stopping of the populated nuclei
in the target and backing materials is calculated using Monte
Carlo simulations. The electronic and nuclear stopping pow-
ers for each layer of the target are obtained from stopping
and range of ions in matter (SRIM) [17]. Additionally, the
utilized differential cross sections for the two-neutron-transfer
reaction are calculated employing the GRAZING code [18,19].
Subsequently to the simulation of the two reaction partners,
the γ -ray spectra are calculated for the different HPGe-
detector angles. Simulated Doppler-broadened line shapes
are fitted to the experimental spectra in order to extract the
lifetimes. The final result is the weighted mean of lifetimes
deduced for the two different HPGe-detector rings (see Figs. 3
and 4). The electronic and nuclear stopping powers, detector
setup, and feeding are included with their uncertainties in
the lifetime determination. The following experimental un-
certainties are taken into account: electronic stopping, ±6%
[20]; nuclear stopping, ±10% [21]; target thickness, ±10%;
and target rotation, ±5◦ [21]; angle of the HPGe detec-
tors, ±3◦ [10]; distance of the HPGe to the target, ±0.5
cm; distance to the solar cells, ±0.3 cm, and size of the
HPGe detectors, ±0.1 cm [21]. For each uncertainty the
effect on the lifetime is taken into account. The system-
atic errors of the lifetime associated with the uncertainties
of the electronic and nuclear stopping powers are added in
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FIG. 3. γ -ray energy spectra for (a) forward and (b) backward
angles are shown for the 11/2−

1 → 7/2−
1 transition at 1144 keV.

Spectra are produced by a gate on the two-neutron-transfer part in the
particle spectrum. The final fit of the Doppler-broadened line shape is
given in green. Additional contaminants are marked in orange and the
background is given in blue lines. The convolution of all line-shape
contributions is shown in red. See text for details.

quadrature and summed with the remaining systematic uncer-
tainties stemming from the detector setup and feeding.

The γ -ray spectra and simulated line shapes (in red) are
shown in Fig. 3 for the 11/2−

1 → 7/2−
1 transition and in Fig. 4

for the 9/2−
1 → 7/2−

1 transition, respectively, for the detector
ring at (a) 45◦ and (b) 142◦. The contaminants corresponding
to transitions from various reactions with the 27Al backing
are marked in orange. For the lifetime analysis of the 9/2−

1
state, a contaminant is observed at a γ energy of 1015 keV.
This transition results from an excited state in 27Al populated
via the inelastic scattering of the 18O nuclei with the back-
ing material and is included in the fit process. The lifetime
of τ = 2.29(14) ps [22] of this transition in 27Al is known
and used to determine the contribution of the Doppler-shifted
component to the line shape of the 9/2−

1 → 7/2−
1 transi-

tion in 57Mn for backward angles (142◦). For the analysis
of the lifetime at forward angles only the stopped compo-
nent of this contaminant is considered within the fit region
of the line shape of interest. Sharp lines of γ rays from
completely stopped nuclei are visible in the fit region (orange
marked peaks in Figs. 3 and 4). These transitions stem from
excited nuclei populated in the fusion-evaporation reaction
of the 18O beam impinging on the 27Al backing, e.g., 42Ca
and 39K.

The long-lived (τ > 20 ps) 11/2−
2 state is feeding into the

9/2−
1 state; this effect is taken into account for the lifetime

analysis of the 9/2−
1 state. The slow-feeding components in

FIG. 4. γ -ray energy spectra for (a) forward and (b) backward
angles are shown for the 9/2−

1 → 7/2−
1 transition at 988 keV. The

color code is similar to that of Fig. 3. Observed feeding contributions
are given in purple.

the 9/2−
1 state produce a nonshifted peak, which is shown

in Fig. 4 as a purple line. The 11/2−
2 state decays predomi-

nantly into the 9/2−
1 state, with a branching of 56(2)% and

with a smaller fraction of 15(1)% into the 11/2−
1 state [13].

The feeding component resulting from the 11/2−
2 → 11/2−

1
transition is considered in the error analysis. The final lifetime
of the 9/2−

1 state yields τ = 0.60(+9
−8) ps. This lifetime corre-

sponds to the reduced transition probability of B(E2; 9/2−
1 →

5/2−
1 ) = 7.0(+13

−11) W.u.
The lifetime analysis of the 11/2−

1 state results in τ =
2.74(+18

−31) ps. The corresponding B(E2; 11/2−
1 → 7/2−

1 ) =
10.9(+14

−7 ) W.u. is consistent with the previous upper limit of
B(E2; 11/2−

1 → 7/2−
1 ) < 60 W.u. evaluated by Nathan et al.

[12]. Both 9/2−
1 and 11/2−

1 states also decay via a mixed
M1/E2 transition to the lower-lying J − 1 state. The cor-
responding B(M1) values are calculated using the mixing
ratios δ = 0.3(1) and δ = 0.15(5) correspondingly for the
9/2−

1 → 7/2−
1 transition and the 11/2−

1 → 9/2−
1 transition.

These mixing ratios are determined from the attenuation co-
efficients assuming complete alignment [23] using the values
a2 = 0.27(2) and a2 = −0.09(2) resulting from angular dis-
tribution measurements reported by Steppenbeck et al. [13].
For the 11/2−

1 → 9/2−
1 transition the mixing ratio results in a

large B(E2) value that exceeds the recommended upper limit
of 300 W.u. by 13%. The impact on the transition probabil-
ities B(M1; 11/2−

1 → 9/2−
1 ) and B(E2; 11/2−

1 → 7/2−
1 ) is

marginal within the uncertainties. The transition probabilities
are summarized in Table I for the stretched E2 and the M1
component of the mixed J → J − 1 transitions.
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TABLE I. Experimental excitation energies from previous experimental values taken from Refs. [13], reduced transition strengths in W.u.
of 57Mn from the present experiment, and the results from GXPF1A and KB3G shell-model calculations are given. The γ intensities from
Ref. [13] are used to deduce the transition probabilities. See text for details.

Ei (keV) B
[
σλ; Jπ

i → (J − λ)πi
]

Jπ
i

σλ−→ Jπ
f Expt. GXPF1A KB3G Expt. GXPF1A KB3G

9/2−
1

E2−→ 5/2−
1 7.0(+13

−11 ) 7.3 6.6
1070a 1206 1189

9/2−
1

M1−→ 7/2−
1 0.045(+8

−6 )b 0.035 0.055

11/2−
1

E2−→ 7/2−
1 10.9(+14

−7 ) 14.0 13.5
1227a 1296 1305

11/2−
1

M1−→ 9/2−
1 0.19(+3

−2 )c 0.15 0.19

aFrom Ref. [13].
bDeduced using the experimental mixing ratio of δ = 0.3(1).
cDeduced using the experimental mixing ratio of δ = 0.15(5).

IV. DISCUSSION

For the theoretical description of the excitation energies
and reduced transition strengths, shell-model calculations
were performed using the KSHELL code [24]. The 0 f 1p model
space is used comprising the 0 f7/2, 1p3/2, 1p1/2, and 0 f5/2

proton and neutron orbitals coupled to a 40Ca inert core. The
calculations are based on the GXPF1A [25] and KB3G [26]
interactions and utilize the effective charges eπ = 1.31 e and
eν = 0.46 e for protons and neutrons, respectively, as micro-
scopically derived in Ref. [27]. In addition, the free gs factors
with a quenching of 0.9 are used in conjunction with the
orbital g factors gl,π = 1.1 and gl,ν = −0.1 [28].

In Figs. 5(a) and 6(a) excitation energies along the Mn line
of isotopes for N = 26–36 are displayed for the first excited
9/2−

1 and 11/2−
1 states, respectively. The experimental excita-

tion energies of the 9/2− state show a maximum at the magic
number N = 28. At higher neutron numbers N > 28 lower
energies of comparable value are found. These energies are
in good agreement with the results from the GXPF1A inter-
action within a maximum difference of 19% or a deviation on
average of 107 keV. The KB3G interaction also reproduces the
trend of the E9/2−

1
within a higher maximum difference of 23%

and a deviation in average of 167 keV. It is noteworthy that the
KB3G calculation yields a slightly increased E9/2−

1
energy at

N = 34, unlike the GXPF1A interaction, and is different from
experiment. In contrast to the 9/2−

1 states with a maximum
at N = 28, the experimental energies of the 11/2−

1 states
continuously decrease as a function of the neutron number.
Both interactions describe the excitation energies of the 11/2−

1
states well, with the GXPF1A interaction being superior from
N = 28 to 34.

In even-even nuclei the excitation energy and the reduced
transition probability of the first excited 2+ state are con-
sidered to be good signatures for the description of subshell
closures. Evidence for shell closures can also be expected in
odd-even systems like the Mn isotopes as the excited state of
a single proton coupled to a neutron 2+ state has comparable
properties (i.e., large excitation energy, small E2 strength with
respect to the ground state). Along the chain of Mn isotopes

the ground-state spin is predominantly 5/2−
1 apart from 7/2−

1
at 53

25Mn28. Thus, the state with dominant single-proton con-
figuration coupled to a neutron 2+ configuration would be the
11/2−

1 state for 53
25Mn28, while for the other Mn isotopes above

N = 28 one expects this to be the 9/2−
1 state.

The E2 strengths are given in Figs. 5(b) and 6(b) for the
9/2−

1 → 5/2−
1 and 11/2−

1 → 7/2−
1 transitions, respectively.

The literature experimental B(E2) values (black triangles) are
adopted from Ref. [11] complemented by values in 59,61Mn
(gray squares) obtained from Ref. [29]. Along the Mn isotope
chain the experimental B(E2; 9/2−

1 → 5/2−
1 ) values show

minima at N = 28 and N = 34 [see Fig. 5(b)]. While both
shell-model interactions match the minimum at N = 28, the
minimum at 59Mn34 is not reproduced. Apart from N = 34,
both calculations show good agreement with the experimental
values. The KB3G and GXPF1A interactions reproduce the
B(E2) values of the 11/2−

1 → 7/2−
1 transitions well with a

slight underestimation for N � 30 [see Fig. 6(b)].
The B(M1) values for the 9/2−

1 → 7/2−
1 transition are

presented in Fig. 5(c). The experimental B(M1) values for
these transitions in the 59,61Mn isotopes (N = 34 and 36)
could not be deduced from the known lifetime values due
to unknown mixing ratios. The known B(M1) values from
N = 26 to 32 vary along the isotopes, but show a minimal
value of B(M1; 9/2−

1 → 7/2−
1 ) = 0.0012(3) W.u. at N = 28.

The shown Mn experimental B(M1) values are reproduced
well by these shell-model interactions. In contrast to this, there
are still some discrepancies in that region between experimen-
tal M1 strengths and SM results. The KB3G and GXPF1A
interactions predict in 53Ti28 for the 5/2−

1 → 3/2−
1 transition

a spin-flip type ν(p3/2) ↔ (p1/2) character and overestimate
the B(M1) value by nearly a factor of 4 [30]. Furthermore,
both interactions include a too weak neutron core excitation
and underestimate the B(M1; 5/2−

1 → 3/2−
1 ) in 55Cr [10].

The new M1 and E2 strengths in 57Mn extend the known
experimental results to higher neutron numbers. Both are in
very good agreement with the shell-model interactions.

To discuss the subshell closure at N = 32 as a function of
Z (odd) we focus on excitation energies and B(E2) values for
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FIG. 5. Comparison between experimental and shell-model val-
ues for the odd-even Mn isotopes with neutron numbers N = 26–36:
(a) excitation energies E9/2−

1
of the 9/2−

1 state, (b) B(E2; 9/2−
1 →

5/2−
1 ) values, and (c) B(M1; 9/2−

1 → 7/2−
1 ) values. Adopted values

(black triangles) from Ref. [11], the new results (red dots), and
additional results (gray squares) obtained from Braunroth [29] are
compared with the results of GXPF1A (blue dashed line) and KB3G
(solid orange line) shell-model interactions.

the 9/2−
1 and 11/2−

1 states and the corresponding J → J − 2
transitions along the Sc, V, Mn, and Co isotopes. As presented
above, results along the Mn chain are described by KB3G
and GXPF1A interactions. Similar results with respect to the
KB3G and GXPF1A interactions were presented in Ref. [10]
for excitation energies and transition strengths along N = 31
from Ti to Zn. The GXPF1A interaction is in most cases
able to reproduce the experimental findings better than the
KB3G interaction. Therefore, the comparison between SM
results and experimental values in Figs. 7 and 8 are given
for the GXPF1A interaction. In general, GXPF1A reproduces
the energies of the states in the considered nuclei remarkably
well up to N = 34. For heavier isotopes of N > 34, minor
discrepancies are visible and it would be adequate to exchange

FIG. 6. Comparison between experimental and shell-model val-
ues for the odd-even Mn isotopes with neutron numbers N =
26–36. (a) Excitation energies E11/2−

1
of the 11/2−

1 state and

(b) B(E2; 11/2−
1 → 7/2−

1 ) values. Same references and color code
as in Fig. 5.

the interaction with the GXPF1Br interaction as in Ref. [5].
Generally, it would be of great interest to obtain the missing
excitation energies for the 9/2−

1 and 11/2−
1 states in Sc and V

for N = 34 and 36.
The excitation energy of the 11/2−

1 state increases for the
Sc, V, and Co isotopes at the magic neutron number N = 28;
however, in the Mn isotopes the excitation energy shows a
constant progression [see Fig. 8(a)]. Moreover, the energy
of the 11/2−

1 state in the scandium and vanadium isotopes
increases up to the neutron number N = 32 and decreases for
higher neutron numbers. This corroborates the subshell clo-
sure at N = 32 for nuclei with proton numbers near calcium as
it can be observed in the even-even Ti and Cr isotopes [6–9].
In contrast, the excitation energy of the Mn and Co isotopes
shows a constant trend at higher neutron numbers. Adding
more valence protons to the π ( f7/2) orbital reduces the en-
ergy of the ν( f5/2) orbital, and the local shell gap at N = 32
disappears as it is observed in the even-even Fe isotopes.

Another signature for shell and subshell closures is the
B(E2) value of the ground-state transition. In Fig. 7(b)
the B(E2; 9/2−

1 → 5/2−
1 ) values are shown for all odd(Z)-

even(N) nuclei between Ca and Ni with neutron numbers
N = 26–36. Our new result completes the systematics for the
Mn isotopes at N = 32; and it is perfectly reproduced by
the GXPF1A shell model. Neither the experimental nor the
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FIG. 7. (a) Calculated and experimental excitation energies E9/2−
1

in keV for the 9/2−
1 state and (b) B(E2; 9/2−

1 → 5/2−
1 ) values

in W.u. (from Refs. [11,29] and this work) for the odd-even Sc
(squares), V (points), Mn (triangles), and Co (crosses) isotopes for
neutron numbers N = 26–36. The shell-model interaction GXPF1A
(lines) is employed for the calculation.

theoretical excitation energies of the 9/2− state are increased.
The transition probability of the 9/2−

1 → 5/2−
1 ground-state

transition has a minimum at the N = 32 57Mn isotope, indi-
cating clearly the vanishing of the N = 32 subshell closure at
Z = 25.

On the other hand there is a discrepancy between the
value for the B(E2; 9/2−

1 → 5/2−
1 ) transition in 59Mn [29]

and the SM calculations. A possible explanation would be, for
example, an inadequate model space of the GXPF1A interac-
tion for this transition, neglecting the impact of higher-lying
orbitals like νg9/2 and d5/2. On the other hand, large-scale
shell-model calculations for the odd-even isotopes 51−63Mn
using the LNPS interaction in the extended proton- f p and
neutron- f 5pg9d5 model space have been reported [31]. It was
found that the neutron νg9/2 and d5/2 orbitals are required in
the model space in order to reproduce the magnetic moments
of the ground state for 61Mn and heavier isotopes. Also Monte
Carlo shell-model calculations with the modified A3DA inter-
action in the extended proton-neutron f 5pg9d5 model space
[32] demonstrate that the effect of the higher-lying orbitals
νg9/2 and d5/2 for Mn isotopes up to N = 34 can be consid-
ered negligible. Therefore, this discrepancy between theory
and experiment for 59Mn [29] needs further attention and pos-
sibly an independent experimental confirmation. Furthermore,

FIG. 8. (a) Calculated and experimental excitation energies
E11/2−

1
in keV for the 11/2−

1 state and (b) B(E2; 11/2−
1 → 7/2−

1 )
values in W.u. (from Refs. [11,29] and this work) for the odd-even
Sc (squares), V (points), Mn (triangles), and Co (crosses) isotopes for
neutron numbers N = 26–36. The shell-model interaction GXPF1A
is employed for the calculation.

Fig. 7(b) illustrates that with the exception of the complete
Mn chain and two experimental points for vanadium isotopes,
no other experimental values are known for the transition
strength in these nuclei.

In Fig. 8(b) the B(E2; 11/2−
1 → 7/2−

1 ) values are shown
for all odd-even nuclei between Ca and Ni with neu-
tron numbers N = 26–36. For Sc, only one experimental
B(E2; 11/2−

1 → 7/2−
1 ) value is available at N = 26, which is

underestimated by the GXPF1A interaction [see Fig. 8(b)]. In
contrast to the Sc isotopes, the E2 transition probabilities are
in very good agreement with the shell-model results along the
V-isotope chain. In addition, the adopted B(E2) values in the
vanadium isotopes are minimal for N = 28 and also the E2
strength decreases at N = 32 as calculated with the GXPF1A
interaction.

The shell-model results indicate a subshell closure at N =
32 in the Z = 21 and Z = 23 isotopes due to a decreased
B(E2; 11/2−

1 → 7/2−
1 ) value. For the Co isotopes one notes a

small deviation for the B(E2) value at N = 30 and a large drop
of the experimental E2 strength at N = 34, which is not repro-
duced by the GXPF1A calculation. In this case the reason for
the discrepancy may be related to the limited model space and
the missing higher-lying neutron orbitals. The discrepancy
between theory and experiment at 61Co also needs future
investigation, in particular, a new lifetime measurement.
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The shell closures at N = 28 are reproduced by the smaller
theoretical E2 strengths for the decay of 9/2−

1 and 11/2−
1

states in the Sc, V, and Mn isotopes. Theoretical results concur
with the experimental decrease in E2 strength at N = 28
in these chains [see Figs. 7(b) and 8(b)]. In contrast, the
predicted B(E2) values for these transitions are enhanced
relative to the neighboring Co isotopes at N = 28. This can
be related to the vicinity of the N = Z = 28 “LS-open” 56Ni
core, where recent measurements have found increased E2
transition strengths for higher excited states >2+ along the
yrast line [33].

V. CONCLUSIONS

To summarize, new lifetimes for the 9/2−
1 and 11/2−

1
states in 57Mn were determined. The experimentally deduced
transition probabilities were compared along the Mn isotopic
chain with two shell-model interactions, GXPF1A and KB3G,
in the 0 f 1p model space with a filled 40Ca core. Calcula-
tions of B(E2) and B(M1) transition strengths and excitation
energies are generally in good agreement for the examined

Mn isotopes for the 9/2−
1 and 11/2−

1 states. These results
support the observation that large-scale shell-model calcula-
tions with the employed interaction reflect the experimental
results well. However, remaining open questions arise for
59Mn and 61Co where experimental values cannot be repro-
duced by the GXPF1A interaction. In both cases an extended
shell-model space with the higher-lying neutron orbitals νg9/2

and d5/2 should be employed in future calculations. In ad-
dition, new lifetime measurements are not only needed in
these two isotopes but also in many neighboring isotopes
where the existing data base of B(E2) values is still very
sparse.
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