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Lifetimes of the T = 1 isobaric analog I” = 2+ states in *Mn and *°Cr were measured simultaneously
by employing the recoil distance Doppler-shift (RDDS) technique. The states were populated in a fusion-
evaporation reaction with a '2C beam on a *°Ca target. An analysis of the data and the calculations from the
present work, together with the available B(E2 : 2+ — 0%) data of the isobaric analog states in °Fe and °Ctr,
were used to study isospin symmetry in the three A = 50 isobaric nuclei. Shell-model calculations reproduce the
magnitudes as well as the increasing trend of the B(E?2) data with increasing Z. To draw a firm conclusion on the
level of isospin mixing in the triplet, a new precision measurement of the 2+ — 07 transition rate in *’Fe will be

required.

DOLI: 10.1103/PhysRevC.99.044317

I. INTRODUCTION

Self-conjugate nuclei occupy a special place in the Segré
chart where isospin-symmetry breaking (ISB) at the sub-
nucleon level can manifest itself in bulk nuclear properties.
For example, the observed slight differences between the
energies of the isobaric analog states can originate from ISB
[1]. The associated Coulomb energy differences (CED) were
extensively studied for N ~ Z nuclei in the A ~ 50 and 70
regions [2-9]. The observed trends in the CED were used
to study nuclear phenomena such as backbending, rotational
alignments of nucleons, changes in deformation, correla-
tions of pairs of particles, and the evolution of charge radii
[2-4,6,7,9]. In addition to the Coulomb interaction, an isospin
nonconserving interaction between nucleons was required to
explain the CED, implying ISB [5,7,8,10].

Electromagnetic (EM) transition rates in nuclei can rigor-
ously probe the associated nuclear wave functions and are
subjected to additional constraints due to the selection rules
for the transitions [11]. Therefore, lifetime data or reduced
transition probabilities can be used to validate any conclusions
drawn on ISB using CED data and to test models stringently.
In the context of the present lifetime measurements of the
2% states decaying through E2 y-ray transitions, the matrix
element
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has to be a linear function of T, = 1% for isobaric nuclei
with isospin-pure wave functions [12]. Here, M® and M' are
the isoscalar and isovector matrix elements, respectively. In
aT, =0N = Z nucleus, the isospin 7 = 0 and T = 1 states
may lie close in energy, providing favorable conditions for
the wave functions to mix in isospin. For example, the first
excited 27 state of 7 = 1 type in *°Mn lies ~1 MeV below
the second known excited 2" state as shown in Fig. 1 [6]. If
the last of these is of T = 0 type and isospin mixing occurs
significantly between these two states, then it could cause a
nonlinear relationship between My, and 7, for the A = 50
triplet. A compilation of data from several works designed
to search for such nonlinearities in the A = 22, 26, 30, 34,
38, and 42 isobaric triplet nuclei is given in Ref. [12]. A
significant deviation from a linear trend could be observed
only for the A = 38 case.

Along the N = Z line, the level of isospin mixing is ex-
pected to increase quadratically with proton number [13,14].
Consequently, higher Z nuclei should, in general, serve as
better candidates to study ISB. However, the sensitivity of
nuclear-structure properties to the level of isospin mixing may
be masked by nuclear phenomena such as shape coexistence.
Indeed, nuclei in the A ~ 70, N ~ Z region exhibit shape
coexistence and therefore the A ~ 50, N ~ Z nuclei may well
be better candidates to isolate and study isospin mixing [15].
Despite this expectation and a strong motivation to study ISB,
the measurement of transitions rates in the A ~ 50 region have
been extremely limited. This can be attributed to the low-
production rates of these nuclei, which hamper high-precision
measurements [16-21].
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FIG. 1. A schematic representation of the T =1, 2 — 0Ty-
ray transition energies (in keV) in the A = 50 triplet. In 3*Mn, the
known second 27 state at an excitation energy of 1873 keV is also
shown with a tentative assignment of 7 = 0 along with the observed
1073-keV y decay to the first T = 1, 27 state [6].

In the present work, the lifetimes of the isobaric analog
first 2F states in *°Mn and *°Cr nuclei are measured simul-
taneously. The current result for 3°Cr is compared to the
available precise data [16,17,19] to estimate any systematic
uncertainties that might be present in our measurements. The
lifetime of the 2% state in *°Mn is obtained. The B(E2 : 2+ —
0™) value was previously measured for the analog 27" state in
0Fe, although with a large uncertainty [22]. Combined with
our shell-model calculations using well-developed effective
nucleon-nucleon interactions, the present data allow us to
carry out a comparative study of the measured and calculated
EM transition rates in the A = 50, N ~ Z isobaric triplet.

II. EXPERIMENTAL DETAILS

Excited states in **Mn/>°Cr were populated using the
40Ca('?C,pn/2p) fusion-evaporation reaction in a chamber
housing the Cologne plunger device [23] at the FN Tandem
facility of the University of Cologne. A 30.5-MeV '2C beam
of ~5-pnA current bombarded a 0.5-mg/cm?*°Ca target for
ten days. The target foil had a '°’ Au layer with a thickness
of ~2 mg/cm? on the upstream side and ~0.1 mg/cm? on
the downstream side to protect it from oxidation. To detect y
rays from the reaction products, the chamber was surrounded
by 11 germanium detectors that were placed at a distance of
~12 cm from the center of the *’Ca target. The arrangement
resulted in two rings of detectors, namely, Ring(1) at 6 =
142.3° and Ring(2) at 6 = 45.0° with respect to the beam
axis, consisting of five and six detectors, respectively. An
additional detector, referred to as Ring(3), was placed at a
similar distance from the target at & = 0°. Data from all of
the detectors were recorded with time stamps using a 80-MHz
clock. The '>C beam energy was varied between 30 and
36 MeV [18,24] and the observed intensity of the 343-keV
3% — 2% yp-ray transition in *°Mn was used to conclude that
a beam energy of 30.5 MeV would be optimal. The *°Mn

and °Cr recoils had velocities of v ~ 1% x c after leaving
the “°Ca target (see Table I) and were stopped in a '*!Ta
foil (stopper) with a thickness of ~3.5 mg/cm?. Here, c is
the speed of light. These two velocity regimes resulted in
a Doppler-shifted (referred to as fully shifted) peak and an
unshifted peak with corresponding intensity components of /°
and I for a given y-ray transition of interest in an energy
spectrum. The “target-to-stopper” (plunger) distances x were
chosen so as to cover the expected “region of sensitivity” for a
measurement of the lifetime of the 27 state in *°Cr [23]. In this
region, there was a significant variation in /°(x) as a function
of x both for the 783- and 800-keV y rays from the decays
of the 2+ states in °Cr and °Mn, respectively (cf. Fig. 1).
This allowed for lifetime measurements for these states in
the same experiment. Table I gives the ten plunger distances
used in the present work. The procedure used to calculate the
effective velocities v, as well as the effective distances xqgr
corresponding to the °Cr and *°Mn recoils, which are re-
quired to perform the lifetime analysis, is discussed below (cf.
Sec. III). Data were collected for ~12 hours at each distance
and were analyzed using the differential decay curve method
(DDCM) within the recoil distance Doppler-shift (RDDS)
technique [23,25,26].

III. ANALYSIS AND RESULTS

Data were sorted offline using the SOCO2 software package
[27]. Peaks with widths of #, ~ 500 ns were observed in yy
time-difference (timing) spectra, corresponding to prompt y
rays at the target position. Therefore, time windows with
widths of #, ~ fy,y ~ 250 ns on the left (1) and the right
(r) sides of this peak were used for background subtraction
purposes. Ring(i) versus Ring(j) yy energy matrices were
thus constructed using the above values of 1, #,, and #,;.
Here, i and j can take values of 1, 2, and 3, representing the
three rings in the present setup. A yy-coincidence analysis
was performed using the RADWARE package [28].

Figure 2(a) shows the Ring(1) y-ray spectrum that was
obtained by taking the total projection of the Ring(1) versus
Ring(2) yy energy matrix constructed using all of the data
collected at all of the plunger distances. The observed y rays
mainly belong to *°Cr and ’Mn. A few y decays in '8! Ta,
originating from the inelastic scattering of the beam, were
also observed. Figure 2(b) shows a Ring(1) y-ray spectrum
gated by the (3% — 2%) 343-keV transition in *°Mn observed
in Ring(2). As can be seen, the y rays originating from >*Mn
are relatively enhanced. In Fig. 2(c), a similar spectrum gated
by the (4T — 2%) 1098-keV transition in *°Cr shows y rays
mainly from °Cr. Figure 3 shows partial level schemes of
5Mn and >°Cr nuclei deduced from an analysis of the present
data. Only low-lying levels were populated in **Mn. This can
be attributed to the lower beam energy (or lower excitation
energy of the compound nucleus) and to the more asymmetric
reaction (or lower grazing angular momentum) used in the
present work in comparison with that of the previous works
[6]. Consequently, higher-lying states are expected to have a
weak (or no) influence on the population of the first 27" state,
allowing a reliable lifetime analysis.
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TABLE I. A table of physical distances (x) between the target and the stopper, the normalized intensities of the fully shifted [/ =
{I3, I3}(x)] and the unshifted [/** = {I}, I;°}(x)] components of B in coincidence with the fully shifted component of A, the energy shift in
the fully shifted peak for Ring(1) (AE) and the effective velocity of the recoils at a given distance (ves relative to the speed of light). x. is
calculated using vesr (see the text for details).

x(um) (B, Bood  (Bs, gy} AEgg(keV) %Tff(%) X (um)  {Tiggg, Bgs} {Booss iz} AEg; (keV) %(%) Xt (um)
20.8(2) 1793(59) 1177(44) 6.10(5) 0.963(6) 20.8(2) 24698(450)  69421(1290) 5.32(3) 0.864(3) 20.8(2)
26.8(2) 1895(62) 1085(33) 6.29(7) 0.995(10) 25.9(3) 30205(512)  73706(1220) 5.47(5) 0.888(7) 26.0(3)
29.7(2) 2257(78) 920(47) 6.30(11) 0.995(13) 28.8(3) 33712(821)  68149(1450) 5.55(7) 0.902(9) 28.5(3)
33.8(2) 2325(57) 845(34) 6.27(8) 0.990(11) 32.9(3) 37980(560) 67395(828) 5.64(5) 0.917(6) 31.8(3)
38.8(2) 2515(57) 655(26) 6.40(11) 1.010(13)  37.0(3) 45965(751) 61752(950) 5.82(5) 0.945(7) 35.4(Q3)
48.8(2) 2689(72) 386(28) 6.48(9) 1.024(11) 45.9(3) 59841(974) 49474(769) 5.94(5) 0.966(7) 43.6(3)
58.8(2) 2869(78) 325(27) 6.61(7) 1.044(9) 54.2(4) 69215(1167)  41369(719) 6.17(6) 1.003(7) 50.6(4)
68.8(2) 2949(89) 290(32) 6.64(6) 1.049(8) 63.1(4) 79940(1411)  32012(579) 6.19(3) 1.006(4) 59.0(4)
78.8(2) 2928(77) 121(20) 6.71(6) 1.060(8) 71.6(4) 86324(1594)  25621(553) 6.32(3) 1.028(4) 66.2(4)
166.8(2) 3261(147) 7(24) 6.76(6) 1.067(7) 150.5(8) 109442(2081) 5457(390) 6.51(2) 1.059(3) 136.0(8)

Among all of the possible Ring(i) versus Ring(j) yy
energy matrices, the Ring(1) versus Ring(2) matrix was found
to be the best choice for a clean lifetime analysis. Specifically,
in the Ring(1) y-ray energy spectra, y-ray transitions from
contaminants do not appear in the vicinity of the 800-keV
line, corresponding to the decay of the 2* state in **Mn. For
all of the other choices of matrices, contaminants overlapped
with the y-ray peaks of interest; therefore, those matrices
were not used in the lifetime analysis. Figure 4 presents
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FIG. 2. y-ray energy spectra of Ring(1), showing the total statis-
tics collected for all of the distances given in Table I. The histograms
were obtained by utilizing the Ring(1) versus Ring(2) yy energy
matrix and (a) taking the total projection, (b) gating with the 343-keV
line corresponding to the 3+ — 27 3 decay in *°Mn, and (c) gating
with the 1098-keV line corresponding to the 4t — 2%y decay in
0Cr. The 610-keV transition is known to be much weaker compared
to the 662-keV transition, therefore, was not prominent in the spectra
[18].

Ring(1) y-ray spectra for all ten distances, x. The region
relevant to the fully shifted and unshifted components of
the 2+ — 0T 783-keV transition in °Cr is shown. These
histograms are gated by the fully shifted peak of the 1098-keV
y ray, corresponding to the 4t — 2% transition in °Cr [cf.
Fig. 3(b)], in the Ring(2) y-ray spectrum. High statistics and
a clear separation between the fully shifted and unshifted
peaks allowed us to perform an accurate lifetime analysis.
Table I gives the normalized intensities, I'*® = {I{gq, 1753} (X)
and I° = {[yog, I35} (x). Here, {I}, I;°} is the intensity of the
unshifted component of B in coincidence with the fully shifted
component of A. To extract I°, Gaussian fits were performed
by leaving the width and centroid parameters free. In the case
of the unshifted peaks, these two parameters are not expected
to change with x. Therefore, they were fixed to be the values
obtained with the data collected at x = 20.8 um.

The lifetime of the 27 state in °Cr was determined in the
standard DDCM [23] by using

1 {Toos: 13 } )

d : : .
v E{Ifo%v 1583}()6)

First, 1o+ (x) was obtained from a piecewise fit to the fully
shifted peak intensities, i.e., {I}yg, I753}(x) [29]. Final val-
ues of 7+ were then determined by using a x? minimiza-
tion procedure to fit {yg, I73;}(x) to the derivative of this
piecewise-fitted function multiplied by v7,+ (x). The computer
code NAPATAU [29] was used for this purpose. A weighted
average of 1p+(x) values within the “region of sensitivity”
gives the measured lifetime o+ of the first 2* state in >°Cr.
The influence of the side-feeding on the lifetime result is
avoided by gating directly above on the fully shifted peak of
the 1098-keV y ray feeding the 2 state and analyzing I* and
1" for the 783-keV y ray [23]. The uncertainty in 7" has
contributions from statistics, branching ratios, normalization
procedure, distances, and recoil velocities, some of which are
discussed below.

The intensities /* and I"* were normalized to correct for
differences in the total number of beam particles for the
measurements carried out at different x. Three choices were

+(x) = —
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FIG. 3. Partial level schemes of (a) ®Mn and (b) °Cr obtained
from the present data. Only decays from low-lying states with spins
<5 can be seen in **Mn due to much lower cross sections compared
to °Cr.

investigated, namely, (i) the total counts in the Ring(l) y-
ray energy spectra that were obtained by taking the total
projections of the Ring(1) versus Ring(2) matrices, (ii) the
intensities of the y-ray transitions in '8!Ta, and (iii) the
intensities of the y-ray transitions in *°Cr [26]. In any case,
the lifetime results obtained using the three different normal-
ization methods were found to be consistent with each other
within the uncertainties. In the method (iii), the statistics were
sufficiently large and no systematic trend was present in t(x)
as a function of x. This indicates that the systematic error due
to the presence of any contaminant nuclei was minimized.
Therefore, the method (iii) proved to be the most reliable
one. It also avoids systematic uncertainties arising from the
presence of activation y-rays in the energy spectra used in the
method (i).
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FIG. 4. y-ray energy spectra of Ring(1) showing the fully shifted
and the unshifted peaks corresponding to the 783-keV y-ray transi-
tion in °Cr. The histograms were obtained by utilizing the Ring(1)
versus Ring(2) yy energy matrix and gating with the fully-shifted
peak of the 47 — 2% 1098-keV transition on the Ring(2) axis. Each
of the spectra [from (a) to (j)] is labeled with the effective plunger
distance xSt The dotted lines corresponds to the centroids of fully
shifted and unshifted peaks of the 783-keV y-ray at x§& = 20.8 um.

Figure 5 presents an analysis, using NAPATAU, of I°(Xesr)
and I%(x.g) for the 783-keV y ray given in Table 1. The
measurement at ngrf = 20.8 um 1is not considered due to the
unphysical gradients observed for /°(x) and I*°(x), which
might have originated from a relatively high systematic un-
certainty for this smallest plunger distance. A lifetime value
of 13.3(6) ps was thus obtained for the 2% state in *°Cr.
This result is in a very good agreement with the published
values of 12.8(7) ps [16,17] and 13.2(4) ps [19], indicating
an absence of any significant systematic errors in the present
measurements. As shown in Fig. 6, a similar analysis for
the 4% state in *°Cr gives a lifetime of 4.9(7) ps, which is
consistent with the previously measured values of 3.2(4) ps
[16,17] and 3.2(7) ps [19]. The ratio

_ B(E2:4% - 2%)  wE)2" —07)
COB(E2:2+ — 0F)  weEJ(4t — 2F)

4/2

is calculated to be 0.50(8) using our results [30,31]. Here E,
is the energy of the y-ray transition. This result is in disagree-
ment with the expected values of ~1.4 for a rotational nucleus
and of ~2 for a vibrational nucleus. The calculated ratios
using the available data for °Cr varied between 0.7 to 1.13
[16,17,19,30,32]. Clearly, the B4/, value in 0Cr is found to be
much less than 1 in the present work. Currently, this result
is considered to be anomalous and cannot be explained by
theoretical models [30,31]. It adds to such data available for
nuclei in the A ~ 50, 70, 110, and 160 regions, which will
serve as a testing ground for new calculations with modified
models in the future [33,34].
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FIG. 5. An analysis of the intensities of the 783-keV y-ray given
in Table I to obtain the lifetime of the 2% state in *°Cr. (a) The
individual lifetimes obtained at eight distances in the “region of
sensitivity” are shown. The final result from a weighted average is
also given. The intensities, I* and /', are shown as a function of
distance in (b) and (c), respectively, along with the best fits (solid
lines) obtained using NAPATAU [29].

Figure 7 shows the Ring(1) y-ray spectra gated by the
fully shifted peak of the 37 — 2% 343-keV decay in *°Mn
[cf. Fig. 3(a)], observed in the Ring(2) y-ray spectra. The
region relevant to the 2t — 0% 800-keV transition in **Mn
is shown for all x with the clearly separated fully shifted and
unshifted peaks. The values of I° and I"® for the 800-keV line,
obtained from these spectra, are given in Table I. Figure 8
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FIG. 6. Same as Fig. 5 for the 4+ state in *°Cr.
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FIG. 7. Similar to Fig. 4, y-ray energy spectra gated by the fully
shifted peak of the 37 — 2% 343-keV transition in *°Mn, showing
the fully shifted and unshifted peaks of the 800-keV y-ray.

shows an analysis using NAPATAU, resulting in a lifetime value
of T(*°Mn(2")) = 6.4(2) ps.

It is evident from Figs. 4 and 7 that there is a system-
atic variation in the centroid of the fully shifted peak as a
function of x, similar to that discussed in Ref. [35]. This
can be understood in terms of the recoil-velocity distribution
corresponding to the fully shifted peak. In particular, the effect
arises because the relation of the recoil velocity with flight
time (or x) between the foils is linear while it is exponential
between I° and x. In other words, the y-ray intensities in the
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FIG. 8. Same as Fig. 5 for the 2+ state in **Mn.
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fully shifted peaks have more contributions from slower re-
coils at smaller distances. To account for this, first the Doppler
shift observed for the 800-keV 2T — 0% y-ray transition
in ®Mn was obtained at x ~ 20.8 um. The corresponding
effective velocity of the recoils (v™*¢) was then deduced by
using |AE, | = (v™/c) x cos§. Here 6 is the angle of the
ring of y-ray detectors with respect to the beam direction.
This effective recoil velocity (vi) at ~20.8 um was fixed to
be the “nominal recoil velocity” (vys ). Differences between
vieeand v (x) at all of the other x values, dv™°(x) = vy, —
vgg (x), were then obtained by using the correspondingly
observed Doppler shifts for the 800-keV y ray. As shown in
Table I for the case of *°Mn, a systematic change in the ef-
fective recoil velocity from vé‘gf“ /¢ ~ 0.96 % (around 20 pm)
to ~1.07 % (170 um) was observed as a function of x. The
effective plunger distances (x(f), corresponding to v, , were
then obtained by correcting the original plunger distances
with the flight path corresponding to dv™°(x). A similar
analysis was also performed for the 783-keV 2+ — 01y
decay in °Cr. The x and xzg corresponding to these recoil
nuclei are presented in Table 1. This last was used for the
lifetime analysis performed using NAPATAU. Slight differences
between the effective velocities of *Mn and *°Cr recoils can
be noted from the table. This is not surprising because these
nuclei were produced in two different (pn and 2p) reaction
channels with a broader velocity distribution for *°Cr recoils.
In addition, the corresponding 2% states have significantly
different lifetimes, leading to a larger x range for I*S/I'" in
the case of *°Cr compared to that for **Mn. Monte Carlo
simulations [36] were performed to understand the effective
recoil velocity as a function of distance. The variations in
centroids observed in Figs. 4 and 7 could be reproduced
when the thickness of the “’Ca target-foil was set to be
0.65 mg/cm?. This is different from the quoted value of
0.50 mg/cm?, which could have been underestimated. It is
also possible that the recoils traveled through the '’ Au layer
that was thicker than 0.1 mg/cmz, the effect of which could
not be disentangled unambiguously from the effect of the dif-
ference in the target thickness. In summary, simulations using
slightly higher overall foil thickness traversed by the recoils
reproduce the observed systematic trends in the centroids of
the fully shifted peak.

IV. DISCUSSION

The B(E2 |: 2t — 0%) value of 237(8) e*fm* for *°Mn
obtained from the present work is given in Table II together
with the known value for *°Fe [22]. To calculate the B(E2)
value from the measured lifetime of the first 2% state in >*Mn,
the relative intensities of 64.1(12) and 100(2) were used for
the 149 and 800 keV y-decays, respectively [37]. The B(E2)
value presented for *°Cr is a weighted average of the data from
the present and previous works [16,17,19]. The experimental
values are compared to our theoretical predictions obtained
using the shell-model code ANTOINE [38] in the full pf
space. Two sets of calculations are given in Table II. The
B(E2)g values were predicted using the GXPFIA effective
interaction [39] plus the Coulomb matrix elements obtained

TABLE II. A comparison between data and shell-model predic-
tions of the B(E2) values for the A = 50, T = 1 triplet. Here gxc and
kbc correspond to the calculations carried out using the GXPF1A and
the KB3GR interactions, respectively, that include Coulomb matrix
elements while gx corresponds to the prediction without Coulomb
contribution and using the GXPF1A interaction (see text for details).

Nucleus E(2+ )ex E (2+ )gxc B(Ez)ex B(Ez)gxc B(Ez)gx B(Ez)kbc

(keV) (keV) (Afm*) (eAfm*) (2fm?) (eAfm*)
NFe 765 779  281(61) 217 225 201
OMn 800 796 237(8) 214 221 200
e 783 784 211(4) 211 217 196

in the harmonic oscillator basis with single-particle energy
corrections following Ref. [2] and the standard effective
charges of e, = 1.5 and e, = 0.5. In the case of B(E2)g,
the KB3GR effective interaction has been used [40] together
with e; = 1.31 and e, = 0.46 [41]. The Coulomb matrix
elements were obtained in the same way as for the other
calculation, but with the single-particle energy corrections
that reproduce the experimental energies in *'Ca and *!Sc.
The B(E2),, values calculated using the GXPF1A effective
interaction and without the Coulomb matrix elements are
also reported for comparison. Figure 9 summarizes M(E2) =
~B(E2 1: 0t — 2%) values for the A =50, T =1 triplet,
presenting the current status of the agreement between the
data and the calculations. Both of the calculations reproduce
the data for the triplet with good accuracy. The shell-model
values follow a rather linear and slightly increasing behavior
with Z for the M (E2) matrix element, which is fully consistent
with the data. However, the high uncertainty in the measure-
ment of *°Fe precludes a final conclusion. The calculations

50 T T T
@® Data
A Calculations (gxc)
sr ¢ Calculations (gx) | ]
v Calculations (kbc)
N/.\
é 40 E
L
3
— 35 -
> :
v :
30 -
1 1 1
2 1 0 I
TZ

FIG. 9. The matrix element M(E2) as a function of 7, for the
three T = 1, A = 50 isobaric nuclei. Datum for *°Mn was obtained
for the first time in the present work. In the case of *°Ctr, the data point
is a weighted average of our result and that from Refs. [16,17,19]
while the result from Ref. [22] has been used for the case of *°Fe
with 7, = —1. The predictions from our calculations are also shown
(see the text for details).
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suggest a very small isospin mixing, as the nondiagonal
Coulomb matrix elements are of the order of a few tens of
keV. A more precise determination of the B(E2) value in *°Fe
would allow for more definitive conclusions on the presence
or absence of a nonlinear dependence of the matrix element
with 7.

V. CONCLUSION

The lifetimes of the T = 1 isobaric analog 27 states in
0Cr and *°Mn are measured in the same experiment using
the plunger technique. The present value for *°Cr agrees with
that from the previous measurements, providing confidence in
the new result obtained for >°Mn. Both the data and the pre-
dictions from the large-scale shell-model calculations exhibit
a rather linear and slightly increasing behavior of the M (E2)
matrix element with Z for the A = 50, T = 1 isobaric triplet.
At present, the value available for the proton-rich *°Fe nucleus

has a very large uncertainty and a high precision measurement
is required to draw definite conclusions on isospin-symmetry
breaking in this triplet.
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