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Measurement and significance of F~/F for the 7117-keV 4+ level of 160
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The excited 4+ state at 7117 keV in 0 is studied via the C( Lidry) 0 reaction. We show
that it is highly improbable that the state is energetically degenerate with a state of difFerent

decay properties and that its p decay is consistent with previously reported values. We obtain a
p-branching fraction I'~/(I'~+ I' ) = 0.561+0.013 which together with recent results for other decay
properties gives a B(E2) value of 6.4+1.6 W.u. for the 4p-2h intraband transition 7117 4~+ -+ 5260
2s+. Shell-model calculations in a full (0+2)hu basis supplement a previous SUs-truncated (0+2)~
calculation to the effect that the calculations result in a considerably more collective B(E2) value of
&15 W.u. for this transition leaving a rather puzzling discrepancy between experiment and theory.

PACS number(s): 21.60.Cs, 23.40.Hc, 23.20.Js, 27.20.+n

I. INTRODUCTION

In a recent ~4C(a, p)~so experiment, Gai et aL [1,2]
measured the p-branching ratio for the 42+ ~ 2s+ 7117~
5260 transition of 1857 keV in 0 (see Fig. 1). They
combined this result with the then available information
[3—6] on the radiative width of the 7117-keV level and ob-
tained an E2 transition strength of 5.7 + 1.9 Weisskopf
units (W.u. ) for this transition. This value is surpris-
ingly small; the 42+, 7117-keV level and the 23+, 5260-keV
level together with the 0&, 3634-keV state have been con-
vincingly assigned. to the predominantly 4p-2h band [8]
and due to its deformed nature, considerably larger intra-
band B(E2) values are expected. In fact, the two "best"
shell-model calculations result in considerably more col-
lective B(E2) values for the 42+ m 2s+ transition, namely
21 W.u. as derived by Millener [9] using the semiempir-
ical model of Lawson, Serduke, and Fortune [8] and 17
W.u. from the (0+2)hu SUs-basis calculation of Hayes,
Bromley, and Millener [10]. We consider the credentials
of the latter prediction in Sec. III, for the time being
we only state that it is very difficult to conceive of a
mechanism to reduce these predictions by a significant
amount. Thus, in seeking possible explanations for the
disparity of 3—4 between experiment and theory, we are
led to a reconsideration of the experimental value for this
transition strength.

There are three ingredients in the determination of the
partial radiative width of the 7117 ~ 5260 transition.
The 7117-keV level has two open channels, namely p and
a decay. Both of these are involved in the C(a, p) 0
reaction and the cross section for its formation in this
radiative capture process gives us a measure of the com-
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bination I'~I' /I' where I'~ and I' are the total p- and
a-decay widths, respectively, and I' (= I'~ + I' ) is the
total decay width of the state. The second ingredient is
the partial radiative width for the specific decay 7117 +
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FIG. 1. Partial level scheme of 0 showing the levels and
decay modes of interest to the present study. The level en-

ergies (in keV) and spin-parity assignments are from Ref. [3].
The decay branches of the 7117-keV level are labeled by the
transition energy (in keV) and the partial decay widths (in
percent). The decay widths are taken from Refs. [1,2,7) us-

ing the I'~/I' value obtained in the present investigation. For
both J and E, the 4p-2h band is shown to the right and
the 2p-Oh band next-to-right. The 4p-2h energy levels are of
double thickness.

0556-2813/94/49(2)/743(7)/$06. 00 49 743 1994 The American Physical Society



B. MEI.TZOW et al. 49

5260, I'~(7117 ~ 5260)/I'~, which was measured by Gai
et aL [1] and by Gorres et al. [7] to be (0.30+0.08) x10
and (0.24 6 0.08)x10, respectively. The third ingredi-
ent is the relationship between the p and o. widths which
can be expressed as I'/I' and which was measured by
Becker et aL. [6] using the sF(t, o.p)~sO reaction to be
1.90 + 0.10. The desired I'~(7117 ~ 5260) is then the
product of these three factors.

The factor I'~I' /I' has been measured twice in recent
years. Values of 50 meV [5] and 51 meV [7] with un-

certainties of 20% and 17%, respectively, were obtained.
These are in excellent agreement, and we adopt a value of
(51 6 7) meV. It is difficult to conceive of a reason why
both measurements should have measured a too large
value for this quantity. As for the p-branching ratio for
the 7117 ~ 5260 transition, the nature of the measure-
ments is such that it is hard to conceive of their erring sig-
niicantly on the low side. Indeed, the two measurements
agree well within their errors, and we adopt a value of
I'~ (7117-+ 5260)/I'~ = (0.277 6 0.058) x 10 2. The third
factor, I'/I', seems to us to be the weakest link in the
determination of I'~(7117 ~ 5260). There are two rea-
sons for this: First, it has only been measured once and
details of the measurement were not given [6]. Second,
arguments were presented by Fortune et al. [11] to the
effect that the 7117-keV level may be a doublet. Let us
reconsider these arguments. Fortune et al. [11]observed
the ~sO spectrum via the ~2C(rLi, p) sO reaction at 24
proton angles from 1.8' to 173' and at bombarding ener-
gies of 16 and 18 MeV. They found the angle-integrated
yield to ~sO states followed a (2J + 1) dependence with
a standard deviation (20% if two levels were excluded.
One of the excluded levels was that at 7117keV for which
the cross section at both bombarding energies was twice
that expected from this relationship. On this basis they
suggested that the 7.1-MeV state was an unresolved dou-
blet with one member being the 42 state and the other a
state with J = 3—5 and —from other evidence —probably
of negative parity. In order for the discrepancy with the-
ory of the 7117~ 5260 B(E2) value to be explainable on
the basis of a doublet it is necessary that the 42+ state has
a significant p-decay branch and that the second member
of the doublet has I' )) I'~. Then the second member
would show little or no effect in the ~4C(n, p) 0 reac-
tion, but the value measured for I /I' for the composite
state would be smaller than the value for the 42 level
and would depend on the details of formation. In a later
study Fortune [12] proposed an alternative explanation
for the deviations observed from a (22+1) dependence for
the cross sections in the C( Li,p)~ 0 reaction. He sug-
gested involvement of the direct transfer of a six-nucleon
cluster and gave a quantitative estimate showing that
such a component could indeed explain the observed de-
viations. Nevertheless, this explanation seems somewhat
ad hoc and the possibility of a doublet should be kept in
XIllnd.

We report herein a measurement of I'~/I' for the ~ 0
7117-keV level —this is a more direct resultant of our
measurement than I'/I' which is derived from it; the
two are related by I'/I' = (1 —I'~/I') . The same
method is used as employed by Becker et aL [6] except

that the C( Li,gee)~ 0 reaction is used instead of the
F(t, o.p)~ 0 reaction. In addition, the measurement

was designed to check on the possibility of a 7.1-MeV
doublet. The experimental procedures and results are
described in the next section.

II. EXPERIMENTAL PROCEDURES AND
RESULTS
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FIG. 2. Proton spectrum observed with the C( Li,p) 0
reaction at Evz; ——18 MeV at detection angle 8„= 150'.
The singles spectrum is shown in (a) while (b) displays the
corresponding spectrum observed in coincidence with at least
1 7 ray. In both cases the proton peak corresponding to the
7117-keV level is crosshatched.
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In view of the above discussion, the purpose of the
present experiment was to measure I'~/I' for the 0
7117-keV level and simultaneously to check on the possi-
bility that the 7117-keV level is actually a member of an
unresolved energy doublet. Excited states of 0 were
formed via the ~2C(~Li,p) sO and ~2C( Li,pp) 0 reac-
tions at a bombarding energy of 18 MeV using a 2C

target isotopically enriched to 99.9%. Protons were se-
lectively detected in a system of three silicon AE Ede--
tector telescopes placed alternatively at 30', 45', 60' and
125', 135', 150' to the beam. Very high p-ray detection
efficiency was achieved using the Heidelberg-Darmstadt
crystal ball, which is a modular 4n detector system con-
sisting of 162 NaI(Tl) scintillation detectors with associ-
ated photomultipliers and electronics [13]. The proton-
single (a) and the proton-p-coincidence spectra (b) at
detection angle 8„= 150' are shown in Fig. 2. The



49 MEASUREMENT AND SIGNIFICANCE OF I /I FOR THE. . . 745

proton energies of the cross-hatched peaks correspond
to the 7117-keV level. The levels below 6.23 MeV in isO
are p-emitting only so that comparison of the (7Li,p) and
(vLi,pp) spectra is a simple method to check the effective
p-ray detection efficiency (e) for states with di8'erent p-
decay patterns. Because of the 47r geometry (actually
only 98.1% of 4' was covered by NaI modules because
three of them were removed to let the beam in and out
and to hold the target chamber) and the low p-detection
threshold ( 100 keV), (s) is very high even for levels de-
caying with a multiplicity-one cascade —e.g. , (s) q ss M,v
= (89.3 + 3.2)% is observed for the first-excited state at
1.98 MeV—and reaches already values )97% for p mul-
tiplicities )2. The effective efficiencies (e) were actually
evaluated from the known e vs E~ for the crystal ball and
the known decay modes of the individual states [1,2]. In
particular, for the 7117-keV state, (e)r i M,v was calcu-
lated to be (98.0 + 2.0)%.

In Fig. 3(a) we show as a function of proton detection
angle the p-branching fraction I'~/I' which is obtained
&om

(1)I' Iz (c)r.i Mev

where I~ and I„are the areas under the proton peak cor-
responding to the 7117-keV level (the cross-hatched areas
in Fig. 2) at a specific proton detection angle. Within
the uncertainty of the measurements, we find that the p-
branching fraction I'~/I' is independent of proton angle.
A dependence on the proton angle would be expected
if the 7117-keV level is an unresolved doublet of two
states with difFerent decay properties. This is so because
the proton angular distributions as measured by Fortune
et aL [11] for various isO states are strongly structured
and considerably difFerent so that we view it as extremely
improbable that the angular distributions for two unre-

0.8

TABLE I. Comparison of the present p-branching ratios
for the 7117-keV level to those derived from Refs. [1,2,7].

Final state
(keV)
1982
3555
3920
5098
5260

p-branching
Present
28.0(15)
68.0(11)
2.4(10)

&2.0
&0.5

ratio (%)
Refs. [1,2,7]

26.9(5)
69.4(8)
2.16(24)
1.27(17)
0.277(58)

solved levels would be closely identical. Thus Fig. 3(a)
shows that it is extremely unlikely for the 7117-keV level
to be an unresolved doublet. Further, albeit weaker [14),
evidence against a doublet is supplied by the indepen-
dence on proton angle found for the individual p-decay
modes as exemplified in Fig. 3(b) and by the agreement
shown in Table I of the p-branching ratios found in this
measurement and those obtained in previous experiments
using difFerent reactions [1—3]. The mean value of the p-
branching fraction of the 7117-keV level resulting from
the data of Fig. 3(a) is

I' /I' = 0.561 6 0.013.

I'~ (7117 m 5260)= (51 6 7) meV x (0.00277 + 0.00058)
x (2.28 6 0.07)
= 0.322 6 0.081 meV, (2)

This is somewhat larger than the value of 0.474 6 0.028
determined by Becker et al. [6] but not unduly so. The
energy resolution of the crystal ball and the statistics of
the measurement were not sufhcient for the observation
of the 7117 ~ 5260 transition. but the upper limit of
intensity (see Table I) independently excludes an under-
estimation of this p-branching ratio as the main reason
for the discrepancy between experiment and theory for
its B(E2) value.

The measured I'~/I' corresponds to I'/I' = 2.28 6
0.07; thus we obtain a p-decay strength for the 7117 ~
5260 transition of

0.6—

0 4 — (aj

0.6 I

Il
lp ss

average
values

which corresponds to 6.4 6 1.6 W.u. , very close to the
value of 5.7 6 1.9 W.u. originally derived by Gai et al. [1].
We are therefore convinced that the smallness of the 7117
-+ 5260 B(E2) value is not an experimental problem but
rather a theoretical one. In the next section we describe
calculations designed to further explore possible reasons
for this puzzling failure of what appears on the surface to
be a straightforward calculation of a strongly collective
intraband transition.

III. SHELL-MODEL CALCULATIONS
I

0 30 60 90 120 350 180

6p

FIG. 3. (a) The p-branching fraction I'~/I' of the 71 17-keV
level, and (b) the ratio of the two strongest 7 branches in
the decay of the 7117-keV level vs the proton detection angle

The values in both right panels are average values &om
the present measurement (black dots) or previous ones (open
symbols) —(a) Ref. [6], (b) Refs. [1,2].

Mixed (0+2)lsd shell-model calculations such as the
present one are plagued by the problem of how to deal
with the "truncation catastrophe" [15]which results from
the omission of the &4' components of the hen expan-
sion. The very strong interaction of the SUs(20) ORu

and 2hcu components gives the 0~ component a down-
ward push of order 10 MeV. In nature this is compen-
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sated for by a similar downward push on the 2' con-
figuration by the 4~ configuration, and so on. In a
full (0+2)ku calculation the omission of )4hur compo-
nents leads to badly distorted wave functions as well as
energy spectra. One of the very nice attributes of the
Hayes-Bromley-Millener (HBM) SUs shell-model calcu-
lation [10] is that the SUs(20) component can be omitted
(along with any others not considered significant) with-
out incurring spurious center-of-mass problems and thus
there is no sizable downward shift of the Ofay states and a
reasonable (0+2)bur energy spectrum can be obtained-
i.e., the omission of &4hz components can be approxi-
mately compensated for—with only a small ( 1 MeV)
decrease in the Op —1sOd energy gap. As discussed re-
cently [15] the effect of omitting the SUs(20) component
(and the others as well) can in principle be compensated
for by using effective operators. For the B(E2) values of
interest here this is a particularly simple procedure since
the E2 effective charge can be simply adjusted such that
the B(E2) value of the 1982 ~ 0, 2&+ ~ 0~+ transition
is in agreement with the experimental value of 3.4 W.u.
However, the full consequences of this omission have not
been explored and, more importantly, there is the chance
that other SU3 components neglected by HBM may have
a bearing on the smallness of the 42+ ~ 2&+ B(E2) value in
i O. Thus we felt it desirable to perform a (0+2)hu cal-
culation with difFerent strengths (and weaknesses) than
the HBM calculation. The emphasis is on B(E2) values
for 4+ m 2+ and 2+ ~ 0+ transitions in 0, i.e., the
transitions of interest to the present study.

Our starting point is the recent Warburton-Brown in-
teraction for A = 10 —22 nuclei [16]. The interaction
is formed in almost an identical way to the oft-used
Millener-Kurath (MK) interaction [17] and was devel-

oped to describe the same sort of nuclear states; namely
unmixed Ohcu, 1hu, 2', etc. states in A = 6 —22 nuclei.
Two important improvements over the MK interaction
are that (1) the Op —ls0d cross-shell part of the interac-
tion used here was determined by a least-squares fit to a
potential and (2) the potential contained monopole terms
not present in the MK potential. Because of the "trunca-
tion catastrophe" the Warburton-Brown interaction [16]
was not originally intended for the description of mixed
nba, (n+ 2)flu, ... states. However, recent applications
to A = 11 —16 nuclei [15,18] have met with considerable
success in this regard.

The first necessary step in the application of any cross-
shell interaction to mixed (0+2)Aced calculations is to ad-

just the energy gap between the major-oscillator shells
or, better yet, between 0~ and 2~ components. This
we do empirically with the energy spectrum providing
the criterion for the adjustment.

In a recent study [18] it was found that considerable
improvement over previous calculations in 0 is ob-
tained by changing that part of the interaction, V
which mixes nhur and (n+ 2)~ components, from that
of the Kuo bare G matrix (used in the MK interaction)
or that of the original Warburton-Brown interaction (the
WBP potential [16])—these two V give quite similar
results —to the Bonn bare G matrix (scaled by a factor
0.8). For convenience, we refer to the Warburton-Brown

interaction with this Bonn potential as the WBN inter-
action.

We present two calculations performed with the WBN
interaction. In both, the 2k' components are given
a downward shift of b,2™relative to Ofuu components.
These two calculations difFer only in the composition of
the V interaction. In the first calculation —referred
to as WBN—the WBN interaction just described is used
and it is found that 6 = 12.34 MeV gives a rea-
sonable energy spectrum. (Our main criterion is that
the 02+ state closely matches the experimental excita-
tion energy. ) In the second calculation —referred to as
WBN(T)—the SUs(20) component is removed &om V2~
(see Ref. [15]) with the result that a b,2™of only 2 MeV
results in an even better energy spectrum.

The strengths of the present calculations relative to
HBM are:

(1) A fuller (0+2)fuu basis is used. A full (0+2)Ru basis
is used for the WBN calculation; while only the SUs(20)
symmetry is omitted from V2" (but not the rest of the
interaction) for the WBN(T) calculation.

(2) The Warburton-Brown interaction gives results for
unmixed Ohu, 1k', 2~ spectra which are 2—3 times more
accurate than the MK interaction used by HBM.

(3) The WBN interaction gives a significantly better
description of Ml transitions and EL form factors con-
necting to the isO ground state [15] than any previously
known realistic interaction.

The weaknesses are:
(1) In spite of its success in isO [15,19], the gap method

of solving the "truncation catastrophe" is not fully con-
sistent and its consequences have not been throughly ex-
plored.

(2) Another problem in dealing with calculations in-

volving mixed nhur and (n + 2)hu configurations is how
to treat lp-1h (one particle-one hole) excitations through
two oscillator shells so as to satisfy the Hartree-Fock con-
dition [15,20,21]. We follow Haxton and Johnson [19] in
solving this problem technically by setting all 2hz lp-
1h two-body matrix elements (TBME) equal to zero so
that these matrix elements are only retained in order to
remove spurious center-of-mass motion. It is expected
that for B(E2) values this omission can be adequately
compensated for by an adjustment of the effective charge
since the centroid of these lp-lh excitations should be lo-
cated at remotely high exitations. One piece of the 2~
basis is not included in the present calculation; namely,
that representing lp —lh, 180d ~ 28ld0g excitations.
Previous tests had indicated that this piece is insignif-
icant for A & 20 nuclei [15). The approximations just de-
scribed are not so much a weakness relative to the HBM
study —which has its own problems in dealing with the
Hartree-Fock condition —but a general one which, how-

ever, we do not think is serious.
The dimensions D(J ) of the J = 0+, 2+, and 4+

diagonalizations in the (0+2)bur calculation are D(0+) =
909, D(2+) =3570, and D(4+)=3103. It might be re-
marked that these dimensions are small enough com-
pared to present capabilities that there is no reason not
to perform a complete (0+2)hu calculation if such is de-
sired. In the present study we confine our attention to
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the B(E2) values connecting the low-lying J =0+, 2+,
and 4+ states.

In Fig. 4 the calculated level energies are compared
to the experimental ones while the calculated B(E2) val-

ues are con&onted with the experimental values in Table
II. For both calculations we assume neutron and pro-
ton incremental efFective charges in the ratio of 1.75, as
suggested by Alexander, Castel, and Towner [23] and in
close agreement with the overall best-fitting values for
the whole (1s, Od) shell of e„,(e~ —1) = 0.49,0.29 found

by Brown and Wildenthal [24]. Adjusting the neutron
effective charge so as to reproduce the 1982 m 0, 2+~

0~ B(E2) value of 3.4 W.u. , the results for the effective
charges are e, (ez —1) =O.M, 0.32, and 0.72,0.41 for the
WBN and WBN(T) calculations, respectively. For com-
parison we also show in Table II results for the WBN
calculation obtained assuming e„=ez —1 = 0.53. Note
that the B(E2) values of the 4s+ -+ 2s+ ~ 02+ cascade, i.e.,
for the transitions within the 4p-2h sequence, are some-
what smaller for the more realistic choice of e„/(e~ —1)
= 1.75 than for e„/(ez —1) = 1.00. This is expected
since there are more active protons in this cascade than
in the 2+& ~ 0& transition to which we normalize. We
also note that the overall agreement between the three
listed calculations and the experimental values is ap-
proximately the same and the WBN(T) effective charges
are larger than the WBN ones. This supports the ex-
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FIG. 4. Comparison of the experimental low-lying
even-parity spectrum of 0 to the predictions of the WBN
and WBN(T) calculations. The * denotes theoretical levels
belonging to the 4p-2h band. The experimental 4p-2h states
are shown to the right and the 2p-Oh states to the left.

TABLE II. Comparison of experimental (EXP) B(E2) val-

ues connecting the low-lying even-parity states of 0 with
results from the present shell-model calculations.

J& J1Ci f

2+ Q+
1 1

4+ 2+
1 1

P+ 2+
2 1

B(E2)-(Weisskopf units)
EXP WBN WBN(T)'

3.4(1) (3.40) (3.40)

1.2(1) 2.12 2.45

17.1(20) 8.7Q 3.10

WBN
(3.40)

2.10

11.10

2+ 0+
2 1

2+
1

1.6(2)
5.6(37)

0.16
1.83

0.52
4.00

0.20
2.00

2+ P+
2+

1
4+

1
p+

2.0(1)
0.9(5)

20(11)
23(14)

0.77
1.23
0.29

15.2

0.32
0.01
0.01

18.7

1.11
1.76
0.43

18.4

0+ 2+
3 1

2+
2

1.7(4)
(15.0

0.05
1.45

0.10
2.20

0.10
1.20

4+ 2+
4+
2+

2
2+

3.9(5)
&0.7

3.3(6)
6.4(16)

3.71
0.98
2.65

16.8

1.66
0.36
9.41

20.8

4.60
1.20
3.14

20.3

Adopted from the compilation given in Ref. [2] with the ex-
ception of the 42 decay which is discussed in the present work

(see Fig. 1 and Table I). The two standard deviation upper
limit given for the 42 -+ 4» transition is obtained by using
the E2/Ml mixing ratio 6 = —0.014(42), which is the average
of 8 = —0.035(35) [22] and h = 0.07(7) [6]. The number in
parentheses is the uncertainty in the least significant figure.
e„,(e~ —1) = 0.56,0.32.

'e„, (e~ —1) = 0.72,0.41.
e„,(e~ —1) = 0.53,0.53.

pectation that the omission of the SUs(20) term Rom
V2~ can be compensated for by an increase in the efFec-
tive charges. Further, note that the incremental efFective
charges are even larger than the values found in Ref. [24]
of 0.49,0.29 for the (ls, Od) shell as a whole in spite of the
fact that the present calculation involves a much larger
model space. This supports the theoretical expectation
that the omitted 2' lp-1h excitations play a major role
in determining the effective charges and suggest that it
would be worthwhile to explore other means of satisfying
the Hartree-Fock condition such as the method used by
Hoshino, Sagawa, and Arima [21].

There are several points of interest relative to a com-
plete study of the structure of 0 which can be gleaned
&om the comparison of the calculated level energies and
B(E2) values to experiment. From Fig. 4 we see that the
energies of the 4p-2h band are reasonably well described
by the calculations but the overall agreement is not im-
pressive. We feel this indicates some difficulty in describ-
ing the mixing between 2p-Oh and 4p-2h states. This dif-
ficulty is also indicated by the B(E2) values for the in-
terband transitions as well as for some of the transitions
between 2p-Oh states shown in Table II. As discussed
also by HBM [10], the interband transitions depend crit-
ically on the detailed mixing of the basically difFerent
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configurations and, in any case, the corresponding B(E2)
values are small and the disagreements are not unduely
large when judged on the overall agreement between the-
ory and experiment reached in the present calculations
[25]. On the other hand, the 42+ ~ 2s+ and 2s+ m 0+2

transitions —of main interest in the present study —have
very large B(E2) values as expected for such a deformed
band [8], and are not only stable against details of our
calculation but also in agreement with the results of the
HBM calculation. Any disagreement with experiment
is certainly much more serious for them. The observed
marked discrepancy between the calculated B(E2) values
for the 42 —+ 23 transition and the experimental value of
about a factor of three is therefore of major concern. For
this intraband transition we obtain 16.8 and 20.8 W.u.
from the WBN and WBN(T) calculations, respectively,
while the HBM calculations resulted in 17.3 W.u. [10]. A
detailed examination of the single-particle contributions
to the E2 matrix element reveals the expected coher-
ence and no hint of any vagary in the calculation which
might lead with some parameter adjustment to a reduced
B(E2) value near the experimental one of 6.4+1.6 W.u.
The comparison of B(E2) values for the 2s+ m 02+ intra-
band transition is unfortunately hampered by the large
experimental error; the experimental value is so poorly
determined that it could just as well agree with the shell-
model calculations or be as small as the experimental 42
—i 2s+ B(E2) value. A better determination of the ex-
perimental 2s+ ~ 02 B(E2) value —and, likewise, of the
2s+ ~ 4i B(E2) value, which could be extremely large—
could certainly provide a valuable clue relevant to the
present problem.

less than the expected large intraband value of &15 W.u.
We reiterate the importance of more accurate mea-

surements for the 23 m 02 and 23 M 4~ transitions,
especially for the former. In fact, the nature of the dis-

agreement between experiment and theory for the 42

23 transition depends critically on what is found for the
experimental 2s -+ 02 B(E2) value. If the latter turns
out to be also considerably smaller than the predictions,
we see no obvious explanation for the disagreement be-
tween experiment and theory for the the 42 m 23 w 02
cascade. If, on the other hand, it turns out to be in agree-
ment with the predictions, we would be lead to the con-
clusion that the difFiculty in reconciling experiment and
theory for the 42 m 23 transition lies with truncation to
(0+2)hu and that the inclusion of (at least) 4hu compo-
nents is indicated. The question is not whether sizable
4hco components are present in the low-lying states. By
reference to isO [15,19] and because of the intrinsically
favorable energetics of configurations built on a C core,
we expect them to be. Rather the question would be why
the presence of these components is not representable by
a simple change in the overall effective charge but could
instead lead to the interference eKects necessary to obtain
the called-for decrease in the B(E2) value of the 42+ ~ 2s+

transition. Regardless of the size of the 2s+ ~ 0&+ B(E2)
value, an extension of the calculation to include 4' com-
ponents is obviously desirable. A full (0+2+4)Ru calcula-
tion is beyond present-day shell-model capabilities. How-

ever, it is conceivable that a meaningful SU3-truncated
calculation could be performed in a (0+2+4)fuu model
space.

IV. CONCLUSIONS

Our conclusions can be stated as follows: The exper-
imental B(E2) value for the 7117 i 5060 transition in
isO of 6.4 6 1.6 W.u. is a firmly established number,
which is very unlikely to be significantly in error. On
the other hand, the mixed (0+2)hu calculations of HBM
and of the present study indicate a stable deformed 4p-
2h band for the 02+-23+-42+ levels of 0 with no hint that
the calculation can yield a 42+ ~ 2s B(E2) significantly
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