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The recoil-distance Inethod has been used with the Al '(O. , n}P3 reaction to measure the life-
times of the 1.453- and 1.974-MeV levels in P . A mean lifetime of 7 =9.2 +0.5 psec was ob-
tained for the 2+ 1.453-MeV level and v'= 6.8 *0.4 psec was obtained for the 3+ 1.974-MeV
level. A Ge(Li} y spectrum was measured in coincidence with neutrons to identify the P~

transitions. Comparisons of the resulting reduced transition probabilities with shell-model
calculations have been made.

I. INTRODUCTION

The self-conjugate nucleus P" has been studied
extensively with the S"(d, n)P" and Si"(P, y)P"
reactions. ' ' Endt and Paris, ' using the former
reaction, located the energies of 30 excited states
in P' below 5.8 MeV. Van der Leun and Endt"
observed the operation of E1 isospin selection
rules for self-conjugate nuclei with the Si"(P,y)P"
reaction. Additional Si"(P, y) P" studies were
done by Baart, Green, and Willmott, ~ Moore, ' and
Harris, Hyder, and Walinga.

Angular-correlation measurements have recent-
ly been performed by Vermette et al. ' using the
Si"(He', Py)P" reaction. Information on spine,
mixing ratios, and branching ratios were obtained
for 16 levels in P" below 5-MeV excitation.

Several attempts have been made to theoretically
interpret the experimental information on P". De-
spite the success of the strong-coupling collective
model in this region, a rotational interpretation
has not been staisfactory. Vibration and interme-
diate-coupling approaches were only partially suc-
cessful. Glaudemans, Wiechers, and Brussard'
(GWB) made shell-model calculations for P" as-
suming an inert Si" core and two-particle interac-
tions for the outer nucleons in the 2sy/2 and ids/2
shells. Although a number of the level energies
and spins were successfully fit, several of the ob-
served levels could not be explained by means of
this truncated shell-model picture. A large shell-

model calculation is at present underway for the
A =30 region. ' It is hoped that such a calculation
will form a more complete theory for P' and the
neighboring nuclei, as has been the case for light-
er nuclei.

Nuclear-structure information can often be ex-
tracted from the study of electromagnetic interac-
tions in nuclei; y-ray transition probabilities be-
tween states i and f are proportional to the reduced
matrix element, (g&~ (8, ~~ g, ), where g& and (,. are
nuclear wave functions and L9, is the electromagnet-
ic operator of order l. An experimental determina-
tion of such matrix elements allows a sensitive
test of nuclear wave functions and thus the nuclear
structure. The purpose of the present experiment
is to seek more knowledge concerning the struc-
ture of P' by measuring various nuclear lifetimes
in this nucleus.

In this experiment the recoil distance or so
called plunger technique will be employed in the
lifetime range of 10 "to 10 ' psec; the plunger
technique is the most accurate technique for mea-
suring lifetimes in this timing range. Delayed-
coincidence timing is only applicable for lifetimes
greater than about 10 ' sec, and the Doppler-shift-
attenuation method (DSAM) can best be used for life-
times in the range of 10 "to 10 "sec. The uncer-
tainty in the energy loss of charged particles in
matter limits the accuracy of the DSAM for life-
times greater than a few psec.

The nucleus P' is a self-conjugate nucleus
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where AT =0 M1 transitions are strongly hindered.
Several y transitions in P' expected to be predom-
inantly M1 have energies that would make the life-
times of the initial state fall into the plunger range.
One of these was measured with the plunger, as
well as several F2 transitions. Preliminary re-
sults for these measurements have been reported. "

Kennedy, Youngblood, and Blaugrund, "using the
DSAM, have measured the mean lifetime of the
first excited 0' state as &=0.155+0.030 psec. Con-
currently with our experiment, electromagnetic
studies by the DSAM were being performed on oth-
er P" states. Preliminary reports"" from these
experiments are available. These DSAM measure-
ments and the present plunger-technique measure-
ments combine into a thorough electromagnetic
study of the nuclear structure of P".

II. EXPERIMENTAL TECHNIQUE

A. Plunger Measurements

The excited states of P' are populated for these
measurements with the reaction AP'(o, n)P3P; the
ground-state Q value is Q = -2.65 MeV. The P"
excited states relevant to this experiment areillus-
trated in Fig. 1. For suitable o. energies, the
kinematics of this reaction limit the excited P" re-
coils to a narrow forward cone with large recoil
velocities.

The plunger technique recently reviewed by

Jones et al. '4 is illustrated in Fig. 2. Details of
the present plunger apparatus are similar to those
described in Ref. 14. The excited P" nuclei,
which are produced by the n bea.m in a 100-pg/
cm' Al target, recoil freely into vacuum with a.

component of velocity, v, in the beam direction.
The Al target was evaporated on the back side of a
2-mg/cm' gold foil for strength. The position of
this target along the beam direction was precisely
defined by radially stretching the target foil with a
t/-groove, O-ring arrangement; the e beam was
collimated to a spot diameter of 3 mm. A thick
gold stopper (plunger) as shown, was designed to
be positioned precisely at variable distances D
from the target. The excited P" nuclei that y de-
cay while recoiling in the vacuum exhibit Doppler-
shifted y rays; those excited nuclei that survive
for a time greater than D/n are stopped by the
plunger and thus emit unshifted y rays. These two
related y-ray peaks can often be resolved in the
energy spectrum of a Ge(Li) detector. For 0' de-
tection, the energy separation of the two peaks cor-
responding to a y ray of energy Ep ls

AE =Z, (v/c) .

The intensities of the Doppler-shifted peak I, and

the unshifted peak Io are

I =IY(1 z-&I~')

2536

1974

1453

where N is the total number of y rays and 7 the
mean lifetime of the excited state. A measure-
ment of the ratio R =Ip/(Ip+ I,) as a function of D,
which is given by

g —e -Dlv&

yields the mean life 7, as v can be determined
from the y-ray energy spectrum using Eq. (1) or
from the reaction kinematics.

For most measurements, there is not a unique
value of the recoil velocity v but a finite spread of
recoil velocities due to target thickness and varia-
tion in recoil angle. This spread in velocities re-
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FIG. 1. Prominent y-ray transitions observed in P
The level scheme, spin-parity parameters, and branch-
ing ratios are consistent with those listed by Vermette
et al. in Ref. 7.
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PIG. 2. Recoil-distance method for the measurement
of lifetimes of excited states.
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suits in a broadened shifted peak. The ratio 8 for
a spread of recoil velocities becomes

Z=PX e """ (4)

where U„represents a value of the component of re-
coil velocity and A„ the fraction (Q„A„=1)of all
recoils having v„. The A„- are determined from the
number of counts in the nth energy channel of the
Doppler-shifted peak and the v„ from Eq. (1); ap-
propriate account has to be taken for the energy
resolution of the y-ray detection system.

Several small corrections and uncertainty con-
siderations have to be applied to the above treat-
ment. '~ These include effects from solid-angle
differences, detector geometry„efficiency varia-
tions, and small uncertainties in the distance D.
The detailed consideration of these effects for the
present data will be discussed later.

The y-ray spectra in the present measurements
were measured with a 30-cc Ge(Li) detector which
was positioned at 0' to the beam direction and 7 cm
from the target. Pole-zero and dc-restoration
electronics were employed for high counting rates.
The energy resolution of the system was 3.5 keV
at 1.33 MeV. A 1024-channel pulse-height analyzer
mas used to record the y spectra in conjunction
with a biased amplifier.

An excitation study was mBlle of the Al (Q's)P
reaction from 7- to 15-MeV e energy by observing
the Ge(Li) singles y spectra. At small plunger dis-
tances D, Doppler-shifted peaks mere observed
simultaneously with unshifted peaks for y rays of

energy 0.709, 1.265, 1.453, and 1.974 MeV. These
doublet peaks indicate lifetimes which can be mea-
sured by the plunger technique. As seen from en-
ergy considerations in Fig. 1, the 0.709-MeV y
ray is consistent with the decay of the second 1'
level in P", the 1.453-MeV y ray with the first 2'
state, and the 1.265- and 1.974-MeV y rays with
the 3' level at 1.974 MeV. An e energy of E =8.7
MeV was chosen for optimum yield to the 1.453-
and 1.974-MeV states. Since the 0.709-MeV state
has been measured with fair accuracy by a gas
DSAM, " since the energy resolution of the detector
was only marginal for this lom energy, and since
the above e energy has unfavorable recoil kinema-
tics for this state, it was decided to concentrate
the present experiment on the 1.453- and 1.974-
MeV states.

For the plunger lifetime measurements, singles
Ge(Li) spectra, were taken for several plunger dis-
tances D which cover the decay curves. A mini-
mum distance of about 0.2 mil could be achieved
with the plunger apparatus. The duration of the y
measurements was increased for larger D to ac-
cumulate sufficient statistics in the ratio R. Mea-
surements at small and large D were alternated.
Spectra with good statistics mere taken at a dis-
tance D» v7 at the beginning and end of the plung-
er experiments to determine any background in the
ratio R.

8. Neutron-y-Coinndence Measurements

In order to insure that, the singles y-ray spectra
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FIG. 3. {a) Ge{Li) y-ray spectrum observed at 90' in coincidence with neutrons at 0' for E„=8.7 MeV from the
A12~{n,n) Pso reaction. Handoms have not been subtracted. {b) y-ray singles spectrum for A127+a.
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analyzed in this experiment are definitely associat-
ed with the AP'(n, ny)P" reaction, a neutron-y
coincidence measurement was performed. A thick
Al target of about 1 mg/cm' was bombarded with
8.7-MeV n particles; the Ge(Li) y spectrum at 90'
was recorded in coincidence with 0' neutrons de-
tected in an NE213 liquid scintillator that was cou-
pled to an RCA 8575 photomultiplier tube. To
avoid y-y coincidences, the y pulses from the
NE213 scintillator were discriminated against by
pulse-shape analysis. " The neutron-induced re-
coil-proton pulses exhibit a larger slow-decay com-
ponent than the y-produced Compton-electron
pulses. These different pulse shapes were identi-
fied by measuring the time delay between the fast
component observed at the anode and the bipolar
crossover of the corresponding integrated dynode
signal. These time delays for the neutron and y-
ray pulses as measured by a time-to-amplitude
converter (TAC) showed a difference of about 15
nsec. A single-channel analyzer was used at the
output of the TAC to select the neutrons for the
coincidence requirement.

The resulting Ge(Li) y spectrum in coincidence
with neutrons is shown in Fig. 3(a). The prominent
peaks observed at 0.678, 0.709, 1.265, 1.453, and
1.974 MeV are associated with the P" transitions
indicated on the figure. Random events have not
been subtracted from this spectrum.

The corresponding singles y spectrum is shown
in Fig. 3(b). In addition to the P" y rays, the
2.232-MeV y ray and its escape peaks are identi-
fied with the first excited state of Si" produced by
the AP'(n, P)Si" reaction and the 0.843- and 1.015-
MeV y rays result from the AP'(n, n')AP' reac-
tion. As will be discussed later, the 1.265-MeV
P" y peak contains an unresolved shoulder which
is due to the 1.264-MeV y ray from Si' . The
1.453- and 1.974-MeV y peaks of P" are isolated
from contaminant peaks and, therefore, can be
easily analyzed from singles measurements.

from reprodueibility measurements as +0.05 mil.
Only relative distances gere measured; the zero
of distance was assigned in Fig. 5 to the point
where the ratio A extrapolated linearly to unity.

The data in Fig. 5 were least-squares-fitted to
Eq. (3) for a recoil velocity that corresponds to the
centroid of the Doppler-shifted peak. On the semi-
log plot of Fig. 5 this fit appears as the dashed
straight line. From Eq. (1) an energy difference
of ~ =11.5 keV between this centroid and that of
the unshifted peak implies a v/c =0.794/o. The re-
sulting mean lifetime for the 1.453-MeV state of
P" is 8.4 psec.

To include the effect of a spread in recoil veloci-
ties which is manifest in the broadened shifted
peak, a least-squares fit of the data was made to
Eq. (4). The peaks were assumed to be Gaussian
so that the width (u of the velocity distribution is
given by &u = (v, ' —&u,')"', where e, is the width of
the shifted peak and vo is the instrumental resolu-
tion width, namely, the width of the unshifted peak.
The Doppler-shifted peak, which is divided up into
n energy channels, was converted to the velocity
distribution by adjusting for the resolution width

IO

o IO
C3

III. EXPERIMENTAL RESULTS

Representative y spectra for the plunger mea-
surement of the P 1.453-0 transition are dis-
played in Fig. 4. The spectra of the unshifted
stopped peak I, and the Doppler-shifted peak I, are
shown for three plunger distances D; it can be
seen that the relative intensity of Io to I, decreases
as D increases. The intensities Io and I, for the
different D were extracted with a fit to measured
peak shapes and the background. The ratio R =I,/
(Io+I,) for the 1.453-MeV y ray is plotted as a func-
tion of D in Fig. 5. Uncertainties due to statistics
and distance measurements are indicated by error
boxes. The distance uncertainty was estimated

10

I

440
I I I

445 450 455
CHANNEL NUMBER

I

460

FIG. 4. The P 1.453-MeV 0 energy peak viewed at
0' to the e beam in the Al ~(0., n) P3 reaction at E~ = 8.7
MeV. The presence of two y-ray peaks with average
energies &0 and Eo(1+m/c) is evident as is the depen-
dence of the relative intensities of these two peaks onthe
plunger displacement D. The energy dispersion is 2.129
keV /channel. (1 mil =25.4 p.)
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FIG. 5. Decay curves for the 1.453-MeV 0 transi-
tion. The dashed straight line represents the least-
squares fit using the approximation that the recoil veloc-
ity corresponds to the centroid of the Dopp1er-shifted
peak. A least-squares fit which includes the effect of
the spread in recoil velocities is represented by the
solid curved line.

in this manner. The A„which represent the frac-
tion of counts in the nth channel to the total num-
ber of counts in the shifted peak were determined
from the resulting velocity distribution. The veloc-
ities v„associated with the nth channel were ob-
tained from Eq. (1). To fit the data to Eq. (4), the
absolute distances D are required. Since only rela-
tive D were measured, the fit was made as a func-
tion of both the zero of distance and v'. The result-
ing best fit is shown by the solid curved line in
Fig. 5; the corresponding mean lifetime for the
1.453-MeV state is w=9. 4 psec. As several y rays
were measured at the same time, the choice of
the zero of distance must be the same for each
and, therefore, is well defined. A lifetime com-

FIG. 6. Representative y spectra for the shifted and
unshifted peaks of the P 1.974-MeV 0 transition for
three distances. The energy dispersion is 2.129 keV/
channe1. (1 mil =25.4 p.)

parison is made in Table I which shows results
for the assumption of the centroid velocity, re-
sults for the proper velocity distribution, and fi-
nal corrected results which include several small
additional corrections. These additional correc-
tions, mentioned earlier, will be discussed for all
of the results at the end of this section.

Representative y spectra for the shifted and un-
shifted peaks of the P" 1.974 0 transition are
shown in Fig. 6 for three distances. The data for
this transition were analyzed in a manner similar
to that discussed for the 1.453-MeV y ray. Special
care had to be applied in extracting the intensities
I, and I, for the 1.974-MeV & ray because of the
broad peak at about channel 707, which is the
Compton edge of the Si' 2.232-MeV y ray, and be-
cause of the small unassigned peak at channel 685..

TABLE I. Results of data analysis.

Transition
5r.eV)

1.453 0

Linear fit

8.4 psec

Velocity distribution fit

9.4 psec

Fina1 corrected value
(psec)

9.2+ 0.5 psec

1.974 0
1.974 0.709

7.0 psec
5.7

7.0 psec
6.4 6.8+ 0.4 psec
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The ratios R extracted from the data for this
ground-state transition are plotted in the upper
portion of Fig. 7. The fit to Eq. (3) for the cen-
troid velocity which is displayed by the dashed
straight line yields a mean lifetime of v =7.0 psec.
With the velocity distribution measured from the
shifted peak, a fit to Eq. (4) also gives a mean life-
time of 7 = 7.0 psec; this fit is show n in the upper
portion of Fig. 7 by the solid curved line.

The 1.974-0.709 y branch gives an additional
measurement of the lifetime of the P" 1.974-MeV
state. As mentioned earlier, the shifted peak for
this 1.265-MeV y ray contains an unresolved con-
taminant from the 1.264-MeV 2'- 2' transition of
Si". Since the second 2' state in Si" has a relative-
ly short mean lifetime'6 (v=0.15+0.02 psec) this
contaminant y ray should not effect this P' lifetime
measurement as long as the ratio 8 is not forced
through unity at D =0. The extracted ratios R for
this P" 1.265-MeV y ray are plotted as a function
of D in the lower portion of Fig. 7. As is seen in
this figure, the extrapolated ratio at D =0 is only

I.O g

A-0.5. The mean lifetimes obtained, as discussed
above from fits to Eqs. (3) and (4) are 5.7 and 6.4
psec, respectively; these fits are also shown in
Fig. 7 with the same notation. A comparison of
the lifetime results for the P' 1.974-MeV state
for both y transitions is also given in Table I.

Several small corrections as discussed in detail
by Jones et al."have to be applied to these life-
times in order to obtain the final results. The
solid angle subtended by the y detector is larger
for a recoiling nucleus as compared with a stopped
nucleus. The correction for this solid-angle effect
is opposite to the small correction of efficiency
due to the energy difference between the shifted
and unshifted peaks. A correction must also be
made in the measurement of the velocity distribu-
tion for the finite geometry of the y detector. The
sum of these corrections have been applied to the
results obtained by fitting to Eq. (4) for the appro-
priate velocity distributions. This leads to a final
value of v =9.2+0.5 psec for the 1.453-MeV state
in P' and to v'=6. 8+0.4 psec for the 1.974-MeV
state as listed in Table I. The uncertainties were
estimated from statistics, distance variations, and
the quality of the fits.

IV. DISCUSSION

O.l—

R
V t'

O.I—

O.OI ' I

D(mil)

FIG. 7. Decay curves for the 1.974-MeV 0 transi-
tion are shown in the upper portion of the figure and

decay curves for the 1.974 0.709-MeV transition in

the lower portion. Dashed straight lines represent
least-squares fits using the approximation that the re-
coil velocity corresponds to the centroid of the Doppler-
shifted peak; solid curved lines represent fits which in-
clude the effect of the spread in recoil velocities.

In the present experiment the plunger technique
yielded mean lifetimes of 7 =9.2+0.5 psec for the
P" 2' level at 1.453 Me V and 7 = 6.8 + 0.4 psec for
the P' 3+ level at 1.974 MeV. Preliminary DSAM
limits" of 7 =8+5 psec and 7 & 8 psec are roughly
consistent with these results for the 1.453- and

1.974-MeV levels, respectively, while other pre-
liminary DSAM results" are not.

The results of the 1.453-MeV level imply re-
duced transition probabilities of B(M1) =1.4 &&10 'p~'
and B(E2) =0.45 e'F' for the (2'-1') ground-
state transition using the previously measured'
mixing ratio. The lifetime of the 1.974-MeV level
along with the known branching ratio' yields a
B(E2)=1.7 e'F4 for the (3'-1') ground-state tran-
sition and a B(E2) =22 e'F' for the 1.265-MeV (3'
-1') transition to the 0.709-MeV leveL The re-
duced transition probabilities determined by the
measurements of the present experiment are list-
ed in Table II.

In comparison with single-particle estimates,
these results show an M1 hinderance of 1000 and
an E2 strength of 0.07 Weisskopf units (W.u. ) for the
1.453-MeV transitions. For the 1.974- and 1.265-
MeV transitions, the E2 strengths are 3.9 and 0.29
W.u. , respectively. The large M1 hinderance is
expected for AT=0 transitions in self-conjugate
nuclei. "

As mentioned in the Introduction, no theoretical
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study to date has been successful in explaining the
observed properties of P". The large shell-model
calculation' presently being carried out is expected
to yield a considerable improvement in the theoret-.
ical basis for this nucleus. The observed electro-
magnetic transition probabilities in P' form a sen-
sitive test of the wave functions generated in this
theory. At the conclusion of the above theoretical
study, a complete comparison of all of the experi-
mentally observed properties near A =30 with the-
oretical predictions will measure the extent of the
improved theoretical under standing.

For the present, the transition probabilities de-
termined in this experiment will be compared with
matrix elements calculated for approximate wave
functions, namely those suggested by GWB' for a
trucated (28~)2-ldsg2) shell-model space. In this
simplified theory, an inert Si" core closing the
1d„, shell was assuaged, and two-particle interac-
tions were included for only the outer two nucleons
1n the 28lg~ and ldsg2 shellso The wave functions
from this truncated space should represent a sig-
nificant portion of the actual wave functions for a
number of the levels in P30.

The ground-state wave function from this study
of GWB' is g, (1, 0) =0.481(2s»,)'+ 0.864(2s„,id, ~, )
+0.138(ld», )' and that for the second 1' level at
0.709 MeV is g, (I, 0) =-0.876(2s», )'+0.471
&& (2s», id», ) + 0.100(ld„,)'. The theoretical ener-
gies for these levels are very close to the experi-
mental values. The predicted energies for the 7'

=0, 2', and 3' levels, however, are 2.7 and 2.9
MeV, respectively, instead of the 1.453 and 1.974
MeV for the levels studied in this experiment. A
2' and a 3+ level have been observed in P'0 nearer
the predicted energies; it is possible that these
states are more closely related to the wave func-
tions of this simplified theory, which are f, (2, 0)
=1.0(2s„,ld„,) and g, (3,0) =1.0(ld„,)'.

In making matrix-element calculations to com-
pare with the present experimental results, first
the above approximate wave functions mill be as-
sumed for the levels involved in the transition stud-
ies. Secondly, a two-particle 2s,&2j.d, &2 configura-
tion will be tried for the 1.453-MeV 2' level and
1.974-MeV 3+ level; this is perhaps a reasonable
second choice as it represents a simple excitation
of the assumed core which could be at lower ener-
gies. The results of these calculations are sum-
marized in Table II. All of the B(Ml) values are
given in units of p»'. The experimental B(E2) val-
ues are in units of e'F~, while the theoretical val-
ues are given in units of (I+2e/e)'e'F~. The effec-
tive neutron charge and the effective proton charge
are defined by e and e+e, respectively, where e

represents the portion of the effective charge due
to the quadrupole polarization of the core.

In the calculation of the theoretical B(E2) values
listed in Table II, the expectation values of the
square of the nuclear radius (r~) were obtained
from harmonic-oscillator wave functions. The
harmonic-oscillator parameter was chosen by com-
paring experimentally measured'8 8, , for the
closed core with that calculated for particles fill-
ing the appropriate harmonic-oscillator shells. It
is interesting to point out that the value of (y') de-
termined by a flat radial wave function, that is,
f(roA'")', is about 26%% smaller than the harmonic-
oscillator values.

%hen assuming the s„,d, ~, configuration for the
1.453-MeV level, the B(M1) for the 1.453-MeV 2'

1' ground-state transition is retarded by a factor
of 8.3 and the B(E2) implies an e =2.5e. On the
other hand, when assuming the sl/gds/2 configura-
tion for the 1.453-MeV level, the B(M1) for the
same transition is retarded by a factor of 12.5 and
the B(E2) leads to an e' =0.07e. While both configur-
ations lead to B(M1) values within an order of mag-

TABLE II. Experimental reduced transition probabilties compared with theoretical reduced transition probabilities
that were calculated for the various listed initial-state configurations and for final-state wave functions given by Bef. 8.
The theoretical 8(E2) values are given in units of (1+2&/e) e F4 where the effective neutron charge and effective pro-
ton charge are given by e and e+ e, respectively.

Transition
(Me@) Multipole Experilnental value

1.4& 10 p~ S~i2dSi2
sg)2 d3/2

1.2&10 2p, ~2
1.9X10 2IM@2

Initial state Theoretical value

1.974 0.709

0.45 e F

2 F4

Sty2d 5)2

sl/2 43y2

Sgy2 d gg2

d3]2

spy d5/2
2

9.4)&10 (1+2m/8) g F
5.7~10 2(1+2m jg}2g2 F4

0.60 (1 + 2e/e) 2e F4

0.46(1+2~/~) 2e' F'

0.85(i+2m/g) 2@2 F4

0.26(1+2m/g) g F
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nitude of the expected results, an e =2.5e implies
a larger collective enhancement than expected in
the mass region; this suggests that s, d, /, is the
more favored configuration of the two considered
for the 1.453-MeV state.

%hen assuming either the d», ' or sg/2ds/2 configu-
ration for the 1.974-MeV level the B(E2) values for
the 1.974-MeV 3+-1' ground-state branch yield an
a=0.2e. The B(E2) for the 1.974-MeV-0. 709-
MeV 3'-1' branch implies an unreasonably large
~ =3.5e when using the d„,' configuration for the
1.974-MeV level. The B(E2) for the same transi-
tion when using the s»,d, /, configuration leads to
an e =1.7e, which although somewhat larger than
expected is nevertheless significantly less than an
E =3.58. Hence, for the 1.974-MeV state sy/2d5/2
would appear to be the more favored configuration
of the two considered. The large experimental
B(E2) for the 0.709-MeV branch could be related
to some form of collective enhancement.

The large shell-model calculation9 including the
addition of the ld„, and 1f», shells, which is pres-
ently under study for the A =30 region, is expected
to yield more accurate wave functions for P". As
part of this lar ge calculation %ildenthal e t al. '
have already made preliminary shell-model calcu-
lations for P" assuming an inert 0" core and two-
particle interactions for the outer nucleons in the
2s~/2, 1ds/2, and 1d / shells where up to two 1d /

holes are allowed. The results which reflect the
inclusion of only the 1d», shell in addition to the
1d3» and 2s», shells predict theoretical energy
levels in P" which are in much closer agreement
with the observed energies than are the levels cal-
culateds with a closed Si'8 core. Better agreement
is also expected in a comparison of the electromag-
netic transition probabilities for P'0 with those cal-
culated from the complete wave functions. Any
large discrepancies in such a comparison will indi-
cate the need for additional theoretical approaches.
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