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The mean lifetimes of 15 excited states of Sc 3 and upper and/or lower bounds for six oth-
ers have been measured by the Doppler-shift attenuation method. The Ca (e,py) and Ca
(p, y) reactions were used to populate the levels. For the (n, py) measurements, y rays
were detected at 90' to the a-particle beam in coincidence with protons detected at +110 and
-110'. The Sc43 ions were stopped in thick carbon backings, the stopping power of which is
known from previous experimental work. For the (p, y) measurements, y rays were detec-
ted at 0 and 135 to the proton beam. The Sc ions were stopped in the target material. The
results yield the following mean lives, in fsec (with the level energies in MeV given in paren-
theses): 230+ 70 (0.846), &620 (0.856), 800 +300 (0.880), 3100+&270() (1.158), 400 +190 (1.179),
850+250 (1.336), 240+50 (1.410), 330 +100 {1.651), 22 +7 (1.810), 300+50 (1.827), 80 +50
(1.885), &800 (1.930), 100 +20 (1.963), 410 +150 (2.094), 260+70 (2.143), 150+50 (2.580), 80
~20 (2.986), &5 (3.289), &10 (3.452), &5 (3.807), and &5 (4.455). The lifetime results for the
1.158- and 1.652-MeV levels are used to remove ambiguities in the measured mixing ratios.
All results are compared with theoretical predictions of Johnstone and co-workers.

I. INTRODUCTION

In this report, we present further results in a
continuing experimental investigation into the prop-
erties of the energy levels of the nucleus Sc4'. In
earlier papers" (hereafter referred to as l and

II), we reported the results of y-ray decay scheme
studies together with angular-correlation and lin-
ear-polarization measurements using the Ca4'-

(P, y)sc" reaction to populate the bound levels.
Accurate level energies, consistent decay
schemes, and definite J' assignments were ob-
tained for many of the bound levels. Figure 1 con-

tains a summary of the presently available infor-
mation on the levels in Sc" including the results
of the present experiment. We report here the
results of lifetime measurements using the Dop-
pler-shift attenuation method (DSAM).

In paper II, all available experimental informa-
tion on the nuclear properties of the bound levels
in Sc4' was compared with the predictions of vari-
ous nuclear models. It was found that neither the
conventional shell model" nor the cluster model'
could account for the observed properties of Sc4'.
The Coriolis coupling model' ' gives qualitative
agreement with experiment; however, quantitative
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agreement requires modification of the model.
Preliminary resultsg of a modified model calcula-
tion (one which includes pairing forces) appears
to be in better agreement with the experiment,
The most successful model is that due to John-
stone and co-workers. "" The odd-parity states,
with the exception of a few minor discrepancies,
are well described by the model. However, the
even-parity states are rather poorly described by
the model; particularly those states identified as
belonging to the K = —,"band.

The particular interest in clarifying the nature
of the even-parity states as well as supplying
additional information on the odd-parity states
motivated the present measurement of the mean
lifetimes of the bound states in Sc". These life-
times will be compared with the model predic-
tions in Sec. V.

Prior to the present investigation, the mean
lifetimes of only the first and second excited

states were known, they being 630+ 10 psec" and
227 + 19 psec, '4 respectively.

This paper reports the results of DSAM mea-
surements which yield lifetime determinations
for 15 bound states in Sc" and upper and/or lower
limits for six other levels. The levels were pop-
ulated via the Ca"(o,py)Sc" and Ca"(p, y)Sc"
reactions.

A word of caution concerning DSAM results.
Currie, Earwaker, and Martin" have measured
the lifetime of the first excited state in Si" by
DSAM using six different stopping materials. With
a starting velocity v/e of approximately 0.9% for
the Si ions, the electronic stopping dominates
over nuclear stopping, so that stopping theory
is expected to work well. However, their results
for the various backing materials are only con-
sistent within a factor of 1.5. They conclude that
the rms. error arising from this source will be at
least 1P/p in a typical measurement. The errors
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FIG. 1. A summary of the spin-parity assignments and electromagnetic decay properties of all bound levels in Sc43

below 4.45 MeV. The figure is from Ref. 2 with the addition of the lifetime results obtained in the present investigation.
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quoted for our results reflect this uncertainty.
The experimental procedures are given in Sec.

II. Section III deals with data analysis, Sec. IV
contains the lifetime results, Sec. V contains a
comparison of the results with model calculations,
and Sec. VI summarizes the more important as-
pects of the results.

II. EXPERIMENTAL PROCEDURE

In order to (1) populate as many bound levels as
possible and (2) to cover a wide range of lifetime
values, both the (a, py) and (p, y) reactions were
selected. In the following, we discuss them sepa-
ra'tely.

A. DSAM via Ca (n, py)Sc

Coincidence methods were used in these mea-
surements; that is, y rays were detected in coin-
cidence with particles detected at two different
angles. The advantages of this technique over the
simpler noncoincidence technique are (1) the lev-
el of 1nte1est has little ox no 1nd1rect feeding;,

(2) the directions of the recoiling nuclei are fixed
by the kinematic conditions, so that no strong

assumptions about the angular distributions of the
reaction products need be made; (3) the y-ray
spectra coincident with each particle detector are
taken simultaneously eliminating systematic er-
rors due to electronic drift; and (4) the initial
velocity of the ions can be made as high as the
accelerator voltage, stopping material thickness,
and counting rate permit.

The experimental arrangement is essentially
the same as that described by Engelbertink and
van Middelkoop, "and therefore only details per-
taining to this experiment will be given here.

The Caco(c., py)Sc" reaction was initiated by the
doubly-charged e-particle beam from the Utrecht
2&6-MV tandem Van de Graaff at the energies
E = 9.5 and 11.0 Me V. Currents up to 0.25 pA
were obtained on the target.

The targets were prepared by evaporating nat-
ural Ca in the form of CaCO, onto a 214-pg/cm'-
thick carbon backing. Carbon was chosen as the
stopping material because the stopping of Sc ions
in carbon has been measured. " Using a material
with known stopping cross section should mini-
mize the uncex tainties associated with stopping
theory pointed out in Sec. I. The target thickness
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FIG. 2. The proton spectrum observed at Ec(,=11.0 MeV and 8&=110'. A 13.5-mg/cm aluminum absorber was placed
in front of the detector. A, B, C, D, and Z indicate the respective proton groups for each coincidence measurement.
The numbers labeling the various peaks indicate the energy levels populated by the respective proton group (e.g. , 2
means the second excited state at 0.472 MeV).
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for this experiment was 84 pg/cm' and was in the
form CaO. Both the target and backing thickness-
es were determined by measuring the energy loss
of e particles from a mixed Am"' and Cm'"
source.

The protons were detected with two silicon sur-
face-barrier detectors placed at the angles +110
and -110' with respect to the a-particle beam and
at a distance of 33 mm from the target. Rectan-
gular collimators in front of the detectors limited
the opening angles to 8.6 and 17' in the horizontal
and vertical directions, respectively. The scat-
tered o. particles were stopped by a 13.5-mg/cm'-
thick Al foil in front of each detector. A typical
proton spectrum is shown in Fig. 2. In most
cases, the full width at half maximum of 100 keV
is not small enough to distinguish the proton
groups to separate levels. The proton windows
used in the experiment are indicated in Fig. 2 by
A, B, C, D, and E.

The y rays were detected with a 36-cc Ge(Li)
detector placed at 90' with respect to the beam
direction. The two coincidence y-ray spectra
were simultaneously stored in two 2048-channel
subgroups of a 4096-channel analyzer via a rout-
ing system. Each total run lasted approximately
14 h, but the spectra were recorded every 2 h and
separately analyzed.

For levels up to E„=1.93 MeV, the measure-
ments were made with a beam energy of E = 9.5
MeV. The Se"*ions with an initial velocity of
v/c =0.76/o were stopped in the carbon backing
having a thickness 30%%u& greater than the projected
range of the ions. Because of the low cross sec-
tion for the higher levels, the experiment was
repeated with E„=11.0 MeV for the levels at E„
=1.827, 1.885, 1.930, 2.094, and 2.143 MeV. For
this case, the recoil ions with an initial velocity
v/c = 0.83%%uo can have a projected range which is
still 15P/0 smaller than the thickness of the carbon
backing.

Additional Ca 0(o., py) DSAM measurements
were performed using the University of Kentucky
Van de Graaff accelerator with a beam energy of
E~ = 8.8 MeV. Noncoincident techniques were
used to measure the Doppler shift of the y rays
due to Sc" ions recoiling into a 600-pg/cm' Au

backing. The y-ray singles spectra were mea-
sured with a 35-cc Ge(Li) detector placed at 0 and
138' with respect to the beam direction.

B. DSAM via Ca (p, y)Sc

The Ca4'(p, y)Sc43 reaction was initiated by the
proton beam from the Aerospace Research Lab-
oratories (ARL) 3-MeV Van de Graaff accelerator.
The average beam current used in most of the

present work was approximately 30 pA.
Targets were prepared from samples of CaCO,

enriched in Ca"." The enriched CaCO, was
evaporated onto a 10-mil-thick Ag target backing
which was soldered onto a 0.0625-in. -thick brass
cooling disk. Target thicknesses were typically
15-20 keV for 1.5-MeV protons to insure that the
recoil ions were stopped in the target material.
In addition, care was taken to insure that the
beam energy was always on the low-energy side
of the thick-target excitation curve for each res-
onance studied. The final chemical form of the
target material was CaO.

The y rays were detected at 0 and 135 relative
to the incident beam direction in a 38-cc Ge(Li)
detector which had an energy resolution &2.5 keV
for the Co". , 1.33-MeV line. The spectra were
recorded in a 4096-channel pulse-height analyzer.
Special care wag taken to correct for electronic
drifts during individual runs by monitoring the
energy dispersion and stability of the detector
system with at least four radioactive source lines
distributed over the entire energy range of the
individual y-ray spectra. The sources used were
Cs'" Co" Na" Bi'", and Th'" Several runs
were made for each of the resonances studied
and analyzed separately. The total time for each
run was kept to a minimum to avoid electronic
shifts that occur as a function of time.

III. SPECTRA ANALYSIS

The stopping of heavy ions in matter has been
treated by Lindhard, Scharff, and Schiott" and

by Blaugrund. " From the observed shift, the
value of the function F(r) defined by

F. =F., 1+~F(7)cos6

can be obtained. Here, E, is the energy of the y
ray emitted at 90' to the recoil ion direction, vo
the initial velocity of the Sc" ions, c the velocity
of light, 0 the angle between the recoil direction
and the y-ray direction, and w the mean lifetime.

The stopping cross section of Sc ions in carbon
has been measured by Hvelplund and Fastrup. "
The electronic stopping power is given by

dC p—= kc with p = 0.5.
dp

The dimensionless energy e and the distance p are
defined in Ref. 20, while k is given by

Z I/2Z 1/R(A +~ )3/2
5'8 (m 2/3 m 2/3%3/4w 3/2 z 1/2 &

where the indices 1 and 2 refer to the ion and the
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stopping material, respectively. Based on the
data of Ref. 17, $, can be approximated by

$, = 2.65 —101.6v/c

for the stopping of Sc ions in carbon. The experi-
mental work of Qrmrod, McDonald, and Duck-
worth" shows that E, is independent of Z, . There-
fore, this same expression is used for the stop-
ping of the Sc ions in the CaQ target material.

The formulas outlined above apply to both the
(o.,py) and (p, y) work. However, we have ex-
ploited the fact that the high initial recoil veloc-
ity (e/c = 0.6%) obtained in the (a, py) work makes
this reaction ideal for long lifetimes (v &0.2 psec),
while the low velocity (u/c= 0.15%) obtained in the
(P, y) work is ideal for short lifetimes. In the
following„specific features of the analysis used
for both reactions will be discussed separately.

A. Ca (Of, py)Sc Spectra

Before evaluating the centroid position of the
observed peaks, a background determined at the
high-energy side of the peak was subtracted. The
energy dispersion was measured with Co'o and
Y 8 sources before and after each measurement.
For each run, consisting of from five to eight

different spectra, the fina, l energy shift was com-
puted as a weighted average of the separate shifts.
The external or spread error was of approxi-
mately the same magnitude as the internal or
statistical error. The error quoted for the ob-
served shift is the larger of the two.

In computing the attentuation curve, it was as-
sumed that the recoil ions were stopped in two
media: first, a slowing down in the 84-pg/cm'
CaQ target material, and second, complete stop-
ping in carbon.

The experimental Il (7) values were determined
using the method described ln Ref. 16. A 1.2%
correction has bien applied to the full shift to
account for the solid angle of the Ge(l i) detector.
The correction due to the solid angle of the parti-
cle detector was small (&1%) and was therefore
neglected. In addition, the contribution of a pos-
sible particle angular distribution or a y-ray
angular correlation over the small solid angle of
the detectors was assumed to be negligible.

B. Ca (p, y)Sc Spectra

The resonances were selected such that the lev-
el in question was strongly excited directly from
the resonance. In addition, no resonances were
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FIG. 3. The y-ray Spectra coincident with the proton groups from window A (see Fig. 2) obaerved at the energy
E~=9.5 MeV.
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FIG. 4. The y-ray spectra coincident with the proton group to the E„=1.410-MeV level observed at the energy
Eat=9.5 MeV.

used where the level of interest was excited by
more than a 10%%uii secondary feeding compared to
the primary feeding. Therefore, no correction
was applied for the lifetime of the possible inter-
mediate states which may feed the level of inter-
est, The observed shift of the primary y ray
served as a calibration of the estimated full shift.

The measured centroid shift for the lines of in-
terest in each run were corrected for any shift
observed in the standard source lines. The cor-
rection due to the solid angle of the Ge(LI} de-
tector was calculated to be &2%%uo and was there-
fore neglected.

The attenuation curve was calculated according
to the formulas outlined above. The target was
assumed to be Cao with a density of 3.08 g/cm'.

IV. RESULTS

A. Ca (n, py)Sc

The measured coincident y-ray spectra for the
levels at E„=0.472, 0.846, 0.856, and 0.880 MeV
are shown in Fig. 3. The 0.472-MeV level is
known to have a long lifetime (227 + 19 psec), so
that one would expect to see no shift in the ener-
gy of the 0.472-MeV y ray if the present measur-
ing technique is correct. It is clear from the data
shown in Fig. 3 that this is indeed the case. Fig-
ures 4, 5, and 6 show the coincident y-ray spec-
tra for the levels at E„=1.410, 1.885, and 1.930

MeV, respectively.
The results of this experiment are presented in

Table I. For some levels, the lifetime was ob-
tained from two different transitions so the final
lifetime given is a weighted average. The good
agreement between the lifetime values obtained
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FIG. 5. The y-ray spectra coincident with the proton
group to the E„=1.885-MeV leve1 observed at the energy
E+=11.0 MeV.
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TABLE I. Values or limits for the mean lifetime of Sc4~ levels populated via the (m, py) reaction.

Transition

(MeV) (MeV)
&a

(MeV)
Doppler shift

(keV)
Lower
limit

exp
(fsec)

Upper
limit

0.472
0.846
0,856
0.8SQ

1.158
1.179

1.336
1.410

1.652
1.827

2.094
2.143

~0
~0

0.151
0.151
0.151

~0
0.472
0,151

~0
-0.846

0.151~Q

~0
0
0
O.S80
0.880
1.336
O.S46
0.880

9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5

11.0
9.5

11.0
9.5

11.0
11.0
11,0
11.0

-0.18+0.23
2.23+ 0.1S
0.56 + 0.55
0.96 + 0.20
0.42 + 0.22
1.22 + 1.44
1.31+0.29
1.40 + 0.82
3.47 + 0.31
0.74 + 0.69
3.22 + 0.55
5.19+ 1.13
4.68 + 0.44
6.60 + 0.49
6.75+ 0.62
0.85+ 0.82
1.31+ 0.80
0.41+0.53
2.42 + 0.52
3,27 + 0.68

-O.OS + 0.12
0.66+ 0.06
0.20 + 0.20
0.33+0.07
0.11+0.06
0.46 + 0.10

0.32 + 0.07
0.66 + 0.06

0.60 + 0.10
O.SI + 0.1S
0.62 + G.06
1.02 + 0.08
0.87+ 0.08
0,24 + 0.23
0.21+ 0.14

G.4S + 0,10
0.65 + 0.13

190

620
1850

340

630
195

200
8

245

30
480
820

340
150

&11000
240

&620
810

8050
490

295
115
305
&30

83
1200
1520

490
275

1080
6700

720

420
265
370

710
440
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for the levels at E„=1.827, 1.885, and 1.930 MeV
at the two different bombarding energies clearly
demonstrates the internal consistence of the data.

The results obtained from the noncoincident
measurements are in agreement with the lifetimes
given in Table I. However, these results have
somewhat larger uncertainties, and are therefore
not given.

B. Ca (p, y)Sc

The data for the levels at S„=1.810 and 1.963
MeV are shown in Figs. 7 and 8, respectively.
The source lines were included in the figures to
indicate the magnitude of the corrections required
due to drifts in the electronic system.

The results of this experiment are presented in
Table II. For some levels, the lifetime was ob-
tained from two different transitions so the final
lifetime given is a weighted average.

For the levels at E„=0.846, 1.179, 1.652, 2.094,
and 2.143 MeV, the lifetimes were obtained in
both the (a, py) and the (p, y) work. The agree-
ment between the two experiments is good.

V. DISCUSSION

A summary of the lifetime results obtained in
the present work together with theoretical pre-
dictions of Johnstone and co-workers is presented
in Table III. An average value is given when more
than one measurement is available.

The measured lifetimes can be used to remove
the ambiguities in the y-ray mixing ratios for
some of the transitions reported in II (see Table
III). For the transition I.I58- 0.880, only the
mixing ratio 5 = -0.23+0.20 is consistent with
the measured lifetime. The alternate solutions
(5 = -22.9 or &5.7) require E2 enhancement fac-
tors in excess of 2000 W.u. (Weisskopf units). In
the case of the transition 1.158- 0.856, onl.y the
mixing ratio 5 = -0.19+0.20 is consistent with the
lifetime. The alternate solution (5 = 2.9) requires
an E2 enhancement factor of -3000 W.u. Finally,
for the transition 1.652- 1.158, only the mixing
ratio 5 = 0.00+0.20 is consistent with the lifetime
results. The alternate solution (5 = 2.4) requires
an E2 enhancement factor is excess of 2000 W.u.
The mixing ratio ambiguities reported for other
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FIG. 7. The 0.631-MeV p ray from the transition 1.810 1.179 MeV and the 0.662-MeV Cs 3' y ray observed at 0 and
135'. The quantity 4cH is the channel shif't of the centroid observed for the standard line, and AEcoR is the energy
shift of the 0.631-MeV y ray corrected for the observed standard line.
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FIG. 8. The 1.491-MeV y ray from the transition 1.963 0.472 MeV and the 1.332-MeV Coe y ray observed at 0 and
135 . The quantity &cH is the channel shift of the centroid observed for the standard line, and &Ecpl is the energy
shift of the 1.491-MeV y ray corrected for the observed shift of the standard line.

TABLE II. Values or limits for the mean lifetimes of Sc levels populated via the (p, y) reaction.

Transition
Eg

(MeV) (MeV) (keV)
Doppler shift

(kev)
Lower
limit

exp
(fsec)

Upper
limit

0.846

1.158
1.179
1.652
1.810

1.968

2.094
2.143
2.580
2.986
3.289
8.452
3.807
4.455

.0
~0

0.151
~0

0.151
0.472
1.179
0.472
0.472
0.151
0.880
1.179
0.151
0

~0
~0
~0

1242
2037
1285
1242
1235
1242
1242
1235
1235
1242
1423
1235
1242
1242
1423
1242
2037

0.34 + 0.11
0.55+ 0.08
0 + 0.13
0.34 + 0.11
0.39 + 0.11
1.01+ 0.18
2.07 + 0.18
1.11+0.12
1.21+ 0.22
0.57 + 0.18
0.53 + 0.11
0.80 + 0.18
2.56 + 0.36
7.04 + 0.36
7.21+ 0.36
7.89 + 0.36

12.9 + 0.41

0.19+ 0.06
0.25+ 0.02
0.00 + 0.06
0.14+ 0.04
0.13+ 0.03
0.78+ 0.14
0.75 + 0.07
0.36+ 0 ~ 04
0.38 + 0.08
0.14 + 0,05
0.19+ O.Q4

0.28+ 0.06
0.44 + 0.06

1.00
0.94 + 0.05

1.00
1.00

170
194

250
280

7
15
90
70

235
196
110

62

236
210

335
365

20
23

103
96

335
248
145

77
&5

&10
&5

&5

365
220

470
470

37
32

120
130
540
332
195
93

10
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TABLE III. Experimental values for the mean life-
times of bound levels in Sc~3 together with the values
predicted by the Johnstone model .

(Mev)
~exp

(fsec)
~theo ry
(fsec)

0.151
0.472
0 ~ 846
0 ~ 856
0 ~ 880
1 ~ 158
1.179
1.336
1.410
1.652
1~ 810
1.827
I .885
1.930
1.963
2.094
2.143
2.580
2.986
3.289
3.452
3.807
4.455

630 + 10 p sec
227 000 + 19 000

230 + 70
&620

800 + 300
3100+ 2700

400 + 190
850 + 250
240 + 50
330 + 100

22 6 7
300 + 50
80+ 50
&800

100+ 20
410+ 150
260 + 70
150+ 50
80+20

&5

&10
&5

230 000
1600

24 000
5000 (3100)

2500
500

2000 (2000)
1300
120
20

300
900

3200 (2300) b

1220

~Taken from Ref . 14.
The numbers in parentheses are values obtained if

one uses a d»2-s» gap of 2 .54 MeV. All other lifetimes
for positive-parity states have been calculated for a
d3/2 Sf/2 Jap of 1.00 MeV.

transitions could not be removed on the basis of
the present lifetime measurements .

As was reported in II, theory successfully ac-
counts for the observed properties of most of the
negative-parity states (see Fig. 1). However, the
predicted lifetimes for the lowest —,

' state (0.846
MeV) and the lowest possible ~2 state (1.410 MeV)
are not in agreement with experiment. This is
particularly disturbing in the case of the 0.846-
MeV level since all other predicted decay proper-
ties for the level agree with experimental results;
the predicted decay properties for these levels
are, however, fairly sensitive to the 5p-2h (five-
particle-two-hole) admixtures T.he situation for
the J' = —,

' states is much better. The agreement
between predicted and observed lifetime values
for the J' =

2 levels at E„=0.472 and 1.179 MeV
indicates that the description of these states, and

presumably the ground state, is in the main cor-
rect.

The agreement between predicted and observed
lifetime values for the levels at E„=1.810 and
1.8 27 Me V tends to support the tentative J' = -,'

and ~2 assignments . According to the Johnstone

model description of these states, the lifetime
values are not very sensitive to the amount of 5p-
2h admixtures, and therefore, a large difference
between the predicted and observed lifetimes
would have introduced serious complications .

The large difference between the predicted and
observed lifetime for the 1.885-Me V level is not
too surprising. Earlier work (see 11) indicated
that it is probably a poor approximation to de-
scribe this state with a pure 5p -2h conf iguration.
The (fp)' J"=~2 state predicted to lie a few hun-
dred keV higher than the 1.885-Me V level could
mix with this 5p -2h state and enhance the M 1 trans-
ition to the ground state.

Previous work (see II) has clearly shown serious
discrepancies in the description of the positive-
parity states (see Fig. 1). The lifetime measure-
ments seem to have increased the distance be-
tween experiment and theory. The predicted de-
cay properties of those states identified with K
= —,
"band structure are in serious disagreement

with experiment. A measurement of the lifetime
of the 0.856-MeV (J' = —,") level would be useful
in determining the exact nature of these states .

The apparent agreement reported in II betw en
the predicted and observed decay properties for
those states identified with a K = —,"band structure
is not reflected as well in the lifetime results.
The most disturbing aspect of the lifetime results
is the rather large discrepancy between the pr e-
dicted and observed lifetime of the 0.880 -MeV
level, since one expects it to be a good K' = —,"
band state. To help clarify the nature of the K'
= -,"band states it would be useful to determine
the decay properties of the 2.551 -MeV level since,
presumably, this state belongs to —,"band. This
state is predicted to have J' = ~~' and 7.- 1 psec.
(For other predicted decay properties, see II.)

The measured lifetime and ground-state (—,
'

)
branching ratio for the J' = ~2' level at E„=1.336
Me V gives an E1 retardation of -1O'. This is a
weak E1 but significantly stronger than the
0.472(—, )- 0.151(—,")E1 transition. An additional
E1 retardation factor could be obtained from a
measurement of the lifetime of the 0.856 -MeV
level and the branching ratio for the transition
0.856(—,")-0.472(-', ). In this way, average El
retardation factors in f7&, shell nuclei could be
obtained.

VI. CONCLUSION

In the investigation, the mean lifetimes of 15
bound levels in Sc" and upper a n/drolower bounds
for 6 others have been measured. The results ob-
tained in this work together with the results re-
ported in I and II were used to test the validity of
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the Johnstone model. The model appears to be
quite successful in describing the properties of
the negative-parity states, which is remarkable
since the original intent of the model was to be
more qualitative than quantitative. It seems clear
that the description of the negative-parity states
as (fp)'+(5p-2h) states is basically correct, and
that more refined quantitative work should be pos-
sible. The poor agreement between theory and
experiment for the K' = —,

'' and —,
'' band states indi-

cates that more theoretical work is required to
achieve a satisfactory description of these states;
it may be necessary to obtain more experimental
data on Ti" before a complete theoretical descrip-

tion of the positive-parity states in Sc4' can be
realized.
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