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Decay schemes for high-spin states in K and ' Ca~
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Fusion-evaporation reactions induced by ' 0 and ' F bombardment of Mg, 'Al, and "Si targets with

projectile energies of 20—60 MeV were used to populate high-spin states in ' K and Ca. Ge(Li)
measurements of y-y coincidences, together with y-ray angular distribution and linear polarization
measurements, were used to establish decay schemes, excitation energies, spin-parity assignments, and

y-ray transition multipolarities. These data, together with recoil-distance measurements of lifetimes,

provide information also on transition strengths for the deexcitation y rays. Our results suggest
assignments of 6+ and 7+ for "K levels at 1376 and 1948 keV, respectively, and indicate higher-lying

levels of presumably greater spin. In ' Ca, new odd-parity levels from 6 to 11 are proposed as

arising from the d 3/2 f7/2 configuration.

NUCLEAB BEACTIONS: 6Mg( O,PS' ) E=20-60 MeV, Al(BO, 2Pnyy '')
E =20-60 MeV; measured y-y coin. ; deduced levels in K, Ca; measured
o.(E&,8) and P&, deduced J" for high-spin levels; measured recoil distance; de-
duced T&/2, (M(ML) (2; confirming evidence from ieF bombardment of t6Mg and

Si. Enriched targets, Ge(Li) detectors.

I. INTRODUCTION

In systematic investigations' ' of the y rays
emitted followiog the fusion-evaporation reactions
induced by bombardment of ' "Mg, "Al, and "Si
targets with '4N, ""O, and "Fbeams, seven y
rays were assigned to transitions in O'K and 19 to
transitions in "Ca. The "K y rays mere observed
in the "Mg("O, ep)42K, "Mg("F,n2p)"K, and
"Al("0,n2p) 'K reactions while the 4'Ca y rays
were observed with the second and third target-
projectile combinations and also in the '8Si-
("F,p o.')42Ca reaction.

In this report we present the decay schemes and
nuclear structure information obtained for 'K and
'Ca in these investigations. A preliminary report

of this mork has been given previously. ' The ex-
perimental procedures have been fully discussed. ' '
Details of y-ray relative intensities, angular dis-
tributions, and excitation functions have been tab-
ulated, ' as have results of y-ray linear polarization
measurements. 4 We now collect these tabulated
results, ' ~ 4 together with such additional data as
will be subsequently introduced, in order to ex-
amine the description of 'K and 'Ca which
emerges.

to an 8192' 8192 channel matrix stored on magnetic
tape for subsequent analysis. In Table I, we indi-
cate the y rays observed by one detector in coin-
cidence with sharp y-ray lines viewed by the other.
The considerations leading to the assignment of
individual y rays to a specific final nucleus have
been discussed previously. ' '

The placement of y rays assigned to 'K into the
4'K decay scheme of Fig. 1 is based on such y-y
coincidence data (which was taken for all four tar-
get-projectile combinations), on the relative in-
tensities observed in singles measurements, ' and
on previous information. ' 'Ca was not formed in
the "0 +"Mg reaction, but similar data from the
three remaining reactions result in the level
scheme shown in Fig. 2. Examples of y-y coin-
cidence data from the "O+"Mg and "O+"Al re-
actions, which provided the most useful informa-
tion on "K and "Ca, respectively, are shown in
Figs. 3 and 4.

Information on the lifetimes of these levels was
obtained from recoil-distance measurements (RDM)
in the ' 0+ Al reaction at 35 and 40 MeV, using
procedures that have been fully described pre-
viously. ' ' Typical data for 'K and 'Ca are il-
lustrated in Fig. 5.

II. EXPERIMENTAL RESULTS

Table I provides a summary of typical y-y co-
incidence results obteined in the "0+"Mg bom-
bardment at E("0)=36 MeV. The measurement
utilized two Qe(Li) detectors for y-ray detection,
mith the individual coincident events corresponding

A. Results for K

Decay scheme and lifetime data

Results of lifetime measurements are given in
Table II together with branching ratios, transition
strengths, and the multipolarities deduced from
the linear polarization measurements4 and the life-

700



DECAY SCHEMES FOR HIGH-SPIN STATES IN 'K AND Ca 701

TABLE I. Results of y-y coincidences from the Mg( 0, xn, yp, zx). reaction.

Gate
y-ray in gate

(ke V) Nucleus
Reaction
products

Coincident y rays
(keV)

105.92(10)+ 106.85 (15)
151.24(10)
168.39(10)
246.53 (V)

389.71(15)
440.83(20)
460.27(10)
484.50(40)
545.48(15)
551.08 (10)
5v2. oo(3o)
585.12 (9)
669.87 (8)
6V6.95(2O)
VO8. 46(15)
850.43 (10)

1O43.55(5O)
1122.99(50)
1293.64 (4)
134O.9O(2O)
1389.21(25)
1468.15(15)
1500.09(25)
1512.78 (15)

1607.24(40) + 1612.15(20)
1642.64(3O)
1677.22 (20)
1991.15(3O)
216V.53 (5)
2651.02 (25)
3200.85 (2 0)
3369.24(22)

38Ar. 42K

42K

4'ca
41K

5Mg
42K

"ca
39cl
4'Ca
"Ar
42K

"Mg
Ar

42K

41K

4'K
42K
4i K
4'K
38Ar

4'ca
4'K
4'K
4'K

4'Ca 4'K

. 41K

"s
"Ar
"Ar
4'Ca
4'Ca

26(M~ 8,p
s~ p
3s

2n, p
Transfer

p, (x

3n

151, 441, 572, 670, 677, 776, 1643, 1823, 2168
107, 441, 572, 677, (992), 1044, 1612
460, 545, 1389, 1607, 3201
708, 850, 1123, 1500, 1677
585
107, 151, 572, 677, (992), 1044, 1612
168, 1389, 1607, 3201, 3369
410
168, 3201
992, 1341, 2651
107, 151, 441, 677, 1044, 1612
390
106, 1643, 1823, 2168
107, 151, 441, 572, (992), 1044, 1612
247, 850, 1294, 1468, 1500, 1513, 1677
247, 708, 1123, 1500, 1677
(107), 151, (441), 572, 677
247, 850, 1677
708, 1468, 1513
551, 992, 2651
168, 460, 1607, 3201
708, 1293, 1513
247, 708, 850, 1677
708, 1293, 1468
107, 151, 169, 441, 460, 572, 677, 1389
106, 670, 775, 1823, 2168
247, 708, 850, 1123, 1500
Nothing apparent
106, 670, 775, 1643, 1823
551, (992), 1341
168, 460, 545, 1389, 1607
460, 545, 1389, (1607)

time measurements. Transition strengths are giv-
en in the conventional' Weisskopf units (%.u. ).

The y-ray decay of the three levels below 700-
keV excitation (see Fig. 1) have been previously
well established' and thus provide a basis for in-
terpreting the y-y coincidence data of Table I. The
placement of the 677- and 572-keV transitions in
the level scheme of Fig. 1 is unambiguous. The
1612- and 1044-keV y rays were observed only in
the "Mg("O, np) 'K coincidence data and because
of intensity limitations it was not possible to de-
termine whether or not they were in coincidence
with each other. The 1612-keV y ray was the more
intense, hence the ordering we have indicated.

The 572- and 1612-keV y rays were unresolved
from y rays of nearly identical energies. In de-
tail, we have observed unambiguous evidence from
the y-y coincidence data for a 4'Ca y ray of 572.64
+0.20 keV and an Ar y ray of 572.20+0.50 keV,
both of which are evident jn the '0+ 7Al and F
+"Mg data. We expect, contributions to the 572-keV

peak from '"Ar and 'Ca to be smallest in the "0
+"Mg reaction, since these nuclei are formed
through decay of the compound nucleus "Ca by
single neutron and single n-particle emission, re-
spectively, and these cross sections are relatively
very weak. This is borne out by the y-y coinci-
dence data in which no "Ca and only very weak
'Ar y rays are seen in coincidence with the 572-

keV peak observed in the 0+ Mg reaction.
In all three reactions studied, the 'K y ray of

1611.97+0.30 keV is obscured by the y ray at
1611.24y0. 09 keV' resulting from the decay of the
first-excited state of "-Ar and from a contaminant

y ray at 1611.50 + 0.50 keV from the "Mg 1612-0
transition following formation via reactions in-
duced on "C and "0 contaminants. Thus, for both
the 572- and 1612-keV y rays of 4'K the relative
intensities can be only very roughly estimated
from the coincidence data and excitation functions.

We note in passing that the Ar 572-keV y ray
was observed in coincidence with the well known'
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4'-2+-0' cascade y rays in Ar of energies
1431.66+ 0.20 and 1460.90+ 0.20 keV, respectively.
These data therefore indicate a new level in "Ar
at 3464.80+0.54 keV, based on a value of 2892.60
+0.20 keV for the excitation energy of the 4+ lev-
el. ' [Note added in Proof: Flynn, Hansen, Casten,
Garrett, and Ajzenberg-Selove"" recently report-
ed a probable 6' "Ar level at an excitation energy
of 3468+ 5 keV observed via the "Ar(t. , P)"Ar re-
action. ] Likewise, the "Ca 572-keV y ray corre-
sponds to the y decay of a previously unobserved
level at 3943.82+ 0.45 keV which decays to the lev-
el reported at 3372 keV, ' which we place at 3371.20
z 0.40 keV. From RDM measurements utilizing
"F+"Al we find the 'Ca 3944-keV level has a
mean life less than 5 psec.

Because of the experimental difficulties men-
tioned above, no lifetime information was obtained
from the 1044- and 1612-keV y rays and only a

limit was obtained from the 572-keV y ray. The
intensity of the 572-keV y ray decayed with plunger
displacement with an apparent mean life of 750
+200 psec. Since the "Ca 572-keV y ray will decay
with 7. &5 psec, the 750-psec mean life is due to
the "K or "Ar y rays or a combination of both;
hence the limit. The RDM measurement on the
677-keV y ray was straightforward. The uncer-
tainty includes the uncertainty generated by feeding
from a level of ill-determined lifetime. In "O
+"Al the 699-keV leve~. is fed almost entirely by
cascade from the 1376-keV level. Thus, the effect
of its meanlife was largely obscured and only a
limit could be obtained. The 151-keV y ray (see
Fig. 5) had an RDM decay curve characteristic of
two components —delayed cascade via the 1100-
psec 1376-keV level and relatively prompt feeding
via the 699-keV level and directly from the reac-
tion. The least-squares fit also indicated a long-
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FIG. 1. Decay scheme for high-spin states in 42K. The
level energies, which are in keV with the uncertainties
in parentheses, are from the present p-ray energy mea-
surements (Ref. 3) and include the y-ray recoil correc-
tion. The spin-parity assignments for the states below
700 keV are from Ref. 7; the others are discussed in
the text. The two possible placements of the 1044-keV
p ray are shown. All observed 42K y rays are shown.

FIG. 2. Decay scheme for high-spin states in ~Ca.
The spin-parity assignments for levels below 5 MeV are
from Ref. 7; the others are discussed in the text. The
relative intensities for feeding the various levels in the

Al( Q, 2nP) Ca reaction at 40 MeV are given on the
right. The I(P~) refer to the unknown feeding intensities
from K(P ) and 4 Sc~(P+) decays (see Ref. 7). Level and
y-ray energies are in keV. Branching ratios and accu-
rate excitation energies are given in Table IV.
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FIG. 3. Typical coincidence spectra from 0+ 6Mg at 36 MeV. These data establish the existence of four new transi-
tions in 2K.
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lived component which we ascribe to the decay of
the 'Sc 151.7-keV first-excited state' formed via
the "Al("0, 2n)4'Sc reaction.

y-ray angular distribution and polarization measurements

For highly aligned states as are produced in
fusion-evaporation reactions, the angular distri-
bution and linear polarization data exhibit a con-
venient signature for stretched quadrupole or di-
pole transitions, i.e., for transitions J,.-Jf with

Jf =J,. + L. A satisfactory treatment of the general
problem is given by Yamazaki, in which the ini-
tial alignment is parametrized in terms of a
Gaussian distribution of substates centered at

8 I

300 340 300 340 300 340 300 340 300 340
CHANNEL NUMBER

FIG. 5. RDM results at five different target-plunger
displacements (183 to 3 x 104 pm). The 136- and 140-keV
y rays are from ~ Ta and Ge, respectively (Ref. 3),
while the 145- and 151-keV p rays are from 42Ca and
42K, respectively (see Figs. 1 and 2). The positions of
the six observed peaks are indicated below the spectra.
The fiducial marks for the stopped (Ip) and shifted (I,)

peaks of the 145- and 151-keV lines are connected by
broad horizontal lines. To first order the ratio
lp/(lp + I& ) decays exponentially with the plunger-target
distance as exp(—D/vv), where v is the recoil velocity
and ~ the meanlife of the decaying level.

m ~=0, with a width which in the present work is
given by c- (0.4+0.2)J. The observed experimen-
tal angular distributions are simply related to those
expected for full alignment by attenuation coeffi-
cients n, and o.4, which describe the attenuation of
the a, and a4 coefficients of the Legendre polynomi-
al fit. As indicated previously, the linear polari-
zation p(ML) for a stretched transition of multi-
polarity ML is readily calculated from the coeffi-
cients a, and a4.

For both "K and "Ca the experimental angular
distributions agree with those expected for the
spins indicated in Figs. 1 and 2, if we assume a
smooth variation of o within the range 0.2 - &/Z
&0.6, with the smaller value appropriate for the
highest-lying excited state. Kith this variation we

have the following expectations, which appear con-
sistent with experiment: For pure dipole transi-
tions, -0.2~a, ~ -0.3, with g, —= 0, which leads to
a prediction' for Ml radiation P (M1) —(0.33
+0.06). For pure quadrupole transitions, +0.2
& a, & 0.4, and -0.05~ a4~ -0.15, with a predicted
polarization for E2 radiation P(E2) + (0.48+0.18).
The predicted polarization for parity-changing E1
and M2 radiations are of the same magnitude but
opposite sign. 4

As discussed previously, ""the predictions in-
dicated above are "model dependent" in the sense
that the calculations assume a significant align-
ment for the initial state. However, for cases
where it is known that the transition is pure dipole
or quadrupole (or alternately, p, , Jz, and the mix-
ing ratio are known), the polarization may be de-
termined exactly from the experimental a, and a,
coefficients.

With these general considerations in mind, we
now turn to an examination of the pertinent data
for 4'K which is summarized in Table III. The an-
gular distributions obtained' for the 151-, 441-,
572-, and 677-keV transitions are all in agreement

TABLE II. Summary of results for K.

E;
(ke V) (keV) (keV)

7m

(psec) Multipolarity Dipole

Transition strength
(W.u. )

Quadrupole

106.85
258.09
698.92

1375.88
1947.88

0
106.85
258.09
698.92

1375.88

107
151
441
677
572

370+ 160
170+ 40
(20

1100+300
~750+ 200

M1

M1
El
Ml

0.07
0.05

&0.02
3x 10-6

«2.2 x 10

18x 10'
7x 10~

&276
23
~2

3

7 (Weisskopf)/7 (experimental), where 7 (Weisskopf) is given by D. H. Wilkinson (Ref. 8). The uncertainties on
the transition strength derive from those on the 7'~. The strengths for quadrupole radiation are for pure quadrupole
radiation with the mean life and parity change indicated.

These multipolarities follow from the odd parity assigned to the initial and final states (Ref. 7) and from the transi-
tion strengths.
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with those expected for J+1-J dipole transitions.
Linear polarizations of the 441-, 572-, and 677-
keV transitions were measured for both "0+"Mg
and "0+"Al. The two sets of data are in good
agreement and are consistent with pure dipole ra-
diation with the multipolarity listed in Table II.
With reference to the x'0+ "Mg results of Table
III, the measured linear polarizations clearly in-
dicate M1 character for the 441- and 572-keV tran-
sitions. The data on the 677-keV transition are
considered not definitive, and we have included the
results from the "0+"Al measurements, which
indicate clearly that the transition is E1, i.e.,
parity changing.

For both the 441- and 572-keV transitions, the
lifetime limits restrict any possible M2 contribu-
tions sufficiently that the linear polarization mea-
surements can be used to rule out a parity charge.
For the 677-keV transition the data do not rule out an
M1, E2 mixture, but essentially pure E1 radiation
gives good agreement with the angular distribution
and linear polarization measurements and is con-
sidered most probable.

The most probable spin-parity assignments of
6' and 7' for the 1376- and 1948-keV levels (see
Fig. 1) follow from the multipolarities listed in
Table II and the argument that the fusion evapora-
tion reaction strongly selects yrast levels. ' ' Ad-
ditional evidence for these assignments comes
from the «"Ar(o. , d )4'K results of Kouzes and Sherr"
who assigned 7' to a 1950-keV level observed in
this reaction.

B. Results for Ca

Whereas the levels below O'-MeV excitation (see
Fig. 2) have been observed in a number of light-
ion reactions, ' the higher-lying levels have been
observed only in heavy-ion fusion-evaporation re-
actions. The states which we observe from the re-
actions cited in this report have also been seen in
the "Si("0,2p)~Ca reaction by WQst et al "and.
independently by Kim, Robinson, and Milner. "
The y-ray angular distribution, ' linear polariza-
tion, and lifetime results are summarized in Ta-
bles IV and V. When coupled with the arguments
for selective feeding of yrast levels, these data
lead to the proposed spin-parity assignments in-
dicated in Fig. 2 and Table IV.

The lifetime measurements for the three highest-
lying levels were straightforward. Typical data
illustrating the 145-keV 6554- 6409 transition is
shown in Fig. 5. For the lower-lying levels our
results were in some cases ambiguous, because of
complicated cascade feeding, but they are in gen-
eral consistent with the RDM measurements of
Wiist et al. ' The mean lives which we have deter-
mined are summarized and compared to other

TABLE III. K y-ray data from 6Mg{ 0, nP) K at
E(180) 40 Me V.

8

(keV)
Relative
intens ity

Angular
distribution

a2 a4
(%) (%)

Linear
polarization

Exp. d Pre

572.00(30)
676.95 (20)

440.83 (20)
151.24(10)

2912
2757

4091
6504

-44(4) 0
-37(4) 0
-16(4) ~ 0 '
-16(3) 0
-19(4) 0

-36(10) -47(6)
8(11) -46(6)

28 (13) -22 (7)
-44(12) -22 (5)

~y-ray energies are from Ref. 3.
Intensities corrected for detector efficiency.
Reference 3. The Legendre polynomial coefficients

are in percent, with ao ——1.
Experimental polarization in percent, from Ref. 4.

e Predicted polarization in percent, from Ref. 4. The
polarization is calculated from the experimental angular
distribution assuming pure 1VI1 or E2 radiation. The op-
posite sign would obtain for pure El or M2 radiation.
The prediction is not valid for mixed transitions or for
pure multipoles with I. &2.

Results from Al( 0, 2Pn) K at E( O)=40 MeV.

measurements in Table IV. The mean life for the
2752-keV level has been reported previously. "

The arguments leading to the suggested spin-
parity assignments of Fig. 2 are not based solely
on the data of Tables IV and V, but rely heavily
on the argument that the heavy-ion reaction should
populate most strongly the yrast levels; i.e., the
levels populated correspond to the lowest-lying
levels of a given spin and parity. With this argu-
ment the weak population of the 6145-keV level
(J' = 7) can be explained in a plausible manner, in
that the major feeding takes place to a lower-ly-
ing level of J=7. In the following discussion, we
shall not belabor this point. Rather, we shall ex-
amine the extent to which the various data are in
agreement with, and thus support, the level scheme
we have proposed in Fig. 2.

Even-parity levels E„&3.3 Ne V

The spin-parity assignments and decay schemes
indicated in Fig. 2 are well established from re-
ports cited previously. ' The results which we re-
port here provide confirmation for these conclu-
sions: more important, they allow us to assess the
quality of the data presented in Table V, which are
of interest to the discussion of higher-lying levels
of 4'Ca. The angular distributions measured for
the 437-, 1228-, and 1525-keV y rays, corre-
sponding to the 6' -4' - 2' - 0' cascade transitions,
are individually characteristic of stretched quadru-
pole transitions from highly aligned states (a, 0.23
and a4 —0.12). As can be seen from Table V, the
measured polarizations are in excellent accord
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TABLE V. Ca y-ray data from VA1( O, 2+P)"Ca at
E( 0) =40 MeV.

E
(keV)

Relative"
intensity

Angular
distribution ~

a2 a4
(4) ( 4)

Linear
polarization
xp d P

929.10(25)
814.VS(15)
809.88 (12)
263.V4(15)
917.87 (12)

3219.29(60)
2955.60 (30}
1644.54{20)
2544.vo(25)
2301.68 (25)

910.45 (15)
1347.24(20)
382.24(10)

1921.77(80)
437.04 (8)

1227.66 (8)
898.99(20)

1524.58 (8)

6920
19488
32 253

4674
24 057

4484
4800

22 202
17 355
32 345
19185
10 192

2802
2191

118368
176 595

4986
222 453

-25 (7)
-3O (6)

30 (3)
-18 (2)

31 (5)
v2 (5)

-30 (8)
26 (2)

-26(16}
32 (3)

-2o (2)
-23 (2}
-42(12)
-55(14)

23 (2)
23 (1}
13(10}
22 (1)

0
-2 (4)

-19 (3)
-14 (3)
-lv (5}

0
0

-1V (3}
0

-lo (4)
-7 (3)

0
0
0

-15 (2)
-ll (1)

ll(15)
-1O (1)

-6V(2V)
-41 (9)

3V (8}
~ ~ ~

41(12)

~ ~ ~

25(29)
-17(30}
-3o(25)

19 (9)
5(25)

-s2(ls)
~ 0 ~

32 (5}
29 (6)

~ ~ ~

37 (9)

-33(1O)
-40 (9)

42 (8)
~ ~ ~

45(13)

~ ~ ~

35 (6)
-34(2O)

52 (8)
-32 (5)
-42 (5}
-52(14)

~ ~ ~

3O (6)
32 (4}

~ ~ ~

3& (4}

Only those Ca transitions for which angular distribu-
tion and/or linear polarization results were obtained are
listed. Energies are from Ref. 3.

Intensities corrected for detector efficiency. The
estimated accuracy of the relative yields for two intense
lines varies with their energy separation from allo to
-15'. For weak lines, the uncertainty may be as much
as 5O%.' Reference 3. The Legendre polynomial coefficients
are in percent, with ap=—1.

" Experimental polarization in percent, from Ref. 4.
~ Predicted polarization in percent, from Ref. 4. The

polarization is calculated from the experimental angular
distribution assuming pure 1Vll or E2 radiation. The
opposite sign would obtain for pure El or M2 radiation.
The prediction is not valid for mixed transitions or for
pure multipoles with L &2.

with those expected for pure quadrupole radiation,
and the sign of the polarization designates the
character unambiguously as E2.

The J"=2' state at 2424 keV, which is known to
decay to the ground and 1525-keV states, was
formed only weakly relative to the adjacent even
parity states. The ground state transition was not
resolved in singles measurements, but the ob-
servation of the 899-keV y ray serves to fix the ex-
citation energy of the 2424-keV level relative to
the 1525-keV level to which it decays (see Table
IV). Similarly, the 502-keV y ray corresponding
to the 3254-2752 transition has been used to fix
the energy of the 3254 keV state. This 4' level
has been omitted, for reasons of clarity, from
Fig. 2 since it is not involved in the decay of high-
er-lying states of interest here.

Levels at 3446, 3954, and 4200 keV

The 3 state at 3446 keV is known' to branch to
the lower-lying 2' and 4' states. The decays to
the two 2' states were observed in the y-y coin-
cidence data but the 694-keV transition was not,
presumably because of the small branching ratio
(4%%uo)

' and the relatively weak population of the
state. Only the 1922-keV y ray was clearly re-
solved in singles; the measured angular distribu-
tion is in accord with that expected for a stretched
dipole transition.

The 5 level at 4100 keV decays to the lower-ly-
ing 4' and 6' states. The angular distributions for
both the 910-keV (5 -6') transition and the 1347-
keV (5 -4') transition are in good accord with

pure dipole radiation. The polarization measure-
ments on the 910-keV y ray define E1 character
for this transition, in agreement with an odd-parity

assignment for the 4100-keV level. The polariza-
tion data on the 1347-keV transition involve much
larger errors, and are considered not definitive.

An odd-parity level has been reported from light-
ion studies (as summarized in Ref. 7) at 3949+7
keV, with a most probable spin J=4. The state is
known' to decay predominantly (&60%%uz) to the 3446
(g" = 3 ) state, and thus we associate the state
with the level we observe at 3953.7+ l. 2 keV (see
Table IV). The 507.3+0.9 keV y ray, resulting
from the decay of this level to the 3446-keV (3 )
level, was observed only in coincidence with the
decay y rays from the 3446 keV level. It could
not be seen in singles measurements due to much

stronger 502- and 511-keV y rays. The observa-
tion of the 3954-keV level in the "0+"Al reaction
lends support to the J = 4 assignment, on the
grounds that the transition is most likely dipole
from a level of J&3.

Levels with E„)5 jlfeV

5491-ke V level. The angular distribution of the
2302-keV y ray has a positive a, coefficient, in
agreement with a J--J dipole transition corre-
sponding to the spin sequence 6 -6' which we
have suggested (Fig. 2) as based on all the avail-
able information. The linear polarization defines
the character as E1, if pure dipole, strongly sup-
porting an odd-parity assignment for the initial
level.

5744-ke V level. The 1645-keV transition to the
4100-keV (5 ) level exhibits the strong angular dis-
tribution and polarization effects characteristic of
stretched E2 radiation, in agreement with our sug-
gestion of J = 7 for the 5744-keV level. The an-
gular distribution measured for the 2555-keV
transition (with a, = -26%%u&) agrees well with pure
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dipole radiation. In this case the transition must
be Ei, but the linear polarization results are not
definitive because of larger experimental errors.

6145-keV level, Little information could be ob-
tained on this level. The angular distribution of
the 2955-keV decay to the 3189-keV 6' level is
consistent with the suggested 7 assignment.

6409-ke V level. In this case the most useful in-
formation is contained in the 918-keV y ray leading
to the 5491 (6 ) state. The measured angular dis-
tribution and polarization characterize unambigu-
ously a stretched E2 transition, consistent with
the suggested 8 assignment for the initial state.
The angular distribution measured for the 264-
keV transition to the 6145-keV level does not cor-
respond to that expected for a pure dipole transi-
tion, thus suggesting a possible mixing in this
transition. This is in accord with the suggested
7& ~ assignment for the 6145-keV level, since the
mixing in this case would be E2/M1.

Finally, the 3219-keV transition to the 3189-keV
6' level exhibits the large a, coefficient and small
a, coefficient which characterize a mixed E3/M2
transition. The measured distribution can be fitted
for a mixing ratio x =+(0.3+0.1), where we have
assumed a Gaussian spreading of substates char-
acterized by o'=0.25 J, which was deduced pri-
marily from similar fits to data on the stretched
quadrupole and dipole transitions evident in Table
V.

6554-bet/' level. The data on the 810-keV transi-
tion to the 5744-keV (7 ) level are in excellent
agreement with that expected for a stretched E2
cascade, leading to a suggested assignment
g" =9 for the 6554-keV level. No angular distri-
bution information was obtained for the low-ener-
gy 145-keV transition.

F369- and 8298-ke V levels. For both these lev-
els, the deexcitation y rays exhibit angular dis-
tributions characteristic of stretched dipole radia-
tion (large negative a, coefficients), together with
linear polarizations characteristic of M 1 radia-
tion. The data are therefore in good accord with
the 10 and 11 spin-parity assignments we have
suggested in Fig. 2.

m. DISCVSSION

It is expected that the high-spin states observed
in the present work on A. =42 belong predominant-
ly to (d, ~, ) "(f„y,)""configurations. The odd-
parity states of both "K and ~ Ca would then be

(d„,) '(f, &,)', while the lowest-lying even-parity
states would be (d, ~, ) '(f, ~, )' in K and (f, y, )' in
"Ca. The "K odd-parity levels are seen to arise
simply from [d, ~, (v) ' f, ~, (v)] ~ [f, ~,(v)']„, which
generates the observed 2, 3, 4, 5 sequence.
The similarity to the d, ~, (v) 'f, ~, (v) levels' of "K
is easily apparent.

The observed 0', 2'„4', 6' sequence of states
in "Ca exhausts the levels which can be formed
from the (f,&,

)' configuration. The odd parity
levels can be enumerated by the coupling of

(d, &,) 'f, &, (which generates the 2, 3, 4, 5

odd-parity spectrum seen for example in 4'K) to
the even-parity states of (f,&,)' as described
above. The resultant [(d,&,) 'f, &,][(f, &,)'] con-
figuration gives rise to states 1 & J & 11, with
multiple states for each J& 11. For example, the
3, 4, 5 states of Fig. 2 presumably arise
from [(d,&, ) 'f, &,]z, t3[(f,~2)'],+, the Z' = 2 state
has apparently been missed. The 6 and 7 states
then correspond to the two highest spin states
formed from [(d», ) 'f, &,jz, S (f,~,),+,' the lower
spin states are not yrast states and are thus not
fed significantly in the heavy ion reaction. Simi-
lar couplings to [(f,~2)']~+ and [(f,&,)'],+ generate
the remaining 8, 9, and 10, 11 grouping of
yrast states, respectively, although the 9 state
could also be obtained from the [(f,&,)'],+ cou-
pling. While admittedly crude, this picture gives
a reasonable projection for the spin sequence and
level spacing observed in "Ca. In particular, the
relatively large separation of the 5 and 6 states
is seen to correspond very closely to that of the 0'
and 2' states on which they are respectively based.

Additional data supporting the suggested config-
urations is evident from the transition strengths
which have been determined for 'K and 'Ca. For
example, Ei transitions are forbidden between
(d, ~, ) "(f,~,)""states, since the (d, ~, (El ( f, ~,)
matrix element is identically zero. Thus the mod-
el space proposed gives a ready explanation for
the smallness of the E1 transitions listed in Ta-
bles II and IV.

In summary, the net evidence on both "K and
~'Ca appears consistent with the description we
have proposed. Further discussion should await
shell model calculations within (d, ~, ) "(f,~,)"",
or perhaps within an even more extensive config-
urational space.
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