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Shell-1T1odel predictions for 4~ 42C1(P )4~ 42Ar and the A =41—43 Ar isotopes
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Shell-model calculations in the model space of the (Od, 1s) and (Of, lp) major shells are made
for the 2 and — states of Cl, the odd-parity states of Ar, and the even-parity states of Ar.
Calculations for Cl, the even-parity states of ' Ar, and the odd-parity states of Ar were performed
with various degrees of truncation. The results for the Cl ground state indicate J" = — with a
binding energy of —345183 keV in excellent agreement with the experimental value of —345020 +
150 keV. The predicted binding energies of Ar are also in good agreement with experiment.
The wave functions for the A = 41 and 42 nuclei are used to calculate first-forbidden P -decay rates.
The 2 and 2 states of Ar are considered in a truncated model space and the results are used to
estimate the allowed P -decays rates of Cl. Spectroscopic factors and electromagnetic transition
rates are calculated for Ar and compared to experiment. Ar is predicted to have a — ground
state.

I. ImTRODUCTIOX

Preliminary experimental results for the P decay of
the A =41—43 Cl isotopes were reported in 1981 (Ref. [1]).
These results indicate quite complex decays which can-
not easily be understood or even well established without
ancillary information. Since these results may be supple-
mented and/or modified in the near future [2, 3] it was
felt desirable to publish the present shell-model results
so that they would be available to aid in the interpreta-
tion of this anticipated data. Data on the A =41—43 Ar
isotopes from heavy-ion fusion-evaporation studies can
also be anticipated in the near future [4] and so there is
also an incentive to make available shell-model predic-
tions pertinent to those studies.

The shell-model calculations reported herein are a con-
tinuation of an ongoing investigation [5] into the struc-
ture of neutron-rich A 40 nuclei using shell-model in-
teractions designed to describe nuclear levels for which
the nucleons occupy the seven subshells of the (sd) and

(fp) major shells. Hamiltonian diagonalization is car-
ried out in the (1s, Od) "(Of, lp)" model space for
a single value of n This s.pace is designated as the nfp
model space. The calculations were done with the com-
puter code OXBASH (Ref. [6]). The nuclei under consid-
eration here have N =23—25, i.e. , the calculations are in
the 3fp through 5fp model spaces with two or three pro-
ton holes in the (1s, Od) shell. The J dimension D(J)
of these model spaces is quite large and in some cases
truncation of the sdpf model space is necessary. In or-
der to provide estimates of the relative binding energies
of 1h~ and 2hu excitations of the nfp configurations,
calculations were also made in a (ds(zf7iz) model
space using the Hsieh-Mooy-Wildenthal (HMW) interac-
tion [7] with all possible excitations from the ds~2 to the
f7g2 orbit. The calculations in the dsi2 f7i2 model spaces
revealed that the 1h~ and 2h~ excitations of the lowest-
lying configurations of these Cl and Ar isotopes are over-
whelmingly neutron excitations. This follows the trend

found for lighter Sd-shell nuclei in a study of the mass
anomaly centered at A. —32. (Ref. [8]). In that study a
weak-coupling model of neutron mp-mh (m-particle —m-
hole) excitations was used to predict the binding energies
of such rnhcu excitations. This weak-coupling model is
used to estimate the energies of the lowest-lying states of
the 1hu and 2h~ configurations of the nuclei considered
here.

II. RESULTS

A. The Cl caleulatioa

For Cl the low-lying levels are expected to arise
from the 4fp model space, i.e. , three proton holes in
the (ls, Od) shell and four neutrons in the (Of, 1p) shell.
The J dimensions D(J) for this model space are D(2) =
5884, D(z) = 10830. Diagonalization of these is possi-
ble with the computer resources available for this study.
For J =

z
—

2 diagonalization is not possible, e.g. ,

D(2) = 14181. The sdpf calculation for J =
2 and

was done with the Warburton-Becker-Miliener-Brown
(WBMB) interaction [9, 5]. The HMW, WBMB, and
weak-coupling (WC) predictions for excitation energies
are collected in Fig. 1. It is seen that a clear predic-
tion of J =

2 is made for the Cl ground state. The
%8MB calculation gives a binding energy of —345183
keV as compared to the experimental value from Q(P )
of —345020 + 150 keV (Refs. [10] and [11]). Thus the
good agreement of WBMB binding energy predictions
for the Cl isotopes [8] is extended by one more neutron
number.

The WBMB wave functions are quite complex. The
state is 45% vrdz&zvf7&2 with no other component

)10%%uo. The &z state is only 12% 7rdsi2vf7i2 while the

state is 58% xd&~&sig2v f7i& and 12% xd&&2v f7&2 with
no other component ) 6'%%uo. It is difIicult to make a com-
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WMB 3fp energy spectrum of 4iAr are listed in Ta-
ble I. The predicted binding energy of the Ar ground,
—349 905 keV, is in excellent agreement with the experi-
mental value [11]of —349911 keV.

2. 8fp spectroscopic factors

The principal known experimental data on the spec-
troscopy of ~iAr consists of 4 Ar(d, p) Ar spectroscopic
factors [14, 15] JS+ (J = 2J + 1) and level lifetimes [16].
Thermal neutron capture provides some information on
p-ray branching ratios and the relative cross sections for
primary capture [16] correlate nicely with the JS+ val-
ues from the (d, p) reaction. The WMB predictions for
the JS+ are compared to the experimental l„= 1 val-
ues in Fig. 2. The %MB data of Fig. 2 includes all

the 2 and 2 levels predicted below E = 4.7 MeV
and all the experimental information on /„= 1 transfer.
Accepting the indicated correspondence between experi-
mental and model states, the agreement for the JS+ is
respectable. Some discrepancies can be noted, e.g. , the
sharing of stripping strength for the

&
and 23 states

and the zz and zs states (it is probable that the 3010-
keV state is the 2 state).

17 24

FIG. 1. Predicted energy spectrum of Cl. Each level is
la,beled by 2J . For the WBMB mo del, only J =

2 and 2
states were calculated. Weak-coupling (WC) predictions for
the lowest states of the 1hu 5fp and 2hur 6fp configurations
are also indicated.

TABLE I. The WMB 3fp spectrum of 'Ar. The index
k orders the states of a given J in energy. All states are
included up to the 2 state after which only k = 1 and 2
states are included. The E entry for the ground state is the
predicted binding energy.

parison of the %8MB and HMW results since the latter
is confined to the ds~2 f7~~ subshells but includes mp-mh
excitations within that space, i.e. , the HMW model space
is ds(q f7(+2 with m = 0, 2, 4.

B. The Ar calculation

The 3fp energy spectrum

The low-lying odd- and even-parity states of Ar are
expected to be predominantly 3fp and 4fp states, re-
spectively. Calculation of the ~ Ar 3fp spectrum in the
WBMB model space is routine with a maximum D(J)
of 1398 for J =

2 . The calculated binding energy is
in good agreement with experiment [8]; but the WBMB
energy spectrum shows serious deficiencies [9]. It was
suspected that the trouble lay in the fp part of the
interaction. Accordingly, that part of the interaction
was replaced with the new fp interaction FPD6 (Refs.
[12] and [13]). The resulting composite sdpf interac-
tion —termed WMB —gives significantly better agree-
ment with the Ar energy spectrum. Results for the

E (keV)

—349 905
178
557

1 156
1 760
1 816
2 201
2 231
2 235
2 610
2 620
2 790
2 864
2 985
3 044
3 233
3 244
3 270
3 282
3 300

7
2
5
2
3
2
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2
11
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2
1
2
5
2
7
2
7
2
9
2
3
2
5
2
1
2
3
2
11
2
5
2
9
2
15
2
7
2

k E (keV)

3 306
3 488
3 601
3 625
3 779
3 787
4 205
4 324
4 724
5 798
6 457
7 291
7 809
10 618
11 644
12 242
14 833
17448
24 855

1
2
7
2
3
2
9
2
5
2
7
2
13
2
13
2
15
2
17
2
19
2
17
2
19
2
21
2
21
2

23
2

23
2

25
2
25
2
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8. Intruder states

Inspection of Fig. 2 reveals at least two more 2
states below 4.7-MeV excitation than are predicted in the
WMB 3fp spectrum. This raises two questions. What
is the J" and configuration of the 1635-keV level'? VVhat
are the predictions for the 1h~ and 26~ intruder states'
As regards the 1635-keV level, Sen et al. [15] gave it a
definite

&
assignment. As indicated in Fig. 2, we feel

some doubt should attach to this assignment. First, the
(d, p) cross section leading to it is weak —as weak as to
the 167-keV level to which Sen et al. gave an erroneous

assignment —and, second, the most forward angle

datum point in the angular distribution is in poor agree-
ment with an l„= 1 stripping pattern. As indicated in
Fig. 2, both the weak-coupling and HMW predictions are
that the 2~ states should commence somewhat above 2
MeV. The HMW prediction is that the lowest 2h~ state
has J =

&
. The weak-coupling prediction is that it

has the J of 4sAr (based on the present shell-model pre-

dictions, 43Ar most probably has J =
2 with 2 also

possible). For these reasons, it is theoretically difficult to
accommodate another 2 state at 1635 keV. Since the
Ihu states commence at 1035 keV, there are even-parity

possibilities for a 1635-keV level, there are also the 2

and ii possibilities (see Table I).

4270
3968
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516 Q 33 3 557 0.33 3 1

Xtectrontagneti c transitions
between the lorn-lying states

Predictions for the decay of four 3fp 4i Ar states
are compared to experiment in Table II. The policy is
to compare the most fundamental parameter possible.
This is hampered by the lack of information on E2/Ml
mixing ratios. The agreement is generally good. The
worst agreements involve the 22 state. Note that the
JS+ value for this state is predicted to be considerably
larger than the experimental value. It seems likely that
the difficulty involves mixing with 5fp intruder states.

167 5
0 3.8 7

EXPERIMENT

178 0.1 5
0 5.3 7 I

WMB (3 fp)

T1regfp 2 , and -+ states

41
)8Ar23

FIG. 2. Comparison of shell-model predictions to experi-
ment for Ar. The main emphasis is on / = 1 JS+ values.
In addition to JS+, 2J is shown for experiment and 2J"k
for the &MB predictions, where k orders J states by energy.
The excitation energy (in keV) is shown for most experimental
states and some &MB predictions. The experimental values
under the label JS+ are from Ref. [15]. In addition, four
further JS+ are given to the left under the I„= 1 label.
These are from Ref. [14] but are scaled relative to the JS+ of
Ref. [15]for the 1354-keV level. For experiment, all definitely
known states compiled by Endt (Ref. [16]) with E ( 2 MeV
are shown, while for E & 2 MeV, only states observed to
have /„= 1 stripping patterns are included. All WMB 3fp

and 2 states below E = 4.7 MeV are shown. Predicted
energies for the lowest state of the lhasa and 2hur 4 fp and 5fp
configurations are given on the far left and are labeled as WC
(weak coupling) or HMW (see text). In addition to the I„=
1 strength, Kashy et al. (Ref. [14]) observed a state at 3393
keV with an /„= 3 JS~+ value of ~ 0.23. The only apprecia-
ble l„= 3 strength predicted below 4.7 MeV is to the ground
state and to the k = 4 and 5 — states at 3300 keV (JS+
= 0.24) and 3489 keV (JS+, = 0.20). An association of the
3393-keV level as the — 3fp state seems plausible.

The 4fp 2+ and &+ states have D(J) values of 39927
and 73821, respectively. Thus a truncation of the sdpf
model space is necessary in arder to estimate the allowed

P -decay rates of 4iC1. In OXBASH, truncation can be
accomplished by selection af partitions; a partition be-
ing a specific occupancy of the subshells included in the
interaction. The method of truncation used is that des-
ignated SPET by Brussaard and Glaudemans [18]. With
the single-particle energy associated with the subshell j
designated as e(J), the zeroth-order partition energy for
the kth partition was defined as

E(k) = () ~(j)) —() ~U)), (1)

where the koth partition is the one with the lawest value
of f(k) and the sums run over all active nucleons—
25 in this case. Each partition also has a J dimen-
sion, D&(J). The partitions were ordered by F(k) and
a cutoA' was imposed at the value of 0, k„ for which

i Dt, ( )was near the-largest possible for the avail-
able disk space. This included 77 of the 337 partitions of
the full 4fp model space and gave Q& i Dt. (I) = 9808.
For the 77th partition the energy S(k) is 15.5 MeV. The
calculation was performed with the &MB interaction.
For clarity, the notation WMB(t) is used for truncated



SHELL-MODEL PREDICTIONS FOR ' Cl(P ) ' 2Ar. . . 271

TABLE II. Comparison of experimental and predicted (WMB) 7 decays connecting the low-lying odd-parity (3fp) states
of Ar. The B(E2) and B(Ml) are in Weisskopf units (W.u. ), meanlifes are in ps, and branching ratios (B) are in percent.

rz is the partial meanlife for the listed branch. The phase convention is that of Rose and Brink (Ref. [17]). Powers of 10 are
given in square brackets and uncertainties in parentheses. The experimental information is from Ref. [16]. The E2 observables

in the columns labeled (a) and (b) are calculated with e„, e„= 1.29, 0.49, and 1.35, 0.35, respectively. The Ml observables

in column (a) use the effective g factors described in the text, while those in column (b) are calculated with the free-nucleon g
factors. The results in column (a) are preferred.

Initial state
E; (keV) Jg

167 21 0 7
21

Final state
Ey (keV) Jz

E~
(keV)

167

(ps)

sos(4s)

(%)
100

Quantity

B(M1)
B(E2)

Measured
value

11.2(8)[—3] i2.s[—3]
8.67

28.1[—3]
6.84

Predicted values

(a) (b)

516 3
21

7
21
5
21

516
349

475(30) v8(3)
22(3)

B(E2)
B(M1)
B(E2)

4.38(27)

2.2(3)[+3]

3.80
0.19[—3]
4.32
2.Os[+3]

2.65
i.88[—3]
2.79
4.2S[+2]

1354 3
22 0

167

7
21
5
21

3
21

1354
1187

0.58(7) 3(2)
8i(2)

18(2)

B(E2)
B(M1)
B(E2)

Tp

B(Mi)
B(E2)

i.i(8)

o.v2(9)
i.s(3)[—2]

1.82
2O.3[—3]
2.72
0.88
3.78[—3]
0.03

1.54
14.v[—3]

2.33
1.21
4.65[—3]
0.07

2398 1
21 167

516

1354

5
21
3
21

3
22

2231
1882

1044

o. iv(s) s(2)
28(4)

67(5)

B(E2)
B(M 1)
B(E2)

7p

B(M1)
B(E2)

o.s(2)

0.8(2)

0.25(8)

i.s[—2]
8.59[—3]
5.94
0.31
8.2V[—3]
2.72
3.02

2.s[—3]
28.8[—3]

5.52
0.14

4S.4[—3]
1.75
0.61

Predicted to be negligible compared to the Ml contribution.

calculations. Because of the truncation, no meaning-
ful absolute binding energies are predicted. Assuming
the even-parity states commence at an excitation energy
of 868 keV (giving the best average agreement with the
two experimentally known even-parity states, see Table
I) the relative excitation energies yield levels as follows:

J,E (MeV)=&, 868; 2,2036; 2,3266; 2,3544, etc.

TABLE III. Predictions for the first-forbidden decay of
Cl(- ) to states of Ar. Excitation energies are in keV.

The P branching ratio was calculated using the experimen-
tal (expt. ) excitation energy when listed and the WMB value
otherwise. The total first-forbidden branching ratio was cal-
culated to be 4.00%, i.e., 0.03% is to states not listed.

C. P decay of Cl
Excitation energy
expt. WMB

log fpt Branching Ratio
(%)

1. First forbidden d-ecays

The P decay of 4~CI was first reported by Gurach et
at. [10] who measured Q(P ) to be 5670 6 150 keV. In
1981 Buck, et at. [1] presented a complex decay scheme
with at least fourteen decay branches and a half-life of
38.4 + 0.8 s. However, since the decay scheme is prelim-
inary it will not be quoted in detail.

The first-forbidden P -decay rates for all energetically
available J &

2 states were calculated with the pro-
cedures outlined in detail previously [19]. Results were

3
21
3
22
3
23
3
24
3
25
5
21
7
21
7
22

516
1354
2733
2949

167
0

557
1156
2790
3044
3601
178

0

2235
Total

7.93
7.15
8.43
6.81

8.02
7.43
8.20

1.03
0.01
0.21
0.02
0.42
1.86
0.03
3.97
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obtained with the WBMB wave function for the Cl
ground state and both WBMB and WMB wave func-
tions for the 3fp 41Ar states. The differences between
these two sets of results were inconsequential, the WBMB
—+ WMB results are summarized in Table III. It is seen
that very little of the P decay of 41Cl is predicted to
proceed by first-forbidden branches. In fact, the predic-
tion is that all branches observed by Huck et al [1]. are
to even-parity states.

2. Allotted decays

A feature of interest in the Cl P decay is that the
yrast 2 and 2 staes at l.035 and 1869 keV have beta
moments, defined by B(GT) = 6166/fot' of ( 0.002 and
0.047, respectively [1]. The calculation gives values of
0.043 and 0.041. The state-dependent effective Gamow-
Teller operator described previously [5] was used in this
calculation, it gives a quenching of roughly 50'%%uo over

the free-nucleon results. The result for the 2 state is
in good agreement with experiment but the calculation
completely fails to explain the small value for the
state. The beta matrix element, M(GT)= [J,B(GT)] ~,
can be decomposed into v(sd) —+ vr(sd) and v(fp)
~(fp) parts:

these configurations will have a significant influence on
the levels shown in I"ig. 3.

The 42Ar 4fp spectrum in the full sdpf model space
has a maximum D(J) of 5037 for J = 4+, thus di-
agonalization of the complete 4fp spectrum was possi-
ble. Results for the WMB interaction are compared to
experiment in Fig. 4. The WBMB spectrum [9] does
not difI'er in any significant manner. The binding energy
predictions are —359 551 and —359398 keV for WBMB
and WMB, respectively, as compared to the experimen-
tal value of —359340 + 40 keV (Ref. [11]). As for 4 Cl
and Ar, the predictions are in excellent agreement with
experiment. The possible J = 0+ level observed exper-
imentally at 2513 keV is identified as the ground state
of the 2hu (6fp) configuration for several reasons. First
the weak-coupling model predicts this state at 2.68 MeV
and second the 0+ state of the 2hu "intruder band"
is at an energy of 2121 keV in 4oAr (Ref. [20]) and
local systematics favors not too difIerent a location in
4~Ar. The assignment of (3,4+) for the 2414-keV level
is from the Ar(f, , p) Ar results of Flynn ef al. [21]
who indicated a preference for the 4 assignment. The
weak-coupling prediction for the 1/iu (5fp) s Ar(2 )
4sCa(2 ) 2 —5 centroid is 4.56 MeV.

M(2 ~
~ ) = 0.548 —0.129 = 0.419,

AI(2 -'
) = 0.571 —0.154 = 0.417.

(2)

The fp contribution comes from the very small proton

(sd) ~ (fp) excitations of 5.6% and 2.6'%%uo for 2 and

, respectively. That is, the 1h~ 2 and 2 states
are formed predominantly by neutron excitations of the
3fp states so there is little fp proton occupancy available
for the v(fp) ~ 7r(fp) P process. As seen in Eq. (2),
the mechanism for cancellation exists so one possible ex-

planation for the small B(GT) value for the 2 state is
that the proton fp excitation is considerably larger than
predicted.

1147
1074

813— 1

585

508

1021

1004

663

648
560

527

D. Cl and Ar

X. Energy spectra

The sdpf5fp 4 states of Cl have a D(J) value of
44735. Thus the sdpf model space was truncated in or-
der to calculate the low-lying Cl spectrum. The SPET
method was used here also. The lowest 158 partitions
of tile 405 5fp palf1f1ons wei'e retained. Tlic clltoff ell-

ergy of Eq. (1) was $(1580) = 21.96 MeV and D(4 )
was reduced to 10483. The low-lying 5fp energy spec-
trum obtained from this calculation is shown in Fig. 3.
The weak-coupling prediction for the 2+ ground state of
the 1hw Cl(z ) "7Ca(z ) excitation is 2.34 MeV;
while the 2hw ssCl(z ) Ca(~ ) 2 —5 centroid
is predicted at 3.42 MeV. Thus it is not expected that

HMIII WMB (t)

17 25

FIG. 3. Shell-model predictions for Cl. The first eight
levels are shown for the Ohu (5fp) &MB(t) calculation; while,
for the d &' f &+ (m=O —5) HMW cal, culation, the first ten
states are shown. Excitation energies are in keV.
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CI (2, 3 )

0()l ) =9.47+0.24MeV

Ti(z = 6.85+ 0.22 s
4564 2:5

17%; 55 4417 n=-
26%; 5.5 4045

38~4 3846
3700
3558

4132, 5+ 3 2
3962 0 2+
3798 6 3+ 1

2+
4+

3601
3249
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2665 0+

2513 ( 0 4 )
261 2l2&~/ 4+

19'/0' , 6.i
2532 2+

2414 (3,4')

2 6

2+

4+

2. Eirst-forbidden P decay of Cl

The binding energy of @ Cl has been measured to be
—350358 + 220 keV (Ref. [3]) and —350848 + 180 keV
(Ref. [22]). The weighted average is —350650 + 240
keV. Together with the 4~Ar binding energy, this yields
q(P ) = 9472 + 243 keV. The half-life of 4~C1 has been
measured as 6.8 + 0.3 s and 6.9 + 0.3 s (Refs. [23] and
[1]). The average of 6.85 + 0.22 s is adopted. The first-
forbidden predictions of Table IV were obtained using
these experimental results and the wave functions result-
ing from the calculations just described. From Table IV
it is seen that for either spin alternative for 4~C1, the
predicted branches into the yrast Ar 0+ and 2+ lev-

(5%;&7.0 1207
1 382 2474

2390

2304

(5%;)7.3 0 Q+

EXPERI MENT

0 0+

WMB (4fp )

Q+

FIG. 4. Comparison of shell-model predictions to exper-
iment for Ar. Excitation energies are in keV. For the Oh, u
(4fp) WMB calculation the first eleven levels are shown. Also
included in the WMB spectrum are the lb~ and 2hu weak-
coupling predictions. For the HMW calculation, the first eight
even-parity and first five odd-parity states are shown. The
experimental level scheme is fram Refs. [16] and [3]. The
P branching ratios are from Ref. [3]; for each branch the
branching ratio (in percent) and the log fpt are listed on the
left. The remaining P -decay information is discussed in the
text.

1822

14?9
1476 3 1368

1259

3

5

1856 3

1836 7

1654 9
1596 ))- 9
1 %co 3+

TABLE IV. Predictions for the first-forbidden decay of
Cl to states of Ar. Excitation energies are in keV. P

branching ratios (B) were calculated assuming both 2 and
3 for the Cl ground state. The experimental (expt. ) exci-
tation energy was used when listed and the WMB value oth-
erwise. The total first-forbidden branching ratios for J = 2
and 3 were calculated to be 10.00Fo and 1.61'%%uo, respectively,
i.e., 1.1% and 0.01'%, respectively, are to states not listed. 58

0 22

State Excitation energy
(J„) expt. WMB

J7T J7f

log fpt 8 (Fo) log fpt B (Fo)
WMB (t)

0+

21
2+
4+
4+

31
3'

0
1207
2485

3096

0
1382
2532
2612
3249
3798
4577

Total

7.64
7.18
7.17
8.24
7.79
8.71
8.73

2.69
3.79
1.95
0.16
0.28
0.02
0.01
8.90

8.93
7.53
8.77
7.55
7.85
7.98

0.07
0.86
0.05
0.34
0.09
0.19
1.60

18 25
FIG. 5. Shell-model predictions for Ar. Levels are la-

beled by 2J and by the excitation energy (in keV). Results
are shown for the Obeah (5fp) WMB(t) calculation and the
ds&~ f7&+~ (rn =0—5) HMW calculation. For each spectrum
all predicted states are shown up to the highest given. Also
included in the WMB(t) spectrum are the 1hcu and 2hu weak-
coupling predictions.
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TABLE V. Comparison of experimental and predicted (WMB) 7 decays connecting the low-lying even-parity (4fp) states of
Ar. The B(A) are in Weisskopf units (W.u. ), meanlifes are in ps, and branching ratios (B) are in percent. The phase convention

is that of Rose and Brink (Ref. [17]). Powers of 10 are given in square brackets and uncertainties in parentheses. The experimental
information is from Refs. [24] and [25]. The E2 observables in the columns labeled (a) and (b) are calculated with e„,e„=
1.29,0.49 and 1.35,0.35, respectively. The Ml observables in column (a) use the effective g factors described in Ref. [5] while
those in column (b) are calculated with the free-nucleon g factors. The results of column (a) are preferred.

Initial state
E;(keV)

1208 21

Final state
Eg (keU) J„

0 0+
(keV)

1208 3 8+1.0—0.8

B
(Fo)

106

Quantity Measured
Value

6.81 5.35

Predicted values

(a) (b)

2414 (4,') 1208 2+ 1206 100 4.24 3.02

2+ 0
1208

0+
2 1

2487
1279

0.4 + 0.16 17(4)
a3(4)

B(E2)
B(M1)
B(E2)

x(E2/M1)

0.43(17) 0.70
0.031(12) 0.091
c)d 10.34
c)d —0.250

0.99
0.068
8.58

—0.264

(0, ) 0
1208

0+
2+

2513
1305

4 0+3.1—1.2 c)d
100 B(E2)

c)d
2+ 1 2—2.7 0.066 0.002

'Not measured.
Assumed zero in extraction of the listed measured quantities for this level.

'This state is believed to be an intruder. The 4fp 02+ state is predicted to lie at 4.03 MeV. The comparison
is made to test our beliefs.

els are consistent with the experimental results recently
obtained by Miehe et al. [3] (Fig. 4) who reevaluated
the results of Huck e$ al. with the aid of some new mea-
surements. There is one unresolved problem, namely, the
large P branch into the 2414-keV level. The predictions
of Table IV oA'er a strong argument against a 4+ assign-
ment for the level being feed in P decay. On the other
hand, the model predictions for the energy spectra (Fig.
4) indicate a strong preference for the 4+ assignment.
A possibility to be considered is that there is an unre-
solved 3,4+ doublet at 2414 keV. At the present time,
there is no experimental preference for either the 2 or
3 alternatives for the 42C1 ground state.

A few predictions for electromagnetic transitions in
Ar are collected in Table V. The only experimental

data for the states shown is for the two 2+ states. The
agreement is only fair.

E. Energy spectrum of Ar

The sdpf 5fp 27 states of 4sAr have a D(j) of 14280.
Thus the SPET method of truncation was used in the
calculation of the 43Ar energy spectrum. The lowest
172 of the 270 partitions of the full 5fp model space
were retained. These gave P& & D@(z) = 9796. For
the 172th partition the energy S(k) is 25.7 MeV. The
WMB(t) energy spectrum is shown in Fig. 5 along with
the HMW predictions. The WMB(t) wave functions are
quite complex with considerable participation of orbits
other than dsy2 and f7~2. This explains the considerably
higher density of levels for the WMB(t) calculation. The

Ar ground state has been assigned J =
2 or —' from its

decay to" K (Ref. [16]). It is pleasing that the WMB(t)

calculation indicates a 2 ground state rather than the 2
choice which might have been a priori expected. In order
to obtain a prediction for the binding energy of Ar, the

states were diagonalized in the full 5fp sdpf basis

for which D(2 ) = 12 138. The result of —364713 keV
is in fair agreement with the experimental value [ll] of
—364960 + 70 keV. Note that the truncation made in
the 4sAr calculation is less than that in the 4fp Ar and
5fp Cl calculations as witnessed by the values of e(k, )
of Eq. (1) which are 15.5, 22.0, and 25.7 MeV for 4~Ar.
42Cl, and 4sAr, respectively. Thus, the binding energy of
4sAr resulting from the WMB(t) calculation of —364401
keV is only 312 keV above that of the full calculation.

III. SUMMARY

For the four full sdp f calculations for ~ Cl, and
Ar, the predicted binding energies are in excellent

agreement, with experiment. Experimental energy spec-
tra only are available for Ar and Ar. The predictions
for these nuclei appear to be in good agreement with the
rather sparse experimental data, . For instance, if the cor-
respondence indicated in Fig. 2 for eleven theoretical and
experimental levels of Ar is correct, the rms deviation
in the excitation energy is 106 keV.

Of the nuclei considered here, 4 Ar is the closest to the
valley of stability. Thus it is not surprising that more ex-
perimental information is available for it than the others.
Previous calculations for the 3fp spectrum of this nucleus
were performed with truncation of the sdpf model space.
For instance, Woods [26] used a sqg2ds~z f7~&p3y2 model
space. Thus Ar(d, p) Ar spectroscopic factors for both
p3/2 and p~y2 orbitals could not be obtained nor could
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reliable electromagnetic observables be calculated. It is
found that the full sdpf calculation gives a satisfactory
accounting of both sets of observables.

The calculation of first-forbidden P -decay rates indi-
cates that this mode of decay plays a minor part in the
decay of 4i 4~C1. In fact, the prediction is that all P
branches observed to date in these two cases are allowed
decays.

It is hoped that these results [27] will stimulate further
experimental efI'ort and will aid in the interpretation of
the resulting data.
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