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The nuclides Ar and ' Ar have been produced by spallation reactions on vanadium targets at E„.= 600
MeV. The subsequent i3 decays to 43K aud '4K have been studied via delayed y-ray singles and y-y
coincidence techniques. In "K; excitation energies and y-branching fractions have been determined for 19
levels. The logft values imply J = 3/2, 5/2+ for the ground state of 'Ar. For '"Ar, evidence is found for
four new P branches and J = 1+ is assigned to the levels at 2326 and 2574 keV on the basis of the P
decay selection rules. The proposed decay scheme accounts for y transitions between 10 levels, the first
excited state being located at f82.6 keV. The structure of these nuclei is discussed in the weak coupling
scheme.
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I. INTRODUCTION

The neutron-rich nuclei 4'Ar and '4Ar have been
identified for the first time by Larson and Gordon'
using the 4'Ca(y, oss) and "Ca(y, cr) reactions.
Producing these isotopes by spallation with high
energy protons and taking advantage of the on-line
mass separation technique, Hudis et al. ' perform-
ed the first detailed investigation of the decay
scheme. Since then, the nuclear structure of odd
potassium isotopes has been extensively studied
by proton pickup reactions on even calcium targets.
For "K an analysis of "Ca(&, 'He) at 13 MeV (Ref.
3) and especially at 52 MeV (Ref. 4) as well as the
study of 44Ca(&, n) (Refs. 5 and 8}has led to a good
description of positive parity states. Additiona1.
information has been obtained with the 4cAr(n, py)4sK
(Refs. 7 and 8) and the ~K(t, p)4'K (Ref. 7) reactions.
In particular the measurement of the lifetimeo "
and of the g factor ' 's of the —,

' level at 738 keV
have revealed the single particle nature of this
state. For the description of 44K, only one charged
particle reaction has been reported, namely
(t, sHe) at 13 Mev. s

Recently the mass excess of 44Ar has been measured
as -32.27 + 0.02 MeV via the ~Ca('He, 'Be)4'Ar re-
action. ~s For 'Ar, a mass excess of -31.98
+0.07 MeV was determined in the ~Ca(&,
sBe)"Ar reaction. '4 According to these results a
Qs value respectively equal to 4.60 ~0.07 and 3.53
+0.04 MeV for the i3 decay of "Ar and 4'Ar could
be calculated.

The improved performance of the on-line device
ISOLDE 2 (Ref. 15}afforded an opportunity to pro-

duce these P unstable nuclei with a good yield and
a negligible level of parasitic activity. A reex-
amination of the 4'Ar and "Ar decay was therefore
undertaken in order to corroborate the charged
particle results with data from radioactivity and
to extend the spectroscopic knowledge on 4'~K.
New information on "'44K levels and their electro-
magnetic decay is presented and conclusions re-
garding the structure of some levels are discus-
sed. This work is part of a continuing Study of
A = 40 nuclei far from stability. "'"

H. EXPERIMENTAL PROCEDURES

The 4'Ar and '4Ar isotopes have been produced
in the spallation reaction "'"V (p, 6pxrt) by the
protons from the 600 MeV external beam of the
CERN synchrocyclotron bombarding a vanadium
carbide target. Argon nuclides diffuse selectively
to a plasma ion source" and are isotopically sep-
arated in the ISOLDE on-line mass separator.
For a selected mass, the beam was then inter-.
cepted either by a collector foil or by a Mylar tape
associated with a tape transport system. Singles
y-ray spectra were obtained with a 53 cm' Qe(Li)
detector associated with an Intertechnique Pluri-
mat 20 computer used in a multianalysis mode
(2 && 4096 channels). Attributions of all transitions
to the relevant decays are based on the intensity
ratios in the two successive spectra, the counting
time for each sequence being of the order of the
half-life of the argon isotope under study. In the 4'Ar
experiment, the short half-life [T,&s

= 5.3"I min
(Ref. 2}] allowed all the measurements to be
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performed without contribution of the 4'K decay
(~,g, =22.3 h). For 4'Ar f&, g, =11.8'I min (Ref. 2)]
most of the rays associated with the 4'K radioac-
tivity (&,pm

=22.13 min) could be identified on the
basis of half-life. No activity other than 4'Ar,
4'Ar, or their radioactive filiation was detected in

samples for mass positions 43 and 44.
For the p-ray coincidence experiments, two

Ge(Li) detectors (relative efficiency 9.5' and 13%)
were used in a y-y-t measurement. The relative
time between events in both counters was deter-
mined by conventional electronics using constant
fraction discriminators and was investigated over
a 1 ps range in order to take into account the con-
tribution of long lived excited states. The data
were analyzed in a 2048~2048X1024 channel con-
figuration and recorded on magnetic tape with the
Plurimat 20 computer working in a micropro-
gramed buffer modeallowing coincidence rates of
1000 events per second. Their fast classification
was performed off-line with a CII 10070 computer
by means of the code TRITON." True and random
coincidences were obtained by summing up the
energy spectra gated by the appropriate portion
of the time spectrum.

To investigate the existence of lifetimes in the
nanosecond range in the decay of 44Ar, fast p-p
coincidences were measured. The detectors used
were cylindrical NE 102 A. plastic scintillators

(5cm long, 4cm diam, for E„&1MeVand1.5cm
long, 2 cm diam for E„&200 keV) associa-
ted to RTC XP 2230 B photomultiplier tubes. The
efficiency of the Ge(Li) counters was determined
off line with radioactive standards. Internal ener-
gy calibration during the experiment was provided
by well defined lines in the decay of "K and "K."'

Since no direct measurement. of the P transitions
has been made in the two decays under study, an
estimation of the ground state transition intensity
is deduced from the comparison of the observed
parent and daughter activities with the ones ex-
pected from the laws of radioactive series. Our
calculations are based on the assumption that no
significant z activity escapes the study. Target
tests have shown that there is no daughter species
in the mass separated beam. "

HI. RESULTS AND DISCUSSION

A. 43Ar

The singles p ray spectrum, shown in Fig. 1,
was obtained in the first counting period of the
multianalysis experiment (2X5 min). In this spec-
trum, all the lines could be attributed to r rays
following «'Ar or "K P emission, on the basis of
their decay rate. The relatively high intensity of
the sources overshadows background activities.
For the same reason, the spectrum appears more
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complex than in the experiment of Ref. 2 where
17 transitions were observed as compared with 85
in the present one. About i0' events have been
accumulated in a y-y-& coincidence measurement
and were analyzed with a time window of 400 ns
to take into account the long lifetime of the second
excited state of "K (&, = V88 keV, &,g, ~280 ns}.
Energy and intensity of y rays following the p de-
cay of 4'Ar are listed in Table I. From these re-
sults, )'-ray branching ratios in "K have been
evaluated and are presented in Table II. The com-
parison with other experiments indicates a.good

agreement in the few cases where previous results
are available.

The 4~K level scheme (Fig. 2} includes l9 excited
states. Among these, only one, located at 3608.1
+0.7 keV on the basis of six different cascades,
has no possible correspondent in the level list es-
tablished from previous work. " In addition, it
clearly appears from our results that the level
proposed at 2892.V +1.2 keV by Hudis et &E.' does
not exist, the corresponding y ray being unam-
biguously coincident with the 561 keV transition.
It is a member of one of the seven cascades origi.-

TABLE I. Energy and relative intensity of y rays follow ing P decay of 43Ar.

Z„(keV)

167.1+0.1
231.4 + O.l
236.2 + 0.1
302.9 + 0.2
413.9 + 0.1
439.3+0.2
479.2 + O.l
548.5 + O.l
561.1+0.1
587.0 + 0.1
639.7+0.3
667.5+ 0.2
738.1 ~0.1
755.0 + 0.3
812.4 + 0.4
878.2 + 0.8
890.4 + 0.1
910.5 +0.9
922.5 + 0.5
974.9 +0.1

1080.0 +0.2
1110.1 + 0.1
1121.0 + 0.2
1132.6+ O.a
1138.1 + 0.1
1146.4 + 0.2
1184.3+0.3
1202.4 + 0.3
1207.1 +0.3
1235.7 ~ 0.2
1255.6 +0.3
1277.9+0.5
1304.3 ~ 0.7
1311.4 + 0.1
1369
1369.9 + 0.1
1398.7+ 0.1
1419.3 +0.1
1439.8 + 0.1
1443
1487.8 + 0.5
1509.7 + 0.1
1550.0 + 0.1

2.5
2.8
3 4
1.9

42.9
2.8

116.0
13.4
94.0
9.0
2.7
1.9

454.8
1.8
1.3
0.9

118.3
1.0
1.7

1000
4.6

31.2
3.2

12.2
8.7
9.1
5.1

98.3
75.8
6.3
3.2
2.5
3.1

22.7
0.4

200.0
9.5

12.9
369.0
4S.O

2.7
20.7
22.9

E; (MeV)

2.34

1.51
0.97
1.55
2.34
1.11
0.56

2.19
2.18
0.74
1.87

0.97
2.19
1.11
3.31
3.31
2.34

2.18
1.21
2.34

3.45
1.8V

3.71
2.34
3.26
3.61
2.18
3.31

1.51
1.55

2.18

1.21
0.56
1.11
1.87
0.56
0

l.55
1.51
0
1.11

0
1.11
0
2.19
2.18
1.21

0.9V

0
1.11

2.18
0.56

2.34
0.9V

1.87
2.19
0.74
1.8V

E, (keV)

1559.9 + O.l
1590.4 + 0.2
1605.7+0.8
1621.7 + 0.5
1713.3 +0.6
1724.6 + 0.2
1750.0 & 0.5
1758.2 + 0.2
1783.7 + 0.2
1849.6 ~ 0.8
1866.1 + 0.1
1889.2+ 0.7
1905.9 + 0.6
1960.S ~ 0.3
2057.9+ 0.3
2097.8 + 0.5
2102.3 + 0.5
2176.2 + 0.7
2189.2 + 0.3
2287.6 +0.2
2318.9 +0.2
2333.9 + 0.2
2344.5+0.2
2345
2401.8 + 0.3
2438.9 + 0.5
2479.9 +0.1
2506.7 + 1.5
2635.7 +0.7
2603.4+ 0.4
.2701.9 + 0.5
2739.6 + 0.7
2870.1+0.2
2894.2 + 0.2
2976.2 +0.3
3264.3 + 0.2
3309.9 + 0.2
3380.6+ 0.7
3393.0 + 0.2
3455.1 + 0.4
3646.4 + 0.5
3714.3 +0.2

15.9
10.6
2.6
5.5
3.2
9.3
2.0

10.2
12.6
2.5

70.4
3.0
3.9

10.0
10.7
9.8
9.8
2.5

20.4
4.7

31.0
81.9

217.3
1.2
2.8

4
65.5
1.0
1.2
0.9
1.3
2.1
7.5

17.9
2.8

14.7
7.4
0.8

11.2
2.0
0.5
9.5

2.34

3.61
3.61
3.31
2.18
2.19
3.26
3.06
3.31
2.34
3.45
3.61
3.66
3.45
3.71
3.65
3.71
3.26
3.71
3.61
3.45.

3.26
3.31

3.39

3.65
3.71

Z~ (MeV)

1.87

0.56

1.56
1.51
1.21
0
0
Q. 97
0.74
0.97
0
1.11
1.21
1.21
0.SV

1.21
1.11
l.ll
0.56
0.97
0.74
0.56

0
0

0.
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TABLE H. y-ray branching ratios in 4~K.

Z; (MeV) gy (MeV) This work
Branching ratios Pg)
Hudis et e/, . Merdinger et el.

0.56
0.74
0.97

1.21
1.51

1.87

2.18

2.19

3.06
3.26

3,31

3.39
3.45

3.61

3.65

3 ~ 71

0
0
0
0.56
0
0.56
0
0
1.21
0
1.11
0
0.56
0.97
1.11
0
0.74
0.97
1.51
0
1.11
1.55
0
0.56
0.97
1.11
1.21
1.87
2.18
0.74
0
0.56
0.97
1.87
0
0.97
1.21
1.87
2.18
2.19
0
0
0.56
0.97
1 11
1.55
1.87
2.18
0.74
1.21
1.51
1.55
2.19

unknown
0
1.11
1.21
0

100
100
95.9
4.1

70
30

100
92

8
89
11
36
1.6

61
0.9
0.6

76
23

Q4
74
16
10
38.7
2.2

35.4
1.1
1.5

2Q.5
Q 4

100
49
4

16
31
4.6

5Q 4
6.0

2S.5
7.5
2.0

100
1.9

17.3
63.1
1.2
3.8

10.2
2.4

12.0
4.5

15.6
17.0
20.6
30.2
5.8

14.4
79.7
68.3

+0.3
+ 0.3
k3

k2
+2
k2
a2
+2
+ 0.3
k2
+ 0.3
+ 0.1

~0.1
+3
+3
+1
+2.5
~0,2
+1.9
+ 0.2
+0.3
+1.3

+3
k2
+0.6
+ 6.2
+ 1.5
+ 6.3
+ 1.2
+Q.S

+1.1
+1.3
+1.9
+0.4
+ 0.7
+1.0
+0.4
+1.4
+1.0
+3.1
+ 1.9
+].9
+4.6
+1 3
+3.6
k 3.7
+4.3

4+0.05

190
160
96~ 2
4~ 2

160

(100)

45 +25

55 +25

70+16
30+16

48+12

33 ~10

17+ 5
2+ 2

100

100
100
92+ 5
8~ 5.

60 ~10
40+ 10

100
93+ 4

4
100
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TABLE II. (Continued).

8, (MeV) E~ (MeV) This work
,Branching ratios (%)

Hudis et a/. Merdinger et al.

3.71 0.97
1.11
1.21
2,34

15.1 +3.3
6.5 +2.7
7.2 +2;4
2.9 + 1.7

' Reference .2. Reference 7.

nating in the 3454.9 +0.5 keV state which can be
related with the 3460 ~30 keV level reported in
Ref. 6.

For the most part, the 4'K level scheme is built
up on coincidence data except for very veak )0%
energy transitions %bose contributions to such a
measurement are negligible compared to those of
Compton distributions from other y rays. In that
case, the assignments are based only on energy
xnatching in a roughly 1 keV limit. The 1310

+1560 IieV cascade is obvtousij in coincidence
With the V38 keV- g rsji NInd ecxrresgpnds therefore:
to 's'jhiieeitsI5ne jg MIiiii''SSII8::ljsIlIc spicate .gomever,
no: jlrepijes'i j qucItiN tere4 iNow's .the emission .

orNer to be esbibllsihed, Nevertheless, this cas-
cade was taken into account for the in-out balance
calculations of the 738 and 3608 keV levels.
Another difficuity is encountered with the 58V

+1758 keV cascade for whicb two interpretations
can be given. It may be a two-step deexciting
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FIG. 2. Proposed decay scheme for Ar. Spin values for K levels are from Refs. 3, 4, 8, and 2G.
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process either of the 2345 keV level to the ground
state or of the 3455 keV level to the 1110keV lev-
el. Moreover, no suitably located state is known
from previous work' for consideration as the in-
termediate level. This cascade has therefore to
be ignored in further calculations and its two y
rays ranked among those not placed in the decay
scheme. On the whole, 24 out of 85 y transitions
have not been interpreted, their energy lying be-
tween 231.5 and 3380.6 keV and their intensity
relative to the 975 keV line being less than 1% in
all cases and for the most part much less.

The intensity of the P transition to the ground
state of "K, Iq =(30+10)%, has been inferred as
described above from the rate of the daughter
relatively to the parent activity. Its uncertainty
is reduced to 7%%uo by taking into account the corre-
lated kind of such errors. The logf& values listed
in Table III were deduced from the Gove and Mar-
tin's logf tables, " together with the values &,g,
=5.37 min (Ref. 2) and Qs =4607 keV.

An expectation based on the simplest form of
the shell model would give ~ = —,

' for the ground
state of 4'Ar, as this nucleus has an odd number
of neutrons in the f,y, shell. The P transition to
the state at 975 keV with logf& value of 6.5 is too
fast for a unique first-forbidden transition. As
this level is populated with an & =1 transfer in the
(&, 'He) reaction, ' its &' value is restricted to (2,
—', ) . From its P feeding we are able to set an up-
per limit of ~ on the spin va, lue of 4'Ar ground
state. As the level at 1.51 MeV has been establish-
ed as —,

' ', ' the P transition to this state (logft = 7.8)
4

implies &J= 0, 1 &w = + or &J= 2 4m = —. %'e

must then concluded&. , ("Ar) =2, 2, the value 2 be-
ing suggested by the nonobservation of transitions
to the 4'= —,

" states at 8» =0.56 MeV (logff&8. 5)
and ~„=2.45 MeV. A first-forbidden transition to
the ground state of 4'K is consistent with ~ = 2

for «'Ar and with the log+ value deduced from
our measurements (iogf~ =6.7+0.1}.

A nuclear spin ~ for "Ar, if related to five
neutrons in the f,g, subshell, must result from the
())~ = (f,y, )', g, configuration. The occurrence of
low lying states with seniority number & =3 and
~ =) —1 has been reported by Talmi. " Such states
have been identified in other & =25 isotones ( Ca,
«'Ti, and «'Cr). Using a («,g, )

' (f,g„P,y»}" mod-
el, Gloeckner et al. 24' "have shown that the bind-
ing energies of the argon isotopes calculated for
~'Ar, "Ar, "Ar, "Ar, and~Ar are in qualitative
agreement with experiment. From these calculations
a ground state doublet is predicted in 4'Ar with the

state lying approximately 150 keV below the
level. A detailed comparison of this theoreti-

cal work with experimental level scheme is not
yet possible due to lack of data, but the ground
state energy is well predicted (the calculated value
differs only by 35 keV).

It should also be noted that a ~ = & ground state
with & = 3 would explain the lack of an observed p
transition to the @„=0,74 MeV, J'=-,', 4'K level.
The single particle nature of this state being es-
tablished by the g-factor measurement, "'"a
strong feeding from a state with higher seniority is
therefore not expected.

TABLE III. P branching and log ft values in the 4~Ay

deCRQ.
S. 44&r

Final state in 4~K (keV)

0
561.1+0.2
738.1+0.1
974.9+0.1

1110.0 ~ 0.3
1206.8 + 0.4
1509.7 + 0.3
1549.5 ~ 0.3
1865.7 & 0.5
2176.6 + 0.5
2189.5 & 0.5
2345.0+ 0.6
3057.0 + 0.5
3263.6+ 0.9
3309.2 +0.5
3393.1 + 0.5
3454.9 + 0.5
3608.1+0.7
3646.0 + 0.4
3714.2 + 0.6

Ie ('fp)

30
&0.3
&2.7
16.4 + 2.4
0.9 + 0.1
1.6 +0.6
0.4 + 0.1
0.3 ~0.1

&0.9
15.8 + 2.1
0.4 +0.1

19.6 +2.1
1.1 +0.1
1.0 *0.1
5.5 + 0.9
0.40 + 0.05
3.6 + 0.4
2.2 +0.3
0.28 + 0.03
0.48 +0.05

log ft

6.7 ~ 0.1
&8.5
&7.4
6.5 +0.1
7.7+ 0.1
74g0 2

7, 9 +0.1
7.9+0.1

&7.3
5.8 + 0.1
7.4+ 0.1
5.6 + 0.1
6.1 + 0.1
5.9 ~0.1
5.1+0.2
6.1+0.2
5.1 + 0.1
5.1+0.2
6.0 & 0.2
5.6 ~0.2

The r-ray spectrum obtained in the first counting
period of the multianalysis experiment (2X10 min)
is given in Fig. 3. In order to improve the statis-
tical quality of the data, 54 cycles were summed
up. Contrary to what is observed for 4'Ar, the
"Ar y spectrum is strongly contaminated with the
daughter activity of K, dye to the comparable
half-lives. The lines from "Kdecay are weQ
known from Ref. 19. A list of ~-ray intensities
and energies assigned to ' Ar decay is given in
Table IV and the deduced branching ratios in 4'K

are reported in Table V. The level scheme es-
tablished on the basis of our y-y mea, surements
(10' events} is shown in Fig. 4 and is built on nine
excited states in 4'K. The main feature of the y
decay is the strong cascade 1886 183-0 involv-
ing two transitions of 1703 and 183 keV. As the
(&,P) experiment of Ajzenberg-Selove and Igo» in-
dicated no level below 385 keV, this cascade was
previously interpreted as the depopulation of the
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FIG. 3. Singles p-ray spectrum following 4 Ar P decay, recorded during 10 minutes after collection. The
single-and double-escape peaks are noted SE,and DE, respectively.

TABLE IV. Energy and relative intensity of gamma
rays following P decay of ~4Ar.

E; (MeV~ Z, (MeV}

137.3 + 0.3
182.6 + 0.1
382.9 + 0.1
408.1 ~ O.l
426.7 + 0.1
519.4 + 0.4
531.2 + 0.3
693.8 + 0.2
809.1 + 0.1
866.1 + 1.0
884.9 + 0.7
894.2 + 0.1
911.1 +0.2
975.0 + 0.4

1051.3+ 0.1
1076.6 + 0.1
1114.7 ~ O.l
1276.6 ~ 0.1
1460.0+0.1
1585.7 + 0.2
1639.7 + 0.2
1703.4 + 0.1
1765.4 ~ 0.8
1886.1 + O.l
2143.5 + 0.4
2279.9 + 0.3
2325.8 + 0.2

2.0
.1000

7.8
62.4
39.8
0.7
1.9
3.5

29.5
24, 7
0.5

10.1
2.3
3.3

59.8
14.7
33.0
23.3
33.0
7.8

10.2
856.4

1.7
476.5
11.8
2.6

12.3

0.52
0.18
0.38
1.46
1.89
0.52
1.05
1.08
1.89
2.33

1.08

l.05
1.08
2.57
1.46
1.46

1.89

1.89
2.33

2.33

0.38
0
0
1.05
1.46
0
0.52
0.38
1.08
1.46

0.18

0
0
1.46
0.18
0

0.18

0
0.18

level at 1886 keV via a 1'l04 keV level. ' A de-
tailed discussion of the '4K excited states populated
in this work is presented below. I

182.6 ke V /evel. The 183 keV line is the most
intense of the spectrum. The level at 183 keV is
established by the 183-1703, 183-1277, and 183-
2143 keV coincidences combined with the presence
of the 1886, 1460, and 2326 keV crossover transi-
tions. Of particular interest is the spectrum in
coincidence with the 2143 keV r ray, shown in
Fig. 5, which cannot be interpreted with the pre-

TABLE V. p-ray branching ratios in K.

Z, (MeV) E, (MeV) Branching ratios (%)

0.18
0.38
0.52

1.05

1.08

1.46

1.89

2.33

2.57

0
0
0
0.38
0
0.52
0
0.18
0.38
0
0.18
1.05.
0
0.18
1.08
1.46
0
0.18
1.46
1.46

100
100
30.2 + 0.5
69.8 +0..5
96.9 + 0.6
3.1 +0.6

52.0+2.8
35.6 +2.5
12.8 +2.0
27.8 +1.8
19.6+1.4
52.6 +2.0
34.0+1.1
61.1 +2.3
2.1 +0.2
2.8 ~ 0.1

25.5 + 1.5
24.3 +1.5
50.2 +2.8

100

vious assignment of the 183 keV transition. ' In
the same figure, the spectrum resulting from
chance coincidences and from brompton continuum
under the 183 keV gated peak is also represented.
A limit for the lifetime of the 183 keV level has
been determined using the fast y-y coincidence set
up with two plastic scintillators. From the ob-
tained limit (&,y,

& 0.9 ns) we can conclude that the
transition (183-0) is either MI or EI. Multipo-
larities of higher order would imply unrealistic
enhancements, "

382.9 ke V level. This excitation energy is
within the value measured in the (&, 'He) experi-
ment, ' 383 +20 keV. The decay takes place 100%
to the ground state.

519.8 ke V level. A level was also observed by
(&, 'He) at 520 +20 keV. In addition to a ground
state transition its p decay proceeds via the 383
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FIG. 4. Proposed decay scheme for +Ar. Spin values
are from Refs. 2, 20, and from this work.

keV level as indicated by the 137-383 keV coinci-
dence.

2052.3 keV /eveL. This level is established by
the' coincidences between the 531 keV 7 ray and
both the 13V and 383 keV lines combined with a
strong 1051 keV crossover transition.

1076.7 ke V leveL. p state at 10VO+ 30 keV has
been observed by (&, 'He). The 894-183 and 694-
383 keV coincidences along with the presence
of the 10VV keV crossover transition allow the
characterization of the y decay of this level.

1459.5 ke V LeveL. This excitation energy is
significantly lower than the value of 1494 ~20 keV
observed in (t, 'He) work and which may corre-
spond to unresolved states. ' In addition to the
ground state transition, two cascades depopulate
the level via the 1051 and 183 keV states. This
results from the 408-3.051 and 12VV-183 keV co-
incidences (Fig. 6).

~886.0 ke V /evel. This level was quoted in the
previous '4Ar P decay study and its deexcitation
was reported with a 182-1V04 keV cascade and a
crossover transition. %e have proved in this ex-
periment the inverse order for the cascade. In
addition two new decay modes were discovered
populating the levels at 1460 and 10VV keV via the
42V and 809 keV y rays. The members of the first
of these cascades appear clearly on the spectrum
gated by the 408 keV transition given in Fig. 6.

2325.8 ke V /eve/. The existence of this new
level is inferred from the 2143-183 keV coinci-
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p-ray spectrum in coincidence with the 2143
keV transion in K (upper portion). Corresponding
background spectrum gower portion).

FIG. 6. y-ray spectrum in coincidence with the 408
keV transition in K (upper portion). Corresponding
background spectrum gower portion}.
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dences and the 2326 keV crossover transition.
2574.2 keV le~e~. The coincidence experiment

establishes a level at 2574 keV from the obsess'va-
tion of the 1115keV y ray cascading with 408,
1051, 1277, and 1460 keV transitions (see Fig. 6).

The P branches and their relative intensity were
deduced from the y-in y-out balance calculation
for each level in the direct y spectrum. An esti-
mation of the intensity of a possible ground state
transition based as in the case of "Ar on the com-
parison of the mother and daughter y activity yields
an upper limit of 15%. By taking into account the
relatively large uncertainties quoted by Ing" in,

the "Kdecay this limit is shifted up to 30%, a
value which is probably strongly overestimated.
Indeed, the Pa transition (0'-2 ) related to the
lower limit of log f,t for unique first-forbidden P
transitions" yields in that case an upper limit of
only 12%%uo. The log+ values calculated from our
measured P branchings with T, y, =11.87 min (Ref.
2) and Qs =3535 keV are reported in Table VI.
The transitions to the levels at 1886, 2326, and
2574 keV are allowed p decays, assigning positive
parity to these states with J =1.

IV. WEAKXOUPI. ING PREDICTIONS

A. (sd) (f)" configurations

The low energy excited states of 4' 44K may be
vie'wed as particle-hole states around the closed-
shell core of "Ca. Sherr et al."have given a
description of d, g, 'f, y,", &=s levels in the 1f,y,
shell by using the weak-coupling model. In their
work, good agreement is found between experi-
mental and computed values of the proton removal
energy R, (A, Z} required to remove a proton in a
particular configuration, resulting in a state of the

nucleus (A,Z). In a recent paper, Paul et al, 's

showed that the experimental values of &, for the
lowest & and ~' levels in odd-even potassium and

scandium isotopes fit with the theoretical predic-
tions" derived from the weak-coupling model:

ft. (&,Z) =f~. ("K)- (a --'b)(& - 39)

('b -—c)(Z —19),

the parameters +, &, and & being defined by the
usual Bansal-French-Zamick formulation' for
computing the energy of particle-hole states. The
quantity (s —&b), deduced from the experimental
values of &, in the odd potassium nuclei is, re-
spectively, equal to -0.92 and 0.76 MeV for the

d, y, and s, y, hole states. The value for (sb —c),
1.60 MeV, is obtained by fitting the experimental
and theoretical results for 4'Sc. The &, depend-
ence on 4 and Z according to Eq. (1) and corre-
sponding experimental data are compared in Fig.
7. For odd-odd nuclei, it has been shown" that
proton removal energies corresponding to cent-
roids of (24+1)-weighted states should fall into
the same straight line as the proton removal en-
ergies for the neighboring odd-even nuclei. With
the parameters quoted above, the difference be-
tween the calculated and the experimental value'~

for (d, , gs '. f,yes} centroid is found equal to 93 keV
for "K. The corresponding difference for "K is

1/2 and /2 States

l6-

TABLE VI. p branching and log ft values in the 44Ar

decay.

Final state in 44K (keV)

182.6 +0.1

382.9 + O.l
519.8 + 0.4

1051.3 +0.1

1076.7+0.1

1459.5 + 0.3

1886.0 +0.1

2325.8 +0.2

2574.2 +0.3

&15

&10

0.14+ 0.1

&0.1

&0.3

&0.1

1.5 +0.4

93.0 + 0.6

3.2 +0.2

2.2+0.1

log ft

&6.9

&6.9

7 7-02
&8.7

&7.9

&8.4

9 +0 ~ 3-0 f

4.66+0.05

5.6 +0.1

5.4 +0.1

l2-

IO-

43 45
Mass Number

47

FIG. 7. Proton removal energy for (d3y2 f7y2")J
3 + and ($'f/2 f7/2 ) J'= z

' levels in K and Sc isotopes.
Open circles account for the calculated values from
Eq. (1). Experimental values tl- ) are from Refs. 19
and 32.
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20 keV for the (d, y, 'f, g, ') configuration. The ex-
citation energy of the (&,y, 'f, y,s) configuration in
44K is predicted at 692 keV (2i3 keV higher than
for 4'K). Unfortunately such states are not yet
identified so that the detailed comparison with
experimental values cannot be made.

26-

24-

B. (sd) (f)" configurations

We turn now to the systematics of states with
two proton holes in the && shell and an odd number
'+ of f,y, particles. We define &2„(A,Z) as the en-
ergy required to remove two protons from a nu-
cleus to reach M*(A, &~) and obtain a simple ex-
pression for the binding energy of these states with
respect to core plus & particles:

22-

20-

CV

l8-

I6-

(2)

We compare in Fig. 8 calculated values with
data for the lowest —,

' states in odd K and Ar iso-
topes. For 'Ar, no experimental excitation en-
ergy for the lowest —,

' state is known, as the only
presumed —,

' state is assigned ~'=&, ~ from
our work. The value reported on the diagram
corresponds to the first excited level in 4'Ar
(&'=-,' ) located in the shell model calculation by
Gloeckner et al."at 150 ke7. In odd potassium
nuclei, these —,

' states have been identified up to
A=45 and their single particle nature is suggested
by magnetic moment measurements"' "for A=39,
4l, and 43. The experimental values of &„dis-
play the regularities predicted by Eq. (2). The
lines in Fig. 8 represent the calculated values ob-
tained by taking for (& —«&) the mean of the values
fitted previously for d, /, and &, /, hole states. It
appears that the interaction parameter, which
shows large variations when a single hole in differ-
ent subshells interacts with particles, is replaced
successfully by a mean value, as the number of
holes increases.

From the weak-couplirig model, an estimate
for the excitation energy of the lowest positive
parity state corresponding to an &-particle-2-
hole configuration can be calculated for even K
isotopes This va. lue for 44K (E„=1.4 MeV) sug-
gests a negative parity for the lowest five excited
states observed in this work, in good agreement
with the related logft values.

I4-

39 4I 43 45
Mass Number

47

FIG. 8. Two-proton removal energy for-
(s f/2 d3/2) (fy/2) eJ =

2 levels in Ar and K isotopes.
Calculated values are obtained from expression (2)
(open circles). Experimental values (+ ) are from Refs.
19 and 32. The triangle represents the value calculated
by Gloekner (Ref. 25) for Ar.

V. CONCLUSION

The most significant results of this study are as
follows:

The limitation of the spin of the ground state of
"Ar to ~'= &, ~, which makes possible a com-
parison between "Ar and other & =25 isotones.

The identificationof two new J'=1' states in 44K

at 2326 and 2574 keV on the basis of low values of
log f& for the P transitions populating them.

Thelocationof thefirst excited state of "Kat.
183 keV resulting from the detailed investigation
of z transitions subsequent to "Ar P decay.

Finally, it can be noted that there is reasonable
agreement between the predictions of the weak-
coupling model and the position, spin, and parity
of some low lying levels in heavy K and Ar iso-
topes.
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