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Abstract :  The  shell model  is used to investigate propert ies  o f  levels in the  A = 38 nuclei. 
A n  inert  2ssi core with a residual  two-particle interact ion between the outer  nucleons  is as- 

sumed.  The  negat ive pari ty states are described by a closed 2s~ shell,  five nucleons  in the ldk  
shell and  one nuc leon  in the lf~ or  2p~ z shell. For  the positive pari ty states,  all configurat ions 
in the  2s~ and  ldk  shell are taken  into account .  The  effective two-particle interact ion is chosen 
to be a modif ied surface delta interaction.  The  four  parameters  o f  this effective interact ion are 
de te rmined  in a least-squares fit to the excitat ion energies o f  15 nuclear  levels. The  rms  devia- 
t ion o f  the  calculated energies f rom the exper imental  energies is 0.28 MeV. F r o m  the values o f  
these parameters ,  the energies and  wave funct ions  o f  abou t  50 levels are derived. 

The  wave funct ions  are used to determine y-ray branching  ratios, mean  lives, f t  values in 
al lowed fl-decay and  spectroscopic factors for the zTCl(d, p)aSCl reaction. 

The  computed  branching  ratios,  m e a n  lives and  ft values agree generally within a factor o f  
2.5 with the exper imenta l  values. Good  agreement  with exper iment  is obta ined for the spec- 
troscopic factors.  

1. Introduction 

For the A = 38 nuclei only a few shell-model calculations have been performed 
on levels of odd parity. Amongst these is the well-known example 1,2) of the T = 2 
quadruplet in 3SCI. 

In a more recent calculation 3), Ern6 has interpreted the negative parity states 
in 33S-41Ca as configurations with an inert 32S core, one particle in the lf~ shell 
and the remaining nucleons in the ld~ shell. The residual two-particle interaction 
of the extra-core nucleons was described with 14 parameters, which were obtained 
from a least-squares fit to 60 nuclear levels. 

The recent experimental information 4) about transition probabilities for both 
T -- 2 and T = 1 levels in 3SAr stimulated a more detailed description. 

In the present paper, theoretical excitation energies, wave functions, y-ray branching 
ratios, mean lives, f t  values and stripping spectroscopic factors are presented for 
negative-parity states in A -- 38 nuclei. 

The model used has an inert 2sSi core. Negative parity states are described by the 
configurations (2s4r)g(ldk)Sp where p denotes a particle in the I f  I_ or 2p~_ shell. The 
positive parity states are described by (2s~),(ld~)" configurations, with n + m  = 10. 

To avoid a large number of parameters (there are 24 different two-body matrix 
elements) the modified surface delta interaction (MSDI) is used. This effective in- 
teraction contains only four parameters and is described in detail in ref. s). 
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2. Excitation energies and wave functions 

A detailed theoretical treatment of the decomposition of the interaction matrix 
elements in terms of two-particle matrix elements has been given in refs. 6-s).  

In our model the wave functions for the negative-parity states are written as 

[]IJT ~ f f P p = (A, dpi+Ai ~)i), (1) 
i 

where d?~ = [ ld~(J1T1) l f~ ) s r  and (o p = I ld~(JzT2)2p~)sr .  If the A p are taken to 
be zero, we are left with the model that was used by Ern6 in ref. 3). 

The necessary two-body matrix elements (d2]V12]d2>, (dflV12ldf),  (dflVa2ldp) 
and (dpl Vazldp) are calculated with the MSDI [see ref. s)]. In this calculation, the 
coupling order j = l + s  is used; this adds a factor ( - 1 )  j"+i~+i°+Jd to eqn. (2) of 
ref. 5). 

The coefficients of fractional parentage are taken from ref. 8). In order to have 
more levels for the fitting procedure than the known negative-parity states only, 
some positive-parity levels in A = 38, of which the energies can be well reproduced 
with 2s¢ ld~ configurations, are also used. 

In order to fit the four MSDI parameters A0, A 1, Bo and B 1 to the A = 38 levels, 
one has to know the values of the single-particle binding energies Eb(2sl), Eb(ld~), 
Eb(lf~) and Eb(Zp¢ ) with respect to the 2sSi core. 

The binding energies of a 2s~ and ld~ particle to the 2sSi core are taken to be 
Eb(2s,~) = --9.29 MeV and Eb(ld~/)= -7 .16  MeV. These values were obtained 
from a separate MSDI fit to 26 even-parity states in A = 35-40 nuclei. 

The J~ = 7z- and 3-  levels in 41Ca and 41Sc give information about the 2 p ¢ - l f  1 
splitting. With the (d, p) stripping factors 11) as weights, the centre of gravity of the 
two 3-  levels at 1.94 and 2.46 MeV in 4XCa is at 2.06 MeV. In connection with the 
41Ca ground state, this yields 2.06 MeV for the p- f  splitting. The same computation 
for the { -  levels at 1.73 and 2.41 MeV in 41Sc yields for the splitting 1.79 MeV. 
Therefore the difference Eb(2p~)--Eb(lf~) is kept fixed at the average 1.93 MeV. 
The values of the four MSDI parameters and one single-particle binding energy 
then can be determined from a least-squares fit to the 15 levels given between square 
brackets in table 1. No effort has been made to remove the influence of spurious 
states. 

2.1. EXCITATION ENERGIES 

The experimental and calculated level schemes for 3SAr and 38C1 are displayed 
infig. 1. 

The experimental and calculated energies for levels of 38At, 38C1 and 38K are 
presented in table 1. 

In this table are listed (i) the experimental binding energies E cxp relative to the 
binding energy of the 28Si core, with the Coulomb energy 8) of all particles outside 
the core subtracted, (ii) the computed binding energies E th, (iii) the experimental 
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TABLE 1 

Exper imenta l  and  calculated energies (in MeV)  
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Nucleus  Ern6 3) 
isospin j n  a) Eexp b) Eth  c) ExeXP a) Exth a) Exth d) 

3aAr 0 + [--115.74] --115.49 0 0.25, 6.78 0 
T = 1 1 + --110.50 5.24 

2 + [--113.57] --113.91 2.17 1.83 1.96 
2 + [--111.80] 3.94 3.77 
0 -  --  108.71 7.03 6.97 
1-  --109.96 5.78, 6.99 6.27, 7.21 
2 -  --110.71 (4.57) 5.03, 6.44, 4.78, 5.67, 6.79 
2 -  7.13, 7.32 
3 -  [--111.93] --111.42 3.81 4.32 3.68 
3 -  [--110.86] 4.88 5.08 4.89 
3 -  (5.51) 6.28, 6.83, 6.65, 7.42 

7.18, 7.48 
4 -  [--111.26] --111.42 4.48 4.32 4.12 
4 -  [--109.53] 6.21 5.88, 6.17 6.08 
4 -  [--109.14] 6.60 6.78 6.53, 7.35 
5-  [--111.15] --111.60 4.59 4.14 4.59 
5-  [--110.08] 5.66 5.58 5.51 
5-  (6.67) 6.14, 6.69 6.78 
6 -  --109.83 5.91, 6.19 7.00, 7.40 
7 -  --109.86 5.88 7.17 

asc1 

T : 2  
0 -  --102.84 2.20 
1- --102.35 2.69 
2 -  [--105.04] --104.66 0 0.38, 3.36 0 
3 -  [--104.28] --104.36 (0.76) 0.68, 2.85 0.67 
4 -  [--103.73] --103.67 (1.31) 1.37 1.21 
5-  [--104.37] --104.61 0.67 0.43 0.40 

as K 

T = O  
3 + [--115.93] --115.68 0 
1 + --116.34 (0.45) 
1 + --114.23 1.70 
2 + --112.72 
0 -  
1-  
2 -  --113.16~ 
3-  --113.83 [ 
4 -  _ 1 1 3 . 9 9 /  ~2 .61  

5 -  - - 1 1 3 . 5 4 ]  
6 -  --113.77 
7 -  --112.31 

0.25 0 
--0.41 0.40 
2.58 
3.21 

3.69 
2.77, 3.83 2.80, 3.70 
2.10 2.36, 3.92 
1.94, 2.45, 3.47 1.90 
2.39, 2.96 2.75 
2.16, 3.80 3.90 
3.62 

a) Ref. 1l). 
b) The  b inding  energies with respect to 2sSi are taken f rom ref. s). 
e) Only the b inding  energy o f  the  lowest level with given J, T v a l u e  is listed. 
a) For  SSAr theoretical  exci tat ion energies larger t han  7.5 MeV are omit ted,  while for aSK only  

levels below 4.0 MeV are listed. For  8sCl all theoretical excitat ion energies are given. 
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TAUI.E 

Calcula ted energies and  configurat ion ampl i tudes  

3 8 C l ( J = 0 ,  T = 2 )  

+ 2 . 2 0  --102.84 

38C1(J = 3, T = 2) 

+2 .85  --102.19 
+0 .68  --104.36 

33p 3 8 C l ( J = l , T = 2 )  33p 

+ 1 0 0 0  +2 .69  --102.35 + 1 0 0 0  

33f 33p 3 8 C 1 ( J = 4 ,  T = 2 )  33f 

- -396 - -919 +1 .37  --103.67 + 1 0 0 0  
+ 9 1 9  --396 

3 8 A r ( J = 0 ,  T = l )  71f 31p 33p 

+7 .03  --108.71 + 8 2 4  - -542 + 1 6 2  

3 8 A r ( J = 2 ,  T = l )  3 I f  51f 71f 33f l l p  31p 51p 71p 33p 

+7 .32  --108.42 --189 - -619 + 3 2 4  --337 --478 --170 + 3 1 2  + 7 8  - -  31 
+7 .13  --108.61 --267 + 3 4 8  - -  9 - -569 --289 + 4 1 2  - -322 - -28  - -355 
+ 6 . 4 4  --109.30 - -692 --218 - -552 + 3 5 5  --163 + 49 - -106 - -32  + 41 
+5 .03  --110.71 + 4 6 3  - -507 - -314 - -  8 - -  6 + 6 4 8  - -  79 + 6 0  + 1 

3 8 A r ( Y = 4 ,  T =  1) l l f  31f 51f 71f 33f 51p 71p 

+ 6 . 7 8  --108.96 + 3 0 9  - -  89 +381  + 81 - -642 + 16 --577 
+ 6 . 1 7  --109.57 + 6 8 0  - -  40 - -680 + 1 9 6  --133 + 92 + 1 0 0  
+5 .88  --109.86 + 4 6 7  + 86 + 4 8 4  + 4 1 5  + 5 8 5  + 1 5 7  - -  32 
+ 4 . 3 2  --111.42 --143 + 9 2 8  - -  91 + 2 2 0  --155 + 1 8 2  - -  72 

3 8 A r ( J = 6 ,  T =  1) 51f 71f 

+ 6 . 1 9  --109.55 +621  - -784 
+5.91  --109.83 + 7 8 4  +621  

3 8 K ( J = 2 ,  T = 0 )  31f 51f 7 I f  l i p  31p 51p 

+3 .83  --112.10 --473 --578 --343 --359 + 4 3 0  - -  85 
+2 .77  --113.16 + 8 0 2  --238 - -174 + 1 0 4  + 5 0 8  - -  1 

3 8 K ( J = 4 ,  T ~ 0 )  l l f  31f 51f 71f 51p 71p 

+ 3 . 7 4  --112.19 + 3 7 6  --205 + 4 1 4  --493 + 3 5 2  --527 
+2 .45  --113.48 --748 + 1 4 8  + 5 6 6  --215 --212 - -  87 
+ 1 . 9 4  --113.99 + 2 1 5  + 9 5 0  + 1 1 4  + 65 + 1 7 0  - -  73 

3 8 K ( J = 6 ,  T = 0 )  51f 71f 

+ 3 . 8 0  --112.13 + 7 5 2  + 6 5 9  
+ 2 . 1 6  --113.77 + 6 5 9  - -752 

71p 

+ 54 
+ 34 

38Ar ( J  = 0, T = 1) s4d6 s2d8 

+6 .78  --108.96 --257 --967 
+0 .25  --115.49 + 9 6 7  --257 

3 8 K ( J  = 1, T = 0) s4d6 s3d7 

+2 .58  --113.35 + 4 5 0  - -889 
--0.41 --116.34 + 8 8 7  + 4 5 6  

s2d8 

+ 8 4  
+ 7 2  

38Ar(Y = 1, T = 1) s3d7 

+5 .24  --110.50 + 1 0 0  

3 8 K ( J  = 2, T = 0) s3d7 

+3.21 --112.72 + 1 0 0  
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2 

(for the meaning of the symbols used see sect. 2). 
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38C1(J=2 ,  T = 2 )  33f 

+3.36 --101.68 --149 
+0.38 --104.66 +989 

3 8 C l ( J = 5 ,  T = 2 )  33f 

+0.43 --104.61 +1000 

33p 

--989 
--149 

38Ar(Y= 1, T =  1) 51f 

+6.99 --108.75 --732 
+5.78 --109.96 +613 

3 8 A r ( J = 3 ,  T =  1) l l f  

+7.48 --108.26 + 16 
+7.18 --108.56 +159 
+6.83 --108.91 +665 
+6.28 --109.46 --305 
+5.08 --110.66 --586 
+4.32 --111.42 -- 8 

3 8 A r ( J = 5 ,  T =  1) 31f 

+6.69 --109.05 --135 
+6.14 --109.60 -- 20 
+5.58 --110.16 --592 
+4.14 --111.60 +753 

3 8 A r ( J =  7, T =  1) 71f 

+5.88 --109.86 +I000 

71f l l p  31p 51p 

+312 --362 --399 +265 
+538 -- 62 --547 +171 

31f 51f 71f 33f 

--317 --506 +500 -- 2 
--166 +212 +383 +234 
--101 --276 + 34 --584 
+130 +431 +634 --469 
--259 --225 --250 --490 
--865 +299 --101 +115 

51f 71f 33f 71p 

+640 +594 --418 +210 
+667 --724 -- 78 --155 
+226 +122 +758 + 99 
+306 +253 +483 --205 

33p 

+ 79 
- -  60 

31p 

+175 
+381 
--168 
--271 
+384 
--349 

51p 

--117 
+468 
- -  25 
- -  15 
+ 2 
--121 

71p 

+261 
+356 
- -  25 
- -  88 
+ 84 

- -  45 

33p 

--530 
+459 

315 
- -  28 
+286 
+ 25 

3 8 K ( J = 3 ,  T = 0 )  l l f  

+2.10 --113.83 +153 

38K(7=  5, T ~  0) 31f 

+2.96 --112.97 +918 
+2.39 --113.54 +163 

3 8 K ( J = 7 ,  T = 0 )  71f 

~3.62 --112.31 +1000 

31f 51f 71f 31p 51p 71p 

+928 --4 --17 +315 +121 + 24 

51f 7If 71p 

4121 +365 --100 
+606 --702 --335 

38Ar(Y = 2, T = 1) s4d6 

+3.77 --111.97 +595 
+1.83 --113.91 +804 

38K(J = 3, T = 0) s4d6 

+0.25 --115.68 +1000 

s3d7 

--804 
--595 
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excitation energies Ex exp and (iv) the excitation energies E~ a, which are given relatively 
to the experimental ground-state energy. The rms deviation of the 15 theoretical 
binding energies with respect to the fitted binding energies amounts to 0.28 MeV. 

M e V  [ 131 . -  137 4 

t 
-104 

0.76 9-5--- .... 0.68 3- T:2 0.67 

/ "  

-105 0 2 " / /  
EXR BaCI THEOR 
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Fig. 1. Comparison of the experimental and theoretical level schemes for 3BAr and 3"C1. The experi- 
mental information is taken from refs. 4, n, 26). The calculated excitation energies are taken from table 1. 
For 38At all experimental and theoretical levels be low 6.8 MeV are given. The binding energies 

are given with respect to the 288i core. 

2.2. W A V E  FUNCTIONS 

The coefficients A f and A p, defined in eq. (1), which denote the amplitudes of the 
pure configurations for the negative-parity states in 3BAr, 3SC1 and 38K are given 
in table 2. 

Each matrix in the table is labelled by a heading indicating the mass number, the 
chemical symbol and the pair of (J, T) values. For negative parity states the pure 
configurations are given as, e.g. 

2Ja2T .p  d 5 - ( ~ ) J ° r . p ,  
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where p s tands for  lf~_ or  2p~_. Similar ly  for pos i t ive-par i ty  states the pure  configura-  

t ions (2s~)"( ld~)"  are deno ted  by sndm. Ampl i tudes  of  the var ious  pure  wave func- 

t ions ( indica ted  at  the top  o f  each co lumn)  const i tu t ing the mixed conf igura t ion  of  a 

par t icu la r  state are given in tenths of  a percent .  The two columns of  numbers  tha t  label  

the rows of  the ampl i tude  matr ices  represent  the exci ta t ion energies (first co lumn)  and 

the compu ted  binding energies (second column) .  The wave funct ions o f  states in 

38At with theore t ica l  exci ta t ion energies larger  than  7.5 MeV are omit ted,  while for 

38K only levels below 4.0 MeV are listed. The  largest  matr ices  have order  9. 

2.3. THE MSDI PARAMETERS 

The values for  the pa ramete r s  ob ta ined  in the least-squares  fit as descr ibed in 

sect. 2 are 

A o = +0 .69  MeV, A t = +1 .15  MeV, B o = - 1 . 4 4  MeV, B t = +0 .66  MeV, 

Eb(If1_ ) = - -2 .84 MeV;  this results in Eb(2p~ ) = --0.91 MeV. 

Wi th  the four  M S D I  pa ramete r s  the 12 two-body  mat r ix  elements,  which were 

used by Ern6 3) as free parameters ,  can be computed .  The results are shown in table  3. 

TABLE 3 

Comparison of some two-body matrix elements (in MeV) 

Computed from 
the 4 MSDI Ern6 ~) 
parameters Free parameters 

(ld~[ Vild 2) J = 0 T = 1 --1.64 --1.71 
2 1 +0.20 +0.26 
1 0 --2.27 --2.11 
3 0 --2.27 --2.51 

j Vlld~lf~/ J ~ 2 T = 0 --3.81 --3.65 ( i d k l f  ~ 2 \ 

3 0 --2.23 --1.85 
4 0 --1.96 --1.77 
5 0 --2.44 --2.90 
2 1 +0.66 +0.38 
3 1 +0.22 --0.08 
4 1 +0.66 +0.92 
5 1 --0.73 +0.43 

There  is good  agreement  between the two sets except  for  the matr ix  e lement  

ld~ lf~J VI I d~ 1 f~)51- However ,  the M S D I  value o f  this ma t r ix  e lement  is in good  

agreement  with the value o f  - 0 . 5 9  MeV calcula ted  with the H a m a d a - J o h n s t o n  
poten t ia l  ~z). 

The surface del ta  in terac t ion  yields (d f [V[d f )21  = ( d f [ V [ d t ) 4 ~  = B 1 ,  since a 

d iagonal  t w o - b o d y  mat r ix  e lement  (abIV[ab)sr=l is equal  to Ba if  l,+lb+J is odd.  
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3. Transition probabilities 
3.1. M1 TRANSITIONS 

Experimentally, one observes 4) strong M1 transitions in 3BAr with A T  = 1 

between states having the same J values. I f  initial and final wave function have the 
tA5 f, form ( d ~ f ~ ) s , 2  and t u ~  ~ J s f l ,  respectively, and the M1 operator is restricted 

to the i f  k particle then the transition strength can be given by 

r r (M1)  = C(2Jf+  1 aes'sf'~2 l/.~ 7x,IJ , 
with C = 15.04 W.u. 

Apar t  f rom C this formula has been given already by Ern6 13), although his formula 
contains an erroneous factor (2J i + 1). 

Ern6 has pointed out that the 6-j symbol is responsible for the enhancement of 
J i  "~ J r  : J i  transitions over Ji "-* J r  = J i  -1- 1 transitions. It  is worthwhile to in- 
vestigate whether this simple explanation still holds when more complicated wave 
functions, especially for the final states, are used. Experimentally it is observed also 
that the strong J ~ J A T - ~  1 decay may take place to several final states. With the 
model presented here a comparison can be made between such observed and 
calculated branching ratios. 

In the present model the initial states J~ = 4 -  or 5-  with T = 2 can only be 
described by the pure configuration 5 (d.,~fTx½)jl 2. From the calculations it follows 
that the strength of  an M1 transition with J,~ = J~ = 4 -  or 5 -  is almost completely 

5 f determined by the ( d ~  ff~r)s~ component  in the final wave function, even if this 
admixture has an intensity as low as 25 %. 

This can be simply explained since a M1 transition from f~ to p~ orbitals is not 
allowed and transitions within the (d~) 5 configurations are weak, due to the small 
value of the reduced single-particle matrix element (d~llMllld~) compared to 
(f~llMlllf~). The reduced matrix elements of the isovector parts of  the M1 operator 
are approximately an order of  magnitude larger, if one or both nucleons are in 
a j = l+½ orbit; see also ref. 24). 

3.2. E2 TRANSITIONS 

For the calculation of E2 single-particle matrix elements in the surface delta model 
the expectation value of r 2 is taken to be R z, where R = ro  A ~  and r o = 1.2 fm. 

Effective charges are not taken into account. 

4. Decay  of  the T = 2 states 

The theoretical results tbr the (AT = 1) M1 transitions from the T = 2 analogue 
states with J~ = 5 - ,  4 -  and 3-  to the low-lying T = 1 negative-parity states in 3BAr 
are given in fig. 2. The computed branching percentages are rounded off to one 
percent. The experimental spins and branching ratios are taken from ref. 4). The 
F~ values were derived from refs. 4,14). 
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37CI (p,y)38A r, 

M1 OR E2 
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I [ T 
EXPERIMENT 2 7 7 
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11.35 

EXPERIMENT 18 5 ~1 

THEORY 1 0 0 
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5 2 6 22  47  I-,¢=5.2eV 

3" Ep:1138 

36 2 ,cl 2 2 Fy~.3.8eV 

27 25 1 ,5 6 Fy=4.6eV 

{1 ,cl 35  2 4 F.v~,l.0eV 

0 0 6 5  1 4 F, : 5 . 8 e V  

3" T=I 
5- 4 . 

3" 
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Fig. 2. Shel l -model  calculat ions o f  b ranching  rat ios and  radia t ion  widths for the  7-decay o f  ana logue  
states in 3SAr, as compared  to exper iment .  The  exper imental  F r value for the  5 -  ana logue  represents  
the sum o f  the/~r values for  the  two componen t s  into which this state is split. The  branching  indicated 
for the  5 -  ana logue  is the  weighted average o f  those  for the  Ep = 1 089 and  1 094 keV resonances .  

4.1. T H E  J n  = 5-,  T = 2 STATES A T  E X = 11.31 MeV 

The experimental F~ value for the 5-  analogue state represents the sum of the 
F~ values for the two components into which this state is split. The branching in- 
dicated for the 5-  analogue state in fig. 2 is the weighted average of those for the 
Ep = 1089 and 1094 keV resonances in the 37CI(p, y)3aAr reaction. 

In our model, the initial wave function consists of the component ( d ~ L , ) 5 2  only. 
The wave function of the 5.66 MeV level has 57 % intensity of the component 
(d~f~½)5 t and the 4.59MeV level has 23% intensity. The M1 transitions to the 5.66 
and 4.59 MeV levels are predominantly determined by this component. 

The large fractions of the component (d~{f~f)4t in the 6.60 and 6.21 MeV levels 
(4l % and 34 % intensity, respectively) do not give rise to strong M1 transitions, due 
to the effectiveness of the J ~ J rule. For the third J~ = 5- level (theoretically at 
approximately E~ = 6.1 MeV) a weak M1 transition is expected, due to the 0.6 
intensity of the (d~_~)5~  component. Moreover here the Ei. 3 rule is also effective. 

4.2. T H E J n  = 4  T =  2 S T A T E  A T  E x ~  11.93 MeV 

The initial wave function only consists of the component (d~-f~)42.  The com- 
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ponent (d~f~¢)4~ is present in the 4.48, 6.21 and 6.60 MeV levels with intensities 
of 2 ~o, 34 ~ and 41 ~o, respectively, which explains the weak M1 transition to the 
4.48 MeV level compared to the strong M1 transitions to the 6.21 and 6.60 MeV 
levels. The M1 transitions to the j r  = 5-  levels at 4.59 and 5.66 MeV and to the 
J~ = 3- level at 4.88 MeV are weakened by the J - *  J rule. The theoretical M1 
strengths for the AT = 1 transitions to the 6.21 and 6.60 MeV levels are 0.3 and 0.8 
W.u., while the experimental strengths are 0.4 and 0.8 W.u., respectively. 

4 .3 .  T H E  J r  = 3 -  T = 2 S T A T E  A T  E x = 11 .35  M e V  

The initial wave function contains the component  (d~_p~_.1_)3 z with 169/o intensity. 
I f  this admixture is ignored, the decay as given in fig. 2 is changed only slightly. The 
strong theoretical Ml  transitions to the 4.88 and 5.5l MeV levels are due to the 

5 (d{~f{~)31 component  in the wave functions of these levels. 
The theoretical M1 strengths for the AT = 1 transitions to the 3.81 and 4.88 MeV 

levels are 0.01 and 0.22 W.u., while the experimental strengths are > 0.08 and 
> 0.25 W.u., respectively. 

4.4 .  T H E  L O W E S T  J r  = 2 T =  2 S T A T E  

Not  much pertinent experimental information is known about this state which 
probably is formed 4) in the 37C1(p, 7)38Ar reaction at a proton energy of Ep -- 427 
keV (E~ = 10.66 MeV). 

d 5 The calculated wave function for this state possesses a ( ~ P ~ ) 2 2  admixture of 
only 2 ~ in intensity. 

Since the penetrabilities for 1 = 1 and l = 3 capture at Ep = 427 keV differ by a 
factor 355, the almost pure (d~fff~)2 ~ character of this j r  = 2 - ,  T = 2 state explains 
the experimental weakness of the (p, ~,) resonance. 

The lowest three J~ = 2 - ,  T = 1 levels are theoretically expected at Ex = 5.0, 
6.4 and 7.1 MeV, with (d~f~½)2 ~ components of 0.01, 13 and 32 ~ intensity, 
respectively. Therefore, the decay of the J"  = 2 - ,  T = 2 level is expected to proceed 
predominantly to j r  = 2 - ,  T --- 1 levels near 6.4 and 7.1 MeV excitation energy. 

5. Decay  of  T = 1 states 

The mean lives and branching ratios are taken from ref. 4). The data about the 
mean lives of the 2.17 MeV and 4.59 MeV levels are taken from refs. is) and 4,16), 
respectively. 

The results for the decay of the lowest two J~ = 5- ,  T = 1 levels are given in 
fig. 3. The strong M1 decay of the 5.66 MeV level to the 4.59 MeV level (experimental- 
ly 0.40 W.u., theoretically 0.60 W.u.) is due to the constructive adding of the isovector 
contributions from the (d~f÷~)51 and ( d ~ f ~ ) 5 1  components, which are present 
in the wave functions with large amplitudes (see table 2). The difference in intensity 
between the transitions 5.66 ~ 4.48 MeV ( 5 - ~  4 - ,  experimentally 0.02 W.u., 
theoretically 0.02 W.u.) and 4.59 ~ 4.48 MeV ( 5 - ~  4 - ,  experimentally >0.22 
W.u., the 3retically 0.19 W.u.) is due to the different signs of the (d~ ~ f~ ~)s ~ components 
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with respect to the (d~f~, , )s l  components in the wave functions of the 5.66 and 4.59 
MeV levels. 

The results for the decay of the lowest three J~ = 4 - ,  T = 1 levels are given in 
fig. 4. Experimentally the decay of the J"  = 4 -  level at 4.48 MeV only proceeds to 
the J~ = 3-  level at 3.81 MeV excitation energy. Other decay modes to lower levels 
would involve M2 or M4 transitions. 

The results for the decay of the second and third J" = 3- ,  T = 1 levels are given in 
fig. 5. The agreement between experiment and calculation is rather poor for these levels. 

M1 OR E2 
5.51 3 (-) 

l 
EXPERIMENT 2 0  X m ~ 3 0 0  fS 
THEORY 25  1: m = 2 6 0  fs 

4.88  3- 

| I 
EXPERIMENT 5 0  (1 
THEORY 4 6  4 

""° i ;  °- 4 . 4 8  4 - 

T T T 
<2 4 0  <1 
3 4  0 

X m = 2 2 4  fs 

i '  

3.81 3 -  

3BAr 
FiB. 5. Shel l -model  calculations o f  b ranch ing rat ios and mean lives fo r  the y-decay o f  3~ bound  states 

in 3SAr. 

5.1. M I X I N G  R A T I O S  

Theoretical E2/M1 mixing ratios are given in table 4. 
The calculated mixing ratios are all small except for the 11.35 ~ 3.81] MeV 

and 11.93 ~ 4.59 MeV A T =  1 transitions, in agreement with experiment. The 
mixing ratio for the 6.21 ~ 4.48 MeV AT = 13 transition shows a large discrepancy 
with the experimental value. 

5.2. T H E  E2 T R A N S I T I O N S  F R O M  T H E  F I R S T  A N D  S E C O N D  Yn = 2 + L E V E L S  

The levels at 2.17 and 3.94 MeV excitation energy with J~ = 2 + experimentally 
decay only to the J~ = 0 + 3BAr ground state. The mean lives 700_+ 110 fs for the 
2.17 MeV level 15) and 105_+ 16 fs for the 3.94 MeV level 4) correspond to E2 transi- 
tions with strengths of  3.2 and 1.1 W.u., respectively. The calculated values are 2.0 
and 0.12 W.u., respectively. The experimental value for the M1 transition from the 
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3.94 M e V  level to the 2.17 M e V  level is smal le r  t h a n  0.002 W.u .  Wi th  the wave func -  

t ions  f r o m  tab le  2, however ,  one  o b t a i n s  0.35 W.u .  The  expe r imen ta l  r a t io  

B(E2,  3.94 ~ 0) /B(E2,  2.17 ~ 0) has  the  large va lue  0.34 which  also indica tes  2a) 

tha t  o the r  con f igu ra t i ons  s t rong ly  con t r ibu te .  

A d m i x t u r e s  o f  ld~ hole  states are  expected to be less t h a n  10 ~ in in t ens i ty  ~0) 

in  the  low- ly ing  states. There  is evidence,  however ,  for the presence  o f  ( l f~)  z con-  

f igura t ions :  (i) the J = 0 + level at  3.38 M e V  exc i ta t ion  energy  can  be in te rp re ted  3) 

as a pu re  (Id~)*(lf~_) 2 conf igura t ion ,  (ii) a ca lcu la t ion  22) o f  pos i t ive-par i ty  levels in 

3SAr wi th  the  M S D I  in the comple t e  ld~, 2s4 a n d  ld~ shell w i thou t  t r u n c a t i o n  shows 

TABLE 4 
Comparison of E2/M1 amplitude mixing ratios in 38Ar 

Transition Mixing ratios 
(E x in MeV) Jl ~ -+ Jr" experimental a) theoretical 

11.93 -+6.60 4 - - + 4 -  A T =  1 --0.05±0.08 --0.04 
11.93 -+ 6.21 4- -+ 4- ,, +0 .02 ,0 .08  --0.03 
11.93 -+ 5.51 4- -+ 3- ,, 40.03±0.09 +0.15 
11.93 -+ 4.59 4- ~ 5- ,, +0.20~0.10 +0.27 
11.93 -+4.48 4 - - + 4 -  ,, +0.10-~z0.10 +0.03 
11.35 -+ 4,88 3- -+ 3- ,, +0 .16 ,0 .10  --0.06 
11.35 -+ 3,81 3- -+ 3- ,, +0.20+0.10 40.58 
11.3l -+ 5.66 5- -+ 5- ,, +0.13~0.06 --0.08 
11.3l -+4.59 5 - - + 5 -  ,, 40.03±0.06 +0.03 

6.60 -+ 4.48 4- -+ 4- AT ~ 0 +0.05~:0.08 +0.04 
6.21 --~ 4.48 4- -+ 4- ,, 40 .32 ,0 .10  +0.04 
4.88 -+ 3.81 3- ~ 3- ,, --0.03 ~0.07 40.03 
5.66 -+ 4.59 5- -+ 5- ,, 40.10--0.09 --0.03 
4.59 -+ 4.48 5- -+ 4- ,, 40 .02 ,0 .03  +0.00 
4.48 -+ 3.81 4- -+ 3- ,, - -0 .01,0.02 40.01 

a) Ref. 4). 

o n l y  three  levels wi th  J~ = 1 + or  2 + be low 9.5 MeV. Exper imen ta l ly ,  there  are at 

least  11) five levels wi th  J~ = I + or  2 + be low 5.6 MeV;  (iii) f rom the 3SAr(d, p )39Ar  

r eac t ion  expe r imen ta l  i nd i ca t i ons  17) have been  f o u n d  for ( l f~)  z admix tu re s  in  the 

38At g r o u n d  state with a n  in t ens i ty  of  a p p r o x i m a t e l y  10 ~%. 

6. Allowed beta decay 

The  wave func t i o n s  o b t a i n e d  can  also be used to ca lcula te  some  l o g f i  va lues  for  

the/3 + decay  of  38Ca a n d  38K a n d  for  the f l -  decay o f  3SC1. The  theore t ica l  l o g f t  

values  are g iven  in  table  5, where  they are c o m p a r e d  with the  expe r imen ta l  values  
[refs. 11,20)]. 

6.1. POSITON DECAY OF THE 3SK GROUND STATE 

W i t h  the c o n f i g u r a t i o n  space l imi ted  to the 2s~ a n d  ld~ shells the 38K g r o u n d  

s ta te  has  on ly  the c o n f i g u ra t i o n  da6o . The  c o m p u t e d  l o g f t  values  are in p o o r  agree-  
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ment  with exper iment .  However ,  these log f t  values are very sensitive to an admix ture  

of  ( ld~)  ~ ~(ld~) 7 in the 38K g round  state. A l ready  a 10 ~ intensi ty of  this componen t  

can br ing the theoret ical  values in agreement  with the exper imenta l  ones. 

6.2. THE fl+ DECAYS zsCa(g.s.) ~ 3SK(0.13 MeV) AND 3SK(0.13 MeV) --~ 3SAr(g.s.) 

In  a shel l -model  ca lcula t ion  the three states involved only differ in M r  value. 

F o r  these supera l lowed Fe rmi  fl+ decays,  the square of  the Fermi  mat r ix  e lement  

has the value IMFI 2 = ( T + M r ) ( T - M r + I )  = 2, independent  of  the conf igurat ion 

mixing of  this state. 

T h e f t  values of  0 + ~ 0 + t rans i t ions  in even-A nuclei with T = 1 can be used to 

investigate the influence of  is3spin mixing in the g round  states. The calculat ions  by 

B3hr  et al. ~s) show a decrease of  [MF] 2 due to isospin impur i ty ,  but  the effect is 

of  the o rder  of  ½ ~o, so tha t  the e x p e r i m e n t a l f t  value has to be known  with very high 

accuracy.  F r o m  the /~-ray end-po in t  energy of  5038+ 12 keV and the half  life 11) 

of  946_+ 5 ms an er ror  of  1 . 3 ~  in the e x p e r i m e n t a l f t  value follows for  the 3SK(0.13) 

decay.  The  e x p e r i m e n t a l f t  value for  the 38Ca(g.s.) decay 20) has an error  of  7 ~ .  

These errors  are too  large te  a l low a test of  the isospin impur i ty  of  these states. 

TABLE 5 
Theoretical and experimental log ft values for allowed beta decay 

Initial state Final state log ft 
nucleus, Ex(MeV) , spin, isospin nucleus, Ex(MeV), spin, isospin exp. theor. 

3sCa 0 0 + 1 Z8K 0.13 0 + 1 3.49 3.49 
3sCa 0 0 + 1 38K 0.45 (1 +) 0 >4.77 3.85 
asCa 0 0 + 1 aSK 1.70 1 + 0 3.41 4.44 
3SK 0 3 + 0 3SAr 2.17 2 + 1 4.98 4.46 
aSK 0 3 + 0 3~Ar 3.94 2 + 1 5.74 4.72 
38 K 0.13 0 + 1 3SAr 0 0 + 1 3.49 3.49 
8sCl 0 2- 2 8~Ar 3.81 3- 1 4.91 3.61 

6.3. THE/3- DECAY asCl(g.s.) -+ 3SAr(3.81 MeV) 

The  exper imenta l  log f t  value 1 9 )  cor responds  with ]MGTI 2 = 0.055, where MGT 

is the Gamov-Te l l e r  ma t r ix  element.  The  wave funct ion of  the 38C1 g round  state 

can be wri t ten as q* (gs )=  F ( d ~ f ~ ) 2 2 + P ( d ~ p ~ ÷ ) 2 2 ,  where F and P denote  

ampl i tudes .  W i t h  the values F = +0 .989  and P = - 0 . 1 4 9  taken  from table  2 the 

result ing IMcTI 2 is equal  to 0.109. F o r  F = 1, the result  is IMGTI 2 = 0.122 and for 

F = 0.84, P = - 0 . 5 5  the result  would  be in agreement  with exper iment .  Such a large 

admix tu re  of  2p~_, however,  would  be in con t rad ic t ion  with the spectroscopic  factor  
for this state in the 37C1(d, p)38C1 react ion (see sect. 7). 

7. Spectroscopic factors for the 37C1(d, p)aSCl reaction 

Exper imenta l ly ,  this react ion has been s tudied by R a p a p o r t  and  Buechner  2 1 ) .  

The exper imenta l  results  for the lowest  four  levels are given in table  6. In  the mode l  

o f  the prezeding sections, the wave funct ions for the T = 2, J~ = 2 - ,  3 - ,  4 - ,  and  
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5-  levels are written as 
= d 5 ~ s - , :  F ( d ~  f_~)j-, 2 + P (  ~ P ~ ) j - , z ,  (3) 

where F and P denote amplitudes. 
Denoting with D the amplitude of the configuration d ~  in the wave function for 

the J~ = I +, T = ~ ground state of 37C1, o n e  obtains from the 2s+-  ld~ shell-model 
calculations of refs. 8,9), a value of D 2 = 0.93, while a recent calculation z2) in- 

cluding ld~ shell configurations yields D 2 = 0.87. 

TABLE 6 
Spectroscopic factors for the s~Cl(d, p)ssCI reaction 

Ex(3SCI) Exper imenta l  Theoret ical  for D ~ == 0.90 

(MeV) j r  S ( I  = 1) S ( I  = 3) S ( I  = 1) S ( I  = 3) 

0 2 -  0.58 0.02 0.88 
0.67 5-  0.78 0 0.90 
0.76 3-  0.09 0.59 0.14 0.76 
1.31 4 -  0.70 0 0.90 

Evaluation of the theoretical S factors gives the simple results, 

S(l = 3) = DZF z, (4) 

S(I = 1) = DZP 2. (5) 

For  the F and P values from table 2 and for D z = 0.90 the results of eqs. (4) and 
(5) are given in table 6. 

The theoretical 2p~ admixture in the j r  = 3-  T = 2 state is about 50 ~o larger 
in intensity than the experimental value. The 2p~ admixture in the j r  = 2 -  T = 2 
state is very small which is in agreement with experiment. 

8. Discussion 

The wave functions obtained with the MSDI in the model of the previous sections 
reproduce the main features of the electromagnetic decay, in particular for the 
AT = 1 transitions. The experimentally observed J ~ J rule for these transitions is 
due to the presence of the configuration (d~f~_~)sft, which has intensities ranging 
from 20 to 60 ~o in the wave functions of  the 4.59, 4.88, 5.66, 6.21 and 6.60 MeV levels. 

These intensities, combined with the fact that the single-particle matrix element of  
the isovector part  of the M 1 operator for an f÷ orbit is an order of magnitude larger 

(dk~ f~)scl  to dominate the" M1 transition. than for a d~ orbit, cause the configuration 5 
Good  agreement with the experimental data is obtained for the branching ratios 

from the 4.59 and 5.66 MeV levels with j r  = 5- .  The calculated mean life for the 
5.66 MeV level is also in agreement with experiment; therefore it would be interesting 
to determine experimentally the lacking mean life of the 4.59 MeV level. 

The poor  agreement with experiment for the AT = 0 transitions to or from 
j r  = 3-  levels is probably due to the limited configuration space used. The wave 
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funct ion o f  the lowest  J "  = 3 -  state in 4°Ca ob ta ined  in the calculat ion o f  ref. 25) 

con ta ins  many  componen t s  o f  relat ively small  ampl i tude ,  which indicates the neces- 

si ty to take  into account  a large conf igurat ion space. The spectroscopic  factor  for 
the  2.17 MeV level in the 39K(n, d)3SAr reac t ion  seems to indicate  26) that  the 

admix tu re  of  the  c o m p o n e n t  (s3dV)z 1 in this wave funct ion has to be an  order  of  

magni tude  smal ler  than  given in table 2. Pure  (s4d6)21 and (s3dV)zl wave funct ions  

for  the 2.17 and 3.94 MeV levels, respectively,  would  solve the large discrepancy 

between exper iment  and  theory  for  the 3.94--* 2.17 MeV M 1 t ransi t ion.  Also the E2 

t rans i t ions  f rom these levels to the g round  state would  be in bet ter  agreement  with 

exper iment .  However ,  the recently observed al lowed be ta  b ranch  so) to the 3.94 MeV 

level in the 3SK(fl+)38Ar decay would,  in this case, be fo rb idden  theoret ica l ly  while 

the exper imenta l  l o g f t  has the value 5.74. 

F o r  a deta i led descr ip t ion  of  the pos i t ive-par i ty  states in A = 38 nuclei, d~-I and  

(f~)2 conf igurat ions  have to be taken in account .  
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