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The structure of**Sc is investigated by the + 3% orthogonality condition model. The properties investi-
gated are energy spectm;spectroscopic factor§2, M1, andE1 transitions. On the whole, the calculated
properties are in good agreement with the available experimental data. Low-lying levels are assigned to the
weak coupling multiplets based am+3%K(3/2") and a+3%K(1/2") cluster configurations and interesting
selectivities forM1 andE1 transitions are discussd$0556-28138)01103-7

PACS numbgs): 21.60.Gx, 27.40+z, 23.20—g, 21.10-k

[. INTRODUCTION feature is that the lowest 32level is located at extremely
low-excitation energy ,=0.15 Me\), which cannot be de-
There is continuing interest in the possibility that scribed in terms of the simple shell modé&H]. Some mea-
a-cluster structure persists in nuclei of tfip-shell region  suredE2-transitions of the positive-parity states show strong
[1-8]. In the “°Ca and “*Ti nuclei the parity-doublet €nhancement comparable to thosevetluster bands if’°Ca
a-cluster bands and also the higher nodal states were olgnd *Ti. These suggest that the nucletic might well
served by thea-transfer experiment§9—-12. In view of conggin a low-lying positive-parity band of states having the
these facts we can say that the-shell nuclei would provide @ K cluster structure. o
very fruitful grounds for studying-cluster structure. There- The classification of the band structure, however, is still

fore, we have performed microscopiecluster model calcu- not so clear cut. A weak coupling interpretation lead one to
lations with the orthogonality condition modéDCM) for expect to find low-lying states which can be described as the

+ ani 39 ;
the “°Ca and**Ca nuclei 8]. Introducing cluster concept has 3/2" spin of K couples to the relative angular momentum

the advantage of assisting our physical insight and makinOf a [15,7,3. Noncentral parts of the-* interaction seem
9 . 9 phy 9 % break the degeneracy of the quadruplets in a slightly com-
our calculations simpler. It has been shown thatdheuster

plicated manner. Alternatively, one may consider these lev-

model is successful in accounting for the energy Spectrgais a5 two rotational bands built on deformed intrinsic states
electromagnetic transitions amdspectroscopic factors. Fur- with K™=3/2" andK™=1/2" [14].

thermore, the coexistence afcluster states and shell-model  \ye report here on a study dfSc by microscopice

like states is essential to an understanding the structure of 3% ocM, which is essentially the same approach%Ga
these nuclei. and *’Ca in Ref.[8]. We analyze the energy spectra, the

For oddA nuclei in the fp-shell region, the possible wave functionsa-spectroscopic factors, and electromagnetic
4p-mh intruder states candidates are not difficult to pointtransitions.
out, since they have positive-parity contrary f@)" ground
states. These have been pointed out by shell model analyses.
However, a-clustering aspects of the intruder states are not
yet confirmed. It would be very interesting to know if
a-cluster structure is extended successfully to ddduclei The model space of the+ 3K cluster model is described
in which the symmetry breaking due to spin-orbit force by a set of the wave functions
would be stronger. It posseses great significance to investi-
gate systematically the structure of tfip-shell nuclei in- A R
cluding oddA nuclei, in order to confirm that the-cluster Vi=——={d(a)[ & (PK)Y,(N];RW(N)}, (1)

K . . . 43

structure is a stable feature in this region. \/(4 )

The nucleus*3Sc is very much the analogue in the
fp-shell of 1% in thesd-shell, and provides the first link in where A is the antisymmetrizer betweem and *°K and
the chain ofa-mh cluster states iMA=44-40 nuclei. It Ry(r) is a radial harmonic oscillator wave function with
should provide a good testing ground for looking at the per-oscillator quanta for the relative motion. The antisymme-
sistence ofa-cluster structure in heavy nuclei. It is also in- trized internal wave functiong(«) and ¢,(**K) are as-
teresting to investigate the trace of an analogy between theumed to be shell-model §)* and (sd) " *(A x) =(02) con-
435¢ and 1F nuclei[13]. Although there are no reported figurations, respectively, with a common oscillator parameter
a-transfer data for the nucled$Sc, many data on the spec- a=0.2815 fm 2. The angular momenta ofK and the rela-
troscopy and electromagnetic properties may be helpful itive motion,| andl, are coupled to the total angular momen-
making assignments ak-cluster states. The most striking tum J. The model space is generated as a direct product of

Il. ORTHOGONALITY CONDITION MODEL
FOR a+3%K SYSTEM
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TABLE I. SU(3) classification of the allowed states af+ 3K
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the internal wave functions and the relaive ones: [ o o s o w00
(02)X (NO). Furthermore, the model space is classified by
SU(3) symmetry. Table | lists the SB3) label (\ w) for the FIG. 1. Calculated and experimental energy spectri®é. The

Pauli-allowed states. The states wik< 11 are not allowed energy scale is measured from thehreshold and the label of the
due to the Pauli principle. It is worth while noting that the total angular momentum denotes<2 value. The multiplets of
present model space contains many important shell-modé&i®K(1) x1] cluster band are indicated by dotted lines. Experimental
states such as thep3state(9,0) and the 4-1h state(12,2.  energies are from Reff17,18,
In the present calculation, we make a truncation of the model
space: the total oscillator quanté=11-30 and the relative In the negative-parity states, the agreement with the
angular momentum =0-16, which can guarantee energy experiment is not so good. This is probably ascribed to
convergence of the low-lying states 6iSc. the restricted basis of the present model that includes only
The Hamiltonian of the system is written as the (90) configuration in the lowestf()® space and does
not consider the spin-orbit splittings of single-particle orbits.
The admixture with {p)® configurations other thaii90)
whereH (&) andH(3%Kr) are the internal Hamiltonians far .needed to vield good agreement. Furthermore, it is
and *K E’:\n)d T,k ig the)kinetic energy operator for the rela- said that the states J/ZE,=0.47 MeV), 5/2 (0.85 .MeV)
tive motion. The excitation energies of the 1/and 5/  and 712 (1.42 MeV) could nogt be accounted for using shell
states of*% are suggested by the observed spectrum as 2.B10del calculations with f(p)* configuration[14,19. It is

H=H(a)+HCK)+ T+ Vax, 2)

MeV and 5.8 MeV, respectively. also important to consider the mixing with core-excited con-
The intercluster potentiaV/,,  is taken to be a folding figurations in order to improve _the agreement. On the other
potential after the one used in RER], namely hand, the triton transfer reaction data show that many of

' ' low-lying negative-parity states are strongly populaftad].

—\C V24 VT2 IRVIras Also, accoro_llng to thg shell model calculatifi], the (90
Vax=VIHVITH VLTS Yoot VIZ [ T2, Yalo component is maintained to amount of 30-50% in many of
+VT™[T4,Y4lo, (3)  the low-lying states. These could be interpreted to indicate

the trace of triton cluster structure of the states.
where The negative-parity band with the+°(3/2") cluster

structure is predicted to start at 0.78 MeV above the
, 5 a-threshold. This is a close analogue of the negative-parity
Tw:gK Yaul) TZMZEK &Y2u(&), (4) a-cluster bands in the neighboring nuclei. It is very impor-
tant to search for the experimental candidates of the
and| is the angular momentum &fK. The nucleon-nucleon «-cluster bands. _ _
interaction adopted is the Hasegawa-Nagata-Yamamoto AS for the positive-parity states, agreement with the ex-
force [16] with depth paramete¥,(3E)=—493 MeV for  Perimentis very fine. The spin sequence of low-lying levels
the intermediate range. As for the Coulomb interaction, only°an be interpreted in terms of weak coupling scheme built on
the central part is adopted, and the tensor parts derived frof K(3/2" or 1/2°)x1], as depicted in Fig. 1. The lowest
the Coulomb force are very small and are neglected. Thand is dominated by the*K(3/2") x1] configuration. The
depthsV™ and VT2 are multiplied by factors 1.1 and 0.9, second-rank ten_sor forces produce a fairly Iarge splitting of
respectively, so as to reproduce the low-lying states energie&he lowest band into quadruplets, which looks different from

) ce 5 _ .
these factors are similar to those used in fi@a and“’Ca ?h(\a/elrgFSrTf(l:lllesugIttITnhgeO;rihﬁlgorwriztmbe?g %L%(l(/g /2)+X)I]a$j
systems, but are more moderate. ) 9

15N(1/27) are mainly responsible for the features of split-
tings. The second-rank tensor forces cannot produce the
splitting of the band *®N(1/2") X 1] because of angular mo-
The calculated energy spectra are compared with the exnentum selection rule. The strengths of the tensor forces are
perimental data in Fig. 1, where the energies are given wittnot much different in both nuclei. Then, the basic weak cou-
respect to thex+3%K threshold €;,=4.81 MeV) and the pling feature remains unchanged. The excited band
label of the total angular momentum denotes Pvalue. [3%(1/2") X 1] is predicted to be built on the Ij2state. The

A. Energy spectra
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observed 1/2(2.65 MeV) is a good candidate for this state.

TOSHIMI SAKUDA AND SHIGEO OHKUBO

TABLE Il. Wave functions of the negative-parity states in terms of thé3%dcheme.

N=11 N=13

L=odd L=odd L=even
J” E (MeV) (9,0 (13,2, (13,2, (12,1 (11,0 (13,2 (12,1
1/2- -4.66 0.915 0.026 -0.068 -0.187
1/2- 1.71 -0.130 -0.436 -0.492 -0.126
3/2” -5.18 0.922 0.030 0.013 -0.181 -0.004 -0.042
3/27 0.78 -0.025 -0.069 -0.187 -0.021 -0.634 -0.174
512~ -2.96 0.914 -0.013 0.017 0.082 -0.190 0.005 0.036
512~ 1.13 -0.087 0.302 0.490 0.274 -0.044 0.229 -0.078
7127 -4.17 0.931 -0.029 0.004 -0.003 -0.175 0.006 0.035
7127 1.97 0.038 -0.046 0.315 -0.138 0.036 -0.560 -0.211
9/2~ -0.15 0.912 -0.016 0.034 0.112 -0.192 0.020 0.047
9/2~ 2.46 -0.164 -0.015 0.537 0.301 -0.044 0.278 0.009
11/ -2.08 0.943 -0.021 -0.015 0.007 -0.168 0.007 0.030
11/ 4.05 0.041 -0.298 0.219 -0.123 0.043 -0.546 -0.209

B. Wave functions and a-spectroscopic factors

There are some problems associated with the spectrum. The The calculated wave functions of the negative-parity
1/2Ir state is calculated about 0.8 MeV higher than the exstates in terms of the SB) scheme are listed in Table I,
perimental 1/2(0.85 MeV) state. Moreover, the higher where theL S coupling scheme is used and the total orbital
spin states £17/2") are predicted to lie at too high excita- angular momentunh =|J—1/2| or J+ 1/2. The components
tion energies and are not shown in Fig. 1. The systematiof quanta higher thaN =13 are abbreviated. The bases with
deviations of the upper levels from the rotational spectrunthe same X i) but differentK labels are not orthogonal with

are also observed in the-cluster bands of°Ca and**Ti. To

respect toK, which refers to the component of the orbital

overcome these difficulties, the present model may be devekngular momentum along the intrinsieaxis. Therefore, we
oped to include the symmetry breaking efcluster states make a set of orthogonal bases by diagonalizing the norm

[22]. kernel; the bases (13,2and (13,2) are such functions. The
TABLE lll. Wave functions of the positive-parity states in terms of the(3lscheme.
N=12 N=14
L=even [=odd L=even [=odd
Jr E (MeV) (12,2, (12,2, (11, (10,0 (12,2 (11,1 (14,2, (14,2, (13, (120 (14,2 (132
12f -3.11 0.537 -0.210 -0.590 -0.218 0.083 0.242
1/22+ -1.37 0.586 0.436 0.364 -0.247 -0.186 -0.151
3/2f -4.52 0.671 -0.384 0.249 -0.048 0.184 -0.262 0.153 -0.102 0.019 -0.074
3/22+ -3.27 -0.331 -0.396 0.483 -0.204 -0.373 0.129 0.160 -0.199 0.082 0.152
3125 -0.79 0.226 0.585  0.319 -0.388 -0.162 -0.096 -0.244 -0.136 0.166 0.067
5/21+ -4.01 -0.319 0.002 0.186 -0.045 0.714 0.231 0.124 -0.001 -0.075 0.018 -0.279 -0.093
5/25r -1.82 -0.174 -0.597 -0.367 -0.140 -0.117 0.373 0.073 0.243 0.150 0.052 0.044 -0.151
5/2; -0.58 -0.168 -0.457 0.255 0.482 0.019 -0.374 0.070 0.193 -0.102 -0.201 -0.004 0.152
712 -3.56 -0.622 -0.261 -0.349 0.085 -0.332 0.038 0.260 0.059 0.143 -0.034 0.130 -0.014
7/2; -1.99 0.314 -0.441 -0.349 0.166 0.159 -0.482 -0.083 0.192 0.143 -0.065 -0.059 0.193
7125 0.71 -0.008 0.636 -0.333 0.357 -0.038 -0.210 -0.043 -0.257 0.142 -0.150 0.016 0.087
9/21+ -2.44 0.396 -0.153 -0.157 0.058 -0.670 -0.241 -0.139 0.084 0.062 -0.022 0.260 0.095
112 -1.85 0.291 -0.591 -0.362 0.085 0.360 0.035 -0.112 0.237  0.147 -0.032 -0.141 -0.014
13/2 -0.00 -0.463  0.077 -0.152 0.060 0.664 0.226 0.172 -0.033 0.059 -0.021 -0.252 -0.085
15/21+ 0.70 -0.238 0.632 0.339 -0.067 -0.379 -0.066 0.090 -0.250 -0.134 0.023 0.145 0.024
17/ 3.31 0.500 -0.073 0.156 -0.054 -0.676 -0.195 -0.174 0.035 -0.057 0.016 0.243 0.067
19/21+ 4.15 0.222 -0.673 -0.294 0.040 0.403 0.073 -0.079 0.257 0.108 -0.011 -0.147 -0.023
21/2 7.49 -0.539 0.051 -0.167 0.415 0.700 0.145 0.167 -0.031 0.054 -0.008 -0.225 -0.042
23/21+ 8.50 0.722 0.219 0.227 -0.436 -0.063 0.073 -0.250 -0.069 0.000 0.144 0.015
25/12f 12.50 0.004 0.582  -0.183 -0.732 0.139 -0.021 0.046 0.003 -0.181 -0.008
27/21+ 13.70 -0.815 0.481 -0.209 -0.065 -0.012 0.122 -0.001
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TABLE IV. Spectroscopic factor§ft of a+3%K(17=1/2",3/2*,5/2") channels for the negative parity

states.
J7 E (MeV) channel (XI)
(1/2x1) (3/2x1) (5/2x3)
1/2- -4.66 0.047 0.048 0.059
1/27 1.70 0.050 0.334 0.002
(1/2x1) (3/2x1) (3/2x3) (5/2x1) (5/2x 3)
3/2” -5.18 0.045 0.004 0.050 0.025 0.023
3/2” 0.78 0.001 0.367 0.008 0.001 0.000
(1/2x3) (3/2x1) (3/2x3) (5/2x1) (5/2x3) (5/2x5)
5/2~ -2.96 0.044 0.025 0.018 0.001 0.006 0.058
5/2~ 1.13 0.004 0.307 0.065 0.000 0.001 0.001
(1/2x3) (3/2x3) (8/2x5) (5/2x1) (5/2x3) (5/2x5)
ra -4.17 0.041 0.006 0.053 0.011 0.012 0.017
ra 1.97 0.002 0.364 0.006 0.001 0.000 0.000
(1/2x5) (3/2x3) (3/2x5) (5/2x3) (5/2x5) (5/2<7)
9/2~ -0.15 0.035 0.031 0.013 0.001 0.006 0.063
9/2~ 2.46 0.006 0.332 0.029 0.001 0.001 0.002
(1/2x5) (3/2x5) (3/2x7) (5/2x3) (5/2x5) (5/2x7)
11/27 -2.08 0.033 0.006 0.057 0.008 0.009 0.017
11/27 4.05 0.002 0.357 0.003 0.001 0.000 0.000

first state of eacld is dominated by th€90) of 3p configu- (RWA's), y(r), of the 3/Z and 3/3 states for the
rations and contains some of tli#l1,0 configuration. The  3%(3/2*, or 1/2")+ « channels.

(90) component of the 1j2 state is about 84%, which is  The low-lying positive-parity states have a largfgfactor
somewhat larger than the lowel®0) component(74%) of  (apout 0.18in (3/2x1) channel and are the members of
the 1/2 state in%. This means that theclustering in*3Sc +3%(3/2") cluster band. Similarly, the states $/23/2; ,
becomes weaker than #F [13]. The second state of eadh 5/25, ... have a larg&? factor in(1/2x1) channel and are

s somewhat complicated. They appear to contain APPTG5rgely a+3%K(1/27) cluster states. All of thé&? factors in
ciable higher components lik43,2 and(12,1), and are ex- (5/2X1) channel are found to be very small in these states.

39 + i inifi
pected to bex+ *°K(3/27) cluster states. It is of significance These results confirm the weak coupling featuraxef2

to search for the experimental candidates of the negative- ;
parity a-cluster bands. cluster bands. The features of variouscluster channels of

The calculated wave functions of the positive-parity state%hef lowest three 3/2 states are illustrated in ,F|g. 3. The
in terms of the SB) scheme are also shown in Table llI eights of the outermost peaks of the RWA's are greatly
. . enhanced and show the importanceve¢lustering. The typi-
The components of quanta h|gh_er thl_sim 14 are abbrevi- cal value(0.18 of S? factoFr) of a-cluster statei in43Scy?s
ated. These states are substantial mixture&laf2, (11,1 ' a ]
and (10,0 configurations in the lowest quanta. This is the sgmewhat smaller than the Correspondsigfactor(o_a) in
result of the product of the internal wave functions and rela-'"F- This value, however, is still much larger than 8§
tive ones: (0,2X (12,0). The same kind of feature is also factor(0.07 of the 4p-1h (12,2 state in SU3) shelg model,
held inN=14 case. Therefore these states can be viewed &1d is as large as the values @fcluster sates if°Ca and
(1+39K C|uster states. The |owest :%L/gtate has a 69% com- 42Ca nuclei. We can Say that thEClustering structure St|”
ponent with the lowest quanta, which is somewhat largeP€rSISts In the®*Sc nucleus.
than the corresponding componéb6%) of the lowest 1/2

state in 1%F. The smaller mixture of higher components in C. Electromagnetic transitions and moments
*sc indicates that the degree oi-clustering becomes  we can calculate the electromagnetic transitions in a mi-
weaker in“°Sc than in~F. croscopic way by using the knowledge of the norm kernel,

Although there are no reportegttransfer data fofSc, a  which is the same method as used in the previous calcula-
decomposition of the wave functions into channel compo+jons of “°Ca and*’Ca[8]. The transition matrix elements of
nents would be interesting. The spectroscopic fac&jr®f  the subunit cluste?*K is calculated by using the S8) shell
the a+%K(I7=1/2",3/2* 5/2%) channels are listed in model wave functions. The details of the calculational
Tables IV and V. As for the negative-parity states, FBﬁe method are given in Refl3].
factors of the lowest states are about 0.04 in most channels. Calculated and observeB(E2) andB(M1) values are
This is due to a nonorthogonality of channel wave functionssummarized in Tables VI and VII. In the calculation B2
with low-oscillator quanta. The second state of eddas a  transitions, additional chargefe,= de,=0.3e for the inter-
largeS? factor (about 0.3in (3/2" X 1) channel and is awell nal transitions of3*K are used in order to reproduce the
developeda-cluster state. These features are clearly illus-experimental B[E2:1/2"(2.52 MeV)—3/2*(0.0 MeV)]
trated in Fig. 2, which shows reduced width amplitudesvalue, and small additional chargése,= ée,=0.1e for the
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TABLE V. Spectroscopic factor§? of a+3%(17=1/2",3/2",5/2%) channels for the positive parity

states.
J7 E (MeV) channel (XI)
(1/2%x0) (3/2x2) (5/2x2)
1127 -3.11 0.026 0.176 0.001
1/2; -1.38 0.184 0.045 0.004
(1/2%x2) (3/2x0) (3/2x2) (5/2x2) (5/2x 4)
3/2f -4.52 0.001 0.143 0.044 0.001 0.000
3/2; -3.27 0.011 0.049 0.142 0.000 0.001
312 -0.79 0.197 0.009 0.013 0.001 0.002
(1/2%x2) (3/2x2) (312x4) (5/2x0) (5/2x2) (5/2x4)
5/2; -4.01 0.001 0.181 0.003 0.001 0.000 0.001
5/2; -1.82 0.062 0.002 0.125 0.001 0.001 0.000
5/2; -0.58 0.139 0.005 0.084 0.004 0.003 0.001
(1/2x4) (3/2x2) (3/2x4) (5/2x2) (5/2x 4) (5/2x6)
712 -3.56 0.001 0.166 0.021 0.001 0.001 0.000
712 -1.99 0.007 0.026 0.157 0.000 0.000 0.001
712 0.71 0.190 0.007 0.009 0.002 0.001 0.001
(1/2%x 4) (3/2x4) (3/2x6) (5/2x 2) (5/2x 4) (5/2x6)
9/2; -2.44 0.001 0.176 0.002 0.001 0.000 0.001
9/2; 0.13 0.130 0.000 0.047 0.003 0.001 0.000
9/2; 1.32 0.052 0.004 0.148 0.014 0.001 0.001
(1/2x6) (3/2x 4) (3/2x6) (5/2x4) (5/2x6) (5/2x8)
1172 -1.85 0.001 0.175 0.009 0.001 0.000 0.000
11/25 0.29 0.006 0.012 0.156 0.000 0.000 0.000
11/2 3.08 0.154 0.004 0.008 0.024 0.001 0.001
(1/2%x6) (3/2x6) (3/2x8) (5/2x4) (5/2x6) (5/2x8)
1312 -0.00 0.001 0.165 0.001 0.001 0.000 0.000
13/2 2.68 0.148 0.001 0.010 0.015 0.001 0.000
(1/2%x8) (3/2x6) (3/2x8) (5/2x6) (5/2x8)  (5/2x10)
15/2 0.70 0.001 0.169 0.004 0.001 0.000 0.000
15/2; 3.50 0.006 0.006 0.141 0.001 0.000 0.000
(1/2%x8) (3/2x8)  (3/2x10)  (5/2x6) (5/2x8)  (5/2x10)
1712 3.31 0.002 0.147 0.001 0.001 0.000 0.001
(1/2x10)  (3/2x8)  (3/2x10)  (5/2x8)  (5/2x10)  (5/2x12)
19/2 4.15 0.001 0.153 0.003 0.001 0.000 0.000
(1/2x10)  (3/2<10)  (3/2x12)  (5/2x8)  (5/2x10)  (5/2x12)
21/2f 7.49 0.002 0.123 0.001 0.002 0.000 0.000
(1/2x12)  (3/2<10)  (3/2x12)  (5/2x10)  (5/2x12)  (5/2x14)
23/12f 8.50 0.001 0.130 0.002 0.001 0.000 0.000
(1/12x12)  (3/2x12)  (3/2x14)  (5/2x10)  (5/2x12)  (5/2x14)
25/2f 12.50 0.003 0.094 0.000 0.001 0.000 0.000
(1/2x14)  (3/2x12)  (3/2x14)  (5/2x12)  (5/2x14)  (5/2x16)
2712 13.71 0.001 0.100 0.001 0.001 0.000 0.000

relative transitions are also used, which are consistent witenergy region. The calculateB(E2) value, however, is
the values needed in the calculations ¥Ca~*Ti [8]. comparable with the experimental values. In view of these
These are far smaller than the additional charges used in tifacts we can say that the (90) strength is shared over the
shell-model calculatior{19,24], which are de,=0.4e and two states and admixtures of core-excited components into
oe,=0.6e for negative-parity and furthebe,=2.5%¢ and these states are important. For thEL transitions we use
e, = 1.5 for positive-parity states. the free charge and gyromagnetic ratios. In the cluster model,
For the E2 transitions from the high-spin J{  the M1 operator cannot change the total orbital angular
=19/27,15/27,11/2" and 9/2) states, the calculated and momentumL and thusM1 transition between states AL
experiments are in agreement. While fof=3/2",5/2" =2 should be forbidden. Th&8(M1:3/2—5/27) and
case, two neighboring levels are observed and both ha(M1:9/2"—7/27) are such cases, and these are in fact
relatively strongE2 transitions. As mentioned before, the observed to be very weak. On the other havd, transitions
present model can predict only one state of eddh this  with AL=0 such asB(M1:5/2"—7/27) andB(M1:1/2
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reproduced very well by the present model. Furthermore, the

—3/27) are allowed and are an order of magnitude largeiB[E2:3/2" (1.16)— 3/2*(0.15)] is smaller than other inband
than the transitions withL =2. The quadrupole moments of transitions and shows some deviation from the simple weak
the 7/2°(0.0 MeV) and 19/2(3.12 MeV) are also reason- coupling interpretation. This is also well explained by the
ably reproduced. The calculated magnetic moments of thpresent model. It is noteworthy that only small effective
states are somewhat smaller than the experimental valuesharge is used in the calculation. In the shell-model calcula-
This is due to lack of{;,)® components in the present wave tion, very large effective charges are commonly required.
functions. These enhancements are ascribed todbdustering of the

As noted in the Introduction, the observe@ transitions states, which are very similar to the cluster model calcula-
of the positive-parity states are strongly enhanced, and ar#ons in “°Ca and“’Ca. We are also able to obtain a good

TABLE VI. Calculated and experiment&l2 andM 1 transitions of negative-parity states 4#5c.

ExperimentaP Calculated

IT(ED) — JF(ET) B(E2)w.u. BIMDwu — B(E2)wu  B(M1)w,
3/27(0.47) - 7/27(0.0) 16+1
3/27(1.18) - 7/27(0.0) 9+3 13.41

—  5/27(0.85) <0.259 0.001
1/27(1.81) —  3/27(0.47) 0.176-0.395

. 3/27(1.18) <30000 3.1°%3 11.38 2.17
5/27(0.85) - 7/27(0.0) 15-7 or 73 0.114-0.02
5/27(2.29) - 7/27(0.0) >0.03 >0.087 1.05 2.66
11/2°(1.83)  — 7/27(0.0) 13.6:1.5 6.68
9/27(1.88) - 7/27(0.0) 1.6 53 0.057" 3% 0.41 0.024

—  5/27(0.85) <73 7.27
15/27(2.92)  —  11/27(1.83) 5.4-0.6 5.24
19/27(3.12) —  15/27(2.92) 2.82-0.05 2.91

Q(e fm?) m(nm) Q(e fm?) w(nm)

7/27(0.0) —26+6 4.61+0.04 -16.17 1.74
19/2°(3.12) +19.9+14 3.121-0.007 -17.06 1.53

®Reference$17,23-23.
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TABLE VII. Calculated and experiment&2 andM 1 transitions of positive-parity states fiSc.

ExperimentaP Calculated

IT(ED) - JF(EF)  B(E2)w.. B(M1)w., B(E2)w.y. B(ML)w.,
[3%K(3/2)x1=2]
5/2+(0.88) —  3/2Y(0.15)  14r4 0.011+0.005 28.93 0.015
3/27(1.16) —  3/2"(0.15) 4.4:1.5 0.039 5554 1.01 0.010
712+ (1.34) —  3/2Y(0.15)  19-8 14.15

— 5/27(0.88) 3122 0.030" 3956 20.43 0.072
[3K(3/2)x1=4]
5/2"(1.65) — 1/27(0.86) 35-13 17.82

—  3/2*(1.16) 6.98 0.100
9/2+(1.93) — 5/2Y(0.88)  16-4 18.11

—  7/2Y(1.34) 4.120 0.014-0.005 8.56 0.019
11/2"(2.55) —  7/2Y(1.34) 318 23.97

—  9/2Y(1.93) 218 0.106-0.018 or0.23+0.17  9.78 0.24
[3%K(3/2)x|=10]
23/2"(6.43) — 19/27(5.52) 5.6-0.5 15.86
[3K(3/2)x1=12]
25/2"(7.36) — 23/27(6.43) <2 0.07£0.05 0.23 0.001

Q(e fm?) w(nm) Q(efn?)  u(nm)

3/27(0.15) 0.3480.006 18.83 0.214

3Reference$17,24-21.

account of theM 1 transitions. In thex-cluster states, only under SU3), there are severe constraints on e transi-
the transition between states af =0 should be allowed, tions from (fp)2 (90) states to #-1h states: the transition to
which is the same kind of selection rule as the one in thé10,0 is allowed but the ones (12,2 or (11,]) states are
negative-parity states. As can be seen from the Table VIiforbidden. The(10,0 configuration is only a small compo-
there are a number of such transitions, for examplepent of the low-lying positive-parity states and that g
B[M1:11/2"(2.55)—9/2"(1.93)]. These are much larger transitions between thef9)® and 4p-1h states should be
than the forbidden transitions between the statedlof2.  greatly inhibited. As shown in Table llI, th€10,0 compo-
Moreover, the calculated magnetic moment of thenents of the 3/2, 5/2; and 7/2 states, which look like
3/2*(0.15) is also in reasonable agreement with the observethembers ofK "=3/2" band, are considerably smaller than
value. the ones of the 1/2, 3/2, and 5/2 states, which look like

As the present cluster model contains no spurious centefmembers oK™=1/2" band. This is a reason for the variety
of-mass excitation, we can tre@ll transitions without anxi-  of hindrances of th&1 transitions. It is known that thE1l
ety. The calculated and experimentall transitions are transition rates are influenced by the giant dipole resonance.
given in Table VIIl. The present-cluster model gives a The excitation energy of the giant dipole resonance peak is
good account of th&1 transitions, also. In this calculation, about 70 MeV, which is far larger than the energy gap of the
no effective charge is used. An interesting feature of theconcerned levels. Therefore, the effect would have a small
transitions was noticed in Ref23]. That is, the observed state dependence and is not expected to explain the large
strengths related t§™=3/2" band are all hindered by 10°  difference of the observed retardations of Bt transitions.
and the ones related to th€™=1/2" band are all hindered As a whole, these lend strong supports to the present inter-
by =10*. Since theE1l operator transforms as$ fz)=(10)  pretation of*3Sc.

TABLE VIII. Calculated and experimentdi1 transitions in**Sc.

B(E1)(W.ux105)

JT(ED — JT(EDY ExperimentalP Calculated
3/27(0.47) - 3/2*(0.15) 0.4-0.2 0.27
5/27(0.85) - 3/2*(0.15) <25 2.10
5/2*(0.88) . 7/27(0.0) 0.4-0.2 1.42
1/2*(0.86) N 3/27(0.47) 13-4 27.7
3/27(1.16) . 5/27(0.85) <20 32.7
712+ (1.34) - 7/27(0.0) 3.3°%9 0.24
5/2* (1.65) - 7/27(0.0) 25+9 6.69

- 3/27(0.47) 1k4 5.56

8Referencd 23].
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IIl. SUMMARY

With the aim of studying thex-cluster structure of*Sc,
we have applied the microscopie+ 2K cluster model. In

a+3%K CLUSTER MODEL 1191
of the a-cluster band in*°Ca and**Ti, are well reproduced

by the present model. Furthermore, interesting selectivities
for M1 andE1 transitions have been understood from the

the low-lying negative-parity states, the calculated energyiewpoint of cluster structure. The excitesi+3°K(1/2")
spectra and electromagnetic transitions are in qualitativéand is predicted to start from the §/3tate. The observed
agreement with experiment. This may be due to strong spint/2; (2.65) state is a good candidate for this state. It is con-

orbit splitting of f p-shell orbits and therefore the inclusion of
(fp)? configurations other thaf®0) would be important to
improve the agreement. The negative-pauty 3%K(3/2")

cluded that the positive-parityr-cluster states persist in
nucleus*3Sc in spite of the strong spin-orbit force. Experi-
mental studies using-transfer reactions are desired in order

cluster band is predicted to start slightly above thetg test directly the predicted-spectroscopic factors.
a-threshold. There has been reported no experimental coun-

terpart to this band. It is of importance to search for the
members of the band in experiment.
On the other hand, in the positive-parity states the calcu
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