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Magnetic dipole transitions in superdeformed nuclei

K. Sugawara-Tanab®&? A. Arima,? and N. Yoshid&?
1otsuma Women'’s University, Tama, Tokyo 206, Japan
2The Institute of Physical and Chemical Research, Wako, Saitama 351-01, Japan
SFaculty of Informatics, Kansai University, Takatsuki, Osaka 569, Japan
(Received 7 August 1995

Magnetic dipole transition matrix elements in superdeformed nuclei are calculated based on an axially
symmetrically deformed Nilsson model. Several levels become the candidates to be assigned for the experi-
mental evidence of the superdeformed band#ig and *°°TI. Although the intrinsicgy factors for some
levels show slower convergence to the asymptotic limit values, their wave functions show a good revival of
L —S coupling scheme at superdeformation. Comparing the experimental data with the renormgalized
find the pseudospin picture is not suitable for the superdeformed band.

PACS numbgs): 21.10.Ky, 21.10.Pc, 21.60.Cs, 27.8Qv

I. INTRODUCTION In this paper we make a survey of theoretigal values
for one single-particle SD rotational band #%Hg, °°TI,

We have shown that the— S coupling scheme is restored and also***Dy and ***Ho in which no experimental data are
for the superdeforme(BD) states, and proposed the idea thatreported yet. The calculation is performed using a Nicra code
the quantization of alignment at SD bands is related with th¢8] with the same parameter set as in the previous pajer
real spin[1,2] and not with the pseudospin mechanism whichThe purpose of this investigation is to identify additional
is a good approximation for a usual deformed nug3ed]. In - configurations that are expected to lie close to the Fermi
order to confirm our conclusion in the previous pa@rwe  surface with observabl® 1 strength, and to discuss their
calculateM1 matrix elements, as the magnetic propertiesintrinsic structure in connection with the—S coupling
can provide insights into the single-particle structure andscheme. We found that the valuesgyf for some levels do
clarify the difference between the pseudeS and the real not yet reach to the asymptotic values although their wave
L-S coupling schemes. Recently experimental evidence fofunctions show enough revival of thhe- S coupling scheme.
M1 transitions in'%Hg [5] and 13Tl [6] were reported, This is because of the cancellation between two kinds of
where theM 1 matrix elements are extracted. The theoreticasummed squared amplitudes wiih=J,=L,+S,= A+ 1/2.
analysis based on the particle-rotor model is published an#or the case of the proton shell, there is another cancellation
supports the assigment of the odd neutron in [th&2]5/2  between the orbital term and the spin term of & opera-
orbital in the ***Hg casd7]. tor in addition to this cancellation. However their wave func-
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tions show a quite good revival of the—S coupling is partly because the division by sméllin (2) enhances the
scheme. We compared the renormalizgid based on the change ofu,. Another reason is that the single-particle level
pseudospin picture and the origirgd based on the real spin with small Q) in large N depends on the deformation more
picture, and found that the pseudospin mechanism is not strongly than that with larg€) as is seen ifE(o,€). Com-

good approximation for the superdeformed band. paring with the experimental values gk = —0.65+-0.14
andQ)=2.8+0.8,[5] only the[512]5/2 level is the candidate
Il. g« VALUES arounde~0.5. However if the experimental assignment of

o Q) is not taken serioush,631]3/2, [761]3/2, [871]3/2, and
In the strong coupling limit the8(M1) values for aK  [761]1/2 also become the candidates to explain the experi-

band can be written mentalgy value. Here we assume that single-particle levels
3 of 1%Hg are nearly the same as those'8Hg.
B(M1;liK—1:;K)= E(QK—QR)ZKZMEu ) If the L —S coupling is completely resurrected, the value
wheregg, is the rotationag factor and the intrinsig factor .
. . Hg v
Ok is defined by
| 1 T
gKQ:g/<0'vQ|/z|O'vQ>+gs<0'vQ|Sz|0'aQ>- 3] 08 512372"'0"0-.0— a
3
Throughout the paper we shall usg,=g"™® and B //‘6"121//2 _
. . § . & * 76
gs=0.89™¢, which are used ifi5]. In (2) the wave function ST
is the eigenvector of the Hamiltonidth given by 04— 5147/2A/A..A--A-fA 1
H|o,Q)=E(0,Q)|0,Q), 3) s I .
where Q) =J, and o represents all the other quantum num- 00 7
bers. | ; _
We show single-particle energi&fo,()) as a function of ggg‘g}gg;‘_-n;_;g_zg;_;;ez‘ls/z
the deformatiore, which is equal tod,s. adopted in a previ- -04 | &nd; "‘ZT:ETZT;?;‘?Z';? -
ous papef1,2], in Fig. 1 (Hg casg¢ and in Fig. 2(Dy case a0, :\.‘:21\‘,"(;_\_9\65125/2
both for the neutron shell) and for the proton shells). B Ny
The single-particle levels are labeled by the asymptotic o8l 013,
guantum numberfNn,A 1€}, and the Fermi surface of the | 2
nucleus at each deformation is shown by a wavy line inside ol4l 6*5 ols
the figures. We calculategk values for those levels lying ’ e
close to the Fermi surface shown in Figs. 1 and 2. In Fig. 3
the calculatedy, values for the neutron levels 6f?Hg lying FIG. 3. The values ofix as a function of for the neutron shell

near to the Fermi surface are shown as a functioa &sis () in ®Hg. The symbols are the same as given in Fig. 1. The
shown in the figuregy with a small value of) depends on positive-parity levels are shown by solid lines, and the negative-
the deformatiore more strongly than those with large. It parity levels by dashed lines. The valueseadre from 0.4 to 0.6.
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TABLE I. The values ofgk and(o,Q|s,|a,Q) (inside the parentheseas a function of deformatioa for
single-particle levels it%Hg. The values in the fifth and tenth columns denote the limiting valuegof
evaluated by the asymptotic wave function.

Neutron Proton

Level\e 0.4 0.5 0.6 Limit Levelg 0.4 0.5 0.6 Limit

4005 -2.91 -2.95 298  -306 4%  -1.88 -2.04 214 -2.46
(0.475  (0.482  (0.486 (-0.416 (-0.439 (-0.454

4023 0.959 0.974 0.985 1.02 433  0.422 0.394 0.374  0.308
(-0.470 (-0.47§ (-0.483 (-0.418 (-0.439 (-0.452

5125 0532  -0553  -0.567 -0.612 482  1.67 1.68 1.68 1.69
(0.435  (0.452  (0.463 (0.485  (0.489  (0.492

514% 0.367 0.383 0.394 0437 484 0.537 0.530 0.525  0.506
(042  (-0.438 (-0.45) (-0.469 (-0.479 (-0.480

5143 -0.319  -0.323  -0.326 -0.340 530 2.94 3.39 3.69 4.46
(0.469  (0.475  (0.480 (0.280  (0.345  (0.389

6405 -1.16 -1.70 207 -3.06 53 0.363 0.222 0.123  -0.153
(0.189  (0.277  (0.338 (-0.276 (-0.339  (-0.380

6423 0.392 0.555 0.674 1.02 531 185 1.94 1.99 2.15
(-0.192 (-0.272 (-0.33) (0.369  (0.405  (0.429

6313 -0.608 -0.719  -0.795 -1.02 533 143 1.44 1.45 1.49
(0.299  (0.352  (0.390 (0.435  (0.448  (0.459

633; -0.349  -0.366  -0.380 -0437 651 0.786  -0.145 -0.859  -2.46
(0.399  (0.419  (0.439 (-0.03) (-0.165 (-0.269

7613 -1.32 -0.377  0.551 3.06 631  1.68 1.79 1.88 2.15
(0.216 (0.0  (-0.09 (0.294  (0.343  (0.38)

7613 0472  -0571  -0.695 -1.02 632  1.49 1.53 1.57 1.69
(0.232 (0.280  (0.323 (0.353  (0.384  (0.409

7525 -0.362  -0.404  -0.440 -0.612 730  1.95 2.45 2.95 4.46
(0.296  (0.330  (0.359 (0.137  (0.210  (0.282

8803 -0.591  -0.968 -1.42  -3.06 761 153 1.65 1.75 2.15
(0.097 (0.158  (0.232 (0.232  (0.280  (0.323

8713 -0.394  -0.490  -0.585  -1.02

(0.193 (0.240 (0.287

of (o,Q|s,]o,Q) becomes =1/2 corresponding to els become-0.29,—0.35, and 0.36, and thej values are
Q=A=*1/2. Then thegk for the neutron(proton single- 1.78, —2.17, and—0.74, respectively. Thus their ratios to
particle level,gk(v)[gk(7)] becomes the limit values become much better, i.e., 59%, 71%, and
73%.
L1 . 1 In a previous papef2] we proved the resurrection of
k(M=%9s55, O(mM=1x(g5-1)55. @ | —gcoupling in the follwing way. The eigenstate (5) is
expanded byt — S coupled spherical bas{,L,L,=A,Q)
The + sign corresponds td)=A+1/2, respectively. In utilizing the formula
Table | we showgy values according with an increasirg
together with the asymptotic values calculated fr@a. |0’Q>:2 Wﬁ{)AMN,L:AyQ), (5)
Comparing values in the fourth column with those in the ca o
fifth column in Table I, we find most of the levels show a
good convergence to the asymptotic values. Butof the ~ Where the sum overA runs over only two terms, i.e.,
[761]1/2,[880]1/2, and[871]3/2 levels in they shell do not (Q+1/2 and Q—1/2. Then we compared two summed
yet approach 60% of the limit value at=0.6, although they ~squares of amplitudes over, i.e., = W, o|? for fixed
show a good tendency. In the same table we showed = =*1/2, respectively. In Table Il we show these two
(0,Q]s,|a,Q) inside the parentheses just below thevalue  sums within the interval of 09 e=<0.8. For example, in the
corresponding to each level and deformation. They show aase of[871]3/2, the amplitude withA=1 to that with
good tendency to reactt 1/2 with increasinge. The abso- A =2 is 0.588 to 0.412 a&=0.0, and 0.864 to 0.136 at
lute values of o,Q|s,| o, Q) for the[761]1/2,[880]1/2, and €=0.8. We find quite good revival of the —S coupling
[871]3/2 levels are smaller tha®.3 at e=0.6. At e=0.8,  scheme even for those levels whagedo not show enough
(0,Q]s,|o,Q) for the [761]1/2, [880]1/2, and[871]3/2 lev-  convergence to the asymptotic values.
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TABLE Il. The summed values oEL|W{T'Q 1 o|? (upper
NLOQ-5,0
row) andX, |W

a,Q

NLO+ S,
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tion (e) for the singlé-particle level it%Hg.

|? (lower row) as a function of deforma-
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ponents, i.e., 0.8890.111 (see Table . Subtraction be-
tween the two components smears the convergence to the

limit. This is the reason whygy does not converge enough to
the asymptotic value even when the squared amplitude of the

Neutron component with the sam@ as the asymptotic quantum
numberA ,, shows a quite good convergence.
e Level 64G 642 6313 761; 7613 880; 8713 We showedltgr;'(_a| values @k and(o,Q|s,|o,Q) for the
proton shell in g in the right column of Table I. Simi-
0.0 8':??; g?gf g':f: 8'5542 g'sg; gf?g g'ffglarly we see not enough convergence to the as_ymptotic limit
' ' ' ' ' ' =< for [5632]3/2 and[651]1/2, although the expectation value of
s, for [532]3/2 is quite good(larger than|0.3) compared
0.2 0571 0.547 0.586 0.663 0.643 0.541 0.621th, the other levels. The summed squares of two amplitudes
0.429 0453 0414 0337 0357 0459 0.379¢5; proton levels are also shown in the lower half raw of
Table Il. At e=0.8 the difference between two amplitudes
0.4 0.689 0.308 0.798 0.716 0.731 0.596 0.692is 0.86 for [532]3/2 and 0.76 for [651]1/2,
0.311 0.692 0.202 0.284 0.269 0.404 0.308 gnd <O-,Q|SZ(7T)|0-,Q> is —0.46 for [532]3/2, —0.39 for
[651]1/2. Howevergy is 0.0019 for{532]3/2 and— 1.00 for
0.6 0.838 0.169 0.889 0.409 0.823 0.731 0.787[651]1/2 even ate=0.8. The proton case is not so simple
0.162 0.831 0.111 0.591 0.177 0.269 0.213 compared with the neutron case,qg ) depends not only
on{a,Q|s,(m)|o,Q) but also oo, Q| (7)|o,Q). More-
0.8 0.912 0.095 0.935 0.209 0.890 0.855 0.8640ver even whera,Q|s,|o,Q1) becomes nearly-1/2, as is
0.088 0.905 0.065 0.791 0.110 0.145 0.136the case fof532]3/2, the large factogs(w) enhances the
Proton small difference. Wher{a,Q|s?(w)|o,Q> is negative, the
3 7 1 3 < . cancellation betwees, andl, in (2) prohibits gx to con-
¢ level 533 5213 528 6513 6513 642 770; verge to the limit. This is the case ff532]3/2 and[651]1/2.
0.0 0.714 0364 0.819 0555 0.615 0.692 0533 The experimental evidence fdA1l transitions in the su-
0286 0636 0181 0445 0385 0308 0.467Perdeformed bands of3Tlis recently reported6]. It gives
(gk—9gr)K/Qp=0.12-0.15 for the superdeformed band. We
0.2 0436 0713 0892 0703 0684 0772 0.552assume the same value @, as adopted in**Hg [5],
0564 0287 0108 0297 0316 0.228 04489r=Z/A and the same proton .smgle-pamclellevels .for
19371 as those fort%Hg. Thengy estimated from this experi-
04 0223 0.868 0.935 0469 0.794 0854 063cMeNtal data becomes 6.11-4.97 for '1/2, 2.31—1.93 'for
0777 0132 0065 0531 0206 0.146 0364K= 3/2, and 1.55-1.32 foK= 5/2. As is seen in the right
0.6 0.120 0.929 0.959 0.232 0.881 0.910 0.782 02,
0.880 0.071 0.041 0.768 0.119 0.090 0.218 9
1 I I
0.8 0.067 0.959 0.974 0.112 0.932 0.942 0.886 08 - .
0.933 0.041 0.026 0.888 0.068 0.058 0.114 s1z%pe "
L . . . . . 04
This discrepancy is explained in the following way. With
the help of(5), the expectation value dfr,Q)|s,|o,Q)> is x -
given by 2 00
_ 1 o, 2 a,Q) 2 —
<U’Q|SZ|U’Q>_§§ (|WN,L,Q—%,Q| _|WN,L,Q+%,Q| )- 04
(6) '
Thus even when thé —S scheme becomes pretty good,
(0,Q|s,|0,Q) is calculated by the subtraction between two 081
components. The ratio of thgx value at a fixede to the

asymptotic limit value is given by the ratio of the expecta-
tion value of s, to *1/2. As E,_|W”’Q |2

1
0 . . N,L,Q—?,Q
+EL|WNLQ+; Q| =1, the ratio becomes the difference
L, 2

between two components at the saend-or example, in the
[631]3/2 level of thev shell at thee= 0.6 case, the ratio of
gk to the asymptotic value, i.e., 0.795/1.(ske Table)l is
the same as the difference betweenAhel andA =2 com-

FIG. 4. The renormalized values gf factor, g (dropping the
contribution from the unique-parity leyeds a function of for the
neutron shell ¢) in %Hg. The symbols are the same as given in
Fig. 3. The positive-parity levels are shown by solid lines, and the
negative-parity levels by dashed lines. The values afe from 0.4
to 0.6.
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TABLE IlI. The values ofgx and(o,Q|s,|a,Q) (inside the parentheseas a function of deformation
e for single-particle levels if®®Dy. The values in the fifth and tenth columns denote the limiting values of

gk evaluated by the asymptotic wave function.

Neutron Proton

Level\e 0.5 0.6 0.7 Limit  Levelk 0.5 0.6 0.7 Limit

4113 2.43 2.58 2.69 3.06 31 -2.12 -2.19 225  -2.46
(-0.398 (-0.421) (-0.439 (-0.45) (-0.462 (-0.470

4023 -0583  -0.591  -0.600 -0.612 383 0.370 0.359 0.350  0.308
(0.476  (0.483  (0.489 (-0.455 (-0.463 (-0.469

5213 -0.749  -0.816 -0.863 -1.02 431 202 2.05 2.07 2.15
(0.367  (0.400  (0.423 (0.444  (0.455  (0.464

5235 -0.381  -0.391  -0.399 -0.437 433  0.419 0.397 0.380  0.308
(0.436  (0.447  (0.457) (-0.420 (-0.436 (-0.448

5143 -0.319 -0.323  -0.326 -0.340 443  1.46 1.46 1.47 1.49
(0.470  (0.475  (0.479 (0.468 (0.474  (0.478

6405 1.00 -1.47 -200  -3.06 530 2.82 3.28 3.60 4.46
(0.164 (0.256  (0.321) (0.263  (0.330  (0.379

6425 -0.446  -0.477  -0503 -0.612 532 -0.387  -0.242  -0.143 -0.153
(0.365 (0.390  (0.411 (-0.266 (-0.329 (-0.372

7703 -1.49 -1.91 223  -306 53 1.56 1.58 1.60 1.69
(0.243  (0.31)  (0.364 (0.40)  (0.42)  (0.436

7613 0611  -0.690 -0.759  -1.02 651 0.353  -0.498 -1.08  -2.46
(0.296  (0.333  (0.372 (-0.094 (-0.217  (-0.300

8803 -1.18 -1.64 -2.02  -3.06 651 1.77 1.85 1.92 2.15
(0.193 (0.268  (0.330 (0.334  (0.370  (0.398

column of Table I, the candidate orbitals to be assigned foparameter is quite different from the origirgl as is seen in

this superdeformed band afé42]5/2, [651]3/2, [521]3/2,

[514]7/2,[640]1/2,[631]3/2, and[880]1/2 orbitals. Thus we

and[402]5/2 with Q=K in the proton shell. Three of them cannot adjust by simply multiplying an effective factor to the

except for[521]3/2 have positive parities.

. gx VALUES

Now we calculated the renormalizeyk factor, i.e.,gy
We expand the statpr,)) by the sphericaj —j coupled
wave function instead o),

0.0y =2 URS L aINJLQ). 7

In (7) we drop the contribution from the unique-parity level,
renormalize the wave function, and then estimate he
matrix element by this pseudospin wave function. We apply
this method to the neutron shell d?Hg and shows the
calculated results in Fig. 4. We have not shdwf5]11/2 in

Fig. 4, as most of the components are from the unique-parity
level, i.e.,h11/2. Comparing Fig. 3 and Fig. 4, we see the
renormalizedgy (Fig. 4) is quite different from the corre-
sponding reafix (Fig. 3). If we usegy values to explain the
experimental data, there is no candidate level near Fermi
surface around e~0.5 with gx=-0.65-0.14 and
0=2.8+0.8 [5]. For example,gy values for [512]5/2,
[871]3/2, and[761]3/2 orbitals are now around-0.41 to
—0.47, gi for [631]3/2 is around—0.24, and that for

2
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renormalizedgy values in order to get the experimental
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FIG. 5. The summed squared amplitudes|\8 , o|? with
[761]1/2 moves to—1.28 ate~0.5. Not only the absolute asymptotic value of\ ., as a function of both for the neutron shell
values ofgy but also its dependence on the deformation(») and the proton shellx) in *5°Dy.
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value. It is easily seen that the level which has the largevalue ofs,, where the orbital term and the spin term()
component from the unique-parity level is much influencedcancels each other to interrupt the convergence.

by the renormalization procedure. In Fig. [B80]1/2, In Fig. 5 we Sh0W6d2L|W§’SL)AQ|2 of 5Dy for one
[871]3/2,[761]3/2, and[514]9/2 belong to the unique-parity component ofA which coincides with the asymptotic value
family at the spherical limit. We see not only those levels, _ ~The other component is easily obtained by subtracting
which belong to the unique-parity family but also other lev-inis'a1ue from 1. All the levels, includings51]1/2 in the

els Wdhlbchﬂl?_elong to tr|1_e ri_seuollosﬂr])ln family are mUCT 'Tﬂt" shell, show a good revival df —S coupling scheme in
enced by this renormalization. In the same way we calculated, o\ eformation.

the renormalizedy, for the proton single-particle levels of
19371, Again gy, values are quite different from the original
gk values. Arounde~0.5, gy for [642]5/2 is 0.512, that for
[651]3/2 is 1.25, for[521]3/2 is 1.36, and fof402]5/2 is
1.59. Here[642]5/2 and[651]3/2 belong to unique-parity In this work, we can assign several single-particle levels
family, while [521]3/2 and[402]5/2 to pseudospin family. responsible for the observegk values in%*Hg and 1°°TI,
Thus, we cannot neglect the influence from the unique-paritgnd predictgx values for Dy and '**Ho in the superde-
level on any state at superdeformation. As the authof§Jof formed states. It is found that the convergence to the asymp-
calculated thev 1 matrix element based on the real-spin pic-totic limit g value is interrupted by the subtraction between
ture and not on the pseudospin picture, their results are atwo components ol =) —1/2 andA = + 1/2 and the sub-
most the same as ours and also support our conclusion. traction between the orbital part and the spin part for the

Similarly we calculated thé®®Dy case. We showed the level with asymptotic quantum numb€=A —3 in proton
values of calculatedy and{,Q|s,|a,Q) (inside the paren- single-particle case. However, their wave functions show a
thesegas a function ok in Table Ill. We can assume that the quite good revival of thé. — S coupling scheme as is shown
single-particle level of'>Dy is nearly the same as that of in Table Il and Fig. 5. Comparing the renormalizgd factor
153Dy and **Ho. So Table Ill shows the prediction of the based on the pseudospin picture with the experimental data,
gk Vvalues for these nuclei. In the Dy case all the levels showve find that we cannot neglect the influence of the unique-
a good convergence to the limit values excepf{&&1]1/2 in  parity level even for those levels belonging to the pseudospin
the proton shell. This level gives only 44% of the limit value family at superdeformation and the pseudospin picture is not
at e=0.7, but again it is the case of negative expectatiorsuitable for the superdeformed band.

IV. CONCLUSION
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