
PHYSICAL REVIE%' C VOLUME 46, NUMBER 4 OCTOBER 1992

Electromagnetic transition probabilities
in the natural-parity rotational bands of ~55 ~57cd

H. Kusakari, & l M. Oshima, ~ & A. Uchikura, ( l M. Sugawara, & & A. Tomotani, ~ &

S. Ichikawa ( & H. Iimura & ) T. Morikawa & & T. Inamura, & l

and M. Matsuzaki~ ~

Chiba University, Yayoi-cho, Inage-ku, Chiba M8, Japan
Japan Atomic Energy Research Institute, Tokai, Naka, Ibaraki 819-11, Japan

& ~Chiba Institute of Technology, Shibazono, Narashino shi, C-hiba 875, Japan
&4&Hiroshima University, Kagamiyama, Higashi-hiroshima 72$, Japan

~ ~RIKEN, Cyclotron Laboratory, Wako-shi, Saitama 851-01, Japan
le~kbkuoka University of Education, Akama, Munakata-shi, Fukuoka 811 )1, Ja-pan

(Received 9 March 1992)

The ground-state rotational bands of Gd and ' "Gd have been investigated through multiple
Coulomb excitation with beams of 240-MeV Ni and 305-MeV Br. Gamma-ray branchings and
E2jM1 mixing ratios were determined by p-ray angular-distribution measurement. Nuclear lifetimes
of levels up to I =

~ and 2 for ' Gd, respectively, have been measured using the Doppler-shift
recoil-distance method. The observed signature dependence of Ml transition rates was found to
be inverted in relation to the quasiparticle energy splitting. The data are analyzed in terms of the
cranking model.

PACS number(s): 23.20.—g, 27.70.+q, 25.70.Bc

I. INTRODUCTION

We have previously reported signature dependence of
Ml strength in the natural-parity rotational band of
issDy [1,2 ]. This has drawn considerable attention since
the signature dependence is unexpectedly large and the
phase of the zigzag pattern as a function of spin con-
tradicts the selection rule [3] that is well established
for unique-parity rotational bands based on high-j or-
bits [4—10]: While the sign of quasiparticle energy split-
ting, b,e' = e+, —e', , and the averaged absolute value
of B(M1) are in agreement with the dominant j = zs

character for this band, the phase of the zigzag contra-
dicts that expected for the dominant j =

N
configuration

[1,2]; we for the first time pointed out this unexpected
zigzag pattern of B(Ml) as the "inverted" signature de-
pendence. The signature dependence was shown in terms
of the cranking model (previously referred to as "the ro-
tating shell model" ) to originate from the characteristic
coherence between the orbital and spin contributions in
the spin-down (0 = A —zi) dominant one-quasiparticle
states [2,11]; a particle-rotor model calculation gave a
similar result [12]. On the other hand, the counterpart,
i.e., the spin-up (0 = A+ 2) dominant configurations
showed almost no signature dependence of B(M1) values,
which is consistent with expectations given by the crank-
ing model [13]. In order to clarify the general feature
in this mass region, the intermediate situation in which
the spin-down and spin-up configurations are strongly
mixed should be studied. In this paper we present the
results of Coulomb-excitation experiments on Gd
whose ground states contain comparable magnitudes of
the spin-down and spin-up configurations. Part of this
work has been published elsewhere [14].

Since the natural-parity rotational bands are generally
nonyrast at high spins, they have not been well stud-
ied through in-beam p-ray spectroscopy using heavy-ion-
induced fusion reactions. Coulomb excitation is most
suited for this study because the ground-state rotational
band is selectively excited even if it is a nonyrast band.
We made multiple Coulomb excitations of iss isrGd
whose ground-state rotational bands are commonly based
on the natural-parity Nilsson state v[521 z]. We have as-

signedlevelsup to J = ( zs ) in issGd and J = zs in
isrGd We m. easured p-ray branchings, E2/Ml mixing
ratios, and nuclear lifetimes and determined the absolute
intraband transition probabilities up to the z state in
issGd and the z state in s7Gd . The ground-band
members of issGd have previously been assigned up to
(is) . The absolute transition probabilities have been
investigated through P decay [15] and Coulomb exci-
tation by light ions [16—20]. Similarly, the ground-band
members of isrGd have been established up to J
[21], and the transition probabilities have been deter-
mined up to the second excited zr state through P
decay [22] and Coulomb excitation [23].

II. EXPERIMENTAL PROCEDURES
AND RESULTS

Self-supporting metallic targets of issGd (91.8 % en-
riched) and srGd (93.3 % enriched) were bombarded
with beams of 240-Mev Ni and 305-Mev Br from the
tandem accelerator at Japan Atomic Energy Research In-
stitute (JAERI). In Coulomb excitation of these nuclei,
we performed p-p coincidence, p-ray angular distribution
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and recoil-distance lifetime measurement for the two nu-
clei. In the p-p coincidence and p-ray angular distri-
bution experiment for ~s7Gd the s Br beam was used;
The Ni beam was used for all the other studies. In
the p-p coincidence and p-ray angular distribution mea-
surement, the beam was stopped in the target with 30
mg/cm thickness.

Three Compton-suppression p-ray spectrometers [24]
placed at 0', 90', and —90' to the beam direction were
used in the p-p coincidence measurement. The distance
between the target and the detectors was 7 cm. The
data acquisition was controlled by a VAX-780 computer
and all events were recorded on magnetic tapes for later
analysis. The sums of the coincidence spectra gated for
ground-band transitions are shown in Figs. 1(a) and 1(b)
for 'ssGd and ~srGd, respectively. Levels up to 1809
keV in ~ssGd and to 1630 keV in ~s7Gd were determined
from the coincidence spectra. The results are shown in
Figs. 2(a) and 2(b).

Gamma-ray angular distributions were measured with
a Compton- suppression spectrometer at seven angles be-

tween 0' and 90' to the beam direction. The distance be-
tween the target and the spectrometer was 10 cm. The
angular distribution W(8) was expanded to fourth order
in Legendre polynomials

W(8) = Ao [1 + A2Q2P2(cos 8) + A4Q4P4(cos 8)]

The coefficients A2 and A4 were determined by fitting
the experimental data. The Q2 and Q4 values are the
geometrical attenuation factors. For the detector con-
figuration used, the Q~ and Q4 were estimated for each
p-ray energy from Ref. [25]. Typical examples of the
angular distribution analysis are shown in Fig. 3 and the
derived coefficients Aq and A4 are presented in Tables I
and II. We also evaluated the alignment attenuation fac-
tors [26], n2 and o;4 . The experimental A2 values of the
AI = 2 transitions give the alignment attenuation factor,
o.s, for the decaying states because these transitions are
pure E2; o.4 was estimated from the o.q by assuming a
Gaussian distribution of the magnetic-substate popula-

„05 I~I-1

CD
C
C5

(3
G)

10'=
V)

O
(3

19/2

10 =

7/2 9/2 11/2
13/2

13/2
9/2 1 1/2

7/2 1 i 1 7/2 5
5/2

17/2

19/2

21/2

(a)
'

Gd

23/2

(25/2)

&Ii I IIII, Ir,„
1 I I I I I I I I I I I I I I I I I I I I I I I I I

0 100 200 300 400 500

Energy (keV)

600

10 =

I~I-1 7/2 1 1/2

I I
I

I I I I
I

I I I I
I

I I

CD

L

10 =
(6

O
C3 10 =

7/2 9/2 13/2
15/2

1 1/2

19/2

21/2

15/2
81

Br 17/2

19/2

21/2

(b) Gd

23/2

25/2

1 I I I I I I I I I I I I I I I I I I I I I

0 100 200 300 400 500

Energy (keV)

FIG. 1. Sum of coincidence spectra gated for ground-band transitions for (a) Gd and (b) Gd. Beams of 240-MeV
Ni and 305-MeV Br were used to Coulomb excite the Gd and Gd nuclei, respectively.
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TABLE I. Summary of p transitions in the ground-state rotational band of Gd. E~ is p-ray
energy. J; and Jf are initial and Anal spin, respectively. I~ denotes the relative p-ray intensity
which is corrected for angular distributions; the data up to J, =

2 are derived from Ref. [20].
It,t ~ indicates the total intensity corrected for internal conversions. A2 and A4 are p-ray angu-
lar-distribution coefficients. b(E2/Ml) is the E2/Ml mixing ratio. Values in parentheses denote
uncertainties.

Itotal A2 A4 b(E2/M 1)

60.0(1)

86.1(1)
146.1(1)

75.1(24)
24.9(2)

320(10)
41(4)

100(2) 1036(20) -o.io(6)

-0.044(33)
0.007(22)

0.13(6)

0.00(4)
-0.005(27)

-0.197(5)

+0.19(4)

11
2
ll
2

13
2
13
2

15
2
15
2

17
2
17
2

19
2
19
2

21
2

23
2

11
2
9
2

13
2
11
2

15
2
13
2

17
2
15
2

17
2

19
2

21
2

105.4(1)
191.5(1)

140.0(1)
245.5(1)

142.0(1)
282.0(1)

194.9(1)
336.9(1)

166.6(1)
361.5(1)

244.4(1)
411.0(1)

427.7(i)

473.(1)

483.(2)

48(4)
52(4)

41(7)
59(7)

8.9(27)
58(3)

8.8(27)
31(13)

1.2(3)
15.5(9)

0.9(6)
5.0(21)

1.8(6)

132(11)
66(5)

73(12)
65(8)

9.1(28)
58(3)

8.9(27)
31(i3)

1.2(3)
15.5(9)

0.9(6)
5.0(21)

1.8(6)

-0.160(27)
0.102(19)

-0.221(25)
0.125(19)

-0.150(35)
0.121(19)

-0.164(20)
0.108(19)

-0.31(9)
0.114(20)

-0.402(12)
0.111(23)

0.112(39)

0.006(31)
-0.019(24)

-0.013(28)
-0.010(24)

-0.024(40)
-0.002(24)

0.025(23)
0.008(24)

-0.01(11)
0.002(24)

0.031(16)
-0.010(29)

0.027(49)

-0.22(5)

-0.32(5)

-0.14(4)

-0.13(5)

-0.15(4)

-0.20(4)

'From Refs. [16, 17].
From Ref. [18].

Beets the capacitance between the target and stopper,
was monitored during the measurements.

Figure 4 shows the unshifted intensity versus the re-
coil distance, i.e., decay curves for excited states. Data
on the shifted and unshifted intensities were analyzed by
a computer program LIFETIME [27]. The fitted results
are also shown in Fig. 4. The Coulomb-excitation pro-
cess does not cause any serious side-feeding contribution
to the decay curves which often brings considerable un-
certainty of the Anal result in compound nuclear residues.
This feature enables the lifetimes of excited states to be
determined accurately.

The lifetimes obtained for the states in 5Gd and
"Gd, and the reduced Ml and E2 transition probabil-

ities derived from the p-ray intensities, E2/Ml mixing

ratios, and lifetimes are summarized in Table III. The
reduced transition probabilities are plotted in Figs. 5—7.

III. THEORETICAL CALCULATION

We performed cranking-model calculation based on
the Nilsson potential. In this framework, all the single-

particle states in the model space are treated on the same
footing, and no a priori assumption for the core is nec-
essary. In particular, our M1 matrix elements are not
just multiples of angular-momentum matrix elements in
contrast to the single-j approximation; this feature is es-
sential for studying natural-parity rotational bands. And
our B(E2) values are calculated using the microscopic
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FIG. 6. B(E2;I -+ I —1) values for the ground-state ro-

tational bands of (a) ~ssGd and (b)
' Gd. The experimental

values for I =
~
~and ~~ are previous data (see Table III), and

the others the present data. The solid line denotes the present
cranking-model calculation.

expectation value of the quadrupole moment at each ro-
tational frequency. Electromagnetic transition operators
we study are given by [28]

h' = h„;„—E(Pt + P) —AN —M, ,J (5)

in a three-major-shell space which consists of the N0„=
4-6 shells for neutrons and the N„, = 3—5 shells for
protons. By assuming axial symmetry, the quadrupole
deformation parameter b was chosen so as to reproduce

2.0 (a)
' Gd

for axially symmetric odd-N nuclei. The first factor
in each operator is the geometrical factor proposed by
Donau [29] to improve the cranking approximation for
the low-spin region (see appendix in Ref. [13]). In the
present case, K =

&
was assumed. In the M1 opera-

tor, g„f is calculated using the microscopic expectation
values with respect to the even-even reference state as

(/ *)
gT8f

1.0 .
V

P Q l ~ ~ ~

~ ~ I ~

(b) 157Gd
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The efFective spin g factor was taken from Table 5-14 in
Ref. [30] and no effective charge was introduced. The
quantity Io is the angular momentum of the even-even
reference state and is assumed to be related to the odd-
mass system quantities as

Ip=(J ) =I —i (4)

where i is the aligned angular momentum of the odd
quasiparticle.

Wave functions on which the above operators act were
obtained by diagonalizing
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FIG. 7. B(E2;I ~ I —2) values for the ground-state ro-
tational bands of (a) ~55Gd and (b) Gd. The experimental
values for I = 7 are previous data (see Table III), and the
others the present data. The solid line denotes the present
cranking-model calculation.
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TABLE II. Summary of p transitions in the ground-state rotational band of ' 7Gd. Notations
are the same as those in Table I. Gamma-ray branching ratio for J, =

2 is from Ref. [21].

E~
(keV)

Itotsl A2 A4 b(E2/M 1 )

11
2
11
2

13
2
13
2

15
2
15
2

17
2
17
2

19
2
19
2

21
2

21
2

23
2

25
2

11
2
9
2

13
2
11
2

15
2
13
2

17
2
15
2

19
2
17
2

19
2

21
2

54.4(1)

77.1(1)
131.4(1)

95.8(1)
172.8(1)

120.1(1)
215.6(1)

131.6(1)
251.6(1)

161.7(1)
293.3(1)

161.0(1)
322.7(1)

201.(1)
362.2(1)

195(1)
384.3(1)

422(1)

444(3)

100(2)

100
30.0(25)

32.4(6)
29.4(10)

19.5(4)
25.9(5)

6.3(7)b
15.5(3)

3.6(6)'
10.3(5)

1.0(4)
5.17(28)

0.39(23)
1.99(13)

0.51(10)

0.09(5)

1340(50)

544

59(5)

109(2)
40.2(14)

44.0(9)
30.5(6)

9.1(28)
17.2(3)

5.5(9)
11.0(5)

1.5(6)
5.42(29)

0.5(3)
2.06(13)

0.52(10)

0.09(5)

-0.052 (9)
(-0.110(9)

-0.0153(9)
0.099(9)

-0.228 (9)
0.134(9)

(-0.110(9)
0.206(9)

-0.371(9)
0.235(8)

0.284(8)

0.294(14)

0.084(13)
0.020(11))

-0.016(11)
0.031(12)

-0.013(12)
0.010(12)

0.020(ll))
-0.023(12)

-0.009(12)
-0.042(12)

-0.047(12)

-0.077(18)

-0.182(12)

-0.18(3)

-0.22(9)

-0.25(7)

-0.18(3)

'From Ref. [21].
Composite peak. The p-ray intensity is derived from analysis of p-p coincidence measurements;

The effect of angular correlation is corrected.

the observed quadrupole moments of the adjacent even-
even nuclei [31]approximately using experimental pairing
gapa and the chemical potentials which gave the correct
particle numbers at hu„t ——0. The parameters used are
listed in Table IV.

In the next section, we shall present new calculated
results for 7Gd as well as the previous results for Gd
[11],and compare them with our new experimental data.

IV. DISCUSSION

to each other:

1(9j 9ref) J—1— (6)

where g~ is the Schmidt value defined by using g,
(ee)

because the relation between j and l is unique. This is
well applied to high- j intruder orbitals. In natural-parity
cases, however, j is not a good quantum number in the
deformed nuclei.

By assuming axial symmetry, an identity

A. Theoretical expectation

Both the single-particle angular momentum J and the
magnetic dipole operators p are given by linear combina-
tions of l and s. In the single- j approximation, the matrix
elements of J and p„(v = —1, 0, +1) are proportional

—2 e'(f ] J, ] u) = hu)„t (f[iJ„]u)

where

Ae'=e„' —e& ) 0

h'If) = eylf)
h'[u) = e'„]u)

(7)

(8)
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TABLE III. Summary of lifetimes and reduced transition probabilities for ' Gd. I is nuclear
spin. ~ is mean lifetime.

Nucleus

(Ps)
B(E2;I~ I —2)

( 2b2)
B(M1;I~ I —1)

(4)
B(E2;I —+ I —1)

(e2b )

155Gd 5
2
7
2
9
2
11
2
13
2
15
2
17
2
19
2

21
2

5
2
7
2
9
2
11
2
13
2
15
2
17
2
19
2

21
2

23
2

270(14)
390(70)'

84(9)
33(3)
32(3)

10.3(11)
7.5(8)
3.4(4)
4.2(5)

188(12)'
137(7)'
24.1(21)
17.6(15)
10.6(9)
6.2(5)
3.7(3)

2.61(23)
1.66(24)
0.86(7)

0.61(8)'
1.00(15)
1.19(23)
1.13(12)
1.40(15)
1.59(17)
1.7(3)

1.35(17)

0.61(5)'
1.09(12)
1.25(13)
1.53(17)
1.66(21)
1.51(23)
1.62(28)
1.9(3)
2.2(6)

0.092(6)
0.18(3)
0.134(20)
0.17(4)

0.122(13)
0.170(18)
0.159(19)
0.20(14)

0.090(7)
0.146(8)
0.140(16)
0.167(18)
0.180(31)

0.20(4)
0.17(10)
0.16(10)

1.43(7)'
1.66(27)

0.8(4)
1.3(5)

0.17(12)
0.11(8)
0.30(16)
0.18(15)

1.47(7)'
1.2(6)
1.1(8)
1.1(6)

0.35(13)

'From Ref. [20].
Deduced from B(E2;I ~ I —1) and 6(E2/Ml).

'From Ref. [19].
Deduced from ~ and branching and mixing ratios.

'From Ref. [21].
Deduced by assuming 6(E2/Ml) = —0.20 6 0.20, which well covers all the 5(E2/Ml) values

measured for Gd (see Table II).

can be derived from a commutation relation [h', J,] &Ref.

[32]). Here
I f) and Iu) denote intrinsic favored and unfa-

vored signature states, respectively; each signature cor-
responds to either of +i or i depending on the —angu-
lar momentum of a dominant single-particle orbital. The
signature dependence of B&M1) is determined by the rel-
ative sign between the matrix elements of ip„and p, in
Eq. (9).

The necessary conditions for the occurrence of this in-
version were clarified in Ref. [11]:There it is shown that
the inversion occurs when

&fliuylu) &fl J.lu&

(fle. lu&&fli~ Iu)

B(M1;f ~ u) = 21(fir. lu) + (fliuylu) I' (9)
TABLE IV. Parameters used in the cranking-model cal-

culation. b is deformation parameter.

B&M1;f —+ u) is always larger than B(M1: u ~ f)
according to the identity (7) when axial symmetry and
the proportionality between p and J are fulfilled. This
proportionality does not hold in the natural-parity cases
because many spherical components with diferent j are
included in natural-parity deformed orbitals, and conse-
quently the signature dependence can be inverted due to
cancellation between the orbital and the spin contribu-
tions.

Nucleus

155Gd 0.26

0.28

(MeV)

1.05

0.94

(MeV)

1.05

0.93

(efF) g (free)
gs /gs

0.79

0.87

1.3

0.8
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The following two conditions must be fulfilled to satisfy
inequality in expression (10):

and

(fits. lu)

(f]tt„]u)
(fl"lu)

(fll. lu)

B. Characteristics of the experimental data

Electromagnetic transition rates as well as quasipar-
ticle energy splittings in the [5212] bands of ~55Gd and
57Gd are shown in Figs. 5—8. The experimental signa-

ture splittings 6e' = e+, —e', are shown by solid lines in

Fig. 8. Their sign is consistent with the dominant hsg2

character. Their magnitudes in ~57Gd are about one half

Although both the spin-down and spin-up components
are contained in actual natural-parity orbitals, dominant
components can be deduced from studies of the quasi-
particle energies. A prediction was made for the [5212]
band of ~55Gd in Ref. [11]. This orbital contains both
the 0 = A —

2 and 0 = A + 2 components in com-
parable magnitudes. But the spin-down character be-
comes dominant in the high spin region, indicating that
the favored (unfavored) signature is i (+i). T—his may
be attributed to the fact that the Coriolis interaction
is strongest in the hgy~ component among the natural-
parity components included. The prediction is that, on
the assumption that the nuclear shape is axially symmet-
ric, B(M1;u ~ f) will be larger than B(M1;f —+ u) in
the one-quasiparticle band, which is apparently in dis-
agreement with the selection rule in the single-j model

[3]

of those in 5 Gd. This difference can be understood, at
least qualitatively, as due to the difference in the nuclear
deformation 6. The B(M1) values are shown in Fig. 5.
A distinct neutron-number dependence can be found in
this quantity: (a) the signature-averaged magnitudes are
almost independent of spin in Gd, while they increase
gradually as a function of spin in 57Gd; (b) the inverted
signature dependence occurs in Gd but it is not clearly
seen in ~57Gd. The B(E2) values with AI = 1 and 2 are
shown in Figs. 6 and 7. They are rather smooth functions
of spin. The uncertainties in the B(E2;I ~ I 1) v—alues
are, unfortunately, too large to allow any conclusions to
be drawn from these data.

Measured B(Ml) values in the natural-parity ground-
state bands of Dy [2] Yb [13], and Gd [present
study) are compared in Fig. 9. ~ssDy and ~7sYb corre-
spond to dominant hz~s (spin-down) and f7~2 (spin-up)
bands, respectively, whereas the 55Gd stands for the case
in which these components are strongly mixed. There is
an interesting systematic feature: the signature-averaged
magnitudes of B(M1) become smaller and the inverted
signature dependence becomes more conspicuous as the
spin-down components stemming from the h9~2 orbitals
in the wave function become dominant. The first fea-
ture is due to the sign of g~: since it is negative for fqy2
whereas positive for hs~2 and grIIf is positive for 1qp (one-
quasiparticle) bands, a cancellation in B(M1), which is
proportional to (g~

—g„g) in their partial contributions,
occurs in the case of h9y2.

C. Comparison between experimental
and theoretical results

Results of theoretical calculations for Gd and Gd
are presented in Figs. 5—8 along with the experimen-
tal data. The signature splittings Ae' in ~55Gd are re-
produced excellently by the calculation using an axially
symmetric shape deduced from the measured quadrupole
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FIG. 8. Quasiparticle energy splittings of the ground-
state rotational bands in (a) Gd and (b) Gd. The solid
line connects the experimental values. The dashed line shows
the calculation.

FIG. 9. Comparison of experimental B(Ml) values of
three natural-parity rotational bands. The upper, middle
and lower ones correspond to Yb, Gd and Dy, re-
spectively. Three kinds of lines connecting the experimental
values are shown to guide the eye. The absolute B(Ml) val-
ues of Gd are close to those of Gd and are omitted in
this figure.
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moments of the adjacent even-even nuclei. In ssGd sig-
nature dependence of B(M1) is seen in the calculation as
well as in the experiment although the measured absolute
values are not well reproduced by the calculation.

In Gd, the calculation gives a similar result to that
of Gd: The sign of the quasiparticle energy splittings
is the same and the inverted signature dependence of
B(M1) are seen. However, the energy splittings calcu-
lated in the same way as in Gd are twice as small as
the corresponding experimental values. The calculation
for B(M1) deviates from the experimental values at high
spins, giving smaller values. The origin of this difFerence
is not clear A.lthough we examined the efFects of the p
degree of freedom, we did not improve the results unlike
the case of ~ssDy.

B(E2;I —+ I —2) values are almost independent of
the neutron number in both the experiment and calcula-
tion. The calculated values, however, are systematically
smaller than the experiment. Since the quadrupole de-
formation is derived from the experimental quadrupole
moments of adjacent even-even nuclei, the deviation may
indicate that the deformation of ~ss ~s7Gd is larger than
the even-even nuclei. This indication, however, contra-
dicts the observation of quasiparticle energy splitting be-
cause the larger deformation causes smaller energy split-
ting and results in larger deviation from the experiment.
B(E2;I ~ I —1) values in ~ssGd and ~srGd are repro-
duced within the experimental accuracy.

V. SUMMARY

We have studied experimentally and theoretically the
electromagnetic transition properties as well as the en-

ergy spectra of the natural-parity ground-state rotational
bands of Gd and Gd. We paid special attention
to the inverted signature dependence of B(M1) with re-
spect to the sign of quasiparticle energy splitting 6e'
that was found [2] in ~ssDy, and was predicted [11] for

Gd in terms of the cranking model. By comparing the
present results especially for ~ssGd with those for ~ssDy

and ~7sYb which were previously reported [2,13], it is
found that there is an interesting systematic behavior
in B(M1): the signature-averaged magnitude becomes
smaller and the (inverted) signature dependence becomes
more conspicuous as the spin-down components increase.
The predicted inverted signature dependence of B(M1)
for ~ssGd has been verified by the experiment. A new
calculation performed for ~s7Gd in the same way as that
for ~ssGd showed a result similar to that for ~ssGd and
reproduced gross features of the experimental results, i.e. ,
the sign of b,e' snd the signature dependence of B(M1)
at low spins. The B(M1) values of 7Gd tend to devi-
ate from the calculation at high spins. The source of this
deviation has not been found. As for B(E2) values of
both nuclei, the experimental trend as a function of spin
is reproduced well by the theoretical calculation.
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