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Abstraét: ‘ .

We have studied the properties of decoupled bands in
particular odd-A nuclei, and the results provide'information on
the origin of'backbending in even-even nuclei. Our data are in
agreement with the rotatiéh-—a.ligmnent model and in apparent
diségreement with the pairing-collapse model. This proposed test
also provides é means to determine which particles are invqlvgd
in the two quasi-particle band that intersects the ground band in -

the rotation-alignment picture of backbending;

A prbcessvknown as "backbending" has recently beéndisc’overed1 to occur
at high spins in the ground-state rotational bands of-sbme even-even rare-earth
nuclei. Thé nanme refers to #he-faét that & plot of momgnt of inertia,d , versus
,the square of the fotational frequency, (hw)2, for the Vérious spin states of
these.nuclei has an s-shape form. That is, how Becomes'temporarily smaller around
I = 16, while d iﬁcreases rather sharply with I. Sincé.hwvis very nearly

one-half the rotational transition energy, the above shape results from several

* . > )
Work performed under the auspices of the U. S. Atomic Energy Commission.
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transition energies around the critical spin value being lower than those for

spins Jjust below or above this value. It is by now quite ciéar that this occurs

for many rare-earth nuclei, but it does not occur (at least in the same spin

region) for others. The change ind is typically from about half the rigid-rotor

value to nearly the full value.

A number of explanations for baékbending have beeg_given. One of these
predated the experimental observations by some 10 years, and is known as the
Mottelson—Valétin effect.2 This refers to a coherent collapse of the péiring
correlations in the nucleus (probably only for the neutrons) due to the
ipcreasing Coriolis force as the system rotates more rapidly. An alternative
explanation was proposed shortly after the qxﬁerimentsvby Stephens and Simon,3
in which it is suggested that only one pair‘of 113/2 neutrons is broken by the

Coriolis force. The angular momentum from this pair (up to 12 h) is then aligned

with that of the rotating core to produce a band which crosses the ground-state band

at the backbend and for larger spin values becomes the yrast band (rotation-align-
-ment model). Other models involving centrifugal shape changesh or generalized

5

"moment of inertia' changes” have been proposed, but the two types of Coriolis
effects mentioned above have thus far received the most serious consideration.
It is a challenge at the present time to find ways to distinguish between these
modgls. A number of such tests have been suggested,6-8 but these are for the
most part‘difficult exﬁerimentally; and so far not conclusive,g since both
models predict much the same result. It is tAe pufpose of this letter to

]

propose and apply a new test to differentiate between theSe two explanaxibns

of backbending.

]
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This test involves the properties of a particular type of band in

10,11 that under the proper conditions an

0odd-A nuclei. It has been shown
0dd nucleon in a high-j orbital "decouples". This'tenm refers to the alignment
by the Coriolis force of the particle angular momentum, J, with that of the
rotor. The result is a band with spin values j, j+2, j;h,,--- and energy
spacings like the levels having spins 0, 2, 4, -.- in the adjacent even-even
nuclei. Many odd-A nuclei have beén shown to possess'such decoupled bands.
It is of importénée here that the agreement between the:odd—A and even-even
spacings is eﬁpected to get better the larger I becomes. .The decoupling
described here is closely related to the rotation-alignmeﬁt exﬁlanation of
backbending iﬁJthe even~even nuclei; the band which intersects the ground band
at the backbend is; in this model, essentially composed of two decouplea 113/2
neutrons. However, the Pauli principle prevents the second neutron from being
fully aligned with the rotation axis.

ansidération of the above properties leads to thé:following pfoposed
test of the backbending models. If one considers the effect on backbending
of the presence of'a découpled 113/2 neutron, then op?osite behavior is
predicted by the two models. An odd neutron, due to blocking effects, will
wesken the pairihgkcorrelations, so that they should collapse sooner (at lower
hw or I) with rotation. On the other hand, such a decoupled i13/2 neutron
interferes with the formation of the band which intersects the ground bgnd
in the rotation-alignment model, resulting in a later (higher hw or I) inter-
secfion. Providéd the decoupled odd-A bénds éie corréétly interpreted, a_com-‘
parison of their properties in the backbending region with those of the adjacent

even-even nuclei should indicate which explanation is correct.



4 — LBL-1962

We chose l?7Er and 159Er as the odd-A nuclei to be studied for this
test since the decoupled bands had previously been obéervedl6 in these nuclei

156,158,160 12-15

and the backbends in Er were all known.

It seemed
likely that the observation of just one or two more levels in each odd-A
nucleus would suffice for the test. We bombarded metallic targets of ls0’1528m

about 10 mg/cm2>thick with 120 ions of 88 and 95 MeV from the Berkeley 88"

cyclotron. Singles gamma-ray spectra were taken with a coaxial Ge(Li) detector

" of v 30 cc, and with a 9 cc planar intrinsic-Ge detector. The Y-Y coincidences

between these detectors were also taken, as was a two-point angular distribution

of the y-rays relative to the beam direction. Table I contains a summary of

the lines assigned to the decoupled bands in 12721595,

. The bands up to spin
37/2 are éonsidered certain since the transitions 1) had stretched E2 angular
distributions, 2) éould be shown to belong to the band.(summed coincidences),
and 3) were further shown to be in coincidence with each.lower band member.
Only 1) and 2) céuld be clearly established for the 41/2 states due to poo;er
statistics, but the intensities are reasonabie and weibelieve these assignments
are very likely correct. The 45/2 state in 159Er was so weak that only 1)
could be established, and we consider this state tentative.

In Fig. 1, the plot of ig vs (hw)2

is shown for the ground band of

156,158 and for the decoupled band of ° Er (begimning at I = j = 13/2).
The 157Er band appears to be completely decoupled in the beginning (1ies midway
between 156Er and 158Er), but clearly does not backbend at the same hyw (or 1)

158,159,160

as the adjacent even-even nuclei. The plot for Er is shown in’

159

Fig. 2, and is very similar, except that the Er band is not quite completely
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decoupled at the lowest spins. These plots show that the decoupled bands in
voth 1°TEr and 2°%Er vackbend only at values of hw (and I) higher then the
adjacent even-even nuclei, if they backbend #t all. This is in accordance
- with the rotation—alignment model and in apparent éontradiction to the |
expectations of the pairing-collapse model. |

A more sensitive way to presen£ these same data is shown in Fig. 3.
Here we have plotted the ratio of transition energy in fhe odd-A nucleus
(EI+J - EI+J-2) to that in the even-even nucleus (EI -'?I;é) versus I. Prior
to the backbend region (I 2’12), both odd-A nuclei seem to:be converging to a
value of sbout 1.1. As the even-even backbend occurs, hgﬁever, (I = 14) the
ratio rises sharply since the odd-A bands do not experiencé the same drop in
transition energy. This sharp rise at I = 1k is very‘clear in both cases.
A smaller but'suggestive rise in this ratio has also been seen17 in 165Yb.

We have proposed that the backbending p;opertigS'of a decoupled 113/2
band can distinguish between the two currently_favored'mbdels of backbending.
The expectations of the models seem to be reasonably clgérfand opposite. The

"experimental data are quite clear and go in the direction of the rotation-
alignment model.- Probably the greatest uncertainty invthis test arises from
the poséibility that an entirely unforeseén efféct is causing the odd-A bands
not to backbend. This can be checked by looking at the hll/2 decoupled bands

in 157Ho and,lsg

Ho. Since the rotation-alignment pictufe describes the crossing
band as composedvmainly of 113/2 neutrons, the blockipgrof a proton orbital should
have much’less, if any, effect on the backbending. Thus, the decoupled bands '

in 157’159}{0 shoﬁld backbend liké the even-even nuclei, and preliminary data,l8
indicate thﬁt ﬁhey do. If this proves to be thé case, it,will not only confirm

the present test but also provide a means to analyze Whlch configurations are

1mportant in the band 1ntersect1ng the ground band.
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" Table 1. Energies, Intensities and A ~Coefficients of
- the Transitions Observed in lSTEr and 159Er.

15Ty,

159

Er
1505, 12c, 92 MeV 15?3m'+ 12; 88 Mev
I, > I, EY'(keV) I{ A, E, (gev), ' L A,

17/2 + 13/2 266.1 + 0. (100)  0.23 £ 0.02 208.3 £ 0.3  (100) 0.37°%* 0.02
21/2 + 17/2 | 415.1 ¢ 0.3 79 + & 0.24 + 0.03| 350.0% 0.3 .83t L 0.38% 0.03
- 25/2 +'21/2 527.é + 0.3 681k 6.35 + 0.04 | h6h.5't 0.3° T7'* 4 0.36 % 0.04
29/2 + 25/2 | 622.4 + 0.3 LT+ 0.31 * 0.05} 555.9 * 0.3 56+ 0.38 % o;osf
33/2 » 29/2 | T02.2 i 0.4 29+ 3 0.39 % 0.09 625.9,i'6,3 b9 + 3 0.33 % 0.08
37/2 + 33/2 V765.0'£ 0. 1T + 2 0.34 £ 0.12| 675.7 t.b;h' 25 +2 0.38 £ 0.09
41/2 4 37/2 802.9'1'0. } +1 0.5 % 0.3 708.7 -+ 0.5 12 *+1 0.24 * 0.11
(45/2 + 41/2) | (738.4 +0.8 8%2 0.13.% 0.20)
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" Figure Captions

, o ' . E. - 12 - '
Fig. 1. Plot of -2—24 <=-£I—-—2-> vS. ﬁ2w2 <= [—-—Lﬂ] > for 156"’157’158Er.

I7I-2
For the even-even nuclei I' = I, and for the odd-fA_. nuclei I' =1 - J.
Fig. 2. Plot &f 2327 vs. 022 for 158,159,160,
: : .
‘ Fig. 3. Plot of the decoupled band transition energy divided by the corre-
157,159, ' ‘

sponding even-even energy vs. I for Er. The even-even value used

is the average of the two adjacent nuclei.

‘(/
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