
Submitted to Physical Review 
Letters 

LBL-1997 
Preprint ~.{(" 

BACKBENDING IN ODD-A Ho ISOTOPES 

E. Grosse, F. S. Stephens and R. M. Diamond 

October 1973 

Prepared for the U. S. Atomic Energy Commission 
under Contract W-7405-ENG-48 

TWO-WEEK LOAN COPY 

This is a library Circulating Copy 

which may be borrowed for two weeks. 
For a personal retention copy, call 

Tech. Info. Diuision, Ext. 5545 

JAN 31 1974 

l...ttsRARY AND 
t.lOCUMENTS SEcnON 

---------~----~ 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



... 

-1-

BACKBENDING IN ODD-A Ho ISOTOPES* 

t E. Grosse·, F. So Stephens, and R. M. Diamond 

Abstract: 

Lawrence Berkeley Laboratory 
University of california 

Berkeley, California 94720 

October 1973 

LBL-1997 

We have shown that backbending can occur in rotational 

bands of odd-A nuclei. '""" 2 The J versus w plots for the lowest 

hll/2 band in 
157

'
159

'
161

Ho are rather similar to the ones 

for the adjacent even-even nuclei. This is interpreted to. 

meari that the h
1112 

proton is not strongly involved in the 

mechanism producing the backbending in this region. 

Since the discovery
1 

of "backbending" in the ground-state rotational 

b d f 
160 d 162 . . 

~n s o Dy an Er, this effect has been extens1vely studied 1n many 

even-even nuclei.
2 

The sudden decrease of the rotational frequency (transition 

energy) with increasing spin and moment. of inertia has been found to occur 

in many deformed nuclei of the rare-earth region at spins of about 12 or 14 h. 

It has also been observed in other regions of the nuclide chart, though one 

cannot always be sure that the same process is involved. On the other hand, 

it does not seem to occur in some other strongly deformed rare-earth nuclei, 

especially in neutron-richer isotopes" In this letter we present data which 

show for the first time that backbending can also occur in rotational bands of 

odd-A nuclei. We will also try to show that the occurrence of backbending in 

certain bands of odd-A nuclei gives rather detailed information about the causes 

of backbending in the neighboring even-even nuclei. 
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We used the <
11

B,4n) reaction on 
150

Sm, 
152

Sm, and 
154

Sm to study the 

y-decay of high angular momentum states in 
157

Ho, 
159

Ho, and 161Ho. The beam 

was delivered by the LBL 88" cyclotron, and the energy used was 51 MeV for the 

154 159 
Sm target and 58 MeV for the other two. The Tb(a,xn) reaction was also 

used to make 
157

Ho (x = 6) and 
159

Ho (x = 4), but they-spectra from the boron 

bombardments showed less background. The heavy ions also had the advantage 

of being below the Coulomb barrier for lead, so that they could be stopped 

2 
directly behind the targets (rolled metallic foils about 10 mg/cm thick). 

In this way the use of a detector at 0° with respect to the beam was made 

possible. This detector and another one at 90° were 3.2 em diameter, 1 em 

thick planar Ge detectorso Coincidences were taken between these two counters 

and a coaxial Ge(Li) diode at 120°. 

A typical spectrum is shown in Fig. 1. The strongest lines observed 

157 
are transitions in the ground-state rotational band of Ho, which is based 

on the 7/2 [523] member of the h
1112 

orbito The Coriolis interaction mixes 

this band with the other h
1112 

bands, compressing the band and lowering the 

energy of the j + R' (where R' is even) levels relative to the others. This causes 

an oscillation in the level energies, so that in order to see the relative moment-

of-inertia changes only every other level should be considered. Thus, the 

band divides into two groups of levels, the favored ones (I= j + R') and the 

unfavored ones (I= j + R' - l)o It has been shown previously that in the 

limit of large Coriolis interaction (e.g., at high angular momentum) the favored 

levels form'a band which has the particle decoupled from the symmetry axis of 

the core and aligned along the rotation axiso
3 

Although we believe the 

unfavored levels behave similarly, this letter is focussed on the behavior of 

• 

·. 
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the favored levels because they could be traced to higher angular momentum 

and because, as members of the developing decoupled band, they are somewhat 

simpler to understando 

Data on the favored lev~ls in the three nuclei are compiled in' Table I. 

The lower part of the decay scheme obtained from these data agrees with that 

. 4 
reported previously, and a more complete report on the upper parts will be 

published elsewhereo
5 

The assignments up to spin 35/2 can be considered 

certain since all the transitions could be shown to be in coincidence with the 

next lower transition. All the crossover gamma-rays have the angular distri-

bution expected for stretched quadrupole transitions (I ~ I - 2) and the 

pof?ulation in the band decreases with increasing spin as is typical for a 

(HI,xn) reaction. The 39/2 state in each of the three nuclei can only be 

assigned tentatively: the, respective transitions appear in the summed coinci-

dence spectra (cf. Figo lb), but our counting statistics do not allow us to 

decide unambiguously if they feed the cascades from the top. A rather striking 

feature of the spectra is the fact that they show a high density of 

lines up to a certain energy and then few, if any, lines above that point. 

This suggests that both parts of the ground band (favored and unfavored) backbend 

at about the same transitiqn energy. 

The backbemding of the favored levels in the three nuclei can be seen 

in Figo 2 which shows the dependence of the moment of inertia on the, rotational 

frequency. The moments of inertia were calculated from the formula: 

4R' + 6 
l:lE 

(1) 
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where R' = I- j, Lm == E1+2 - E1 , and hw = ~E/2. Equation (1) is valid only 

when the extra particle is completely decoupledo 3 Since this is not the case 

~ 
here, these C.S (I,w) values for the odd nuclei do not represent manents of 

inertia of the core, but only lower limits, and they should be raised by 
\ -

increasing amounts as one goes to-lower I valueso However, it can be seen 

that this cannot change the conclusion that the band backbendso That property 

is determined only by the hw values and follows immediately from the lower 

transition energies at higher spin valueso The neighboring even-even nuclei
2

' 6 

are also shown iri Figo 2, and lie above the odd-A nuclei for the reasons just 

discussed; nevertheless, the similarity in the backbending of the odd-A and 

even-even nuclei is apparent. 

A detailed examination of Fig. 2 shows: 1) the odd-A Ho nuclei backbend 

at about the same rotational frequency (transition energy) as the even-even 

nuclei; 2) the odd-A nuclei backbend at slightly lower R' values (I- j), but 
I 

higher_ actual spin values, I; 3) the energy of the backbending state is about 

the same in the odd-A and even-even nuclei, since the former have fewer 

transitions, but higher energy ones (not ful~y decoupled); and 4) the character 

of the backbend in the Ho nuclei is similar to that in the Er l).Uclei, and 

probably more marked than the average of those in Er and Dy. More data on 

these Ho levels and on those of other nuclei are needed to confirm and 

extend these conclusions and to provide similar information on the unfavored 

levels. But at present it seems safe to conclude from the above comparison 

that backbending in the odd-A Ho isotopes is generally rather similar to that 

in the adjacent even-even nuclei. 
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',This conclusion is in contrast to the situation recently found in 

the oddEr isotopes,
7 

where no backbending was obse~ed, even though the data 

extended well beyond the region (of spin or hw) where the ev~n-even nuclei 

backbend. It seems likely that this difference in behavior can be related 

to the underlying cause of backbendingQ siilce the occupation of the hll/2 

orbital by the odd particle does not significantly change the backhanding 

properties, it seems that this orbital cannot be closely involved in the 

mechanism (or cause) of the backbending behavior. On the other hand, the 

fact that. occupation of the i
1312 

orbital in the odd Er nuclei does affect 

the backbending properties, specifies this orbital as (the) one that is closely 

involved. The direction in which backbending is affected (enhanced or diminished, 

hastened or delayed) in the Er nuclei ha~ given.information for comparison with 

specific modelso
7 

The point we want to emphasize here, however, is that the 

odd particle can, in general, serve as a probe to tell if a particular orbital 

is or is not closely related to the cause of the backbending. 

To summarize, we have shown that rotational bands irt odd-A nuclei 

can backbend~ and in particular that those in the light Ho isoto,Pes do so. 
. ' 

These data indicate that the_hll/2 protons are not, or nearly not, involved in 

the mechanism of backbendingo A similar experiment would be especially useful 

in the Os region where it is not clear whether i 1312 (or e~en j 1512 > neutrons 

or h
912 

,protons ar.e mainly responsible for the backbending o It could also be 

that the backbend in the Os region is due to a different effect, and this might 

show up in the behavior of the odd-A nuclei in that region. 
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Table I. Energies, intensities, and A2 coefficients for the favored levels of the ground-state band in 157Ho, 
159

Ho, and 
161

Ho. The energies and the A2 coefficients are given for the crossover transitions, whereas the 

intensities are the sum of crossover and cascade transitions depopulating the level. 

157Ho 159Ho 161Ho 

l50Sm + llB, 58 MeV 152sm + 11
B, 58 MeV 

154sm + 11s, 51 MeV 

I EI -_ EI_2 (keV) Int. A2 EI - E
1

_
2

(keV) Int. A2 EI - E
1

_
2 

(keV) Int. A2 

-15/2 315.9±0.3 (100±16) 0.25±0.09 317.8±0.3 (100±15) 0.20±0.09 312.2±0.3 (100±15) 0.21±0.08 

-19/2 424.3±0.3 70±4 0.24±0.07 408.4±0.3 69±4 0.20±0.07 397.0±0.3 85±5 0.26±0.06 

23/2 ' 513.0±0.3 49±7 0.19±0.09 486.4±0.3 47±3 0.20±0.08 472.4±0.3 69±4 0.25±0.06 

-
27/2 583.2±0.3 21±2 0.23±0.08 550.7±0.3 31±3 0.24±0.08 534.5±0.3 48±3 0.24±0.06 

-
31/2 630.9±0.5 13±2 0.24±0.08 592.5±0.4 17±2 0.18±0.09 573.3±0.6 24±2 0.26±0.07 

-
35/2 565.9±0.9 8±2 0.15±0.10 587.1±0.6 11±2 0.15±0.09 568.9±0.8 11±2 0.21±0.13 

(39/2-) (500.1±0.9) 2±1 0.23±0.18 (547. 3±1. 0) 5±2 0. 30±0.20 (544.8±1.0) 6±3 0.20±0.20 

I 
..,J 
I 

~ 
1'-' 
ID 
ID 
..,J 
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Figure captions 

Fig. 1. 
150 11 . 157 . 

Partial gamma-ray spectra following the Sm( B,4n) Ho ~eact1ono 

The lower spectrum is the sum of all coincidences recorded by one detector 

in a multi-dimensional coincidence measuremento The upper spectrum comes 

from the same data with gates set in the other detector on the three 

transitions with brackets above themo 

Fig~ 2. A comparison of backbending in 
157

'
159

'
161

Ho with their even-even 

neighbors. The even-even curves are the usual ones of this type, and 

the odd-A bands are treated as described in the texto 
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