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1. INTRODUCTION 

High-spin nuclear states have recently 
beea investigated in detail using y-ray spec
troscopic methods on «-particle and heavy 
ion beams. In particular, the spectra of 
prompt y-rays emitted from excited nuclei 
formed in reactions on target nuclei have 
been measured. This method has a number of 
advantages compared with techniques based 
on the spectroscopy of radioactive sources. 

The study of high-spin nuclear states 
has several aspects. 

First, the energy position of nuclear le
vels as a function of spin for the g.s.b. 
and ft- and y-bands is of great theoretical 
interest that is growing after the discovery 
of "backbending" in 1971 (see refs./ 1 - 4/ for 
experimental and theoretical reviews) and of 
related phenomena such as "downbending" at 
still higher spins/1.5,6/ t and the inter
section of the ground-state and /3-bands 
("double backbending" /7,8/ ). The y-spectro-
scopy experiments carried out on beams during 
the recent years have provided a large amount 
of new information about the level scheme of 
neutron-deficient isotopes, which were diffi
cult to investigate using the radioactive 

3 



source spectroscopy. It is also important 
that these experiments enabled one to follow 
up the rotational hands of many deformed 
nuclei up to levels with spins of (20-22) h . 
From the level energy of the rotational 
band, it is easy to deduce the moment of 
inertia J = 3/E 2 of the nucleus in the 
ground state and the dependence of the moment 
of inertia on spin J(I) . The unexpected fea-

/ 4 2 2 
tures of this function (i.e. , J(n со ) , where 

a> is the frequency of nuclear rotation) have 
been termed "backbending", "downbending" and 
"double backbending". 

Second, measurements of the lifetimes of 
rotational levels permit determination of the 
reduced probabilities of electromagnetic 
transitions B(E2, I —» 1-2) as well as the 
quadrupole moment Q(I) and deformation pa
rameter /3d) as a function of spin (see, 
e.g., formulae in ref./'/ ). The recoil-
distance Doppler-shift method' 1 0/ was used 
in several laboratories to measure the life
times of rotational levels of deformed rare-
earth nuclei produced in compound-nucleus 
reactions -with, neutron emission, \Y\\, xn) , 
induced by heavy ions' 9< l l ~ 1 3 '• Tnis metnou. 
has recently been extended to the region, of 
high-spin states, where the hackhending 
effect ta\5.es place '**. ̂ /. The experimental 
values of B(E2,l'—»\-2> for transitions in 
the backbending zone, normalized to 
Brot (E2,l—*l-2) of the rigid rotor, can 
clarify the nature of backbending if a fairly 
good experimental accuracy is achieved, We 
are aware of different proposals as ti. v ow 
to interpret its mechanism. They are: 
l) The Coriolis antipairing predicted many 
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years ago / 1 6/ (see ref. / 1 7 / for one of its 
treatments and for the literature); 2) Rota
tion alignment or the decoupliag of a pair 
of particles/ 1 8/ » and 3) Changes in defor
mation/ 1 9. 20/ or, to be more exact, in the 
form of potential energy vs. deformation with 
increasing spin, and, possibly, the appearan
ce of instability with respect to non-axial 
deformations/21/. 

Third, the mechanism of the population of 
rotational bands (ref s ./22,23/ ) £ s 0 f great 
interest in view of small amounts of both 
theoretical and experimental data on the cas
cades of transitions which take place during 
the decay of the initial highly-excited high-
spin compound nucleus to the states of bands' 
observed in the experiment. During the recent 
few years, measurements were carried out of 
the multiplicity of y-rays during the popula
tion of yrast bands in the cascades of statis 
tical y-radiation following compound nucleus 
reactions involving neutron evaporation/ 2 4 - 2 6/ 
Simultaneously with the measurements of rota
tional states lifetimes, some data were ob
tained concerning the feeding times of indi
vidual levels'"' 1*' 1 5' 2 7 ' and the intensity 
of level population as a function of spin. 
These results provided the systematics of 
mean square momenta of the levels populated, 
V'<I 2> , a.id permitted some conclusions 
about the main features of the cascades 
leading to the level population/28/. 

2. EXPERIMENTAL 
As is known, the recoil-distance Doppler-

shift method consists in measuring the energy 
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and intensity of the y-rays of electromagne
tic transitions in recoil nuclei following 
(HI,xn) reactions provided that the nuclei 
recoiling from the target pass some distance 
d in vacuum to be stopped in the plunger. 
The distance d between the target and the 
plunger should be varied over a wide range 
and fixed with a high accuracy for each 
measurement. 

The experimental arrangement used was the 
same as that described previously/29/, the 
only difference being the use of a new high-
precision Doppler chamber (Fig. l). The dis
tance between the target and plunger was 
measured with an 1/xm accuracy; this implied 
an error of 20$ for a time-of-flight of about 
1 ps. The accuracy of parallelism between 
the operating surface of the. target and the 
plunger, and of the setting of the zero dis
tance was no worse than 2/ш . The zero distan 
ce was measured using the method of capacity 
measurements 

/30/. The levels of Yb nuclei were populated in the reactions 1 24-l30 T e ( 4 0 A r 4 n ) i60-166oYb I n 

the experiments, an external heavy ior. beam 
from the Dubna U-300 cyclotron was used. The 
beam diameter was limited by a collimator 
consisting of three Bi diaphragms. Metallic 
targets, 1 mg/cE 2 thick, were prepared by 
evaporating separated Те isotopes onto a 0.7pm 
Al backing stretched on a Bi lattice. Recoil 
nuclei were stopped in a Bi covered plunger. 
The use of bismuth in all parts of the expe
rimental set-up which are exposed to the beam 
was necessitated by the intensity of back
ground y-radiation to be reduced compared 
with the flux of y-rays arising from nuclear 
reactions on the target substance. A detector 
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Fig. 1. Doppler chamber: (a) target with a 
system for zero-distance adjustment; (Ъ) 
plunger with a system for making it parallel 
to the target; (c) micrometer screw moving 
the target; (d) high-precision indicator 
measuring the target-to-plunger distance. 
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with an active volume of 3k cm3 and resolu
tion of 2.k keV was used for most transiti
ons, while for low energy transitions 
(E< 200 keV ) a detector with a volume of 
1 yem 3 and resolution of 1.2 keV at 122 keV 
was employed. These resolutions were suffi
cient to separate the Doppler-shifted peak 
from the unshifted one at recoil velocities 
of about v/c - 0.02 . Use was also made of a 
switching scheme which sent the working 
spectrum during cyclotron pulses and the 
background spectrum between the pulses to 
different multichannel analyzers. This eli
minated long-lived back-ground activities with 
a lifetime of г > 1 ms from the working 
spectrum. The background spectrum was record
ed in the second analyzer to provide informa
tion about the energy and intensity of back
ground peaks. 

The experiment was carried out repeatedly 
at different distances between the target 
and plunger, corresponding to different 
times-of-flight t= d/v of recoil nuclei. 
To detect and extract short-lived background 
peaks, the experiment was also performed at. 
a "zero" and "infinite" distance between the 
target and plunger. At any distance, for 
each transition the spectrum shows two peaks 
(refs.'9,11' ), i.e., an unshifted peak (u) 
with the correct energy E n and intensity N u , 
which is due to nuclei stopped in the plun
ger, and a Doppler shifted peak (s) at an 
energy E a =(l + v/c)Euwith intensity N s , which 
is associated with nuclei emitting y-rays 
in flight. From the measured E uand E s , 
after making corrections for a finite counter 
solid angle one can determine v and thereby 
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t . From the measured N u and N s it is pos
sible to determine the relative intensities 
R,= N„/(N„ + N )i . , , which decrease 

i а и s i • • — * / 0 1 9 / 
like linear combinations of exponentials'*'"' 
as a function of the time-of-flight t (Figs.2 
and 3 and eq. (3) of the following section). 
The functions R[(t) are experimentally 
obtained decay curves of levels I . 

3. DATA HANDLING 

The lines of transitions between rotatio
nal states were sought for in spectra at 
energies determined in the literature. We 
obtained energies by a least-square fit to 
those from ref s . /1.2.Ы/. The intensities N u 

and N s were found from the peak areas after 
the subtraction of the background peaks with 
corrections for detector efficiency and in
ternal conversion. To eliminate background 
peaks, the working spectra were decomposed 
using the information obtained from the 
background spectra and from the working spect 
ra at the "zero" and "infinite" distance. 
In the cases of overlapping background peaks 
their intensities were determined from the 
spectra at the "zero" and "infinite" distan
ces and subtracted from N and N , respecti-
vely. 

Thus, the integral, N1 = (N u + N s ) ] t l _ 2 ,and 
differential P| =N|-N 1 + 2 , intensities were 
obtained (Fig. h). The P ( /1 P\ ratio repre
sents the relative intensity of the sidefeed-
ing of level I . The I dependence of N ( was 
used to restore the intensity N uor N s of the 
peak superimposed on a very high (e.g. anni
hilation) background peak by interpolating 
N| to adjacent transitions. 

9 



F i g . 2 . Decay c u r v e s of r e l a t i v e i n t e n s i t i e s 
R,(I> 6) v e r s u s t i m e - o f - f l i g h t t fo r 

! " 4 Yb. . P o i n t s a r e e x p e r i m e n t a l r e s u l t s fo r 
t h e f o l l o w i n g t r a n s i t i o n s : 6 -» 4 (O) ; 8 - 6(a); 
10 - 8 (x) ; 12 - 10 ( O) ; 1 4 - 1 2 ( + ) ; 
16 - 14 (Л); 18-» 16 (x) . S o l i d l i n e s a r e 
t h e c a l c u l a t e d b e s t f i t c u r v e s . 

t-ffis] 

Fig. 3. Decay curves of relative intensities 
R r versus time-of-flight t for 1 6 6Yb: 
a) for transitions 2-> 0(a) ; 4-» 2 (x) and к 
о - 4 (О) ; , and b) for transitions r 
6 - 4 ( 0 ) ; 8 - 6 ( D ) ; 10 - 8 (x); 12-10 (O); 
14- 12(+) ; 16- 14(A); 18 - 16(x); 20- 18(D) .Solid 
lines are the calculated best fit curves. 
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As many as seven corrections/ 3 2. 1 2/ were 
introduced using a standartized procedure in 
order to obtain from N U/(N U + N s) the 
corrected quantities of Rj = R](t) together 
with their statistical inaccuracies. Four of 
the corrections were usually negligible un
der our conditions. The correction for atte
nuation in the anisotropy of the y-ray 
angular distribution /32,33/ w a s no-t negli
gible. At large distances, the most important 
correction (which was substantial only for 
2 »0 transitions ) was due to changes in the 
counter solid angle/16/. At small distances, 
it was the correction due to the finite 
range of recoil nuclei in the plunger (impor
tant for all transitions from 6—> 4 upwards 
at times-of-flight below 10 ps )/16Л This 
correction was modified here by taking into 
account very short lifetimes (1-2 ps) of tran
sitions in the backbending region in the 
following way 

, r xAt/г -t/r 
R (t ) = te + e -

CO ГГ СОГГ 

- ( t - 2 s 4 t ) / r 
- e 

where г is the mean lifetime, of the transitioj 
if its decay curve R(t) is approximated by 
one exponential e~ ; Лt=Ad/v , where 
Ad is the range of recoil nuclei in the 
plunger (usually At ~ 1 ps); x = (E s-E u -
-AE)/(ES-E„) (ДЕ is the peak width, x being 
usually equal to about 0 . 5 ) i t= t c o r r =t u n c o r r + At. 

(1) 
IB. (t u n c o r r ) , 

12 



а сап ts в го и г« 1 

Fig. U. Relative integral Nj/N 2 intensity 
of feeding and relative differential PJ/SPJ 
intensity of side feeding as a function of 
spin I for the following reactions 
a) 128Te(40:Ar,4n) 1 6 4 Yb, 130Te(40Ar,4n),66Yb. 
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The last stage is the determination of the 
mean lifetimes «j and side feeding time ф\ 
of level I. For this purpose ve can consider 
the feeding of level I and thus the theore
tical value of Rj(t) as a superposition of 
chain transitions starting from levels 
K(K = I m , I m - 2,... I, , where I m is the 
highest level) with a side feeding time Ф± 
and lifetimes rk . Each of these chains cont
ributes to a ratio R,(t) (.given in/ 9> 1 2/ ) 

m 
with a weigth P. / 2 P. , 

k k' = I k 

<t)= 2 P./( 2 P.,)-R,(t) 
к =1 

(2) 

This e x p r e s s i o n , t o g e t h e r w i t h fo rmulae from 
r e f s . ' 9 ' l 2 ' , , g i v e s 

R < t > = 2 <A%-' / r i < + B , k e - , A V 
= t I M=k 

(3 ) 

w h e r e 

к m m r . M r. 
A = 2 P / ( 2 P , ) . : — L _ n ^ 

1 M=k m k'=i k 

k M ( L ^ k ) k L 

I (M 
к га к 'k 

B , = P /< 2 P, , > • П — 
V k I 
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The r, and ф^ values were determined by a 
fit of eg. (З) to the experimental value of 
R, (t) using regularized iterative proces
ses of the Gauss-Newton type' 3 4' or a least 
square fit at a computer. Figures 2 and 3 
show a comparison of theoretical fits (solid 
line) with experimental points for two cases. 

One should note that the experiment 
allows a certain freedom in the correlated 
choice of rf and <f>t in the sense that an 
increase in ф\ can to some extent compen
sate for a decrease in rj or vice versa.This 
concerns high-spin levels where side feeding 
is not negligible compared with the total 
feeding intensity. To check this point, a 
series of calculations have been carried out 
at fixed T\ or ф\ ranging from zero to 
very high values. This analysis has shown 
that the automatically computed values of r( 

and $| and their errors are reliable. 

k. RESULTS 

The results on E ( , P ( , фt and г ( for 
all ytterbium isotopes investigated are shown 
in Table 1. For comparison, the rigid rotor 
values of Г| deduced from the experimental 
value of r 9 and from the rigid rotor reduced 
transition probabilities H r o l (E2;I -.1-2) are 
also given. The results of Table 1 are an 
extension of our previous work /)3> 35-37/, 

It is noteworthy that P ( for the highest 
level I m is equal to Nj since one cannot se
parate its side feeding P\ from its total 
feeding N1 . Also, 61 is a composite quan-
tity representing an average total feeding 
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Table 1 
Transition energies Ej ., t _ 2 relative side 
feeding intensities P t/SPj , , mean side 
feeding times ф\ and lifetimes т\ (at spin 
I ) of the yrast bands of 1 6 6' 1 6 4' 1 6 2> 1 6 0

 Yb 

HjCltUS Level 
I 

Е Ы - 2 
R«YU3l 

IkeV] 
rhis work 

VT> * , [<•] 
Expcnmtnt 

[ps] 
laid rotor 

160 
Vb 

70 SO 

2 
4 
6 
8 

10 

243.0 
395.3 
508.8 
588.7 

IW6 ' 

243.1 
395.4 
506.8 
588.7 
63b 

0 
0 
0 
0 
1 12.5+ 2 

182 1 6 
11.6 ±060 
2.73 ±O30 
1.29 ±O30 
0,ft7+JWl 

182" 
12.38 
3.235 
1.498 

62 
Vb 

70 92 

2 
4 
6 
6 

166.5 
320.2 
436.2 
521.4 

166.5 
320.3 
436. J 
521.4 

b 
0 
0 
1 10 t 3 

57в a r ^ 
203 13.0 
4.6 1 0 9 
2.0 ±0.7 

578" 
21.71 
4.352 
1.720 

164 
Vb 

70 9t 

2 
4 
6 
6 

10 

'23.3 
262.4 
374.7 
ьбЗ.О 
5Л.9 

123.5 
262.8 
375.0 
463.0 
530.9 

0 
0 
0 
0.16 ±0.01 
0.17 10.01 

6.3 ± 5.3 
5.1 ±4.2 

1272 ±30 
42Л ± 1.5 
7.241 025 
2.20± O70 
1.191040 

.272" 
44.54 

7.298 
2.472 
1.222 

12 •>76.9 576.9 0.14 ±0.01 4.8 ±3.2 0.8010.30 0.794 
14 
16 

569.7 
490.0 

569.7 
490 

0.06 ±001 
0.12 ±0015 

2.3 ± 1.1 
1.3+0.5 

1.051 O X 
2.53±0.50 

0.836 
1.748 

IS 543.2 543 0.35 ±0035 Ь.3 ± 1.5 1.07+0.50 1.042 

2 
4 

102.26 
228.05 

102.3 
227.9 

0 
0 z 1789 ±90 

76.3 ± 2.5 
1789" 

75.10 
6 337.3 337.7 0 — 1t.24± (UO 10.64 
8 430.4 430.2 0.13± O02 3.8+ 1.8 3.09+ 035 3.109 

1 6 6 vb 
70 96 

10 
\2 
14 
!Ь 
18 
2 ri 

507.5 
569 .3 
603.3 
194.5 
509.1 
ЫИ.В 

~507.3 
569.8 
603.5 
494.1 

~ 509.2 
588.4 

0.16 ± 004 
0.09 ± 003 
0.09 ± 003 
0.13tO03 
0.14 ± O04 
0.26 ±O05 

3.7 ± 3.1 
2.5± 2.2 
10 ± 2.2 
3.0 ±1.5 
2-0 ±2.3 
2.6 ±2.1 

1.46+0.70 
0.93 ± 0 4 7 
5.73 ± 042 
1.65 ± 039 

1.339 
0.737 
0.547 
1.467 
1.253 
0.608 

•Normalized to experiment, 
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time including side feeding and feeding via 
to the band. 

5. PROPERTIES OF ROTATIONAL STATES 
From the 2+level lifetimes (Table 1) one 

can easily deduce the B(E2,2-» 0) values, 
intrinsic electric quadrupole moments 
Q(2 -> 0) = Q and quadrupole deformation para
meters .6(2-* 0) = /3. These parameters, to
gether with the energy ones, moment of iner
tia J=3/E2-,o a n d energy ratio E4/E2. are 
given in Table 2. One can see that all para
meters decrease with decreasing A, i.e., as 
N approaches the magic number 82. In our 
case of Z=70, the nucleus with A=162 and 
N = 92 (i.e., 10 neutrons above the magic 
number 82) can be considered as the beginning 
of the transitional region where deformed 
nuclei become spherical. 

Table 3 presents the values of B(E2; I -• I- 2), 
Q(I- I - 2) and /3(1 -> 1-2) deduced from the 
experimental values of rj (Table l) using 
formulae / 9 / . The values of B(E2;I-»I-2) 
calculated in the framework of the rigid ro
tor model and normalized to the experimental 
values of B(E2; 2 -» 0) are also given for 
comparison. Neither Q nor/3 parameter depends 
on spin in the rigid rotor model. 

In the case of 1 6 0Yb, , the softest tran-
70 

sitional nucleus of those investigated, one 
observes the tendency of increasing 
B(E2)/Brot <E2),. Q , and /3 with the 
spin in agreement with the centrifugal 
stretching model. Such an effect was also 
observed for the nuclei of J^Er, ^Er 

/11 1 Л / 
(refs.'"-14'/ ) and for the isotopes g 2 Sm, 
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Table 2 
Moments of inertia J = 3/E„ „ , energy ratios E /E = (E +E )/E 

2-» 0 4 2 4-» 2 2-» 0 2 -»C 
intrinsic E2-moments Q = Q(2-»0) and quadrupole deformation para
meters В = j8(2-.0) of the Yb isotopes 

Nucleus г 3 , [neV1] 
V E 2 a 

[barnj 
fl 

,6°Yb 
7C 9C 

12.34 2.626 4.81 ± 0.08 0.207 ± 0.003 

162, 
Yb 

70 92 
18.02 2.924 6.07 ± 0.45 0.257 ±0.019 

:Sb 
7C 94 

24.29 3.128 6.79 ± 0.13 0.284 ±0.006 

166 
Yb 

70 96 
29.33 3.228 7.26 ± 0.18 0.301 ± 0.008 



and 6 4 Gd (refs. / 38, 39/ ) . As a rule, the 
extent of B(E2)/Brot (E2) variations with 
spin is characterized by a mixing or stret
ching parameter a /38» 3 9/ . In our case of 
^«Yb, , a =(2±l)xl0~ 3. The microscopic 
theory /40-43/ gives close values. In all 
other isotopes of 1 6 2 - 1^>Yb with more stable 
deformation, changes in E2 moments remain 
within experimental ;rrors; the upper limit 
for these isotopes being a < 0.5x10 . which 
agrees with the predictions of the theoreti
cal papers cited. 

The behaviour of B(E2;I-I-2) in the 
vicinity of the backbending region is of 
special interest. The data of Table 3 show 
that for transitions 14-» 12 and 16 -» 14 in 
^jYb, , and 10-8 to 16-14 in w

7
6
0Yl one 

observes the tendency of retarded transitions 
compared with the rigid rotor model. The 
same picture was observed in the cases of 
45 Ь (ref 7 l 4 M and 13

5°8Ce (ref/ 1 5/ ). All 
of the known factors B(E2)/Brot (E2) for 
transitions in the backbending region are 
listed in Table k. 

These experimental results show that one 
should consider only such models of the 
backbending phenomenon, which give a drastic 
increase in the moment of inertia J with 
spin I, but only small changes (a decrease) 
in the intrinsic E2 moment Q. Thus one 
can eliminate effects due to strong changes 
in deformation. This confirms the point of 
view of some authors' 4 4' that they play an 
inconsiderable role for well deformed nuclei. 
On the other hand, the experiment is in good 
agreement with models involving some changes 
in pairing since, as is well known, they 
influence J strongly ' 4 5' and almost do not 
change Q(ref.' ). So the Coriolis antipair-
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Table 3 
Reduced t r a n s i t i o n p r o b a b i l i t i e s B(E2), 
enhancement B(E2; I-»I - 2)/B r o t (E2; I - I - 2 ) f a c t o r s , 
i n t r i n s i c E2-moments Q(I-»I-2) and d e f o r m a t i o n s 
/3(1 -» I - 2) up t h e y r a s t bands i n t h e Yb i s o t o 

pes 

Nucleus Transition 
I - 1 - 2 

B(E2.1-l-2) 
Experiment Rigid 

Fnlnr 
ЭДЕ2.1-1-2) 

0.(1-1 2) 
[barn] 

P 

, 6 0 v b 

70 90 

2 - 0 
4 — 2 
6 ~ 4 
8—6 

10 —8 

0.460 £ 0.015 
0.701 £ 0.036 
0.858 1 0.094 
088 t 0.2O 
0.89 t 0.51 

0.460" 
0.657 
0.724 
0.758 
0.778 

1.000 £ 0ЛЗЗ 
1.067 1O055 
1.185 ±0130 
1.16 t027 
1.14 ±065 

4.81 ±008 
4.97 £ 0.13 
5JI ± 029 
5.18 £ 060 
5.14 ± 1.48 

0.207 i 0.003 
0.214 1 0.006 
0.225 ± O0I2 
0.223 ± O026 
0.221 ± 0L064 

70 92 

2—0 
4 - 2 
6—4 
8—6 

0.732 ± 0-108 
1.119 t 0-165 
1.09 * 021 
1.04 + 036 

0.732" 
1.046 
1.152 
1.206 

0918" 
U11 
1.444 
1.512 
1.553 
1.581 
1.600 
1.615 
1.629 

1.000 ±0,147 
1.070 tO.158 
095 ±0.18 
086 ±O30 

6.07 ± 045 
6.2» ± 046 
490 ± 0 5 8 
5ЛЗ ± 0 9 8 

0.257 * O0I9 
0.2G6 £0020 
0.250 ± O024 
0.239 ± O042 

, 64 
70 94 

2 - 0 
4—2 
6—4 
8—6 

10--6 
12-40 
14—12 
16—14 
1 8 - : ; 

0918 * O036 
1.364 i 00*8 
1.456 ± O050 
1.70 ± 054 
1.59 ± 054 
1.57 + 059 
1.27 ± U36 
1.12 ± 0.22 
VSS t 0.74 

0.732" 
1.046 
1.152 
1.206 

0918" 
U11 
1.444 
1.512 
1.553 
1.581 
1.600 
1.615 
1.629 

1.000 £0039 
1.040 10037 
1.008 ±0035 
1.124 ±0172 
1.03 ±034 
0.99 ±037 
0.80 ±023 
0.69 ±0.14 
0.97 ±0<b 

6.79 ± 0.13 
6.93 ± 0.12 
6JB2 ± 0.12 
7.20 t 1.15 
6.88 ± 1.16 
6.77 ± 1.27 
6.06 t 087 
5.65 * 056 
6.71 ± 1.57 

0.284 ± OOOi 
0.290 ± O005 
0.285 ± O005 
0.301 ± 0048 
0.288 ± 0048 
0.283 ± 0053 
0.255 ± O036 
0.238 ± 0024 
0.281 ± 0066 

166 
Yb 

70 % 

2—0 
4—2 
6—4 
8—6 

10-8 
12-10 
14—12 
16—14 

1.050 v 0.053 
1.47/3 ± 0.048 
1.564 ± O056 
1.739 ± 0.197 
1.63 ± 0.78 
1.44 ± 0.72 
1.38 ± 0.79 
1.64 ± 039 

1050 "' 
1.500 
1.652 
1.729 
1.776 
L808 
1.830 
1.848 

1.000 ±0050 
0.982 ±0032 
0947 ±0034 
1Л06 ±0114 
092 ±044 
O80 ±040 
075 ±043 
089 ±021 

7.26 ± 0.18 
7.20 + 0.12 
7.07 ± 0.13 
7.29 ± 041 
6.96 ± 1.67 
6.48 ± 1.63 
6.30 ± 1.81 
6ЛЬ ± 081 

0.301 ± O008 
0.298 ± 0005 
0.293± 0005 
C.302± 0017 
0.289 ± O069 
0.269 ± 0068 
0.26J± O075 
0.284 £ O034 

• 

formalized to experiment 
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ing effect should give relative retardation 
of transitions by a factor oi' 1.1-1.25 
(refs. '3' *4' *7' ) and rotation alignment by 
a factor of no more than 1.1 (ref. ' 1 B ' ) . 
Both of these values agree with experiment. 

6, FEEDING OF HIGH-SPIN STATES 

The data presented in Table 1 and Fig. k 
show that the active side feeding represent
ed by its relative intensity Pj /SPj is 
close to 0 for low spins, starts at about 
1=8, , remain nearly constant over a large 
range of spin values and ends at I =20-2U. 
This makes it impossible to observe the 
higher spin levels of the band. From these 
data one can calculate the mean square an
gular momentum y/<l2> o f 'the level populat
ed, which turns out to be equal to 17-5 and 
16.5 for !^Yb and 27o Yb, , respectively. 
One can notice immediately that these values 
are about a factor of 3 smaller than the 
mean square angular momentum \/<l2> of the 
compound nucleus, which was calculated in the 
framework of the model of a black nucleus. 
On the other hand, they coincide fairly well 
with the backbending point. This enables one 
to put forward the following hypothesis. 

In the vicinity of \/<l2>, the yrast band 
is connected with higher-lying high-spin 
levels by transitions with enhanced proba
bility. This is in agreement with the well-
known model of band hybridization for the 
interpretation of backbending /*8/. This model 
suggests an enhanced probability for tran
sitions to the yrast line in the vicinity of 
the intersection of bands. 
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Table k 
Enhacement B(E2)/Brot (E2) factors of 
transitions in the back bending region 

B(E2;I-4-2)/B r o t(E2;M-2) 

\Nucleus 

Transition ^ \ 
1 I—1-2 \ . 

130 /15/ 
Ce 

158 /14/ 
Er 

154 
Yb 

'166 
Yb 

I 12—10 

14—12 

16—14 

| 18 — 16 

0.75 ± 0.19 911 

0.80± 0.19 

1.4 ± 0.35 

> 0.6 

0.99 ±0.37 

0.80 ±0.23 

0.69 ±0.14 

0.97 ±0.45 

1 ») 
0̂.77 ±0.28 

0.89 ±0.21 

*Both transitions have been unified to 
obtain better accuracy (separate values see 
in Table 3). 

file:///Nucleus


Table 5 
Feeding times 0 ( 

6 I [ P s l 
"""•"--•^L e v e I I 

React ю п \ ч ^ 
20 18 16 U 12 10 8 6 

"WW 3 0?.?' 3 9 10 12 

. : 3v4wwe?' 2.2 4.8 6 7.5 8.6 10 14 

ЧЛгл/Ч 13 11.5 14 ±2 17 ±2 
, 2 W n ) ' W Y b 12 13 16+4 

«VWSb 6.5+1.5 ao±i.5 8.3+1.5 8.7 ±1.5 9.4 ±2 11.8*2 19712 
130 ,40 166 

Te( Ar,4n) Yb 3.7 12 4.9+25 6.2 11.5 6.6+1.5 7.2 + 1.5 аЗ +2.5 1121:2 20.9±2 



In ref. / 2 8 / , the situation with y/<l2>/<P> 
observed here was shown to be a common featu
re of the reactions. This ratio decreases 
regularly with increasing projectile mass. 
In addition to the hypothesis mentioned 
above, in ref./ 2 8/ other two hypotheses are 
considered for the explanation of the small /—T V— value of v<I >-These are: 1. The critical 
angular momentum of the compound nucleus is 
in fact close to 25fi, i.e., substantially 
smaller than that calculated in the frame
work of the black nucleus model; 2. The dist
ribution over the angular momentum of fixed 
final products of neutron evaporation is cha
racterized by an average angular momentum 
considerably smaller than y/<t2> . Both of 
these hypotheses were rejected after an appro
priate analysis / 2 8 Л 

In addition to feeding intensities, Table 
1 presents also the side feeding times ф\ . 
The values of <£] should be distinguished 
from the commonly used feeding times 0| 
(refs. / n> 2 7/ ) , an average interval of time 
between the end of the reaction and the 
decay of the highest-lying high-spin level 
lm observed. The 0 1 value is clearly seen 
to be a composite quantity dependent on both 
the lifetimes тt* and feeding times Ф1' of all 
levels I' > I , through which the feeding of 
the observed level I occurs. The 0| values 
are deduced from the experiment more easily 
than the фг ones. Some data on the feeding 
times 0i for the isotopes 7(/Yb, 6t!Er, se^e 
investigated' 1 4» 1 5' are presented in Table 5. 
The 0j value is seen to increase substanti
ally with decreasing spin I . In addition, 
one can notice that at constant I 0| tends 
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to increase with decreasing N, i.e., as one 
goes to the softer nuclei. This vas also 
indicated previously'11'27'. However, this 
change in 0| is noticeable only for high 
spins and becomes weaker as one moves down
wards along the band. It may be more appro
priate to compare the Q\ values at close 
energies of the rotational levels, Ej, rather 
than at the same spin. In this case the ten
dency of 0\ to increase would become more 
pronounced for nuclei of the transitional 
region. Nevertheless, for all nuclei the 0j 
values are of the order of several picose
conds for the upper levels of the yrast 
band. 

As a possible explanation, the change in 
#1 with neutron-number can be related to 
the band crossing. For nuclei such as 1б4,1ббуь 
a pronounced backbending is observed, and 
the feeding time is expected to be shorter 
than that for the nuclei 160'162Yb due to acce
lerated feeding transitions iji the backbend
ing region according to the band hybridization 
model.Alternately, this can possibly be due 
to the effect predicted in ref. ' . At very 
high angular momenta, the second minimum 
in the energy vs. deformation dependence 
becomes deeper at deformation of about 0.8 
than the first minimum at deformation of 
0.3. This effect manifests itself more 
strongly at neutron number N=88 and in the 
vicinity of proton number Z=66. This should 
imply a slower de-excitation for nuclei with 
N closer to. 88 as transitions with changes 
in the nuclear shape should be retarded. 

From a theoretical point of view the side 
feeding time ф\ is a more definite parame
ter than 0i . It displays not so strong 
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increase with decreasing spin (ТаЪ1е l ) . 
However, considerable experimental inaccu
racies do not allow one to carry out a de
tailed quantitative analysis of the dependen
ces 01 (I). It is noteworthy that the ф] 

values are compatible with the experimental
ly obtained values of the multiplicity of 
the y-cascade leading to the population of 
level I (ref. / 2 6 / ). It is difficult to make 
a precise quantitative comparison of the 
data ' 2 б/ with our results on the ф\ values 
since the measurements are carried out for 
reactions induced by ions with strongly dif
ferent masses: 1 6 0 in ref.' 2 6 / and ^Ar 
in the present paper. One may think that the 
#1 and Ф\ values are determined not only 
by the properties of the high-spin states 
of a specific isotope, but also by the featu
res of the nuclear reaction leading to the 
formation of this isotope/28/. In order to 
clarify the nature of the feeding of high-
spin states, one needs a larger amount of 
experimental data including those on the de
pendence of 0j and 0| upon the projectile 
mass and energy for the same compound nuc
leus . 

We are indebted to Professor G.N.Flerov 
for his attention to and support of the 
work. We are also thankful to V.G.Subbotin, 
N.Djarov, R.Kalpakchieva, L.Alexandrov, 
S.Iliev, Ts.Venkova, and G.Radonov for their 
participation at different stages of the 
work. 
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