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BpeMeHa ,Kil3Hil BpamarenbHbtX cocroHHilll ll3ororroa 164yb , 162yb 

· I13Mepeubr apeMeua lKil311H HecKonbKHX rrepexoaoa a poraUIIOHHbtX rro-
nocax OCIIODHO!"O COCl'OHHIIH H30l'Ol!OB 164yb , 16 :Yb , Hcrronb30Danacb 
peaKUIIH ( 

40
Ar , 4n ) , • 5brn rrp11Meueu Meroa aorrrrnepoecKoro CMemeHI!H Ha 

Hapax Ol'tlS'\111, nony'\leHHbte 3Ha'\leiii!H B( E2 ) cpaBHIIBSIDl'CH c rrpeacKa3a
HHHMII. MoaenH lKecrKoro poraropa, Orrpeaeneu~>r KBanpyrronbHbre, MOMeHr~>r 

00 11 rrapaMel'pbr aeljlopMa·ulll! f3 , 

llpenpHHT 06be!IHHeHHOrO KHCTHTyTa ll!lepHblX HCCJienoBaHHJi. 
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Nadjakov E., Venkova Ts., Kalpakchieva R. 

Lifetimes, of Rotational States in 164 yb and 162yb 

The lifetimes of several transitions in the ground-
state rotational bands (g.s.r.b.) of 164Yb and 162yb have 
been measured, The ( 40Ar, 4n·) reaction has been used and 
the recoil-distance Doppler-shift method employed. The de
duced B(E2) values are compared with those of the rigid
rotor model. Quadrupole· moments Q

0 
and deformations f3 are 

determined, 
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I. Introduction 

The study of electromagnetic transitions between nuclear states gives information 
on the ~tructure of these states. in particui.ar, the lifetimes of rotational. states define 
the absolute transition matrix elements, and thus provide a possibility of checking nuc
lear model wave functions. Ttle combination of the recoil-distance Doppler-shift me-· 
thod 111 , plunger technique using . 'Ge counters /2,3/ and heavy ions has 
been used to study such lifetimes in heavy deformed nuclei. A compound-nucleus forma
tion reactio~ with neutron evaporation (HI,xn) 14 •51 , or a Coulomb excitation 
/ 6 ,7,B/ has been employed. As is known /6,7/ ·,the Coulomb excitation gives 

a better accuracy in observing corrections to the rigid-rotor model. On the other hand, 
phase transitions for high spin values (the so-called back-bending effect) have been re
cently observed /5,9•10/ ·in the (HI, xn) reactions. This makes the~ inte
.resting again in connection with the population of very high spin levels and for the eventual 
study of their lifetimes to answer some questions about their structure and the nature. 

of the phase transitions. . . . · 
We have described the apparatus for measuring the lifetimes of.nuclei pr()duced in 

(HI,xn) reactions /11/ in the range 10- 12 to 10-9 s. using the recoil-dis-
tance Doppler-shift method, and our technique to deduce. lifetimes, as well as some preli
minary results on 164Yb 1121 , Here we apply this technique to measure the life
times of g.s.r.b. transitions in 164 Yb and 162 Yb . Further tre B(E2) values 
are deduced and their _ratios compared .with those of the rigid-rotor model. The absolute· 

B (E 2) values give the intrinsic electric quadrupol~ moments' Q ~ and the quad~ 
rupole deformation parameters {3 



2. Experimental'· 

· The experiments have· been performed in an external collimated heavy-ion beam 
at the U-300 cyclotron in Dubna. The reactions 128• 1~ :re ( i~0Ar ,,4n) 164• 1~~ Yb 

have been used. The target~ of0.9-I.O mg/cm 2 evaporated metallic 12'Te and 

126T~ on an 0.7 p, m ·At. backing stretched on a ·Bi lattice have been 
~mployed. The Doppler-shift target chamber has been describe'd. earlier/1 1/ 
The main feature is that the recoiling compound nuclei are stopped in a · ·Bi -covered 
'plunger~The distance between theplungerandthetarget, D ;~is ~aried from 0 to 10 4 p. m 
and _measured with a precision of t 5 p.m .. The gamma rays are measurea at 0° 
with respect to the ion beam with a 'Ge( Li) spectrometer (the active volume and re:-
solution are I em 3 . and 1.2 keV at 122 keV of 57 Co I respectively). 

Two gamma peaks appear for each transition, an unshifted one at the correct energy 
:~ u '::'E ·, fr.om the nuclei stopped in the plunger, and a Doppler shifted.one at an energy 

'E ='E +liE, 11 E = 2: B 
s c . (where v is the recoiling nucleus velocity, v/c 

being larger than2% in our experiments),from the nuclei. emitting gamma rays during their 
flight (F_ig.l). The relative intensity R of the unshifted peak I u to the total intensity_· 

I u +I.s 

'R= (I) 

can be plotted as a function of a distance · D · or the time-of-flight t= 
D 
v 

( I ·s being the intensity of the Doppler-shifted peak) (see Figs:2 and 3). The time t ~ 

for R =1/2 gives a rough estim~te of the nuclear transition half-life (the time from 
reaction to transition). 

3.Data Handling 

·Before plotting the experimental values of 'R(l) , several corrections have been 
considered according to the formulas given in 1121 , due to: 
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·I) 'Distribution in the. velocities of the ·recoiling ~uclei be~ause of distribution in . 
·· ion-beam velocitie.s, in recoi I ing angles, and because. of fi~ite target thickness (the .sign · 

of the correction to R is + ). . · · 
2) Distribution in. the target-plunger distances: because of non-parallel target-

plunger surfaces (-). . .. >.. · : .•. 

3fFinite range of the recoiling nu.clei in the.plunger · ( +) . 
4r Attenuation 1 in the anisotropy. of the gamr:na..:ray angular" distribution due to the 

. large magnetic field of highly ionized atomic shells, acting (m the nuclei that move in the . 
va.cuum ( +) . . · . · 

: 5) Relativistic changes in counter solid angle due to the motion of t~e nuclei e·mitting 
gamma rays during flight ( +) .: 

.. 6) Variation of . counter efficiency behveen shifted and, unshifted peaks(:..).· 
7) Changes in counter solid angfe due to the change of the distance between the 

counter and the nucl_ei emitting gamma .. rays during flight(-).. · 
. For our conditions corrections I) and 2) are· much below 1% and can be neglected; 

3) is. below 1% for 2 ... 0 and 4 -+ 2, 'b~t a fe~ pe~cent and more than 20% for 6 -+ 4 
. and 8 ... 6 (small D );' .4) is fractions of percent_ up to a few percent; 5) and 6) are 

1-3% but opposite signs and compensate to an accur~_!cy better than 1%; 7) is below 1%. 
for all transitions except for 2 ... 0 (large D ), for whi~h it is up·to 10%.. : ·. .• 

-: To extract . .'the lifetimes from Figs. 2 and 3, it ha~ be~en assumed that in compound
nucleus reacti~ns with such heavy .projectiles as 4 qAr· , the g.s.r.b. is fed at the l~vel 
with _the highest observable spin 113 •14/ • This has b~en checked experimentally in 
our cases. by finding the relative intensities of the transitions (gamma intensities corrected 
for inter~al C(>nVersiOfl), Wh_ich. have proved to be the same up to the transition 8+-+ 6+ 
within. the. experimental 'errors. Then if we treat the g.s.r.b. transitions as a chain of 
transitions betwee.n the successive levels ·i = 0,1,2,... with mean'lifetimes r i , 

we obtain for the t~ansition j :.:. i+l 
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Formulae . (2) and· (3). have. been used to fit the experimental points of Figs; 2 and 3 by. 
solid lines, deduci/Y

2
jt the same time the meal') lifetimes of the levels ri . Details· 

can be found in ref. 

4. Results 

The results are presented in Tables I and 2 for 16th and :_ 16th , respecti-
vely. To specify. the notations we give several well known formulae /15/ that we have 
applied .. The half-lives T¥2 are connected with the mean life~imes · r according 
to T¥2 = (f'n2)r:::: 0,693 r . The B(E2) experimental values are deduced ac-
cording to· 

B(E2) 
e 2b .2 

c 

5 
_ 0.0563 ps MeV 

- (1 l1' E 5 
+aT' ¥2 

(4) 

and are obtained in 
E in MeV. The 

e 2 bar~ 2 if . ·y ¥2. are in p s and the transition energy 
B ( E 2) .. rigid-rotor values are calculated from 

B(E2;l+2->/),. _S_ .:!._ ___f!2_1)(~ e2 Q2, 

· 16rr 2 (21 t-3)(21-t-S) 
0 

where Q
0 

(barn) is the intrinsic electric quadrupole moment. 
Normalizing B ( E 2; 2 '0) to experiment, the experimental value of 

can be deduced from (5). Further the quadrupole deformation parameter {:) 
deduced from 

ySrr 
3ZR2·--Qo''/-3(1 40.J6R) 

0 t-' ' 

1 .I v'5rr · 1 {J =-.-1 v 11 0.64-- Q -1 ' 
0.32 3ZR ~ 0 

6 
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Q o. 
can be 
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·i 
! 
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= 1.2· ·A 1 /3 1~). 
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' (5) 
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i 
••• J 
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J 
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. Thus one obtains Table 3 with the· Q 0 and {3 

experimental values. 

5. Discussion 

Tables I and 2 show that the reduced transition probabilities B ( E 2) measured· 
agree with the rigid-rotor ones within the experimental errors: The same has be.enfound 

· 160158 156E ·. /4/ . . for · ' ' r m ref. · . Perhaps there IS some trend toward the lower 

values with increasing spin relative to the rigid-rotor ones as in the case of 
1

6()Er/ 
4
1 . 

The values of the quadrupole moment Q 
0 

and the deformation • {3 · for the 

164 • 162 Yb nucle.i (see Table 3) are less than those forthe 
176-168 Yb 

nuclei which are near the line of (3 -stability (Q =7.7.;_7,4b and 
. 0 . . 

.. 176-168 
{3 = 0.31- 0.30 for. the . . Yb nuclei). The comparison with the data of 

Table 3 shows that Q 
0 

·and {3 · decrease with d_ecreasing mass number A . This 
corresponds to the decreasing momentof inertia ~ and decreasing E 4 +I 'E· ·· + 
(increasing deviation from the rigid-rotor energy ratio) with decreasing A . It ;hould 

' - . . . . + 
be also noted that the time fr0111 the reaction to. the decay of the 8 level increases with 
decreasing A . . . . . . . . . · 

In Table 3 we give for comparison the same quantities for 
160

• 
158 

•
156 

Er 

deduced from the data of ref ./4/ . One can see here the same trend (for the 
1

70 -16 2 Er 

nuclei nearer to t~e stabi I ity I ine: ·. Q 0 = 7.4 - 7.1 b and (3 = 0.32- 0.30). 
All the trends 'discussed abo~e are in agreement' with the picture of the nuclei with 

Z midway between 50 and.82 going from the deformed to the transitional (egion when 
N decreases to 8..:6 particles above the closed shell N =82/16/. For Yb nuclei 

this tran~ition starls already with A =162, N = 92, i.e., 10 par;:!icles above 82. 
Thanks are· due to Prof. G.N F lerov and Dr.Yu.Ts.Oganessyan for their interest 

in the work and useful discussions, to J.Uchrin for participation in the experiments, to 
L.Aiexandrov. for the computer programs, and to the U-300 cyclotron staff for the good 

operation of the cyclotron. 
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· .a ~c) .462.·8 

reaot~d) ... 
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' . . lJElj 

Transition Energy 
E 

(keV) 
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TABLE 1~. 

HALF7LIVES T1; 2 AND B(Ef~ I + 2 ~I) V~LUES FOR 
THE G.S.R.B. LEVELS OF ~. 

•.rransi '!;ion Energy 
E· ~1/2 a). . B(E2;· I+2 _:.I) . , .. 

',,···: 

(keV) (p s) . ·acor (t.L 6arn .. ) · . · 
experiment rigid ~tor .... · · 

2 -!JO 123.5' 882;ta8 1.42 0~92;t0.~9 (0~92)b) 
4~ 262.8 . ·. 29.9±3.0 0.110 1.35±0~14 1 .• .32 
6~ 375.0 5.2±o.7 ... 0.039 1.40±0.19 1.45 

.8 _,oC) . 462.8 2.0;!:0.5- 0.022 1~30+ 0.33 .1.52 
react~ d) .. -

5o2;!:1o5 

TABLE 2 • .' 

HALF-LIVES 11t2AND B(E2. j I~2-.I)VALUES ·FOR Tlll!l. G.s.~ •. B •. 
LEVEI.B OF 162Yb. . . . · 

Transition Energy T1/2 Cl) 'B(E.Z. j :ti"~- 'I.) 
E Ce." t,o..-rnL) 

(keV) (p s). ot'T' exper~ment· rigid ~tor' 

2~ 166.5 401± 59 0.50 0.7);!:0.11 (0.?3)b) 
4~ 320 • .3 14.1;!:2.1 0.061 1.12;!:0.17 1.05 
6 -74 436.2' . ,3.2;!:0.6 . 0.026 1~09;!:0.20 1.15 
8 -t>Gc) d521.4 1.4;!:0~5 0~016 1~03;!:0·37 1.21 
react.~ 12.2:!: 3~2 

a)The total internal conversion coefficient ct.,. is "interpolated 
from the K-L- and M-shell values of ref~/1 71. 

b) Normalized to experiment. 
c)The a .....,. 6.lifetimes cannot .be well separated from 9:"0 

therefore, these are only rough estimates •. 
d) cz:o -time from the reaction to the decay of the highest level 
a+ for 164•162Yb(or to th~ population of the 6+level), 10+ for . 
16~r, a+ for 1 5~r.and. 6+ for. 15~r. 
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Fjg.l. Gamma spectra of the transitions between g.s.r.b. levels in 
different target-plunger distances D , resp. time-of~flight t = J2. v 
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the calculated ones accordmg to (2) best-f1t curves ( v = 6.42 x 10 m/s) . 

13 

' . 


