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LIFETIME MEASUREMENT OF THE FIRST EXCITED STATE 11\1‘206%'r

J. L. Quebert , K.'Nakain, R. M. Diamond, and F.- 8. Stephens

. Lawrence Radiation Laboratory - -
University of California

Berkeley, California 9L720

February 1970

Abstract.

206

o N _ . - v _ » .
The first excited state of Pb_(2,,803 keV) was produced by Coulomb . '

" excitation usiﬁgA17O MeV_MOAr projectiles, and the mean life of this state was =

determined by the recoil-distance Doppler—shift methbd to be: T = (13.2+0.8) ps..

_TWork perfofﬂed under the auépices of the U. 8. Atomic‘Energy'CommissiOn;
NATO Fellow:. On leave of absence from CEN de Bofdeaux; Gradignan, France.

I‘TOn leave of absence from Osaka University, Osaka, Japan.
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1. Introduction
The doubly even nucleus 2O6Pb‘is_a eonvenieht farget to use in projectiie

reorientatien;studies and in particular for projectileSTWith high—lying'first
excited statee. Iﬁ these cases, for bombardment‘at tﬂe'same fraction of the
barfier energ&, the largest yields, as well as the largeet reorientation effechl)
in thepfojectile, are obtained witﬁ the highest 7 targete.. However, in such |
studies as that of ref. 2, where the yield of the firét 2+ state in the projectile
' ;is determined relative to that of the first excited sﬁate in the target {(so as

to minimize»erfors in the insfrﬁmental cerrections), it is necessary to know
ratﬁer accurately the B(E2) of the target excitation. That is, the B(E2) aed
~quadrupcle moment of the projectile are sensitive ﬁo the'target values. Since a’
seerch of the literature prodﬁced a range.of measured:B(EQ) values for the

803 keV, ot levei in 206Pb (ref. 3, y, 5, 6), it Qas eesential to try to redetefe
mihe this vaiﬁevmore adcurétely; The»éeveral-picoseeoﬁd iifetime of the state and B

. the possibility of Coulomb exciting it by high energy AOAr projectiles led us to
. v 7,8)

try to apply the recoil-distance Doppler-shift methode .
| - 2. Experimental Meﬁhod.

The experiment has been‘performed at the Berkeiey‘ﬁILAC using a 170 MeV .

'fargon beam of & 2 nA intensity. The thin target of enricﬁed-goéPb(l.hS mg/cmz)-

was evaporated ento a nickel foil 0.1 um thick. Thisiwas theﬁ stretched on a -

ring holder to gef a surface as flat as possible. 'The' Y”‘rays Werevrecorded

.by a 35 cm3.Ge(Li) coaxial detecfor at O degrees to the 5eam and opefatedjin

-ceincidence with the'backecatﬁered'hoAr projectiles deteeted by'a silicon rieg.

counter. The recoiling 206Pb nuclei were stopped at different distances from

the target with a flat bismuth plunger. This distance, d, could be read to
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iO.l mil.. Cdmparison éf‘the relative intensities of thévDopﬁier;shiffed (é)

and unéhifted (u) transitions as a function of the distance between the fafgét
and thelplunger allqws determination of the mean life. of the trénsition»undef-
study ifvthe average reco%l velocity is also accurateiy-knowng This velocity
has been evaiﬁafed from the energy differencévbeéween the.shifted apd unéhifted
lines, AE, after correction for the effective solid éngle at the Ge(Li) deteétdf.
That is given byvthe eipression;

AR (1—82)1/2 | (8+1) (1-cos 8)

P L —
EO B(l cos .eC B8 cos ec - cos eo + [(COS 60—6 cos 80)2 + (1”82) sin 260]1/2

is the angle between ;

where OC is the half-angle subtended by the counter, 60

the axis of the counter. and the direction of the regoiling nucleus, EO is the
energy of.the'unshifted'line; énd B = v/c.. The effective velocityvso.méasa
ured was v = (0.0265#0.0003) c. |
| 3. Results

Figﬁre.l shows é few of the spectra obtained as a‘functionbof the
stoppiﬁg distance. The variation in the relative.inﬁensities of the shifted and.
unshifted peaks can be clearly seen.. | |

A number'of Correctioﬁs had to be made tb»thébexperimeﬁtal data.‘ These
‘are: | N

- Subtraction of the background. As can be géen; reaéonably clean
spectra were obtained by Coulomb excitation:-in coincidence wiﬁh’thelback5cat—
tered ?articles; The backgrouﬁd is flat on bpthvsides‘of‘the peaks and:the twq
peaks (u,s) are well separatedv(QO.S keV). The.small number of accidental coin-
.cidences Were_?irst subtracﬁed,uand.then thé background.was fitted by a third-
order polynomial curve and subtracted from under the peaﬁs. Erroré coming frbm

this analysis are shown with final results, Fig. 2.

1
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- Variations in the.solid'angle of the gamma:ray'éounter-causéd by the_
mbvement of the plunger. This correction is quite;smali Eecause‘Of the short
distances involved in moving the plunger rgiative to the £aréet—Ge couﬁtér dis-
tances. The maXimpm_efféct; corrésponding to thé lérgest separation'diétance:
leads .to a decrease of 0.4% in the unshifteé—peak intehsity.

- Variation in the counter éfficiency for the_éhifted (highef enérgy)
peak, comparéd with the unshifted one. This correcfion'leads to an increase of

3% in the shiftéd—peak intensity as deduced by the meaéured efficiency éprve.

- Correction,df the shifted transition inténsity fér the changevih the

-angular distribution and solid angle at the Ge(Li)'coﬁnter due to the motion
of therrecoiling nuéleus. Thé correction at O deg.to ﬂhe.ﬁéamvdirectionﬂe(O)'

is added to the angular distribution

w(y) =1 4+ A2Q2'+ Ath and has the value (to first order in v/c):

v

'e(o)vé P (1-1/5 Az)Ql + (6/5 A, - 2/3 Ah) Q, + 5/3 Ay Qs} -

. 3
b.where AQ, Ahvarévthe usual angular distribution coeffiéients,lamd Qi (i - 1 to.S)
aré the finite géometry correction factors calpulated fqr the given geometry.
This correction yields a decreése in fhe shifted peak.ihtenéities of.T%;
L. Discussion
In the analysis, the feeding of the 2+ state.}rom:highér stafes has been
assumed negligible because of the very émall probability of exgifing‘the higher -

206

states in Pb by the Coulomb excitation process with hOAr projectiles of the
energy used. With this assumption, calculations start from the well known

relation:

an.
Tat AN >
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and the definitions:

- , . :
I (shifted) = _[’ (- QEO at
S _ . 0 :

- I (unshifted) = -jf (- gy—)'d’c
u o
T
where T - is thé.timg after the excitation corresponding to the stopping dis~
ﬁance, d.
If we assume no dependance on time for the angular distribution of the

Y ‘rays we have:

where. W(y) .ié the angular distribution and no, the number of counts at t = 0.

In this case we can write for Y = 0 deg

I =w(0)n. (1- e**T>
s o
=AT
Iu = W(Q) n, e s
and
P = Iu _ e—AT T —kg
T + 1 e v
u S

. where d is the stopping distance.



-6 S " UCRL-19555

In fact, before integrating, the deofientatioﬁ_effécfg) caused by the

lérge hyperfine field acting on.the recoiling ﬁucleus iﬁ vacuum,tmustvbe taken .~
into accounf, This is done by including atténuation coéfficients in the ahgﬁlar ‘
distribution aé'defined:, | | | |

G (t) =e 'k (k=24 , |

where

Td is the correlation time, is related to the nature of the hyperfine

Py
interaction, and w 1is the anrage Larmor frequency due to the hyperfine
field.

The angular distribution thus depends on time and can be written for

P = 0 deg

W(0,t) = 1+ A,Q,G,(t) + £),Q),6),(t)

We can write now:

. T Coaa
I =n.A j Ww(0,t) e"At dt
S 0 0 v

I
u

it

n A W(0,T) f e"kC at
0 o

(Invthe secondvcase the nucleus is no longer recoiling in vacuum, but stopped
by the plunger, and it is assumed that the angular distribution remains

unchanged during, the short lifetime in the solid bismuth).
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. To detérmine W(O,f),»the-Aé and Ah coefficients hévevbeen calculated
using the deBoer-Winther programlo) for the case of pfojéctiles scattered
between 142 and lél deg to’ the 5eam direction (ringigedmetfy). VThe coef-
ficients Gg(t)’and Gh(ﬁ) have been evaluated by measuring thé intensity_éf
gaﬁma raysiat 45 deg and 90 deg to the beam direction iﬁ coincidence witﬁ
baek—scatteréd projectiles. The experimentalvratio of the yields was compéred
with the theoretigal one using the inﬁegral attenUation-éoefficients:

k' T+ T

G (k = 2,4) = x-jf Gk(t) e'Xt qt = —f
' 0 : k

We further assumed a magnetic dipole'interactiong) to obtain a simple relation
' 20
3

from the comparison of the yield ratios with an

between G and Gh or G.(t) and Gh(t) namely , P, = 2,_p£ = . This permits.

2 2

i

the determination of Tk

approximate value for T.

Finally, a least—squaréffit program hasvbeen.made to obtain the best
value of the'meaﬁblife, T, from the corrected values of F(a) as a functioﬁ ’
of the distance. Figure 2 shows the correéted experimenﬁal data points for

F(d) wvs. the stopping distance and the line is the best-fit curve. We find:
T = (l3.2i0.8) pSs.

. and using a value of o, < 0.01 for internal correction,-calcﬁlated from ref. 11,

T
we deduce:

B(E2, 07 > 2%) = (0.091%0.006) e°b°
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5. Conclusibnv:
The value of B(E2, ot > 2%) found is slightly'smaller than those
previously deduced by other methods, and we feel, more accurate, as is shéwn-v

in Table TI.

]
i i
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‘Table 1
Reference CB(E2, 0F > 27 (%)
+0.02
0.11 :
-0.0k
3. -
+0.02
0.6 {
~ |-0.06 -
L 0.115
5 SRR 10.13° +0.05
6 B 0.108 #0.010
Present work - ©0.091 $0.006 -
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Figure Captions -
Fig. 1. Gamma spectra from the 2+ + G+ transition (803 keV) in “00Pb at
different stopping distances. One can see the variation of the shifted

and-unshifted line.intensities with distance.

(e

Fig. 2. Plot of Log m

) vs. the separation distance between the target

[

“and plunger.  The symbols are the experimental poiﬁts and the straight line

is the best fit result.
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