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-y directional correlation studies have been carried out on the (1063.62-569.67) keV 13/2* M4¥ES5/)— E21 /7~
cascade in the decay of °’Bi using the time differential perturbed angular correlation method. The
measurements show time dependent magnetic perturbation of the correlation. From the plot of A,() vs t
(finite time resolution corrected), the value of the relaxation parameter A\, and the unperturbed A4,(0)
coefficient (solid angle corrected) obtained are (2.4 +0.3) X 10° sec™! and 0.259 = 0.016, respectively. From the
plot of Ay(t) vs t, the unperturbed value of Tj,, and therefrom A, for the 569.67 keV level are determined to
be (130.7 +1.3) ps and (5.30 =0.06) X 10° sec™!, respectively. Using the A, and \, values, the integral
attenuation coefficient G,(co) has been estimated to be 0.69 = 0.03. The differential data at various angles were
integrated and the solid angle corrected A,(c) coefficient thus obtained is 0.204 £ 0.005. The perturbation
mechanism is discussed in the light of the spin-spin interactions between the 6s electrons of the neighboring
paramagnetic Pb*** ions. The results are found to be consistent with the theory of Abragam and Pound.

[RADIOACTIVITY 'Bi, measured yy(8,t), 2"Pb level deduced Ag, Ay, Az(O)E]
Gy(), Ag(), 6(1063.62 v), B(M4)+ and B(E5)+ values.

L. INTRODUCTION

Several integral correlation measurements' ™
have been performed on the (1063.62-569.67) keV
yy cascade in 2Pb. The A, and A, values are
nearly in agreement with the theoretical values for
the spin sequence ¥" (M4 +E5)87(£2)3", assuming
5(1063.62y)= - 0.03. Korner et al.’ have also per-
formed time differential correlation measurements
on this cascade using a 2'Bi source in aqueous
solution of BiCl,. No perturbation of the correla-
tion was observed by them. However, it is not
understandable why their A4,(0)~0,125, as can be
seen from their plot of A,(¢) vs ¢. Even if it is
corrected for the solid angle (not given) it would
be very low compared to A, =0.232 obtained by
them from an integral measurement.

We, therefore, considered it worthwhile to re-
examine the question of perturbation, if any, of
this correlation using the time differential per-
turbed angular correlation (PAC) method. Our
measurements show an exponential decrease of the
anisotropy. The results are discussed in the light
of time-dependent magnetic perturbation.

II. EXPERIMENTAL DETAILS

The 2°’Bi source was obtained from New England
Nuclear and used in the dried-up form
Bi(NO,),+5H,0 in a cylindrical perspex vial of di-
mensions 3 mm diamx4 mm. A singles y spec-
trum recorded with a Ge(Li) detector showed no
impurity.

A timing coincidence spectrometer (Fig. 1) using
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2.54 cm diamx1.27 cm and 2.54 cm diam x2.54
cm NE-111 plastic scintillators with XP-1021
photomultipliers and constant fraction pulse height
triggers was employed. Aluminum absorbers of
appropriate thickness were used in front of the
scintillators to cut out the K and L conversion
electrons. The energy gates for the 569.67 and the
1063.62 keV transitions were 50% and 40% of their
respective Compton distributions. The time cali-
bration of the time-to-pulse-height convertor
(TPHC) was carried out by observing the shift of
the prompt resolution curve using a ®Co source
with the introduction of an accurately calibrated
GR874-L30 air dielectric coaxial line of
(1.0036 £ 0.0002) ns. The time calibration thus ob-
tained was (35.7+0.4) ps/channel.

The differential nonlinearity (DNL) curve for the
system was recorded. The nonlinearity was esti-
mated to be <1% and hence no correction was ap-
plied.

The full width at half maximum (FWHM) of the
prompt curve at the above energy settings using a
80Cp source was 310 ps with a slope (3) of 50 ps.
The solid angle correction factor @, for the cor-
relation geometry and at the energy settings men-
tioned above was determined experimentally by
performing ®Co correlations under identical con-
ditions (@,=0.816+0.002). The delayed time co-
incidence spectra were recorded at 90, 135, 180,
180, 225, and 270°. The data from corresponding
angles in the two quadrants were stored in a
4x1024 mode of a 4096 channel analyzer. Simul-
taneously, the singles counts from both detectors
were also measured for normalization purposes.
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FIG. 1. Block diagram of the timing spectrometer used for y-y time differential PAC measurement.

III. MEASUREMENTS AND RESULTS

Figure 2 shows the delayed time coincidence
spectra recorded at 90 (III), 135 (II), and 180° (I).
After subtracting chance coincidences and normal-
izing with the gate counts, the data at each cor-
responding channel in the delayed region were
analyzed by the weighted least squares method for
Ay(t) and A,(¢) coefficients. After applying a finite
time resolution correction,® a plot of 4,(F) vs 7 is
shown in Fig. 3 along with the relevant part of the
decay scheme. This clearly indicates the exponen-
tial behavior of the perturbation. The A,(f) values
were least squares fitted to the equation:

A,(F)=A,(0)e 2t | (1)

yielding the relaxation parameter x, =(2.4+0.3)
x10° sec™ and the unperturbed expansion coeffi-
cient A,(0)=0.21+0.01. After solid angle correc-
tion, A,(0)=0.259+0.016. The contribution of the
17 1770°2Y 57 569° 67y 1™ interfering cascade

(A, =-0.0087 +0.0089°) was estimated to be <2%.
No correction for this was therefore applied. The
A,(0) of the present work is on the higher side of
all the integral values reported so far'~ and is
also in sharp disagreement with A4,(0)=~ 0.125
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FIG. 2. Delayed time spectra for (1063.62 y) (569.67 v)
coincidences in ?"Pb recorded at ©=180 (I), 135 (II),
and 90° (ITT).
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FIG. 3. Plot of A,() (uncorrected for solid angle) vs ¥ from the time differential measurement in 2"Pb for a dried-

up Bi(Noj);* 5H,0 source.

(solid angle uncorrected) obtained by Kdrner et al.®
from their time-differential measurements using
an aqueous BiCl, source. Surprisingly, Korner

et al.® conclude that there is no perturbation of the
correlation, yet their A,(0) value turns out to be
very small as compared to their integral value of
A, =+0.232+£0.007 obtained in a separate experi-
ment. This is inconsistent because for no pertur -
bation is A,(0)=A4,(x).

The Ay(¢) values were also least squares fitted
to the function A,(0)e~*o* as shown in Fig. 4. This
gave T,,,(569.67 keV level)=(130.7+1.3) ps or
2 =(5.30+0.06)x10° s~ which is in good agree-
ment with the value obtained by Kérner et al.®
Knowing A, and X, and using the relation:

z;‘z(eo)__io__

= : 2
YW @)

for a time dependent perturbation, the integral
attenuation coefficient G,(»)=0.69+0.03. Using
solid angle corrected A,(0)=0.259+0.016, the
product 4,(0)G,() yields A,(~)=0.18£0.01, which
is in fair agreement with the solid angle corrected
A,(»)=0.204 £0.005 obtained by integrating the dif-
ferential data. The A, values obtained from our
measurements are compared with those of earlier
investigations in Table I. Using our A,(0) value,
the mixing ratio analysis yields 6(1063.62y)
=-0.1210-5% which is substantially higher than the
earlier values?:%'5~7 (~-0.03) for the M4 +E5 ad-
mixture.

The delayed time coincidence spectra (Fig. 2)
were also analyzed for half-life values at each
angular position. The values obtained are
T,/,(90°)=(133.8+1.6) ps, T,,,(135°=(129.7+1.5)
ps, and T,,,(180°)=(125.9+1.4) ps. A critical ex-
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FIG. 4. Plot of At) vs ¢ from the differential data.

amination of these values shows that the extra-
nuclear perturbation does exist. Further, using
these values, the unperturbed value of T',,, was
calculated by the method of quadratic interpola-
tion'®: T,,,(125°40’)=(130.5+1.5) ps. This is in
good agreement with T, ,, =(130.7+1.3) ps as
obtained from our A,(¢) vs ¢ plot (Fig. 4). These
values are compared with those of earlier investi-
gations in Table II.

IV. DISCUSSION

Bismuth exists in the source [Bi(NO,),5H,0] in
the triply ionized form Bi***. Following electron
capture, it decays to the 1633.29 keV isomeric
state in 2°Pb. This brings about the following
change in the electron configuration:

Bi+++(5d10632)_§ Pb+++(5d10681) . (3)

Therefore, Pb*** is expected to exhibit paramag-
netic relaxation behavior due to its nonstationary

and partially filled 6s shell. This is mainly a
consequence of the spin-lattice interaction in solid

‘'sources. Further, on account of the spin-spin

interaction between the 6s electrons of the neigh-
boring paramagnetic ions, the 6s electron pre-
sumably undergoes a spin-flip. This reverses the
direction of the hyperfine field H,, thereby pro-
ducing a wildly fluctuating magnetic field at the
site of the decaying nucleus. This would bring
about a strong time dependent perturbation of the
correlation. .

The following calculations have been carried out
in the light of the theory of Abragam and Pound.!!
Kopfermann (Ref. 12, p. 132) has estimated the
value of the magnetic field ((Hy =6.5x107 Oe) due
to the unpaired 6s electron in 2°’Bi in its fifth stage
of ionization.

For the time dependent magnetic interaction:

A =a[1- @I+ )W(ier|r) , (4)

where
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TABLE I. A, and A, expansion coefficients for the (1063.62-569.67) keV vy cascade in ¥7Pb.

Differential
Integral A,
Reference Source form A, Ay (Unperturbed) Ay
1 2TBi attached to +0.2168 —0.0097 e cee
the resin in 0.5 N +0.2114 —0.0328 vee Tee
HC1 +0.2260 —0.0209
2 Liquid +0.219+0.003 -0.020+0.005 oo oo
solid +0.224+0.006 -0.031+£0.007 ee e
3 Solid BiCly
(5 uCi) +0.227+0.005 ~0.028+0.009 e oo
(40 pCi) +0.232+£0.005 —0.025+0.008 e . oo
4 Dried up +0.220+0.003 —0.038+0.004 (XX s
6 Liquid BiCl, in +0.232+0.002 —0.022+0.002 “ee oo
dil. HC1
7 25 uCi of 27Bi +0.235+£0.003  —0.029+0.004 oo e
in 0.5 N HNO,
5 Liquid BiCly in +0.232+0.007 —0.022+0.003  +0.125 . vee
3 N HC1 (Solid angle
uncorrected)
Present Dried up +0.204+0.005 -0.004+0.003 +0.259+0.016 oo
work Bi(NOy); * 56H,0 (Solid angle

corrected)

a'=57gwg AT +1)J(J+1)

and

®)

s~ and 7, =(0.78£0.09)x107'* s, The mean life
for the 569.67 keV level is 7, =1.87x107'° s. Thus
for a time dependent magnetic hyperfine interac-

tion, the conditions: 7, <7, and w7, << 1 are
well satisfied.

2 _ g2<HQ>2u'N2

’

s" T h%s'(s'+1)

T4, denotes the spin relaxation time of the 6s elec-

tron shell, w . is the magnetic interaction fre-

quency, and uy is the nuclear magneton. Using

our experimental A, value, (H,) =6.5x10" Oe,
=5 £=0.26,° and s’=3 we obtain wg, =1.4x10"

A. Reduced transition probabilities for the 1063.62 keV
transition in 207Pb

The M4 and E5 reduced transition probabilities
for the i,,,,™ ~ f;/,7'1063.62 keV y transition

TABLE II. Ty,, values for the 569.67 keV level in 27Pb.

T2 (ps) from differential experiment

0 =125° 40’
Sandwich geometry (By quadratic From Ay (t)
Reference Ty/9 (pS) 8=90° 0=135° 0=180° interpolation) vs t plot
17 90i30 L e L e s e
18 110*11 DR .. s o ee see
19 110i11 s ee oo cs e e e e
20 100i1 ceoe Y so e LN es o
21 134*9 se o .e s e Y c e
22 128*5 LY . DR LY e
5 129+3 128 3
Present vee 133.8+1.6 129.7+1.5 125.9+1.4 130.5£1.5 130.7+1.3

work




have been deduced using our 5§(E5/M4)=-0.12*3:%¢,
the known T,,, =0.80 s,'® and the theoretical™

o (M4)=0.128 and «(E5)=0.0577. The values ob-
tained are B(M4)+=(0.2585+0.0005)%x10* &% fm®
and B(E5)v=(161+2)x10°% ¢* fm?°,

Bohr and Mottelson'® have evaluated the single
particle M4 transition probability [B(M4);,,
=1.7x10* & fm®] by using the wave functions given
by Blomqvist and Wahlborn.!® This is ~6 times the
experimental value obtained by us. If one assumes
this transition to be pure M4, then B(M4),,,
=2,8X10° &2 fm® as quoted in Ref. 15. Thus for the
single hole configurations, the observed retarda-
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tion may indicate M4 polarization effects of the
same magnitude as for the M1 components (Ref.
15, p. 340).

Further, the E5 enhancement factor is found to
be ~44 with B(E5),, =3.64x10° ¢ fm' (assuming
statistical factor unity).
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