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Perturbation of the 360.3-57.6 keV gamma-gamma directional correlation in '~7I
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The y-y{8) measurements of the 5/2+ {360.3 keV) 7/2+ (57.6 keV) 5/2+ cascade in '"I have been
performed with a Nal-Ge(Li) detector system using a '"Te +g source in a highly diluted Hcl solution. The
expansion coefficients obtained are A, = 0.38 ~ 0.02 and A4 ——0.03 ~ 0.04. Using another '"Te + source in

a concentrated Hc1 solution, a time differential correlation measurement on the same cascade revealed the
presence of a time dependent electric quadrupole perturbation. From the plot of A,(t) vs t, the relaxation
parameter V,

' = (0.22 + 0.06) X 10 sec ' and the unperturbed A,(0) = 0.41 ~ 0.05 is obtained. The observed

V,
' is consistent with that deduced from the theory of Abragam and Pound. Also using our A,(0), a

8(E2/M1) of 0.33 + 0.09 is obtained for the 360.3 keV transition.

RADIOACTIVITY t VTe +~ [from GTe(n, y)]: measured y-p(0), y-p(H, t); deduced

, A, (0), 6,( ), ~(360.3y).

I. INTRODUCTION

Earlier integral correlation measurements' ' on
the 360.3-57.6 keV y-y cascade in "'I, foQeving
the P decay of '~Te ", have been carried out
using NaI-NaI detector systems. Auble and Kelly'
have studied the variation of the cascade anisotropy
by changing the density of the chloride source. The
anisotropy was found to increase with decreasing
density and showed a variation from 0.33 to 0.58.
The maximum value was presumed to be the un-
perturbed value. Svensson et al.' have also studied
the anisotropy of the above cascade using dilute
nitric and hydrochloric acid sources in identical
geometries. The two sources gave nearly the same
result. Since the chemical surroundings of the
Te4* ions in the two sources are quite different,
they tentatively assumed that the extranuclear per-
turbations are absent. Their anisotropy value
(A = 0.58) was also in agreement with A =0.58 cf
Auble and KeQy. ' However, the anisotropy value
obtained by Neeson, Roalsvig, and Arns~ is -0.64
using a dilute nitric acid source.

In measurements with NaI detectors, it is usu-
ally difficult to precisely estimate the contributions
arising due to the interfering cascades and the
Compton scattering of the high energy y rays. %e
have, therefore„employed a NaI-Ge(Li) coinci-
dence spectrometer to perform the integral cor-
relation measurements. Using a highly diluted
HC1 source, we obtained a stQl higher value
(A -0.70) of the anisotropy. The question now
arises as to which of the values, is unperturbed. %'e,
therefore, considered it worthwhile to look for
the presence of any possible perturbation of the
correlation by the time-differential perturbed ang-
ular correlation (PAC) method. No such measure

ment exists in the literature. Our results clearly
indicate a time dependent electric quadrupole per-
turbation and are found to be consistent with the
theory of Abragam and Pound. '

II. MEASUREMENTS AND ANALYSIS

A. Source preparation

The "'Te ~ source for the integral correlation
measurement was obtained from Oak Ridge Nation-
al Laboratory. It was in the form of a highly di-
luted HC1 solution. The counting source was pre-
pared by taking a few drops of this chloride solu-
tion in a perspex vial of dimensions 3 mm diam
x4 mm.

For the time-differential experiment, a concen-
trated HCl source of high specific activity was
obtained from New England Nuclear. The radio-
metric purity of the source was &99%. The count-
ing source was prepared in the same marner as
for the integral correlation measurements.

B. Integral correlation

The coincidence spectrometer employed a mov-
able 2.54 cm diam x 8.81 cm NaI(Tl) detector and
a fixed 21 cm' Ge(Li) detector. The NaI detector
was set to accept the 57.6 keV photopeak. A cop-
per absorber of appropriate thickness was used
in front of this detector to cut off the 28.6 keV
iodine K x rays. The detectors were shielded
with graded lead cones to guard against Compton
scattering of the 417.9 keV and the higher energy
y rays. The coincident Ge(Li) spectra were re-
corded at angles 90', 120, 150, 180, 180, 210,
240, and 270 . The data from the corresponding
angles in the two quadrants were stored in a
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FIG. 1. A part of the Ge{Li) y-ray spectrum in coincidence with the 57.6 keV photopeak.

4& 1024 mode of a 4096-channel analyzer. Si-
multaneously, the singles counts from both detec-
tors were also recorded for normalization pur-
poses. A typical coincidence spectrum recorded
at 8 =90' in a short run is shown in Fig. 1. The
relevant part of the decay scheme of ' Te~~ is
shown as an insert in this figure. Chance coinci-
dences under the 360.3 keV peak were estimated
by normalizing the 417.9 keV peak in the singles
to the 417.9 keV chance peak seen in the coinci-
dence spectrum. The solid angle correction fac-
tor for the Ge(Li) detector was taken from Camp
and Van Lehn. ' The data were analyzed by the
method of weighted least squares fit to obtain the
expansion coefficients.

C. Time-differential correlation

The timing coincidence spectrometer consisted
of 2.54 cm diamx1. 27 cm and 2.54 cm diamx2. 54
cm NE 111plastic scintillators coupled to XP-1021
photomultipliers and constant fraction pulse height
triggers. The scintillator of 1.27 cm height was
used on the 57.6 keV side and a copper absorber
of 0.63 mm thickness was used in front of it to cut
out the intensity of the iodine K x rays to -0.1%.
Aluminum absorber of -2 mm thickness was used
in front of the other scintillator to cut off the 723
keV P particles feeding the 57.6 keV level in '"I.
The energy gates for the 57.6 and 360.3 keV trans-
itions were V0% and VV% of their respective Comp-
ton distributions. The time calibration of the time-
to-amplitude-analog-to-digital system was carried
out by observing the shift of the prompt resolution
curve using a ~Co source with the introduction of

accurately calibrated delays and was found to be
(2VO+3) ps per channel.

The full width at b~&f maximum of the prompt
curve at the above energy settings using a ~Co
source was 1.0 ns with a slope (-,') of 250 ps.

The delayed time coincidence spectra were re-
corded at 90', 135, 180', 180', 225, and 270,
and the data from the corresponding angles in the
two quadrants were stored in 128 channel sub-
groups of the 4096-channel analyzer. Simulta-
neously, the singles counts from both detectors
were also recorded for normalization purposes.

Figure 2 shows the delayed time coincidence
spectra recorded at 90 (I), 135/11), and 180'(III).
After subtracting chance coincidences and normal-
izing with the gate counts, the data at each corres-
ponding channel in the delayed region were anal-
yzed by the weighted least squares method for ob-
taining A, (t) coefficients. The delayed region so
chosen was well outside the prompt part and the
short-lived (T,~i = 0 4ns) dela.yed component due
to the 215.1-202.8 keV y-y cascade. The 0.4 ns
component appears on both sides of the centroid
due to wide energy gates.

The differential nonlinearity curve for the system
was also recorded. The nonlinearity was estimated
to be &1% and hence no correction was applied.

The solid angle correction factors for the cor-
relation geometry (source-to-detector distance
= 3 cm) and at the energy settings mentioned above
were determined experimentally by the method
given in Ref. 9. The instrumental angular resolu-
tion curve was obtained by recording 511-511keV
coincidences using a "Na source. The correction
factors were obtained by direct numerical integra-
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tion over the experimental resolution curve. These
are: Q, =0.798 ~0.005; Q, =0.468 ~0.006.

III. RESULTS AND DISCUSSION

The solid angle corrected expansion coefficients
as obtained from our integral measurements are
A, =+0.38+0.02 and A~=+0.03+0.04, Since our
A, value was higher than all the previously report-
ed values, ' ' one option was to accept it as the un-
perturbed value. Alternatively, it was still open
to confirm or deny the presence of extranuclear
yerturbation directly by the time-differential PAC
method.

The results of our differential correlation mea-
surements are as follmvs: After applying finite
time resolution correction" to the A, (t) coeffi-
cients, a plot of Ai(t) vs f is shown in Fig. 3,
which exhibits the exponential behavior of the per-
turbation. The A, (7) values were weighted least
squares fitted to the equation

A, (7)~A, (0)e "i1 (1)

yielding a A" (the relaxation parameter} value of
(0.22+0.06) x 10' sec ', and the solid angle cor-
rected unperturbed expansion coefficient A, (0}
=0.41+0.05. From our recent measurement, "
T», (5V.6 keV level) =1.95 +0.01 ns. This gives
A ='(0.355 +0.002}x 10' sec '. Knowing V' and

X, and using the relation

FIG. 2. The delayed time coincidence spectra record-
ed at 6 = 90'6 ) 135'(lI), and 180'(III) for the 360.3-57.6
keVy-y cascade in ' YI. &&y2-0.4 ns seen on the left side
corresponds to the 202.8 keV level.

(2)

for a time dependent perturbation, the integral
attenuation coefficient V,(~}= 0.62+ 0.06.

~2 0'22+ 0.06 ) x 'l0 sec

A2(0) -0.41+ 0.0$
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FIG. 3. Plot of A2(&) (solid angle corrected) vs t from the time-differential measurement in I for a concentrated~ f27

HCl sogrce.
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TABLE I. A2 coefficients (A4= 0 within experimental error) for the 360.3-57.6 keV y-y
cascade in -'~~I.

Reference Source form
Integral

Detectors used

Jha and Leonard
(Ref. i)

Tandon et al.
(Ref. 2)

Auble and Kelly
(Ref. 3)

Neeson et al.
(Ref. 4)

Svensson et al.
(Ref. 5)

Begzhanov et cl.
(Ref. 6)

Present work

Liquid nitrate

Conc. liquid chloride

Liquid chloride

Liquid nitrate

Conc. liquid chloride

Liquid chloride

Dilute liquid chloride

NaI-NaI

NaI-NaI

NaI-NaI

NaI-NaI

NaI-NaI

NaI-NaI

NaI-Ge L i)

0.29 +0.04

0.29 +0.01

0.32 +0.02

0.35+0.02

0.313+ 0.008

0.325 +0.02 i

0.38 +0.02

Differential
Detectors used A, (O)

Present work Conc. liquid chloride I lastic (Nzi i i)-
plastic (NE is i)

0.4i 4 0.05

The A, values obtained from our integral and
differential measurements are compared with
those of earlier investigations in Table I.

In the HCl solution Te exists as TeCl, , TeC14,
and TeC1, ." Raman data" on both the solid and

the liquid TeC1~ shen@ that it also exists in the
ionic state TeC1;Cl . Since all the radicals have
ionic structure, they will produce rapidly fluctu-
ating electric field gradients due to Brownian
motion. Interactions of the inhomogeneous elec-
tric fields with the nuclear electric quadrupole
moment of the SV.6 keV' state (Q = -O.V1 b}~will
produce time dependent perturbation of the cor-
relation.

For time dependent electric quadrupole inter-
actions in liquid sources, the theory of Abragam
and Pound' gives for the relaxation parameter

„k(k+ 1)f4I(f+ 1) -k(k+ 1)-1]
fz(2f -l)z y

where the coupling factor eQ(8'g/&z2)/g is 2w times
the frequency hvar frequently used to describe the
electric quadrupole interactions. 7', represents
the correlation tine for the ions in the hquid.
From nuclear paramagnetism and Debye' s studies
of polar liquids, it is weQ known that the correla-
tion time v', in a liquid is roughly proportional to
its viscosity'~ and is -10 "sec for dilute aqueous
solutions at room temperature. For a concentxated
HCl source used by us, we have estimated &,=2

x10" see.
From micrevave spectroscopic data, it is well

known that large quadrupole eouplings occur in
covalently-bonded I atoms. The interaction fre-
quency Lv for ~VI in ICl is -3000 Mc." Substitu-
ting the value of v„nvo, and 1= I in Eq. (3},
A"(theory}=0. 20 x 10' sec '. This compares well
with our Q'(expt. }= (0.22 +0.06) x 109 sec '.

Hence our differential correlation measurements
clearly indicate the presence of time dependent
electric quadrupole interactions in the HC1 source.

Using our A, (0}= 0.41 +0.05 and 5(5V.6y) = -0.066
+0.005,"a 6(E2/Ml) of +0.33 +0.09 is obtained
(following the sign convention of Krane and Steffen)
for the 360.3 keV transition, which corresponds
to -10%E2 admixture. This is about twice the 6
vaIue quoted earlier. " Using our value of
6(360.3y), known half-life" of the 417.9 keV level,
the branching ratio~ and the theoretical" n(Ml)
= 0.025 and n(E2}= 0.024V, the E2 transition rate
for the 360.3 keV —,"- ~' transition in '"I has
been calculated and compared with the correspon-
ding single particle estimate. " This gives an en-
hancement factor of -44 which indicates that the
417.9 keV level is not purely a single particle
level but has some collective features. This view
has been supported by Goldstein and De Pinho. "
Using the intermediate coupling approach of the
unified model, they have suggested that the 417.9
keV level in ~'I may be supposed to correspond to
a partial excitation of the core due to the recoup-
ling of the odd particle with a pair of protons mov-
ing in the same orbital as the unpaired proton.
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