1-PAC: A one-detector gamma-gamma perturbed angular correlation technique
for the deter mination of physical-chemical properties of radioindium
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™n is widely used in fundamental and applied studies. The defining and
measuring of its physico-chemical status in the explored systems, however,
is gill a crucia issue due to its ultra-micro concentration. The method of
analysing perturbed angular correlations (PAC) of cascade y-emissons has
been developed as a sendtive tool in condensed matter science, with appli-
cations to a wide range of tasks involving nuclear hyperfine interactions
(HF1) [1,2].

For a radionuclide decaying by two y-rays in a cascade such as *!In, the de-
tection of y; in a given direction selects an aligned subensemble of nuclear
spins with non-isotropic orientation. The emission of a subsequent v, with y;
already emitted general depends on the angle between y; and v; , i.e. the co-
incidence count rate for these y-rays can be anisotropic. Both single count
rates for y; and v, do not depend on angles for randomly oriented spins, but
their coincidence count rate does. During the time between the emission of
these two y-rays thisangular correlation can be "perturbed” by the interaction
of nuclear moments of this intermediate state with extranuclear fields such
as, for example, the nuclear quadrupole moment Q and the electric field gra-
dient (EFG) tensor at the nuclear site which arises from all extranuclear
charges. Quantum mechanically, this HFl causes an energy splitting of the
intermediate energy level of the nucleus, provided the intermediate state life
time tyislong enough.

The time-integrated angular correlation of cascade (TIAC) y-raysis given by
W(0, =) =1+ A,,G,(=)Q,P,(cos(8)) + ... where A is the angular corrda-
tion coefficients depending on spins and multipolarities of trandtions, P
(cos@) are the Legendre polynomials, Q; are the solid angle correction fac-
tors taking into account the detector and source finite sizes and G (=) isthe

TIAC perturbation factor which yields information on HFI. The TIAC
W(@,) of the *!In cascade y-ray coincidences are given in Fig. 1. As for

this isotope Ags « Az, Only Az, has been considered in further calculations.
The solid line represents the unperturbed angular corréelation (Gz(°°) =1);

the dotted line represents the perturbed angular correlation (Gz(°°) =0.2).
Experimentally, G, (w) =1 corresponds to solutions of **!in in inorganic ac-
ids ("liquid"), while G,()=02 corresponds to the hydroxide ("solid" sam-

ple) as formed in alkaline solutions [3,4]. This leads to a considerable differ-
ence of 15%inthe TIAC for "Inat 6= 0° for "solid" and "liquid" states.
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The first observations of the sum peak intensity change due to chemical en-
vironment was reported for *®*Hf compounds by De Bruin et a [5] and for
" n compounds by Y oshihara et al [6,7]. However, proposed methods had
not received practical applications.

The y-spectrum of *!In (Fig. 2) has been obtained using an HPGe-detector
with a beryllic window. The spectrum consists of “mono peaks' (MP) corre-
sponding to y- and X-rays full-energy peaks and "summing peaks' (SP) cor-
responding to the summing energy of these radiations in different combina-
tions. The "summing peak" is named the "true summing peak" (TSP) in the
case of the genetically related radiation (corresponding to the decay of one
nucleus). It is assumed that the relative probability of recording of cascade y-
rays Rynwm in TSP at the individual values of Ai, G, () and Qi is equal to

TIAC W(@,o0) With R.., :WAZHY,GVI.“YQI (0 =0 )

(; 160 260 360 40‘0 560 60‘0

Energy, keV

Fig. 2. The y-spectrum of **!In obtained using an HPGe-detector.

1 - X-ray peaks (Kqp); 2,4- cascade y-ray full-energy pesks (171.3 keV and 245.4
keV); 3,5- summing of a X-ray and a cascade y-rays full-energy peak; 6,9 - acci-
dental coincidences peaks (171.3 keV + 171.3 keV and 245.4 keV + 245.4 keV);
7- summing of cascade y-rays peaks (171.3 keV + 245.4 keV); 8- triple summing
peaks (171.3 keV + 245.4 keV + Kp).

Probabilities of the SP and MP regigtration for the case of small count rates
and small full-energy efficiencies of y-rays in the case of a point source
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- TSP area; A - radioactivity of the source; t - time of measuring; €, " de-
tector efficiency of j of a full-energy peak at the given source-detector ge-
ometry; Y, " abundance of y, per decay; ouo(yn) - internal conversion coeffi-
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{1} we shall refer to a TSP composed of y; and v each involving a Kqg X-
ray. This event occurs with a probability of Yy each time when the elec-
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tron holeisformed on the K-shell:
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with ECy - fraction of the eectron capture (EC) from the K-shell within the
electron capture decay; ou(ys) - internal conversion coefficient y of the ra-

diation from the K-shell. Asthe angular correlation between y- and X-ray is
isotropicin any case, Rkop+a isequal to 1. Dividing { 1}/{2}, yields
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Conclusion: A method for the measurement of the y-y perturbed angular cor-
relation for cascade y-emissions was devel oped using one detector only. The
expressionsare convenient to determine R,1+2 due to their symmetry because
both the numerator and the denominator involve one MP and one SP.
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