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111In is widely used in fundamental and applied studies. The defining and
measuring of its physico-chemical status in the explored systems, however,
is still a crucial issue due to its ultra-micro concentration. The method of
analysing perturbed angular correlations (PAC) of cascade γ-emissions has
been developed as a sensitive tool in condensed matter science, with appli-
cations to a wide range of tasks involving nuclear hyperfine interactions
(HFI) [1,2].
For a radionuclide decaying by two γ-rays in a cascade such as 111In, the de-
tection of γ1 in a given direction selects an aligned subensemble of nuclear
spins with non-isotropic orientation. The emission of a subsequent γ2 with γ1

already emitted general depends on the angle between γ1 and γ2 , i.e. the co-
incidence count rate for these γ-rays can be anisotropic. Both single count
rates for γ1 and γ2 do not depend on angles for randomly oriented spins, but
their coincidence count rate does. During the time between the emission of
these two γ-rays this angular 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 HFI causes an energy splitting of the
intermediate energy level of the nucleus, provided the intermediate state life
time N is long enough.
The time-integrated angular correlation of cascade (TIAC) γ-rays is given by
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tion coefficients depending on spins and multipolarities of transitions; Pi

(cosθ ) are the Legendre polynomials; Qi are the solid angle correction fac-
tors taking into account the detector and source finite sizes and )(∞iG  is the

TIAC perturbation factor which yields information on HFI. The TIAC

),( ∞θW  of the 111In cascade γ-ray coincidences are given in Fig. 1. As for

WKLV� LVRWRSH� 44�©� 22, only A22 has been considered in further calculations.
The solid line represents the unperturbed angular correlation ( )(2 ∞G = 1);

the dotted line represents the perturbed angular correlation ( )(2 ∞G  =0.2).

Experimentally, )(2 ∞G  =1 corresponds to solutions of 111In in inorganic ac-

ids ("liquid"), while )(2 ∞G = 0.2 corresponds to the hydroxide ("solid" sam-

ple) as formed in alkaline solutions [3,4]. This leads to a considerable differ-
ence of 15% in the TIAC for 111In at θ = 00 for "solid" and "liquid" states.

Fig. 1.
111In time inte-
grated angular cor-
relation dependen-
cies for "solid" and
"liquid" states.

The first observations of the sum peak intensity change due to chemical en-
vironment was reported for 181Hf compounds by De Bruin et al [5] and for
111In compounds by Yoshihara et al [6,7]. However, proposed methods had
not received practical applications.
The γ-spectrum of 111In (Fig. 2) has been obtained using an HPGe-detector
with a beryllic window. The spectrum consists of "mono peaks" (MP) corre-
sponding to γ- 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 γ-
rays Rγn+γm in TSP at the individual values of Aii, )(∞iG  and Qi is equal to
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Fig. 2. The γ-spectrum of 111In obtained using an HPGe-detector.
1 - X-ray peaks (Kαβ); 2,4- cascade γ-ray full-energy peaks (171.3 keV and 245.4
keV); 3,5- summing of a X-ray and a cascade γ-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 γ-rays peaks (171.3 keV + 245.4 keV); 8- triple summing
peaks (171.3 keV + 245.4 keV + Kαβ).

Probabilities of the SP and MP registration for the case of small count rates
and small full-energy efficiencies of γ-rays in the case of a point source
(SMPªSTSPªSASP) are tAyS ⋅⋅⋅=

111 γγγ ε  and tAyS ⋅⋅⋅=
222 γγγ ε or
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- MP area; Sγn+γm

- TSP area; A - radioactivity of the source; t - time of measuring; 
nγε - de-

tector efficiency of γn of a full-energy peak at the given source-detector ge-
ometry; 

n
yγ

- abundance of γn per decay; αtot(γn) - internal conversion coeffi-

cient of the γn emission. As ( ))(1 22
γαγ toty −=  for 111In yields 

tA

R

SS

S

⋅
=

⋅
++ 21

21

21 γγ

γγ

γγ

{1} we shall refer to a TSP composed of γ1 and γ2 each involving a Kαβ X-
ray. This event occurs with a probability of 

βα ,Ky  each time when the elec-

tron hole is formed on the K-shell:
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with ECk - fraction of the electron capture (EC) from the K-shell within the
electron capture decay; αk(γn) - internal conversion coefficient γn of the ra-
diation from the K-shell. As the angular correlation between γ- and X-ray is
isotropic in any case, RKα,β+γ1 is equal to 1. Dividing {1}/{2}, yields
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Conclusion: A method for the measurement of the γ-γ perturbed angular cor-
relation for cascade γ-emissions was developed using one detector only. The
expressions are convenient to determine Rγ1+γ2 due to their symmetry because
both the numerator and the denominator involve one MP and one SP.
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