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PERTURBED y-YANGULAR CORRELATIONS (PAC) and the ELECTRON-CAPTURE “AFTER-EFFECTS;/’Z(ECAE)
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Time window of the measurement for '''Cd is ~ four times the half IHCd
life of the intermediate sensitive nuclear level, which is 84.1 x 10 s.
After the '''In electron capture (EC) decay and subsequent Auger processes the In insulating environments, at least a single acceptor state at '''Cd can
1Cd probe-atom reaches a highly ionized state (6-8 electron holes in the outer — survive during the PAC window of the measurement. Depending on the
shells) in less than 10 s and which is recovered, in a metallic host, in less host, different electronic relaxation processes among different charge
than 107'%s, not affecting the quadrupole interaction between the probe’s states of ""'Cd can occur (fast fluctuations, unidirectional relaxation, etc.,
nuclear quadrupole moment and the external electric-field gradient (EFG). called here ECAE), giving rise to dynamic hyperfine interactions.
PAC EXPERIMENTAL RESULTS Ab initio PREDICTIONS
11 (— 11Cd) implanted o-Al, O singlecrystal The calculations were performed using the Full-Potential Augmented Plane-Wave
o undisturbed HFI2 plus Local Orbitals (FP-APW+lo) DFT method, implemented in the WIEN2k code.
0o . B strongly distributed HFI1 When an Al atom is replaced by Cd in the supercell (SC), a single acceptor impurity
s o \'\-\ level is introduced in the band gap of Al,Os, near the top of the valence band.
ly —0 . . .
S 6o _/ 'i\ 2 As we demonstrated in Ref. [1], the undisturbed HFI2 corresponds to '''Cd localized
2 40l 9 A at defect-free substitutional Al sites when 1 electron is added to the supercell (system
= ] \ g e labeled Al,0,:Cd"), i.e. when the acceptor level is ionized (impurity level completely
9 J—
o] o——o— filled).
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e To study the temperature dependence of the undisturbed HFI2 interaction, we
) W‘O\O\O\"W’OOOOQ—S performed APW+lo calculations in the system Al,0;:Cd-using experimental lattice
2 S - parameters as a function of temperature. A perfect agreement is obtained.
2 1954 '\ f
g L =
§ a0 \ g 134 L s
= \ _— ® Ab initio predictions
— "
e 124
40
——— o
&2 30 ,'/ - " £ 14 e ) o 00000000
S \ > s
5 20 Nea, S o104 =
E ot Y < \ .l’
© 104 3 » -
=~ 91 \I /‘
(G N
0 150 300 450 600 750 900 3
sample temperature [K] . . . . . . . .
3. Penner and R. Vianden, Hyp. Int. 158, 389 (2004). 0 150 300 450 600 750 500 1050
T (X)

To describe the different electronic configurations of the '''Cd probe-atom which are involved in the generation of the dynamic hyperfine interactions we
simulated different charge states of the impurity, adding charge between 0 to 1 electron to the system Al,0,:Cd® (in which a neutral Al is replaced by a

neutral Cd in the SC), i.e. until filling completely the acceptor level introduced by the impurity. ”
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/ = = To describe the strongly dampened interaction HFII, we used in the
o0 e o8 o0 e o calculations the experimental lattice parameter measured at room
Enerey (V) Erey (V) t ture. The error bar is an estimation of the variation of the predicted
emperature.
CONCLUSIONES - . ;
EFG in case the experimental lattice parameter at each temperature had been
O The undisturbed EFG temperature dependence of HFI2 was perfectly reproduced by the calculations. used.

Q We propose that the EFG temperature dependence in the case of the strongly dampened HFI1 is originated in very subtle electronic charge
state variations of the Cd impurity very close to the Fermi level position for which the acceptor state is ionized (completely filled). REFERENCES
Q The strong EFG variation upon this subtle changes are due to the non uniform filling of the different p and d orbital symmetries of the Cd

atom. [1] G. N. Darriba, M. Renteria, H. M. Petrilli, and L. V. C. Assali,

Phys. Rev. B 86, 075203 (2012).
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