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A special target chamber for the direct production & recoil implantation of radioactive probes for perturbed
angular correlation has been constructed and tested. Feasibility studies were made by reproducing the known
quadrupole frequencies afBr and!!'In probes in metallic zinc. Preliminary results were obtained on the
lattice site dependence of Cd hyperfine field in BdSn Heusler alloy with the PAC technique.

The Perturbed Angular Correlation (PAC) technique rays, which can be observed by recording time differential
based on the hyperfine (HF) interactions of radioactive coincidence spectra gg(t), with scintillation (BaF2) detec-
probe nuclei is a very useful tool in the study of magnetic tors arranged in a plane around the sample. The coinci-
hyperfine fields (MHF) and electric field gradients (EFG) dence spectra show the exponential decay of the intermedi-
at crystalline sites. In these experiments one observes thate state modulated by a perturbation functia (t), which
interaction of an internal magnetic field with the nuclear in the case of a magnetic interaction is given®y:(t) =
magnetic dipole moment or that of the electric field gra- 0.2[1+ 2cos(wrt) + 2cos(2wrt)], wherewy, = gun By /k
dient with the nuclear quadrupole moment of an interme- is the Larmor frequency, anglis the nuclear g factor and
diate state of a gamma-gamma cascade in the probe nuf is the magnetic hyperfine field.
cleus. The interaction leads to a change in the gamma- Inthe case of an electric quadrupole interaction, the cor-
gamma angular correlation between the two emitted gammaresponding perturbation factor is given by

]
3
Gos(t) = Sag + Z Soncos(wnt)exp(—with /2)exp(—w2 5%t%/2),
n=1
|
where the primary frequencies, and their amplitudesy,, account in the above equantion.

are related to the hyperfine splitting of the intermediate nu-
clear level and depend on the nuclear quadrupole frequenc
wo = eQV,,/4I(2I — 1)k and the asymmetry parameter
n = (Vag — Viyy)/V.. whereV,, V,, and V., are the
elements of the EFG tensor in its principal axis system.
As usual,V,, is the largest component of the EFG tensor
and generally one uses the spin independent quadrupole fr
quency defined byg = eQV./h, whereQ is the nuclear
electric quadrupole moment of the intermediate level. The
known quadrupole moment of 0.83 b for the | = 5/th- The introduction of the radioactive probes into the sam-
termediate level of''Cd has been used to determivig.. ple is usually done chemically, by diffusion or melting, or
The effects of finite time resolutionzof detectors and the by ion implanter. In most cases, an annealing follows the
distribution of EFG with a width are properly taken into  chemical or melting process extending the sample prepara-
tion time, which makes the use of short half-life nuclei im-

From the perturbation pattern, the magnitude and the
sign of the MHF, the magnitude, symmetry and the orien-
tation of the EFG tensor or both may be determined. Very
often, the hyperfine interactions corresponding to different
crystalline sites are observed. In these cases, the perturba-
etion factor G (t) = Y-, fiGh,(t) takes into account the

fractional site populationg; andGs, (¢) are the correspond-
ing perturbation factors.
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possible. Another technique used is to produce the probesand at the site of thé!!In prober, = 133.0+ 1.5 MHz;
directly in a nuclear reaction with an accelerated heavy-ion = 0 (Fig. 3).

beam and implant them as they recoil out of the target, into
the sample placed behind the target (Fig. 1).
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Figure 1. Experimental setup for production and recoil implanta- Figure 3. Measured ratio function following the implantation of
nc samples with*In.

tion of PAC probes.

This last method is expensive as one needs an accelere
tor, but highly efficient. In the case when the sample itself
serves as the target the implantation process could be 100 9
efficient, i.e., all the probes produced could be implanted in
the sample.

While the atomic binding energies in a crystal are of
the order of eV, the process of implantation involves keV
to MeV energies and thus is accompanied by radiation dam-
age. To eliminate or at least reduce this damage the sample
have to be annealed after the implantation of the radioactive
probes.

At the Pelletron laboratory, we have so far produced the
radioactive’”Br (T, ,= 56 h) and'*!In (T, ,= 2.83 d) PAC
probes. The reactions 1to produce these two probes were
respectively,58zn (*2C,3ny"Kr = (1.2 h) ""Br and %®zn
(*2C,p2ny7Br at E;,,. = 54 MeV and'°®Pd ("Li,4n)'!In
(2.83 d), as well ag®®Pd{Li,3n)''In at E;,,.= 32 MeV.

The results obtained so far by way of feasibility studies are
shown below. The quadrupole coupling constant obtained
in metallic zinc at the site of th€'Br probe was/,, = 92+5
MHz with the assymetry parametg0.2 (Fig. 2).
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Figure 2. Measured ratio function following the implantation of Figure 4. The pertubation functions fbr'In probes in PgMnSn
Heusler alloy at various temperatures.

metallic zinc samples with" Br.
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The above frequencies are in excellent agreement withto the Mn and Sn sites [6]. The temperature dependence of

known values from literature [1, 2, 3, 4] thus showing the
feasibility of applying the IMPAC technique in the Pelletron
laboratory.
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Figure 5. The perturbation functions fotIn probes in PdMnSn
Heusler alloy at 77 K after additional annealing at 8@

We have now initiated a systematic study of the site
dependence of the MHF in Heusler alloys with the IM-
PAC technique using the 4 BalPAC spectrometer of IPEN
[5]. First measurements on the ternary alloy,MdSn with
10 probes showed two Larmor frequencies corresponding

the perturbation function can be seen in Fig. 4, where the
PAC spectra are characterized by sharp and well resolved
frequencies. The samples were annealed af @f@r about

4 hours after implantation before the PAC spectra were ob-
tained. PAC spectrum at 77 K after an additional annealing
of 800°C for 8 h has shown an increase of the fraction corre-
sponding to the Mn site (see Fig. 5). Further measurements
to better understand the annealing temperature dependence
of the ' In-site occupation as well as to obtain the MHF at
the Pd site are planned.
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