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Cr3_xCoySialloys were studied using muon spin relaxation (.SR) and scanning electron microscopy (SEM)
techniques. The ferromagnetism observed in non-annealed samples is due solely to cobalt precipitates.
Majority of cobalt builds into the A15-type of lattice upon annealing and enhances only its paramagnetic
susceptibility. Dynamics of muons in the alloys show a nonmonotonic behaviour with temperature in

the temperature range between 150 and 200 K. This effect is likely to be due to the localization of the
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positive muon at specific interstitial positions in the A15 structure.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Measurements of magnetic properties of Cr;_yTMxSi where
TM is Fe, Co and Ni show a puzzling behaviour. As-cast samples
prepared by arc melting technique exhibit weak ferromagnetic
behaviour for Fe doping at x=0.3 (and not at x=0.02, 0.1, 0.2) [1],
for Co doping at x=0.02, 0.1, 0.2, and not at x=0.3 [1,2]. It was
checked that doping with Ni leaves the sample in paramagnetic
state (unpublished).

Positive muons may locate at interstitial positions in the crys-
tal structure, and when no electronic magnetic moments are
present they are depolarized by the surrounding nuclear magnetic
moments. Muons may also diffuse, and their depolarization rate is
then reduced by motional narrowing [3]. For these reasons muons
serve as an excellent probe to study even weak magnetic properties.

Even for systems as simple as bcc structures quite complex
muon dynamics are observed. For example, the studies [4] of Nb
showed that the depolarization rate of muons exhibit a two-cusp
structure below ambient temperature, while decreasing to zero at
high temperatures. This behaviour was explained by the trapping
of muons by a large concentration of defects at low tempera-
ture (first cusp), detrapping by thermal agitation and motional
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narrowing, binding to deeper traps at moderate temperatures (the
second cusp), diffusion at high temperatures and motional narrow-
ing again [4].

Muon spin rotation experiments were performed on Co-doped
Cr3Si samples to test the origin of ferromagnetic behaviour. Nei-
ther oscillations typical for a ferromagnetic matrix in zero external
magnetic field experiments nor a minima in the depolarization rate
typical for a Lorentzian distribution of the magnetic field typical for
disordered magnetic systems were observed [2] for x <0.2. Instead,
the shape of the depolarization rate changes systematically with
Co concentration and with temperature. This behaviour cannot be
explained by static dipolar interactions of muons with nuclear mag-
netic moments of Co.

The results from experimental investigations carried out for
larger Co concentrations (x=0.3, 0.5) are presented. The samples
have also been studied by means of scanning electron microscopy.
A change of sample properties under annealing and X-ray inves-
tigations allows us to formulate a basic explanation of magnetic
behaviour and muon dynamics in Co-doped Cr3Si samples.

2. Samples

The samples were prepared by melting Cr, Co and Si elements
in an arc furnace on a water-cooled copper support under an argon
atmosphere cleaned by a titanium getter. The X-ray diffraction
measurements with Ka radiation of Cuon annealed samples (900 °C
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Fig. 1. XRD pattern for samples x=0.3, x=0.5 and x=1 measured with Ka radiation
of Cu.

during 24 h) showed that x=0.1 sample is almost a single A15
phase, while additional crystallographic phases could be observed
for samples x=0.3 and 0.5 (Fig. 1). Because of small intensity we
could not identify the additional phase. The lattice parameters of
A15 phase measured forx=0.1,0.3 and 0.5 area=4.5574 (1),4.5563
(2)and 4.5556 (4) A, respectively. The reported value for pure Cr3Si
isa=4.555A15].

The magnetic hysteresis loop previously observed [1] in as-cast
samples turned out to disappear after the sample annealing. This
is shown in Fig. 2 for the x=0.2 sample which was annealed at
900 °C for 24 h. Magnetization measurements do not show a hys-
teresis loop down to 10K. This indicates that ferromagnetism is
most likely concerned with cobalt precipitates. When it builds
into the lattice of Cr3Si, the ferromagnetism disappears and the
paramagnetic susceptibility shows an increase only. Evidence that
cobalt alloys with Cr3Si for the samples measured is confirmed
by the muon spin rotation measurements carried out during this
study.

3. Scanning electron microscopy results

The SEM experiment was carried out at Technical Univer-
sity of Bialystok using Scanning Microscope Hitachi S-3000N. The
samples were polished before SEM experiment. The same sam-
ples were used in the SR experiment (see Section 4) and their
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Fig. 2. Magnetization curves of as-cast and annealed (900°C during 24h) x=0.2
samples.

images (Fig. 3) show that the samples consist of two phases.
X-ray fluorescence measurements indicate that for the x = 0.3 sam-
ple local compositions are Cry91C01.30Sig 79 (light fields in Fig. 3a
and ¢) and Cr3,93Cog.13Sig.g5 (dark fields in Fig. 3a and c). For the
x=0.5 sample compositions are: Crq g1 C0q 45Sig.94 (light fields) and
Cr,.97C09.11Sip.92 (dark fields) (Fig. 3b and d).

The fractions of light to dark fields in SEM images were esti-
mated by the standard procedure of covering them with a regular
grid and counting how many grid elements belong to each frac-
tion. The result is that light fields occupy (9.2 £ 0.9)% of the sample
volume for x=0.3 and (22 £ 2)% in the case of the x=0.5 sample.

SEM images of the x=0.3 and 0.5 samples do not change after
annealing (900°C 24 h), see Fig. 3c and d. SEM image of x=0.1
is shown in Fig. 3e for comparison: no patterns of dark and
light fields are seen. The measured composition of this sample is
Cr.93C00.12Sig.95. The change in the contrast in Fig. 3e, as well as
presence of black spots in Fig. 3a-d, is not correlated with local
composition and corresponds to the surface morphology only.

4. nSR experiment

The SR experiment was carried out using the MUSR beam line
at the ISIS muon facility, located at the Rutherford Appleton Labora-
tory in the UK. The wSR technique involves implantation of ~4 MeV
100% spin polarized positive muons, into the first few hundred
micrometers of the sample. The interaction of the muon magnetic
moment with the local magnetic field H,. results in a precession
with the Larmor frequency wy, =y Hjoc, Where y,, is the gyromag-
netic ratio of the muon (27 x 136 kHz/mT). Having a half-life time
ty2 =2.2 s, most of the muons decay in the first microseconds after
the implantation, each of them emitting a positron preferentially
in the direction of the muon spin at the time of decay. Evolution
of the total muon spin polarization is measured by positron detec-
tors positioned upstream (forward) and downstream (backward)
relative to the sample position. The decay asymmetry, A(t), can be
defined as follows:

NE(t) — aNp(t)
A = Ne(0) + ()

where Nr and Np are the instantaneous number of events in the for-
ward and backward detectors at time t, and « is a setup-dependent
correction factor. From A(t) information about Hj,. can be deduced.

The as-cast samples were cut into slices and put on a silver
holder mounted in helium cryostat. The surface of the holder was
not fully covered by the sample, so a fraction of the muon beam
was implanted into silver. In order to estimate the fraction of muons
stopping in the x = 0.3 sample, an experiment in external transverse
magnetic field 2 mT using a holder made of Fe, 03 was carried out.
The muon spin rotation spectrum of Fe; 03 has an asymmetry equal
to zero because of the fast depolarization rate in the large local
magnetic fields. In the case of silver, very small nuclear dipolar
magnetic fields exist, so the muon spins may rotate under influ-
ence of the external magnetic field only. Therefore two spectra
were measured, the first for sample located on the hematite holder,
and next for a silver plate with size about 7cm x 5cm located
on the same hematite holder. The results of these measurements
are shown in Fig. 4a. The amplitudes of the measured spectra are
(0.194+0.01) in the x=0.3 sample case, and (0.26 +0.01) when the
measurements are performed for silver. These ratios show that the
fraction of muons which stop in the sample is 73 & 7%. The value
of external transverse magnetic field in this experiment was large
enough and the internal magnetic field at the muon sites practi-
cally does not contribute to the muon depolarization. Additional
confirmation of this fact is shown in Fig. 4b. Spectra of the x=0.3
sample on the Ag holder and Ag holder itself measured in trans-
verse field 0.2 mT show similar asymmetry. Therefore there are no

(1)
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Fig. 3. Images from SEM: (a) for as-cast x=0.3 sample, (b) for as-cast x=0.5 sample, (c) for annealed x=0.3 sample, (d) for annealed x=0.5 sample, (e) for as-cast x=0.1

sample. The focus on the image (b) is two time greater than in other.

large internal fields at the muon site in the sample. All samples
were measured in zero external magnetic field in the temperature
range 10-400 K. Typical spectra for the x=0.5 sample are shown in
Fig. 5. A systematic increase of the depolarization rate is observed
as the temperature is reduced from 400 to 200 K (Fig. 5). This can be
easily understood in terms of a reduction in the hopping rate with
temperature. However, rather unexpected decrease of the depolar-
ization rate (especially for x=0.3), see Fig. 6 appears between 200
and 100 K. Possible mechanism for such behaviour will be discussed
in the following sections.

5. Analysis of pWSR experiment

The interpretation of previously measured depolarization rate
in Cr3_yCoxSi with x=0, 0.1 and 0.2 was presented in [2], and was
quantitatively explained by the interaction of muon spins with Co
nuclear dipolar fields and by the muon diffusion.

The quantitative spectra analysis was performed within the
framework of the model proposed by Hayano et al. [6]. In this model
one assumes a Gaussian distribution of the internal magnetic fields

and a certain frequency of muon jumps between lattice positions.
Internal field dynamics, resulting either from muon hopping from
site to site or from the fluctuating internal fields, can be accounted
for within the strong collision approximation [7]. This approxima-
tion is based on two assumptions. The first is that the local field
changes its direction at a time ¢t according to a probability distri-
bution p(t)=exp(—vt); v=1/t where 7 is correlation time of the
field fluctuation. The second is that the field after such a “collision”
is chosen randomly from the distribution P(Hj,.) and is entirely
uncorrelated with the field before the collision; Hy. is the internal
field.

Because of the presence of fraction of muons with a small
depolarization rate (among them the fraction implanted in the Ag
holder), a linear combination of a Dynamic Kubo-Toyabe function
(GPXT(t)) [6] and a non-relaxing fraction was fitted to the experi-
mental data:

G(t) = A+ BGPXT(t) (2)

where A and B are constants. Parameters A and B are linearly
dependent, the sum of A and B is equal to asymmetry at t=0.



8 P. Zaleski et al. / Journal of Alloys and Compounds 498 (2010) 5-12

»  Sample
~ ~  Agonly
(a) 04 =  Fe,0q

Asymetry

¢  Sampe on Ag holder
o Ag holder

CDO L]

o,

Asymetry
L]
-
e

S
~

t[us]

Fig. 4. (a) Spectra of Fe, 03, sample x=0.3 attached to Fe,03 plate, and Ag holder
attached to Fe,0s3 plate, (b) spectra of x=0.3 sample on Ag holder and Ag holder
itself measured in external transverse field 2 mT.

Representative examples of fits of (2) are shown by solid lines in
Fig. 6. The width of Gaussian distribution and frequency of diffu-
sion jumps at selected temperatures obtained from fits are shown
in Table 1 (previously measured results [2] for x=0, 0.1, 0.2 are also
included for consistency). A systematic increase of the width of the
distribution A and decrease of the jump rate with Co concentration
are obtained. The good quality fits can be obtained only when both
parameters A and v are free during the fitting procedure.

Table 1
(a) Width of Gaussian distribution [in mT] and (b) jump rate [in MHz] for Cr3_,Co,Si
samples.

5K 100K 200K 300K 400;K

(a)

X=0 0.16 + 0.01 0.11 +£0.01 0.06 + 0.01 0.05+ 0.01 0.06 + 0.02
X=0.1 078 +030 030+0.02 0.21+0.02 024+0.02 0.22=+0.03
X=0.2 040+0.01 035+002 029+002 033+0.02 0.21+0.02
X=03 041+0.01 041+0.01 037+0.01 037+0.01 0.30+0.01
X=05 047 +£0.01 047 +£0.01 041+ 0.01 040+ 0.01 0.34+0.01
(b)

X=0 30.0 + 1.0 193 +£ 1.0 7 25 TD [ASEEN/AS 15.0 £ 1.0
X=0.1 16.0+2.0 153 25 1.3 76 £ 1.5 9.6 + 1.5 153 25 l.7
X=02 100+0.5 93+12 44 +£05 59+ 1.0 73+£1.0
X=03 134+0.06 204+0.06 397+0.06 4.16+0.06 548+ 0.06
X=05 123+0.06 2.18+0.06 3.22+0.06 3.26+ 0.06 6.47 + 0.06

Asymetry
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Fig. 5. Spectra for x=0.5 sample measured at different temperatures.

Before going to more advanced quantitative analysis, a function
containing a stretched exponential:

G=A+Be W 3)

was fitted to the measured spectra. In Eq. (3) 8 were chosen as a
constant for given x, and A and A were free, temperature dependent
parameters. The value of the parameters g for given x were adjusted
as the averages taken from pre-fits with all free parameters and
amount to 2.78 for x=0.3 sample and 1.99 for x=0.5 sample. The
fits revealed that the temperature dependence of the depolariza-
tion rate occur for both samples (x=0.3 and 0.5). It is nonmonotonic
at the same temperature range, see Fig. 7 in which previously mea-
sured results [2] for x=0.1 and x=0.2 are also included. A similar
temperature behaviour is observed for constant A, see Fig. 8. The
most pronounced nonmonotonic behaviour of A is observed for
x=0.3. It can also be easily seen in Fig. 6.

6. Estimation of static distribution of nuclear dipolar
interactions

Muons are likely to localize at interstitial positions of metallic
crystals. In the A15 structure there are only three nonequivalent
interstitial positions shown in Fig. 9, abbreviated by X, Yand Z. Each
one is formed by four atoms at corners of nonregular tetrahedron.
Interstitial position Zlocated at the main diagonal with coordinates
(&, &, £)a, where £=5/24=0.208 is of particular interest. For these
interstitials, the distance to the four neighbouring atoms (1Si, 3Cr)
is 5/24 x 31/2a=0.361a, the largest distance to the four atoms in
the A15 structure. In the unit cell there are four Z-type interstitial
positions located at main diagonal with coordinates &, 1/2 +&,1 - &.
The interstitial positions with coordinates & and 1/2 — & are located
close to each other and the five corner atoms (2Si and 3Cr) of these
positions form a cage (see Fig. 9) which is a candidate for muon
location.
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Table 2

Properties of interstitial positions in A15 structure; a is lattice parameter; convention for coordinate (column 2) is that Si is at (0, 0, 0) position in the cubic unit cell.

Interstitial position Coordinates Distance to nn atoms

nn atoms in Cr3Si

at E 1/r for Cr sublattice a® g 1/r for Si sublattice

X 5/32(2,1,0)a 55a 3Cr, 1Si 1829 605.4
1/4(2,1,0)a Zq 4Cr 2157.2 146.5
z 5/24(1,1,1)a ] 3Cr, 1Si 1545.3 539.9
(a) 0.26 —e— x=0.1
0.24 e x=0.1; 100K 201 —— x=02
5 4 x=0.3; 100K 19
022} X=0.3: 200K 18 F
17t
& A —_
5 020 < 16l
£ B
@ 0.18f g 157
< 8 14t
016 B 13 L
014} 12+
1Mt
0.12} 10k
010 1 1 L L ! 1 1 ) 9 I
0 1 2 3 4 5 6 7 8 : : : . :
t[us] 0 100 200 300 400
" TIK
(b} 0267 [K]
-0 1- Fig. 8. Values of the constant A in Cr;_,Co,Si alloys (see Eq. (3)). The lines are guides
0.24F B X0 00K for the eyes only. 3X
«  x=0.5;100 K .
0.22 4 = x=0.5; 200 K
Other interstitial positions are characterised in Table 2 and
2 020 shown in Fig. 9. The width of the Gaussian distribution was cal-
g culated for the various interstitials using formula [6,8]:
> 018
<
0.16 Akt = 4)
0.14
where
0.12 ) . %
. e 4 3j+1/2 _
A2 :(@) Ny22nte (14 2002V N7 s (s
g k)= (G ) 10+ 0 nin’s ( 1+ 53551y ) 2 (3)
0 i=

Fig. 6. 1SR spectra for samples x=0.1, x=0.3 (a) and x=0.5 (b). Solid lines show
typical fits, see Eq. (2). Spectrum of x=0.1 sample is shown for comparison.

0.5

—— x=0.5

04f

03f

A [MHz]

01}
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TIK]

Fig. 7. The temperature dependence of depolarization rate (see Eq. (3)) for sample
x=0.3 and 0.5. The lines are guides for the eyes only.

The coefficient ; is the weight depending on the concentration
of elements in the given phase and natural isotopic abundance. The
parameters in (4) and (5) are: j - nuclear spin of the elements, y;

Fig. 9. Interstitial positions in A15 Structure.
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Fig. 10. g&°(t) spectra extracted of Co-rich phase (see Eq. (8)) for x=0.3 sample (a) and x=0.5 sample (b).

- nuclear gyromagnetic ratio, r; — the distance between interstitial
position and the lattice site i. The formula (4) enables A,zq to be
determined for each sublattice (Cr, Si, and Co). The value of expres-

oo

sion agz:rl?(3 for all different interstitial positions (Fig. 9) for the

A15 structure are collected in Table 2. The calculated widths of the
distribution for x=0.1 sample with the A15 structure are collected
in Table 3.

7. Estimation of the depolarization rate in Co-rich phase

SEM results for Cr rich phases in both x=0.3 and x=0.5 samples
indicate that their composition is close to that of Cr;_,CoxSi with
x=0.1. This rather accidental result permits an estimation of the
depolarization rate of the Co-rich phase. It follows from Section
4 that 1—s fraction of the muon beam hits the sample, while s
fraction of the beam hits the silver plate. The depolarization rate
of muons stopping in silver holder is negligible. Thus the observed
asymmetry for the x=0.1 sample is

ACT(£) = Ag(s + (1 — $)gE"(t)) (6)

where g&(t) is the zero field relaxation function of Cr rich phase
and Ag is a setup related experimental factor corresponding to the
asymmetry at time t = 0. The x=0.3 sample, may be regarded as frac-
tion (1 —c)of Crrich sample (dark fields in Fig. 3a and c) and fraction
c of the Co-rich phase (light fields in Fig. 3a and c), whose zero field
longitudinal relaxation function is g£°(t). Thus the observed asym-
metry for both the x=0.3 and x=0.5 samples may be approximated
by:

ACO(t) = Ag(s + (1 = c)(1 — $)gs" + c(1 — 5)g5°(t)) (7)
Table 3

Width of the field distribution [mT] calculated for various interstitial position for
x=0.1 sample.

Crp9Cog.1Si
X 0.159
Y 0.170
Z 0.146

From the Egs. (6) and (7) g5'(t) may be eliminated and g<°(t) is

ACO(t) — (1 = 0)ACT(t) s
Aoc(1 —s) T 1-s

go(t) = (8)

The values of the function g€°(t) should be between 1 and 0.
It was possible to estimate the shape of gf°(t) using c=0.38 and
s=0.2 for the x=0.5 sample at all temperatures, see Fig. 10. The
procedure fails for the x = 0.3 sample because the content of the Co-
rich phase is small. The dynamic Kubo-Toyabe function was fitted
to the estimated gf°(t) spectra. The width of distribution and the
jump rates are shown in Figs. 11 and 12, respectively. The width
of the distribution of the Co-rich component gS°(t) is systemati-
cally larger than the width of the whole x = 0.5 sample, as expected.
Interestingly, the nonmonotonic behaviour shown in Fig. 11 is not
as pronounced as those shown in Fig. 14. This observation suggests
that nonmonotonic behaviour relates rather to the A15 phase and
not to the Co-rich phase.

8. Discussion

Initially [2] wSR experiments in Co-doped Cr3Si were motivated
by the detection of a small magnetization in the Cr3_,CoxSi host. The
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Fig. 11. Width of field distribution fitted for gc°(¢).
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experiments performed on samples with x=0 and 0.1 revealed that
the muon depolarization rate can be explained by nuclear dipolar
fields alone, and we were therefore able to exclude the presence
of electronic type magnetization in the host. However, the as-cast
samples with x=0.02, 0.1 and 0.2 show a nonzero magnetization,
while the sample with x=0.3 exhibits zero magnetization. To the
best of our knowledge, the ternary phase diagram Cr-Co-Si is not
known, and therefore results of SEM are of key importance for
explaining the observed behaviour. The binary Cr-Si phase dia-
gram shows a relatively narrow region where a single A15 phase is
formed [9]. The width depends on temperature and is about 5% of
the concentration range. When a small amount of Cr is replaced by
Co, we may still expect that a single A15 phase is formed. During
crystallization of Cr-Co-Si A15 phase from the melt, a small amount
of Co3Si may precipitate because of its low melting temperature
(1960K for Cr3Si and 1483 K for Co3Si) [9]. Below T=1467 K CosSi
is unstable and decomposes to -Co and a-Co,Si [9]. The fraction of
these phases is so small that they are not detected by X-ray diffrac-
tion and in SEM experiment. Because &-Co is ferromagnetic, these
inhomogeneities are detected by the magnetization measurement.
Annealing causes homogenization of the sample and ferromagnetic
regions disappear via diffusion processes.

For larger Co concentrations in the Cr3_yCoxSi system, x>0.2,
we enter into a thermodynamically stable two phase region, seen
clearly by the SEM images and the X-ray diffraction pattern. Dur-
ing crystallization from the melt in the two phase region, a typical
dendrite structure of approximate composition Cr3_,CoxSix~ 0.1 is
initially formed, while the remaining liquid finally forms the other
crystallographic phase rich in Co. The candidate for the structure
of the second phase seen as the light fields in Fig. 3a-d is Co,Si
[9] with part of Co substituted by Cr, or Cr5CosSi, [10]. Both Co,Si
and Cr5CosSi, are not ferromagnetic and their presence probably
prevents formation of e-Co inhomogeneities.

Although the muon relaxation spectra of measured samples
changes systematically with temperature and concentration, their
shapes cannot be regarded as rich in information. One may doubt
that postulating the model (2) and performing a fit with three free
parameters (jump rate, width of the Gaussian distribution and a
constant), which usually are strongly correlated, it is possible to
be convinced that muon dynamics change at a certain tempera-
ture. Previously [2] we tried to interpret data using the simplest
physical picture, essentially postulating that the nuclear dipolar
field distribution is constant and that the jump rate increases with
temperature. The most convincing result showing that we observe
some nonmonotonic behaviour of the depolarization rate is pre-
sented in Fig. 7. Parameterization is done by variation of two

[ e x=0.3
2 x=05 -
6_
—_— =
T sf
= = X
) I
T 4l L=
: .
83- = = X =
3 . =
2t « X
=
: 3
1_
0 100 200 300 400
TIK]

Fig. 13. Jump rate in Cr3_,Co,Si alloys.

parameters only. Thus we are also convinced that nonmonotonic
jump rate presented in Fig. 13 corresponds to physical processes
and not to mathematical artefact.

The hop rate, v, of the muon is of the order of MHz. During
its half-life time t;,, of the order of ws, muon performs about
vty diffusion jumps. Assuming that it is random walk, muon
travels an average distance of a(vtuz)]/z, which is of the order of
7-18 A. Thus it is unlikely that a significant fraction of muons dif-
fuse from one crystallographic phase to another. Some important
information can be extracted from the temperature dependence
shown in Figs. 7, 8, 13 and 14. We observe clear anomalies for the
x=0.3 and x=0.5 samples and a less pronounced nonmonotonic
behaviour forx=0.1 andx=0.2 (Figs. 7 and 8) over the same temper-
aturerange. Also, the most pronounced nonmonotonic behaviour of
muon dynamics (Figs. 7, 8, 13 and 14) is observed for sample x=0.3
and not for x=0.5. This suggests that anomalous behaviour is rather
a property of the Cr3_,CoxSi system with the A15 structure and
depends on Co concentration. This conclusion is consistent with
results of the analysis of Co-rich phase performed in the previous
section.

Experiments indicate some similarity between the behaviour
shown in Fig. 6 and that discussed in the introduction [4]. At
T=200K the muon depolarization rate is smaller than at T=100K.
One possible explanation is that mobile muons at T=100K are
trapped by a low concentration of traps lower in energy than traps
at interstitial positions.
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Fig. 14. Width of the Gaussian distribution of magnetic field in Cr;_xCo,Si alloys.
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d'a

Fig. 15. Geometrical properties of interstitial position in the A15 structure, where x
is the coordinate on the line connecting centers of two nearest interstitial positions
(see Table 2), d is the distance between the point with coordinate x and the nearest
atom, a is unit cell size. Zero of the x coordinate was set at the minimum of d/a.

Another possibility can follow from the specific structure of the
investigated system; as discussed earlier, a pair of Z-type of inter-
stitial positions form a prism or Z-Z cage, see Fig. 9. From Fig. 15 it
is clear that because of geometrical reasons, the Z-Z cage is a can-
didate muon localization; however within this cage the muon may
form a coherent state or may perform fast vibrations between two
Z-type interstitial positions. In each case the dipolar field sensed
by muon spin in the Z-Z cage is averaged and is smaller than the
local fields in the X and Y or Z interstitial positions. This behaviour -
resulting in a decrease of the depolarization rate — will result in an
effective change of the constant A in the fitted function, since Eq. (2)
is just an approximation and not a precise description of the muon
dynamics. When the temperature is raised to approximately 200 K
localized Z-Z states are excited and the muon also jumps between
X, Y and Z interstitial positions. The frequency of jumps is much
smaller than the frequency of vibrations in the Z-Z cage and thus
the depolarization rate increases.

Although systematic changes of the width of the static mag-
netic field distribution with temperature (Fig. 14) are observed,
this is most probably a result of the simplification used in (2) for
the description of the complicated muon dynamics. More impor-

0.5F

0.4F

03f

0.2F

0.1F

Width of Distribution [mT]

0.0f

0.0 0.1 0.2 0.3 0.4 0.5
X

Fig. 16. Widths of the Gaussian field distribution estimated from fits (Eq. (8)) at
different temperatures. The lines correspond to the width of the Gaussian field dis-
tribution at three different interstitial sites (X, Y, and Z) in the Cr3Si resulting from
nuclear dipolar interactions (Eq. (4)).

tant, however, the widths obtained for the series of Cr3_,CoxSi up to
x=0.5 show, on average a similar trend to the estimated widths. A
similar trend to the estimated widths of the static dipolar fields.
The widths of the field distribution estimated at different tem-
peratures are collected together in Fig. 16. The values obtained
from fits (Eq. (2)) show a clear dependence on x and are system-
atically larger than the results of an estimation based on Eq. (4).
This effect can arise from strong correlation between the width
Agr and jump rate v. Indeed, an increase of Ay will result in
an increase of the depolarization rate, while an increase of the
jump rate v results in a decrease of the depolarization rate. If the
spectra are flat, the increase of Agr can be compensated by an
increase of the jump rate, v, resulting in a similar shape of the fitted
function.

Naturally the questions arise about the possibility of fitting the
spectra by applying constraints to Eq. (2) and keeping constant the
width of the distribution and parameter A, changing only the fre-
quency of the diffusion jumps. We could not obtain, however, fits
of good quality under such assumptions. The expression (2) is thus
the effective description of the observed spectra, although this does
not contain details of the muon dynamics as described for example
in [4].

9. Conclusions

The ferromagnetic properties of as-cast samples with x < 0.2 are
explained by the presence of Co-rich impurities originating from
&-Co. Sample annealing leads to formation of a regular Cr3_,CoxSi
alloy. The SR experiment performed on paramagnetic samples
with x=0.3 and 0.5 shows anomalies in muon dynamics. The pres-
ence of a nonmonotonic behaviour was demonstrated by fitting
the stretched exponentials and dynamic Kubo-Toyabe functions.
The existing nonmonotonic behaviour over the same temperature
excludes artefacts caused by correlation between parameters. A
clear cusp in the jump rate is observed in the temperature range
150-200K for x=0.3 and 0.5 samples. Muon experiments with
Fe,03 enable an estimation of the shape of muon depolarization
rate for Co-rich crystallographic phase. It was argued that non-
monotonic behaviour is rather property of A15 phase and not
Co-rich phase detected in x=0.3 and 0.5 samples by X-ray and
SEM techniques. The nonmonotonic behaviour of the jump rate is
interpreted as the trapping of muons at moderate temperatures
(150-200K). It is suggested that a possible trap for the positive
muon is the Z-Z cage. A systematic decrease of muon jump rate v
with increase of Co concentration x is observed.
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