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Abstract. We present two-dimensional angular correlation of (polarized positrons) annihil- 
ation radiation (20 ACAR) results measured on a single crystal of Ni in the (100) plane below 
andabove the Curie temperature (at4.2,300, M10and640 K).The rxperimentaldistributions 
(total momentum density) measured at different temperatures do not exhibit any significant 
differences, in contradiction to the one-dimensional (non-spin-polarized) results of Kon- 
trym-Smajd et al. We conclude that the Fermi surface topology of Ni essentially does not 
change between 4.2 and 600 K. This can be related to the fact that the exchange splitting. A. 
remainsalmostmnstant up to thecurie temperature. This wouldconfirm thespin-polarized 
electron-energy-loss spectroscopy results of Kinchner and Langenbach. 

1. Introduction 

The study of the angular correlation of (positron) annihilation radiation (ACAR) has 
been, at a very early stage, exploited to investigate the momentum distribution of the 
electrons responsible for ferromagnetism. Pioneers in this field were Hanna and Preston 
(1958) who succeeded in experimentally showing the negalive polarization of the s and 
p conduction electrons of ferromagnetic iron. Many ACAR results followed, which were 
mainly concerned with ferromagnetic transition metals as well as with rare earths (see 
the reviews by Berko 1977 and Mijnarends 1979). Surprisingly, despite its potential 
efficiency, the two-dimensional ACAR (ZD ACAR) technique has not been applied to the 
investigation of the spin-density in momentum space so often: we have only quoted the 
worksof Hoffmanneral(1982) inGd, Jarlborgeta1(1986)inNiandGenoudetal(1988) 
in Fe. On the other hand, the Compton profile experiments are growing in number due 
to improvements in technique, and spin-density in momentum space has already been 
measured in Ni by Mills (1987). Experimental ‘positron undisturbed’ p ( p )  data are 
thus available, but only with a low resolution and integrated over two momentum 
components. Moreover, the relatively small value of the magnetic moment of Ni (when 
compared with Fe or CO) leads to poor statistical accuracy. 

Two factorshave motivated the present study: first, a two-dimensional measurement 
of the spin-density in momentum space as a function of temperature has never been 
done before. Such a measurement highlights the possibilities offered by the 2D ACAR 
technique in the study of magnetic materials even if the interpretation of the results is 
complicated by the presence of the positron wave function and of the 3yprocesses. Our 
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second interest was to answer the question of whether or not the Fermi surface (FS) 
topology of Ni is modified when going through the Curie temperature (Tcutic(Ni) = 
627 K) as stated by Kontrym-Sznadj et a1 (1975) after analysis of ID ACAR data and 
indirectly by Yousuf et al(1986) on the basis of high-temperature electrical resistivity 
measurements. These latter results are in contradiction with angle-resolved photo- 
electron spectroscopy (Hopster et a1 1983, Gerhard 1983) and with spin-polarized elec- 
tron-energy-loss spectroscopy measurements (Kirschner and Langenbach 1988) which 
exhibit a non-vanishing exchange splitting, A, above Tc,,, such a behaviour being 
incompatible with an important change of the FS topology. As the 2~ ACAR technique is 
not drastically limited by high temperatures in the study of FS, we have measured, at 4.2, 
300,600 and 660 K, the total and spin momentum densities of a single crystal of Ni. The 
answer to whether or not the FS of Ni changes on crossing Tcutie can then be directly 
related to the behaviour of A across the magnetic transition. 

The outline of the present paper is as follows. Section 2 gives a brief theoretical 
summary of aspin-polarizedm ACAR measurement in aferromagnetic crystal. In section 
3 we present the experimental detailsand the data analysisprocedure. Section4 contains 
a discussion of the results, and in section 5 we state our conclusions. 

2. Positron annihilation in a ferromagnetic material 

In a magnetized ferromagnetic crystal the number and the distribution of electrons are 
different forthosewith theirspin parallelorantiparallel tothemagnetization. Asalready 
discussed in detail by Berko and Zuckermann (1964) and by Berko and Mills (1971), the 
ACAR technique allows one to measure this difference, using polarized positrons. In 
effect, due to parity non-conversationinp-decay, most of thepositronsareemittedfrom 
a source with their spin pointing in the forward direction and this is independent of the 
direction of the magnetic field applied to saturate the sample. Thus reversing the 
magnetic field direction will reverse the polarization of the electronic spins but not that 
ofthe positron beam. As the thermalization processonlyslightlyreduces the polarization 
of the positrons (Page 1959, Blank eta1 1988), it is possible to investigate the spin density 
of ferromagnetic materials. This is due to the annihilation selection rules which state 
that a polarized positron and a spin-aligned electron anihilate from a singlet state (2y  
annihilation) or. with a much smaller probability, from a triplet state (3yannihilation). 
depending on whether the spin of the electron is antiparallel or parallel to the spin of 
the positron. 

A typical experiment consists, then, in measuring the ZD ACAR surfaces N t (px ,  pu) 
and N 1 (p*,p,) with the magnetic field respectively parallel and antiparallel to the 
positron majority spins. Each measured ?D ACAR distribution can be expressed as: 

where pgai(P) and p&(P) are the momentum densities seen by positrons for both 
electronicspin directions. A r ( 1 ,  is a constant dependingon the magnetic field direction, 
the positron spin polarization Pp and the so-called Pay factor, which describes the 3y 
corrections but is difficult to measure precisely. As discussed by Berko and Mills (1971), 
the existence of these 3y processes complicates the interpretation of the experimental 
distributions (with both magnetic field directions) directly in terms of total and spin 
momentum densities. To compare the measurements obtained at different temperatures 
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we prefer to follow the method proposed by Rabou (1983), who adds or subtracts the 
experimental ZD ACARS N T ( 1 )(px,p,) after normalization to the unit volume: 

W P x , P y )  = N t ( P x 7 P y ) / N T  + N L ( P X , P , ) / N L  (2) 

WP,, pr) = N t (P~. ,P, ) /N t - N -1 (P,,P,)/N L (3) 

where N t and N I  are the volumes of the corresponding ZD ACAR spectra. Then the 
resulting distributions can be directly interpreted as relative total momentum density 
ZN(p , ,p , )  and relative spin momentum density AN(p, ,p , ) :  

WP,,P,) = p?i.(~,,pp)/p%n + &'aj(px~py)/%'j (4) 

(5) 

A N ( p , , p , )  = - Pp[pzm'(pX.p~)/P?i, - P%j(px,py)/P%jl 

= - const[(pz,Y,,/pZ,Y,,)p?i.(P,,Py) - P % , ( P , , P ~ ) ~  

where pzmySj(px,py) and &"(px,pY)  represent the momentum densities of either spin 
direction and as seen by the positron, integrated over thep, component; p3" and pgaj 
are the volumes of the corresponding distributions. 

3. Experimental details and data analysis 

The :D ACAR surfaces N t ( 1 )(p,, p,) in the (100) plane of a single crystal of nickel were 
measured at 4.2,300,600 and 660 K with a resolution of (0.5 X 0.8) m a d 2  at 4.2 K .  We 
chose 0.20 mrad/bin as the mesh of the histogram, covering a momentum of +40 mrad 
in both x and y directions. Our y-ray detectors consist of two high-density proportional 
chambers (Bisson et a1 1982) with an increased sensitive area of 30 x 30 cm2. The 
detector-sample distance has been set to 4.98 m. Measurements were performed under 
vacuum (<W5 Torr), in a partially polarized positron beam emitted by a 50 m CiZZNa 
source for both up and down magnetic field directions (parallel to the [ O l l ]  direction). 
The magnetic field intensity was set to 4 T  in order to saturate the sample and to focus 
positrons on it. A copper sample holder has been mounted on a resistive coil designed 
to heat the sample up to more than 660 K. The temperature (stabilized to 21 K) was 
measured with a platinum resistor. The single crystal of nickel was obtained by zone 
melting and further annealed for 12 h at 1000°C. Lifetime measurements (using a 
standard fast-fast spectrometer as described by Badwell and Paulus 1979) indicate 
essentially a single component at 108 * 2 ps. This suggests that almost no trapped 
positrons contributed to the measurements. 

The ZD ACAR distributions N f ( 1 ) (px,pp)  have been measured for a crystal orien- 
tation with the integration axisp, along the [loo] direction by collecting about 3 x lo8 
total counts for each magntic field direction ( T , ). The total ZD ACAR (the spin density 
spectrum) isobtained by adding (subtracting) these twodistributions after normalization 
to the unit volume. The very high statistics are necessary to extract a spin density signal 
with an acceptable precision. 

The raw measured ZD ACAR histograms were corrected with the experimental angular 
efficiency distribution, evaluated in each case on a set of 1O'events. We did not smooth 
the total momentum distributions. This allows us to consider every experimental point 
as independent when comparing the spectra and excludes any artefact that could be due 
to the smoothing procedure. Anyway, the statistics are sufficiently good and the error 
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bars remain small enough when compared with the FS related structures. The spin 
density in Ni corresponds, however, to a very weak signal and in order to reduce the 
statistical noise we have smoothed these distributions by convoluting them with a square 
function of (1.6 x 1.6) mrad'. Following the method proposed by Rabou (1983), we 
present in this work only relative distributions AN(p,,p,)  and ZN(p, ,p , )  as defined in 
(2) and (3). 

In order to exhibit the anisotropies of the total 2D ACAR distributions, we have 
subtracted the part that is invariant to rotations; this isotropic part is calculated for a set 
of equidistant p radii as the mean value of the ZD ACAR and has been smoothed before 
subtraction. This confirmed the correct orientation of our sample allowing us, then, to 
fold the distributions along the symmetry lines of the investigated (100) plane. The 
analysis has been undertaken on these folded distributions. 

The LCW theorem (Lock et a1 1973) on the remapping of the ACAR fromp to k space 
has been applied to the total ZD ACARS measured at different temperatures in order to 
investigate a possible modification of the FS topology when going through TCurie. This 
analysis has been performed following the procedure: 

F(k, ,k , )  = N(k,  + G,, k, + CY) (6) 
G".G" 

where C, and G, are the components of the reciprocal vectors in the (p, ,p,)  plane. The 
temperature dependence of the lattice constant a has been taken into account in the 
analysis (a (T)  = 3.5166 + 3.227 X 

As shown by the ab initio calculations of Jarlborg and Singh (1987) and of Sormann 
(1988). the positron wave function together with the electron-positron correlation 
effects play a rather important role in ferromagnetic Ni, preventing an analysis of the 
LCW distributions directly in terms of a projection of the FS on the investigated (100) 
plane. A modified FS topology should, however, be reflected in these distributions. 

X T[K]) A).  

4. Results and discussion 

4.1. Total momentum density 

The analysis of the total ZD ACAR distributions ZV(p,,p,)  measured at different tem- 
peratures has beenmainlyperformed inkspacesince thisis the natural wayofproceeding 
when dealing with FS related structures. However. to confirm the conclusions obtained 
in k space. we have also compared the distributions directly in p space as described 
below. For a complete presentation of the experimental data, we show in figure 1 the 
contour plot of the anisotropic part of the ZD ACAR spectrum measured at 4.2 K in the 
(100) plane of our Ni single crystal. The data obtained at 300,600 and 660 K look very 
similar; we only notice a reduction of the amplitude of the anisotropy with increasing 
temperature. When compared with the maximum amplitude of the corresponding total 
2D ACARs we obtain the values of 6.08. 5.47, 4.94 and 4.64% for the measurements 
at 4.2, 300, 600 and &OK, respectively. This certainly reflects the reduction of the 
experimental resolution with the temperature increase. 

To answer the question of whether the FS of Ni would change through the magnetic 
transition we have first considered the Lcw-folded distributions measured at different 
temperatures. Kontrym-Sznajd et a/ (1975) predict a FS for paramagnetic Ni similar to 
that of Pd, with, however, a fifth sheet which should be smaller and a sixth one which 
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Figure 1. Contour plot of the anisotropic 
partofthe total2DAcnnofNi measuredin 
the (100) plane at 4.2K. The levels are 
spaced by 3% of the total amplitude of the 
anisotropy. We have only represented an 
area of 220mrad in both I and y direc- 
tions. The distribution has been folded for 
presentation. 

should he larger. With regard to the ferromagnetic phase the occupied majority spin 
states of the fifth sheet would then he empty for momenta close to the Brillouin zone 
boundary. These authors, comparing reconstructed p''(p) distributions, claim to have 
observed such a regrouping. They also noted a sixth sheet of the FS that is more spherical 
in the paramagnetic than in the ferromagnetic state and also shows a modification of the 
shape of the [lll] necks (from conical to cylindrical). Such changes in the electronic 
hand structure of Ni have been indirectly confirmed by Yousuf et a1 (1986) who have 
measured the electrical resistivity of Ni under pressure on crossing the magnetic 
transition. These authors qualitatively explain the observed anomalous behaviour of the 
resistivity near Tcune by assuming that the hand structure changes at this temperature. 

The modifications of the FS topology of Ni when undergoing the magnetic transition 
as described by Kontrym-Sznajd et a1 (1975) should he unambiguously identified with a 
ZD ACAR experiment if we consider that the structures of the LCW distributions that we 
have measured in the (100) plane are very large: they represent more than 20% of the 
total amplitude of the Lcw-folded spectrum. A drastic redistribution of the electrons 
above TcUti,would then produce a signature far above the statistical noise. However we 
have to consider the influence of the intense saturating magnetic field set on the sample. 
As shown below, it induces a magnetization above Tcune whose effects on the electronic 
occupancy probability are unknown. The data measured by Kontrym-Sznajd er a1 do 
not suffer from this problem. Effectively these ID ACAR distributions have been obtained 
without applying any magnetic field to the sample. On the other hand, as the positron 
beam is polarized, a zero-field measurement can lead to different results, depending on 
whether the sample has been previously magnetized or not. Thus an ACAR experiment 
under zero magnetic field requires careful attention to the magnetization state of the 
sample below Tcutie. From this point of view, the saturating magnetic filed guarantees 
an unambiguous measurement of XN(p, ,p , )  and AN(p, ,p , ) .  

We have compared the Lcw-folded distnbutions measured at 4.2,300,600 and 660 K 
taking into account a temperature-dependent lattice constant as described in section 3. 
We present in figure 2 the contour plot of the Lcw-surface corresponding to the 4.2 K 
measurement. We do not observe drastic changes at higher temperatures as shown 
in figure 3 where lines along high symmetry directions are extracted from each LCW 
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Figure 2. Contour plot of the LCW surface 
of Ni (total momentum density) measured 
in the (100) plane at 4.2 K .  The levels are 
spaced by 3% ofthe total amplitude of the 
non-constant part of the distribution. The 
full curves represent the upper levels. 

2 g 

r,x W.X L,L r,x 
Flgure 3. LCW distributions F(kx, k,) of Ni (total momentum density) Measwed at different 
temperatures represented along Some high symmetry Lines of the Brillouin zone. Only the 
non-constant part of the spectrum is drawn after normalization to unil volume. *: 4.2 K, 0:  
300 K ,  e: MK) K . 0  €60 K.Thesizeofstatisticalerror barsis thesameasthat of thcsymbols. 
Each point represented is statistically independenr. 

distribution. The non-constant part of the spectrum is normalized to unit volume before 
comparison. When considering the statistical error bars and the importance of the FS- 
related signals in Ni (Singh et al 1986), we can conclude that these four distributions 
essentially reflect the same FS topology. To complete our analysis we have also calculated 
the derivative of ap ,  = 0 line extracted from the ZD ACARS measured between 4.2 and 
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p (“U 
Figure 4. Derivatives of the [I101 line extracted from the total 2D ACARS measured in the 
(100) plane of Ni at 4.2K (*), at 300K (U). at 6001: (*) and at 660K (0). The two 
distributions have been normalized to the same volume for comparison. Each point repre- 
sented is statistically independent. In the low-momentum region ( p ,  < 10 mad) the size of 
the error bars is approximately one and half that of the symbols. 

660 K. For each experimental point N(p , ,  0) on this line, the derivative (in arbitrary 
units) is taken as N ( p ,  + Ap,, 0 )  - N ( p ,  - Ap,, 0) where Apr is the mesh of the histo- 
grams. The corresponding curves presented in figure 4 do not show any difference larger 
than the statistical noise. Thus both analyses (in p and k space) lead to the same 
conclusion, that changes in the FS of Ni are not observed between 4.2 and 660 K (under 
a magnetic field of 4 T). 

The absence of any significant difference between the LCW distributions measured 
at 4.2,300 and 600 K can be interpreted as the manifestation of an exchange splitting A, 
quasi-independent of the temperature. In order to estimate the maximum variation of 
A that would be consistent with our experimental data we have calculated, following the 
method proposed by Singh and Jarlborg (1985), the 2D ACAR of ferromagnetic Ni in the 
(100) plane using LMTO (linear muffin-tin orbitals) wave functions. Electron-positron 
correlationeffectsof Jarlborgand Singh (1987) are included through a density dependent 
enhancement factor in which both electrons and positrons are considered to be free from 
lattice interaction (m* = 4). The resulting ~ c w  distribution agrees relatively well with 
the experiment (Jarlborg and Singh 1987) in spite of unsolved problems common 
to every self-consistent band-structure calculation (over large exchange splitting and 
magnetic moment, imperfect FS topology). The reduction of the exchange splitting 
(originally of about 47 mRyd) was simulated by a rigid band shift, in opposite directions 
for the majority (down-shift) and for the minority (up-shift) electrons and with the 
constraint of charge conservation. The calculated distributions, convoluted with the 
experimental resolution, reveal that a reduction of A down to 34 mRyd could possibly 
not be detected when comparing our experimental 2D ACAR data. Below this value we 
should, however, clearly observe the differences inducedin the distributions by afurther 
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reduction of A,  Thus we cannot exclude a reduction of the exchange splitting of about 
28% between 4.2 and 600K. But this remains a crude approximation, due to the 
diffiulties encountered in the self-consistent band calculations in describing the elec- 
tronic structure of ferromagnetic Ni (see above) and to the fact that we have simulated 
areduction of A with a rigid band shift which perhaps badly describes the situation. Thus 
our analysis is not detailed enough to decide unambiguously whether the exchange 
splitting decreases slightly with increasing temperature or whether it remains eseentially 
independent of temperature up to T,,,, as proposed by Kirschner and Langenbach 
(1988) after their study of spin-polarized electron-energy-loss spectroscopy data. But 
the structures of the LCW distributions measured at different temperatures change so 
little (see figure 3) that we would exclude the important variation of A proposed by 
Hopster eta1 (1983) and by Gerhard (1983) on the basis of angle-resolved photoelectron 
spectroscopy. Our interpretation naturally contradicts the results of the Stoner model 
which predicts a zero value of A at T,,,,, leading to a paramagnetic band structure, 

The observation that the LCW distribution measured at 660 K does not exhibit any 
significant difference from that measured at 600 K is not that helpful because our 
measurements have been carried out under an intense magnetic field of 4 T. This does 
not modify the above conclusions concerning the Fs topology but we have to keep in 
mind that the data obtained at 660 K still correspond to a measurement in a magnetized 
state (see section 4.2). We can then only conclude that above Tc,,, and under an intense 
magnetic field the exchange splitting remains basically constant. We have, however, no 
information about the paramagnetic state (zero-field measurement) for which high 
statistics ZD ACAR data would be desirable. 

4.2. Spin density 

The very high statistics of our measurements allowed us to obtain, at each temperature, 
the relative spin density (in momentum space) of Ni in the (100) plane. These dis- 
tributions are presented on the same scale in figure 5. A curve extracted from each 
spectrum in the [110] direction is also drawn in figure 6 in order to make the statistical 
error appreciable. The two-dimensional spin density of Ni exhibits a rather important 
negative part aroundp = 0 which is absent in the experimental spin-polarized Compton 
profilesof Ni (Mills 1987). Thereis, however, nocontradiction between the two measure- 
ments; asin thecaseofFe (Genoudetul1988, Genoud andSingh~l989), thisisattributed 
to the important overlap of the positron wave function with that of the s and p electrons 
whose polarization is predicted to be negative by standard band-structure calulations. 
The manifestation of this negative polarization of s and p electrons in the experimental 
spin-polarized Compton profilesis the central dip exhibited by the curves. 

When the temperature increases to TCufie, the volume of the distribution diminishes 
without any change in the structures. This behaviour principally reflects the cor- 
responding reduction of the saturation magnetization of the sample when approaching 
TcUnc. To illustrate this point we have calculated the magnetization curve of a system of 
kinetic moment J = 1 under a magnetic field of 4 T, using the Weiss equation: 

M J M o  = tanh[(M,/Mo + H/NMOI/(T/TC~,~I (7) 
where M, is the saturation magnetization, MO the saturation magnetization at T = 0, H 
the external magnetic field and N the molecular field constant for Ni (see for example 
Bozorth 1951). A similar curve calculated for a field of 1.8T describes relatively well 
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. .  
Figure 5. 2D ACAR distributions of Ni in the (IW) plane at different temperatures: relative 
spin density AN(p, ,  pJ.  The measurements have been carriedaut at 4.2,3W. 6M)andW K. 
The scale is common to each graphic. The spectra cover a region extending to ~ 2 0  mrad in 
each direction and rhe Curie temperature is 621 K. 

the corresponding measurements made on Ni by Weiss and Forrer 1964). The volume 
of each relative spin density distribution has been compared with that of the relative 
spin density at 4.2 K. The four corresponding values are reported in figure 7 together 
with the above calculation. The points which correspond to the measurementsperformed 
below Tane follow the magnetization curve relatively well. Assuming a positron dis- 
tribution independent of temperature, part of the remaining discrepancies can be under- 
stood in terms of a temperature-dependent depolarization of the positrons during the 
thermalization process. This has been observed in Fe and Seeger ef a1 (1987) who have 
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I 
P b r a 4  

%re 6. Relative spin density of Ni in the (100) plane at different temperatures. The lines 
have been extracted from the distributions in the [ I  IO] direction. Full a w e :  4.2 K. broken 
curve:3CQ K.dottedcurve:MMK,frequentlybrokencurve: 6M)K.Theerrorbarsrepresent 
each statistically independent point. 
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as - 0.7 0, 
8 :  
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Q.1 

o'oO.O 0.1 02 0.3 0.1 0.5 0.6 0.7 Q.8 0.9 1.0 1.1 1.2 

TITCdC 
Figure 7. Saturation magnetization of Ni as a function of temperature calculated for J = t 
and for a magnetic field of 4 T i n  the Wciss theorj (full curve). The squares represent the 
volume of the relative spin density distributions compared with that of the measurement at 
4.2 K (see text). 

measured the polarization Pp of the annihilating positrons as a function of temperature. 
These authors have reported both increasing and decreasing Pp with temperature, 
according to the magnitude of the applied magnetic field. The relative differences 
amount to 4%. No such measurement has, however, been made in Ni. We have also to 
keep in mind the fact that we are only dealing with relative distributions; the term 
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p g ' i / p ~ o  of equation (5) indicates that the spectra shown in figure 5 do not exactly 
represent p & ( p , , p y )  - pgai(pr,py). The contribution of the minority electrons is 
weighted by a factor that is equal to 1.0357 according to IPM calculations (Singh el ai 
1986). Electron-positron correlation effects should not change this value drastically 
(Genoud 1990). The effect of temperature (thermal motion of the positron) could also 
affect the distributions. We estimate that the experimental resolution at 660 K is more 
than twice that at 4.2 K. But this effect should not be important when compared with 
that of the smoothing procedure applied to the relative spin density distributions. 

Above Tcunc the volume of the relative spin density distribution remains appreciable 
since we are not in the paramagnetic state. However, the spectrum differs qualitatively 
from that observed at lower temperatures in that the positive polarization at high 
p (p 10 mrad) attributed to d electrons almost disappears; we also note a region of 
positive polarization around p = 0 that is totally absent a1 600 K and below. We are, 
however, unable to explain this observation (mainly because of the lack of comparison 
points). 

5. Conclusion 

The ZD ACAR data measured on a single crystal of Ni in the (100) plane at 4.2,300,600 
and 660 K have been analysed both in k space (using the LCW theorem) and inp space. 
No appreciable difference has been observed between the total distributions obtained 
below the Curie temperature. Then a straightforward conclusion would be that the 
exchange splitting of Ni is essentially independent of temperature. This is, however, 
moderated by the LMTO calculations we have performed in order to simulate a decrease 
of A with increasing temperature. The analysis of the calculated ZD ACARS does not 
exclude a variation of A of about 28% between 4.2 and 600 K. Anyway our conclusions 
exclude the important variation of A proposed by Hopster et al(l983) and by Gerhard 
(1983) on the basis of angle-resolved photoemission spectroscopy. However, they are 
consistent with the spin-polarized electron-energy-loss spectroscopy resultsof Kirschner 
and Langenbach (1988) who predict a temperature-independent exchange splitting in 
Ni up to the Curie temperature. 

The variation of the volume of the spin density data can be crudely related to the 
reduction of the magnetization of Ni when the temperature increases. It is, however, 
difficult to interpret the structures observed above the Curie temperature. To get a 
clearer picture of the situation we think that more investigations have to be performed 
near the Curie temperature in ferromagnetic materials. Moreover, the measurement of 
data for purely paramagnetic metals at high temperature is highly desirable. The present 
work shows the potential and the importance of positron annihilation technique (and 
especially ZD ACAR) in studying magnetic materials at low as well as at high temperatures. 
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