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The effect of Cu substitution on the structural and magnetic properties of TbNi5−xCux �x
=0,0.5,1.0,1.5,2.0� have been investigated by x-ray diffraction, magnetization measurements and neutron
powder and single crystal diffraction. The electronic and the magnetic structures of TbNi5 were studied using
first principles theory. All samples were found to have the CaCu5-type structure, space group P6/mmm. The
lattice parameters increase monotonically with increasing Cu concentration. The Curie temperature Tc has a
maximum value of 29 K at x=1.0. The magnetic structure of TbNi5 at 10 K is incommensurate with a
helimagnetic component �wave vector q�2� /c�0,0 ,0.02�� perpendicular to a ferromagnetic one. In contrast,
the substituted TbNi5−xCux alloy is ferromagnetic. All magnetic moments are observed to be located on the Tb
atoms. The magnetocrystalline anisotropy in the ab plane is observed to be strongly increased by the Cu
substitution, whereas the magnetization decreases with the Cu concentration. The observed magnetic structure
of TbNi5 is consistent with first principles calculations regarding both the magnetic moments and the helimag-
netic structure. The microscopical origin of the helimagnet is analyzed and correlated to the Fermi surface
topology.
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I. INTRODUCTION

The high symmetry of the crystal structure that the RNi5
series �R=rare earth� possess and the richness of their mag-
netic structure have stimulated several detailed studies of
these compounds.1 Single crystals of TbNi5 have previously
been investigated by means of magnetization,2 resistivity,3

NMR,4 XMCD,5 �SR �Ref. 6� and inelastic neutron scatter-
ing experiments.7 However, very few theoretical studies of
these compounds have been reported.8

TbNi5 crystallizes in the hexagonal CaCu5-type structure
�space group P6/mmm� �Ref. 9� with one formula unit per
unit cell. There are one Tb site �1a� and two nonequivalent
Ni sites, Ni1�2c� and Ni2�3g�. TbNi5 has a strong magneto-
crystalline anisotropy with an easy ab plane and a hard c
axis.10,11 The anisotropy in the ab plane is small. From mag-
netic susceptibility and magnetization measurements on a
polycrystalline sample of TbNi5, Barthem et al.12 proposed
that there exists a helimagnetic phase between Th=17 K and
TN=23 K when H�400 Oe. For T�Th the compound ex-
hibits ferromagnetic behavior, at any applied field. Moreover,
Barthem et al. also reported that in the Cu substituted
TbNi5−xCux compounds there is a helimagnetic ordering in a
narrow temperature range of 6 K at fields smaller than a
critical field. At even lower temperatures, the compounds are
reported to be ferromagnetically ordered.13 Recently, neutron
diffraction experiments were performed on TbNi5 �Refs. 14
and 15� in the temperature range 2.2–30 K. The magnetic
structure was described in terms of a fanlike structure with
two wave vectors �k1=0 and k2=2� /c�0,0 ,0.019��. The fer-
romagnetic component of the magnetic moment on Tb was
found to be 8.4�B and a helical part of 5.1�B at 2.2 K which
gives a total moment of 9.8�B. Kuchin et al.16 studied the

magnetic properties and heat capacity of TbNi5−xMx �M
=Cu, Al� for x�2.5 and x�1.5, respectively. However, the
magnetic structures of the substituted intermetallic
TbNi5−xCux alloys have not been finally determined and this
motivates an extended theoretical or experimental investiga-
tion of this interesting material. In the present study, neutron
diffraction experiments and magnetization measurements
have been performed in parallel to first principles theory of
the electronic structure and magnetic properties. The site oc-
cupancies and the magnetic ordering have been determined
experimentally. Our theoretical analysis has identified nest-
ing behavior as the main reason for the magnetic ordering.

II. EXPERIMENTS

Syntheses. TbNi5−xCux �x=0.0,0.5,1.0,1.5,2.0� samples
were synthesized by induction melting of appropriate
amounts of the elements in an argon atmosphere. The as-cast
ingots were sealed in evacuated quartz tubes and annealed at
1373 K for 2 days, then quenched into water. Single crystals
of TbNi5−xCux �x=0.5,1.0� were prepared by the Czochral-
ski method in a crucible in an induction furnace. The crystal
shapes were a 2.7 mm diameter sphere and a 3�3
�3 mm3 cube, respectively.

Phase analysis. X-ray diffraction patterns showed that the
powder samples were single phase with the hexagonal
CaCu5-type structure. The unit cell parameters were deter-
mined by least-square refinements from scanned Guinier-
Hägg photographs �Cu K�1 radiation� using high purity sili-
con as internal standard.

Magnetization measurements. The spontaneous magneti-
zation at T=4.2 K was deduced from magnetization curves
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measured along the easy direction of the single crystals up to
a field of 7 T by means of a vibrating-sample magnetometer.
The Curie temperatures were determined from the tempera-
ture dependence �4.2�T�50 K� of the initial ac suscepti-
bility.

Neutron diffraction. Neutron diffraction measurements
were performed at the Swedish R2 reactor in Studsvik. For
the powder experiment, high flux monochromated neutrons
of wavelength 1.47 Å were obtained from the �220� planes
of two parallel Cu single crystals. Powder diffraction inten-
sities were collected at 40 K, 30 K, 25 K, 20 K, 15 K, and
10 K for TbNi5; at 40 K, 10 K for TbNi4.5Cu0.5 and
TbNi4Cu, and at 40 K, 25 K, 10 K for TbNi3.5Cu1.5 and
TbNi3Cu2 by a 35 multidetector system scanning over the
2� range 4.00°–139.93° in steps of 0.08°. Neutron single
crystal data were collected on a four-circle Huber single-
crystal diffractometer at 295 K using an incident wavelength
of 1.207 Å. Three standard reflections were used to check
the stability of the instrument and the quality of the collected
intensities. The available cryostat used at the single crystal
diffractometer could only reach a minimum temperature of
25 K; the low temperature measurements were therefore per-
formed on powder samples.

Structure refinements. All the structure refinements were
made using the program FULLPROF.17 The collected intensi-
ties from the single crystals were corrected for Lorentz and
absorption effects. Scale factor, occupancy and extinction
correction factor were refined based on 99 reflections using
the full-matrix least-squares method. The calculated intensi-
ties are significantly higher than those of the observed values
for the strong reflections, indicating the existence of extinc-
tion effect. The powder data were analyzed by means of the
Rietveld profile procedure18 with the atomic scattering
lengths, bTb=7.38 fm, bNi=10.3 fm, bCu=7.72 fm. In the
10 K data refinements, the magnetic moment of Tb was re-
fined together with a scale factor, two unit cell parameters,
and five profile parameters, while the site occupancies were
fixed at the values obtained at 40 K.

III. THEORETICAL METHOD

In the present theoretical study we treated the 4f states in
Tb as part of the core which reflects their localized nature,
while they are still able to produce an exchange field that
acts on the valence states. In order to simulate the experi-
mental situation, the 4f states have been spin-polarized
among the core states. The spin occupation numbers are de-

termined by applying Russel-Saunders coupling19 to the 4f
shell. This scheme allows for accurate first principles de-
scription of the indirect exchange coupling of the RE spin
moments.20

The spin spiral �SS� symmetry has been adopted in order
to handle planar and canted helical spin structures, where the
parallel spins within a plane are rotating around the hexago-
nal axis with an angle �=qc between each hexagonal Tb
plane. The magnetization density of a SS is not translational
invariant along the propagation direction. Therefore a super-
cell is generally used when performing calculations. How-
ever a generalized boundary condition21 can be used in order
to restore the chemical unit cell

m�r + R� = D�q · R�m�r� , �1�

where R is a Bravais lattice vector, q= �0,0 ,q� is the wave
vector of the SS and D�q ·R� is a matrix that accomplishes a
rotation of the in-plane component of m by the angle q ·R
around the hexagonal axis. The generalized Bloch spinor
states22,21 can then be written as

	�k,r� = eik·r�e−iq/2·r��k,r�
e+iq/2·r
�k,r�

� ,

where k is a wave vector in the Brillouin zone �BZ� and �
and 
 are the periodic functions for the spin-up and spin-
down components, respectively. The secular matrix con-
structed from theses states is no longer block diagonal which
means that the two spin components can hybridize. Self-
consistency is achieved by constructing new charge and
magnetization densities from the occupied Bloch spinors.23

Thus, this scheme is specially suited to study incommensu-
rate structures.

In our investigation we have used two methods, the full-
potential augmented plane wave �FP-APW+lo� �Refs. 24
and 25� and the LMTO-ASA.26 The noncollinear scheme
described above is implemented in both methods. The
FP-APW+lo method allowed us to calculate accurate total
energies and resolve the magnetic and electronic structure.
Fermi surfaces were calculated by using the LMTO-ASA.
The faster LMTO-ASA affords a larger set of k points with-
out the calculations becoming intractable, and thus improv-
ing the resolution for the Fermi surface. The local spin

TABLE I. The unit cell parameters at 295 K, Tc and the magnetization Ms at 4.2 K of TbNi5−xCux.
Estimated standard deviations are given in parentheses.

Compounds a �Å� c �Å� V �Å3� Tc �K� Ms ��B / f.u.�

TbNi5 4.8988�2� 3.9600�2� 82.30�1� 25 7.7

TbNi4.5Cu0.5 4.9049�2� 3.9752�2� 82.82�1� 27 6.8

TbNi4Cu 4.9126�2� 3.9901�2� 83.39�1� 29 6.2

TbNi3.5Cu1.5 4.9274�2� 3.9988�3� 84.08�1� 28 6.3

TbNi3Cu2 4.9351�2� 4.0113�2� 84.61�1� 25 6.2
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density approximation �LSDA� as parametrized by von Barth
and Hedin27 was used. The calculations have been performed
for the hexagonal structure of TbNi5, at the experimental
lattice constants, a and c. Brillouin zone �BZ� integrations
obtained by FP-APW+lo were performed using a mesh of
220 k points in the irreducible BZ, together with a tempera-
ture broadening of kBT=5 mRy. For the LMTO-ASA calcu-
lations a mesh of 2244 k points in the IBZ and a broadening
of 0.5 mRy were used.

IV. EXPERIMENTAL RESULTS

The substitution of Ni by Cu results in an increase of the
unit cell volume. The lattice constants, the saturation magne-
tization Ms at 4.2 K and the Curie temperature Tc are listed
in Table I. In Fig. 1, the Curie temperature curve presents a
maximum at x=1.0 and the saturation magnetization de-
creases with the Cu content. There is no obvious correlation
between Tc and the magnetic moments. The projection of the
TbNi5 crystal structure on the �001� plane is shown in Fig. 2.
The Tb atoms are surrounded by six nearest Ni1 atoms in the
ab plane and 12 next nearest Ni2 atoms at z= ±1/2c. Inter-

atomic distances are listed in Table II. The occupancies of Cu
on the two different Ni positions were determined from neu-
tron data at 40 K �see Table III�. For x�1.0 the Cu atoms
have a slight preference to enter the Ni1 position, while for
x�1.0 a preference of occupying the Ni2 position occurs. It
is worth noting that the concentration dependence of site
occupancies has the same trend as Tc with a turning point at
x=1.0. As previously reported,28 Tc is associated with the
crystalline electric field �CEF� effect on the terbium atoms,
which originates from the electric charge difference of the
statistical mixture of Ni and Cu on the same site. A larger
CEF on the Tb atoms is created due to shorter distances
between Tb and Ni1, and accompanying this reduced Tb-Ni
distance is an increased Tc. However, increased Cu substitu-

TABLE II. Interatomic distances in TbNi5−xCux at 295 K. Distances listed are less than 3.2 Å for Ni-Ni
and Ni-Tb and less than 5.0 Å for Tb-Tb.

TbNi5
d �Å�

TbNi4.5Cu0.5

d �Å�
TbNi4Cu

d �Å�
TbNi3.5Cu1.5

d �Å�
TbNi3Cu2

d �Å�

Ni1–6 Ni2 2.433 2.440 2.448 2.454 2.460

Ni1–3 Ni1 2.828 2.832 2.836 2.845 2.849

Ni1–3 Tb 2.828 2.832 2.836 2.845 2.849

Ni2–4 Ni1 2.433 2.440 2.448 2.454 2.460

Ni2–4 Ni2 2.449 2.452 2.456 2.464 2.468

Ni2–4 Tb 3.150 3.157 3.164 3.173 3.180

Tb–6 Ni1 2.828 2.832 2.836 2.845 2.849

Tb–12 Ni2 3.150 3.157 3.164 3.173 3.180

Tb–2 Tb 3.960 3.975 3.990 3.999 4.011

Tb–6 Tb 4.8998 4.905 4.913 4.927 4.935

FIG. 1. The magnetic moments at 4.2 K and the Curie tempera-
ture of TbNi5−xCux.

FIG. 2. The crystal structure of TbNi5 projected on the ab
plane.
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tions lead to longer Tb-Ni2 distances, which results in
smaller CEF on the Tb atoms and consequently Tc decreases.
The same results were obtained from powder and single
crystal neutron diffraction experiments.

The neutron powder diffractogram at 10 K of TbNi5 in
Fig. 3 shows satellites around the �h k l� reflections with l
�0, which indicates the formation of an incommensurate
helimagnetic ordering. The ±�000� reflection is almost com-
pletely overlapped with the primary beam �see the inset in
Fig. 3�. The diffraction patterns were fitted with an incom-
mensurate structure which was resolved into a helimagnetic
component perpendicular to a ferromagnetic one. The satel-
lite reflections were indexed by a propagation vector q
= (0,0 ,0.0195�3�) in excellent agreement with previous
experiments.14 The preliminary results indicate that the fer-
romagnetic component of the magnetic moment was
7.16�1��B /Tb atom in the ab plane and the helical part
4.5�1��B /Tb atom. These two components of the magnetic
moment are smaller than the moments obtained in Ref. 14.
The total magnetic moment 8.4�B /Tb atom was obtained
with the half-cone-angle �32°� to the �1 0 0� helical axis, and
the spins are rotated 7.0�1�° between successive magnetic
sheets projected on the ab plane. The Ni atoms do not carry
any significant moment. The ferromagnetic contribution of
the Tb moments roughly agrees with the magnetization mea-
surements. The magnetization measurements at 4.2 K under
the applied magnetic field 7 T give a somewhat higher value
�7.7�B /Tb atom� than that obtained from the neutron powder
diffraction measurements at 10 K without any external field.
If we estimate the total magnetic moment based on this num-
ber for the moment in the ab plane together with the helical
component of 4.5�B that was obtained from the neutron dif-
fractogram, a total moment of �8.9�B /Tb atom is found.
This moment is what one would expect in Russel-Saunders
coupling for a Tb atom in a 4f8 configuration but somewhat
smaller than in Ref. 14. An illustration of the magnetic spin
orientation of TbNi5 is shown in Fig. 4. All the Cu substi-

tuted TbNi1−xCux �x=0.5,1.0,1.5,2.0� samples are ferro-
magnetic, according to neutron powder diffraction patterns at
10 K. The magnetic scattering intensities were imposed on
the nuclear reflections. We did not find any helimagnetic or-
dering at 25 K in TbNi3.5Cu1.5 nor in TbNi3Cu2, which is in
contradiction to the earlier proposed helimagnetic ordering
existing in the temperature range between Th and TN.13 There
was no significant magnetic moments observed on the Ni/Cu
atoms. The magnetic moments were found to be located on
the Tb atoms with the magnetic spin in the ab plane. The
calculated and observed neutron powder diffraction profiles
at 10 K for TbNi5−xCux �x=0.5,1.5� are shown in Fig. 5. The
contributions of the magnetization arise from the Tb 4f elec-
trons that couple ferromagnetically. Ni is nearly nonmagnetic
due to the almost complete filling of the 3d shell by the 5d
electrons of Tb. At higher Cu concentrations, the average
atomic distances increase, therefore the magnetic interaction
between the Tb atoms becomes weaker. As seen in Table IV,
the magnetic moments on the Tb atoms decrease with in-
creasing Cu content, which is consistent with the result from
magnetization measurements in Fig. 1.

V. THEORETICAL RESULTS

A. Electronic structure

The calculated density of state �DOS� of the valence band
is shown in Fig. 6. The occupied part of the DOS is domi-
nated by Ni d states whereas the Tb d states form a back-
ground to the DOS without much structure. The main fea-
tures of the Tb d states are located above the Fermi level. It
can be seen in Fig. 6 that there is a small exchange splitting
of the valence band states, which is consistent with the small
induced moment caused by the 4f-5d exchange interaction,
that via hybridization is mediated also to the Ni states. The
energy band dispersion is depicted in Fig. 7 for a ferromag-
netic configuration. It may be seen that most energy bands

TABLE III. The refined Ni/Cu occupancies of TbNi5−xCux with agreement factors.

Compounds

TbNi4.5Cu0.5 TbNi4Cu

TbNi3.5Cu1.5

Powder
TbNi3Cu2

PowderPowder SCa Powder SCa

Occ. Cu1 �2c�b 0.22�2� 0.25�4� 0.40�2� 0.37�5� 0.53�2� 0.75�2�
Fraction occ. �%�c 11 12 20 19 27 38

Occ. Cu2 �3g�b 0.28�2� 0.25�4� 0.60�2� 0.61�5� 0.97�2� 1.25�2�
Fraction occ. �%�c 9 8 20 20 32 42

Rf�%� 2.48 4.37 2.91 4.88 3.07 3.11

Rp�%� 3.70 6.79d 3.90 6.95d 4.17 3.99

Rwp�%� 4.77 9.74e 4.86 8.56e 5.40 4.98

Rexp�%� 2.59 2.79 2.76 2.99

RBragg�%� 3.47 4.72 5.07 5.06

aSingle crystals measured at 295 K.
bThe number of Cu atoms occupied on Ni/Cu position.
cThe fraction of full occupancy �%�.
dR�F2��%�.
ewR�F2��%�.
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come in pairs that are separated with a small energy, which is
the result of a small exchange splitting induced by the mo-
ment of the localized 4f electrons. This actually has rel-
evance for the magnetic structure and we will return to this
discussion below.

B. Magnetism

Different spin spiral wave vectors q in the �0,0,1� direc-
tion of the hexagonal Brillouin zone have been investigated.
The calculated total energy as a function of the z component
of the helical ordering q vector is displayed in Fig. 8. The
ordering vectors q= �0,0 ,0� and q= �0,0 ,1 /2�2� /c corre-
spond to the ferromagnetic and the antiferromagnetic order,
respectively. The curve in Fig. 8 presents a minimum at q
= �0,0 ,0.06�2� /c, which means that a noncommensurate he-
lical magnetic structure is more stable than the ferromagnetic
and antiferromagntic configuration. Unfortunately, the agree-
ment with the experimental value, q=0.02, is not perfect.
The small energy difference �0.11 mRy/f.u. between the
ferromagnetic state and the calculated spin spiral at q=0.06
shows that the formation of the spin spiral in this compound
is the result of an extremely delicate equilibrium of compet-
ing phenomena.

The total moment of the 4f shell, according to Hund’s
rules, was determined by J=L+S,19 and amounts to a mo-

FIG. 3. Observed and calculated neutron diffraction patterns
TbNi5 at 40 K �a� and 10 K �b�. The insets show the low 2� range.
The difference line is shown at the bottom of each figure.

FIG. 4. The helimagnetic structure of TbNi5.

FIG. 5. Observed and calculated neutron diffraction patterns at
10 K for TbNi4.5Cu0.5 �a� and TbNi3.5Cu1.5 �b�. The difference line
is shown at the bottom of each figure.
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ment of 9�B. The calculated valence band moment can be
decomposed onto atomic sites and an interstitial contribu-
tion. The so calculated moments depend, to some extent, on
the choice of the muffin-tin radii. In the present calculation
we obtain a very small moment from the valence band states,
that can be decomposed to a positive contribution from the
interstitial region ��0.4�B / f.u.� and a negative contribution
from the Ni and Tb muffin tins ��0.4�B / f.u.�. Hence the
total magnetic moment is close to 9 in our theory. This
should be compared to the experimentally deduced values of
8.4�B / f.u. and 8.9�B / f.u., where obviously the latter value is
in better agreement with theory.

C. Fermi surface

To explain the origin of the observed magnetic spin spiral
structure we have calculated the Fermi surface of TbNi5, in
order to analyze possible nesting features of the valence band

electronic structure. In Fig. 9 we show the calculated non-
magnetic Fermi surface. In this figure one may observe two
almost parallel Fermi sheets which are connected by a q
vector. Already in earlier studies of magnetic structures of
rare earths23,29,30 serious evidences of the existence of a re-
lation between the q vector of the magnetic structure and the
Fermi surface nesting was observed. Normally, this is ex-
pected since the generalized susceptibility becomes large for
q values corresponding to the nesting vector. In the present
case this analysis cannot explain the observed magnetic
structure, since the nesting features shown in Fig. 9 are ex-
pected to result in a spin-spiral with a q value much larger
than the observed and calculated values.

As an alternative explanation, strong nesting between
spin-up and spin-down Fermi surfaces of a ferromagnetic
configuration has been discussed in the past as an indicator
of instabilities of the ferromagnetic state against the forma-
tion of a spin spiral31,32 and we will proceed with an analysis
based on these arguments. First we observe that the modifi-
cation of the energy band structure is rather small when com-
paring the nonmagnetic configuration and the ferromagnetic
configuration. As noted in Fig. 7 the band structure is essen-
tially intact with a small exchange splitting between the

TABLE IV. The final magnetic structure data at 10 K for TbNi5−xCux. Estimated standard deviations are
given in parentheses.

Compounds TbNi5 TbNi4.5Cu0.5 TbNi4Cu TbNi3.5Cu1.5 TbNi3Cu2

Mx ��B� 7.16�1� 6.88�6� 6.18�6� 5.88�6� 5.47�6�
Mz ��B� 4.51 �1� 0 0 0 0

k (0,0, 0.0195�3�) �0,0,0� �0,0,0� �0,0,0� �0,0,0�

a �Å� 4.8869�3� 4.8921�2� 4.9003�2� 4.9130�2� 4.9231�2�
c �Å� 3.9501�2� 3.9657�1� 3.9809�1� 3.9899�1� 4.0019�1�

Rp�%� 4.63 4.77 4.41 4.31 4.73

Rwp�%� 6.11 6.32 5.61 5.51 6.22

Rexp�%� 2.64 2.69 2.89 2.78 2.98

RBragg�%� 5.63 5.72 5.45 4.31 6.20

Rmagn�%� 12.2 5.68 5.63 7.81 6.06
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spin-up and spin-down bands, which induces a small shift
between the spin-up and spin-down sheets of the Fermi sur-
face. The result is a spin-up and a spin-down Fermi surface
�not shown� that are very similar to the one shown in Fig. 9,
but with a small shift in q space between them. The shift
between the spin-up and spin-down surfaces is expected to
result in very strong nesting features in the z axis of recip-
rocal space, since Fig. 9 shows large planar sections of the
Fermi surface with a normal that points in the z direction of
reciprocal space. This nesting might explain the magnetic
structure.

In order to explore this possibility we extrapolated the
k-point mesh to a uniform 100�100�200 mesh, and in this
way both the spin-up and spin-down sheets of the Fermi
surface were extracted. Each sheet was found to consist of
�50 000 points on the mesh. For each point on the spin-up
surface, all vectors along the z axis, q= �0,0 ,z� connecting to
the spin-down surface were identified. Thus, we defined a
nesting intensity as a function of the vector length 	q	=z that
can be obtained by summing over all points on the spin-up
surface. The result is shown in Fig. 10 where the number of
coinciding points are shown as a function of the size of the
displacement, 	q	=z. It can be seen in this figure that there is
a large peak at q=2� /c�0,0 ,0.03�, which shows that there
are strong nesting features corresponding to a q vector that is
quite close to the q vector of the magnetic structure.

VI. CONCLUSION

We have synthesized alloys of TbNi5−xCux �x
=0,0.5,1.0,1.5,2.0� that form in the CaCu5-type structure.
The magnetic structure has been characterized by neutron
diffraction experiments. For TbNi5 the magnetic structure is
incommensurate with a very small q value along the �001�
direction; it presents a helimagnetic component perpendicu-
lar to a ferromagnetic one. This structure disappears as a
function of alloying with Cu and a ferromagnetic phase oc-
curs instead. The measured total moment of TbNi5 is
8.4–8.9�B /Tb atom, which compares well with the calcu-
lated value of �9�B /Tb atom.

The magnetic helix is consistent with a minimum at q
=2� /c�0,0 ,0.06� in the calculated total energy. Considering
the very small energies involved for determining the stability
of different magnetic structures around q=0, one must con-
clude that theory reproduces experimental observations with
a rather decent accuracy. The observed magnetic structure
can be explained from the calculated electronic structure of
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FIG. 8. The calculated total energy as a function of the spin
spiral wave vector q= �0,0 ,q� in units of 2� /c is depicted �grey
dots, the line is just a guide to the eye�. In the inset we show an
enlarged figure around the low-q region.

FIG. 9. Calculated Fermi surface of the paramagnetic phase of
TbNi5.

FIG. 10. Calculated nesting intensity of TbNi5 �for details see,
text�. In the inset a blown up region around q�0 is shown.
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TbNi5, where we observe a pronounced nesting feature be-
tween spin-up and spin-down sheets of the Fermi surface for
q=0.03 along the �001� direction.

Hence one must conclude that theory and experiment
agree rather well concerning the magnetic properties of
TbNi5. Nevertheless, certain aspects of the observed mag-
netic structure have not been possible to address theoreti-
cally. For instance the fact that the main component of the
magnetization lies in the ab plane due to the magnetic aniso-
tropy has not been possible to verify theoretically, since this
requires the inclusion of spin-orbit splitting in combination

with a wave function that has the symmetry of a helix struc-
ture, something which at present is not possible to do.
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