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Abstract

High-temperature superconductors possess — besides their superconductivity — other fascinating features such as a rich magnetic phase
diagram. While it is normally believed that superconductivity and rare-earth magnetism is decoupled in these systems a closer
investigation clearly proves that both effects in a very similar manner depend on the doping of charge carriers. An inhomogeneous charge
distribution results in inhomogeneous superconductivity and a loss of long-range magnetic order. Magnetic borocarbides are ideal model
systems for an investigation into the interaction of superconductivity and (collective) magnetism due to their similar values for the critical
temperature of superconductivity and the magnetic ordering temperature. Both lie typically below 15 K and are hence in a comfortable
temperature regime for measurements. We will present for both classes of the above substances an analysis based on a wide variety of
different measurements (susceptibility, specific heat, neutron diffraction and spectroscopy). This analysis provides an almost universal,

phenomenological picture of their magnetic properties. [0 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

High-temperature superconductors of type RBa,Cu,O,
(R:Y and most rare earths; 6=<<x<7; in the following called
R123x) are probably the most intensely investigated sys-
tems. Of course thisis mainly due to the fact that they are
superconducting at high temperatures. But in the process
of investigation, a full wealth of fascinating features in a
very restricted range of (hole) doping — by varying the
oxygen content — was discovered. This includes a metal—
insulator transition, a pseudo-gap, possible charge order-
ing, electronic phase separation, long-range magnetic order
of Cu and magnetic order of rare earth ions. The rare earth
magnetic order (T, typically around 1 K) turned out to be
very much dependant on doping, but not via the direct
influence of the variation of the oxygen content, but via the
hole carriers induced by the introduction of oxygen [1].
The resulting complicated magnetic behavior will be
described as a competition of different interactions.

RB,Ni,C (R:Y and most rare earths; in the following
caled RBNC) are borocarbide superconductors with criti-
cal temperatures T, between 0 and 25 K and magnetic
ordering temperatures T,,, between 0 and 15 K, depending
on the rare earth ion [2]. These are intermetallic systems
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with dominating magnetic interactions of the RKKY-type
and amost classical BCS-superconductivity. Long-range
magnetic ordering (with coherent magnetic excitations) is
compatible with superconductivity, while magnetic phase
transitions and hence incoherent magnetic fluctuations
seem to be detrimental for superconductivity.

In the first part of this paper, we will concentrate on the
possible magnetic interactions in rare earth containing
compounds. As it turns out not all of the possible
interactions are really of importance for the compounds in
question. But as we will demonstrate further on, only the
competition of some of the remaining interactions lead to
the observed magnetic behavior in the high-temperature
superconductors, while for the borocarbides one interaction
is clearly dominant. The interest in borocarbides is mainly
focused on the interaction of superconductivity and long-
range magnetic order since both effects are of similar size.
Unfortunately, experimental data suited for the elaboration
of a theory of this coexistence are still sparse.

2. Different magnetic interactions

Since the 4f electrons in rare earth ions (responsible for
the magnetism) lie well within the outer 5s, 5d and 6s
shells their spatial extent is very limited and a direct
overlap with the 4f shell of neighboring rare earth ions is
only realized in systems with very closed packed rare earth
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ions. In the compound families discussed in this paper, the
distance between the two rare earth ions is relatively large
(for R123x and for RBNC), hence this direct exchange can
be neglected in the further study. All measurements point
to very localized moments in both of these compound
families (with a few exceptions: Pr123x and YbBNC)
which excludes itinerant magnetism from the list. In the
following we will discuss the remaining magnetic interac-
tions which may play an important role in the magnetic
properties of R123x and RBNC.

2.1. Hyperfine interaction

The hyperfine interaction couples the electronic magnet-
ism of the 4f electrons to that of the nuclear moment.
Almost all of the ions in R123x and RBNC possess a
non-vanishing nuclear moment and hyperfine interaction is
always present. The strength of the interaction is normally
very weak and only important at temperatures well below
1 K. For R123x and RBNC no sizeable hyperfine effects
were observed except for Ho123x (T,,=39 mK) [3].

2.2. Diploar interaction

Magnetic moments are interacting with each other via
their dipolar magnetic field. The interaction is long range
in nature as can be seen from its Hamiltonian:

Hdip=Z|: 3 F-3 5l :| (1)
i ri ri

; denotes the magnetic moment at site i and rj; the
direction vector from site i to site j. If one assumes the
moments to be parallel or antiparallel (Ising spins) to each
other and the size of the moment not to be site dependent

the Hamiltonian [Eq. (2)] simplifies to:

Fap =2 [i’r‘—a(l—scosa”)], ()

i#] ij

where 6, is the angle between r and the (fixed) moment
di rectlon The unit of d|polar energy (for Iengths inA and
moments in gy, ) IS ,uB/A =5.368-10 > meV = 0.623
K. Hence, the dipolar_coupling strength for a typical rare
earth distance of 3.8 A and a moment of 7 ug,,, perpen-
dicular to the distance vector (asin Dy1237) is 0.56 K, and
Ty would then be about 0.64 K. Obviously, a large
magnetic moment is needed to obtain ordering tempera
tures of the order of 1 K, since the coupling strength is
proportional to the square of the moment.

2.3 Superexchange

In contrast to the dipolar interaction the superexchange
interaction is of very short range (essentially next neigh-

bors). Therefore, the hamiltonian can be written as a
Heisenberg spin Hamiltonian:

H=-22 3(§9) (3)

where the summation runs over al rare earth pairs (i, j) and
§ denote the spin operators, J; is a tensor which magneti-
caly couples the pair (i,j). In the majority of cases for an
explanation of the experimental data, only the diagonal
terms J*, J*¥ and J* are taken into account. If these three
values are identical a pure Heisenberg model is realized.
For |J*#|>0 and J*=J"=0 we are left with a Ising
model and for J*=0 and |J|=|3"| >0 with a XY-
model, respectively. Positive signs denote ferromagnetic
and negative signs antiferromagnetic coupling. The inter-
action is mediated via the polarization of ligand electrons
by the 4f-electrons of the rare earth ion. These polarized
ligand electrons in return polarize the 4f-electrons of the
next rare earth ion. These bridging ligand ions are as such
non-magnetic. Superexchange is observed in semiconduct-
ing materials and results in ordering temperatures of the
order of 1 K (in rare earth compounds). Hence, for systems
with a large magnetic moment a competition between
dipolar and superexchange interaction may be observed.

2.4. Indirect exchange (RKKY interaction)

The RKKY interaction (after Ruderman, Kittel, Kasuya
and Yosida) is mediated via a polarization of the charge
carriers by the 4f-electrons of the rare earth ions, and
hence very similar as the superexchange interaction. But
for the RKKY interaction — in contrast to superexchange —
obviously some charge carriers have to be present. This
interaction is therefore dominant in rare earth metals and
intermetallics and leads to ordering temperatures of up to
room temperature. As for superexchange, the RKKY
Hamiltonian can be written in the Heisenberg spin
Hamiltonian form of Eq. (3). But instead of a fixed vaue
for the coupling of a pair, J;, the coupling is distance
dependent and can (according to Jensen and Mackintosh
[4]) be written in its simplest form as

sin(2k:R) — 2k:R cos(2k:R)

JR) = 1270|j | *N(ER) 2R . (4)

where v is the number of conduction electrons per ion, |j,|
is the fixed effective exchange integral, N(E;) is the excess
number of spin-up electrons due to the splitting of the
spin-up and spin-down band and k. the Fermi wave vector.
The strength of the coupling is oscillating and for large
distances goes as R™°. Hence, the RKKY interaction is
long-range in nature and the sum over all pairs in Eq. (3)
has to be taken. An exarrl1ple for this oscillating behavior is
shown for ke=0.55 A " in Fig. 1.

For both, superexchange and RKKY interaction, the
Hamiltonian in EQ. (3) neglects — since it is a pure spin
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Fig. 1. Behavior of the RKKY coupling as a function of distance.

hamiltonian — the influence of the actua total angular
momentum J and the magnetic behavior would be identical
for all rare earths independent of their difference in J. In
order to compensate for that, one has to multiply the right
side of the equation by the de Gennes factor (g, — 1)*-
JJ +1).

3. Magnetic interactions in high-temperature
superconductors

3.1. Fully oxidized R1237

The magnetic properties of high temperature supercon-
ductors of the type R123x have been studied extensively in
the past [5,6]. We will concentrate here on the systems
with ordering temperatures above 0.5 K and which contain
Kramersions (i.e. Nd [T, =0.53 K], Sm [T, =0.61 K], Dy
[Ty=0.91 K] and Er [T,=0.60 K]). The onset of long-
range magnetic ordering can clearly be seen in the sharp
anomaly in the specific heat (Fig. 2). It was shown in the
past that the antiferromagnetic ordering temperatures fol-
low roughly the de Gennes scaling [7] and that the
anomalies can very well be modeled by a anisotropic
two-dimensional (2D) spin-1/2 Ising model [8]. A good de
Gennes scaling indicates exchange interaction (be it
superexchange or RKKY); dipolar interaction would result
in ordering temperatures proportional to the square of the
ordered magnetic moment. Nevertheless, as mentioned
above, dipolar interaction cannot be ruled out for ordering
temperatures below 1 K. Since these compounds are
layered systems, a good agreement with a 2D-model can
be expected (here the agreement is actually excellent).
What is more surprising is the fact that a Ising model is
sufficient to explain these anomalies. The single-ion aniso-
tropy of Dy in Dy123 — deduced form crystalline electric
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Fig. 2. Magnetic specific heat of NdBa,Cu,0, [7], SmBa,Cu,0,,
DyBa,Cu,0, and ErBa,Cu,O, [8].

field (CEF) measurements — makes it amost a Ising
system [9], but Nd [10] is ailmost isotropic and Sm [11]
and Er [12] planar. (For CEF effects in these compounds
see also Ref. [13].) The other surprising thing is the large
in-plane anisotropy of the coupling constants into the two
plane directions (J,/J,=50, 11, 4 and 5 for Nd, Sm, Dy
and Er, respectively). All of these four rare earth ions in
R123 exhibit a well isolated CEF doublet ground state,
hence the application of an effective spin-1/2 model can
be justified. The low ordering temperatures and the fact
that the dipolar model and the 2D-Ising model belong to
the same universality class makes a further investigation of
the dipolar interaction in these compounds necessary. We
follow here the Monte-Carlo approach exemplified by
Maclsaac et al. [14] who calculated the dipolar interaction
and subsequently the exchange interaction of a planar
patch of magnetic moments. For the value and the direc-
tion of the moment we took for our calculations the values
obtained from neutron diffraction (together with neutron
structural data) and the experimental ordering temperatures
from the specific heat measurements (Table 1). The
calculated ordering temperature for Nd123 and Sm123 is —
due to the small moments — two orders of magnitude
smaller than observed and the dipolar interaction is of no
importance for these two compounds. Thisisin contrast to
the calculated ordering temperatures for Er123 and Dy123
which are equal or almost equal to the experimental values.
In a second step the ordering temperature as well as the
shape of the specific heat anomaly was modeled with a
combination of a dipolar and an exchange (nearest-neigh-
bor) coupling. The raw values (J..) and the values
corrected with the de Gennes factor (J.,,,) are given in
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Table 1

Measured in-plane lattice constants and size and direction of the magnetic moments as well as the ordering temperatures used for the calculations (the

values differ hardly from author to author)®

Rare earth a(A) b (A) |l (115 u-direction TR (K) TR (K) Joge (&) Joorr (&)
Nd123 3.86 3.91 1.14 c 0.52 <0.02 —-59/—-35 —323.0/—-19.2
Sm123 3.84 3.90 0.34 a 0.61 <0.02 —-60/—-5.4 —-83.0/-75
Dy12 3.82 3.89 6.8 [ 0.91 0.64 —8/—-8.0 —28/—-28
Erl123 3.81 3.88 49 b 0.60 0.61 —-12/-12.0 —18.0/—-18.0

“The calculated values for the ordering temperature (with dipolar interactions only) as well as the magnetic exchange constants (dipolar -+ exchange

interaction caculations) are given. J

corr

Table 1. The choice of antiferromagnetic exchange con-
stants is the result of observations of the magnetic ordering
in systems with small influences from the dipolar inter-
action and the consideration of consistency (same sign for
the exchange interaction for al the rare earths): For Nd
where the dipolar interaction is weak (hence the magnetic
ordering is controlled by the exchange interaction) anti-
ferromagnetic ordering within the plane has been observed
by neutron diffraction [15]. Obviously, the magnetic
exchange coupling is largest for the lighter but bigger rare
earth ions Nd and Sm. This trend is more pronounced by
going to the even larger Pr in Pr123 where the magnetic
ordering temperature due to exchange is ailmost 20 K [16].
This increased hybridization also leads eventualy, for
Pr123, to a suppression of superconductivity.

3.2, Oxygen dependence

Oxygen reduction in R123x leads to a decrease in T,
which is dependent on the rare earth [17]. For light rare
earth ions the decrease is rather rapid, while for the heavier
ones the superconducting regime spans down to very low
oxygen contents. This larger range of superconductivity is
mainly due to the occurrence of the plateau structure of
T.(X) observed for the heavier rare earths. At a certain
oxygen content (about 6.6 for Nd and 6.35 for Er) a
transition from metalic to semiconducting behavior is
observed. The reduction of the oxygen content causes a
reduction of the mobile charge carriers (holes) in the
CuO,-planes which is well documented by transport
measurements. Such a variation of the carrier density is not
expected to affect the dipolar interaction directly, but it
may be influenced via a oxygen dependence of the lattice
constants or the CEF. The former effect modifies the
dipolar energy proportional to r ~°, while the latter may
alter the size of the moment. (With neutron diffraction and
CEF spectroscopy it was shown that the moment in oxygen
reduced samples are dlightly smaller than in fully oxidized
samples). These modifications in the dipolar interaction
can be calculated directly and hence will not yield un-
expected results. RKKY interaction — the indirect ex-
change via the conduction electrons — will vitally depend
on the density of charge carriers. Since the fully oxidized
samples show a metallic and the reduced a semiconducting
behavior the RKKY interaction is expected to weaken

lists the exchange constants corrected with the modified de Gennes factor (see text).

drastically by going from oxygen content x=7 (metallic
fully oxidized RKKY strong) to x=6 (semiconducting
reduced RKKY weak). A semiconducting or insulating
matrix isideal for the superexchange interaction, therefore,
superexchange is expected to be dominant in the reduced
samples. The expectation for intermediate oxygen (inter-
mediate hole carrier) concentration is a superexchange
influenced by a sea of free carriers and hence a competi-
tion between superexchange and RKKY interaction as
described by Gongalves da Silva and Falicov [18]. Carrier
density variations in the sample will then obviously have a
strong influence on the magnetic ordering if both exchange
interactions start to be similar in size.

Indeed, a very strong oxygen dependence of the mag-
netic ordering was found for these compounds (Fig. 3). All
order in a long range manner at high oxygen contents (as
seen before) and almost long range at very low oxygen
contents (this was also confirmed by neutron diffraction
[5]). But in the intermediate oxygen regime (on the metal
side of the metal—insulator transition) the magnetic order-
ing turns out to be short range (broad anomalies in the
specific heat). With the aim to obtain a consistent behavior
for the oxygen dependence of the exchange parameters for
the four compounds we used our model (dipolar and
nearest neighbor exchange interaction) to reproduce the
specific heat anomalies in the metalic (superconducting)
regime. The details of the analysis can be found in Ref.
[6]. The resulting calculated specific heat anomalies are
shown in Fig. 4 together with the coupling constants. The
anomalies in the calculation are — due to the limited cluster
size used — broader than the observed ones, but quali-
tatively they are in good agreement with the measurements
shown in Fig. 3. A ferromagnetic coupling (positive sign)
in one direction of the plane is necessary but not sufficient
to explain the experimenta data. A random (dynamic)
distribution of the two couplings J;, and J, into the two
different planar directions is also needed. Complicated
effects on the magnetic ordering including ferromagnetic
coupling are predicted by varying the charge carrier
density in the range where superexchange and RKKY
interaction are comparable [18]. But these would always
result in long-range magnetic order. The random dis
tribution has most likely its origin in the strong charge
carrier disorder observed in neutron spectroscopy for the
intermediate oxygen content [19]. This disorder may affect
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Fig. 3. Oxygen dependence of the magnetic ordering of NdBa,Cu,O,,
superconducting and the filled symbols non-superconducting samples.

both superexchange as well as RKKY interaction, but up to
now neither experimental data nor theory are available for
a microscopic explanation of the effect of disorder on the
magnetic coupling. As afinal remark we would like to note
here that the very same charge carriers which are respon-
sible for this odd behavior of the magnetic order promote
also superconductivity.

4. Magnetic interactions in boroncarbide
superconductors

Although the chemical structure of the borocarbides
consists of (R,C)-layers aternating with (Ni,B,)-layers,
their electronic structure is clearly three-dimensiona [20—
22]. Only a small anisotropy has been found in YNi,B,C.
The temperatures of magnetic ordering in the borocarbides
lie between 1.5 and 15 K, which is too high for the dipole
interaction to play a significant role. Furthermore, the
accurate scaling of T, with the de Gennes factor is
evidence for the RKKY and against the dipole interaction.
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SmBa,Cu,0,, DyBa,Cu,O, and ErBa,Cu,O, [6]. The open symbols denote

This is in contrast to the magnetic superconductors
RRh,B, (R=Nd, Sm, Er and Tm) and RMo,S; (R=Nd,
Gd, Tb, Dy, Ho and Er) as well as RMosSe; (R=Gd, Tb,
Ho and Er) that have been discovered in the late 1970s.
There, the temperatures of magnetic ordering are about one
order of magnitude smaller than in the borocarbides
(typicaly 1 K). For the coexistence of superconductivity
with magnetic order, the dipole interaction is an advantage
since the conduction electrons are only involved in the
formation of the superconducting state and do not play an
active role for the magnetic exchange. Thisis an advantage
for the coexistence of the two phenomena because the
electrons that are bound in Cooper pairs in the supercon-
ducting state cannot be polarized and therefore do not
contribute to exchange interactions. On the other hand this
implies that the coexistence of magnetic order with super-
conductivity is even more surprising in the borocarbides:
The conduction electrons play a key role for both super-
conductivity and magnetic order. From Eq. (4) it becomes
clear that the RKKY interaction will lead to magnetic
orders with a large wavelength. As it does not have a direct
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connection with the chemica structure but rather depends
on the details of the electronic structure, incommensurate
magnetic structures are typical for the RKKY interaction.
This is what has been found in some of the RNi,B,C
compounds (R=Gd, Er and Tm; see Fig. 5). Nevertheless,
the majority of the borocarbide compounds shows mag-
netic structures that are commensurate with the chemical
lattice [23]. This emphasizes the importance of the second
major ingredient for the understanding of their magnetism:
the single ion anisotropy. For the rare earth ions the
directions of the hard and easy axes are determined by the
crystaline electric field [24,25]. In contrast to the RKKY
interaction, the existence of easy directions favors a
paralel, commensurate alignment of the magnetic mo-
ments (R=Pr, Nd, Dy and Ho). The big variety of
magnetic structures (Fig. 5) in the borocarbides is the
product of the competition of the long-range RKKY
interaction with the single-ion anisotropy due to the CEF.
In some RNi,B,C compounds the equilibrium between
RKKY exchange and single ion anisotropy is very delicate.

Ce " Pr #

Nd *

4.1. HoNi B,C

A magnetic phase transition occurs just below T ~8 K.
Between 8 and 5 K Bragg peaks belonging to an anti-
ferromagnetic and an incommensurate helica structure are
observed at the same time. The relative intensities of the
Bragg peaks of the commensurate and the incommensurate
structure vary from sample to sample, and the two
magnetic orders are therefore believed to belong to differ-
ent regions of the samples [23]. This stresses the delicate
dependence of the realized magnetic order on the details of
sample composition and quality. A second magnetic phase
transition occurs at Ty~5 K, where the helix phase
disappears and only the commensurate antiferromagnetic
order survives at lower temperatures. Measurements of the
temperature dependence of the upper critical field H_, of
superconductivity and the magnetic susceptibility show
that this phase transition is linked with a strong suppres-
sion of superconductivity. In some samples even reentr-
ance of superconductivity has been observed. Another

Gd * Tb*

mixed Ty=4.0K Tn=4.8K Tm=19K Tm=15K
valence k =(0,0,1) k= (0,1/2,1/2) k = (0.55,0,0) k = (0.555,0,0)
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Fig. 5. A overview of the magnetic ordering in RNi,B,C. (*, mixed valent; #, non-superconducting; T, heavy fermion, non-superconducting; the rest are

superconducting systems.)
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Fig. 6. Neutron diffraction pattern of ErNi, ,Co,,B,C, ErNi,B,C and ErNi, ,Cu, ,B,C in the magnetically ordered state. The position of the magnetic
Bragg peaks are given by the 2nd row of vertical ticks.
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sample dependent property of HoNi,B,C is the occurrence
of athird magnetic order: an a-axis incommensurate phase
that exists in a limited temperature range above T, has
been observed in some samples [26]. The ordering vector
is similar to the one in ErNi,B,C, but the intensity of the
corresponding Bragg peaks is always much smaller than
those of the other two phases.

4.2 ErNiB,C

In ErNi,B,C one magnetic phase transition at T,,~6 K
has been observed, and the magnetic order co-exists with
superconductivity (T,=11 K) down to the lowest tempera-
tures that were accessible in the experiment (1.5 K). The
magnetic moments order in a transversally polarized spin
density wave, which is described by the incommensurate
ordering vector k=(0.55, 0, 0) (r.l.u.) [or equivalently by
k=(0, 0.55, 0) since the lattice is tetragonal]. The mo-
ments are aligned parallel to an easy axis and perpen-
dicular to k. At temperatures as low as 1.5 K the
observation of reflections belonging to the higher harmonic
3-k shows that the spin density wave is squaring up (Fig.
5). This kind of deviation from the purely sinusoidal order
is expected, since a purely sinusoidal spin density wave
leaves many spins in a partially unordered state, which
cannot be the ground state of the spin system [27].
RNi,B,C with R=Gd, Tb, Ho and Er show incommensu-
rate magnetic orders that are described by k-vectors with k,
or k, near 0.55 (r.l.u). This correspondence is due to a
maximum in the static susceptibility y(q) at q~0.55 (r.l.u.)
which is a common feature of the RNi,B,C compounds.
This has been found by calculations of the band structure
and the generalized susceptibility [28]. These theoretical
considerations show that the maximum in x(q) at q=0.55
(r.l.u) arises from strong Fermi surface nesting. A way to
test predictions from calculations of the electronic structure
is to vary the Fermi level, E.. In RNi,B,C this can be
done in an effective way by doping with Cu and/or Co at
the Ni-site since the Ni-3d states make the biggest contri-
bution to the bands near E.. Indeed neutron diffraction
experiments have shown that the magnetic order in
ErNi,B,C is changing drastically if 10% of Ni is replaced
by Co (Fig. 6). This is clear evidence for the strong
dependence of the RKKY interaction from the details of
the electronic structure, and it confirms the role of Fermi
surface nesting in some RNi,B,C compounds. In Eq. (4)
the dependence of the RKKY interaction on electronic
structure is not apparent since in the case of free electrons
only the density of states at the Fermi level [N(E;)] enters
the expression for J(R).

5. Conclusions

We have presented above a phenomenological approach
to the magnetic heat capacity data available for some of

the R123 compounds. The model includes dipolar and
exchange interactions. At high oxygen contents all samples
which order magnetically do this in a long-range fashion.
Oxygen reduction leads in all these compounds to an
increase of the anisotropy of the in-plane magnetic cou-
pling due to the competition between the superexchange
and the RKKY interaction and — for a restricted oxygen
regime — to strong disorder in the electronic and magnetic
sublattice. Finally, at low oxygen contents long-range
magnetic ordering is recovered due to the reappearance of
structural and electronic order in the totaly reduced
samples. Still unclear is the fact that at high oxygen
contents the ordering temperature is very low (for RKKY)
and the pressure dependence of the magnetic ordering
temperature very strong [29]; more like superexchange
than RKKY interaction. This might originate from an
almost complete condensation of the holes into Cooper
pairs and a resulting inhibition of the polarization of the
charge carriers.

The borocarbides are another example for the coexist-
ence of bulk superconductivity with long range magnetic
order. But in contrast to the R123 compounds the critical
temperatures of magnetic ordering are not reduced com-
pared to non-superconducting RNi,B,C compounds (R=
Pr, Nd, Gd and Thb). In this case the simultaneous Cooper
pairing and the polarization of the conduction electrons by
the rare earth ions cannot be explained by the classical
BCS-theory. The richness of magnetic structures is due to
the competition of CEF with the RKKY interaction.
Furthermore, in HoNi,B,C and ErNi,B,C the complicated
dependence of the RKKY interaction on the details of the
electronic structure becomes apparent.
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