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Abstract. The effect of hybridization of conduction electrons and f-level on superconductivity (SC)
and antiferromagnetism (AFM) in the coexistent phase of rare-earth nickel borocarbide superconductors (RNi2 B2 C) is reported. The Hamiltonian of the system is a mean field one and has been solved
by writing equations of motion for the single-particle Green functions. It is assumed that superconductivity arises due to BCS pairing mechanism in the presence of antiferromagnetism in nickel
lattices of Ni2 B2 plane. The expressions for superconducting and antiferromagnetic order parameters
are derived using double time electron Green functions. The quasiparticle energy bands are plotted
and the nature of band dispersion of the quasiparticles is studied.
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1. Introduction
Since the discovery of high-temperature rare earth nickel borocarbides, there has been a
great deal of experimental and theoretical work to explore and elucidate the phenomenon
of superconductivity in these compounds. The wealth of experimental data obtained over
the past decades has provided a comprehensive catalog of properties of this new class of
superconductors. In spite of considerable progress, a complete understanding of hightemperature superconductivity in these compounds still remains elusive. It is necessary
to develop a theory of rare earth nickel borocarbide superconductors that can account
for most of the experimental observations. Quaternary borocarbides family of materials,
particularly the RNi2 B2 C series, exhibit a wide range of properties and provide examples of superconductivity, magnetism with a variety of magnetic structure, coexistence
of superconductivity and magnetism, valency fluctuation, heavy fermion behaviour etc.
One of the remarkable properties of quaternary borocarbide material is that the materials,
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RNi2 B2 C (R = Tm, Er, Ho, Dy) show the coexistence of superconductivity and magnetism [1–3] with high magnetic ordering temperatures. It is indeed remarkable that
RNi2 B2 C have all the three combinations, i.e. TC > TN , TC ≈ TN , TN > TC . It has already
been observed experimentally that TC (11 K) > TN (1.5 K) in TmNi2 B2 C [4], TC (11 K) >
TN (6 K) in ErNi2 B2 C [5], TC (8 K) ≈ TN (8 K) in HoNi2 B2 C [4] and TN (11 K) > TC (6 K)
in DyNi2 B2 C [6,7]. The coexistence properties of these compounds motivate us to carry
out a systematic theoretical investigation. Before embarking on a theory for explaining the
observed anomalies in superconductivity of the RNi2 B2 C systems, it is necessary to look
at the electronic structure of these materials. These compounds have a layered structure,
with rare-earth carbon (R–C) sheets separating the Ni2 B2 slab stacked along the crystallographic c-axis. In spite of layered structure, the measured conductivity is isotropic as
confirmed from the calculated band structure [8,9]. This shows similar dispersion along
the x, y(a) and z(c) directions. The band structure of the borocarbide RNi2 B2 C is rather
complicated with four bands crossing the Fermi level, and one of these bands is a flat one,
indicating the possibility of the system being a strongly correlated one. This flat band
also hybridizes with the conduction band formed out of the other three bands. Because of
hybridization, the sublattice AFM will partly acquire the character of the localized states
of the d-band. There is a peak in the density of states at the Fermi level, to which the dband of nickel as well as bands of carbon, boron and rare-earth atom contribute (shown in
figure 12 of ref. [1]). The flat f-band of the rare earth lies much below the Fermi level and
hence is expected to weakly influence the electronic properties of the system. The density
of states at the Fermi level N (F ) = 2.4 states/eV as determined from the band structure
calculations, is comparable to that of A15 compounds. The electronic structure calculations also indicate strong electron–phonon interaction. The calculated coupling constant
λ ≈ 2.5 which is also corroborated by the observed softening of phonon frequencies [10].
The presence of light atoms like boron and carbon is expected to result in higher values of
phonon frequencies. Thus the large electron–phonon coupling, the high phonon frequencies and large density of states at the Fermi surface, all point towards the phonon-mediated
BCS mechanism for superconductivity. When the material is doped, the charge carriers
enter the Ni2 B2 plane and destroys the long-range AFM order. Depending on the concentration of doping and temperature range, a complex disorder phase is formed in the Ni2 B2
plane. This disorder phase can be represented by the on-site f-level energy of the nonmagnetic impurity rare-earth ion and hybridization (between f-level and conduction electron).
For sufficiently low doping, a long-range AFM order exists. For large doping concentration, a long-range AFM order yields a short-range AFM order and provides a disorder
AFM ground state in two dimensions. The AFM order is mostly influenced by the degree
of hybridization interaction (V ). Here we present a model Hamiltonian for the itinerant
system. Such a model Hamiltonian is earlier proposed by Fulde [11]. Later Panda et al
studied the effect of external magnetic field on antiferromagnetism in normal state [12]. In
the present communication, we incorporate the phonon-mediated BCS-type Cooper pairing
and study the effect of hybridization on superconducting and antiferromagnetic transition
temperatures (TC and TN ), SC and AFM gap (z and h) and quasiparticles in the coexistent
phase of SC and AFM. The rest of this work is organized as follows. The formalism of the
model Hamiltonian is discussed in §2. The expression of quasiparticle energy bands and
order parameters are calculated in §3. The result of the model calculation is discussed in
§4. Finally, the conclusion is given in §5.
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2. Model Hamiltonian
In the present model, the AFM arises due to the staggered sublattice magnetization from the
conduction electrons which is responsible for SC. In addition the localized f -electrons and
the itinerant conduction electrons hybridize near the Fermi level. The antiferromagnetic
exchange usually leads to the Néel ground state which is characterized by a long antiferromagnetic (AFM) order due to the spin alignment on nickel lattice sites. So, the nickel
lattice is divided into two sublattices 1 and 2. The total Hamiltonian to be used is of the
form




†
†
†
bk,σ + h.c. + (h/2)k,σ Z σ ak,σ
ak,σ − bk,σ
bk,σ
H = k,σ 0 (k) ak,σ


†
†
+ V k,σ ak,σ
f 1,k,σ + bk,σ
f 2,k,σ + h.c.
− k


 

† †
† †
ak↑
a−k↓ + a−k↓ ak↑ + bk↑
b−k↓ + b−k↓ bk↑ .

(1)

The first term represents the Hamiltonian involving hopping of electrons between two
†
†
(ak,σ ) and bk,σ
(bk,σ ) are creation(annihilation) operators
adjacent nickel sites. Here, ak,σ
of electrons at sites 1 and 2 of nickel respectively with momentum k and spin σ . The
magnetism due to nickel lattice can be represented by Heisenberg exchange interaction.
However, we introduce a staggered magnetic field of strength h which simulates strong
AFM correlation of nickel electrons which is represented in the 2nd term of eq. (1). The
third term represents the Hamiltonian due to hybridization between the conduction electrons of the nickel atom and the f -electron of the rare-earth atom where V is the strength
of hybridization. It should be noted that only on-site hybridization is included, i.e. the
localized electron belonging to the sublattice 1 hybridizes with the conduction electron
of that sublattice alone and so on. The last term of the total Hamiltonian describes the
attractive interaction of the charge carriers in the Ni2 B2 planes leading to Cooper pair formation. Here, BCS type of phonon-mediated Cooper pairing of conduction electrons of
two different nickel sites is taken into account. It is assumed that s-wave like BCS pairing interaction mediated by some boson exchange exists only within the same orbitals
of a sublattice and the same strength of interaction is taken for the orbitals. The inter
sublattice pairing may be significant, but it is not taken into consideration for simplicity of numerical calculations. Here,  is the superconducting order parameter given by
† †
† †
a−k↓  + bk↑
b−k↓ ), where Ṽk is the effective attractive interaction
 = −k Ṽk (ak↑
between the pairing electrons. The attractive interaction Ṽk = −V0 (for s-wave superconductivity) for −ωD ≤ k ≤ ωD , Ṽ = 0, otherwise. Here, ωD represents Debye
frequency.

3. Expression for quasiparticle energy bands and order parameters
We calculate one-electron Green function using the Hamiltonian H given in eq. (1) for
the coexistent state of borocarbide system. The double time electron Green function of the
Zubarev type [13] is calculated by the equations of motion method. The coupled equations
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of the Green functions Ai (k, ω), Bi (k, ω), C1 (k, ω) and D1 (k, ω) (i = 1, 2) involved in
the calculation are defined as


M1
M2
1
†
+
;
A1 = ak↑ ; ak↑ ω =
4π |P1 | |P2 |
†
B1 = bk↑ ; bk↑
ω =

A2 =

†
†
a−k↓
; ak↑
ω

C1 =



1
=
4π

†
†
B2 = b−k↓
; bk↑
ω =

†
ak↓ ; ak↓
ω

1
4π

1
4π

1
=
4π

†
D1 = bk↓ ; bk↓
ω =

1
4π


N1
N2
+
,
|P2 | |P1 |




M1
M2
;
−
|P1 | |P2 |




N1
N2
−
,
|P2 | |P1 |




N1
N2
+
;
|P1 | |P2 |




M1
M2
+
,
|P2 | |P1 |

(2)

(3)

(4)

where
M1,2 = ω(ω(ω + h/2 ∓ ) − V 2 );
2
|P1,2|= [ω4 −ω2 E 1,2
(k, ω)+V 4 ];

N1,2 = ω(ω(ω − h/2 ± ) − V 2 ), (5)
2
E 1,2
(k) = 02 (k)+(h/2±)2 +2V 2 . (6)

For convenience of writing we drop the k and ω dependence of Green functions. The
poles of the Green functions give eight quasiparticle energy bands ±ω(i = 1–4), which
are


2
1/2
2
4
4
4
±ω1,2 = [E 1k ± E 1k − 4V ] ;
±ω3,4 = [E 2k ± E 2k
− 4V 4 ]1/2 .
Each band is a function of the staggered magnetic field (h), superconducting gap parameter () and strength of hybridization (V ). The double time electron Green function is
used for calculation by using the equation of motion method. We have used here a phononmediated BCS-type of Cooper pairing between conduction electrons. The SC energy gap
parameters k are calculated from Green functions A2 (k, ω) and B2 (k, ω). We have a limitation on the k-sum owing to the restriction that the attractive interaction is only effective
with energy | 1 − 2| < ωD . Here, attractive interactions between two carriers are 1 and 2
to form the Cooper pair and ωD is the Debye frequency. Further, we adopt the following
simplified form for the interaction potential V̄k in the ordinary isotropic weak coupling
limit. Here V̄k = −V0 , if | 1 − 2 | < ωD , V̄k = 0, otherwise. In this approximation,
we assume that the gap parameter is independent of k. The final expression for the
superconducting energy gap is
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(T ) = V0 N (0)

ωD
−ωD

d(0 (k))×[G 1 (k, T ) + G 2 (k, T )],

(7)

where
( − h/2)

4
2 E 1k
− 4V 4




1
1
× ω1 (k) tanh βω1 − ω2 (k) tanh βω2 ,
2
2

G 1 (k, T ) =

( + h/2)

4
2 E 2k
− 4V 4




1
1
× ω3 (k) tanh βω3 − ω4 (k) tanh βω4 .
2
2

G 2 (k, T ) =

(8)

†
†
The AFM order parameter h = − 12 gμB k,σ [ak,σ
ak,σ  − bk,σ
bk,σ ] is calculated from
the Green functions A1 (k, ω), B1 (k, ω), C1 (k, ω), D1 (k, ω) where g and μB are the Landeg factor and Bohr’s magneton respectively. The final expression for the staggered magnetic
field is
−W/2
1
d(0 (k))×[G 1 (k, T ) − G 2 (k, T )],
(9)
h = − gμB N (0)
2
+W/2

where G 1 (k, T ) and G 2 (k, T ) are defined in eq. (8). The k → N (0)d0 (k) with integration limit −W/2 to +W/2, where N (0) is the density of states of the conduction electrons
at the Fermi level F . The SC in the borocarbides is influenced by parameters like the superconducting gap parameter ((T )), the hybridization strength (V ), the staggered magnetic
field (h), the effective attractive interaction (V0 ) between carriers, the density of states
(N (0)) of the conduction electrons near the Fermi level, the Debye frequency (ωD ), the
hopping integral (t0 ) and temperature (T ). Different quantities involved are made dimensionless by dividing them by 2t0 , where W = 8t0 is the width of the conduction band.
They are SC order parameter ((T )/2t0 ) = z, Debye frequency (ωD /2t0 ) = ω˜d , reduced
temperature (kB T /2t0 ) = θ , the staggered magnetic field (h/2t0 ) = h, hybridization
parameter (V /2t0 ) = V, conduction band energy (0 (k)/2t0 ) = x0 , SC coupling constant g1 = N (0)V0 , AFM coupling constant g2 = N (0)gμB /2. The superconducting gap
equation in dimensionless form is
z = g1

+ω̃D
−ω̃D

d(x0 )×[G 1 (x0 , θ ) + G 2 (x0 , θ )].

(10)

The staggered magnetic field equation in dimensionless form is
h = g2

+2
−2

d(x0 )×[G 2 (x0 , θ ) − G 1 (x0 , θ )].

(11)

It is noted that eqs (10) and (11) are coupled equations in the sense that the equation
for the superconducting gap function () is a function of itself and the staggered magnetic
field (h), i.e.  = (, h). Similarly, we have the staggered magnetic field h = h(, h).
Therefore, to determine the temperature variation of any of these quantities which is important to understand the nature of the coexistence phase, one needs to self-consistently solve
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these two equations. We consider here the half-filled band situation with the Fermi level
lying at the middle of the conduction band gap, i.e. the Fermi level is taken as zero (F = 0).
4. Results and discussion
We have solved equations for z = z(z, h) and h = h(z, h) self-consistently and numerically. Different dimensionless parameters involved in the numerical calculation are the
superconducting coupling (g1 ), antiferromagnetic coupling (g2 ), superconducting gap (z),
staggered magnetic field (h), hybridization strength (V ), Debye frequency (ω̃D ) and temperature parameter θ = (kB T /2t). Here the Fermi level (F ) is taken to be 0, i.e. lying at
the middle of the conduction band gap. The f-level coincides with the Fermi level which is
the case for YNi2 B2 C as determined from the band structure calculation [8]. This assumption helps in obtaining analytical expressions for the quasiparticle energies Wi (i = 1–4)
as the solution of eqs (10) and (11). A standard set of parameters of the order of exper0.111, g2
0.1598, V
0.0028 and
imental observations are chosen as follows: g1
1 eV. These parameters are chosen to describe realistic
the conduction band width Wb
values of borocarbide system. The band structure calculation shows weak hybridization
between the rare earth f-level and the conduction band. So, accordingly a small value
of the hybridization parameter is taken. The parameter g1 is smaller than the maximum
0.33) observed in conventional BCS-type phonon-mediated
value of SC coupling (g1
superconductivity. This observed low value of SC coupling agrees with the experimental
observations.
Figure 1 depicts the temperature dependence of SC gap (z) and AFM gap (h) in the
coexistence phase describing the system for the Néel temperature (θN ) is greater than the SC

0.008

z
h

z,h

0.006

0.004

0.002

0

0

0.002

0.004

0.006

0.008

θ

Figure 1. Self-consistent plot of SC gap (z) and AFM gap (h) vs. temperature parameter (θ ) for fixed values of hybridization (V ) = 0.0028, SC coupling (g1 ) = 0.111,
AFM coupling (g2 ) = 0.1598.
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transition temperature (θC ). In the figure the critical temperature parameter (θC ) = 0.0036
is equivalent to the temperature 9 K and the Néel temperature parameter (θN ) = 0.0048 is
equivalent to the temperature 12 K. The AFM gap has almost constant value up to the SC
transition temperature (θC ) but for a slight suppression at θC → 0 K. The suppression is
due to the hybridization in the coexistence of SC and AFM (detailed explanation is given
in the discussion of figures 5 and 6). For θ > θC , AFM drastically reduces. In this figure,
the value 2(0)/kB TC = 2z(0)/kB θC = 1.27 is smaller than the universal BCS value 3.52.
It indicates that z(0) is suppressed and θC is enhanced in the presence of AFM. The AFM
order parameter graph has Néel temperature θN = 0.0048 and magnitude of the staggered
magnetic field h(0) = 0.007. This gives h/kB θN = 1.46. The high value of the ratio shows
that magnitude of the staggered magnetic field is enhanced while the Néel temperature
is considerably reduced in the coexistence phase. Our figure represents compounds like
DyNi2 B2 C where θC is less compared to θN in the coexistence phase. The decrease of AFM
gap may arise due to the paramagnetic spin fluctuation above the SC transition temperature
indicating the onset of superconductivity. The slow decrease of AFM gap towards 0 K
may be due to the carrier pairing in the superconductivity and the spin pining during the
coexistence phase as well as the presence of the hybridization between conduction electrons
and f-level.
The plot of quasiparticle energy parameters (W 1, W 2, W 3, W 4) vs. conduction band
energy (x0 ) where x0 = 0 (k)/2t for θ = 0 is shown in figure 2 which is similar to the
band dispersion of quasiparticles earlier reported by Fulde et al [14]. Here, we consider the
positive part of the band dispersion of the quasiparticles only. In the figure the quasiparticle
energies W 2 and W 4 are less dispersed and almost flat band (clearly shown in the inset)
0.01

0.008
W1
W2
W3
W4

0.003

W

W2 , W4

0.006

0.004

W2
W4

0.002

0.001

0

0

0.002

0

0.005 0.01 0.015 0.02

x0

0

0.002

0.004

x0

0.006

0.008

0.01

Figure 2. Plot of quasiparticle energy (W ) vs. conduction band energy (x0 = 0 (k)/2t0 )
at θ = 0. The magnified portions of the less-dispersed flat bands (W 2 and W 4) are
clearly shown in inset.
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which carry the localized f -electron character. This indicates the possibility of the system
being a strongly correlated one. These bands converge at higher values of 0 (k) because
W 2 is more dispersed than W 4. The bands corresponding to quasiparticle energies W 1 and
W 3 are strongly dependent on energy 0 (k). The gap separation of the quasiparticles of
energies W 1 and W 3 decreases when energy 0 (k) increases. The separation between the
dispersion-less flat bands and dispersed bands increases as 0 (k) increases. The quasiparticle energies W 1 and W 3 increase and W 2 and W 4 decrease on increasing 0 (k). The curve
for the energy W 1 disperses more than W 3 and finally merges with it.
The effect of hybridization on the quasiparticles of energy parameters W 1 and W 3 for
three different hybridization parameters V = 0, 0.002, 0.004 is shown in figure 3. The
exact value of the quasiparticle energy can be determined by multiplying these paramet1 eV and hence 2t0
ric values by 2t0 . In our model the bandwidth Wb = 8t0
0.25 eV. At hybridization parameter V = 0 and at x0 = 0 the quasiparticle energy parameter W 1 = 0.0012. It corresponds to the energy 0.0012 × 0.25 eV = 0.3 meV. Similarly,
the calculated value of W 1 for hybridization parameters 0.002, 0.004 are 0.7 meV and 1.2
meV respectively. The quasiparticle W 3 has values 1.48, 1.62 and 1.95 meV for three
different hybridization parameters V = 0, 0.002, 0.004 respectively. At hybridization
parameter V = 0, W 1 gets the contribution from (h/2) − z and W 3 gets the contribution
from (h/2) + z. The quasiparticle energies W 1 and W 3 increase by increasing hybridization parameter. As x0 increases, dispersion curves corresponding to different hybridizations
gradually come closer and finally merge. Figure 4 shows the effect of hybridization on the
quasiparticle W 2 and W 4 for three different hybridization parameters V = 0, 0.002, 0.004.
The quasiparticle W 4 has values 0, 0.15 and 0.50 meV for three hybridization parameters
V = 0, 0.002, 0.004 respectively. The quasiparticle W 2 has values 0, 0.38 and 0.88 meV
for the same hybridization parameters. Here the hybridization plays a dominant role on z

0.01

W1 , W3

0.008

0.006
V =0
V = 0.002
V = 0.004

0.004

0.002

0

0

0.002

0.004

0.006

0.008

0.01

x0

Figure 3. Plot of quasiparticle energy W 1 (dotted line), W 3 (solid line) vs. conduction
band energy (x0 = 0 (k)/2t) for different hybridization parameters at θ = 0.
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0.002

0.001

0

0

0.005

0.01

0.015

0.02

x0

Figure 4. Plot of quasiparticle energy W 2 (solid line), W 4 (dotted line) vs. conduction
band energy (x0 = 0 (k)/2t) for different hybridization parameters at θ = 0.

and h. At hybridization parameter V = 0, the quasiparticle bands W 2 and W 4 coincide
with x-axis. Consequently, these bands disappear. This picture corresponds to the rareearth nickel borocarbides where the f-level of the rare earth lies much below the Fermi
level to affect the electronic properties of the system as observed from the band structure
calculation [8,9]. It is found that W 2, W 4 and their separation increase by increasing the
hybridization parameters. As hybridization increases, the curves become gradually more
dispersed near the lower values of 0 (k).
The temperature variation of superconducting order parameter (z) for different hybridization parameters is shown in figure 5. On increasing the temperature, the SC order parameter
first increases, then attains a maximum value and finally decreases to zero showing a broad
peak-like behaviour. This behaviour is more prominent for higher hybridizations. For large
value of hybridization (V ), the SC order parameter is totally suppressed at low temperatures, showing re-entrant behaviour into the normal metallic state. When the value of
hybridization is 0.0041, the material is in the superconducting state between the critical
temperature parameters 0.0009 and 0.003. This re-entrant property agrees well with the
compound HoNi2 B2 C [1,15]. This result can be understood as follows. In our model,
the localized f-level (˜f ) coincides with Fermi level (F ), thus enhancing the density of
state N (0) at F . With the onset of hybridization of the localized level with the conduction
band, the hybridization gap is enhanced in the quasiparticle spectrum (as shown in figures 3
and 4) and as a result density of state at Fermi level decreases. Consequently, the transition
temperature parameter θC decreases. It is also shown in the phase diagram (upper inset
of figure 5). As the localized level lies at the Fermi level, at any finite temperature, electrons from the Fermi level spill over to the conduction band due to thermal fluctuations
in the absence of hybridization, there by contributing to the Cooper pairing in the case of
superconductivity. However, in the presence of hybridization, due to the appearance of
Pramana – J. Phys., Vol. 77, No. 4, October 2011
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Figure 5. Plot of SC gap (z) vs. temperature parameters (θ ) for different hybridization
parameters (V ). The inset (upper) represents the phase diagram of critical temperature
(θC ) vs. hybridization parameter (V ). The inset (lower) represents the phase diagram of
SC gap (z) vs. hybridization parameter (V ).
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Figure 6. Plot of AFM gap (h) vs. temperature parameter θ for different hybridization
parameters (V ). The inset (upper) represents the phase diagram of Néel temperature
(θN ) vs. hybridization parameter (V ). The inset (lower) represents the phase diagram of
AFM gap (h) vs. hybridization parameter (V ).
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hybridization gap at the Fermi level such excitation of electrons from localized f-level to
the conduction band due to thermal fluctuation becomes an activated process. Hence as one
goes to lower temperatures, the electrons in the localized level become available in lesser
numbers for the formation of the Cooper pairs resulting in the suppression in the SC gap
(as shown in the lower inset of figure 5). The hybridization gap competes with the gaps
opening up because of the unset of superconductivity. If the hybridization gap becomes too
large, then the density of state at the Fermi level is suppressed. This prevents the occurrence
of the other long-range order, resulting in re-entrant behaviour.
The temperature variation of AFM order parameter (h) and Néel temperature (θN ) for
different values of the hybridization parameter (V ) is shown in figure 6. The figure shows a
broad peak-like behaviour and re-entrant into paramagnetic phase for higher hybridization.
The figure shows that Néel temperature (θN ) decreases as hybridization increases (upper
inset of figure 6). Like SC order parameter the AFM order parameter gets suppressed
(as shown in the lower inset of figure 6) at lower temperature and higher hybridization
because the appearance of the hybridization gap at the Fermi level makes it an activated
process thereby reducing the availability of electrons in the localized level to form the Néel
ordering. This can be explained on the basis of the appearance of the hybridization gap in
the quasiparticle spectrum thereby reducing the density of state at Fermi level. Comparing
figures 5 and 6, we can reach at the following conclusion. As the hybridization parameter
increases from 0.0011 to 0.0041, the SC order parameter drops faster than the AFM order
parameter. At V = 0.0041, the SC order parameter at 0 K has already been disappeared
but AFM order parameter has a value of ∼0.0038. This confirms that the effect of hybridization is more drastic on SC order parameter compared to AFM order parameter. The
observed decrease in both the Néel temperature (θN ) and superconducting transition temperature (θC ) on doping (x) with non-magnetic impurity Lu in DyNi2 B2 C in the system
Lu1−x DyNi2 B2 C for larger doping (x) as depicted in figure 2b of ref. [16] also resembles
the suppression of θN and θC with increasing hybridization as shown in figures 5 and 6.

5. Summary
We investigate the effect of hybridization on SC gap, AFM gap, critical temperature, Néel
temperature and quasiparticle energy bands. The BCS-type of Cooper pairing of conduction electrons of two different copper sites is taken into account. The total Hamiltonian
of the system is a mean field one and has been solved exactly by writing the equations of
motion for the Green functions. Equations for the appropriate single-particle corelation
functions are derived and the order parameters are determined. It is observed that SC is
suppressed and Néel ordering is enhanced at the coexistence phase which corresponds to
the magnetic superconductor DyNi2 B2 C. We study the dispersion of quasiparticle bands
and the effect of hybridization on SC and AFM. Both SC and AFM long-range order are
suppressed with the increase of hybridization strength which is verified experimentally for
large doping (x) in Lu1−x DyNi2 B2 C. Our theoretical model shows re-entrant behaviour of
both SC and AFM. By varying the chosen model parameters, we can also study the properties of other borocarbide superconductors. The properties of some nickel borocarbides are
well explained by the given set of model parameters which compare favourably with experimental results. Finally, this study may turn out to be important not only with respect to
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borocarbide themselves but also from the standpoint of superconductivity in general. Based
on the present model, the calculation of external magnetic field on antiferromagnetism in
coexistent state is in progress and will be reported elsewhere.
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