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In Ref. 1 we use the SU(2 兩 1)-superalgebra path-integral
representation for the partition function of the t-J model to
derive, under some simple mean-field approximation 共MFA兲,
a phase diagram T c ( ␦ ). Our basic point is that within the
SU(2 兩 1) theory we rigorously take into account a crucial for
the t-J model requirement of no doubly occupied electron
states. The basic statement in the Comment is, however, that
our MFA violates the constraint and results in ‘‘an physical
phase diagram.’’ Moreover, the authors of the Comment
claim that our approach is identical to that based on the
slave-fermion hard-core boson 共SFHCB兲 representation of
the Hubbard operators.
In the present Reply we show that the constraint of no
double occupancy is explicitly resolved in terms of the
SU(2 兩 1) path-integral representation used in Refs. 1 and 2. It
then follows that the criticism voiced in the Comment is
basically an artifact of the author’s misunderstanding of this
simple observation.
We start with the path-integral slave-fermion representation of the t-J partition function. Basic ingredients that enter
the path-integral action are the classical symbols of the
slave-fermion Hubbard operators. Let X  ⬘ ,⫽1,2,3 be a
3⫻3 matrix of the Hubbard operator X. Consider a complex
composite vector d̄⫽(ā,b̄, f̄ ), where a and b stand for complex bosonic amplitudes, and f denoted a fermionic one.
Then, the slave-fermion representation reads X cl
⫽ 兺  ⬘ d̄  X  ⬘ d  ⬘ , where

兺 d̄  d  ⫽āa⫹b̄b⫹ f̄ f ⫽1.

共1兲

The last equation is just the classical counterpart of the constraint of no double occupancy. Let us now make a change of
variables that explicitly resolves constraint 共1兲:
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where z is a complex number and  is an odd-valued Grassmann parameter. It can then be easily shown that under
change of variables 共2兲 the slave-fermion path-integral representation of the partition function reduces to the SU(2 兩 1)
one derived in Ref. 2 and employed in Ref. 1. Geometrically,
the set (z,  ) appears as local 共projected兲 coordinates of a
point on the supersphere defined by Eq. 共1兲. For any given
map t→(z i (t),  i (t)) 共we restore here the site dependence兲,
including that of the MF type t→(z (0)
i ,  i (t)) employed in
Ref. 1, point (z i (t),  i (t)) always belongs to the supersphere.
The local constraint of no double occupancy is therefore rigorously taken into account in Ref. 1; also see Ref. 4. Being
explicitly resolved, this constraint neither can be subject to
any factorization, nor can it be violated putting z i ⫽z (0)
i . Of
course, in the MFA we are unable to recover ‘‘the rigorous
correlations for the fields at the lattice site,’’ but this is basically a matter of dynamics: rigorous incorporating of the
local constraint cannot by itself recover the exact
correlators.7
Furthermore, it is quite natural that we obtain the oddparity symmetry of the spinless fermion order parameter
共OP兲 具 f i f j 典 : two spinless fermions cannot be placed on the
very same lattice site. This symmetry, however, is not identical with a symmetry of the gap experimentally detected in
cuprates. Equation 共5兲 in Ref. 1 determines the spectrum of
spinless fermions 共holons兲, whereas a real electron within the
resonating valence bond 共RVB兲 scenario is a convolution of
a holon and spinon. Accordingly, the electron OP ⌬ (s,d)
ij
⫽ 具 f i f j 典 ⌳ (s,d)
, where the spinon OP ⌳ (s,d)
describes
ij
ij
the short-range antiferromagnetic spinon fluctuations.5
It has correct transformation properties, ⌬ (s,d) (kជ )
(s,d)
(s,d)
⬀ 兺 qជ 具 f qជ f ⫺qជ 典 ␤ qជ ⫹kជ ⬀cos kx⫾cos ky , where ␤ kជ ⫽sin kx
⫾sin ky . Within the adopted approximation ⌳ i j ⫽0, 7 and in
⫽0 as soon as 具 f i f j 典 ⫽0. This enables us
the SC phase ⌬ (s,d)
ij
to determine T c ( ␦ ) starting from Eqs. 共6兲–共8兲 in Ref. 1. Note
⫺0 (s,d)
⬀ 兺 kជ ⌬ (s,d) (kជ )⬅0 for
that within our approach 具 X ⫹0
i Xi 典
both the nn and nnn pairing contrary to the statement in the
Comment. Note also that the maximum in T c ( ␦ ) is shifted in
Ref. 1 towards very small values of the hole concentration ␦
just because we have not taken into account the existing at a
small doping long-range antifferomagnetic 共AF兲 order.
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Within the SFHCB representation9 the spinon OP is given
by Eq. 共45兲. Within the MFA it is evaluated to be
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and despite their similar appearance Eqs. 共51兲 and 共52兲 in
Ref. 9 and Eqs. 共6兲 and 共7兲 in Ref. 1, have quite a different
spin content. This difference originates from the fact that
within the SFHCB representation the necessary constraint is
implemented at the apparent expense of having an additional
unphysical state which, if not excluded, contributes to the
partition function and correlators.10 In summary, the SFHCB
approximation and the SU(2 兩 1) path-integral representation
are not equivalent.
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