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Abstract

The Gutzawiller factors are derived using Hilbert space counting techniques. The
results compare favourably well to other results in the literature. The results are
particularly simple for a homogenous wavefunctions with fixed particle number.

1.0 Introduction
The t-J model is obtained from the Hubbard modehélimit of large ratios of u/t. The Hilbert sgaof the t-J
model excludes all configurations containing douttgupied sites [1]. The Hamiltonian is expanded 2]

HE) = @sH g (1)

where H is the Hubbard Hamiltonian, whee8 is a unitary transformation.
The choice made for s is [2]

. t; + +
S=-iy-L (a,.gdj(, +a;,d, - hc) )
o
To restrict the system to the subspace of no douttapancies the t-J Hamiltonian is written
Ho =R HY R, 3)
where Py ZZ(l—nnn”) 4)
I

is the Gutzwiller projection operator.
The t-J model Hamiltonian becomes [1]

~t A - -~ AN

H,_, =-t Z (a,.;ajc, +aj+c,am)+ J z [S.Sj - %j (5)
{if) (i)

This model describes the low energy subspace cadgarthe Hubbard model Hamiltonian.

The projected BCS wave functions are assumed thebsolution of the t-J model [3]

|¢)=RP; | BCS) (6)

wherePg projects out double occupancies dhgdfixes the particle number to N. These projectedevlinctions have
been used to study Mott-Hubbard metal insulatiandition [4].
To calculate the variational energy of a projecttede, the expectation value of the form [2]

(W,| Ps H Py |,
(W,| Py Py |w,)

must be considered, Wheqld/0> is any wave function with no restriction in thenmoer of double occupancies. To

(7)

evaluate the expectation value in (7) approximatalyasical calculations can be performed based an Gutzwiller
approximation.
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2.0  Gutzwiller Approximation

The Hilbert space counting arguments are usedsrtebhnique. This Gutzwiller factor is approxinttaus
(0

9, = 72
(0,

where |4[/> = PG|I//0>. The ratio in (8) is determined by calculating fm®bability of occupancy at site i. Thus one

calculates the probabilities for a site to be emptggly occupied with spir0 and doubly occupied respectively. The
Hilbert space restrictions are shown in Table 1 [2]

Table 1: Probability for different occupancies e sin |4[/> and |l//0>

Occupancy on site Probabilities

) &,)

b4 J6-7.) 1-n = =)

n n’is (1_ noil)

(1-4,)e-1
<(ﬁil )(1— i, )> n, n'i, (1— n°n)
(8, )a-q,)

<ﬁunm> 0 UNTLLEE

3.0 Evaluation of the Gutzwiller factors for the t-J Hamiltonian
The t-J Hamiltonian is [1]

~a 1
Zt” ('UCJU +c|chJcr) + <Z>:'Jij (S'Sj "2 ninjj 9)
i

where J = 4t /u, <Ij> are pairs of neighbour sites. This low energy rhofi¢he Hubbard Hamiltonian does not allow

for double occupancies on a site. When the filimfyalf, each site has only one electron and thmpimg of electrons is
frozen because hopping will result in double ocagpes of sites. Due to this, the kinetic energyntelisappears and the
t-J model reduces to the antiferromangnetic Heisentmodel [5]

For the first term of the t-J model, the Gutzwilfactor is

_ (c,e,)w
=L (10)
<QU Cja> wo
To obtain equation (11), projected operat(is- ﬁi_a) and (1— ﬁj_g) Cj, are used.
~ <(1_ ﬁi—a )Citf (1_ ﬁj—U)CjU> l// (11)

R (TS S T 2

To obtain equation (12) from equation (11), tabie lised. The probability fo(l n )C,J(l— ﬁj_J)CjU in the states

|l//> and |l//0> are considered.
(nia(l_ n; ) N, (1_ n; ))]/2

O T o e e e (e

Clo Cjo )W
<(1 n._ ) Ciy (1_ nj—a)cja>l//
= ~t<(1_ N_, ), (1_ nj—a)cja> ¥, =9, (1_ noi-ﬂ)(l_ noj_g)<cit7 Cja> v,
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Hence

U (¥ LY LY
t (noig(l— nojﬂ)nojg(]__ n"ig))l/z

For a homogenous wavefunctions with fixed particienber and spin symmetry [2],
N’ic =N‘i-e =N%y2 =n/,

Thenn, =n_, =n,, = n/,
1-n
U g =———-
1-n/,
For the magnetic case
o o n
nia. :n io (1_n i—G’):f
n—=2n%:n,
1-n . . .
and 0, = —————, wheren’; and n", are from the same site.
1-2n°, n°./n

Similarly, the Gutzwiller factors for the operat<)c;'g ng> are identical to that of the operat(l:;; ng>. The next

term in the t-J model is the operator (super exghanteraction)
(8S)
<S| Sj>l// =0 <S| Sj>¢’o

In the magnetic limit [2]

1
gs =
(i-n, ne./n)f
In the non-magnetic limin°s = n/2 andg, = ;
) ED

The last term in the t-J model is the operator
n; /4

(ii)
The Gutzwiller factor is defined by

<ﬁi n; >l// =9 <ﬁi n >‘/jo
The processﬁi ﬁj requires a spin on siteand a spin on site In the statd(//>, the probability of occupancy is:

o o o o I\
(n it Ny (n it N NN Ny nu))
In the statktﬂ> the probability of occupancy é]m— io njgnia)]/z (nj_o_ni_o_)]/z
n
n-=2n%:n%
in the numerator of the ratio below
2 o 3 o . Y2 . Y2
(nir nj1 njlnjrnir ni1 _ (1_ni1)n (1_ )(1_n (1_nir)

3/2 3/2
/ ( -2n° n ) (n.° n;
Ik [N

InsertingN,, = N’ig (1— n°i—a) =

g = i
(non N N’ N N°jn’ N non) (I’1—2l’li°T I‘lii)
In the non-magnetic limin,, = n/2
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(1_ n/z) (1_ n/z)(l_ n/z)n3

S 9F (n-2n?/4)* (n-2n2/4f* (n/,)
_ @-n/,) n? _2n*(@-n/,) _2n*@-n/,) _ 2n* (1-n/,)’
(r;—2n2/4)3 (h-n2/,) (h-n?/,f (h-n?/,)n-n?/,f
g =2

4.0  Discussion and Conclusion
In this paper, we have obtain the following “Gultiter renormalization factors for the t — J, model:

For the termafaajg, the Gultzwiller renormalization factor for the nomagnetic case is1 = where n is the particle

1-n/,
density, and the Gultzwiller renormalization factor the magnetic case le_—”/ , Where nf and nf are from
1-2n°n°/n
t 1

the same site, n is the particle density aftergmtign and his particle density before projection. Similaruks hold for
the Hermitian conjugate.

For the termé éj (superexchange interaction), the Gutzwiller rendization factors are
1 1
and
o o 2 2
(L-n°n°/n) (L-n/2)

projection and tis the particle density before projection.
Finally, the term, N; /4 has the Gutzwiller factors

2 2
aone )l Ja-ng J* fong o0t -2y
(h-2n°n® }*(n-2n°n° J*(nene J2 n-2n*/4
it il it L
respectively. n is the particle density after pctign and fiis the particle density before projection.

In [6], the results obtained for the t-J model sirgilar. The Gutzwiller factors depend on the deéesiat the sites
andj. However, the intersite coulomb interaction is reiormalized in [6]. These results are also ireagrent with the
results in [7] and [8]. The results in the paper a@iso in considerable agreement with results]inA9 pointed out in [9],
the Gutzwiller renormalization factors may changesiderably in the case of inhomogeneous chargebdison as the
local density may change before and after projactio

The result obtained here, are in exact agreement[%0]. The use of Gutzwiller rormalization factaran lead to the
estimation of the energies of the t-J model in phgjected states. The Gutzwiller approximation $edito relate the
expectation values of the kinetic energies in tloggeted state to the corresponding expectatiomegain the unprojected
state.

The use of Gutzwiller factors is an alternative rapgh to solution of the projected wavefunctionke Technique
compares favourably to the use of Variational Mddéelo [11, 12, 13] and renormalized field theofy: [

for the magnetic and non magnetic cases respBctivés the particle density after

for magnetic and non magnetic cases
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