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1 Introduction

The ¢t — J model is one of the cornerstones in the study of high-7, superconductivity [1],
which is a large-U limit of the single-band Hubbard model [2-5]. The Hamiltonian of the
model have played essential roles in theoretical study of strongly correlated copperoxide
based materials [6]. In general, the Hamiltonian of the supersymmetric ¢t — J model with
the general boundary interaction terms is given by

H=—t Z P [ ] oCi+l,a + Cj+1 a6, a} P+J Z [Sk Sk+1 — nknkH] Z n; + ni+1
a,j=1 k=1

— N +-Eny 20587 420y ST 420 Si +-Epnp 4207 S +2h ST +2hjS‘L*, (1.1)

where t is the nearest neighbor hopping of electrons and .J is the antiferomagetic exchange;
L is the total number of lattice sites; the operators c;, and C;:U are the annihilation and
creation operators of the electron with spin ¢ = 41 on the lattice site j, which satisfies
anticommutation relations, i.e., {c;fg, ¢jr} = 0ij0sr. There are only three possible states
at the lattice site ¢ due to the factor P = (1 — n;j_,) ruled out double occupancies; the
operator n; = »___, n;, means the total number operator on site j and n;, = c}facjﬁ;
1 is the chemical potential and N = Zle n;; §1,1, are the boundary chemical potentials;

1L and hf ;, are the boundary fields; the spin operators S— = Z]Lﬂ S;, St = Zle S;r
and S% = ZJL 157, form the su(2) algebra and can be expressed by

_ 1
Sj = C;lcj7_1, S;— = c;:_lcj, sz = i(an — nj7_1). (1.2)

It is well-known that the one-dimensional {—J model is integrable at the supersymmet-
ric point J = £2¢t [7-9], and the model with the periodic boundary condition or the diagonal



boundaries has been studied by employing many Bethe ansatz methods [10-20]. For the
non-diagonal boundary case, the nested algebraic Bethe ansatz method doesn’t work since
the U(1) symmetry is broken. With the help of the off-diagonal Bethe ansatz [21-27], the
exact energy spectrum of the one-dimensional supersymmetric ¢ — J model with unparallel
boundary fields has been obtained [28]. However, the eigenstates (or Bethe states) which
have played important roles in applications of the model are still missing.

In this paper, we study the supersymmetric t —J model with generic integrable bound-
ary conditions in grading: bosonic, fermionic and fermionic (BFF). By combining the
graded nested algebraic Bethe ansatz and off-diagonal Bethe ansatz, we obtain the Bethe
states which have well-defined homogeneous limit and the corresponding eigenvalues of the
transfer matrix of the model. Numerical results for the small size systems suggest that the
spectrum obtained by the nested Bethe ansatz equations (BAEs) is complete.

The paper is organized as follows. In section 2, the associated graded R-matrix and
corresponding generic integral non-diagonal boundary reflection matrices are introduced.
In section 3, by using the graded algebraic Bethe ansatz, we derive the eigenvalues of the
transfer matrix of the system which related with the eigenvalues of the nested transfer
matrix. In section 4, the eigenvalues of the nested transfer matrix are derived by off-
diagonal Bethe ansatz, and the Bethe states are also be given. In section 5, we construct
the nested inhomogeneous T' — @ relation and the nested Bethe ansatz equations of the
supersymmetric t — J model. Section 6 contains our results and give some discussions.

2 Integrability of the model

In this paper we consider J = 2t = 2 which corresponds to the supersymmetric and

integrable point [29]. The integrability of the model is associated with the rational R-matrix
R(u) given by

u—+n

u "N

u n

ng(u) = u—n . (2.1)

The R-matrix R(u) possesses the following properties

Initial condition: R12(0) = nPia, (2.2)
Unitarity relation: Ria(uw)Ro1(—u) = p1(u) x id, (2.3)
Crossing Unitarity relation: R (—u+n) RS (u) = pa(u) x id. (2.4)

Here P4 is the graded permutation operator with the definition

Pgéllé2 = (_1)p(a1)p(a2)5a1525510¢2’ (2:5)



p(a;) is the Grassmann parities which is one for fermions and zero for bosons. Here, we
choose BFF grading which means p(1) = 0, p(2) = p(3) = 1 and Ra;(u) = PiaR12(u) P2,
st; denotes the super transposition in the i-th space (A%);; = Aj;(—1)POPO+TPO and ist;
denotes the inverse super transposition. The functions p;(u) and p2(u) are given by

pr(u) = —(u—n)(u+mn), p2(u)=—u(u—n). (2.6)

Here and below we adopt the standard notations: for any matrix A € End(V), A; is an
super embedding operator in the Z5 graded tensor space V® V ® - -+, which acts as A on
the j-th space and as identity on the other factor spaces. For R € End(V ® V), R;; is
an super embedding operator of R in the Zs graded tensor space, which acts as identity
on the factor spaces except for the i-th and j-th ones. The super tensor product of two
operators are defined through (A ® B)3{ = (—1)[p(°‘)+p(5)]p(7)Ang. (For further details
we refer the reader to [30]).

The R-matrix is an even operator (i.e., the parities of the non-zero matrix elements
RS of the R-matrix satisfies p(a) +p(b) +p(c) +p(d) = 0) and satisfies the graded quantum
Yang-Baxter equation (QYBE)

Rlz(u — ’U) ng(u) Rgg(v) = RQg(U) ng(u) R12 (u - U). (27)
In terms of the matrix entries, it reads

R(X — u)2192 R(X)7195 R(u)P203 (—1) (A1) +p(31))p(52)

B1B2 7183 273
= R(U)gjng(/\)gf;R(A _ “ﬁi% (—1)Plea)+p(B1)p(B2) (2.8)

Let us now introduce the reflection matrix K~ (u) and its dual one K™ (u). The former
satisfies the graded reflection equation (RE) [31]

Ria(ur — u2) Ky (u1)Ro1(ur + ug) Ky (u2)
= KQ_ (ug)ng(ul + UQ)Kl_ (ul)Rgl (u1 — UQ), (2.9)

and the latter satisfies the dual RE which take the form [32]

R12(UQ — ul)Kf(ul)IN%m(—ul — UQ)iStl’StQK;(UQ)

= K;(UQ)RlQ(—Ul — UQ)iStl’Stsz'_(ul)Rm (UQ — ul), (2.10)

where

sto
)

R (w12 = ([{R51 () }2] ") (2.11)

istq

Rupu)*t = ([{RZ )] ) (212)

For our case, the dual reflection equation (2.10) reduces to

Rap(uz — u1) K (u1) Ror (—u1 — ug + ) K5 (u2)
= K;(uz)ng(—ul — U9 + U)Kfr(ul)Rﬂ(UQ — ul). (2.13)



In this paper we consider the generic non-diagonal K-matrices K~ (u)

C+Q2—Du 0 0 ky 00
K (u) = 0 C—u 2cu | = 0 kyp kys |- (2.14)
0 2cou C+u 0 k3y k3s

Here the four boundary parameters ¢, ¢1, co and ¢ are not independent with each other,
and satisfy a constraint

2= cico +c.

The dual non-diagonal reflection matrix KT (u) is given by

kK, 0 0
K+(u) = Kf(—u + 77/2) (Cree1,e0)—=(Coe ) och) = 0 k;z k‘;é X (215)
0 ki ki

with the constraint

0'2 = c'lc’Q + c.

In order to show the integrability of the system, we first introduce the “row-to-row” mon-
odromy matrices Ty(u) and Tp(u)

=
S
I

ROL(u—HL)ROL_l(u—HL_l)--‘Rgl(u—Hl), (2.16)
Rlo(u + 91)R20(u + 02) s RLO('LL + 9[,), (2.17)

S
S
I

where {6;,j = 1---L} are the inhomogeneous parameters and L is the number of sites.
The one-row monodromy matrices are the 3 x 3 matrices in the auxillary space 0 and their
elements act on the quantum space V&L, The tensor product is in the graded space, so
we can write

a a1...00p, ac Cs o coar
@)} " = Rov(w)igs, - Bog(u) 5™ . Boa ()’

% (_1)Zf:2(p(%)+p(ﬁj))Zi;l p(ai) (2.18)
For the system with open boundaries, we need to define the double-row monodromy matrix
To(u) = To(u) Ky (u)To(w), (2.19)

which satisfies the similar relation as (2.9), in terms of matrix entries, they are

R(u — )\)gjng(u)g}R(u + A ’]I‘()\)zz(_1)(p(b1)+p(cl))p(b2)

cady
= T2 R(u+ NP2 T(w)? Ru — X) 34, (—1) o teenple) (2.20)

bico

Then the transfer matrix of the system is constructed as

3
t(u) = stro{ K (w)To(u)} = > (-1 [K7 (w)To(w)] ,, - (2.21)



By using the (2.8), (2.9) and (2.10), we can prove the commutativity of ¢(u). (For further
details about the commuting transfer matrix with boundaries for graded case, we refer the
reader to [14, 32, 33]). The Hamiltonian (1.1) can be constructed by taking the derivative
of the logarithm of the transfer matrix ¢(u) of the system

(@ =12n -

n0Int(u) n(2c—1) ¢ A
H=-—- —uN+L-1 2.22
2 Ou hmogo—oy T X T @-1jmg—¢ MVHL-L (222
with the parameters chosen as follows:
U c_ M o, M . (¢ =1/2)n
51 2<( C) hl 2(7 hl 2CC27 hl 24017 §L (C,—1/2)77—C,,
: —n/2 __ —ney)/2 . —ne/2
N VT R VT

3 Nested algebraic Bethe ansatz

The block-diagonal structure of the K-matrix (2.14) permits us to use the nested alge-
braic Bethe ansatz to construct the associated Bethe state and obtain the eigenvalue as
follows. We first represent the double-row monodromy matrix To(u) = Ty(u) Ky (u)Tp(u)
in the form
A(U) Bi(u) Ba(u)
To(u) = | C1(u) Di1(u) Dia(u) | - (3.1)
Ca(u) Da1(u) Doz(u)

Then the transfer matrix can be expressed by

2
t(u) = |k () A(w) = Y ki o (W Dji(u) | (32)
ij=1
where klj; is the K* matrix element in the ith row and jth column.
Now we use the graded version of the nested algebraic Bethe ansatz method to obtain
the eigenvalues of the transfer matrix (3.2). For this purpose, we first define the reference
state |¥q) as

L 1
[To) =@ [0),, 10);,=|0]. (3.3)
Jj=1 0

From the relations (2.21), (3.1) and (3.3), the elements of matrix To(u) acting on the
reference state |Wy) give rise to

A(u) [Wo) = kyy (u)ao(u) [Wo) ,

D) o) = { 5" o) + [k (00 = 5" () () o)
D) o) = { 5" whaat) + k500 = 5" 0 G o)
Dia(u) [Wo) = kyz(u)bo(u) [Wo) ,
Do (u) [Wo) = ksy(u)bo(u) Vo),



where

L
w) = [J(u—0;)(u+0;), ao(u)="bo(u+n). (3.5)
=1

The operators Bj(u) and Ba(u) acting on the reference state give nonzero values, and
can be regarded as the creation operators of the eigenstates of the system. Following the
procedure of the nested algebraic Bethe ansatz, the eigenstates of the transfer matrix can
be constructed as

|u, ..., un; F) = Bqg, (u1)Bay (u2) . .. Ba,y, (upg) FOO29M | Ug) (3.6)

where we have used the convention that the repeated indices indict the sum over the values
1,2, and F? is a function of the spectral parameters u;. Moreover, the coefficients
F1-an are actually the vector components of the nested Bethe state (see below (4.27)).
As the transfer matrix (3.2) acting on the assumed states (3.6), we should exchange the
positions of the operators A(u), D;j(u) and the operators By, (uj). With the help of the
reflection equation (2.20) and the Yang-Baxter equation (2.8), we can derive commutation
relations

( )rfi(u — )

Biu)Bj(v) = ~Bilw) Bulu) 7= 37)
Au) Bj(v) = EZ g Z;EZ i z; B;(v)A(u) — %Hn Bi(u) Dy (v)
o B 55)
Dyt Bu(w) = EZ — Zi(zﬂf“; ) B0 Deglu) 1 - ﬁ;;(z ﬁ)v) () Dos(0)
BB b i), (3.9

" 2utn vt ) (utotn)

where r;; = u+nPy;, P5ie2 = (- 1)P@)P(B2)§, 5 53, o, with the grading p™) = p® =1, and

Dij(u) = Dis(u) = by 1 Alw). (3.10)

Acting the transfer matrix ¢(u) on the state |¥) and repeatedly using the commutation
relations (3.8) and (3.9), we obtain

t(w) |ug,...,up; F) = Au) |ug, ..., upr; F) + unwanted terms, (3.11)

where the corresponding eigenvalue A(u) is

A(u) _ _nzgijr(u) + K+ (u) ﬁ U — U; — (U—FUZ)
| utn & g " 21 (u—w) (u+u7;+77)
M
1 .



and A (u, {u;}) is the eigenvalue of the nested transfer matrix  (u, {u;}) given by

(u, {u;)) = 2u2j_ntr0 (R (g w +77) - o (e + g +1)
XK (u)rago(u — uag) - rio(u — up)] (3.13)
e - (10 5
Ro(u =210 (k_Q(u) ;;E‘%kﬂ(u) K (u) E% 5 () > . (315)
e (s s }) 1) = A (us {us}) 1) (3.16)

The vector components { %"} allow us to reconstruct the associated Bethe state (3.6),
while the eigenvalue A (u, {u;}) gives rise to the associated eigenvalue (3.12) of the transfer
matrix ¢(u) of the model. We shall determine the eigenvalue A (u, {u;}) and the cor-
responding eigenstate |F) in the next section. The condition that the unwanted terms
should be zero gives rise to that the M Bethe roots must satisfy the associated Bethe
ansatz equations (BAEs)

1= KW (uy)ag (uy) QM (ug — n)

~ , k=1...M, (3.17)
(2uk + 1)bo () A(ug, {u;})
where

M
QW (u) = [J(u— w)(u+ui+n), (3.18)

i=1

1

KW (u) = ((2 — 4 P+ 2¢u — ¢’ — 5772 + 7720'> (C+ (2¢—1)u). (3.19)
Some remarks are in order. It is easy to check that the nested Bethe state |ug,...,up; F)

given by (3.6) and the eigenvalue A(u) given by (3.12) both have well-defined homogeneous
limit (i.e., §; — 0). This implies that in the homogeneous limit, the resulting Bethe states
and the eigenvalue give rise to the eigenstate and the corresponding eigenvalue of the super
t — J model described by the Hamiltonian (1.1).

4 Reduced spectrum problem

In the previous section, we have reduced searching eigenstates of the original transfer matrix
t(u) (2.21) into the spectrum problem (3.16) of the nested transfer matrix #(u, {u;}) given
by (3.13). Now, we are in the position to calculate the cigenvalue A(u,{u;}) and the
corresponding eigenstate |F) of the nested transfer matrix #(u, {u;}) which allows us to
reconstruct the Bethe state (3.6) of the supersymmetric ¢t —.J model. Because the reflection
matrices (3.14) and (3.15) have the off-diagonal elements. The traditional algebraic Bethe
ansatz is invalid [22] due to the fact that the system doesnot have the obvious reference



state. Thanks to the works [34-37], we can solve the spectrum problem (3.16) as follows.
For simplicity, let A = u+ %7] and \j = u; + %n. We recognize the #(u, {u;}) as the transfer
matrix of the open spin-1/2 XXX chain of length M with non-diagonal boundary terms.
Following the procedure in [34]

2)\17

O ()
2\ —n

= ST { KT GO I Ky W T A . ()

where

To(A AN} = ran (N + M) o (A + A,

To(\ A1) = rag(h = Awr) - r1g(A = M), (42)
_ [ +Ar—7 20/(—)\4-17)
Kr) = <2c'2(—/\+77) C}— A+ ) ’ (43)
— [ AFL2n+(—cn 2c1A
K70) = ( 2co )\—1—1/277—1—(—077)' (4.4)

We have checked that (4.4) is the solution of the normal RE of the following form

ri2(ur — ug) Ky (u1)ror (ur + u2) Ky (usg)
= K (UQ)Tlg(ul + UQ)K (ul)T21 (u1 — ’LLQ) (4.5)

and that (4.3) satisfies the dual one. The r-matrix possesses the properties

Initial condition: r12(0) = —nPia, (4.6)
Unitary relation: r12(A)ra1(—=A) = p1(A) xid, (4.7)
Crossing Unitary relation: ri5(\) b} (=X + 2n) = pa(N) x id, (4.8)
PT-symmetry: ro1(N) = riL2(N). (4.9)

Here 791(\) = Piar12(\) P12 and ]5/6?‘11/30;2 = 0018:981a5- The functions pi(A\) and pa(X) are
given by

p1A) = =(A=n)A+mn),  pA)=-AA-2n). (4.10)

From the definition (4.1), we know that the eigenvalue A()) of the transfer matrix £ (A, {\;})
is a polynomial of A and satisfies the relations:

Crossing symmetry :  A(\) = A(=\ +17), (4.11)
Asymptotic behavior :  A(\) ~ (=2 — 4eidy — 4 eo)u®™F2 N = oo, (4.12)
and
Dq(A))

(n—2X)(n +2X;)’



where
Ag(A) = (2n+2X)(2n — 2))
x (€7 — (1 +4c,h)\?) ((g + %n —n)? —(1+ 4c1cQ)A2>
M
< [T+ X ==X =)A= X+ )M+ X + 7). (4.14)
j=1

Some special points can also be calculated directly by using the properties of the r-matrix
and the reflection matrices K& (u) as:

M
A@0) = [ )t {K*(0)} K~ (0) x id, (4.15)
A = [[ e+ n)tr{ K~ (m)}K* (1) x id. (4.16)

=1

It is remarked that the above relations were derived independently by the Separation of
Variables [38]. These conditions (4.11)—(4.16) allow us to construct the eigenvalue A()) in
terms of an inhomogeneous T — @ relation as [34, 35]

Aoy = BA=m g0y

2\
_ (22 —2p) QP (A +1) QP (A=)
= TK(z)()\)a()\)W + K<3>(A)d(A)W
+ (2X = n)(2X = 2n)a(N)a(—X +n) Q(;)l(A)’ (4.17)
where
M
a(\) = [T+ —=m = A =), (4.18)
j=1
M
d\) =TI =) A+ ), (4.19)
j=1
KO () = (~yTH 7~ @A+ )
X (V1+4(c2—e)A++1/2n—cn), (4.20)
KO\ = (V1+4(2 =) A=) +¢)
X (vV1+4(c2—c)(=X+n)+C+1/2n—cn), (4.21)
h = % (—1 —2(cca + cher) + \/(1 +4c)ch) (1 + 4c102)> , (4.22)
M M
QUM =TT —w)r+w; =) = ] (A —Vj = ;n) (A +vj - ;77> - (4)

<.
Il
-

J=1



Such parametrization obviously satisfies the crossing symmetry (4.11), asymptotic behav-
ior (4.12), production identity (4.13) and the values of the special points (4.15) and (4.16).
To ensure A()) to be a polynomial, the residues of A()) at the poles w; must vanish, i.c.,
the M Bethe roots must satisfy the BAEs

(2w; — 27) K@ (w;)a(w;) QP (w; + 1) + 2w; K (w;)d(w;)Q® (w; — n)
+ 2w;(2w; — n)(2w; — 2n)a(w;)a(—w; +n)h = 0. (4.24)

Now, we construct the eigenstates |F) of the nested transfer matrix £()). Following the
ideas in [36, 37], we first introduce two transformation matrices g

2 e
—2¢ 9 3 .
]. m —m _\/1+mn—1

—4ciea—(2c1ch—2¢] c2)v/TH4cica+2c1ch+2c] co and n— —4ciea—(2c)ca—2c1ch)/TH4cica+2c] ca+2c1ch
(142c1ch+2¢] c2)(V1+4cica+1) - (142c1ch+2c)ca)(V/I+4cica—1) :

The gauge matrices diagonalize the nested K-matrix K~ (\) given by (4.3) and the matrix

where m=

g K+ (M) {g") 171 respectively, namely,

9K N He

14 2ad + 200 v1+mn(kfﬁ)*ﬁ5' 0
V1+44dcieo 0 _Vl"'_mn()‘_n)_%g ,
)y - 1/2n4+&—cen+ A1+ 4ereo 0
V= (g1 = . 4.2
g ( ){g } < 0 1/2n+§—cn—)\\/m ( 6)

With the gauge transformation, we can introduce the gauged monodromy matrix U(\)

U = gD T {sOK Wy T L) = (gg;; §E§;> .

Then it was shown in [36, 37] that the eigenstate |F) in (3.16) can be expressed as

M M

17) = o)y TIBwpIo) = Y7 Foe-ar,.... au), (4.27)

j=1 j=1 a;=1,2

where the reference state |0) is

M 1
0 =@, ), = <O> (4.25)
j=1

provided that the parameters {w;|j = 1,..., M} satisfy the BAEs (4.24). The correspond-
ing vector components {F*1%24M} allow us to reconstruct the eigenstates |uq, ..., ups; F)
given by (3.6) of the original system.!

"We have numerically checked, for small-site cases (such as L = 2,3), that the states constructed
by (3.6) with vector components {F®1%2--*M} given by (4.27) give rise to the complete set of eigenstates
of the transfer matrix ¢(u) given by (2.21), provided that the parameters {u;} and {v;} (or {w;}) satisfy
the BAEs (5.2)—(5.3).

~10 -



5 Nested inhomogeneous T' — @ relation

Now we are ready to write out the eigenvalues A(u) of the transfer matrices ¢(u) in terms
of some inhomogeneous 7' — @ relation with the help of (3.12) and (4.17) as?

) (u —
Alu) = 1 KW (w)ag(u M

(2u + 1) QM (u)
_(2u=—n) < > QW (u—n)Q@ (u+ 3n)
T T2 TG0 R )

R C I QP (u—gm) _ hQM (u —n)

where the 2M Bethe roots must satisfy the BAEs (3.17) and (4.24), namely,

@ —n) KO (v + 3n) QD (1 — n)QP (1 + 3n)
@u+n) KO +5n) QW (@m)Q® (v — 3m)

_ QW (v —n) _

= —h(20) (2 — n)K(3)(ul e T I=1...M, (5.2)

(2) 1 (2) 3
| = (uy— 77)K (uk + 3m)bo(ur) @ (uk + 5n) 1M (53)

KM (up)ao(ur) Q@ (ux + 3n)’

In the homogeneous limit, the corresponding T° — () relation and associated BAEs
become (5.1) and (5.2)-(5.3) by setting §; =0, j = 1,..., N. Therefore the energy of the
Hamiltonian (1.1) reads

nalnA() n(2c—1) ¢
= _ A —uM+L—1
5 lu=0,{0;}=0 + 2 +(c,_1/2)77_c, pM +
M 2
M, 5.4
;uh i (5-4)

where the 2M parameters {u;|j = 1,..., M} and {vj|j = 1,..., M} satisfy the resulting
BAEs (5.2) and (5.3). Here we present the results for the L = 2 and L = 3 cases: the
numerical solutions of the BAEs are shown in table 1 and table 2, which indicated that
the eigenvalues are identical with the results we get from the exact diagonalization of the
Hamiltonian (1.1). Numerical results for the small-site cases suggest that the spectrum
obtained by the nested BAEs (5.2)-(5.3) is complete.

2 Although the inhomogeneous T — @ relation given by (5.1) is different from that obtained in [28], each
of them gives rise to the complete set of eigenvalues of the transfer matrix. The T — @ relation (5.1) takes
advantage over one in [28] is that it leads to an simple form (4.27) of Bethe states of the reduced spectrum
problem (3.16).
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uq U 1 2 E, n

—0.1000 — 1.6602:  0.1004 — 0.0000% 0.1264 4+ 3.3108;  0.1264 — 3.3108¢ | —5.312156 | 1

—0.1000 — 0.2048  0.1004 + 0.0000¢ 0.8095 — 3.40607  0.8095 + 3.4060¢ | —4.555656 | 2
0.1005 + 0.000017 - 0.0000 — 3.30702 - —3.325040 | 3
—0.1000 — 1.6539: —0.1000 — 0.2053¢  0.0255 + 3.3085z  0.0255 — 3.3085: | —3.218186 | 4
—0.1000 — 3.7095; —0.1000 — 0.1000z  0.0000 — 4.6812z  0.1496 — 0.00007 | —1.996355 | 5
—0.1000 — 2.35551 - 0.0000 — 3.7060: - —1.992804 | 6
—0.1000 + 0.2040z — —0.0000 + 3.3148: — —1.225154 | 7
— — — — 0 8
—0.1000 — 0.0999: — —0.1496 — 0.0000% — 0.001822 | 9

Table 1. Solutions of BAEs (5.2) and (5.3) where L = 2 with the parameters n = 0.2, = 2,
¢ =01¢=01¢ = -05/ = —05,¢/ = —0.3 and ¢, = —0.7 for the case of FE, is the
corresponding eigenenergy. The energy F,, calculated from (5.4) is the same as that from the exact
diagonalization of the Hamiltonian (1.1).

6 Concluding remarks

In this paper, we have studied the one-dimensional supersymmetric ¢ — J model with the
most generic integrable boundary condition, which is described by the Hamiltonian (1.1)
and the corresponding integrable boundary terms are associated with the most generic
non-diagonal K-matrices given by (2.14)—(2.15). By combining the algebraic Bethe ansatz
and the off-diagonal Bethe ansatz, we construct the eigenstates of the transfer matrix
in terms of the nested Bethe states given by (3.6) and (4.27), which have well-defined
homogeneous limit. The corresponding eigenvalues are given in terms of the inhomogeneous
T — @ relation (5.1) and the associated BAEs (5.2)—(5.3). The exact solution of this paper
provides basis for further analyzing the thermodynamic properties and correlation functions
of the model. These are under investigation and results will be reported elsewhere.
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