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THE t-j MODEL IN ONE DTMENSION

EXACT SOLUTION AT til =J .
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Theoretische Phystk, ETH-Hiinggerberg, CH-BO|J Ziirich,
Switzerland

Abstract

By means of the Bethe ansatz technique, we have diagonalized
exactly the one dimensional t-J Hamiltonian for ltl=J,1

we emphasize that the model we have solved can not be obtained as

the large-u limit of the repulsive Hubbard model, for which the ex-
change constant J=4t2/U < t, the hopplng strength
The ground state properties and the low-lying excitation spectrum
are discussed for the case t=J>0,2 where the mod,el becomes super-
symmetric 3. Fo, all values of the band filling, the ground state can

be pictured as a liquid of singlet bound pairs. From a formal point of
view , the structure of the ground state is similar to that of the attrac-
tive Hubbard model4. However, the physics is more like that of the
repulsive Hubbard modelS'6. In particular, the ground state involves
pairs of electrons of arbitrarily weak binding energies, resulting in a

gapless spectrum.

The low-lying part of the spectrum is composed of two types of
excitations :

i) charge excitations occurring only away from half-filling. This mode
is gapless and carries no spin. In Anderson's terminorogy 7, it corru"-
ponds to a holon-antiholon branch. It is the analogue of the particte-
hole excitation in a Fermi liquid. The ho.lons have an effective Fermi
surface at 2kp t kp=n1117251or"
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ii) Spin excitations which, at half-filling, reduce to the two-parametric
family of states of Faddeev atrd rakhtalan 8. The excitation conslsts in

breaking a pair with (triplet) or without (singlet) spin-flip and carries
no charge. The spectrum is gapless: this is due to the presence of
a continuum of asymptoticalty unbound pairs Near half-ftlling , this
mode can be identified as a double-spinon branch. The effective
Fermi surface for spinons is at kp.

In conclusion, we have determined the ground state and the elemen-

tary excitatlon spectrum of the t-J model at ltl=J for arbitrary band

filling. We believe that the model for t=J belongs to the same univer-
sality class as the repulsive Hubbard moclel and do not expect a phase

transition in the interval O<J/tll .9
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