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Abstract An exact expression is obtained for the dynamic transverse sus-
ceptibility xm(w,i,j) of the one-dimensional isotropic XY-model both on
an open and on a closed chain with arbitrary number of sites at zero
temperature, when the transverse field is greater than the absolute
value of the exchange constant. The dynamic transverse wave -vector-de-
pendent susceptibility for the closed infinite chain is also determined,
and it is shown that in all cases the isothermal susceptibility is
identical to the static susceptibility.

The one-dimensional XY-model in a transverse field (s = 1/2)is
among the few non-trivial many-body problems which can be solved
exactlyl. Although a great deal of work has been done there are still
some unknown results related to the transverse correlations. A complete
list of references on the results obtained in the model can be found in
the works by Perk? and Taylor and Miiller®. The most recent results have
been obtained by Miller and Shrock® and are related to the anisotropic
XY-model. In that work, by exploring the simple form presented by the
ground-state of the system for a particular set of values of the trans-
verse field, they have been able to calculate the static transverse
susceptibilities x2(q) and x'¥(q) at zero temperature.

In this note we are going to consider the isotropic XY-model
in a transverse field, whose Hamiltonian, for an open chain with N
sites, is given by

N-1 N
BH= ] (5585 + 08 ) - .Z‘hsj. (1)
J:

J=N J J+1 J J+

For fields Satisfylng the condition h by lJ)’ the ground state consists

of all spins pointing in the field direction, and it decomposes into a
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direct product of single=site spin states which is shown in eq.(20) of
reference 5. This also happens in the cases analysed by Muller and
Shrock®, and constitutes the main reason why it is possible to evaluate
the transverse correlations in closed form. Although we have d1so
pointed out this fact in our paper5, we did not use it explicitly
when evaluating the tranrverse time-dependent correlation <S’§(t)5§(0)>

at zero temperature, which is given by

<55(t)55(0)>= M ) sin k, sin k eiEkt , (2)
J L v+1 Kk 3 !
where
Ek:Jcosk—h with k:% n=1,2,..., N, (3)
provided the condition h > |J| is satisfied. In passing, we would like

to note that in the isotropic case the correlation <S§(t)5z(0)> is equal
to <S‘g-(t)3z(0)>, and aiso that the phase factor (1) was missing in

our original result. The Fourier transform of <S’7,(t)5'§(0)>, defined as

" (w,4,2) =r <S§<t)5§(0)>€iwt dt (%)

-0

is then obtained from eq. (2) and given by

)j+2

C'm:(w,j,l) LG Vsin kj sin k2 8(w + E,) . {5)
N+ k ®
The dynamic susceptibility X~ (w,7,%2) and the isothermal susceptibility

xm(w,j,ﬁ) can be determined through the relations®’’

n )
wo~ w

-Bw'y xz, , . ,
¥ (w,4,8) = lim { - 7'_ r (-e ™ )c™(w',j,8dw'
[Saad -

B
x;x(j,ﬁ) = ,I;lf,"o {j <sf7°.(-ix) Sp(0) >ar b, (6)

0

where B as usual is I/kBT, and by using egs. (2) and (5) we obtain
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Y
X (w,d,8) = 2(-1) ) sin i ~5in k
¥+1 Kk w+Jcosk-nh 7)
1)+ L
X;x(jyz) = = 2( ]) Z sin k] sin k
N+1 Kk Jcosk-h

From the above result we can conclude immediately that the isothermal
susceptibility and the static susceptibility are identical.

The dynamic susceptibility for the closed chain is obtained
from eq. (7) by considering just the term that depends on J-4%, and it
is obtained by taking the limit j*® keeping j- R constant. This gives

imnediately the result

) .
w1y = - L2077y cos k (j-2) | ®
N+1 k w+Jcosk - h

and from the previous equations we can obtain the wave-vector-dependent

susceptibility xm(w,q), defined as

N .
¥ (w,g) = § o T () ,n=4-2%, (9)
n=-N

which is given by

X w,q) = - ‘ , (10)
2(w - J cos q - h)

where in its calculation we have explicitly considered ¥ large in eq.
(9).

The static susceptibility obtained from eq. (10) is, in the
limit 3 = &, given by

Xm(oiq) = ——}—_ ’ (]])
2J(cos q + 1)

which reproduces the result recently obtained by Miiller and Shrock® in
the zero anisotropy limit, apart from a factor of 1/4 which is missing

in their result?.
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Resumo

Uma expressao exata € obtida para a susceptibilidade dinamica
transversa X% (w,7,7) do modelo XY isotropico uni-dimensional em uma ca-
deia aberta e en uma cadeia fechada com numerc arbitrario de sitios, a
temperatura zero, quando o campo transverso e maior do que o valor abso-
luto da constante de troca. A susceptibilidade dindmica transversa de-
pendente do vetor de onda para uma cadeia infinita fechada é também de-
terminada, e € mostrado que an todos os casos a susceptibilidade isotér-
mica € idéntica a susceptibilidade estatica.



