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Correlation Functions for Lattice

Integrable Models

F. Smirnov

In this lectures I consider the problem of calculating the correlation functions for XXZ spin chain. First, I explain in details the free fermion
case. Then I show that for generic coupling constant the fermionic operators acting on the space of quasi-local fields can be introduced. In
the basis generated by these fermionic operators the correlation functions are given by determinants as in the free fermion case.

Keywords: Quantwm integrable models, correlation functions, exactly solvable models of statistical physics.

1 Lecture 1.

These lectures are based on a series of papers written in
collaboration with H. Boos, M. Jimbo, T. Miwa, Y. Takeyama
[1,2,3,4,5,6,7,8].

Consider the infinite XXZ spin chain with the Hamiltonian

1N, 1 2 9 3 3
Hxxz =5 Z(0k0k+1 + 03041 + A0} — 1)),
k=—0
where 0% (a =1,2, 8) are Pauli matrices and A =cos 7v.

I shall consider the case |A| <1, so, v is real: 0 <v <1. T also
use the notation

= em’v
The ground state of the Hamiltonian will be denoted by

\ Vac>. I shall later briefly explain how this vector is found, but
now let me formulate the main problem.

Introduce

j=—o

and let « be a parameter. We consider the normalized vac-
uum expectation values:
(vac|g?*SO0|vac)
(vac|g**Ovac)

where Ois alocal operator. The locality of O implies that the

operator qQaS

(00 stabilizes: there exist integers &, { such that
forall j > (res;). J < k) this operator acts on the j-th lattice site
as 1 (resp. ¢*? ). If k (resp. [) is the maximal (resp. minimal)
integer with this property, [ —k + 1will be called the length of
the operator ¢“(Y)0 and denoted by lenght(qms( 0)(’)).

Let me start with the free fermion case A =0 (¢ =4). In this
case we have

00

1 11 2 2
Hyx =3 Z(Gk‘fm +0}0%41)-

k=—0

In this case the model can be easily solved by introducing
the fermions:

wi :aieim’S(kfl)’

which satisty canonical commutation relations:
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€ €9 +€9,0
Wkl,l/)kz 1+ :6k,l of1 e,

The Hamiltonian takes the form:

Hyx =i ) WiPiet + ivi)-

k=—0

Consider a finite chain of length N with periodical bound-
ary conditions (we assume that N is even):

N/2-1
HY =i t(w;{*m YL,
k=N/2

+ FIS
YN =¢ ?

transform:

1/23\//2, S is the total spin. Introduce the Fourier

N/2-1 o \tk
o001 5: (1482
1/) (g)_m ’(I}k(l_CQJ .

k=N/2

I apologize for the strange parametrization of the mo-

mentum, but it will be useful in the generic case. We have

W (&), ¥  (E9)]s =0,

L - g
[y .y @2)]+:N[1+C%] [1_§§]

(=)
=l
[1+C%II—CEJ_1
1-CF A1+83

So, introducing 7; as solutions to

1 2 27i .

N

2 =e , J==N/2,...,NJ2 -],
+1°5

]
we have:
(Y (7)) (7)1, =0; -

The Hamiltonian is easily expressed in terms of the Fou-
rier transform:

N/2-1 9
HY - 3 vl 2 )
k=NJ2
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As usual in fermionic models, there are negative ener-
gies which are taken care of by the Dirac trick: rewrite the
Hamiltonian as

N _

2-1
M - i v ey (sl 2 )

Z Y (7)Y (T)sm( j+(‘0nst

k=—N/2

which means that the vacaum must satisfy
1p+(rj)\vac> =0, j=-N/2,...,—
wf(tj)\vac> =0, j=0,..., N2 -1

So, if we start with a ferromagnetic vacuum \ 0> in which all
spins are down, the real vacaum|vac) is obtained by filling the

Dirac sea:
Hw (t,)]0).

Jj=—N/2

|vac)

I have considered this simple example in order to explain
that even in the free fermion case the vacuum is a rather
complicated state if we present it in terms of original spin
variables.

Now we have to take the limit N — co. For the Fourier
transform we have

2
- ﬁ [1 52}/) 2%
RNEY: e

=+

Y

and the vacuum satisfies:

¥ (§)|vac) =0, phase 1-¢ <0
P 1+¢&2 ’

Y~ (§)|vac) =0, phase 1-¢ <0
S PPl e

Let me give some explanation about the case of generic ¢.
It is well known nowadays that the integrability of the XXZ
model is due to its relation to the trigonometric R-matrix.
The R-matrix belongs to the tensor product of the two alge-
bras of the 2 matrices: R(§) € Mat(2,C) ® Mat(2, C):

1
R() =
Cq_g—lq—l
FCI—C_IQ_I 0 0 0 W (1.1)
0 ¢-¢t g-q"! 0
0 q—q_l C—C_l 0
0 0 0 &g-tlg-1

The R-matrix satisfies the Yang-Baxter equation:

ol ol ol el 2 e 2

where as usual I shall denote by E; ;(Z) the R-matrix acting in

the tensor product of two copies of Mat(2,C). I shall also use
the notion of an L-operator. In this particular case there is no
difference between these two things, and I shall explain later
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what I mean by an L-operator in general. Here I consider two
copies of Mat(2,C) one of which is called auxiliary (carrying
the index a), and the other is called quantum (carrying the in-
dexj). So, L, j (€) 1s R(€) as an element of the tensor product
of these two algebras.

The most important object of the theory of integrable
models is the transfer-matrix:
in(8) = try (L Nnjo-1(8) -+ L —nja(8))-
The Yang-Baxter equation implies commutativity:
[tn (81, in(E2)] =0.

It is well known that the Hamiltonian of a periodic XXZ
chain on N sites is contained in this one-parametric family of
operators, but since I shall need some knowledge about
higher local integrals of motion let me repeat the derivation
of this fact.

It is convenient to introduce

3 b

7‘7] . J
L,j©)=¢ 2L, ;052.

Note that we still have

(&) =ty (L njo1(8) Ly nyja(D))

because ¢y (§) commutes with the total spin. Introduce further

L (&=L, 5P -=l+£h .
&) ) @) CQq_qfl @)’

where
hg,j —[aaaj +0,05 + 19 (020? 1)
-4 .3 _ 3
+q 4(1 (o, —aj)]
Note that the operator i, (the density of the Hamiltonian) is

a projector, so it is easy to see that
2 -1
-84
= log(€2 — 1]’%/]-

in(©) = L njonje1(©) L vj2-2(8) -+ Ll nyoi1,-ny2(0)
zl,
P njonpa=e™ U,

Ly ;@)= exr{

Now we calculate

PN Nj2-1

where I?—N/Q,N/2—1 means that the operators from the —N/2
(N/2 -1) tensor component are put to the right (left) of the
—gW)
XX7»
which is the Hamiltonian of the periodic XXZ chain. More-

product of the L-operators. It is easy to see that [, =

over, from the Campbell-Hausdorf formula one concludes
that
Iy = de
J
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where d[)’ jacts nontrivially from the j-th to the (j+p)-th site.
These operators are called local integrals of motion: they
commute with the Hamiltonian, and they are composed of lo-
cal densities.

Finally, I would like to say what the ground state of the
Hamiltonian of the periodic chain looks like. Denote

A B
- tessf{555 515)

The eigenvectors of the transfer matrix with total spin 0 (a
vacuum is among them) are constructed as

Cn () Cn(tnp) |0)

where 7; solve the B the equations:

(1-2 ' q&-74
SEVES YIS 1T E RS

A vacuum corresponds to a particular solution to these

j=L...,NJ2.

equations which is a continuous deformation from the free
fermion case. So, we see that the vacuum is a complicated
state which hardly allows a mathematically satistactory de-

scription in the case N — .

2 Lecture 2.
Let us return to our main problem. We want to calculate
(vac \q%‘g( O)O\ vac)
(vac ‘QQaS( 0)\ vac) .

Consider the free fermion case. One easily calculates:

1 det des Lo
S0)=-——5 : :
( ) .7'[2 ﬁ ﬁ 1+C% 1—;% 1/) (Cl)w (§2)

ti=1£3=1

1
g3 -g3+0

where : : stands for normal ordering with respect to the cre-
ation-annihilation parts of fermions discussed before. For

further computation I need the formula:
220800) _. 7.

This is a simple exercise on normal reordering of an expo-

nent of quadratic form. One finds:
Z, =

. Ta
4 sin —

R

ti=123=1

dgi dgd
1+831-83

s
&3 -e3+0

YEDY(C2)

from this formula one easily derives:
(vacl®*S Dy ey p (EH Y D) v G vac)
(vac \qQa‘S(O)\ vac)

=deto(&/.5))

where 0(81,89) is the two-point Green function:

2 2 2 as—a
__ ) 1+81A+8%) 2y §1€y
(81, 69) 2 2@ +8)) IR+l
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where
e
y=e 2
I'want to rewrite this answer differently, but let me first ex-
plain my logic. I appeal to an analogy with Conformal Field
Theory (CFT). It is well-known that on long distances the
XXZ model is described by CFT with ¢ =1. Moreover, the XXZ
model can be considered as a perturbation of this CFT by an
infinite number of irrelevant operators. Here, contrary to the
perturbation of relativistic quantum field theory the flow of
the renormalization group goes from infrared to finite dis-
tances. The main object for CFT is not the space of states, but
the space operators. Following this analogy let me denote by
W, o the space of the spinless operators for the XXZ model of
the form qQaS(O)O. In the conformal limit this space goes to
the space of descendants of the primary field
ia(p-p~")

(p+)
Pa =€ 2

here (¢ + ¢), are two chiral bosonic fields. The descendants

are created by the action of two chiral Virasoro algebras:

1
[Lyp Ly 1=(m —n)Ly, + I n(n® =10,y »

- = — 1
[LyLy 1= (m — n)Lm+n + E n(n2 - l)ém,—n .

We have:
L7n(§0a) = Lm((pa) =0,
LO((pa) :LO((pa) = Aa Pas

where A, =(a(p —ﬁfl))Q/Sn is the anomalous dimension.

m >0,

The space of spinless descendants is spun by the vectors
Loyl Loy Ly (9q)-

After perturbation, the descendants acquire the vacuum
expectation values. The question which A. Zamolodchikov
asked me long ago is whether it is possible to write find a
covector (0 \F(LI,LQ,...,ZI, Lo,...) (here (0] has nothing to do
with what was previously used, it is the Virasoro left vacuum
(0|L_j, =(0|L_ for >0) such that the vacuum expectation val-
ues are given by the scalar products of this covector with de-
scendants. At that time I was unable to answer this question,
but in these lectures I shall explain a construction which is
very much in the spirit of this point of view.

So, our goal is to start working in the space of the opera-
tors and to introduce the operators acting in this space. Let
me give some formal definitions. I have already defined the
space W, (. Similarly I define the spaces W,  of operators
qQaS(O)O of spin s, and

We = D w,,.

§=—00

Also, we shall shift a by integers, so I introduce the space:
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Wia1= k@_w Wersh -

We shall need an analogue of the left Virasoro vacuum, i.e.
alinear functional on W,, . First, introduce also the linear func-
tional on End((CZ):

| W
——ao0
I
a

t (2.1)
=

tr? (x)

with the obvious properties:
3
tra(l) = tra(qaa )=1
This gives rise to a linear functional on W,

tr*(X) =--- trlatrgatrgam(X)

Obviously, this functional is well-defined, since any operator
from W, stabilizes at +oo (—0) as [ (eo“73 ).
Introduce the operators
WE(X) ==X — (=) Xy

1 —
D(X) = ——=5 WX -y D xyp),

where F(X) is the fermionic number of operator X. These
operators annihilate respectively the right or left tail of
elements of W,. They satisfy the canonical commutation
relations:
[WE WL, =[P iy, =
[WE, D1 =O0psero O -
Introduce the Fourier transform:
1+ CQ
vio- 3 w{E]

J=—0

D(E) =

We want to use W (@) for k >0 as annihilation (creation).
Obviously,
WPy Z0, k>0.

There is a problem with the creation operators and the
functional tr?: tra(fl)}f(X )) does not always vanish. However,

one easily derives that

o (X)) = £

v =1
which allows us to perform all necessary calculations. Without
going into further details I rewrite the formula for vacuum

expecation values in a new form:

(vac [y*3(D0 Jvac)
(vac[y**(V|vac)

tr(¢?(0.)
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Q' =

i 15 lec
R 104
Sln? C;')=1C§=1 Cl

- dei de
111 )y 1) 3 5 |

3 +gi1-83

where O denote local operators living on a positive axis only.

Still I am not quite happy with this formula, because there
is a problem with translational invariance. I would like to
avoid using O.. I introduce the following operators:

b©)),, -

1(2"_1;52@ T sing { <c>E<c,a+s>l+1§2}
Q) =2E sing,s {W@)Evz,aml : 2},

s +
where
EX(E,a) =

exp(N[q>§ log(I &> M)W* — ®F log( +§2M)1Pi]).

In the last formula we consider @3, j (resp. lI’;—r) as compo-
nents of a row (resp. column) vector,

M=+ wl-w), @¥); =W,

and log(/ &M ) are understood as Taylor series in w. N
stands for the normal ordering, which applies only to opera-

tors acting at the same site. For them we set

DLW (j>0),
e X
jPa U= )

These operators satisfy a number of remarkable properties.

First, the vacuum expectation values can be presented for any

local O as
<Vac\y2s(0)0\vac> (200
<Vac\y28(0)\vac> r(EO)

Q o1/, @) b(Ey) e(Co)dEidEs . (2.2)

n— .5 .9
ST g =1g5=1

1+y2 ¢?
_ §4

Let me formulate the rest of properties of these operators

o(C,a) =8 (1-8%).

in the most general form because formula (2.2) has a direct

analogue in the general case.

1. Operators b({), ¢(£) have the following block structure:
b(8):Wq s > Weiis-15 €Q):Wo s = Wo 1541

Hence operator b({) ¢(8y) acts from W, g to itself.

2. We have complete anti-commutativity:
[b(Z1) b(Co)]; =[b(L1) e(Co)ly =[c(&) c(E2)],

3. We have
lenght (b(&)(**(V0)) <lenght (¢**(V0),

lenght (b(&)(g***(V0)) <lenght (4***(?0).

http://ctn.cvut.cz/ap/
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Moreover, by definition

00 00 1

1 - -
b — 71) a+s’ — v (IS’
© ;(Cg_bp L e© ;(ég_l)[,cpg

then
b, (> 0) =0, p>lenght (7"**V0),
cp(qQ‘ZS(O)O) =0, p>lenght (*500).

This implies that for any O only a finite number of
terms in the series for ¢ count. Another corollary is that
b(C)(qQaS(k)) = C(C)(qms(k)) =0, so we have translational

invariance as was announced.

4. Recall that the local integrals of motion have the form:
1 »= Z d i So, obviously their adjoint action is well de-
fined on I7,,. Denote IP(X) =[1,,X] We have:

[Z,.b(5)] =[Z,. e(6)] =0.
This property is very important for self-consistency of our
main formula, because the vacuum expectation value of

7, (X) must vanish.

For the moment, all this was for the free fermion case.
However, the main result of our research is that one can give
an algebraic definition of operators b({), ¢({) in the case of
generic ‘q = 1‘. They possess the same properties, and the for-
mula for the vacuum expectation values is exactly the same,

with the only difference that the function w(¢, &) should be re-

placed by:
a —-a a
w(a)= 4(qu( 2 qu 2~ q2 2
(I+g")" \1-¢ 78 1-q¢
100—0 .
. pua 'smng(u —Ziu +a))
o sin g 1 cos 7(u + )

I shall define the operators b({), ¢(§) in the last lecture,
but I would like to finish the present lecture by completing the
set of operators. Namely, we are able to define the creation
operators, b*(§), s*({) and an additional operator t*(). For
the free fermion case one can write explicit formulae for these
operators. In the generic case they are constructed similarly
towhat I shall explain in the next lecture. Their properties are
as follows.

1. The block structure of b*(£), s™(Z), t*(€) is as follows:
b*(cywafl,ﬁl - Wa,s
S*(C):Wa+l,s—l - Wa,s
t*(g):Wa,s - Wa,s

2. These operators have the following commutation rela-
tions with b(¢), c(§):

[b(1).e"(Co)]s =[e(C1).b"(Ea)].
=[c(G1). t(E9)l =[b(E)). t ()], =0,

© Czech Technical University Publishing House
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[B(C 1), b (Eo)]. =[é?1j I

L) &3-¢§

. - QQJ"‘ 1
[e(C). (o). =| 22 .
Corne e (cl - 23

3. As functions of ¢ the operators b*({), ¢*(¢), t*(¢) are:
b*() = ) (& -1 by,
b=l

(@)=Y (@ -,

p=1
(@)=Y @ -ne,.
p=1
4. The operators b*(€), ¢*(£), t*(€) acting on ¢?*>%) create

the space W,,. The locality is respected due to the proper-
ties:

lenght (b;(qms(o)(’))) <lenght (qQ“S(O)O) + 9,
lenght (c;(q2as(0)(9)) <lenght (qQaS(O)(’)) +p,
lenght (t;((fas(o)@)) <lenght (qQaS(mO) +p.

5. The operators b*({), ¢*(§), t*(§) respect tr”:
tr’(b*(5)(X)) = r“(c*(§)(X)) =0,
tr (t7(0)(X)) = tr“(X).

(2.3)

For the vacuum expectation value we have:
(vaclb" (&7 )+ b* ()€ (&) - € Ep (&) (6 g™ ] vag)
<VaC ‘q 2aS(0) ‘ VElC>

= det w(¢} [¢].a)

I think this is a good point to finish this lecture.

3 Lecture 3.

In the previous lecture I claimed that the space of opera-
tors W, can be organized in such a way that the vacuum
expectation values are easy to calculate. Namely, I claimed
that there are operators b(¢), ¢(), b*(), ¢*(¢), t*({) which
can be constructed algebraically, and which provide this orga-
nization of W,,. But for the moment I described some of these
operators for the case of free ferminos only. Now I shall ex-
plain the general construction, but I think I shall not be able
to do this for all the operators. I shall therefore restrict myself
to the operator ¢(g). If the construction of these operators is
clear to you at the end of this lecture I shall be quite happy.
Other operators are constructed using similar means.

First, let me prepare our notation for the L-operators.
Consider the quantum affine algebra U, q(g[;). The universal
R-matrix of this algebra belongs to the tensor productb, ®b_
of its two Borel subalgebras. By an L-operator we mean its
image under an algebra mapb, ® b_ — N ® Ny, where Ny,
Ny are some algebras. I shall always take Ny to be the algebra
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M =Mat(2,C) of 2X2 matrices. As for N; I make several
choices: U, (sly), M, the g-oscillator algebra Osc (see below) or
Osc ® M i, where M* = M are the subalgebras of upper and
lower triangular matrices. For economy of symbols, I use the
same letter L to designate these various L-operators. I shall
putindices, indicating to which tensor product of the algebras
they belong. We use j, £, ... as labels for the lattice sites, and «,
b, ... as labels for the ‘auxiliary’ two-dimensional space. Ac-
cordingly I write the matrix algebra as M] or M,. Capital let-
ters A, B, ... will indicate the g-oscillator algebra Osc. Finally,
for Osc ® M* T use pairs of indices such as {4, a}.

We already had the L-operator L, ;(£), which is essen-
tially the image of the universal R-matrix under the map of
both b, b_ to Mat(C,2).

The next case is due originally to Bazhanov, Lukyanov and
Zamolodchikov [9, 10, 11]. Let us consider the g-oscillators a,
a” satisfying

aa” — qQa*a =1 —qg.
It is convenient to introduce one more element ¢ such that

# D+1

Pa*=a’ P+, Pa=agP,

a‘a=1-¢°P,

Denote by Osc the algebra generated by a,a”, qiD with the
above relations. We consider the following two representa-

tions of Osc,
o0

wr=@c|k), a’lk-1)=|k), D|k)=KE), al0)=0;
k=0

-1
@D c|k), a|lk+1)=[k), DK)=KE), a*|-1)=0;

k:—OO

w— =

In the root of the unity case, if 7 is the smallest positive
integer such that q% =1, we consider the r-dimensional quo-

tient of W* generated by|0) or |~1).

My goal is not to give a complete description of the con-
struction, but rather to consider an example. So, I shall ex-
plain how to construct the operator ¢(£). This operator has
the block structure explained before. Let me denote by ¢(J) its
block acting from W,, to W,,_;.

Returning to the L-operators, we introduce the following

one, which is the image of the universal R-matrix for Ny =Osc,
Ny =Mat(2,C):

L c99pse
A j (3.1)

-D,
q 0 ,
( 0 qD“‘JAEOSCA@M].
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This L-operator satisfies the crossing symmetry relation:

Luf@ = _lg_l L0,

where we have set

Lyj(©=0%Ly ;&Y

2
i g2

) 0] b
and 4 stands for the transposition in Mi'

Consider the product L, ]»(C I j(C ). It 1s well known that
this product can be brought to a triangular form, giving rise in
particular to Baxter’s “T'Q-equation’ for transter matrices. In-

troduce F, 4 =1-a, o, then we have the fusion relation:
L,/ ©) = Fy il j(©)La j(OF, 4

¢-¢7! 0

_ 3.2
(g-¢7No5 G-t ) o
o3
Lipg " o1
0 LA@Q)‘]_O}/Q a
We shall also need
B 1
Ligay, ;07" = = -1~ -
{a, 4}, E - HeEg-cgHEg-¢
“ qoj/QZA(é‘]) - 0 3.3)
0 q_g;/ /ZZA(Cq_l) 3

&' -t 0
~«g-q ol ¢-¢!
a
Let us consider the finite chain with sites from % to [. By

M[k,l] I shall denote Mat(2, (C)®(lfk+1). As usual, the main ob-

ject is the monodromy matrix:
Tiin(©) = Ly (©) -+ Li(©),

where x stands for any auxiliary algebra. However, contrary to
the usual situation I want to act on the operators, so, I intro-

duce the adjoint action:
Toin(©O =T (©) - T (@~
Consider X € M}, ; and define

Agprn (G @) 0
" (X) =Ty, (©)
(CA,[k,l](C,a) Daprn€ ) ), (@, A} k1]
(a—l)(2DA+a§)q_QS[k,l]X)’

(¢

where S[ k] :% 20?. From the fusion relation we obtain:
=k

- - D, 28
A @ a)(X) = ¢* Ty (Cag S (g2 @TIPag kN,

_ BN D, -2S
D py (G a)(X) = g Ty (Eog g S (@ DPag X)),

where S stands for the adjoint action of total spin.

Now I introduce the most important object:
e (6 @)(X) = Tri(C 4 (6, @)L (X),

http://ctn.cvut.cz/ap/
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the trace is taken with respect to wt, it converges for ‘qa‘ <1,
and continues analytically to the other a.
There is one obvious property of cfg’)l](é ,a):

3 od
c%g,)l](é‘,a)(qaakx[kﬂ,l]j = q(a )chEg,)[](C,(Z)(X[k+l,l])-

It follows from the definition of the adjoint and U(1)-sym-
metry of the L-operator. We call this property the first reduc-
tion relation.

In addition there is another property which is a result of

non-trivial calculation:
0 0
cn@a(Xni-nli ) = efpr & (Xppi-y )i + AFE)),

where A(f(8)) = f(Cq) —f(Cq_l), the explicit expression for
F(8) is irrelevant here. So, the reduction relation from the
right is satisfied up to the “g-exact form”. In classical mathe-
matics the additional term is usually eliminated by inte-
grating over the closed cycle. Here it is similar. Obviously,
cfg,)l](é‘ ,a) is singular at § 2., q2, q_Q. Then the above relation
implies that for
(6 a) :sing;g=1 (cfg’)l](éq, a) + cfz’)l](gqfl’a))

we have
118 ) Xpp -l 1) = eppi-1(8 @) (Xpp -1
This is the second reduction relation. Now we are able to
define the operator ¢(&,a) acting from W, to W,,_; taking the
inductive limit. Indeed consider X €W, denote by X[y its
restriction to the interval [k,/]. Then

c(§,a)(X) = k%loigl%w 1,18 ) (Xpi)
due to the reduction relation the limit is well-defined since for
a large enough interval [, /] the sequence stabilizes!

The commutation relations are proved similarly. I do not
go into details, but using the R-matrix one can show that
ciyCra =Def))Co.a) + cfpCaa —De (&)

=Ag (F(C1,89)) + Ag, (F(89,81)),

so, there is anticommutativity up to the “g-exact 2-form”.
Again, “integrating over the closed cycle” (passing to ¢({))
one obtains anticommutativity.

Let me finish these lecture with some general remarks.
The construction of other operators is not very different from
¢, but for b™ and ¢* some additional work has to be done. The
commutation relations are not always easy to prove because
the R-matrices are not always applicable.

I did not say anything about the derivation of our formula
for the vacuum expectation values for generic ¢. Actually, it
was obtained as a result of a long transformation of the inte-
gral formula by Jimbo and Miwa [12]. However, I find quite
unsatisfactory that we have such a complicated derivation of

such a simple result. I hope to find a more direct proof.

© Czech Technical University Publishing House
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