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I. INTRODUCTION

Impenetrable Bose gas in one space dimension representing bosons with the point-like
infinite repulsion is the simplest nontrivial integrable model. In the slate of the thermal equilibrium
at temperature T > 0 the distribution of particles in momenta k is given by the Fermi weight
(1 + exp{e(Jfc)/r})-' (energy e(Jt) = k1 — h, h is a chemical potential). Our aim is to obtain
the long-distance asymptotics of equal-time temperature correlators in the model. To do this we
use essentially results of a previous paper [I], where the completely integrable system describing
temperature correlators was constructed and partial differential equations for them were obtained.
So the description of temperature correlators in the quantum model is reduced to the investigation
of the classical nonlinear integrable system. This is done by means of the inverse scattering method
in the matrix Riemann problem formulation (see, e.g. [2]).

Let us begin with introducing notations and formulating results of paper [1] necessary

further. The two-point correlators will be mainly considered, namely, the two-point field correlator

(I-I)

(1.2)

(1-3)

gives the probability that there are no panicles with coordinates 0 < y < z at the state of the

thermal equilibrium ("the emptiness formation probability") and is of special interest.

At the right-hand sides of representations (Ll)-(l-3) x and t arc the rcnormalized dis-
tance and the chemical potential,

/ (1.4)

and the generating functional for density correlators

The value of the last correlator at a = - o o ( 7 = I /w),

and A is the Fredholm determinant.

(15)

of linear integral operator JC,



(JC/XM

Functions e± are

the Fermi weight i3( X) being given as

(16)

(1.7)

(1.8)

(the dependence of these quantities of x and t will be as a rule suppressed in notations).

"Potential" B»+ in (1.1) is one of the potentials Btm (£ = + , - ; m = + , - )

Functions f± are the solutions of the linear integral equations

f

(19)

(1.10)

The logarithmic derivatives of the Fredholm determinant A can also be expressed in terms of the
potentials B. Introducing function a.

ff(i,(,Tf)-€nA(3;,t,Tf); <T(O,t,<T) = 0, 0(1,-00,7) = 0

one has

So all the correlators are represented in terms of the solutions of system (1.10).

(111)

(1.12)

It was shown in [ 1 ] that the following relations for Ihe two-component function F( X) (F\

/ • (X) ,F 2 =/_(X)) are valid

(1.13)

This is a zero curvature representation for a nonlinear evolutionary system for potentials B,

.14)

which results in equation for potential B++,

(1-15)

It should be mentioned that all the results (1.5HL 18) are valid not only for function iJ( X) denned
in (1.8) but also for arbitrary r?( X) satisfying conditions

>0 , (1.16)

(his arbitrary function playing a role of a reflection coefficient in the inverse scattering method. So
all the notations and necessary results of [ 1] are given.

The contents of this paper are as follows. We begin with constructing in Sec. 2 the basic
ingredient of the inverse scattering method, i.e. the matrix Riemann problem. Linear equations
(1.10) (which were the main object of the analysis in [I]) appear to have the sense of simple alge-
braic reductions for initial data of the special type (1.8), (1.16) of the Gel*fand-Levitan-Marchenko
equations. This allows us to calculate in the next sections the long-distance asymptotics of correla-
tors. To do this; we use the scheme of the asymptotical analysis of solutions of nonlinear integrable
equations suggested in paper [3]. This is done for correlator (1.2) with i < 1/ir in Sec.3. In
Sec. 4, the complete asymptotical expansion for the emptiness formation probability ( i = I / TT) is
constructed.

In Sec.5, the long-distance asymptotics of the two-point field correlator (1.1) is obtained.
In the Appendix, the matrix Riemann problem for multi-point correlators is constructed..

2. MATRIX RIEMANN PROBLEM FOR TWO-POINT CORRELATORS

Consider on the complex plane \ the following matrix Riemann problem (MRP). One has
to find that the 2 x 2 matrix-valued functionx(X) (det x(A) ^ 0 at any A), which is holomorphic
for Im\ > 0 and Im\ < 0, is equal to the unit matrix / at A = 00,

X(oo) = I

and the boundary values x+( X) and x~( \) on die real axis are related as

The conjugating matrix G here is

1 - -

(2.1)

(22)

(2.3)



functions e±(X) = v ^ X T e x p { ± » X i } andi)(X) = ( l + exp{X* - t } ) " 1 are the same as in (1.7)

and (1.8).

The explicit form of the matrix G allows us to use the classical results (see e.g. [4]) to

show that this MRP is uniquely solvable at any % and t if

- 1 / T < T < 1 / T (2.4)

and that the solution x(X) is a smooth function of parameters x,t. If condition (2.4) is violated,

the question of solvability becomes nontrivial. However, the sufficient conditions of solvability are

also fulfilled, e.g. in the case

2/ir, —oo < x < +oo, t < 0 (2.4a)

Supposing that the MRP is solvable, let us study the properties of the solution as a func-
tion of z, t. It should be noted that at |X| —» oo, function x( X) can be expanded as

X<X)=J+(4yX) + (Y2/X2) + ... (2.5)

where functions 1\(x,t) do not depend on X. Due to the symmetry properties of matrix G,

G(X)=o-i<r ' ( -X)ai ; G(X)=G*(-X) (2.6)

one concludes that the coefficient Yj can be written as

CT3 ( 2 .7)

where £+•, B+_ are some real scalar functions of i , t (it will be shown later that they are just the
potentials (1.9)).

Our first aim is to show that function

(2.8)

is a matrix solution of a linear system similar to the zero curvature representation (1.13). To this
end one rewrites (2.2) as *f"(X) = 4* + (X)Go(X) where matrix Go is

)
(2-9)

This matrix does not depend on x and has the property (2 X& + &)Go ~ 0 due to (1-16). Thus the

corresponding logarithmic derivatives have no cuts at the real axis and arc holomorphic for any \.
From (2.5) and (2.6) one has then (using the Liouville theorem) that for any \

t \a3 + B++

(2.10)

and matrix *f is indeed a matrix solution of a system similar to (1.13). The compatibility conditions

for (2.10) are, of course, just equations (1.14).

In all the above considerations the explicit form (1.8) of function tf was not used. It was

essential that it possesses properties (1.16). It means that the Riemann problem may be used to

construct solutions of equations (1.14) depending on a functional parameter. The choice (1.7) for

function i? leads to solutions B++,B+- which were defined earlier in (1.9).

To prove this last statement one analyzes the system of singular integral equations equiv-

alent to the MRP. In the matrix form, these equations for function x(X) (2.1), (2.2) are written

as oo +
(2.11)

The special property det ( / - G{ X)) = 0 of matrix G (2.3) allows us to reduce (2.13) to two scalar
equations. Putting

(MX = 0) (2.12)

and rewriting (2.11) for x one obtains two scalar integral equations for functions x\z, X22

/

»
K(\,n)xn(ii)dn = e*(X)

(£ = 1,2; e, = e + , e2 = e_) (2.13)

where K(\,LI) is just the nonsingular kernel (1.6) entering equations (1.10) for functions f±. So

&12(X) = /+(X); X22(^) = /-(X) (2.14)

and the reduction of the system (2.11) to system (1.10) is realized.

The remaining two equations of the system (2.11) (rewritten for x) ̂ t expressions of

functions xn = X/i (&- 1.2) in terms of xa. • Due to (2.14) they are written as

^•dfi (/mX>0)

(«=1,2; / ) = / • ; h=f~) (2.15)

Expanding now in (1 /X) one has for *Pi in (2.5)

(2.16)



so that functions B++, S t _ in (2.7) are indeed the same as those defined in (1.9).

We conclude the discussion of the Riemann problem with the following two remarks.

Remark 1 The equivalence of systems (1.10) and (2.11) established above allows us to in-
terpret (1.10) as a GLM equation for nonlinear system (1.14). In turn, this gives the possibility
to consider the Fredholm determinant (1.5) as a r-function for the system. This question will be
discussed in more detail in a separate paper.

Remark 2 There exists an interesting relation of the objects discussed above to the spectral
theory of the Dirac operator entering the L — M pair (1.13). To demonstrate this, let us introduce
scalar functions a(X) ,/?(X) as (we suppose that (2.4) is valid)

(2.17)

(2.18)

- 0 , 1 , - 1 ) (2.19)

It is to be noted that functions a{ X), /?(X) are holomorphic for Im X > 0 and Im X < 0, a( oo) =
/3( X) = 1, and for real X they satisfy relations

Functions ga,gp (depending also on t, 7) are

9a(X) = 30(X)/s,(X); W(X)

with functions so, si, a_i given as

2 - t }

); /T(X) = /T (2.20)

being solutions of the corresponding scalar Riemann problems. They allow us to transform matrix
(7(2 3) to a matrix with diagonal elements equal to 1. Going to the matrix-valued function <t>.

(2.21)

one changes (2.2) to

with
fc(X) = - (2.23)

(obvious symmetry properties.

(2.24)

are taken into account). Comparing now matrix G« with the conjugating matrix for Dirac operator
L (see, e.g. [2])

dx 0 { 2 2 5 )

one comes to the conclusion that the finding function B++ ( x, t) is equivalent to the reconstructing
potential u for a given coefficient K X) (u = i f l«) . The fact that the potential appears to be pure
imaginary is connected to properties (2.24).

3. GENERATING FUNCTIONAL FOR DENSITY CORRELATORS (7 < 1 /IT)

Here the asymptotics at x —» +00 of correlator (1.2) for —00 < a < 0 is calculated (ihe
case a = -00 is considered in the next Section). The correlator we are interested in now is the
Fredholm determinant A (1.5); due to (1.11) its logarithm 8 can be expressed as

a = - (3.1)

The partial differential equation (1.15) for S++ (remember that B j , = dxB+-) can be used to
reproduce the complete asymptotical expansion but one has to obtain first terms of the asymptotics
before doing this.

The results obtained in Sec.2 reduce the problem to calculating the asymptotics of matrix
elements x u , X12 for the matrix x (2-2). It is convenient to go to matrix <I> (2.2). Potentials B can
be extracted from the (1 /X)-expansion (2.5), (2.7) of x(X), or, equivalently, * (X):

ilim

X-wo
(3.2)

(functions a(X) and Ĵ(X) which are often used below are defined in (2.17)). To find the asymp-
totics of <t> one begins with the system of integral equations (2.11) which is readily rewritten for
functions as

<

(33)

(3.4)



where functions sp(p-Q, ±l )are given by (2.19). For functions <t> the following estimates arc

valid:

\Qn(\,x,t)-l\<C/\ (3.5)

\*n(>>,x,t)\$D/\ (3 6)

where Im\ > 0, t < to, x > xo and constants C, D depend on xo, to only (for-| fixed). These
estimates can be obtained directly from (3.3) and (3.4) (one can also make use of Remark 2 of Sec.2
to interpret <l\t as the Jost solutions for the Dirac operator L which permits to use standard facts
[2] of the scattering theory for this operator).

Let us now take into account that function <Dn(/j)a(^)/7H/i) is analytical in the upper
half-plane and also satisfies estimate (3.S) (remember that 4>D(cxi) = a(oo) = 0{oa) = 1).
Hence the integration contour in (3.4) can be shifted into the upper half-plane and the integral
can be represented as a sum of residues at first-order poles at points \t, - * J (which are zeros of
function s{(\) in the upper half-plane):

Thus the following representation is obtained for function $12:

where ${\) is given as a series.

0 (3.7)

(3.8)

Jfc-0

and

S(,\K,\)

(3.9)

(3.10)

series (3.9) is uniformly convergent for \ € R, x > xo and ti < t < to (where U is an arbitrary
but finite constant)- T h i s series is a l s o asymptot ica l at x —* + 0 0 uni formly for A £ R , ti <t<to
( from n o w o n it i s s u p p o s e d that condi t ion ( 2 . 4 ) is fulfi l led).

Putting expression (3.8) into (3.3) one comes to the representation for function <J>n (A)

with

27rt;_o

=

(3.11)

(3.12)

Eq.(3.11) may be regarded as a singular integral equation for the inhomogeneous scalar RP:

where due to (2.20), function g(X) is given as

which solves the problem. Using the fact that <t>n (00) = 1 one has

*ii<*) =
2m

or, in a more explicit form (see (3.12), (3.9), (3.10))

(3.13)

2m
(3.14)

t-o

where

(3.15)

This representation allows us, in particular, to obtain the first term of the asymptotics of

<t>\ 1 at x -> + 00 (see also Remark. 1 in this Section). Due to (he possibility of shifting the integration
contour in the integral in (3.15) into the lower half-plane and to the estimate (3.5), these integrals
can be estimated by C|exp {2 iAo x}/{\+ \o)\. Hence one has

> (x -» +00) (3.16)

where r0 = |Ao|, Vo = arg Ao (see (3.7)).

From (3.4) one also obtains

O(exp{— 4roisin

10

(3.17)



These estimates are uniform for ItnX > 0, t\ < t < to. Expanding in (1 /X) (see (3.2)) one gets
for potentials B

(3.18)O(exp{-4r0isinpo})

O(exp{~4roa;sin ¥>o}) (x—»+oo) (3.19)

(we subsiituted functions ap (2.19) in the explicit form). Shifting the integration contour in the last
formula to the upper half-plane one obtains a more exact estimate for £?++,

x sin {2 I T * cos p t + 2 arg <

+ 0(exp{-4xrosinpo}) » (3.20)

where TK = \\K\, <pK = arg XK and integer K = K(t, 7) has to be defined from conditions

(321)
Tjr sin pK = JmXjr < 2 /TTIAO = 2 ro sin <

rKtX sin va/r+i > 2r0 sin po

It should be noted that, using Eq. (1.14), 9,B+_ = Bl+, one can obtain the next terms of
the asymptolics of function S t _ by means of (3.20):

= a —62(8ro) ' exp{-4iro sin v>o}x

x J(siny>o)~' + sin{4irocos^o +2So -

+ O(exp{-4iro sin <po}), x —* +00 (3.22)

where

-i£
6= j

1 - r0

- t }

. . . . .
; 60 = 2argo(Xo) - (3.23)

11

So we have obtained the first terms of the asymptotics of potentials. Apply now these
results to get the asymptotics of function o = In A, which is just the logarithm of correlator (1.2).
Using representation (3.1) and Eqs. (1.12), (3.20) and (3.22), one obtains:

- &2(32TJ})- |exp{-4ir0 sinpo}*

x Ksin po)~2 + cos{4xrocos po + 2flo - 2ipa}] +

+ O(exp{-4ir0 sinpo}) ( i -*+oo) (3.24)

Constant K here does not depend on x,t, being a function of 7 only: K, - ^(7). Its exact value is
unknown to us. Asymptotics (3.24) is the main result of this Section. It is uniform in t at any (but
finite) interval Ii < £ < to • Asymptotics of correlator (1.2) is readily obtained as

{exp{aQU)})T = exp{a(z/2,i ,7)}

where one should put x = zy/f, t = hjT, 7 = (1 - exp{a})/ir. Before going further we would
like to make the following two remarks.

Remark 1 Eqs. (3.18) and (3.20) give the main terms of asympiotics of potentials C++ ,£?+...
Next terms and, in principle, complete asymptotical expansions can be obtained from the nonlinear
differential equation (1.15) for function B++, if one substitutes the following ansatz into it:

B - =J^AKe-llr'™*' sin{2xrjrooi v>r

x sin {2(ric sin ipic ± r * s i n tpt)x+ 9u) + . . .

We use this approach in the next section in the more simple case 7 = 1 /ir.

Another way to obtain asymptotical expansions is to use representation (3.14). Putting

there X = \K, \ = —\'K, one obtains an infinite dimensional linear system for coefficients
*(^ j r ) , 4>(-Aff) which can be used to construct asymptotical expansions.

Remark 2 It was already mentioned that from the point of view of the scattering theory for
the Dirac operator L (2.25), potential B++ corresponds to the reflection coefficient 6( X) (2.23). It
is not difficult to restore the transient coefficient a(X)

For the "scattering amplitude" r( X) one then has

r(X) = i*U) /a (X) = -W7(« + (X)) 2 ( 1 - *7 + exp{X* - t})"1

so formula (3.19) obtained for Bt+ can be interpreted as a well-known Born approximation.

12



4. EMPTINESS FORMATION PROBABILITY (7 = 1 /u)

The emptiness formation probability (1.3), being a special case at a = — 00 of correlator
(1.2), is the Kredholm determinant A with 7 = 1 /ir. Below the complete asymptotical expansion
of the logarithm of this correlator, o{x,t, 7 = 1/w) = lnb(%,tli = 1/TT) is obtained. As was
already explained at the begi nni ng of Sec. 3, the problem is reduced to the asymptotical analysis of
the system of singular integraJ equations (3.3) and (3.4). The method of the analysis is, in principle,
the same but estimates are essentially different. In particular, they are now uniform in the interval
t < to including t = -co. For example, representation (3.8) is now changed for

_ ir74

where R( X) is a function continuous at X 6 R . holomorphic for Im\ < 0 and satisfying the
estimate \R(X)\ < Cf\/\X\2 + x2 uniformly for ImX < 0 , t < to and a: > i 0 . Repeating the
corresponding considerations of Sec. 2 (but taking into account (4.1)) one obtains for <t>i; instead
of (3.13)

2V» .

- X - ix)
(4.2)

so that

(4.3)

where function L{\) is continuous for X e R, holomorphic at Im\ > 0 and satisfies the esti-
mate, \L(\)\ < C/x\/\\\2 + x2 uniformly for Im\ < 0, t < (0, x > xo. The asymptotical
representation of <t>u is obtained from (3.4) and (4.3). At Jm ,\ > 0,

(4.4)

where \Mi\)\ < C/x2\/lxl2

Thus one has, due to (3.2), the following asymptotics for potentials B

O(exp{-2i 2+2(}/ i ) ( i - n - o o ) , (4.5)

(4 6)

13

These estimates are uniform fort < to includingt = —00 (which differs from (3.18), (3.19) in this

aspect).

Construct now the complete asymptotical expansions for B++, B+_, using partial differ-
ential equation for £•+ (1.15). One begins with the representation of the integral in (4.6) as

+(\))2d\{a+(\)) t - X2} = r}x

/_L+ I V t-D^^+fc)! I \

where ajfare introduced by means of the expansion of function a(>)(2.17)(itistobe remembered
that 7 = l/jr)as

k-o

Due to the explicit form of a{ X), all ag 's can be calculated from the identity

1 + f>ir/X'*') = exp{-i £) Ct/X"+1} ,
K'O K-0

ck = - f + exp{( - X2

Thus one obtains
ao = -ico, ai = - C Q / 2 , a2 = - ici + (icjS/6),

013 = -coci + (cJ/4!), etc.

Returning now to the asymptotics (4.6) for £++, one can write

(4.7)

(48)

+O(exp{-3i2 + 3t}/i2) ( i

where coefficients an (functions oft) are expressed in terms of ag:

(it is to note that the sum here are taken over integers k, t).

14

(4.9)

(4.10)



Turn now to nonlinear partial differential equation (1.15) for B^(x,t). Estimate (4.9)
suggests the following ansatz

x2 + t}( QO + ^ + ™, t) = exp{-x2
~ + -. •)

.N) N)

(=%-+mfi + ...) + ... (4.11)
Quantities aj,bj,dj ... d j w ) , . . . are functions of t which should be (except of known af (4.10))

determined. Putting formal series (4.11) into Eq, (1.15) and taking into account (4.5) one obtains

for functions b,d,SN) the linear ordinary differential equations in t, e.g. for 62, *3 > <U °ne has

3*2-(1 /3)6* = - ( 1 / 3 T T ^ V ,

dttn - ( 1 / 3 ) 6 , =(3/16^/i ) e«/3 a ( ( e*«/3C o ) f

J / I )e S t (4.12)

The solutions of these equations are defined up to solutions of the corresponding homogeneous
equations, these being

B2(t) = const cxp{t/3}r B3(t) = const exp{t/3} ,

Dt(t) = const • exp{t/5}.

All the constants here should be, however, equal to zero as functions b(t),d(t) ... should not
contain fractional powers of exp{t} in the expansion att —» —00. This is the direct consequence of
the uniformity for t < to of estimate (4.6) (see also Sec.6 of paper [1J where the explicit expansion
at £ —> -00 is constructed). Thus one has from (4.12)

63( t)=(3/16*3 /2)exp{3t}co(t) ,

d4(t) = (l/384ir s/ I)exp{5t} (4.13)

Arguments of this kind are valid also for any higher terms in the expansion (4.11). It should be
emphasized, however, that it is essential that coefficients o ; are already defined independenily. The
reason is that a soluiion of the corresponding homogeneous equation is exp {t} and arguments about
the presence of only entire powers of exp {t} give nothing in this case.

Thus one comes to the following asymptotical expansion of potential B++

— +•
co«)

+..

+ exp{-5xJ + 5t} (4.14)

15

where functions QB = oB(() are given by (4.10) and co(t) is defined in (4.7). Using now (4.5) and
equation dzBt- = B++ (1.14) one has for potential £?•_

exp{-2i 2

where funciions An = An( t) are calculated from the identity

(4.15)

01

Eq.(3.1) may now be used to derive the asymptotics of function a (x, t) = in A (2:, t):

1 r*
( i , t , 7 = l/ir) = - i c o ( t ) + j / (d,co)2dt+

(4.16)

It should be noted that at 7 = 1/* there is no problem with the integration constant n as it was in
the case 7 < 1/jr (3.24). Due to the uniformity of all the estimates in this Section for ( < (0 one
can take the limit t —> -00 in (4.16) and use the fact that in this limit a - 0 (1.11).

Remember that the emptiness formation probability (1.3) is given as

P(z,h,T) = exp{a(x/2,t,7= 1/ir}, x = zs/f, t = h/T ,

so one easily obtains the long-distance expansion by virtue of (4.16). We write explicitly only the
most interesting first term:

rh/T

co(t)

xexp{-?v^co(/»/r)/2}, (z -++00)

1 f°°

- / £n(l + exp{t -

16



5. TWO-POINT FIELD CORRELATOR ( T = 2/ir)

The asymptotics at z —» +00 of correlator {ifr*{z)il>(.— t))r (1.1) is briefly discussed
here (we hope to give the complete asymptotical expansion in a separate paper). Remember that
correlator (1.1) is the product ( \ Z T / 4 ) B++ A where the potential B H and the Frcdholm determinant
A should be taken at 7 = 2/ir.

First consider the problem for the negative chemical potentials h < 0 (i.e. for t < 0).
In this case (see (2.4a)) taking into account standard results [4] one concludes that the Riemann
problem (2.2) is uniquely solvable for all x. So one can repeat the consideration of Sec.3 to obtain
the asymptotics. The only essential alteration is that now zeros \ jr, -*£• offunctionssi(X) (2.19),

are given, instead of (3.7), as

(5.1)

(5.2)

so that \0 is now pure imaginary, \0 = ->J = i |l |1 /2 . Hence only one term with Jfc = 0 should
be kept in series (3.9), (3.14). Correspondingly, the term with Jfc = 0 in expansion (3.20) for £++
should be taken with coefficient 1 / 2 , being equal to

2 | t | - 1 / I ( Q (> 0 ) ) 2 exp{-2x | i | 1 / 2 } ( 7 - 2 / i r ) (5.3)

(we take into account that r0 = | t |1 / 2 , ipo = rr/2 and arg a( \0) = 0). For <*( Xo) one obtains

Other terms remain the same (of course, ^ = 2/jr in all the formulae). The nondecreasing terms
in the asymptotics of a = £nA (3.24) remain unchanged and one obtains for the asymptotics of the
correlator {^+(

I f

>i<. (5.5)

Here

and /w is a constant.

Turn now to the case of positive chemical potentials h > 0 (i.e. t > 0), which is

more complicated. The sufficient conditions [41 of the solvability of the Riemann problem are not
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fulfilled for real 1 > 1 /TT. From a technical point of view, the difficulty is that zeros >o, —XJ i n

(5.2) become real,

Ao = t 1 / I , -XS = - * 1 / 2 ( t > 0 , 1 = 2/10 (5.6)

so that estimates of Sec. 3 are no more valid. More exactly, the first term in the series analogous
to that in (3.14) is now not small at x —» +00 and should be included into the main term of the
asymptotics. To avoid the difficulty one regularizes the problem going to the complex parameter
1 '• 1 ~* 1+ *£ a t |d l h e n taking the limit e —> 0. It appears that the answers do not depend on the
sign of e (one can also make t complex and then go to real t; the answers are the same). Starting
from the system (3.3) and (3.4) of singular integral equations one derives the representation similar
to (3.14) and uses it to calculate the asymptotics as explained in Remark 1 of Sec. 3. Not going
into more detail, let us give the answer for the main term of the asymptotics of correlator (1.1) thus
obtained (see also [5]):

(5.7)- * B 5;

Here

c(t) ir d\ln

and constant p^, is the same as in paper [6] where the long-distance asymptotics of the correlator
at zero temperature was calculated: p M = icel/22~1/3A~6, A being the Glaisher constant (A =
1.2824 . . . ) . It should be mentioned that we obtained the value of the constant in (5.7) comparing
the behaviour of correlator (1.1) at J" -* 0, a: —> +co with the behaviour at T = 0, x —• + oo using
the correspondence between these asymptotics known in the conformal field theory [7].

6. CONCLUSION

We demonstrated that by applying the inverse scattering method to the integrable nonlin-
ear system describing temperature correlators of the impenetrable bosons permits us to obtain the
most interesting information from the physical point of view, namely, to calculate the long-distance

asymptotics of correlators. It should be emphasized that it is done directly in the model considered

(the conformai hypothesis was used only to determine constant pa, >n (5.7)). Corresponding results
for zero-temperature correlators were obtained in paper [81: at T = 0, the correlators depend on
the product zh*12 only and arc described by ordinary differential equations.

In paper [1] the multi-point temperature correlators were also considered. The matrix

Riemann problem corresponding to this case is given in the Appendix.
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Appendix

In Sec.7 of paper [I] the multi-point c o r r e l a t o r s ^ ^ ) . ..V»Jr(*Af)iM*r) • • • $N( zji)}1

were shown to be described by a multidimensional integrable system and corresponding partial dif-
ferential equations in ( 2 N + 1) variables t, x\,.. .xiN (t = h/T, x = zT1'2) were given. Below
the matrix Riemann problem for this system is briefly discussed. It is supposed that the reader
knows the contents of Sec. 7 of [1]. References to the corresponding formulae will be given as
(1.7.1) (which means Eq. (7.1) of [ 1]).

The MRP for multi-point correlators is a natural generalization of the MRP considered
above in Sec. 2. Nowx(X) isa(2Af x 2 N) -matrix and the conjugating matrix <7(X) in (2.2) is
defined as

X) (m,n= 1 ..

Matrix x( X) at A —> oo can be expanded as

where functions M^ do not depend on X. Representing

{A.I)

U2)

U.3)

one has due to the symmetry properties of G(X) thatV<m = V£m = (-l)*+mVim. Considering the
matrix

(A4)

M-5)

which satisfies equations 8nGo(\) = 0 ( 3 , = d/dxK) and (2\dt + d\)Go(\) = 0. Hence one
obtains as in Sec.2 that ,

(A.6)

one calculates the corresponding conjugating matrix

with matrices [/* and Vo equal to

(.47)
( Vo)tm =

Thus funciion V( \) is a matrix solution of the zero curvature representation (A.6) which is similar

to the corresponding representation (1.7.12), (1.7.13) for vector-function fa.
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The compatibility conditions lead just to nonlinear differential equation (I.7.14)-(I.7.18)

for "potentials" V/m( i p t ) .

One can now prove iliat potentials Vtm introduced here (A.3) not only satisfy the same

equations as potentials Vtm ' n paper [1J (see (1.7.7)) but are [he same. As in Sec. 2 the proof is

based on rewriting the system of singular integral equations (2.11) for function x( \):

= Q, n = l,...,

e*(\), n = l , . . . , 2 A T

For functions x\lN (^) one obtains integral equations

with kernel K equal to

IN

which are just Eqs. (1.7.6) for functions /*(>.) . Generalizing now the corresponding arguments

given in Sec. 2 in the case N = 1, one comes to the representation for V<m

which is just the definition of potentials in [1].

So the matrix Riemann problem constructed is indeed the MRP of the inverse scattering

method for ituegrable system describing multi-point correlators.
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