


There exist some two-dimensional classical field theore-
tical models possessing an infinite number of conserved
quantities. If these classical quantities survive in the
case of quantization, this provides factorization of the
S -matrix and the absence of particle production/!.2/, This
is the case of the Sine-Gordon theory ' and of the O(N)
nonlinear sigma model in which there are both local’4’
and nonlocal’5®/  conserved currents. The factorization
property and the absence of particle production made it
possible to compute explicitly the § -matrix’?’ for these
theories.

For the classical generalized nonlinear sigma models
there exist infinite sets of local’?” as well as nonlocal
conserved currents. In ref.”?” it has been shown that for
the O(N) @ O(N) and U(N) ¢ U(N) models the classical
local conserved charges survive in the case of gquantiza-
tion. However, for CPN~1 podel it is not the case;
because of the anomalies, breacking the conservation laws,
arising in the quantum case v,

In the present article it is shown that the classical
nonlocal charges’89®/ for the generalized nonlinear
sigma models survive in the case of quantization. Consequent-
ly, quantum nonlocal charges and asymptotical states for
these models result in the absence of particle production
and the factorization of the §-matrix 8/, However for
the CPN-! and the Grassmann theories, for which nonlocal
charges also exist, the existence of asymptotical free
states is not established because of long-range forces
For the latter two models, quantum local charges do not
exist /7 , but the absence of particle production may be
checked up to the forth-order perturbation term in coupling
constant of the §-matrix’/11/,

For the classical generalized nonlinear sigma models the
infinite set of conserved currents has the following
form /9’
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where the functions x(k) are determined from the equation

6#x(k)(x)=c,w 19¥y ®x) —il AY(x), x * DV (0)1}t. (2)

Here [ A, B] denotes the matrix commutator and €o1=¢ 10=1. The
solutions of eqgs. (2) are given by
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Starting from » )= C and X( )=0, we have one infinite series

of functions (3) and corresponding nonlocal currents (1).
From these currents we have the conserved charges
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The explicit form of the second conserved current is given
by
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where € is an NxN Hermitean constant matrix. For parti-
cular models A#(x) are given by:
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for the O(N) model,
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for the CP model
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for the Grassmannian models and
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for the principal chiral fields. From the equations of
motion it follows that (6)-(9) are conserved currents, i.e.,
o¥a, =0. For our purpose it is convenient to use the Hermi-
tian currents B#A#- 0. Because of hermiticity of (6)-(9)
and C it follows that the charge (5) also is a hermitean
matrix.

It can be pointed that from (2) or (3) it follows that
all x(kNx)(k 1,2...) have the same scale dimensions. In
our case this dimension is zero. The conserved charges (4)
also have the zero scale dimensions,

In the quantum case the currents (1) as well as the
equations for the generating functions (2), when A (x) and
x® are operator-valued functions, are needed to be correctly
determined. For these purpose the short-distance expansion
of the product of two operators is used (see Appendix A).
Then we define
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and
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Here ¥ (;) (x) are suitable functions providing the limit
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For the second conserved charge we have
® = 11—8
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It can be checked that the charge (13) indeed is conser-
ved, i.e.,
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where the short-distance expansion of the product of two
conserved currents given in ref.’8’ is used.

Taking the limit 8+0 from (13) we have
X
Q®(x,)= Fdxlfld (A (x,x,),[A (x ,y) Cli
1] "-4“ yl Ii] a;( ’ 0 ovyl v
Rl
(15)

-Z[A &,x,), CH,

where Z is the infinite renormalization constant.

The higher conserved charges (k > 2) can be constructed
from (10) or from the commutation relations for Q(® given
by (15).

From the existence of the higher quantum nonlocal conser-
ved charges and the asymptotical states of the generalized
nonlinear sigma models there follow the factorization
of tne S-matrix and the absence of the particle produc-
tion

APPENDIX A
Consider the short-distance expansion of the product of
two local field operators A(x}) and B(x), i.e.,

A(x)B(y)= 2 Cx(x—y)Ox(y), (a. 1)
X

where C(x) are ¢ -number functions and OX are composite
operators ® The functions Cx(x) have the following proper-

ties

*If A and B have isotopic indices, i.e., if they are
transformed under some internal symmetry group G, then E)(x)
are scalars with respect to G.
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with respect to the scale transformations. Consequently,
the singular terms in (A.1) are given by the following
condition

dy<da+dp (A.3)

for the scale dimensions of the fields A(x), B(x) and Ox(x).
Consider the following, interesting for our purpose, cases:

a) A(x) and B(x) are scalar fields with zero scale
dimensions. Then from (A.3) it follows that there is only
one singular term

A(x) B (0)~cln(p®22+ irxo) Oo(x). (A.4)

where ¢ 1is normalization constant, § is a parameter with
mass dimension and Oy is an operator with zero scale
dimension.

b) One conserved current J, (x) and one scalar field x (%)
with zero scale dimension which is odd with respect to the
space reflections, i.e., x(}v(o.—xx)=-)((x“.x:l ). Then
from (A.3) taking into account Lorentz and space reflection
invariances and current conservation, we obtain the fol-
lovwing singular terms
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/8/
where the normalization given in paper is used and

X
1
X(X)= f dy J (X 'Y )'
oo 17007 1 (2.6)
Xy
xX(® = [ dy J (xo.yl).



Here ¥ is an even operator with respect to the space ref-
lections.
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