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1 Introduction

o Nonperturbative definition of string theories

— The large N reduction of the super Yang-Mills theories de-
duces simple systems of miatrix variables as the constructive
definition of Type IIA, IIB and Type | superstrings.
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o Type | superst,r}g ‘
— Heterotic/ Type | duality
-~ a theory of non-orientable strings
— Gauge group is introduced by Chan-Paton method.
— The finiteness of amplitudes and anomaly cancellation specify
the gauge group SO(32).
— The non-orientable bosonic string is also consistent only if the
gauge group is SO(2" = 8192).

e Constructmion of string fisld theories from matrix models

— The contimuum limir of the string field theory can be taken
at the double scaling limit of the matrix models.
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e Conformal matter on the orientable 2D surfaces with boundaries

— loop gas model on orientable 2D surfaces
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» Construction of non-critical non-orientable open-closed string field
theories



— Introduction of Chan-Paton factor for the nonorientablec = 0
case
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— non-orientable 2D random surfaces with “coloured " bound-
aries are described by the real symmetric matrix-vector model
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The sum is taken over all dynamically triangulated 2D non-
orientable surfaces with boundaries.

X is the Eular number

x = 2 - 2 7#(handles) - #(boundaries) - #{crosscaps).

e This talk

— a loop gas model on non-orientable 2D surfaces

— Derivation of the string field theory based on SQM
— Schwinger-Dyson equation and the consistency of the non-
orientable string field theory



2 Real Symmetric Matrix-Vector Model

matrix-vector model = non-orientable open-closed strings

Arw 35+ N X N matrix
¥ ;. N-vector
z, ¢ € Z — domain in discretized 1-D target space
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Kostov's loop-gas model = conformal matters
< on the non-orientable surfaces
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Effective action < Integrating out of 4,4,
Sﬂﬂ'( -:.mr;r' L .I." j
M; i; = Azz ij "'-fd;j . “real symmetric”

o String fields . “non-orientable”
( length L, localized at the site x )

closed string field : ¢ (L) = Str(e" V%)
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Adjacency matrices
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background momentum py = -

central charge
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3 Time Evolution of Strings
Langevin equations : one-step deformation of matrices and vectors
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AL : scale parameter of the stochastic time evolution
on the boundary
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Langevin equation for string fields — string interactions

—
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e open string : V(L) = 4 agh kb /"') 5/@/
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Noise correlations
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4 Fokker-Planck Hamiltonian

F-P Hamiltonian Operator fi’F-P

< (0), v(0)|eF*0(6, 1)|0 >=< O(den(T), Yen(7)) >en

O(o, %) . observable

dey(T) . teq(r) : solutions of the Langevin equations
< gy . noise correlation
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5 Continuum Limt £
“=" : the minimal unit of length
{ = Le . the physical length of strings

dr = ¢ 2"PAr - infinitesimal stochastic time
A* = z"H2-D2)s . the scaling of stochastic time on boundaries

Renormalized field operators

®(8) = e Pg(L) - W) = 2Py (L)
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Double scaling limit : e—=+0, N =

G = N2 (finite) : string coupling constant
g' — g ~da*A ( A : cosmological constant )
g8 —gh ~a™ ( p : mass at the string end point )
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Continuum limit of the F-P Familtonian
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6 Algebraic Structure of the Generators
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e the consistency condition for the constraints on the equilibrium
expectation value
( “integrable condition” of stochastic time evolution )



7 Schwinger-Dyson Equation

The La-p[nce, Tranformed Variables
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8 Conclusion

e We have proposed the real symmetric matrix-vector model defined
on the discretized 1D target space which describes the conformal
matter with the central «charge ) < ¢ < 1 living on the non-
orientable 2D random surfaces with boundaries.

e The non-critical non-orientable open-closed string field theory with
Chan-Paton facotr is derived from the underlying stochastic pro-
cess defined by the matrix-vector model.

e F-P hamiltonian is a linear combination of three constraints, K%(¢£),
L.(€) and J™(£). They satisfy the algebraic relation including
the Virasoro and SO(r) current algebras. The closure of the con-
straints implies the integrability of the time evolution of the un-
derlying stochastic process.

e The large N limit of the S-D equations are consistent to the ori-
entable case. The scaling behaviour belongs to the same univer-
sality class as one for the orientable case.

e The conjecture is that, at the central charge ¢ — 1 limit, the non-
critical string may be equivalent to 2D string theory. The non-
orientable open-closed string theory with SO(H) gauge symmetry
by the Chan-Paton method is consistent only if the gauge group
is SO(2). To prove the conjecture, we have to investigate more
carefully the cancellation of the logarithmic singularities in the disc
and the mobius amplitudes.



