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Consider N D-particles in D dimensional (non-critical) string theory: 

i =1, . . , D-1

X are the D-particle positions, Y is the open string tachyon.
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Hypothesis: S provides a matrix model for non-critical strings:

ν = 0, . . , D-1

Special case: D=1



The large N quantum mechanics of the matrix valued open string 
tachyon looks like the c=1 matrix model:
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Y is a hermitian N x N matrix
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Via this interpretation, we can interpret the double scaling limit

fixedµ

as a decoupling limit. It is a special case of a large class of dualities
between 2-D string theories:
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After diagonalization, the matrix quantum mechanics provides a 
wavefunction for the eigenvalues given by:
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We want to add a probe eigenvalue:
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( ))(zλ;ΨN τWe define the adiabatic wave function                     such that:

A is a Berry phase.
B
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The adiabatic wave function satisfies the Schrodinger equation with:

Φ (z)  = macroscopic loop operator
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Consider the operator that creates an eigenvalue at location (z,t):
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This is the standard bosonization formula!
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We thus obtain the quantum descent relation:

Quantum Classical
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3) After a maximal T-duality, the D-dimensional matrix QM is 
mapped to D-dimensional YM+Higgs theory:

The (UV regularized) planar diagrams of this theory provide a 
dynamical triangulation+discretization of string worldsheets
embedded in D+1 dimensions.   (Ambjorn e.a., David, Kazakov e.a.)
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4) Suppose we use the matrix QM to compute the effective 
potential between two D-particles. We find:
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The c=1 open/closed string duality has several attractive features:

•It is non-supersymmetric.

•Holography with an S-matrix.

•Is exactly solvable can perform detailed tests.

•Useful laboratory to study:
* D-brane recoil.
* time-dependence.
* gravitational backreaction.
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The c=1 S-matrix preserves an infinite set of the W   charges:∞

1m
u

m)u(n
mn )(eduW +− Φ∂= ∫ in

1n
v

m)v(n )(edv +− Φ∂= ∫ out

in-Kruskal energy

Special generators:
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Consider the in-state with given in-Kruskal momentum p   :+
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Crucial point: the non-local leg pole transformation relates P   
to an (approximately) local operator in space-time:
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Gravitational shockwave



Challenge: Non-perturbative consistency, possibly by embedding
in a supersymmetric string theory.
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