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0. Introduction

superstring theory
a natural (promising) cancidate
for a unified theory including gravity

e A Big Puzzie :
consistency (unitarity, Lorentz invariance)
—10d space-time

e A Possible Scenario :
our 4d space time is realized as a brane
in 10d space time

e A Direct Approach to this issue :
I[IB matrix model
(Ishibashi-Kawai-Kitazawa- Tsuchiya '96)
nonperturbative definition of type 1IB
superstring theory (conjecture)
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nonperturbative formulations of
superstring/M theories (conjectures)

Banks-Fishler-Susskind-Shenker ('96)
Ishibashi-Kawai-Kitazawa-Tsuchiya ('96)

IIB matrix model (< type IIB superstring)

Ay (u=1,---,10) bosonic
Ya (a=1,---,16) fermionic

N x N hermitian matrices
¥ / dA dy e~So=51

Sb
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St = 53 (Fastr (Valduvgl) - (1)

Ay : dynamical space-time
manifest SO(10) inv. and N = 2 SUSY

g | scale parameter
N — o0 < cont. lim. in lattice gauge theory

F,=Cry (Cu: Weyl-projected v matrices)
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2. A mechanism for 4d space-time

e moment of inertia tensor
1

Ty = Etl’(A#Au) (3)
10 x 10 real sym. matrix
eigenvalues \; (i=1,---,10)

A12---2A1020

e configuration {A,} such as

A]_,”',}\d ; |arge
Ad-l-l!"'r}‘lﬂ . small
represents d-dimensional space time.

e If d = 4 configs. dominate the integral [dA
— dynamical generation of 4d space time
(implies SSB of SO(10) inv.)

— graviton propagation only in 4d
demonstrated a |1a Randall-Sundrum

(Ishibashi-Iso-Kawai-Kitazawa '00)
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(2.1) reduced SYM integrals

zero-volume lim. of D-dim. A/ = 1 SYM theory
(D= 3,4,6,10)

z = [adu eSS
= / dA e=5b Z.(A) (4)
finite for YN, D >4  (Austing-Wheater '01)

The fermion integral :

| DetM (D =46)
Z(4) _{ PfM (D=10)

Mqpg = Tr (89 (Tp)apl A, 1),
(tﬂ . generators of SU(N).

size of the matrix M ; 2P/2-1(N2 _ 1),

where

The phase of Zs(A) :

Z:(A) = |Z¢(A)| ' (5)

=0 for D=4,
¥ 0 in general for D = 6,10.



(2.2) the role of the phase I

e NO SSB of SO(D) inv. occurs for :
1) bosonic model (no fermionic matrices)
(Hotta-J.N.-Tsuchiya '98)
2) D = 4 SUSY model (I = 0)
(Ambigrn-Anagnos...-Bietenholz-Hofheinz-J.N. '01)
3) D =6,10 SUSY model omitting I
(Ambjgrn-Anagnos...-Bietenholz-Hotta-J.N. '00)

== The phase ' must play a crucial role!

e effects of ' in D =6,10 SUSY model
saddle-point analysis (J.N-Vernizzi, '00)
When {A,} is a d-dim. config.

'
OAu] 0A,5 - - - OAy,
forn<(D-d-1).

=20 ‘?}{Ii,ﬂ.i (6)

== SSB of SO(D) occurs !
3<d<(D-2) allowed
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(2.3) exactly solvable matrix model
(J.N. hep-th/0108070)

Z

f dAdy df eSo—5r

N
S riied
- 2

4
Z (mu)ztr(ﬂp)z )
p=1

Sf = ‘(ru)aﬁ‘* (;Eﬂflmbﬂ) : (7)

Yi (a=1,2) : N-dim. vector
f=1,---,Ny,  Veneziano limit r = Ny/N.

fermion integral Z¢[A] : complex,
Solvable at N — o0 using RMT technique.
myu — 1 lim. keeping the order mj < --- < mgy.

N7 tr(4)?) = 14+r (i=1,2,3)
N—1({tr(A4)%) 1—r (8)
3-dim. space-time is generated dynamically.

The phase of Z¢[A] crucial for SSB.
c.f.) If we replace Zf[A] by |Z¢[A]|,

N=Ntr(4,)%) =1 +§ - (9)

A, |eading order wm . (0m)
MY = Mol i~ G B cdelig
er !
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Explicit results 4o D=4
W) = NNg { (5)" — fan X M ()
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J M. -Sugine hep-iu/ol11(02
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J.N. ~Sugino
(4.2) supersymmetric case hep-th /ol11102

e SUSY Gaussian action
— general SUSY models (Kabat-Lifschytz '00)

— BFSS Matrix Theory at strong coupling
consistent with supergravity dual
nonperturbative BH thermodynanics.

— reduce YM integrals (Sugino '01).
(W), (P) for D=4
qualitative agreement with MC results.

For D=4, no SSB (=~ MC results)
For D = 6,10, SO(4) inv. solution exists !

vy = - =114 V
vg = =uvp = v<V.

Higher order corrections (up to n = 3)

space-time further collapses.

> r=0 Fr — (conjectured) exact result
(Green-Gutperle, Krauth-Nicolai-Staudacher,
Moore-Nekrasov-Shatashvili)

18
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