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1. Introduction

Matrix models as a constructive definition of superstring theory}

IKKT model (IIB matrix model)
=> Promising candidate for constructive definition of superstring theory.
N. Ishibashi, H. Kawai, Y. Kitazawa and A. Tsuchiya, hep-th/9612115.

e Evidences for spontaneous breakdown of SO(10) — SO(4).
J. Nishimura and F. Sugino, hep-th/0111102,
e Complex fermion determinant:

* Crucial for rotational symmetry breaking.
J. Nishimura and G. Vernizzi, hep-th/0003223.

* Difficulty of Monte Carlo simulation.

2. 6d IKKT matrix model '

Toy model for studying rotational symmetry breaking.
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A,, (6d vector) and 7 (6d Weyl spinor) are N X N matrices .
S6(6) rotational symmetry and SU(IN) gauge symmetry.
Presence of = 2 supersymmetry.

Z = /dAe_sB (det M) = /dAe—SOe“". CPU cost is O(N®).

4d — det M is real positive
6d and 10d — det M is complex.
Complex phase is important in SO(6) breakdown.

e Previous works on this model:

* Simulation of phase-quenched 6d and 10d IKKT model
=> no symmetry breakdown of SO(6) (and SO(10)).
J. Ambjorn et. al., hep-th/0005147

* Gaussian Expansion Method
= symmetry breakdown of SO(6) to SO(3).
T. Aoyama, J. Nishimura and T. Okubo
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Observable for probing dimensionality : T}, = Ntr (ALAL).

An (n=1,---,6): eigenvalues of Ty (A1 = A2 = +++ = Ag)
At large N, (A1,2,3) > (Aa,5,6)
(Aa) = 0.18 — finite extent of extra dimension.
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3. Monte Carlo simulation '

[Factorization methodj

Numerical approach to the complex action problem.
K. N. Anagnostopoulos and J. Nishimura, hep-th/0108041 ,
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Distribution function

(@) L (5(x — Xn)) = épﬁf’)(w)wn(w), where

Xn = An/(An)o, C = (cosT)o,
Pl (x) = (8(z — Xn))o-

(*)o = ( V.E.V. for the phase-quenched model Zg = /dAe_so).

no symmetry breakdown of SO(6) for Zg — (A1)o = -+ = (Xg)o-

X = An/(An)o # 1 — SO(6)’s breakdown.

wp () = (cosT)p 2,
(*)n, = (V.E.V. for the partition function Z, )

Zne = /dAe_SOzS(m — S\H)

Resolution of the overlap problem:
The system is forced to visit the configurations where p,, () is important.

The position of the peak @, for the distribution function pn,v (x):

o]
0=~ logpnv (@) = £ (@) = (An)oV'((An)o), where
det O
£ (@) = 5o log o) (@)

[Monte Carlo evaluation of (S\n)]
wn(z) > 0 = (A,) is the minimum of F, (x):

1
Fn(x) = (free energy density) = Nz log pn ().
1 d 1
We solve F/, () = 0, namely ﬁfﬁo)(w) =~ {F log wn(m)}.

B thilo wy, (z) and ij"(o)(m) le at large N
oth yz 08 Wn and =5 Jn scale a =X as

1 1
~3 logwn(@) — (@), 15 fL0 (@) = Fa(a).
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[Behavior of Nz log 'wn(w)]

Expected power behaviors:

1 Cnox’ " 4o
N2 log wn () o< { const.

1
Behavior of ﬁfv(f) (m)}

Small @ = (7 — n) directions are shrunzk.
e n=2,--,6: pl(x) = (Vo) "™

e 1 = 1: Eigenvalues of A, are collapsed to zero.
=> Add the effect of fermionic determinant (polynomial of A, with

degree 4N?). = pgo_)l(m) ~ (\/:Z)(GJHI)N2
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Symmetry breakdown of SO(6) to SO(3) in Gaussian Expansion Method.
xg for n = 4 = extent of extra dimension.

1 oo i
ﬁfn () scales at small @ in 6d full IKKT model.

. L)) L
(in contrast to ﬁfn (z)’s scaling in 6d one-loop model).

= hard-core potential at large N (x is finite).
Consistent with Gaussian Expansion Method.

4. Conclusion '

Monte Carlo simulation of 6d IKKT model.
Can we understand the emergence of spacetime?

e Extent of the extra dimension — finite.
=> Consistent with Gaussian Expansion Method.

Future works:

e Analysis of large-x regime.

e Comparison of the free energy.



