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1 Introduction and the model

Matrix models as a constructive definition of superstring theoryl

IKKT model (IIB matrix model)

= Promising candidate for the constructive definition of superstring theory.

N. Ishibashi, H. Kawai, Y. Kitazawa and A. Tsuchiya, hep-th/9612115

N , N
S = _Ztr [Ay, Av]” + ?tr Ya(Tp)aplAps p] -
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e The original IKKT model is ten-dimensional (u,v =1,2,---,D = 10).
= In the following, we study the simplified six-dimensional model (p,v =1,2,-:+ ,D = 6).

e SO(6) rotational symmetry and SU(IN) gauge symmetry.

e Presence of N/ = 2 supersymmetry.

° Z = / dAdydipe™® = / dAe % (det M) = / dAe %',
—
= [ dypdipe—SF
Zy = /dAe_SB|det M| = /dAe_SO: phase-quenched model, I': complex phase

det M is complex — Complex phase is important in SO(6) breakdown.
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Results of Gaussian Expansion Method (GEM)I

T. Aoyama, J. Nishimura and T. Okubo, arXiv:1007.0883, J. Nishimura, T. Okubo and F. Sugino arXiv:1108.1293

1
Observable for probing dimensionality : 7}, = Ntr (ALAL).
An, (n=1,---,6) : eigenvalues of T}, (A1 = A2 = -+ = Ag)
Extended d dim (A; = --+ = Ay = R?) and shrunken (6 — d) dim (Agy1 = +++ = Xg = 7?) :

e Universal ”compactification” scale: r? ~ 0.223, independent of d.

e Constant volume property: The volume is independent of d: V = R% x r6-¢ = [6

The extent of phase-quenched model Z,; is I ~ 0.627.

® The free energy takes the minimum at d = 3

— Spontaneous Symmetry Breakdown (SSB) of SO(6) to SO(3).

JMia2.4 =R

d-dim extended directions

]V A (d+1),...6 T

6-d)-dim
runken directions
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2 Monte Carlo simulation

Simulation of the phase-quenched modell
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Large-N limit — (A1)o = (A2)o = +++ = (Xg)o =~ 0.6.
(x)o =(V.E.V. of the phase-quenched model Zj).

No SO(6) breakdown in the phase-quenched model.
Consistent with the GEM result (... 6)o = [? >~ 0.627.
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Factorization method'

An approach to overcome the overlap problem in Monte Carlo simulation.

K. N. Anagnostopoulos and J. Nishimura, hep-th/0108041,
J. Ambjorn, K. N. Anagnostopoulos, J. Nishimura and J. J. M. Verbaarschot, hep-lat/0208025.

K. N. Anagnostopoulos, T. Azuma and J. Nishimura, arXiv:1009.4504,1108.1534.

Overlap problem: Discrepancy of a distribution function between the phase-quenched model

Zo and the full model Z.
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Factorization property of the distribution function

(A L, /{An)o: deviation from 1 = effect of the phase)

reweiihting <5(33‘ - xn)eir>0

pu(z) B (5(z — )

(e'T)o
< (6(z — An)el)y 1
= i X{9(x — An))g X = —p(z)w,(z)
<e_i>0 :pg{)(w) <5(ai—( )”)>0 i C

where

= ()0 = (cosT)o, P () = (5(z — An))o, wa(z) = (€T )nw = (cOST)na;
(*)n.e = [V.E.V. for the partition function Z,, = [ dAe %§(x — X\,))].

Simulation of partition function Z, , = x is trapped at A
The system visits the configurations important for full partition function Z.

Resolution of overlap problem.
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Monte Carlo evaluation of (Xn)

T\ _ 1
wy(x) > 0 = (A,) is the minimum of the free energy F, (x) = “N? log pn(x):
1 d 1 of O
We solve F/ () = 0, namely ﬁféo)(w) = {ﬁ log 'wn(a:)}, where {0 (z) def o log p\9 ().
Scaling properties in the large-N limit:
©)(z O(N°) z<1 1
Ll _ 90 < logw,(z) = O(N)
N O(x) z>1 N

1
e Existence of the hard-core potential in N2 fO(x) at large N.

o N2 log w,(x) becomes almost constant at large .

t Bom?

log W (X) /N° X

©)
P, (X O

constant at
large x

o 1

existence of
hard-core potential
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! 20
Around x ~ 1, an () scales at large N:
Ansatz around ¢ ~ 1 — %fﬁo)(w) ~ g(x) = {a1(x — 1) + azn(z — 1)° + azn(z — 1)%}.
gx) 7T—mn
x .

1
At small x, ﬁfr(bo)(w) —

Nz 2
. " (2 <1)
wy () behaves as ¢, (z) = lim —— logw,(x) :
n—too N const. (x > 1)
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Result for n = 4:
1 d 1
i = Oy — ) . _
The solution of szn (x) = 7z | N2 log w,(x) p is xs = 0.31(1).

L - (An) r*  0.223
(c.f.) GEM result for shrunken directions: (\,) = = —~——=0.355:--.
An)o 12~ 0.627
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Comparison of the free energy — evaluate A = —F3(x;) + Fu(xs).

A < 0 = n = 3 direction does not shrink — SO(3) spacetime is preferred to SO(2).

log p3(ws) _ log p4(ws) log w3(ws) _ log w4(ws) S0@) 1 d 0
A = = — / ——log p( )

so(zy INN?dx

. 4
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Nz log w,(x) for n = 3,4,5,6, N = 24:

1
Very subtle, but N2 log wy,—4(xs) is the highest at =, ~ 0.3.
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Constant volume property'

[y

6 6
Geometric mean L? = <H<)"3>"’w> for n = 3,4,5, 6:
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L? ~ 0.627 at = 1 (which corresponds to setting A, at the value (\,)o).
Consistent with the GEM result V = R? x r%~? ~ [®, where [? ~ 0.627.
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3 Conclusion

Monte Carlo simulation of 6d IKKT model = spontaneous breakdown of SO(6) symmetry.
e Numerical evidence for symmetry breakdown SO(6) — SO(3).

e Constant volume property.

(Future works|

e Simulation of larger N =- study the finite-IV effect.

e Ultimately, we would like to study the 10d IKKT model.
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