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1. Introduction

e ; » | Result of Gaussian Expansion Method (GEM) | The phase w,(x) scales at large N as
Difficulties in putting complex partition .1 10—(n=1) )
functions on computers. Order parameter of the SSB of SO(10). Pa(x) = fim 7 logwa(x) = —dux —b (<)

Z= fdA exp(—So+il), Zyg= / dAe™ [ Aal 2 s = mgliieizenvalics ofiljy = titd rAv) ] - Around x=1: f,©(x)/N scales at large N:
e.g.t I_atticedQICIfD, tring th Extended d-dim. and shrunken (10-d) dim. :,_f,f-”:{.\n ~ gu(x) = crplx— 1)+ caulx—1)°
matrix models for string theor .

1. Sign problem: g J atN—= = SSB SO(10)-SO(d) *Around x<0.4: f,0(x)/N2 scales at large N

.The reweightin-g () = (GeTYy requires Main Results of GEM — existence of the hardcore potential.

configs. exp[O(Nz)] (3'r)0 [J. Nishimura, T. Okubo and F. Sugino, arXiv:1108.1293]

Preliminary Monte Carlo results:

<*>, = (V.E.V. for phase-quenched Z,) Xa.45 are close to the GEM result

-Universal compactification scale

2. Overlap problem: 12 =0.15 for SO(d) ansatz (d=2,3,...7). T = (At Jsowy =040
Discrepancy of important configs. between -Constant volume property except d=2
Zyand Z. V=RYx r10-0=10, |2=0.38 ;
o -SSB SO(10)—S0(3). 5
2. Factorization method F o
Method to sample important configs. for Z. g
[3. Nishimura and K.N. Anagnostopoulos, hep-th/0108041 | Mechanism of SSB in Euclidean IKKT model | y
K.N. Anagnostopoulos, T.A. and J. Nishimura, arXiv:1009.4504]
Constrain the observables Partition function of the model:
E={Oyk=1,2,--- .n} . ;o . N
. . 7 IAde Spi dwe Sp 1A S0 il
correlated with the phase I". — [ dadc U we et g« % N
. . =) = - —_— e B
Normalization ¢ = & /{€} )y =P =|PL e 7
Factorization of the distribution function p. The Pfaffian PfM is complex in the Euclidean case.
Complex phase I is crucial for the SSB of SO(10).
Plxtye e xn) def (ﬁ 8 — ) [J. Nishimura and G. Vernizzi hep-th/0003223]
_---"; 18 e -
= T <H6(n—fz > (ﬁ M‘ - No SSBinthe |8 ®
(8 (I 80— 60), phase-quenched |# *
=V e o) ‘~~ L, J,,,_,l' . partition function.
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d -~ Zn = dAE_S“ | O T T R b 02 o4 x” 08 1
H’Y(xl R axl!) = (e'r)_.\" 0 ’/\

((*)\ = {V,H,V, for Z, = fc.‘Ae !"12[6(»" - (7',4)})
k=1

<*>o=V.E.V. for Z, | Comparison of the free energy |
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Simulation of Z, with a proper choice of the Free ene_gx for the SO(d) RECLe-
set ¥ =sample the important region for Z. 4. Result of Monte Carlo simulation Fsouw I:J L 0w d\r—lupw(x,,) where n = d+ |
Evaluation of the observables (/) It turns out sufficient to constrain only one Leame” —0 at large N
Peak of p at V=(system size)—w. | eigenvalue Aq,, o T 5 ‘“"‘3@&4)
= Minimum of the free energy .# = —— logp v ) -0.008 . The SO(2)
=Solve the saddle-point equation ™° L= {A¢+1 only} : SO(d) vacuum ) . Do 5 SG@)% vacuum is
! A I ()= = A=R) > (Ao} = = (A=) | & ° i1 disfavored.
NI Oz, - Iy N7 H 5 7
7 def = (1/2[=0.15/0.38=0.40 (GEM)] | ° 7St < 2son)
Applicable to general systems with sign problem.| A, = A, /(A,)o = (7)*(=0.15/0.38=0.40 (GEM)]
3. The IKKT model ] ) ® We study the SO(d) symmetric vacua (d=2,3,4) 05
Promising candidate for nonperturbative string X1 = =Xg >15Xgens 0 Xe0 =
theory  [N.Ishibashi, H. Kawai, Y. Kitazawa and ® The large eigenvalues A,,...A; do not affect much
A. Tsuchiya, hep-th/9612115] the fluctuation of the phase. 5. Summary
N » N : ; : _ We have studied the dynamical
S=——trlA A + = g (T4) oA w Solve the saddle-point equation for n=d+1. i -
4 - ‘JJ 2 T JaplAu: Vi) Simulation by Rational Hybrid Monte Carlo Eon]%acuf'ﬁz?(? ol ghel ghacetime in the
R it (RHMC) algorithm. ucigean model.
-Euclidean case after the Wick rotation 1 ), d Monte Carlo simulation via factorization
/f;\o—q:lA 0] FOT\;-;I o y 2L (-‘)d— e Nz logwa(x) where method =We have obtained the results
A, =N X emitian matrices def | j i i :
(4=12,...,d=10, @,8=12,...,16) £:76) & - log(8(x=Ta)ho, wa(x) = (€M = (cosThne consistent. with GEM:
-Eigenvalues of A, =spacetime coordinate i +Universal compactification scale for
-Spontaneous Symmetry Breaking (SSB) of SO(10) (#hnr= {V‘E‘V‘ for Z, = ‘/d’a"' 3 (s ’A")} S0(2,3,4) vaCLFJ)um.

=dynamical emergence of spacetime. -SO(2) vacuum is disfavored
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