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Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 21 IntrodutionMatrix models as a onstrutive de�nition of superstring theoryIKKT model (IIB matrix model)) Promising andidate for the onstrutive de�nition of superstring theory.Ishibashi, Kawai, Kitazawa and Tsuhiya, hep-th/9612115.S = N ��14tr [A�; A�℄2 + 12tr � �(��)��[A�;  �℄� :

� A� (10d vetor) and  � (10d Majorana-Weyl spinor) ) N �N matries .� Eulidean model after Wik rotation ) SO(10) rotational symmetry.Path integral is �nite without uto�.W. Krauth, H. Niolai and M. Staudaher, hep-th/9803117, P. Austing and J.F. Wheater hep-th/0103159.� Reent observation from Gaussian Expansion Method (GEM):J. Nishimura, T. Okubo and F. Sugino, arXiv:1108.1293.Rotational symmetry breaking SO(10)! SO(3).



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 3� After integrating out fermion, Z d e�Sf = PfM, where Sf = N2 tr � �(��)��[A�;  �℄,(M)a�;b� = �ifab(C��)��A� = (16(N2 � 1)� 16(N2 � 1)matrix).For the Eulidean model, this PfaÆan is omplex in general.* Cruial for rotational symmetry breaking.Nishimura and Vernizzi, hep-th/0003223.* DiÆulty of Monte Carlo simulation.



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 42 Gaussian toy modelWe want to understand the rotational symmetry breaking in the Eulidean IKKT model.Toy model with similarity to the Eulidean IKKT model.Nishimura, hep-th/0108070.
S = N2 trA2�| {z }=Sb � � f�(��)��A� f�| {z }=Sf�1 = �1 =  0 11 0 ! ; �2 = �2 =  0 �ii 0 ! ; �3 = �3 =  1 00 �1 ! ; �4 = i�4 =  i 00 i ! :

� A�: N �N hermitian matries (� = 1; � � � ; 4)� f�;  f�: N-dim vetor (� = 1; 2; f = 1; � � � ;Nf = (number of avors))) CPU ost is O(N3) (instead of O(N6) in the IKKT model)� SO(4) rotational symmetry.� No supersymmetry.



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 5� Partition funtion:Z = Z dAe�SB(detD)Nf = Z dAe�S0ei�; whereD = ��A� = 0� A3 + iA4 A1 � iA2A1 + iA2 �A3 + iA4 1A = (2N � 2N matries);Phase-quenhed partition funtionZ0 = Z dAe�S0 = Z dAe�SBj detDjNf :detD beomes omplex onjugate underAPn = An(n = 1; 2; 3); AP4 = �A4:In general, detD is omplex, while detD is real when A4 = 0.



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 6Monte Carlo simulation of the phase-quenhed modelSimulation of the partition funtion Z0 with the phase omitted.Observable for probing dimensionality : T�� = 1N tr (A�A�).�n (n = 1; 2; 3; 4) : eigenvalues of T�� (�1 = �2 = �3 = �4)
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n=1
n=2
n=3
n=4Results for r = 1 (left) and r = 2 (right).h�1i0 = � � � = h�4i0 ! 1 + r2 (as N !1);h�i0 = ( V.E.V. for the phase-quenhed model Z0).The e�et of the phase is ruial for the spontaneous rotational symmetry breaking.



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 7Gaussian expansion analysis up to 9th order:Okubo, Nishimura and Sugino, hep-th/0412194.

Results for r = 1 (~�n = �nh�ni0 = �n1 + r2 ):� SO(2) ansatz: h~�1i = h~�2i = 1:4, h~�3i = 0:7, h~�4i = 0:5.� SO(3) ansatz: h~�1i = h~�2i = h~�3i = 1:17, h~�4i = 0:5.� No onstant volume property : 4Yn=1h~�ni ' 8<: 0:69 (SO(2) ansatz)0:79 (SO(3) ansatz) 6= 1.� Comparison of free energy: FSO(2) = �1:8 < FSO(3) = �1:5 ) SO(2) vauum is favored.Spontaneous breakdown of SO(4) to SO(2) at �nite r �= NfN �.



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 83 Single-variable fatorization methodDiÆulty in simulating omplex-ation systems:� Sign problem: Standard reweighting method:h�ni = h�nei�i0hei�i0 = h�nei�i0hei�i0 ; where h�i0 = ( V.E.V. for the phase-quenhed model Z0):(Number of on�gurations required) ' eO(N2).� Overlap problem: Disrepany of a distribution funtion between the phase-quenhedmodel Z0 and the full model Z.
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Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 9Fatorization method: An approah to overome the overlap problem in Monte Carlo simula-tion.K. N. Anagnostopoulos and J. Nishimura, hep-th/0108041,J. Ambjorn, K. N. Anagnostopoulos, J. Nishimura and J. J. M. Verbaarshot, hep-lat/0208025.Fatorization property of the distribution funtion(~�n def= �n=h�ni0: deviation from 1 ) e�et of the phase)�n(x) def= hÆ(x� ~�n)i reweighting= hÆ(x� ~�n)ei�i0hei�i0= 1hei�i0 � hÆ(x� ~�n)i0 � hÆ(x� ~�n)ei�i0hÆ(x� ~�n)i0= 1hei�i0 � hÆ(x� ~�n)i0 � R e�S0Æ(x� ~�n)ei�dAR e�S0dA � R e�S0Æ(x� ~�n)dAR e�S0dA= 1hei�i0| {z }= 1C �hÆ(x� ~�n)i0| {z }=�(0)n (x) � R e�S0Æ(x� ~�n)ei�dAR e�S0Æ(x� ~�n)dA| {z }=wn(x) = 1C�(0)n (x)wn(x)

where C = hei�i0; �(0)n (x) = hÆ(x� ~�n)i0; wn(x) = hei�in;x;h�in;x = [V.E.V. for the partition funtion Zn;x = Z dAe�S0Æ(x� ~�n)℄:



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 10In fat, wn(x) = hei�in;x = hos �in;x in our model.Under parity transformation APn = An(n = 1; 2; 3); AP4 = �A4 )� Partition funtion Z is omplex onjugate.� However, the ation S0 is invariant ! C = hei�i0 = hos �i0� �n (eigenvalues of T�� = 1N trA�A�) are also invariant ! wn(x) = hei�in;x = hos �in;x.Simulation of partition funtion Zn;x ) x is trapped at ~�n.The system visits the on�gurations important for full partition funtion Z.Resolution of overlap problem.



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 11In pratie, we approximate the partition funtion Zn;x byZn;V = Z dAe�S0e�V (�n); where V (x) = 2(x� �)2; ; � = (parameters):Monte Carlo evaluation of �(0)n (x) and wn(x):�n;V (x) def= hÆ(x� ~�n)in;V / �(0)n (x) exp(�V (h�ni0x)):The position of the peak xp for the distribution funtion �n;V (x):0 = ��x log �n;V (x) = f (0)n (x)� h�ni0V 0(h�ni0x); where f (0)n (x) def= ��x log �(0)n (x):

� Determination of xp: �n;V (x) has a sharp peak for large ) xp is approximated as xp ' h~�nin;V .� Determination of �(0)n (x): Vary �, and alulate f (0)n (xp) for di�erent xp.Then, evaluate �(0)n (x) = exp�Z x0 dzf (0)n (z) + onst.�.



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 12�
 �	Monte Carlo evaluation of h~�niwn(x) > 0) h~�ni is the minimum of Fn(x):Fn(x) = (free energy density) = � 1N2 log �n(x):We solve F 0n(x) = 0, namely 1N2f (0)n (x) = � ddx � 1N2 logwn(x)�.Both 1N2 logwn(x) and 1N2f (0)n (x) sale at large N as1N2 logwn(x)! �n(x); 1N2f (0)n (x)! Fn(x)
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Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 13�
 �	Behavior of �n(x)Asymptoti behavior of �n(x) = 1N2 logwn(x) at x� 1 and x� 1.When we �x the n-th largest eigenvalue !� x� 1 (n = 2; 3; 4): (5� n) diretions are shrunk) (n� 1)-dimensional on�guration� x� 1 (n = 1; 2; 3): (4� n) diretions are shrunk) n-dimensional on�gurationFermion determinant detD is omplex onjugate underAPn = An(n = 1; 2; 3); AP4 = �A4
d =(d-dim. on�guration suh that Ad+1 = Ad+2 = � � �A4 = 0 after a ertain SO(4) rotation)3-dimensional on�guration 
3 ) Fermion determinant is real.J. Nishimura and G. Vernizzi, hep-th/0003223.



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 14For d-dimensional on�guration 
d,�n��Aa1�1 � � � �Aan�n = 0 for n = 1; � � � ; 3� d(Up to (3� d)-order perturbation ) on�guration 2 
3)Expeted power behaviors:�n(x) / 8<: n;0x5�n + � � � (x� 1; n = 2; 3; 4)dn;0x4�n + � � � (x� 1; n = 1; 2; 3)(*) x has the order of the eigenvalues of T�� = 1N tr (A�A�).



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 15�� ��Simulation for r = 1n = 1 n = 2 n = 3 n = 4
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Double-peak struture of �n(x) for n = 2; 3Three solutions of ddx log �n(x) = 0 ( xs|{z}maximum < xb|{z}minimum < xl|{z}maximum).Whih peak is higher?�n = 1N2(log �n(xl)� log �n(xs)) = (�n(xl)� �n(xs)) + Z xlxs dx 1N2f (0)n (x)



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 16Summary of the result for r = 1:n xs xl �n SO(2) (GEM) SO(3) (GEM)1 � 2:14(1) � 1:4 1:172 0:49(1) 1:317(1)| {z }SO(2) 0:33(2) 1:4 1:173 0:62(2)| {z }SO(2) 1:11(2)| {z }SO(3) 0.11(4) 0:7 1:174 0:71(5)| {z }SO(3) � � 0:5 0:5� h~�1i > h~�2i > 1 > h~�4i ! SO(4) rotational symmetry breaking due to the e�et of phase(it is subtle whether �3 is positive or negative).� h~�1i ' 2:14(1) is far from h~�1iGEM ' 1:4! still remaining overlap problem.w1(x) omes from the on�guration h~�1i > 1 > h~�2i > h~�3i > h~�4i !w1(x) is underestimated.



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 174 Multi-variable fatorization methodStill remaining overlap problem (e.g. h~�n=1i).We onstrain the observables � = fOkjk = 1; 2; � � � ; ng.Observables are normalized as ~Ok = OkhOki0 ,where h� � � i0=(V.E.V. for the phase-quenhed partition funtion Z0).Generalized distribution funtion �(x1; � � � ; xn) = D nYk=1 Æ(xk � ~Ok)E fatorizes as�(x1; � � � ; xn) def= h nYk=1 Æ(xk � ~Ok)i reweighting= hQnk=1 Æ(x� ~On)ei�i0hei�i0= 1hei�i0| {z }= 1C �h nYk=1 Æ(xk � ~Ok)i0| {z }=�(0)(x1;��� ;xn) � hQnk=1 Æ(xk � ~Ok)ei�i0hQnk=1 Æ(xk � ~Ok)i0| {z }=w(x1;��� ;xn)= 1C�(0)(x1; � � � ; xn)w(x1; � � � ; xn); where�(0)(x1; � � � ; xn) = D nYk=1 Æ(xk � ~Ok)E0; w(x1; � � � ; xn) = hei�ix1;��� ;xn:h� � � ix1;��� ;xn = V.E.V. for partition funtion Zx1;��� ;xn = Z dAe�S0 nYk=1 Æ(xk � ~Ok).



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 18Evaluation of the observables h ~Oki:Peak of the distribution funtion �(x1; � � � ; xn)) solution of the saddle-point equationddxk log �(0)(x1; � � � ; xn) = � ddxk logw(x1; � � � ; xn)Set of observables in Gaussian toy model:� Single-variable fatorization method: � = fO1 = �ng for n = 1; 2; 3; 4 separately.� Multi-variable fatorization method: � = fOk = �kjk = 1; 2; 3; 4g simultaneously.Partition funtion to simulate:Zx1;x2;x3;x4 = Z dA e�S0 4Yk=1 Æ(xk � ~�k);Distribution funtion: �(x1; x2; x3; x4) = D 4Yk=1 Æ(xk � ~�k)E:



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 19SO(3) vauumSolutions whih satisfy x1 = x2 = x3 > 1 > x4.Result of Gaussian Expansion Method: h~�1i = h~�2i = h~�3i = 1:17, h~�4i = 0:5 (r = 1).

Minimum of the free energy density F(x)����(0)SO(3)(x; y) = � ���wSO(3)(x; y) (� = x; y) ; where�(0)SO(3)(x; y) = �(0)(x; x; x; y) ;wSO(3)(x; y) = w(x; x; x; y)



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 20�
 �	Calulation of h~�n=3i at r = 1Calulation of h~�n=3i for �xed h~�n=4i = 0:5.1N2f (0)SO(3);x(x; y) = � ��x�SO(3)(x; y);where f (0)SO(3);x(x; y) = ��x log �(0)SO(3)(x; y) and �SO(3)(x; y) = 1N2 logwSO(3)(x; y).Saling behavior of the phase:�SO(3)(x; y = 0:5) � � ~d1x�1 + ~d2x�1:5
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Numerial Result: h~�n=3i = 1:151(2), (GEM result h~�n=3iGEM = 1:17).



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 21�
 �	Calulation of h~�n=4i at r = 1Calulation of h~�n=4i for �xed h~�n=3i = 1:17.1N2f (0)SO(3);y(x = 1:17; y) = � ��y�SO(3)(x = 1:17; y);where f (0)SO(3);y(x; y) = ��y log �(0)SO(3)(x; y).�SO(3)(x = 1:17; y) su�ers �nite-N e�et at y = 0:50 )Calulate �SO(3)(x; y = 0:45), �SO(3)(x; y = 0:50)| {z }done in alulating h~�n=3i, and �SO(3)(x; y = 0:55) at x = 1:17,and obtain � ��x�SO(3)(x = 1:17; y).
-0.19

-0.18

-0.17

-0.16

-0.15

-0.14

-0.13

-0.12

 0.4  0.45  0.5  0.55  0.6

Φ
S

O
(3

)(
1.

17
,y

)

y

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.4  0.45  0.5  0.55  0.6  0.65  0.7

(1
/N

2 ) 
f(0

) S
O

(3
),

y 
(1

.1
7,

y)

y

N=16
N=32
N=64

- (d/dy) ΦSO(3)(1.17,y)

Numerial Result: h~�n=4i = 0:59(2), (GEM result h~�n=4iGEM = 0:50).



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 22SO(2) vauumSolutions whih satisfy x1 = x2 > 1 > x3 > x4.Result of Gaussian Expansion Method: h~�1;2i = 1:4, h~�3i = 0:7, h~�4i = 0:5 (r = 1).

Minimum of the free energy density F(x)����(0)SO(2)(x; y; z) = � ���wSO(2)(x; y; z) (� = x; y; z) ; where�(0)SO(2)(x; y; z) = �(0)(x; x; y; z) ;wSO(2)(x; y; z) = w(x; x; y; z)



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 23�
 �	Calulation of h~�n=2i at r = 1Calulation of h~�n=2i for �xed h~�n=3i = 0:7 and h~�n=4i = 0:5.1N2f (0)SO(2);x(x; y = 0:7; z = 0:5) = � ��x�SO(2)(x; y = 0:7; z = 0:5);where f (0)SO(2);x(x; y; z) = ��x log �(0)SO(2)(x; y; z) and �SO(2)(x; y; z) = 1N2 logwSO(2)(x; y; z).Saling behavior of the phase:�SO(2)(x; y = 0:7; z = 0:5) � � ~d1x�2 + ~d2x�2:5
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Numerial Result: h~�n=2i = 1:373(2), (GEM result h~�n=2iGEM = 1:4).



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 24�
 �	Calulation of h~�n=3i at r = 1Calulation of h~�n=3i for �xed h~�n=2i = 1:4 and h~�n=4i = 0:5 .1N2f (0)SO(2);y(x = 1:4; y; z = 0:5) = � ��y�SO(2)(x = 1:4; y; z = 0:5);where f (0)SO(2);y(x; y; z) = ��y log �(0)SO(2)(x; y; z).Calulate �SO(2)(x = 1:4; y = 0:65; z = 0:5), �SO(2)(x = 1:4; y = 0:7; z = 0:5)| {z }done in alulating h~�n=2i , and�SO(2)(x = 1:4; y = 0:75; z = 0:5), and obtain � ��y�SO(2)(x = 1:4; y; z = 0:5).
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Numerial Result: h~�n=3i = 0:649(4), (GEM result h~�n=3iGEM = 0:7).
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 �	Calulation of h~�n=4i at r = 1Calulation of h~�n=4i for �xed h~�n=2i = 1:4 and h~�n=3i = 0:7 .1N2f (0)SO(2);z(x = 1:4; y = 0:7; z) = � ��z�SO(2)(x = 1:4; y = 0:7; z);where f (0)SO(2);z(x; y; z) = ��z log �(0)SO(2)(x; y; z).Calulate �SO(2)(x = 1:4; y = 0:7; z = 0:45), �SO(2)(x = 1:4; y = 0:7; z = 0:50)| {z }done in alulating h~�n=2i , and�SO(2)(x = 1:4; y = 0:7; z = 0:55), and obtain � ��z�SO(2)(x = 1:4; y = 0:7; z).
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Numerial Result: h~�n=4i = 0:551(2), (GEM result h~�n=4iGEM = 0:50).



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 26Summary of the result for r = 1:ansatz SO(3) SO(2)method single-obs. multi-obs. GEM single-obs. multi-obs. GEMh~�1i | | 1.17 | | 1.4h~�2i | | 1.17 1.317(1) 1.373(2) 1.4h~�3i 1.11(2) 1.151(2) 1.17 0.62(2) 0.649(4) 0.7h~�4i 0.71(5) 0.59(2) 0.5 not available 0.551(2) 0.5



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 27�� ��Comparison of the free energyWe evaluate � = �FSO(3) + FSO(2) = 1N2 �log �(~xSO(3))� �(~xSO(2))	.� � < 0 ) SO(2) vauum dominates. � > 0 ) SO(3) vauum dominates.� ~xSO(3) = (X 0; X 0; X 0; Y 0); X 0 ' 1:17; Y 0 ' 0:5.~xSO(2) = (X;X; Y; Z); X ' 1:4; Y ' 0:7; Z = 0:5.This is rewritten as� = �SO(3)(X 0; Y 0)| {z }'�0:160(3) ��SO(2)(X; Y;Z)| {z }'�0:155(1) + Z ~xSO(3)~xSO(2) dxj 1N2 ��xj log �(0)(x1; x2; x3; x4)| {z }=�'0:065 ' +0:060(4) > 0; where

� = Z 1:40:7 1N2f (0)SO(2);y(1:4; y; 0:5)dy| {z }'�0:014; (X;X;Y;Z)!(X;X;X;Z) � Z 1:41:17 1N2f (0)SO(3);x(x; 0:5)dx| {z }'�0:079;(X;X;X;Y 0=Z)!(X0;X0;X0;Y 0) :Systemati errors of �SO(3)(X 0; Y 0) and �SO(2)(X;Y;Z) )It is diÆult to determine �'s sign.
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Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 28�� ��Is there any more overlap problem?Observables to onstrain: � = fOk = �kjk = 1; 2; 3; 4g. Is this enough?

Partition funtion ZO = Z dAe�S0Æ(x� ~O) 4Yn=1 Æ(xn � ~�n)(here we onstrain � = fO; �1; � � � ; �4g).Peak of the distribution funtion �(x1; x2; x3; x4; x) = hÆ(x� ~O) 4Yk=1 Æ(xk � ~�k)i.�O(x) = �(X = 1:4;X = 1:4; Y = 0:7; Z = 0:5; x) (with x1; � � � ; x4 �xed at GEM results).

Saddle-point equation: ddx 1N2 log �(0)O (x) = � ddx 1N2 logwO(x), where�(0)O (x) = hÆ(x�O)iX;X;Y;Z(VEV of partition funtion ZX;X;Y;Z = Z dAe�S0Æ(X � ~�1)Æ(X � ~�2)Æ(Y � ~�3)Æ(Z � ~�4).)wO(x) = hei�iO (VEV of partition funtion ZO with x1 = x2 = X;x3 = Y; x4 = Z).

Do the peaks of �(0)O (x) and �O(x) math?We onsider O = � 1N tr [A�; A�℄2.



Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 29Simulation with ~�n �xed at GEM result of SO(2) ansatzh~�1;2i = 1:4, h~�3i = 0:7, h~�4i = 0:5 (r = 1).wO(x)! 1 as x! 0.([A�; A�℄! 0 as x! 0) diagonal on�gurations beome dominant.For A� = diag(�(1)� ; � � � ; �(N)� ), we have detD = QNi=1 �P4�=1(�(i)� )2� = 0.)Asymptoti behavior: 1N2 logwO(x) = �n;0x2 + n;1x2:5 + � � � .� Peak of �(0)O (x): Solution of 1N2 ddx log �(0)O (x) = 0 ) x ' 0:92.� Peak of �O(x): Solution of 1N2 ddx log �(0)O (x) = � 1N2 ddx logwO(x) ) x ' 0:85(3).Systemati error is around 10%) there is only a small overlap problem left.
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Monte Carlo studies of the rotational symmetry breaking in dimensionally redued matrix models , Aug. 16th 2012 16:00 � 17:00 305 ConlusionMonte Carlo simulation of the toy model with similarity to the Eulidean IKKT model.Fatorization method to overome "overlap problem".� Phase of the fermion determinant ) ruial for rotational symmetry breaking.� VEV's h~�ni ) onsistent with the GEM.�� ��Future problemsMonte Carlo Simulation of the IKKT model Anagnostopoulos, T. A. and Nishimura, in progressE�et of supersymmetry on dynamial generation of spaetime.

Appliation of fatorization method to wider range of siene.


