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1 Introduction

Constructive definition of superstring theoryl

Large N reduced models are the most powerful candidate
for the constructive definition of superstring theory.

IKKT model
N.Ishibashi, H. Kawai, Y.Kitazawa and A.Tsuchiya, hep-th/9612115.
For a review, hep-th/9908038

Dimensional reduction of A/ = 1 10-dimensional SYM
theory to 0 dimension.

Matrix regularization of Green-Schwarz action of type
IIB superstring theory.

This theory possesses chiral A/ = 2 SUSY in 10 dimen-
sions which is identical to that of type IIB superstring
theory.
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e A, and ¢y are N X N Hermitian matrices.

* A;: 10-dimensional vectors

* 1): 10-dimensional Majorana-Weyl (i.e. 16-component)
spinors

e This model possesses SU(IN) gauge symmetry and
SO(9,1) Lorentz symmetry.

e N = 2 SUSY: This theory must contain spin-2 gravi-
tons if it contains massless particles.

* homogeneous : §MA; = iel;p, Mp = %Fij [A;, Ajle.
* inhomogeneous : 6é2)A2~ =0, 522)1# =E.
* We obtain the following commutation relations:
(1) [65,0P14: =0, [6,6(1p =0,
(2) 16,8514: = 0, 57,821 =0,

2

(3) [6W, 814, = —iersg, [60, 6]y = 0.

e The matrices describe the many-body system.

e No free parameter: A; — g%Ai, P — ggzp.



(&) Proof of the commutation relations

1. [0, 6014, =0, [6(),6]y =0

The commutation relation for the bosons is obtained by comparing the follow-
ing two paths:

5&1) 5 1 .
Ai 4 A —|— ZGzI‘Z’lP 4 A —|— ’1,(61 —|— 62) le — EEZI‘?;[AJ-, Ak,]FJkel,

F3SY) o) 1 .
A 4 A + ZGlI‘Z’lp 4 A + ’L(El + 62) le — 5€1Fi[Aj, Ak]rjkez.

Then, the commutator is

1 . 1 ,
[6(1) 6(1)]A = —§€2I‘,-[Aj, Ak]I‘J’“el —|— iélri[Aj, Ak]rjkez
= [Ai, 2€1Fk€2Ak].

On the other hand, the commutation relation for the fermions is obtained by

621) 1 o1 1 .
¢ 4 2[A2, A; ]Fm(iz 4 ¢ —|— Z[A“ A; ]1‘\7,,7 (61 —|— 62) [A27 ElI‘j’lp]FmGz,

F1¢h) 7 5 1 ..
¢ 4 ¢ —|— [A27 AJ]FmGl 4 ¢ —|— [Az, AJ]F '7(61 —|— 62) [A27 EzI‘j’lp]FmGl.

By using the formula of Fierz transformation

. . 7 .
ElI‘j’l’bI‘Z‘]Gz = (ElI‘ZGz)’l’b — 1—6(€1I‘k62)I‘kI"’¢
1
16 x 5!

(&, Tk s e)Ty,,..n TP,

and the equation of motion

ds 1
d—gE = —?I‘ [Ai, ] = 0,

the commutator is computed on shell to be

(61, 6M ] = [9, 26, T e Ay].

€1 ? Ve
These commutators are set to be zero by the gauge transformation.
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[5(2) 5(2)]1471 —0 [5(2) 5(2)],¢ —0.

This is trivial because the inhomogeneous SUSY transformation is merely a

translation of the fermions.

3. [60), 6] A; = —ieTig, [60),6]y = 0.

This can be proven by taking the difference of these two transformations:

6(2) (1)
A% A% A+ 1€l
(2)
A; —> A; + 1€l —> A; -|— el (¢ + €),
5(2)

Y 5 ¢+£—>¢+£+ I‘”[AZ,AJ]G
(2)
w5yt 5r”[A,-, Aje™S pte+ 5riﬂ' [Aj, Ajle.
We take the following linear combination

5O = 60 4 5@ §@ = 450 _ §).

This gives a shift of the bosonic variables

61,871 = o,
60, 5" A; = —2i6%eT ¢,




We investigate a matrix model based on super Lie al-
gebra osp(1|32, R), as a candidate of the matrix model
which naturally reproduces IKKT model.

L. Smolin, hep-th/0002009
T. Azuma, S. Iso, H. Kawai and Y. Ohwashi, hep-th/0102168

e 0sp(1|32, R) was first mentioned on 11-dimensional
supergravity.
E. Cremmer, B. Julia, J. Scherk Phys.Lett. B76 ,409 (1978)
= This has attracted a new attention as the unified
super Lie algebra for M-theory.

e 05p(1|32, R) may describe the curved 10-dimensional
spacetime.

e The theory is described by a cubic action :

* The cubic interaction is the most fundamental one
in string theory.

o
>R
T Cam

* Chern Simons Theory is exactly solvable by means
of Jones polynomial.

E. Witten, Commun. Math. Phys. 121 (1989) 351
The non-perturbative analysis may be exactly per-
formed.



2 Notations on the supermatrices

The vectors and supermatrices are defined by

T

N ( {n;} : fermions )
v = ’ ’

b, {b;} : bosons
by
a(d): mxm(nXxXmn)
M@ I bosonic matrices
Sy d)’ |B(H): mxn(nxm)

fermionic matrices

Transpose I

e The transpose of the vector is defined by

T

b :(nla"'anmabla"'abn)°
1




e The transpose of the supermatrix is defined so that
TM satisfies T'(Mv) = TvT M.

B a,B B TCL _T,.Y
erm=r (0] =5 )

(Proof) We verify that this is well-defined by going back to the guiding prin-
ciple T(Mv) = TvT M.

LiS) = T(v) =7 ( OV ) = (TuTa+ VB, Tty + TV,

T, _T

RHS.) = ("n,"b) (Tg TJ) = ("n"a + 7678, —Tn"y + b7 d).

e The transpose of the transverse vector y = (7, Tb) is
defined so that ©'(yM) = TM™"y:

& Ty = T(Ty, Th) = (—bn).

(Proof) This can be again confirmed by comparing the both hand sides:

115 = Toan) =7 o 7o = S
— (—Ta"—Tvb),

—TBn +Tdb
T T T T
_ TNgT, [ @ =\ [—m)\ _[—"an—"7b
wis) = marmy = (18 ) (1) < (Than =T,
[Remark|: The transpose of the transpose of the vector
or supermatrix does not go back to the original one:

(s 2[5 (5 7)

T(T(Z)) _T(Ty, Tp) = (—bn).



Hermitian Conjugate'

We settle the complex conjugate of the fermionic num-
bers ¢ and 3 as

(aB)’ = (B) ().

e We first define the Hermitian conjugate of the vec-
tor as

f foat
i_[(aB) _(a ~
= (58) =)
o y' = (Tn,Tb)" is defined so that (yM)" = MTy':

o' = o701 = (G ).




Complex Conjugate'

The complex conjugate is defined so that the superma-
trices and the vectors satisfy (Mwv)* = M*v*:

- =(1]-(£).

- (35) - (4. 2).

3
|

Yy = (Ty)T = (n,b)" = (—n",b").

[Prop] (1) "M = (M*)T, (2) MT = T(M*), (3) (M*)* = M.

A supermatrix M is real if

M is a mapping from a real vector to a real vector.

i.e. M satisfies M* = M:

a*:av /3*:/67 d*:da '7*:_'7'
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3 o0sp(1|32, R) (nongauged) cubic matrix model

osp(1|32, R) super Lie algebra'

e M € osp(1|32,R) = TMG + GM = 0,
Y o
where G = .

0 2
The reality of M constrains the matrix G to be G < G-

0 = "MG+GM)' =G M*+ MG' =G M +T"MG'.

o= (5 9) = ("6 %)= (7 &)=-e

m
o M — ( - ¢) , where TmI% +I'% = 0 and
1) 0
— 1 1
m = u,, I''" + iuuwzrmm -+ ﬁum...usf“l Hs5
(Proof) Let M be of the general form M = (Z% :f) The definition

constrains these elements to be

o< owesen= (17 %) (1) (5 ) (52

Tap v 0 = 1o v
B TmI‘O + FOm qu + I‘O’l.,b
- Ty — ¢ 24V ’

It follows that v = 0, 1 = ¢ and that TmI'* + T = 0
(i.,e. m € sp(32) ).

m is determined by noting that m = —(T'%)~}(Tm)I'° = T°(Tm)I'? and

that

DOm0 = (=1 EO(TTREO) oo (DO(TDATY) = (1) T
k(k—1) (k+2)(k—1)

— (_1)k—1(_1) 5 [HHe — (_Ufr\m---uk
o [HHe (k: =1,2, 5),
o —I'Ha e (k: =0,3, 4).

11



Action of the cubic model'

i 33 32
I = —Tryxn Y (X MR[MoR, Mp?]) — Mss@[ Mg, M)
g Q,R=1 p=1
fa,bc N2
= — >, Strazxss(MaMpM,)

292 a,b,c=1
) o
— ?TrNxN[mpq[mqr, m,P] — 31pP[mp?, Y]].

e Each component of the 33 X 33 supermatrices is pro-
moted to a large IN hermitian matrix.

HE---E
EE EO

\ blocks

EE EO
CEn

32 blocks

&= Bosonic ? Fermionic
=== N*N matrix J N*N matrix

e This action is defined to be real.
e No free parameter: M — g%M .
e OSp(1|32, R) X U(N) gauge symmetry.

x M — M + [M, (S ® 1nxxn)] for S € osp(1]|32, R),
* M — M + [M, (]_33><33 X U)] for U € U(N).

12



Supersymmetry'

The SUSY transformation of the osp(1|32, R) is identified
with that of IKKT model.

e homogeneous SUSY::
The SUSY transformation by the supercharge

_ (0 Xx
Q_(z’x 0)'

1 (XY — ¥YXx) —mx
6>(<)M:[Q7M]:( ( xXm ) 0 )
e inhomogeneous SUSY::
The translation of the fermionic field 522)1,0 = €.
In order to see the correspondence of the fields with

IKKT model, we express the bosonic 32 X 32 matrices in
terms of the 10-dimensional indices (¢ = 0,---9, §f = 10).

1 L
m = WI* 4 = [A(J’)I”(l +rﬂ) + A1 — %)) + i Cinia T o+

+E R Z4ﬂ+ [ I, riis (14 T 4 117), Tivis(1 — T8,

1115 1115

(Identification of the fields]

1 —1
sWAM = 3—tr((5(1)m)I‘-)—|——tr((5(1)m)I‘iﬁ)

— itr[(xlb Yx)Ti(1 — Ty)]

i
= L 4Ti(1 = Ty = —xaT
1.6X ( 8) Y SXR YR,

. ( ()
5>(<1)A§ = 1—6)Zri(1‘|‘rﬁ)¢ = g)ZLFi¢L9
5)((1)1# = —map.

13



(Commutation relations)

o [0V, 0]m = —i(x€ —ex), [0V,6P]p = 0.

(Proof) We compare the following two paths:

(2) 5(1)
*m 5—) m = m + i(xy — gbx) whereas
5(1)
m = m +i(xP — PX) = m 4 ix(¢ + €) —i(¢ + €)X
(2) 5(1) 5(1) (2)

* ) —> P+e > P+e—myx, whereas ¥ = 1 —my —) PY+e—my.

(6 6(2)]A(+)

XR’

ST + e (160, 0m)T)

XR’

= (8L

XR’
0
= ﬁtr((eRXR — xrER)Ti(1 — Fﬂ)) — geRF%XR’
[5(1), 5(2)]A(+) — 0,
(6 5(2)]A( ) — = 0, [6)((12,5(2)]A( ) = geLI‘zXLa

XR’
+ +
00, 6147 =[50, 5214 =0

XR’

o [0, 6P]m = [0{%),6P]¢p = 0 is trivial.

14



o [0V, 6Mm = i[xé—ex,m], [6(),6M]p = i(xE—ex)ep.

(Proof) This is verified by noting the following identity:

[5)((1)76£1)]M = [QX7 [Qe, M]] — [Q, [vaM]] - [[QX7Q6]7M]
_ [<i(x€—€>2) 0) (nz w)]_ ([i(x_é—ex),m] i(xé—ei)@b)
- 0 0)’\#p 0 ) | —ip(x€— €Xx) 0 )
* 1600, 6(]AM) = Lgg[m, Ter.

In the (r.h.s.), the fields W, C; ;, and H;,..;, sur-

vive.
— these fields are integrated out.

*[60), 6014 = —ixp AT T ep + - .

The fields Az(i) itself remains in the commutator!

[Summary]
The osp(1]|32, R) cubic matrix model possesses a two-fold

structure of the SUSY of IKKT model.

IKKT model | bosons A; | fermions v | SUSY parameters

SUSY I Al VYR XR; €R
SUSY II A7) V1 XL, €L

15



Action of IKKT model'

& We expand the action around the classical solution
AS = pi, AT = g AT = o, A7) = s
(1Pgs an] = —i84 (g9, h = 1,---,5))-

I, = giTTNxN(—gﬁ(ailAz(;))Cilh+96(8iW)A(_)i+4(8i1Hiz...is)I(_)il"'if’)

+ g—TrNxN( 96[a£j'),A( )]01112 96W[G(+)i,Al(—)]_I_EW[IZ(I-F)IS,I(—)il---is,]

+ 4(laf?, Hipoig IO — (AT, Hyy g JICH D 05) — 8C;, 5, [T, 1(120]

+ gﬂklim([f ) tiginia, T)8] — [I(—)kusmmI(H“"""’])

+ 32[C™i,, Ciy3y]C™% — 16Ci,4, [H igisiss H™" “‘]-I— Hzl ia[H  iguiny Hiigiginol€™t %),
Iy = g_lzTrNxN(_?’il/;LFiaiwL)

TN (8= GL W, Yr] + SrlW, b)) ~3i(bo 0l o] + SRl (AL, dn]
3t _ .. -
— D @LT iy Y + BRI [Cigiz, 1))

31 R, .
- _(_¢LI\11121314 [Hi1i2i3i4a Q»DR] + ¢RF1’11’2131’4 [Hi1i2i3i4’ ¢L])

& The terms to be identified with the fermionic term
of IKKT model are

PrT A pr & G T ATy

However, these terms do not exist in this action, and we
induce such terms by the multi-loop effect.

16



e The Feynman rule at the tree level:

Propagators
W A|_ ijlm IuEIm WL WL
Vertices
(+) (+)
ai \.,‘ ai
",,\ o \""«._..._. _ _AJ(:)
s A(J_) W
(+) =
. W '.“_ _ay ’ o _..é(.i.) Cu
Y \lfL hA ~“..WR

e We induce the necessary propagators in this way:

Miscellaneous Induced Propagators

al o aP Ve Mo
mmmmmem _ af) SV aj()
<aP 4’ > T 77T Tt
A Sy,
<y y >
A AQ) W
w .,_..._...(_)@_ N N © AP @ﬂ AD
’ S A- -
W o W, [AD A 1 LA SR [Ww] _
7 N ’
<WWwW> a(:') S s a(;') <A(i—) A) > a(:') S s a(;')
<af 47 > <af 47 >
w w WA AW WA A W_ WA _ AW
—— = -GS S
<AA> <AA>  <WW>  <AA>

[Ww]
e = AW g W AL A WSW AR WoW AL

[ A(-_) 4'_) ] <Ww> <WWwW> <AA> <WW>
i

17



® The desired fermionic terms are obtained as follows:

Induced propagator Induced Vertex “
a;
v v.ooov v v a{”
B <y y > Ve | Yoo Ve o Vo VYo Y Ve
w Y v, > AL e
w
& <WW >
<WW > &
IKKT-like Vertex
a® a® 8, AD

Ve _ | __ Ve o, Ye ] Ve o YR _l___ Ve o, Ve _ | __ Ve _ W | __ Ve

® The bosonic term of IKKT model is induced in this

way.
Induced IKKT model
MY v oot LV
SOR . . R, <ypy, > OFR .
N AD AP o AD
e N e
e A Y e
// \\ <WRWR > //
4 \VR \|]R N e e e - - - £ WR

18



4 gl(1]32, R) ® gl(N, R) gauged model

We consider the model whose gauge symmetry is en-
hanced by altering the direct product of the Lie algebra.
L. Smolin, hep-th/0006137

T. Azuma, S. Iso, H. Kawai and Y. Ohwashi, hep-th/0102168

(*) A, B = [The Lie algebras whose bases are {a;}
and {b;}, respectively.]

e A ® B: The space spanned by the basis a; ® b;. This
is not necessarily a closed Lie algebra.

o ARB : The smallest Lie algebra that includes A ® B
as a subset.

The gauge symmetry OSp(1|32, R) X U(N) is enhanced
to 0sp(1]32, R)Qu(N).

e 0sp(1|32, R) ® u(IN) is not a closed Lie algebra.

e 0sp(1|32, R)Qu(N) = u(1|16,16) ® u(N).
u(1]|16,16) is the complexification of osp(1]32, R).

e We consider the Lie algebra
gl(1]32, R)®gl(N, R) = gl(1]32, R) ® gl(N, R)
as an analytical continuation of u(1]|16,16) ® u(IN).

19



(*) In order to grasp the intuitive image of ’Smolin’s
gauged theory’, we consider the following simple example.

su(6) = su(3)Qsu(2).

A?: basis of su(3) (¢ =1,2,---8).
o': basis of su(2) (1 = 1,2, 3).

e \® o' (24 dimensions): The basis of su(3) ® su(2),
which does not constitute a closed Lie algebra.

e \“®1+1®o" (11 dimensions): The generators of the
Lie group SU(3) x SU(2).

o su(3)®su(2) = (su(3)su(2))D(SU(3) X SU(2))aigebra
This is a closed 35-dimensional Lie algebra.

SU(3) x SU(2) is a 11-dimensional Lie group,
while su(3)®su(2) is a 35-dimensional Lie algebra.

20



u(1|16,16) super Lie algebral
o M € u(1|16,16) = MG + GM = 0,

0
whereG:(F O)
0 2

* This is the complexification of 0sp(1|32, R), in that M is not
necessarily a real supermatrix and that the transpose is replaced
by Hermitian conjugate.

* We can confirm that GT oc G in the same way asin 0sp (1|32, R):
0=(MG+GM)' =G'M + M'G'.

o M = (nﬁ w),wheremTI‘O—l—I‘Om:O.
1) v

* — K1 1 pipz 1 H1p2143
ml_ ul + uulI‘ —|—12!uu1u2I‘ + 3!uu1u2u3I‘
1 prepa 1 Bt
+ 5 Upq-pgl + i Upyeeps D .

w | Wurs Wpgpos Wpgeeps = real number
Uy Wy Wpgpippugy Upgereuy, — pure 1maginary

21



1(1|16,16) is the direct sum of the two different repre-
sentations of osp(1[32, R).

& u(1|16,16) = H P A’, where

. [ Mmp ¢h T _
%_{M_(wh 0)|HG—|—GH_O,

1 1
©1 P12 B s
mp = u,, ' + o1 'u,mmI‘ + ot AU st ,
Upys Upypgs Upq-opsy Wh € R},

A = {M = (’ga i:f“)FAG—GA:O,

pip2ms | p1pa
Mg = U + 31 uu1u2u3r + 4,uu1 gl

Uy Uy piopigs Upageoopys 1%Pa» ¥ € (Pure imaginary) }.

Commutation relations of these super Lie subalgebra:
(1)[Hy, Hy) € H, (2)[H,A'] € A", (3)[A}, A)] € H,
(4){H., H2} € A, (5){H, A’} € H, (6){A}, A3} € A
where H,H,,H, € H and A’, A, Al € A'.

(Proof) These properties can be verified by taking the transpose:

1. T[Hl, Hz]G - THzT.HlG — THIT.HzG - TH2(—GH1) — THI(—GHz)
- GH2H1 — GH1H2 - —G[Hl, Hz],

2. T[H,A')JG =TATHG — THTA'G =TA'(—GH) — TH(GA’)
= -—-GA'H+ GHA' = G[H, A’],

3. T[A}, A)G =TATAG —TATA,G = TAL(GA!) — TA!(GA))
= GA,A| — GA/A, = —G[A!, A,

4. T{Hl, Hz}G - TH2TH1G + THlTH2G - TH2(—GH1) + THl(—GHz)
= GH;H, + GH,H, = G{H,, H,},

5. T{H,,A}G =TA'TH,G +TH,"A',G =TA'(-GH,) + TH,(GA))
—GA, H1 GHIA, - —G{HI,A }

6. T{A}, A}}G =TATA,G +TATA,G = TA,GA| + TA,GA,
— GA, A, + GA| A, = G{A}, A}}.

22



Promotion to large N matrices'

Commutation relations of (anti)-Hermitian matrices:

(D[h1, ko] € A, (2)[h,a] € H, (3)[a1,a;] € A,
(4){h1, h2} € H, (5){h,a} € A, (6){a1,az} € H.

e Hermitian matrices: H = {M € Mpnxn(C)|MT = M}.
h, h1hy belong to H.

e Anti-hermitian matrices : A = {M € Mpyyn(C)|MT = —M}.
a,ay, as belong to A.

osp(1]32, R) @ u(IV) is not a closed Lie algebra.
(Proof) The tensor product of the Lie algebra must close with respect to the
commutator

1 1
0sp(1|32, R) ® u(IN) does not close because

(HRH),(HQH)] = ({#,H} R [H,H]) & ([(H,H] ® {H,H})
=(AQA)PD (HQH).

0sp(1]32, R)Q@u(N) = u(1]16,16)@u(N) is the smallest
closed Lie algebra that includes osp(1|32, R) ® u(IV):

e H is promoted to Hermitian matrices.

e A is promoted to anti-Hermitian matrices.

23



gl(1|32, R) super Lie algebral

o M € gl(1|32,R) = M = (ZLIS :f)

1 1
o m =ul+u,I'" + Y umuzruluz + 31 ummusruluzug

1
_|_4 Uy, . MFM u4_|_5' u1---usrm K5

® U, Uy oy WUy sy Py @, v are all real numbers.

gl(1]|32, R) is the analytical continuation of u(1|16,16):
gl(1|32, R) = H & A, where A" = i A.

Each element of gl(1|32, R) is promoted to a real gl(N, R)
matrix:
gl(1|32, R) ® gl(N, R) is trivially a closed Lie algebra.

24



Action of the cubic model'

1 33 32
r= ?TTNXNQ%: 1[( 21 MO MgRMpgP) — M;3° Mo®Mpg*®]
y U= b=
1 N2 ,
- ? bz . Stryzyss (Mo MyMe)Trnxn(T*TT°)
a,0,c=
1

= ?TrNxN[mpqmqrmrp — 3ip?m, 17 — 3ivePp, — v°].

e Each component of the 33 X 33 supermatrices is pro-
moted to a real gl(IN, R) matrix.

e No free parameter: M — g%M .
e gl(1|32, R) ® gl(IN, R) gauge symmetry.

M — M+ [M,(SQU)]
for S € gl(1|32, R) and U € gl(N, R).

e This model loses invariance under the constant shift of
the fields, and we introduce the space-time translation
by the Wigner Inonii contraction.

e The bosonic 32 X 32 matrices are separated into m,
and m, in terms of 10-dimensional indices.

1 - - 1 o o
me = Z+ WI¥ 4+ E(Cilizl_‘“” + Dy, T8 I(Gil...i‘ll_‘“"'“ + H;,..; D7),
) B | !
m, = 5(Aff)rlu + T + A1 — %))

1 L L
+ (E(+) 1‘\111213(1 +1‘\ﬂ) —I—E-(_) 1'\111213(1 _ Fﬁ))

2 % 3' 111213 211213

11015 1115

1 o .y
+ 5(1.(“ Téis (1 4 T 4 15, Tiis(1 — ).

25



Wigner Inonii contraction'

We consider the hyperboloid in the AdS space whose radius R is
sufficiently large. The hyperboloid is approximated by the R%! flat
plane at the ”north pole”.

AdS space: zVz"n,, = —R? with n,, = diag(—1,1,---,1,—1).

(*)The intuitive image of the Wigner In6nii contraction in the 3-
dimensional case.

& The Lorentz transformation in the 11-dimensional space
(Nay — 0717"'797ﬂ):
[Myws Mpo] = oMo + Mo Mup — MupMue — Moo Myp.

& We consider the algebra in the plane perpendicular to the z*
direction.

e Translation:
P; =( The translation in the direction of x; ) = %Mﬂi = %Fﬂi-
e Lorentz transformation:

M;; =(The Lorentz transformation on the z;z; plane) = I';;.

& The commutation relations of the translations and the Lorentz
transformations:

® [M;;, My = njrMy + naMj, — ni M — nji M.
o [P;, M| = —nixPj + 1ij Py
o [P, Pj| = %Mij — 0. Two translations commute with each other

when the radius R is large.
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In order to perform the Wigner Inonii contraction, we alter the
action as

1
I= gTr(Stth?’) — R*Tr(StrM;).

The EOM 8‘9—]\2 = M? — R*133,33 = 0 possesses a classical solution

RT* ® 1nxn 0
M) = .
< > ( 0 R® 1InxN

(classical solution (M)) 4+ (fluctuation M)

RI* ® 1nxnN 0 L(m P
0 RQ®1nxN i v )

The action is expressed in terms of the fluctuation as

M,

I = R(t’r(miI‘”) —v? — 2ipripr) + (%mz + tr(memi))

_ _ _ _ 1
— (pr(Mme + )L + ¢r(Mme + V)VYr + LMoY + GrMLYR) — g,v3.

The fluctuation is rescaled as

e m; = RI* + m = RI* + R™im/ + Rim),
e vy =R+v= R-|—R—%fv’,

o Y = + Yr = R 29, + Riypl,

¢ ¢ = ¢+ dr = Rid), + R 2%,

We obtain the vanishing effective action by integrating out m/, 7,
¢r and v’ .

e W = / dm/ dy, dep'rdve ™,

1 _ 1 _ ,
= W = —Jtr(T{m? + i) }) — S ($1vn)® + L (Fimvi)= 0.

This gauged model may be related to a topological ma-

trix model.
S. Hirano and M. Kato, Prog. Theor. Phys. 98 (1997) 1371, hep-th/9708039
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5 Conclusion

Summaryl

e We have investigated the (nongauged) cubic model
whose gauge symmetry is the super Lie algebra
OSp(1|32,R) x U(N) as a candidate of the matrix

model which naturally reproduces IKKT model.

* 0sp(1]|32, R) cubic matrix model possesses a two-
fold structure of the N' = 2 SUSY of IKKT model.

* IKKT model is induced from the osp(1|32, R) cubic
matrix model by the multi-loop effect.

e We have investigated the gl(1|32, R)®gl(IN, R) gauged
model as an extension.

* The space-time translation is introduced by means
of the Wigner-Inonii contraction.

* The effective action vanishes, and this model is re-
lated to a topological matrix model.

Related problems'

e The diffeomorphism invariance of matrix models.

e Cubic matrix model described by exceptional Jordan
Lie algebra:
L. Smolin hep-th/0104050
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