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1. Introduction

In ordinary theories, the effective actions are local.
But is it the case with the fluctuations of space-time?

— We claim that the effective actions
should be factorized universally!

e.g. wormholes realize a factorized action

quantum-fluctuated space-time

emerging wormholes X

:

factorization — Sefr =) cisi+ Y cijsisj+ Y CijusiSjsk + -

) 1,7
where si:/ dPx+/—g(x) O;(x)
M

i,J,k

Oi(z) : scalar local operator  €.8. 1, R, Fy,, FHY, - -



1. Introduction
Factorization by wormholes

Consider a universe interacted by wormholes. [Coleman '88]
The low-energy effect of attaching a wormhole to the
universe can be written as D

[ Pacy [ datay* Vol /g0 @007 (w)e

If £ wormholes exist, there are k! identical configurations.

% / Dy [%' / dz® dy*\/g()\/g(y)O" ()0’ (y)res

Thus after summing up them, we obtain

/ Dg exp |:Cz'j / da* dy*\/g(x)v/9(y)O' (2) O (y)] e

:> Aseff — Zcijsisj Factorized action

2,7




1. Introduction

Factorized actions are nice:

* |t seems non-local.
However, we find by Fourier trf. it only means that the
coupling constants get dynamical.

7 — /ngez(zz Cisi+zi,j Cij8i8j+-.-) _ /d)\f()\)/ngeZZz AiS;

It is effectively local if A's are dominated in the integral.

quantum effective real world

ﬂ — Zci3i+zcij5i3j +.r > Z)\zsz
7 1,7 )

:Nith dominated A

 The naturalness problem can be solved also for the
Lorentzian multiverse. [Kawai-Okada '11]



1. Introduction

On the other hand, IIB matrix model is considered to be the
non-perturbative formulation of the String theory.

It is expected to describe the fluctuation of space-time.

Therefore it would naturally occur that the factorization of
the action of the matrix model.

fluctuation of space-time

wormholes

p factorization of the action
matrix model

universal!




1. Introduction

The action is obtained by the matrix regularization of
the Green-Schwarz action with Schild gauge.

1 j
SSehild = /d%\/g [4{XM,X,,}{X“,X”} + 5 UTH{X,, U}
gt
{A,B} := =_0,A8;B
V9

It is also obtained by dimensionally reducing 10D N=1
SYM to a point.

1 1 1
S = STr |- [Aa, Ap)[A%, A®] + ZUT*[A,, ¥
92 I‘[4[ 9 b][ ) ]+2 [ ) ]]
A, : 10D Lorentz vec. U : 10D Majorana-Weyl spn.

Matrices are interpreted as space-time
coordinates. (original interpretation)



2. Derivative Interpretation

There is another interpretation.

Matrices can also be interpreted as covariant derivatives.
A, ~1V, [Hanada-Kawai-Kimura '05]

Good properties:
- The diffeomorphism invariance should be manifest.

- Any manifold (in any dimension =10) v Prer
can be expressed by matrices. - 10 matries

gio

- Einstein equations follow from the equations of
motion of the matrix model. Rap = 0 (for vacuum)

- Gauge transformation, local Lorentz transformation
and diffeomorphism are included in U(N) of the

matrix model. N : matrix size



2. Derivative Interpretation

The action of the covariant derivative on a representation
of G = Spin(D —1,1) results in

f— Vaf - scalarto vector

fo = Vafs -+ vector to tensor

Therefore, the action changes the representation.
It cannot be considered as a matrix in general.

Is the interpretation A, ~ iV, possible?



2. Derivative Interpretation

The action of the covariant derivative on a representation
of G = Spin(D —1,1) results in

f— Vaf - scalarto vector

fo = Vafs -+ vector to tensor

Therefore, the action changes the representation.
It cannot be considered as a matrix in general.

s the interpretation A, ~ iV, possible? [~ YES

Because the action of the regular representation is

~J V;“eg = {f : G — C}
Vice ® Vreg = Vreg @ -+ @ Vreg o) & £(h1g)

Vivec @ space of the vec. rep. g,heqG

by the Clebsch-Gordan coefficients R, (¢~") (group
element in the vector representation).



. Derivative Interpretation

Vvec 2L Vreg — Vreg - D Vreg

R(,"(g7") : group element in the vector representation
a=01,---,D—1

The action of h € G (Lorentz trf.) on va(9) € Viee ® Vieg iS

va(g) — Rab(h)vb(h_lg) R_°(R) : group element of the vector rep.
R(a)b(g_l)vb(g) — R(a) (g 1)Rbc( )’Uc(h_lg)
= Ry (W) Hve(h™g)

> R(a)b(g_l)vb(g) is in the regular rep.

-+ D regular reps.

(a)'s are mere labels that are invariant under the local
Lorentz transformation.



2. Derivative Interpretation
Take f(CU, g) S V’r‘eg - -+ space of the fld. of the regular rep.

The action of the covariant derivative is
7}

Vo (e.9) = €lw) (8~ g, @0 ) flo.9

Then if we define V() := R ,,"(¢7!)V,, each of it becomes
Vi f(,9) = Ry (a7l (@) (9~ 50, (@)0n ) f(a,0)
S Vreg

:> v(a,) : Vreg — Vreg =+ D matrices !

We've obtained the covariant derivative as a matrix.



3. Factorization

In the end, we find that the effective action is in the form of

Seff = Z CiSi =+ Z CijSiSj 1 Z CijkSiSjSk + - (loop expansion)

wormholes




3. Factorization

We use the background field method. Let us decompose
the matrices as

(x,9lAaly, h) = Ay (, 959, h) = Al (2, 9; 9, h) + da) (@, 959, h)

BG fields fluctuation which will
be integrated out

To see the effective action, expand A° . around the flat metric

. 1 .
A(()a) (:Eag;y7 h) — Za(a) =+ B(a) (wag) + §{h(a)b($7g)7zab}

1
+Z{w(a)bc(m7g)7 Opct+ -+ |0(x — y)dgn

while not expand ¢ () but treat it as a bi-local field for the
convenience of the calculation.

We would like to know the general form of the effective
action. It is enough to consider a scalar matrix ¢ whose
quadratic part is given by

Spe = 3 T[4, ][40, 6]



3. Factorization

Example: The effect of insertions

Ly Gny Yns hn
(T, Git1)

a')d’ 0
[ZB(a)<y’L 1,hz 1)—{h( )d (557,797,) 8 d’ }Q(QZ@ 1,9i—15Yi— 17 71— 1’x17927y7,7h)]
¢! hi Pi_
|: {w(a ge (y’ia hZ)a OIS/C/)} 1
_?: a// //C// i 1
Z{w( 7 (241, Gig1)s O,S,g,j,, NG (@i, 955 Yir hilit1, Gi1; Vi1 hz‘+1)]
Pi

 The Lorentz invariance of the vertices in each index loop

 The Poincaré invariance of the propagators in each index loop



3. Factorization

 The Poincaré invariance of propagators
T2, G T, 0 f(a) = R(a)b(g_l)wb, U(a) = R(a)b(h_l)yb

Y VY

Us, ho u, hy

G(1, 91591, h1|x2, g2; Y2, h) = (d(x1, 915 Y1, h1) @™ (22, g2; Y2, h2))
= G(&1 —&2)0((& —m1) — (&2 — 12))0g1920n1 1y

Because
Sg2 = —E/devdDydgdhK 9 + 9 — iAW (y, h;fc,g)) ¢*(x,g;y, h)
2 0wy M)

0 0 .
X (55(@ * 9@ —zA(a)(w,g;y,h)> ¢(£L‘,g;y,h)}

contains kinetic terms only of § +7. :> G(& — &2)

§ -7, g and h doesn't propagate. ya, h

T1,01

Since this is a scalar propagator,

T2, gz

it is Poincaré invariant in £ and y, respectively.



3. Factorization

* Consider in the level of the derivative expansion (Taylor

series expansion of flds.), % (I) and J stand for sets of indices.

- | R a a a a
A(I)J(xi) — E:QA(I)Jal--as(xn)(xil —axpt) (T —xy)
s=0

n 1 n

« The SO(D-1,1) x SO(D-1,1) covariant tensor turns into
SO(D-1,1) x SO(D-1,1) invariant tensor after the

integration over the coordinates x, y and the elements of
SO(D-1,1) g and h.

Factorization occurs
[ aPwaPy (AGa)-- AGa) x (Alw)-



3. Factorization

* The effective action factorized by the wormhole interaction
and that by the matrix model have the same structure.

This would be a universal property.

 We can consider multiverses naturally.

Then, the factorized action turns to be a local action with

dynamical coupling A, and the naturalness problem can
be analyzed for the Lorentzian multiverse.

E CijSiSj E CijkSiS;Sk

i,j 1,9,k

... etc.



. Summary and Future Works

The effective action of IIB Matrix Model in the derivative
interpretation is in the form of

Seff = Zcisi -+ Zcz'jsisj —+ Z CijkSiSjSk -+ ...

7 1,7 1,7,k
This form would be universal for the low-energy effective
theories describing quantum gravity.

Factorized actions haven't been studied well yet. It should
be studied further.

The relation between the original and the derivative interpretation
must be a certain duality.

We want to reduce the vast degree of freedom.
- noncommutative geometry?

Further investigation of the components of U(IN) symmetry in the
derivative interpretation.
-+ higher spin gauge symmetry?



Backups



Introduction of IIB M.M.
The aim is

“factorization of the action
from the Lorentzian |IB matrix model.”

i i

i,k

- D1-D1 interactions
original interpretation —— ¥ - light-cone SFT

lIB Matrix model @duality? ...etc.

- manifest diffeo.
- Einstein eq.
- factorization -

derivative interpretation —_

wormhole interaction



U(N) transformation
0A, = i[A, Ay], 00 = i[A, U]
A, g, k) = MO (2, 9) + LN (z, 5), Onc)

+%{)\{1}b(wag)7ivb} + - '}5(1’ —Y)dgh

This implies
SAY () = V A0 (z) gauge transformation
ded'(x) = AL P (@) ¢! ()
bw e (x) = eaﬂva)\{o}bc(x) Local Lorentz transformation

dw b(x) = =21 (2) R P¢(z) Diffeomorphism



U(N) transformation
§As = i[A, Ag]

Local Lorentz
%[{)\{O}bc’ Obc}a iva] — 5 {)\;{LO}C’ ,ch} + Z{VQA{O}Z)C’ Obc}
1 .
5{)‘2{1,0}%(#7 'Lau}
{V AOYbe | \(0kd by, be 0,
delt = )\{OE’L d

d
&UM _ ea,uva)\{O}bc

Diffeo.
%[{)\{l}bjivb}’zva] _ i{va)\{l}b’zvb} + Z{A{l}bRab ¢, Oca}

det = (V AtH0) e ¥

a a b
|::> cd L 1tv cd



Full action of M.M.

The right action is

1 a
§ = 10 (A0, A 2+ 41400, AOON[A7, 61

+2[AL,), d(n))2 + 2[A%Y, A%D[¢ 0, b)) — 2[A0sy, d) [[AY), 1]

+4[A%D 3PN [B 0y, )] + [ (a)> D)) —I—fermion}

We have to fix the gauge. However it is not necessary for
analyzing the factorization of the effective action.



Lorentz invariance of vertices

For calculating 1-loop amplitudes, we need only the
quadratic part of the action.

é-(a) — R(a)b(g_l)a:b, n(a) — R(a)b(h—l)yb

Sr = 5 T [14%, 6142, ]

1 0 0
5 / y dg ot " ona ( ) | & ( )

o . 9
" <8§<a> T op@ ~ @ oy h)) P g, ) }

A(a) (xag;yah) F= B(a) (;Ij g) B(a)<y7 h)
+5 {h(a) (,9),1 b} + 5 {h(a) (y, h), 1 b}
+Z{w(a)c(x79)70bi}+ Z{w(a) “(y, h), bc}+"'

- Lorentz invariant in £ and y, respectively



Interpretation of the Action

This effective action seems to be non-local.

However, an observer in a universe observes the nature
described by a local effective action if A's are dominated:

We find that ‘the sum of the products of local actlons
turns to “the sum of the several values of couplings” by
Fourier transformation.

It also means that the values of the couplings may be
determined to be some special values by dynamics!

If we understand the mechanisms of the cosmological
time-evolution such as the Inflation, what the dark matter
is, and so on, we will be able to compute the partition
function as a function of couplings.
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