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[Banks, Fischler, Shenker, Susskind ’96; Ishibashi, Kawai, Kitazawa, Tsuchiya ’96; …]

Genuinely predictable quantum gravity theory

Matrix Model

• to find a well-defined true vacuum, which we hope is 4D spacetime

• to predict non-perturbative physics  
such as black holes and the early universe.

We expect (in the IKKT matrix model)
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Introduction
Problem: How is the 0D theory defined?
The IKKT action:

S[X, ψ; Gμν] = N tr [ 1
4

GμρGνσ[Xμ, Xν][Xρ, Xσ] +
1
2

ψTGμνΓμ[Xν, ψ]]
[Ishibashi, Kawai, Kitazawa, Tsuchiya ’96]

: bosonic  matrices ( )Xμ N × N μ = 0,⋯,9 : Majorana-Weyl fermionic  matricesψ N × N

(ημν = diag(−1,1,⋯,1)μν)Gμν = ημν or δμν
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Green-Schwarz formalism

SGS = −
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•  symmetry is not closed off-shellκ [δf
κ1

, δf
κ2

] = δb
v3

+ δf
κ3

+ δλ
λ3

+ (E.o.M.)
•  symmetry has an infinite series of gauge symmetryκ

Nambu-Goto-type action

Πμ
a = ∂aXμ − i(θ1TΓμ∂aθ1 + θ2TΓμ∂aθ2)
: bosons (position of a string)Xμ : Majorana-Weyl fermions  ( )θA A = 1,2

σ1
σ0

embedding Xμ(σ)

Obstacles of quantisation in the G-S formalism:
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g = − hE.o.M. for :eg

※ Integrating out  brings this back to the Nambu-Goto action.eg

Remarkably, the fermionic gauge symmetry is formally enhanced:

δfeg =
4ie2

g

e2
g + h

2

∑
A=1 ( −h

eg
hab + (−1)A+1εab) δfθATΓμΠμ

a∂bθA

δfXμ = − i(δfθ1TΓμθ1 + δfθ2TΓμθ2)

 is not projected by .δfθA 1
2 (1 ± Γ̃) [Y.A. to appear]



Each sector of the “enhanced”  transformationκ

Enhanced kappa symmetry
Algebra of the enhanced kappa symmetry

δg
μeg =

e2
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e2
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∂a(egμa)is closed off-shell, with a “trivial” gauge trf.

δf = δfφ + δfψ φ = 1
2 (θ1 + iθ2) ψ = 1

2 (θ1 − iθ2)with
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BRST quantisation w/o ghosts of ghosts
[Y.A. to appear]
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Mat. Reg.
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A BRST inv. vertex: ∫ d2σ eikμ(Xμ+2iφTΓμψ) → ∫ d2σ eikμXμ (momentum-  mode)kμ



Vertex operators

δBRSTXμ = − 2iϵγTΓμψ + ϵ{c, Xμ}P̂, δBRSTψ = ϵ{c, ψ}P̂, δBRSTφ = ϵγ + ϵ{c, φ}P̂,

The BRST transformation on the worldsheet is

A BRST inv. vertex: ∫ d2σ eikμ(Xμ+2iφTΓμψ) → ∫ d2σ eikμXμ (momentum-  mode)kμ

In the matrix model, VΦ = tr eikμXμ



Vertex operators

δBRSTXμ = − 2iϵγTΓμψ + ϵ{c, Xμ}P̂, δBRSTψ = ϵ{c, ψ}P̂, δBRSTφ = ϵγ + ϵ{c, φ}P̂,

The BRST transformation on the worldsheet is

A BRST inv. vertex: ∫ d2σ eikμ(Xμ+2iφTΓμψ) → ∫ d2σ eikμXμ (momentum-  mode)kμ

This forms a massless multiplet of type-IIB SUGRA 

by acting the supercharge operator Q onto this vertex.

In the matrix model, VΦ = tr eikμXμ

Perturbative 
String states

Matrix model

Operators

massless 
multiplet of 

type-IIB SUGRA

massless 
multiplet of 

type-IIB SUGRA
[Kitazawa ’02; Iso, Terachi, Umetsu ’04;
 Kitazawa, Mizoguchi, Saito ’07]



Summary
• We find there is a gauge trf. that closes algebra off-shell for the string action  

in the G-S formalism by rewriting the action to the Schild type. 
It allows us to quantise the theory without an infinite tower of ghosts.

• If we assume the IKKT matrix model is derived by the matrix regularisation of 
the Schild-type action, it is the Euclidean action w/ .e−S

• The matrix regularised massless-mode vertex , 
invariant under the BRST trf., is the suggested matrix-model vertex operator 

 of a string (or D1), which forms a massless multiplet of type IIB 
SUGRA by acting the supercharge operator.

∫ d2σ eikμ(Xμ+2iφTΓμψ)

tr eikμXμ

※ doesn’t mean the IKKT model should be Euclidean
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in the G-S formalism by rewriting the action to the Schild type. 
It allows us to quantise the theory without an infinite tower of ghosts.

• If we assume the IKKT matrix model is derived by the matrix regularisation of 
the Schild-type action, it is the Euclidean action w/ .e−S

• The matrix regularised massless-mode vertex , 
invariant under the BRST trf., is the suggested matrix-model vertex operator 

 of a string (or D1), which forms a massless multiplet of type IIB 
SUGRA by acting the supercharge operator.

∫ d2σ eikμ(Xμ+2iφTΓμψ)

tr eikμXμ

• I plan to find out the exact relationship between perturbative superstring d.o.f. 
and matrix d.o.f., starting with this identification for the vertex operator. 

[cf. Fukuma, Kawai, Kitazawa, Tsuchiya ’97]

※ doesn’t mean the IKKT model should be Euclidean


