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We need non-perturbative formulation
to make it genuinely predictable quantum gravity theory!
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== Genuinely predictable quantum gravity theory
We expect (in the IKKT matrix model)

- to find a well-defined true vacuum, which we hope is 4D spacetime
- Dynamics of the diagonal part forms 4D [Aoki, Iso Kawai, Kitazawa, Tada '98]

- I [Anagnostopoulos, Azuma, lIto,
SSB to SO(S) IS observed Nishimura, Okubo, Papadoudis '20]

» to predict non-perturbative physics
such as black holes and the early universe.
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Problem: How is the OD theory defined?

The IKKT action: [Ishibashi, Kawai, Kitazawa, Tsuchiya '06]

1
S[X,y; G, = Ntr [X*, X*1[X”, X°] + szG THIXY ]

pva

X*: bosonic N X N matrlces (u=20,-9) . Majorana-Weyl fermionic N X N matrlces

G'W = 1], Of 5#!/ <z7/w = dlag(—l,l,---,l)w>

We don’t really know how the IKKT action enters in the partition fn.

} [ [dX][dy] e®F¥ el 2

metric in the action
Euclidean Lorentzian

“Euclidean IKKT model”
Euclidean| e SXwdul | o=SIXwm,]

weight
Lorentzian ¢SXwioul | oiSIXwim,]

—“Lorentzian IKKT model”
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Obstacles of quantisation in the G-S formalism:
« K symmetry has an infinite series of gauge symmetry

- kK symmetry is not closed off-shell [5Jf 5f] = 5b + 5f + 07 + (E.0.M.)
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Seehilg = — o Jd%{ -5 (6— — eg> — ie"9,X"0''T ,0,0" — 6°'T ,0,0%)
§
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e, a Lagrange multiplier or “gauge field”

. 2 _
E.o.M. for €yl ey = h

% Integrating out €, brings this back to the Nambu-Goto action.

Remarkably, the fermionic gauge symmetry is formally enhanced:
StXH = —i(5'0' 0! + 5'0* T+

4ie§ 2 [ _p
5'e, = —h® + (= 1)"*e® ) 6'04'T IT150,0%
a’b
e+ h e, 4
A=1

504 is not projected by %(1 +1). [Y.A. to appear]
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Algebra of the enhanced kappa symmetry

Each sector of the “enhanced” k transformation
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[Y.A. to appear]

== BRST quantisation w/o ghosts of ghosts
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To obtain the IKKT model by the matrix regularisation,
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We have “derived” the Euclidean weight w/ the Euclidean metric

IKKT action from the perturbative superstring theory.
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Vertex operators

The BRST transformation on the worldsheet is
SPRITXHM = — 2iey Ty + e{c, X!}p, "Ry =efc,ylp,  5°Tp = ey +elc, ¢l

A BRST inv. vertex: sza e kX! +2ip Ty _, sza ek X! (momentum-k, mode)

melp- | the matrix model, V& = treX”

This forms a massless multiplet of type-lIB SUGRA
by acting the supercharge operator () onto this vertex.

Perturbative Matrix model
String states Operators
massless massless
multiplet of “ > multiplet of
type-11B SUGRA type-1IB 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,

% doesn’t mean the IKKT model should be Euclidean
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invariant under the BRST trf., is the suggested matrix-model vertex operator

tr e™*" of a string (or D1), which forms a massless multiplet of type 11B
SUGRA by acting the supercharge operator.



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,

% doesn’t mean the IKKT model should be Euclidean

. . ; U - T1Tu
. The matrix regularised massless-mode vertex [ d*c e X" 210" 1"w),

invariant under the BRST trf., is the suggested matrix-model vertex operator

tr e™*" of a string (or D1), which forms a massless multiplet of type 11B
SUGRA by acting the supercharge operator.

- | 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]



