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[ntroduction

-

quantum gravity? BH?
singularity? Early Universe?

> Effective theory of superstring theory (heterotic string, Metsaev & Tseytlin 87)
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- Superstring theory is the “fundamental theory”. How are the black holes and the early
universe described in such theory?

- Can the unsolved problem such as the singularity and dark energy are resolved in
such theory?

- Will the string theory be verified by the observation and/or experiments?
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> We will study ...

- the black hole solution in the effective string theory with

» Gauss-Bonnet term + dilaton (higher order term)

- and compare them with the previously known solutions such as
» Boulware-Deser solution (¢ = 0)

= the solution with the model without higher order term of the dilaton
(Guo, Ohta & Torii, 2008)

> We find that ...

- The dilaton field affects the structure of the black hole solutions much.

- There is the lower limit for the mass (and the horizon radius) of the BH solution in
D=4, 5.

- The fat singularity appears at non-zero radius in D=4, 5.

- The higher order term of the dilaton field does not affect the solutions so much
except for the 5-dim case.

- For the charged solution, there is no extreme solution when the dilaton field is
included.
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Model

> Action

- H = 0, field redefinition

gauge field i 142 = 10511
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- The model in string frame is investigated by Maeda, Ohta & Sasagawa, 2009.
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- This model has the same properties of the Galileon modified gravity
(Deffayet, Esposito-Farese & Vilman, 2009).




EOM & Boundary conditions

> Basic Equations

1 1
Y GMV ] 5 [vu¢vu¢ ¥ ig/,w(v¢)2]
+ e [HW +4(Y*VP¢V° b — YV D) Pypo + %WM%MW)Q + 8(%)“]
1 1

== §(FMQFI/Q i Z aﬁFaﬂ),

1 3
- O¢+ =ve "PF? — a, [ye”‘bRéB + ~pe7?(V,V,oVFEoVF o — y(w)‘*)] = ()

4 4

i Vﬂ(\/——ge_wF””) —0 1
G = Ry — §QWR>
1
H, =2 [RRW — 2R, R, — 2R R, + RMWR,,W] — Sgu R,

BPuvpe = Ruvpe + 29u0 By + 200001 + RGpujpYolv-

> Boundary condition
- The existence of regular black hole horizon
- Regularity of the domain of outer communications

- Asymptotic flatness at spatial infinity (¢ — 0)
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EOM & Boundary conditions

> Static & spherically symmetric spacetime:

— —Be;.‘sdt2 IR i r2hijda:idxj,

metric functions

> Electric charge: Fy, = f’

> Scaling
The field variables can be scaled by a2 : 7 =1/,/0

> Boulware-Deser solution: =0 non-dilatonic
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EOM & Boundary conditions

- The solutions are obtained by integrating the EOM from BH horizon to infinity numerically.

- At horizon (B=0), the equation of the dilaton field becomes “singular”.

1 IEL “singular” at the horizons
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To recover the regularity, we impose the condition:
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XH : evaluated at the horizon




EOM & Boundary conditions

allowed region
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negatl)ve discriminant
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- D =4 : There is a region where the
discriminant becomes negative and no
black hole solution,

- D > 4 : no restriction for the parameters.

cf. Maeda-Ohta-Sasagawa 2009




l-dimensions (neutral)

> Configuration of the dilaton field: ¢

- dilatoniZDfEIF/NE <, HEHEPHICHE>TWS,




l-dimensions (neutral)

> Horizon radius & singularity
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- There is no black hole solution blow the critical mass (horizon radius).
Mo=1.47132 (u=0), Mo=1.47502 (u=1)
==» The regularity condition at the horizon is broken

- The fat singularity appears at non-zero radius.




5-dimensions (neutral)

> Horizon radius & singularity
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central singularity;

- There is lower limit for the horizon radius. (cf. the u =0 case) o 2 o

Mo=0.246494, ru=0.103555 B T
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- For the critical solution ¢” diverges at some radius in d.o.c. L

- The fat singularity appears for the “large” BH solution qﬁ,/_r AL




10-dimensions (neutral)

> Horizon radius & singularity
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- There is a black hole solution for any mass.

- The singularity locates at the center as the non-dilatonic solutions (central singularity).




Charged Solutions (5-D)

> Horizon radius
1) = 5, EléTT 5!
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Boulware-Deser

- There is no black hole solution blow the critical mass (horizon radius).

- The critical solution is not extreme limit (cf. Boulware-Deser solution).




