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Action and metric

Low-energy effective string action with second order curvature
corrections:
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1

16π

∫
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SGB = RijklRijkl−4RijRij +R2

Spherically-symmetric metric in GHS coordinates:

ds2 = ∆dt2− 1
∆

dr2− f 2(dθ
2 + sin2

θdϕ
2)

Anzats for Maxwell tensor: F = qsinθ dθ ∧dϕ

Variable change: E = e−2φ , E0 = e−2φ0



Lagrange-Euler (Einstein) equations
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Constraint:
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Asymptotics

Asymptotics near the horizon
(
(r− rh)� 1

)
:

∆ = d1(r− rh)+d2(r− rh)2 +O
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)
Asymptotics at the infinity — GM-GHS solution:
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Curvature invariant in GHS coordinates
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Determining the singularity type:
curvature invariant diverges⇒ real scalar singularity (Clarke, 1993)
curvature invariant is finite⇒ coordinate singularity, that can be
neglected by appropriate coordinate transformation



Metric function ∆(r)



Metric function f (r)



Dilatonic exponent exp(−2φ(r))



Curvature invariant RijklRijkl(f )



Curvature invariant RijklRijkl(q, f )

critical charge qcr
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Asymptotics near the particular points

Metric function f (r) should be regarded as a radial coordinate.

f (r→ rs) = fs + fs2(
√

r− rs)2 + fs3(
√

r− rs)3 + . . .

f (r→ rx) = fx + fx1
√

r− rx + fx2(
√

r− rs)2 + . . .

for f → fs RijklRijkl ∼ const1× (f − fs)
−1

for f → fx RijklRijkl ∼ const2× (f − fx)
−5



Results

When the black hole charge becomes larger than the critical value
the singularity rs is replaced by a local minimum of the fuction ∆(r)
and the solution exists till the singular horizon rx.
Function f (r) is the radius of S2, so it plays the role of the radial
coordinate. If q < qcr it decreases monotonously till r = rs like in
GHS. When rs disappears the function f (r) reaches its zero in the
new point rx.
Curvature invariant increases much more rapidly (as (r− rx)−5) near
the singular horizon rx than near the singularity rs (as (r− rs)−1), so
the singularity in rx is much stronger than the one in rs.
New kind of singularity inside black hole was found. Unfortunately
Maxwell-Gauss-Bonnet black hole cannot help wormholes’ or
multiverse theories because this singularity is very strong.
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Critical charge

Critical charge value — a meaning at which the inner singularity
disappears being replaced by a local minimum for ∆(r)
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