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Intro: Caged (vacuum) BH-BS

o BS suffers from Gregory-Laflamme instability

— Final fate has not been known
[Horowitz, Maeda; Choptuik et al.]

 Phase structure in 5, 6 dims.
— Perturbation
« NUBS branch [Gubser]
 BH branch [Gorbonos, Kol]

— Fully non-linear
[Wiseman; Kudoh, Wiseman; Kleihaus et al.]

e Critical dimension; D*=13.5 A
[Sorkin; KUdOh, UM] % 8 B 10 12 i 16

Syy > Sy for D> D* =135
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Motivation: Why charged BH-BS?

Gravity inevitably couples to other fields
— Gauge fields, dilaton etc

Gubser-Mitra Conjecture

— Correlation between thermodynamical and GL
Instabilities
[Reall; Freiss et al.]

— GL instability depends on extremality/coupling
[GL; Hirayama et al.; Gubser]

Almost nothing is known in non-linear regime

— Phase structure around the GM point
[Harmark, Obers; Kudoh, UM]

— KK BH (exact) solutions
[Ishihara et al.; Maeda, Dadhich]

New type of critical phenomena
— Lowered critical dim. (<13.5)
— or Critical charge
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Model & results
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Background; Magnetic BS  [Horowitz, Strominger ‘91]

1 2
Ip= /dD V=9 |R~- F2_ D>5
D= Yergp) “ 7 g[ (D—3)1' D 3] =
..]:' d 2
= T ds? = —f dt> + f:f_ + f_dz? 4 12403 _,

OQ — (E)M) <0 for Q<Q. (unstable)
0T /@ >0 for Q>Q, (stable)
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Static perturbations

Static axisymm.

e2b(r,2)
d82 — _€2a(r,z)f+dt2 f f dr + eQb(’l“ z)f dZ _|_ 620(7“ Z) 2dQD 3
_I_ —_

Fourier decomposition
X =a,b,c

X(r,z) =) €'Xu(r)cos(nKz)
n=0

o oo
p=0 g=0

K: GL critical wave number
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Result (1): GL critical mode

1st order pert.

dl(r) = ... AR S
A =...ko, QD 1

e GLI disappear at Qc ﬁ

— Realization of GMC o
— Arbitrarily thin BS near Qc o — +o00

U 0
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Result (2): Thermodynamics (i)

e 2nd & 3rd order = corrections to thermodynamical quant.
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e Critical charge Q* appears!!
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Similarity btwn charge and dims.

Charged BS in D=6 Neutral BS in D-dims

y Q//Q s

7, (1-0/Q.) u I
O'OJ/ (l—Q/Q ) 9 s
1 Q/Q ) T

1-Q/Q.) n

2 16“5\0“
_4 1 | | . L I 1 L L L .
0 0.2 0.4 0.6 0.8 1 5 6 7 8 9 10 11 12 13 14 15
0/Q. D >
Chage Dims.
[Sorkin ‘04]
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Result (3): Thermodynamics (ii)

Sny — S Fny — F
NU Y ~ o5 e4, for same (M, Q) NU Y ~ 05 e*, for same (T, Q)
SU FU
Charged BS |n D=6 Neutral BS In D dlms
1 . 1.5 0.6 0.5
1Q/Q —
(1-
£ 0.5 0/g) pz 0.75 &
5 3 %
0 0 _
g ~ a) 0 0
¢ T @
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P | 1o 06+———— 1 g5
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Critical charge appears!!
Sny > Sy & Fyy < Frp for @ > Q" ~ 0.5Q¢
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Summary

* Non-uniform magnetic NUBS is constructed
perturbatively (up to 3rd order).

« New critical phenomenon due to charge:
— Charge plays the similar role of dims.

— Thermodynamically favored NUBS is possible
even in lower dims.(5 < D <13 < 13.5)
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Implication & applications

: . M UBS
gl BH.
| ' Charging Up
N A ; (11) |
0 02 04 , 06 08 1 . :
! (i) 7 A l
| {w'}/i "
Applications:
 Dilaton, electric charge
« Fully non-linear calculation e
[Kudoh, UM in progress] "1

 Dynamical evolution
— Charge is easier than 14D?
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