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K-K black holes in D=5 Einstein theory
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Black holes in Kaluza-Klein theory

* Simplest “trivial” example
Black string (Schwarzschild string = Schwarzschild bh X S)

~1
ds® = — (1 — ?) dt2+(1 — %) dr2+r2d§2§2+(dx5)2

\ )
|

Schwarzschild bh

0<a?<2rL

i

[5

 Horizon= §*X§'
* Asymptotics : D=4 Minkowski X S’
K ds® ~ —dt® + dr° + rde%Q + (dz)?

r— oG
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Black holes in Kaluza-Klein theory

III

* “Non-trivial” example
Squashed black holes

ds? = p_ldszDBH + p2(dz® + w;dz?)?

e Horizon=~ S3

M ML
ds? ~ — (1 — 2) dt® + (1 —~ 2) dr2+r
T T

M

Like D=5 Schwarzschild bh

* Asymptotics : D=4 Minkowski X S’
ds® ~ —dt* + dr® + r2dQ%: + (dz°)?

r— oG




Spherical black holes with a compact dimension

in D=5 Einstein & minimal supergravity

D=5 black hole solutions M | G Js Js | Om
Dobiash-Maison 82 Yes Yes
Rasheed 95 Yes Yes Yes
Gaiotto-Strominger-Yin 06 Yes Yes
Elvang-Emparan-Mateos-Reall 05 Yes Yes Yes
Ishihara-Matsuno 06 Yes | Yes
Nakagawa-Ishihara-Matsuno-Tomizawa 08 Yes | Yes Yes
Tomizawa-Yasui-Morisawa 08 Yes | Yes Yes
Tomizawa-Ishihara-Matsuno-Nakagawa 08 Yes Yes Yes Yes




o . .
Various configuration of |
Nutty black ring

compactified black holes

Black hole on a nut <

(Bena-Kraus-Warner 05, Ford-Giusto-Peet-Saxena 08,
Camps-Emparan-Figueras-Guito-Saxena 09+-+)

( Ishihara-Matsuno 05, Nakagawa-Ishihara-Matsuno-Tomizawa 08,

Tomizawa-Yasui-Morisawa 08, Tomizawa-Ishibashi 08, B | a Ck ho | e on a b u b b | e
Tomizawa-Ishishara-Nakagawa-Matsuno 08, Tomizawa 10, Elvang-Emparan-Reall = - +)

Caged black hole

- (Elvang-Horowiz 06, Tomizawa-Iguchi-Mishima 07,
K (Myers 87, Maeda-Ohta-Tanabe 06) Iguchi-Mishima-Tomizawa 07)
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D=5 Kaluza-Klein theory

e D=5 metric:
2 a7 2 —22 4
ds® = eV3(dz + Budxz*)* +e V3g,,dxtdc”
BI*" = B.LL(:BM)’ g = O-(xﬂ)a 9;4141/ = gﬁy(m'u)
0< ©° < 27l

e D=5 Einstein-Hilbert action:

B 16]’;TG / Pry=gh
dilaton U(1) gauge field
|::> L= /d4$\/ —g* lRA' — 5(80)2 + ieQ\/gUFQT
dimensional reduction
(F = dB)

Einstein-Maxwell-dilaton system




How to find charged K-K black holes

e.g. Schwarzschild string = Schwarzschild bh X S

ds? = — (1 - T) dt2—|—(1 - ?)_1 dr2+12d22,+(dz®)?

r

Lorentz boost along the fifth dimension:

t —» cosha t+sinh o z°, z° —» sinh « t+cosh o z°

* Boosted Schwarzschild string

2 msinh2a -1 5 2 mSiﬂh2a - 2
ds? = (145 (dz®+Adt)?+{1+——— |  dsy

M=

T r

D=4 dimensionally reduced metric:

TQ 2(}.’ — T
ds%“) = — r-m a2+ \/ + (cosh D d?'2+r\/r2 + (cosh? o — 1)mrdQ§.2
\[rQ + (COShQQ - Dmr r—m
e Gauge potential for Maxwell field:

2mcoshasinh a
r + msinh? o :> Q(Electric charge) = mcosh asinh «

Ay =

The D=5 metric is a vacuum solution in D=5 Einstein equation but the D=4 metric is no longer a
solution to the D=4 Einstein equation.

From the D=4 point of view, this yields a nontrivial electric charge (

).

The spatial twist of the fifth dimension and the D=4 metric can yield a magnetic charge

( )
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Classification of Kaluza-Klein black holes in D=5 Einstein theory

* In D=5 Kaluza-Klein theory, an asymptotically flat, stationary regular
(dimensionally reduced D=4) black hole is specified by 4-charges:
e M(mass)
* J(angular momentum)
* Q(K-K electric charge)
* P (K-K magnetic monopole charge)

e Classification of “"known” Kaluza-Klein black holes in D=5 Einstein theory

M J] QP

Chodos-Detweiler (1982) yes | NO | yes | IO | Boostedschwarzschild string
Frolov-Zel'nikov-Bleyer (1987) | yes | yes | yes | nNo | soostedkersting
Dobiasch-Maison (1982) yes | no | yes | yes |

Rasheed (1995) yes | yes | yes | yes




, I
Rasheed solutions (rasheed 95)

e The Rasheed solutions are the most general Kaluza-Klein rotating dyonic
black hole solutions (with 4-parameters) in D=5 Einstein theory

5 B, . - | A
ds® = z(d.r"’ + B,dx*)% + Bds“)

e Dimensionally reduced D=4 metric:

e Metric in D=5:;:

’ AB > VABA
dsfy = — ! dt +w’sdg)? + ~——dr? + VABdH? + ~ sin? @d¢®
w="7ap' +49) A 72 ¢
2 ]
1 . A= (}’7£_> ,LQ?JFGQCOSQQ QTPQCOHQ
e Kaluza-Klein U(1) gauge field: Vi) TSy = 5/v3)2
B- (r+§) L2 ooy 2JPQm9
C ; C N V3 Y+ V3M ) (M —x/V3)2 — P2
B“dif'u — —df o (wu¢ —+ — Q’j) dd‘)- . ) . 2P]CUb6(J_[+E/\/§)
B B C=2Q(r —S/V3) - TSN
o _ 2Jsm™d -r—"lff("”z +¥2 - P2 Q) UJFZ/J
Wop = f2 P 7“"_;'_2/‘\/_
.+ 2PAcosb  2QJsin® g[r(M - 5/v3) + UZ/\/_+ $2 - p? QY
T PO+ S/VaR — QF '
A=r2_2Mr —}—P2 Q2_22_(£2_
f2—72 2Myr -+ Q2722+55200529.

Scalar charge

* The solutions have five parameters, (M,J,Q, PZ)/but all of these are not

Q° Pl 2y

independent because of the relation: <~ __._~_ ==

-




K-K black holes in D=5 minimal supergravity
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K-K reduction in D=5 minimal SUGRA (Chamseddine and Nicolai 80)
e Lagrangian:

1 1
L= E(S) (R - ZFMNFMN)—mEMNPQRFMNFPQAR
e D=5 Metric: L4 _ (712897 B,
Mo ( o | )
ds® = p?(da® + Budat)? 4 p~tdsp,,
(p=0,1,2,3)

e Maxwell field:
A = Aydrt 4+ Agdx®

e K-K reduction to D=4:

K-K U(1) gauge field Maxwell U(1) gauge field

/

3 1 1 1 1
4 4 2 3 2 2
r=g® (R( ) _ 5(3 Inp)2 — 2’ BuyB* — = (9As5)2 — ZF#VF'W)—meuwagquaAs

\ \ \

dilaton axion CS term

K :>l Einstein-Maxwells-dilaton-axion system l /
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Classification of Kaluza-Klein black holes in D=5 minimal SUGRA

In D=5 Kaluza-Klein theory, an asymptotically flat, stationary regular
(dimensionally reduced D=4) black hole is specified by 6-charges:

* M (mass)

e J(angular momentum)

* Q(K-K electric charge)

* P (K-K magnetic monopole charge)

* ( (electric charge of Maxwell field)

* p (magnetic momopole charge of Maxwell field)

Classification of ““known” Kaluza-Klein black holes in D=5 Minimal SUGRA

Solutions in D = 5 minimal supergravity | M J Q P q p

Gaiotto-Strominger-Yin 06 ves! no yes ves' ves' no
Elvang-Emparan-Mateos-Reall 05 ves! no vyes ves' yes' yes!
Ishihara-Matsuno 05 yes Nno No vyes yes 1o

Nakagawa-Ishihara-Matsuno-Tomizawa 08 | yes no vyes' yes™ yes yes'

Tomizawa-Ishihara-Matsuno-Nakagawa 08 | yes no yes yes yes yes

Tomizawa- Yasui-Morisawa 08 yes yes no yes yes 1O

So far, the most general (non-BPS) solutions having six ““independent” charges
(though expected to exist) have not been found

™




Squashing
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Squashed black holes

 The “Squashing” deforms a class of cohomogeneity-1 non-compactified
solutions into a class of cohnomogeneity-1 compactified solutions

e E.g. D=5 Schwarzschild black holes with asymptotic flatness
-1 2
ds2 = — (1 . g) dt2+(1 . ?2) dr2+%[a%+o§+a§]
(01,02,03) : SU(2)-invariant 1-form:

o1 = COsyYdf—+sin sin 8d¢, oo = — sin yYdB-+cos ) sin 8deo, o3 = diy+C0S Od¢

* S3 can be regarded as S' Fiber bundle over S? (Hofp bundle)
o1 + 05 + 03 = 4d2Z;

0} + 03 = d0%: = df* +sin”0de?, (0<O<m, 0< ¢ <2m, 0<1 < 4n)




Squashed Schwarzschild black holes

) 2
k(r)?dr?+—-[k(r) (07 +03)+03]

e Squashing function:

c? —m)c?
k(r) = ( )

(2 — r2)2

— o0 (r—c)
* Coordinate range:

O<r<ec

(r—>c:infinity)
* Proper length:

/r\/g?dr%oo (r — c)

* Asymptotics: asymptotically Kaluza-Klein

2
ds? ~ —dt? + dp? + p?d22, + %(dzp + cos 8dp)>

2

= gy O




Squashed solutions

Solutions in D=5 Einstein/supergravity | Squashed solutions (Regular, causal)

D=5 Minkowski GPS monopole

D=5 Myers-Perry bh with equal angular momenta Dobiash-Maison 82

D=5 Reissner-Nordstrém bh Ishihara-Matsuno 05

D=5 Cveti¢-Youm bh with equal charges Nakagawa-Ishihara-Matsuno-Tomizawa 08
T 71

Kerr-Newman-Godel bh Tomizawa-Ishihara-Matsuno-Nakagawa 08

Charged Godel bh Tomizawa-Ishibashi 08

D=5 Cveti¢-Youm bh Tomizawa 10




Relations between squashed solutions

Charged rotating bh with closed timelike curves (CTCs) \_‘ D=5 charged static bh

D=5 Reissner-Nordstérm

Kerr-Newman-Godel bh
(Herdeiro)

(Ajfa Q= Jl = ']Zsj)

Supersymmetric bh

Myers-Perry bh
(M, J1 = J2)

BMPV bh
(Brekenridge-Myers-Peet-Vafa)  J]<=---—-____

(M =0Q,J1 =Jz)

Non-compactified black holes

D=5 rotating bh

/

Charged rotating non-BPS bh

Cveti¢-Youm bh
(M,Q,J1 = Jo)

Squashing
(adding P)

Electric-magnetic charged non-BPS bh
without CTC

Non-BPS static charged bh

Ishihara-Matsuno

Tomizawa-Ishihara-
Matsuno-Nakagawa

(M,J =0,6,Pq,p)

(M, q, P)

/

Supersymmetric static bh

Dobiasch-Maison
(]\{7 Q? P)

Gaiotto-Strominger-Yin

(.M*’q*iQ*f P*)

Nakagawa-Ishihara-
Matsuno-Tomizawa

(}V[,q’P’Q)

Compactified K-K black holes

Rotating Ishihara-Matsuno




Relations between squashed solutions

Charged rotating bh with closed timelike curves (CTCs)

™~

Kerr-Newman-Godel bh
(Herdeiro)

(Ajfa Q= Jl = ']Zsj)

Supersymmetric bh

BMPV bh
(Brekenridge-Myers-Peet-Vafa)

(M =0Q,J1 =Jz)

Non-compactified black holes

Cveti¢-Youm bh
(M,Q,J1 = Jo)

\_‘ D=5 charged static bh
D=5 Reissner-Nordstorm
Myers-Perry bh
(M, J1 = J2)

D=5 rotating bh

/

Charged rotating non-BPS bh

[
[
[

Squashing
(adding P)

Electric-magnetic charged non-BPS bh
without CTC

Tomizawa-Ishihara-
Matsuno-Nakagawa

(M,J =0,6,Pq,p)

Supersymmetric static bh

Gaiotto-Strominger-Yin

(.M*’q*iQ*f P*)

Nakagawa-Ishihara-
Matsuno-Tomizawa

(}V[,q’P’Q)

Compactified K-K black holes

Ishihara-Matsuno
(M,q,P)

p
Non-BPS static charge(ibh

Dobiasch-Maison

(M. Q. P) Rasheed

(M, J.Q, P)

Charged Rasheed

(Tomizawa-Yasui-Morisawa)
(Ad-a ']J C\? P: q)




Caged black holes
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Caged black holes

e HD Majumdar-Papapetrou (MP) multi-black holes (Myers 95)

Extreme black hole solutions in Einstein-Maxwell theory

2 __ 2 1.2 —-1,;.2
dS = —H dt —I—H d8(4)

A = ﬁi D=4 flat metric:
dsa) = da? + dy? + dz? + dw?

NpyH=0 = H—1+Z

’T - T@’2
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Caged black holes

e HD Majumdar-Papapetrou (MP) multi-black holes (Myers 87)

Extreme black hole solutions in Einstein-Maxwell theory

2 __ 2 1.2 —-1,;.2
dS = —H dt —I—H d8(4)

A = ﬁi D=4 flat metric:
dsa) = da? + dy? + dz? + dw?

NpyH=0 = H—1+Z

T_T@’2

* Caged black holes (Myers 87) :
MP black holes with the same separation in w-direction
7 = (0,0,0,2nLn;) (n; € Z)

TS

S O
Pl PRl N AN TN
e e (1) I
v Tl v P s P w e - ‘\/’
N’ sl N’ Yo Compactification T

\—/
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e Rotational caged black holes (Maeda-Ohta-Tanabe 06)

Multi-BMPV black holes

ds® = —H?(dt + w)? + H_ldsa)

V3H™!
A= 5, 7 (dt +w) D=4 flat metric:

ds?,y = dr? + r2(d6? + sin® 0d¢? + cos? 0dy?)
w = QL(s,in2 9dq52 + cos? 0dy?) “)

! _1+Z!r—m2

Caged black holes :

Multi-BMPV black holes with the same separation in w-direction
r; = (0,0,0,27Ln;) (n; € Z)

arimmmnmnm
S O
U0 U sl gy :1,: leo)
VO st v % v P w e L. ‘\/’
N’ N’ L R S’ Compactification T
/




* Smoothness of the MP metric (Welch 95, Candlish-Reall 07)
e D=4 = analytic (Hartle-Hawking 72 )
e D=5= C?butnotC?
« D>5= C('butnot C* = curvature singularity

* Smoothness of the multi-BMPV metric (Candlish 10)
« D=5= C('but not C> = curvature singularity

v

* D>5 caged MP black holes & D=5 caged multi-BMPV black holes:
regularity (unknown) ?




Electric-magnetic SL(2,R) duality
in D=5 minimal SUGRA
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Electric-Magnetic duality invariance in electrodynamics

* Sourceless Maxwell equation:

» Bianchi identity: » Field equations:
OB OE
rotE——a [dF = 0] rciatB—a [d+ F = 0]
divB = 0 divE = 0

= invariant under the Hodge duality transformation:

E— —B
B—-E
[Flw — (xF) ]

* D=4 Maxwell-Chern-Simons theory coupled with an axion and a dilaton admits
the more general SL(2,R)-duality invariance (Gibbons-Rasheed 95, 96)

* In D=5 minimal SUGRA, the dimensionally reduced D=4 theory
(Maxwell+Maxwell+Chern-Simons theory coupled with an axion and a dilaton)
has the SL(2,R)-duality invariance (Mizoguchi-Ohta 98)




e

Electric-Magnetic duality invariance in electrodynamics

* Sourceless Maxwell equation:

» Bianchi identity: » Field equations:
OB OE
rotE——a [dF = 0] rciatB—a [d+ F = 0]
divB = 0 divE = 0

= In general, Maxwell egs are invariant under SO(2)-duality rotation:

{E—H:OSa E—-sina B
B —vsina E4+cosa B
[Fupv — cosa Fup +sina (xF )]

* D=4 Maxwell-Chern-Simons theory coupled with an axion and a dilaton admits
the more general SL(2,R)-duality invariance (Gibbons-Rasheed 95, 96)

* |In D=5 minimal SUGRA, the dimensionally reduced D=4 theory
(Maxwell+Maxwell+Chern-Simons theory coupled with an axion and a dilaton)
has the SL(2,R)-duality invariance (Mizoguchi-Ohta 98)

™~
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K-K reduction in D=5 minimal SUGRA
e Lagrangian:

1 1
£ =Eg® (R——F FMN>—— MNPQRp,  FpoA
4 MN 12\/§6 MNYPQOAR
e D=5 Metric: E@A_(p
©)4 _
ds? = p?(da® + Bydat)? + p—lds%4)

(h=0,1,2,3)

e Maxwell field:
A = Aydzt 4+ Asdx®

e K-K reduction to D=4:
K-K U(1) gauge field Maxwell U(1) gauge field

/

3 1 1 1 1
r=g® (R(4) _ 5(3 Inp)2 — ZP3BHVB"W _ §P_2(3A5)2 _ ZFpVFm/)_4 el I N

\ \ \

dilaton axion CS term

:>| Einstein-Maxwells-dilaton-axion system I




\

/
SL(2,R)-duality invariance in D=5 minimal SUGRA (Mizoguchi-Ohta 98)

e Lagrangian for vectors & scalar fields:
Ly+Ls = m(%ggﬂw + :’—OTram—laﬂR) —— SL(2,R)-duality =——
e Fields: o i By,
G = ( A"w/ u : SL(2,R)
! B,WJ\ 0uBy — 8y By Ay

o )

1 1 V3p
ﬁ 435 1 As
V3 3\/5;73( + 3p2+4:‘l§p2)

m. = —-s-
L e p+4AZ/3

Hy,u =mx g/,w = ag;,u/ ;
—_— 2 25 As(+50)
R = P _ﬁp Ag
—%p‘lfls 17 1A2+p

e EOM + Bianchi id:
dHuy =0 dGu =0

e Duality invariance: EOM has SL(2,R)-duality invariance

) € SL(2,R)
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Transformation for axion and dilaton (mizoguchi-Tomizawa 11)

e SL(2,R) generators (Chevalley generators): — SL(2,R)-duality —

01 (oo (1 0
r=(08)r=(96) m=(5 %)
e General non-trivial transformation:

A = e 0L —BF

e SL(2,R)-duality transformation from a seed

into a new solution:

(pNew)—l _

1
- p~t —5p A5 V3
/ — 5P s 3o B+ \ /
Bp~l—Bp

Field for a seed 1 1 1 1
! LR = (B BFylRe—aE—BF ( p~t+208p7t + 0BTt + 5% —apTi —a

—ap~t —a?Bp~1 - Bp a?p~t+p

Field for a new solution

* New fields (in particular when a seed is a vacuum solution ):

pnew — p
(1+aB)? + B2p2’

a(l + af) + Bp®
V3 AT aBR 1 B

new
AV =




/Transformation for U(1) gauge fields — SH2R)-duality ——

(Mizoguchi-Tomizawa 11)

e SL(2,R) generators (4-representation):

0 V3 3 0 0
0 0 0 0o -3
SL(2,R)-transformation from a seed into a new solution:

ﬂﬂy=0
B
fur/: e

OoOorOo

fny =0 New
Fi Idf/ d BB P
ield for a see
V302(1 haB) Buy + v/3003(<B)
S Fl, = BFEr (1 4+ aB)3Bu + B33 (*B) v
- K V3a(1l + aB)?Buy + V3B2p3(*B) v
Field for a new solution OfsB,uv + 93(*3)/
e New vector fields: _Eew = _(qaNewy,
(A'fd\few — Aﬁlfew _ AISVewB;’LVew)
BY™ — (1 4+ a8)'B, + 8B,
AN = (14 aB)? [(1+ aB)AY™ — Vaa| B, + F(BAY™ — V3)B,




Our solutions
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Application to Rasheed solutions (Mizoguchi-Tomizawa 11)

e Metric (in D=5) for new solutions:

AB

-
s~ = (A(1 + aB)? + 32B)

]2 N A(l +ap)? + B%B

.0 33 : 23R .M
5 |da® + (1 + aB)* Buda* + §° Buda s

2
ds(y),

* The dimensionally reduced D=4 metric is

2 , vAB ABA |
ds?,) = — \/‘;_B(dt +wsdd)* + Tdr2 + VABd#* + 7 sin® fdo?
 Kaluza-Klein gauge field is given by
Bﬂ.ew _ (1 4 Ojﬁ)?)Bf'aShEEd 4 ISSB#
. . ) L M-%/V3)
W|th B,dz" = 2 +Z/\G)+Zﬂj(M(J:[Z/%)23)(")2(Obgdz‘,
B (‘)Q onh - EJP%r + 2.JP Pzz‘(ﬁigg/bg,gi;zz/?)) +2a20) cos b i 9) o
2Q) cos 1 : :

e Gauge potential for new solutions:

A" = (1 + ap)? [(1 + af)Arew — \/:ia] B,dz* + B2(BAD™ — /3)B.dz" + ATV ds®

With the axion:

pnew _ \/§(o: +a’B + BB/A)

(1+ap)?+5%2B/A
\ 9%




Horizon topology

2 AB 5 2\3 L, @3 F 12, A +eB)’*+B°B , ,
Y- = (A0 1+ oB2 1 BB [d;l‘ + (1 + af)”B,dx" + 3° B, da! ] -+ JiB ds{y),
2 /AR AR,
ds(g4) =— leB (dt + w°,do)? + iB dr? + VABd#* + jCQBA sin? Ado?

e Horizon locations : A(r):=r>-2Mr+P?+Q2-22+a%=0

e From the D=4 point of view, each t,r=constant surface
turns out to be S? because of Gauss-Bonnet theorem:

e Therefore, from the D=5 point of view, each t,r=constant surface can
be regarded as a U(1) principal fiber bundle over S? base space
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Horizon topology

AB . ) g 2 A(1+aB)?+B°B
2 _ .5 2)3 Moo 33 . ' '
ds® = (A0 1+ oB2 1 BB [d:l.. + (1 4+ aB)°B,dz" + B°Bda ] + JiB

2
dS(L1)~

2

2 / r
2 f 0 ;.0 VAB — o VABA
dsiy = — @(de sdd)? + X dr? + VABd#* + =

e Horizon locations : A(r):=r>-2Mr+P?+Q2-22+a%=0

sin? #do

e From the D=4 point of view, each t,r=constant surface
turns out to be S? because of Gauss-Bonnet theorem:

e Therefore, from the D=5 point of view, each t,r=constant surface can
be regarded as a U(1) principal fiber bundle over a S? base space

e The 15t Chern-number:
1 0 Toxs

CI(B):_E/SQB? = <

others L(n;1)

e Curvature: B= ;(%Bﬂ‘ew — Oy B )dat A da”

e Periodicity: Ar° =47(27°P - 25°Q)




Horizon topology

\

AB : : o 2 A(1+aB)?+B°B
2 _ .5 .3)3 2y 33 ok ‘ '
ds® = (A0 1+ oB2 1 BB [da, + (14 aB)”Budz" + B°Bda ] - JiB

2
dS(L1)~

2 , ,
2 f 0 ;2 , VAB o , o  VABA 5,
dsiyy = —@(dt +w ydp)” + A dr® + VABdH* + 7 sin” Ado

e Horizon locations : A(r):=r>-2Mr+P?+Q2-22+a%=0

e From the D=4 point of view, each t,r=constant surface
turns out to be S? because of Gauss-Bonnet theorem:

e Therefore, from the D=5 point of view, each t,r=constant surface can
be regarded as a U(1) principal fiber bundle over a S? base space

e The 15t Chern-number:
1 0 Toxs

CI(B):_@/‘@B? = <

others L(n;1)

1
e Curvature: B=,00uB)"" —0,B,"")dal" N da”

e Periodicity: Ar® =47(23°P —25°Q)

o[c;(B)| =1 = the spatial cross section of the horizon = S°




Asymptotics

e Asymptotic behavior @ r=eo
Qnew

Metric:

Jnew
2(PN2 — QF%)(QN; + PEIN 2 cosd UMD pnev

-

41 AP - AT - 5 . a ( : . .

} (l p A0 “f._ I_._ | }njdz"‘]z L < sin” Bdd rdg + dr 4 rrdd®,
VaNzr

Gauge potential:

) o 24/38(1 + aB)[Q(1 + aB) — PH| dt + V(e + 8+ aB)de® 4 24/38(1 4 af)[P(1 + af) 4 Q:’i]{'nrs!}_{c'
P _-"|,'-if' - [ [ .'f L .

where - q." \ new

m

N:={1+afP?+ 3% and Nz := (1 +afd)?

e Our solutions seem to have 6 independent parameters




4 .
Parameter independence

Physical parameters: \

* Mass & angular momentum:
M=-—- [ wde. J= if cds.
& s2.

T Js2 16m

* K-K electric/magnetic charge:

1 P ~ new 1 new g )
Qe = . / p*«B=/3P+33Q, P = — B =3P — 3°Q,
T Jg2 ST 52

» Maxwell electric/magnetic charge:

qnew = % j;z (p*}'(il) _ %ABF) — Bﬁ(*}@ — gP)’ pnew = % . (f(‘l) — A5B) = 8"?(8@ +A}’P)
Jacobian:
6(Qnew? Pnﬂwj qnewjpﬂew} _ O
0(Q, P, a, 3) |
Remarks:

 Our solutions have six-charges (M,J,Q,P,q,p)
* However, four of these are not independent but related by a constraint

-




D=5 black hole solutions M q Q J Pl p
Dobiash-Maison 82 Yes Yes Yes
Rasheed 95 Yes Yes Yes | Yes
Gaiotto-Strominger-Yin 06 Yes Yes Yes Yes
Elvang-Emparan-Mateos-Reall 05 Yes Yes Yes Yes | Yes
Ishihara-Matsuno 06 Yes Yes Yes
Nakagawa-Ishihara-Matsuno-Tomizawa 08 Yes Yes Yes Yes
Tomizawa-Yasui-Morisawa 08 Yes Yes Yes | Yes
Tomizawa-Ishihara-Matsuno-Nakagawa 08 Yes Yes Yes Yes Yes
Tomizawa-Mizoguchi 11 Yes Yes Yes Yes | Yes | Yes




Summary

e We have obtained new K-K black hole solutions in D=5
minimal supergravity, by using SL(2,R) symmetry of
dimensionally reduced D=4 space.

e Our solutions can be regarded as dyonic rotating black holes
in D=4 Einstein-Maxwell+Maxwell with coupled dilaton-axion
system

¢ ChargeS: (MIJIPIQIqu) Wlth C(P,Q,q,p)=0




Future works

* How to find the most general K-K black holes with
independent six charges ?

> Flip+SL(2,R)-duality transformation (imazato-Mizoguchi-Tomizawa: in progress)

Use a timelike Killing vector for SL(2,R)-duality transformation

e Applications to other interesting solutions ?

> Caged black holes (Mizoguchi-Tomizawa: in progress)
> Dipole rings with a supersymmetric limit

> Less symmetric solutions

> N

e Applications to other theories ?
e Thermodynamics ?
e Stability ?




