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Inspiraling-coalescing binaries
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its extension is infinite.

as? =L (a2 +17,,,dxdx” )

z° ¢ :AdS curvature radius

A=— 6 - Negative cosmological
r constant

472G/

Brane tension

z=/
e Extension is infinite, but 4-D GR seems to be recovered!
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Gravity on the brane looks like 4D GR approximately,
BUT for many years Schwarzschild-like BH solution

had been unknown.



Black string solution

A _ L
ds’ = —2(a’22 +g(SCh)dx”dx )
z #
Metric induced on the brane §W(x)

is exactly Schwarzschild solution.

However, this solution is singular.
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Moreover, this solution is unstable.

n Gregory Laflamme instability



AdS/CFT correspondence  (maidacena ('98))
( Gubser (’01) )

* Z\[_?J :,[ d [ ¢] GXp(—S CFT[¢’ q]) ( Hawking, Hertog, Reall (°00) )
Boundary =|d[g] exp(— Sue—SeuTS115,153)= exp(-Weprdg])

metric
Counter terms
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S, =

+ \g'OJ—> O limit is well defined with the counter terms

Brane position _
brane tension

+ [d[g] exp(—Sgg) = Id[g] exp(=2(Szy+ Sgp) +@ Smatter )
= exp(‘@_Smatter 2(Weprt $3)) Zy < cutoff scale parameter

4D Einstein-Hilbert action 9



Classical black hole evaporation conj

4D Einstein+CFT with the
lowest order quantum
correction
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Hawking radiation in 4D
Einstein+CFT picture
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DECIGO/BBOT & < 1.5umETHIBEA DI+ 4.5 (Yagi, Tanahashi, Tanaka(2011))



However, static brane-localized black
hole was finally obtained numerically

Pau Figueras, Toby Wiseman (2011)
Abdolrahimi, Cattoen, Page, Yaghoobpour-Tari (2012)
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Einstein dilaton Gauss-Bonnet, Dynamical Chern-Simons gravity
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n-ROBEERERZVERHATS
h AN5—DpropagatorMEDIEN: P,= v/2
—Qé. n-1725 Graviton propagatorM D&M : P, = (n 1)v/2
0 :
Suppression: (O(M ) M;I(P9+Ph)A 2v-2(Py+P,)
» Strong coupling energy scale: A M1 —2/n o=l
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* EDGB

Cassiniﬁig OtggGB <1.3x% lolzcm (Amendola, Charmousis, Davis (2007))

5(DNewton x 1/7'7 / De "Rz" » 9 I/V
1/r

» |:|5(DNewt0n z"v QR"

BHDTFETE(4Msol)  ayp., <3x10°cm
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statement(Zeffective th. & A5+

* G5
Gravity Probe B, LAGEQOS  (Ali-Haimound, Chen (2011))
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BHIZIXEHMH D> THENSIZIFARLY

e EDGB, CS(slow rotation)DLVNT NEBHEEMNEIHN T

£ . FNF Hscalar monopole, dipoleZH D,
e EDGB, CSDLVF NDIFE ENSIEmonopole chargeZ
S NQAA
6~"R"mp Q=[d’x"R*" :%jd“x "R*"
Topological invariantZ: M TH B
7itopology Z#HDHFZETILO

zl“‘d3x(1+6t(n-x)+%ﬁf(n- X )’ +---jx(source)
r
EDGB: monopole source o< §3(X-z())

=) dipole radiation (-1PN order)
CS:dipole chargeoc V 6 3(x-z(t))
==) 2PN order

0

far zone

(Yagi, Stein, Yunes, Tanaka (2012))



Dipole radiation|Z &K AHEDGBA D #l|fE
Low mass X-ray binary, A0620-00

Qs <1.9x10°cm  (Yagi (2012))

e ith EE HIREEISNR=20, 6Msol+ 12Msol
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2PN correction|Zd&ACS~D IR

dipole-dipole?f)WF%)TW m) metric®quadrupolefX sy
m) EENHTIEXD2PN correction
ISFEDH _EE S EER: IEEE=100Mpc, a~0.4M
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£Chern-Simons Modified Gravity
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==t
26| <3x10cm : J0737-3039(double pulsar)
(Yunes & Spergel, arXiv:0810.5541)
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*Massive bi-gravity
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Ghost free massive bi-gravity

L = RR + - gR + Ei CnVn + Lmatter
n=0

167G, 162G,x
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¢ #[EE L1-15 & H de Rham-Gabadadze-Tolley massive gravity
Metric 1043 — constarints 4% =67
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FLRW background

(Comelli, Crisostomi, Nesti, Pilo (2012))
dS2 = az(t)(_ dtz +dx2) (mass)
- N T(mass):255
45> =b ()(— (6)de* +dx*) p 5o
VAT =0 B (60,82 +4c,E +c Ncba' —ab')=0  E=bla
branch 1 branch 2

branch 1:
BEESZEEZEZALSEHFINDIRADT—ORINLEATDE
HDE—FHIRNLLLY, Strong coupling?
branch 2:
BIESTEHRESINSIETOE—FIENSbranch
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e Randall-Sundrum braneworld
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e Einstein dilaton Gauss-Bonnet,

Black holes in
>, modified gravity

Dynamical Chern-Simons gravity
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Propagation of
gravitational waves



