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Constraint on Gravity

# intermediate rage force j — _ Gmm, 1+aexp(-r,/A)]
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Constraint on Gravity Ref) Will gr-qc/0504086

# Parameterized post-Newton

@ 70;; components @ 3. 1PN g,, components
= light bending Oy =—1+2U —-28U°
1
o0 = §(1+ ¥ )x1.75" = perihelion shift
VLBI UnpUinShed? 43 arcsec/looyr
1
—(y-1)=1.6x10" 1A -3
2(_7 _) B—1~3x10
= Shapiro time delay = Nordtvedt effect

~(r-)=10° p-1x5x10"
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Network of interferometric gravitational wave detectors




Current and future sensitivity of GW detectors

Sl Kamicke |
200Mpicram s ELccT arru e i

. telERsGRRELRoTa g Next generation of GW detectors
g . B will detect the coalescence of
B BN o B8 Dbinary neutron stars up to 200~
300 Mpc. The boundary of the
observable region of our universe
is at about 4000Mpc.

http://www.icrr.u-tokyo.ac.jp/gr/gr.ntml



LISA (The Laser Interferometer
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Space gravitational waves antenna

Space Antenna)
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E M $H BHdetectorHNEN B,

Ground—based
detector (e.g. LCGT)

Noise due to
— galactic White
dwlarf bilnariels

DECIGO ( DECI hertz

10 1072 ‘ 100 102 10*

Interferometer Gravitational

wave Observatory )
Seto, Kawamura and Nakamura PRL87 221103 (2001)
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Inspiraling binaries
(Cutler et al, PRL 70 2984(1993))

POELEBGENREDVED
* |nspiral phase (large separation) v ‘

 Merging phase - numerical relativity @ -
« radius of neutron star

equation of state of high density nuclear matter
o Ringing tail - quasi-normal oscillation of BH
clear evidence of formation of BH

Inging

Inspiral phase phas
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Inspiral phase

Clean system
EDQOAEEENFEALEEFATES
Inspiral phaselZx LT, ©2&%
EEEDOESLVER OENRFRIA A REEEAFINS,
M. EWVREDEEOFANBELEEINSEDH, ?
@ for detection

—> event rate of coalescence in the universeHA HH %
Expected event rates are a few/yr for adv. LIGO/VIRGO or LCGT.
10°-%/yr for ultimate DECIGO

@ for parameter extraction
—> massX®spinD o HETHNH S

@ for precision test of general relat|V|ty
(Berti et al, PRD 71:084025,2005)
—> How correct is general relativity ?
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Post-Newtonian approximation & BH perturbation

Standard post-Newtonian Black hole perturbation

approximation = expansion w.r.t. (x/M)
= expansmn w.r.t. (v/c)

(Ohta, Okamura, ‘ %
Kimura, Hiida,

(73,74))
\

Slow mot|on Large mass ratio

UO vl v2 U3 U4 U5 U6 U7 U8 U9 le vll
710 ololololololololo o +BH perturbation
H @ ORNORANOIN® ¥ __next order BH
12 O Olo perturbation
17 O
1A
post-Newton —mroo0p O : done
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Radiation reaction for a particle in general orbits
in rotating black hole background

& GW waveform ~ EEHE D EFERRE
~ radiation reactionlc & %
"TEFHOEH. ORERE
Energy and angular momentum E, L, < Killing vector
Carter constant 0 ¥ Killing vector

& Radiation reaction to the Carter constant

[TRUVEIOREEREETHOT=.

@ We succeeded in calculating the averaged change rate of
Q for the first time, developing the idea of using “radiative”
(“retarded”/2 — “advanced”/2) Green function proposed by

Mino. (Mino Phys. Rev. D67 084027 ('03))

(Sago, Tanaka, Hikida, Nakano, Prog. Theor. Phys. 114 509('05))
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Theoretical prediction of Wave form

Template in Fourier space
. 1 M5/6 ILl
h(f)= Af 7% M=pu¥M?», p==L

A= )
\V207°% D M

20(743 11 \ ,.
+ + u—-(16r-Lu+---
9 (331 4") (167 -5) }

PN 1.5PN
. . 3
u=zMf = O(V ) for quasi-circular orbit

@ We know how higher expansion proceeds.

3 -5/3
YV =2xft - +—(zM f 1

=0Only for detection,
higher order template may not be necessary?

@ We need higher order accurate template
for precise measurement of parameters (or test of GR).
c.f. [observational error in
parameter estimate

} oc{signal to noise ratio}
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¥ Test of GR
Effect of modified gravity theory

‘ Scalar-tensor type‘ ‘ Mass of graviton‘

Yf:---+i(7sz)_5/3 o™ +1+ 3715+5577+% u?® — (167 —B)u+---
128 56 9 3

1 M u=rM f =0
a Dipole radiation = —1 PN > Py = 7[/12 Jazdﬂ
Wgp g
Current constraint on dipole radiation: Current bound:
wgp > 140, (600) Ay > 10-3pc
4U 1820-30 ( NS-WD in NGC6624) Neutron star binary® & 17

B R I & B orbital decay

Will & Zaqgl ~ApJ 346 366 (1989 . .
(Wi Agialer, Ap ( ) Constraint from future observation:

Constraint from future observation: LISA- 10"MgBH+107MeBH:

LISA- 1.4AMgNS+400MgBH: @wgp > 2 X 104 .
graviton compton wavelength
(Berti & Will, PRD71 084025(2005))
Ay > 1kpc

Decigo—-1.4MgNS+10MgBH: @gp >5%10°?  (Berti & Will, PRD71 084025(2005))
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& Test of GR
Black hole %2 & probe 9 % extreme mass-ratio inspiral

f (atenite
k( BH ]l' M >>,U

C=GW
“BH in GR has no hair.”
Kerr BFZE[ZM&Ead) 2D MDparameterL M EF>TLVELY
s WO LHIFELSBlack hole BZEZFTEITHM?

IR (long range) modification of gravity
Scalar-tensor¥ i ~ f(R) gravity
BHIXEinsteinE 51 &R L (no—hair)
Lorentz violating models — Ghost condensation

KerrfR £ 79 D, hairhdhd

Massive gravity = DGP braneworld

limli

Braneworld?
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LW va /N IRED A iE (Braneworld)
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\ 2.
u =21 | b o i B SE B |
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Warped extra dimension

BL B 1 R BB £ warpl 2 &k - Randall Sundrum | model (1999)
TRBAL LS ELVOIRE
5D anti-de Sitter ~ ds® =dy” +e_2y/f(77ﬂvdx“dxv)

4/ Z,-symmetry
(o)
{: AdS BRFER 47—

A = _% 5RTD
Z aorEE |

o= JL—2m
A7 Gyl tension
positivek
tension tension
brane brane

s d -
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x{ BHD IR
[t B S 8B (AR LAEL N MRFIRTT
M.d oo THEADS (M- TE
WHAECADHEND \ VAN EEREAT S
=#HLL\a/\IkE - ;
(RSII) faldk . & S1H 55
LND M EEREH

d

positive tension brane IZ{¥ 3354 negative tension brane CETES

2 __ [A2d1Y 3
M§| :(1_e—Zd/€)M§€ Mﬁll_(e —1)M5€
(1019GeV)? (Tev)?

d~40% THE B ML REZ fiF iR
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RSII braneworld IZH 1A E HEFHER

@ [ RSII modelMBEA[ZHFEINTE=DOH\?

BE . OVNIMETREARTOEDERELTITIV/NIMED AKX
(23t LT=massless scalar DEREMNIRND, BE(ES5DH)

&, och(TW—% g,,VT)

_—
[:0)1,%%&@455277:—1%%5iﬁﬁ’élillzt“h‘l ]
RaEscalarizDEHENHLHELL2H BT b

current bound: XL <105

|E(ZT 528,
A INTIMED YA XZFEE (stabilization) T A AN X LZEMNMZS

= massivelZIGYEHEBNIZGD-HESE
. o « & 1
B DRTUOvIL e mr
LAL. (mass scale)'~(compactit DH 4 X) LL ETIXEENIZEAELL,
(. FDH A X LT Tldstabilization® AHh = X L& TE




_7‘7—‘

RSIITl&warped geometry D 318 TeffectivelZa2 /NI Mt

ANESEETCY (@AY

StabilizationZz b E ELTELN=8 , FIZE

= D non-trivial!
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& 1999F X
» Effective Einstein eq.
Shiromizu Maeda & Sasaki (2000)

= RSII (infinite extra-dimension)
[ZHEITHARERTOMIE
1/rPDFFIEIRZIELRSDT=

Garriga & Tanaka (2000)

BUVE N DERTIEAD GRA DD Newton institute
FRITNENA, BHERIZE DM -
TULVELY,

Tanaka (2003), Emparan et al (2002)

¢ 20012
= Black holedy # #)75 $%
(AdS/CFTs )

<&

& g
]

)L

Jaume Garfiga@%ﬁ&%l:(zom )
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AdS/CFT correspondence

( Maldacena (98) )
( Hawking, Hertog, Reall ('00) )

String snapshot_—

< O INILDERST TER
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“ARFTDT—BOIBHR” ~ “SRITEHER”
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Classical black hole evapolation conjecture

4D Einstein+CFT
with the lowest order
guantum correction

4D BH with CFT

number of | _ ﬁ
field of CFT | 7

Hawking radiation in
4D Einstein+CFT
picutre

(T.T. gr-qc/0203082)
(Emparan et.al. hep-th/0206155)

AdS/CFT

correspondence

=
equivalent

<_=>
equivalent

<_=>
equivalent

Classical 5D
dynamics of
RS-11 model

5D BH on brane

Classical
evaporation
of 5D BH
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Time scale of BH evaporation

3 ‘ M 1 02
M Imm «lyear ~ (Numper of )x o~ _
M Solar ¢ S GN (GN M )

—
fﬁr Neﬂ?on star

SRS T-E NRDOIREN R 2%
& NEFTHET/NIZE DmassEkZ

o £H AT BE,
LISA-— 1.4|\/|©NS+3|\/|@BH: 2 <0.01lmm?

1.4MgNSHpulsar CPSR1913+16 2 E D HIE TEBISN =T D&
£ <10*mm?
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Dvali-Gabadadze-Porrati model

(Phys. Lett. B485, 208 (2000))

4% 7t M Einstein-Hilbert{/E A Z tN X 7=braneworld® EF /)L

S = M§jd5x \/6R+Id4x \/F(MER@)_" Lmatt)

IMZ =M? /2]
Critical length scale " 1Z1E

)7,

?? kX

i L "y
o

b Minkowski

v Bulk
"\
y=constant

BulkZERIZIAAS > TLVSAY, r<r,
TIXARTDIENTIWVNTEHNITA4R
FTTHIIZH 5, H(Z, RIERTIESR
JTHA,

TR A S X4 X TTDEinstein
gravity Tld%:{ o =0M Brans-Dicke
EEEﬁODJZ’BIZ/S\%)i’Bo

HIL . JED ALY FH25% /SN,
ECAD, FEERFEIE L ZINT,
Einstein gravityd™ s D3 N /&<
EEFDHELOREEBELGHENH D,
Self —acceleration 2D 774
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DGPETILIZEITAEHDHFHIE

Weakly non—linear CDEEND T FEIX  (Tanaka, Phys.Rev.D69 024001(04))

14

1 1 .
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£° brane bending® B E B CHLIEMMBENEREIZLD
AA/5 2 25 £5
8 = MPT + [y =y )5 85,

CORZEFALLTXkORIZRATRE
. 1
Dhﬂvz2M42(TW—37/ﬂVTj

ST IEAIE ESN K DD h TEE TETIEIEETIE
4D GRMAEBIHZINS

BHYONSDclose binary® £S5 28 LVE H D R TIE4D GRABRLVEBIED A ?
BHEZ [T KerrfRIZ{LTLNDSDH ?



FTED

® FHIAME~ZDNDdarki K5
= exotic’iE NI (Weinberg®no-go theorem)
FEAERXZORERITIEEL,

o TIVIR—INEELRNDENRITBONENIZEITLENE R
M Z & (IR modification)z7O0—J 3 2 LHfFSh TLVS,

- — RS RICEDCERNAENROREFAOER

¥ Exotic’Td ENEMRICHITHIEEREHICEHL TIEEHRIC
LHHOMOTNEGENZENZLY,

s IL—2D—I)LRIZHBITBT v IHR— LR

" IREETDIT SV IR—ILER ?

B JoUIR—ILNRZBEINH-TKAFEIZKAT. 75
YIR—ILDLCFHIREE ZDT=O1Z, BERAMIZEINLL
TIXELLGWRETFEFE L =-{SAH S,

30



