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Towards testing gravity theory
with a pulsar-BH system

Atsushi NARUKO
(Tokyo Institute of Technology)

INn collaboration with

Kazuya Koyama (UK) Keitaro Takahashi (Kumamoto) Chul-Moon Yoo (Nagoya)
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T pulsar
\ (~ mpc from center)
BH in galactic center [ .. s

- o

motion of pulsar ~ Keple

+ GR effects — deviation from Kepler motion



multi-pole moment of BH (®g)
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no-hair theorem of BH

“* [n GR, BH is parametrized only by

3three parameters

mass (M), angular mom. (spin, a), charge

— higher multi-pole moments are f [M & a] only

quadrupole moment : () =

—Ma?

“* Apart from GR, those relations become non-trivial

— Q = —Ma*+ « (+a: parameters of the theory)

— with SKA, by carefully observi

ng (M, a, Q...],

new test of gravity theories at

he level of O(%) !!

(using a pulsar at a distance of mpc from the galactic center)
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FEE A, (BK) D
GW detectors 254 K&

LIGO Hanford Virgo ltaly

Livingston LIGO (02)
4 km Nov. 30, 2016 - Aug. 25, 2017
(detection distance ~80 Mpc)

VIRGO
Aug. 1, 2017 - Aug. 25, 2017
(detection distance ~20 Mpc)

Sep. 12,2015 - Jan. 19, 2015



GW signal

[ [ [
Inspiral Merger

depends on
neutron star
or black hole

In case of
neutron stars,
mass ejection
OCCurs.
(waveform is
not so clean)

— Numerical relativity
B Reconstructed (template)




GW170104
wwwwW\ﬂNr

\/\/\/\/\/\’W\/\W GW170814 byLIGO & Virgo (for others solely by LIGO)

0 sec. 1 sec. 2 sec.
time observable by LIGO-Virgo



GW17081
with VIRGO

GW170814
with VIRGO

LIGO/Virgo/NASA/Leo Singer
(Milky Way image: Axel Mellinger)



Other follow-up observations

GW LSC + all EM telescopes, ApJL 848, L12

LIGO, Virgo
| | | | I I

y-ray

Fermi, INTEGRAL, Astrosat, IPN, Insight-HXMT, Swift, AGILE, CALET, H.E.S.S., HAWC, Konus-Wind

| | n mil I | | 0 ||
X-ray ~

Swift, MAXI/GSC, NuSTAR, Chandra, INTEGRAL

Swift, HST

uv o—o—

Swope, DECam, DLT40, REM-ROS2, HST, Las Cumbres, SkyMapper, VISTA, MASTER, Magellan, Subaru, Pan-STAR p
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REM-ROS2, VISTA, Gemini-South, 2MASS,Spitzer, NTT, GROND, SOAR, NOT, ESO-VLFRanata Telescope, HST ;

Radio e
ATCA, VLA, ASKAP, VLBA, GMRT, MWA, LOFAR, LW. / |
WA RN FIAINm M | aul

£

100 -50 050 102 10" 0° R
s) t-t, (days) |

No neutrino was detected. LSC + neutrino detectors, arXiv:1710.05839

MA, OVRO, EVN, e-MERLIN, MeerKAT, Parkes, SRT, Effelsberg
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GW170817 LLFE]

11 0-15 = vgw/Cc = 1.7
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GW front GW front
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arXiv:1602.04188
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3*10-1° = vgw/c -1 = 7*10-16
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Other follow-up observations
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Horndeski

beyond H.

& s after GW 170817

~AN[®l=RNDF7—T2VIEHRE ~

Gy £ ©

General Relativity

quintessence/k-essence [42]
Brans-Dicke/ f(R) [43, 44]

Kinetic Gravity Braiding [46]

quartic/quintic Galileons [13, 14]

Fab Four [15, 16]
de Sitter Horndeski [45]
Guvd"¢” [47], Gauss-Bonnet

Derivative Conformal (20) [18]

Disformal Tuning (22)
DHOST with A; = 0

quartic/quintic GLPV [19]
DHOST |20, 48] with A; # 0

Viable after GW170817

Non-viable after GW170817

1710.05901
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