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§ 1.Introduction

BE & IR TR AR T DL NI NA T = VN RS T 5
S (GW) D EREHE
= BHEREREST (GWBR)ELTEAIENSS

SMBH-SMBH : f~ 10° - 10° Hz
(e.g. Wyithe & Loeb 2003, Sesana et al. 2004, Enoki et al. 2004)

WD-WD/WD-NS : f~ 10~ - 10! Hz
(e.g. Farmer & Phinney 2003)

BREET5YI7R—IL(SMBHEZE Mo DGWBRIL pulsar timing T
AlE TS,
=>¢.g. The Parkes Pulsar Timing Array (PPTA) project



*Eccentricity ?

“HNETOH, SMBHEE ZSOGWBROAZE 1. HEO#IE |ITE
THTHAHERESINTET,
UL, EE ZROFIEILT —#RIZITIFEH T/ 5,

* evolving SMBH binary due to dynamical friction
(e.g. Fukushige et al. 1992, Zier 2006)
« SMBH - IMBH (Matsubayashi et al. 2005)
« SMBH binary + SMBH (Iwasawa et al. 2006)
« SMBH binary + gas disk (e.g. Armitage & Natarajan 2005)

BHIFEDEZ T, SLEERBROBHE O FRBAZF O EAK

DENR=WSHT B, l

B 7 i D Spectral energy distribution (SED) , X° power, timescale 73,
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AT TIE,

Semi-analytic model of

galaxy formation + SMBH formation (SA-model)

(Nagashima et al 2001,
Enoki et al 2003)

‘ SMBH coalescence rate

GW SED from a eccentric binary

l
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§ 2.Gravitational Wave from a Binary (peters & Mathews 1963)
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*GW SED from a binary on eccentric orbit

BAMEDEZ R, ERRBD MEDEKREA(f,=nf)DEHEZE
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The SED of GW:  Lr(e.tp) = Law cire(fp) Z (n,€)8(fr — nfp).



*The timescale of GW from an eccentric binary

GW S Dtime scale: | raw = fpi—jf.
P

The timescale emitting GW of a binary on eccentric orbit:

TGW,circ(ﬂfl-, ﬂf?; fp)
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The timescale emitting GW of a binary on a circular orbit




§ 3. GWBG from binaries on eccentric orbits

HIEOGWBRD T )L F — 28 [ -
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pew e = / [ ne(2) 7 1+2 df, dfrd E: the energy emitted in GW from a source
/ [ . {z) 1 dEG“ df /. :the GW frequency in the rest frame

i, T f: the observed GW frequency
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The characteristic amplitude of GWBG spectrum (Phinney 2001):
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*The power spectrum of GWBG from binaries on eccentric orbits

WS = g A
" r=Ff(142)
The SED of GW:
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n=1

The power spectrum of GWBR from binaries on circular orbits:
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*Effects of eccentricity on GWBG
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8 4. Power spectrum of the GWBR from SMBH binaries

SMBH 18 2 5% DA B2 SR 6D D721
semi-analytic model of galaxy + SMBH formation (Enoki et al. 2003)
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V¥ : the current limit from pulsar timing measurements.
(Lommen 2002)




*GWBG spectrum from eccentric SMBH binaries
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*Effects of galaxy formation processes on SMBHs

SMBHM KT 53

*Star Formation
cold gas => star

*SNe feedback

cold gas => hot gas
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*Effects of galaxy formation processes on the GWBR

SMBHARK KT AEERIT. EDO#ME TEH S cold gasHh EFTH S,
=> Star formation & SNe feedback ASMBH:&E £ Hh 5D GWBR
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Star formation time-scale: SNe feedback strength:
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*GWBG energy density from SMI

BH binaries

[T T T T LI BN I
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power spectrum => energy density

1A hoc f23[e,=0: circular

orbits| & & L7=% & DPPTA

1 Ofull data-set CEI| 12 TXA R,

(Jenet et al. 2006)
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1A 1 lLlllllLlllllllllllllll

SMBH;EZ D EfILEEIZDUNT
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V¥ : the current limit from pulsar timing measurements (Lommen 2002).

Thin lines: for e,=0 (circular orbits).

Thick lines: for ey =0.8, f; o/, =1/10

oc 1/Mgy



8 5. Summary
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