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Is a Missing Link Really Found? —
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0 O merging instability / runaway growth 0000 ~ 200M, 000 OO
(Portegies Zwart-Makino-McMillan-Hut, AA, 348 (1999) 117)

(Portegies Zwart—-McMillan, ApJ, 576 (2002) 899)

-30 ~ 50M,0BHOODOD ODOOOO300O0OO0O0O0O0O IMBHOOO
(Miller-Hamilton, MNRAS, 330, 232 (2002))

— 50Mo0BHO 10°M,Ocluster000000103M, 0000000
(Marchant-Shapiro, ApJ, 239, 685 (1980))
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Gravitational Radiation from IMBHs

M. Coleman Miller, ApJ 581, 438 (2002)
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(2) Mg plus M merger | O / yr at LIGO 2
(1)+(2) OO0 /5yr  atLISA (ODDDODDODODOOOOO)
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Gravitational Radiation from IMBH-IMBH binary

HS,Ebisuzaki,Matsubayashi

Inspiral phase

e Suppose 2 BHs (M, M>) form a binary with a circular orbit of radius a.
We use Rgpqp = Gu/c®, = MMy/(M;+ Ms).

e the time to coalesce ¢,

4 4 /103 3 3
teoal ~ 1.90 X 10_3( ¢ ) ( P ) (10 MG) (10 MQ) ( 0" Mo ) sec
Ryaw) \103Mg M, Mo My + M,

e typical frequency
—3/2
1JG(M1 + M) 22.7( a ) (

f insp —
™ a’ Rgmv

y4

103 M., 103 M.,

e dimensionless amplitude

2 GM,GM
Rinsp = 2 ! . 2 where we used the distance R = 1 j ijo’

~ 19 % 10_20 (1 + Z) HO (Rgrav) 103M@ M1 M2
' z J\72km s *Mpc )\ a " 103M, ) \ 103 M,




Merger phase

e dominant quasi-normal frequency fonas of a merged black hole (of mass M)

lc? 103 M
c 0 G) Hz

e dimensionless amplitude Ay

_ 1/2 (1 + 2 H() M
heoat & 3.7 % 10721 [~ ( ) .
! . (0.01) 2 ) \72km s "Mpc ) {1030,

~ 0.78 x 10? (

We applied the estimation from the energy balance eq. by Thorn-Braginsky (ApJ, 204, L4 (1976))

CghQ I 9
8#(50;2) (4mR*)T(1 4+ 2),

eMc® = (

where 7 is the redshifted burst time scale,

o VT4 M

s

and ¢ is the efficiency.



Expected Gravitational Radiation Bursts from Merging IMBHs

® hierarchical growth
monopolistic growth
A ringdown freq.
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Expected gravitational radiation bursts from
merging IMBHs.  The dots and squares
are the amplitude (finsp, Rinsp) for differ-
ent mass combinations. The dots are for
equal mass binaries of the range (M, M) =
(10M, 10My) - - - (105M,, 105M ) (as sup-
posed to the cases of hierarchical growth
model), while the squares are fixing one
component to be 100M, BH, (M, My) =
(100M, 100M) - - - (106 M, 100M)  (as
supposed to the cases of monopolical growth
model). Plots are of a = 50,10 and 5, re-
spectively for each cases, and evolve as the
arrows indicate. Triangles are (fonar, Pcoat)
of M = 20,200,---,2 10°M,. Lines are
the sensitibity of the future detectors; LISA,
DECIGO, LIGO 2, and LCGT, taken from
Fig. 1 in Seto et al. (2001). The data are

evaluated at the distance R = 1 Gpc and

Hy = 72km s 'Mpc ™.
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Hierarchical growth vs Monopolistic (or runaway) growth
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Event numbers of mergers starting with a thousand of 103, IMBHs. The solid line is the hierarchical growth model, that is each two equal-mass

IMBHs merge together simultaneously. The dotted line is the monopolistic growth model, that is one single BH eats all other 103M, IMBHs

and grows itself. Ringdown frequency fonas, is used for the plot. The arrows indicate a plausible evolution behavior.




Merging event rate

e Merger event rate v
~ (12 ~ 37
v ) (3 X 1O3Mpc_3> (103 (72km s_ll\/lpc_l) I

where n,.; is the number density of the elliptical galaxies.

e If we include spiral galaxies, events may become 3-5 times more.

We applied the estimation by Fukushige-Ebisuzaki-Makino, ApJ, 396, L61 (1992).

Burst frequency is

— [ 4R N, (R)dR  yr!
where R is the distance to the burst source, N,,(R) is the frequency of merging (Mpc™), and consider two

limiting cases

Np(R) = ¢naNS(R — Ro_ys) (1)
cneg N
No(R) = | Rogy 05 Tlm20) 2)

0 (R > Rz:2.5)
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