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List of Detected GW events
MT1+M2=Mf,

1. Introduction
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1. Introduction
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1. Introduction
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Gravitational Waves from Merging Intermediate-mass Black Holes.
II. Event Rates at Ground-based Detectors
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4. INO : Interplanetary Network of Optical Lattice Clocks
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Cassini 2001-2002 (Armstrong, LRR 2006)
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Table 4: Required improvement in subsystems to improve overall Doppler sensitivity by a factor of 10
relative to Cassini-era performance.

Noise source Comment (o, at 7 = 1000 s) Required

improvement
Frequency standard currently FTS + distribution ~ 8 x 10716 ~8X atomic clock
Ground electronics currently ~ 2 x 1016 ~ 2X

Tropospheric scintillation

Plasma scintillation

Spacecraft motion

Antenna mechanical

currently ~ 10715 under favorable conditions ~ 10X troposphere

Cassini-class radio system probably adequate for ~ 1X plasma
calibration to ~ 10~16

currently ~ 2 x 10~16 ~ox radiation pressure of Sun
currently ~ 2 x 1075 under favorable conditions ~20X control technology

HE=ZAFH

(AP _LENAF)
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4. INO Improvement of Doppler sensitivity (1)

p» monitor the time by Opt Lattice Clocks

in 3 satellites need to make it portable

If radio transmission,
use two frequency ranges (double tracking)
to check phase differences due to interplanetary plasma

» If light transmission,

no effects from plasma. need R&D

1 AU baseline p» 10-5Hz

Table 4: Required improvement in subsystems to improve overall Doppler sensitivity by a factor of 10
relative to Cassini-era performance.

Noise source Comment (o, at 7 = 1000 s) Required
improvement
Frequency standard currently FTS + distribution ~ 8 x 1016 ~8X atomic clock > Opt. Lattice Clock
Ground electronics currently ~ 2 x 1016 ~ 2X )
Tropospheric scintillation currently ~ 10~!® under favorable conditions ~ 10X troposphere > In space
Plasma, scintillation Cassini-class radio system probably adequate for ~ 1X plasma > light transmission
calibration to ~ 10~16
Spacecraft motion currently ~ 2 x 1016 ~ 2X rad. pressure > solar panel parasol
Antenna mechanical currently ~ 2 x 10~!® under favorable conditions ~ 20X control tech n0|Ogy
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4. INO Improvement of Doppler sensitivity (2)

rad. press. F=P/c
P=1.3 kW/m?2
1000 kg, 10 m=

acceleration
a=5x10-8 m/s2
AP/P =1/1000
Aa/a = 10-11

p solar panel parasol
1 AU baseline 10-5Hz Ag/g = 10-12

Table 4: Required improvement in subsystems to improve overall Doppler sensitivity by a factor of 10
relative to Cassini-era performance.

Noise source Comment (o, at 7 = 1000 s) Required
improvement

Frequency standard currently FTS + distribution ~ 8 x 1016 ~8X atomic clock > Opt. Lattice Clock
Ground electronics currently ~ 2 x 1016 ~ 2X
Tropospheric scintillation currently ~ 10~!® under favorable conditions ~ 10X tro posphere
Plasma scintillation Cassini-class radio system probably adequate for ~ 1X plasma

calibration to ~ 10~16
Spacecraft motion currently ~ 2 x 1016 ~ 2X rad. pressure » solar panel parasol
Antenna mechanical currently ~ 2 x 10~!° under favorable conditions ~ 20X control tech nology

SRAFH (AN LEATF) ZULB/UY/ L1l RXFE @ SLBRV AT 22
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4. INO

Improvement of Doppler sensitivity (3)

With current technologies, we can obtain 3-order less than Cassini !
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4. INO GW obs. using Optical Lattice Clocks : detectable distance
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4. INO GW obs. using Optical Lattice Clocks : detectable distance

S/N=100
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4. INO

mass ratio g=0.2

Inspiral Range [Mpc] — Chirp mass [Msolar]

GW obs. using Optical Lattice Clocks : detectable distance g=0.2
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4. SMBH formation model : IMBHS’ hierarchical mergers

Event Rate

O 3o
& o
q>) ()
102 104 106 108 102 104 106 108
BH mass [Msun] BH mass [Msun]
P L e e
19.1/yr 0.35/yr for S/N=10 19.2/yr 29.8/yr for S/N=10
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Summary
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Event Rate [/year] (z<b)

S/N=100
BH mass [Msun] BH mass [Msun] BH mass [Msun]
. e
S/N=10 520/year S/N=10 18000/year 19.2/yr 29.8/yr
(range: 550M-3.8x105M) (range: 10M-7.9x104M) S/N=10
S/N=30 6/year S/N=30 4300/year
(range: 5.5x103M-3.3x104M) (range: 10M-3.3x10*M)
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