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Gravitational wave detection (1)
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~_Gravitational wave detection (2)
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‘TAMA300 detector
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- 300m vacuum tube




~_Vibration Isolation System
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Mirror
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LIGO ( U.S.A.) L=4km+2km & 4km
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~ History of TAMA development

___________________________________ |1995 Project started
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® Status of TAMA300 (I)
DT6: SOHRBEMO#HAM (2001/8-9)
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CNETHOTAMAICLS#RE (DT: Data taking)
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Achieved sensitivity (preis)
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DT6: SNR to compact binaries
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Observation calendar

Date in JST

EEEE Operated (over 10min)

[ High—freq. data taking




Causes of obs. time loss

Obs. time in each shift [hours]

Total obs. time: 1038:07:35, Duty cycle: 86.5105%
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SNR
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SNR trend during DT6
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® Matched Filtering#&h

©® 1~2MoDaL/SHNEESR (B et al.)
TAMA-LISM coincidencefgtt (&% (5h), H# et al.)
~0.5MoMMacho BHEZ&#F (RE etal.)
BH ringdownf&4f (B3E, f%, @H et al.)

® Burst analysis
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Gravitational wave search:

Compact binary Inspiral
Matched filtering analysis (Tagoshi, et al.)

We analyzed 1000 hours data of DT6 by matched filtering to search
for compact binary inspirals

Upper limit to the event rate:
*DT2: 0.59/hours (0.3-10Msolar) (Phys.Rev.D63,062001(2001))
*DT4: 0.027/hours (0.3-4.7Msolar)

*DT6: Upper limit to Galactic event rate:
0.0095/hours (1-2Msolar)

TAMA-LISM coincidence analysis (Takahashi’s talk)

1s also done



Matched filter
» Detector outputs: S(7) = Ah(t)+ n(t)
h(t) : known gravitational waveform (template)
n(l‘) : noise. N Post-Newtonian

Outputs of matched filter: approximation

SRS 4
S, (f)

p(m ,m,,t, ,...)= 2_‘-

S,(f) noise spectrum density

signal to noise ratio SNR = p/~/2
Matched filtering 1s the process to find optimal

parameters which realize
max p(m,,m,,t.,...)

ml ,m2 ,tc geee



Search result TAMA DTG (Z25ms)
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Upper limit to the Galactic event rate

threshold=16 (~S/N=11) (fake event rate=0.8/year)
Efficiency for Galactic events &£ =0.23 (from simulation)

*We also obtain upper limit to the average number of
events over threshold by standard poisson statistics analysis

= N=2.3 (C.L.=90%)
*Data length used : T=1039 hours
:> Upper limit to the Galactic event rate

:TEZO.OO% [1/hour] (C.L.=90%)
E

c.f. Caltech40m : 0.5/hour (C.L.=90%)
Allen et al. Phys. Rev. Lett. 83, 1498 (1999).



Burst wave analysis (4)

--- DT6 data analysis --- AT~

o Data Taking 6 (Summer 2001)
¢ Analyze last 1-week data
o Bandwidth : 500Hz
Rejected data : 20%
(False dismissal rate : 1ppm)
Impro%ment of
false event rate : 1/1000

Noise level [1/Hz'?]

96 120 144 188
Time [hour]

_ 10% 110°
@ Still worse than stable hours i ,
. . : T 107"k Original data 110
in DT4, and Gaussian noise level £ ' | kbl
14 —2[ 1
‘ = 1072 110
e f
© [
14 -3 _ 0
o Event rate for 10msec GWs "% 1/1000 | 710
oh ~1x1 0'17 - 1 events/hour @ 10_4; DT4 stable After noise rejection 110"
rms - i (10hours)
oh._.~ 3x10"7: 102 events/hour 10°f  Gaussian noise 1107
B T T

Noise level [1/Hz'?]

Event Rate [events/hour]




Continuous wave from SN1987A

® Continuous GW wave search
at around 935Hz from SN1987a remnant
(Soida, et al.)

Expected Waveform: Sinusoidal
(f=934.908Hz +/- 0.05Hz2)
+ time dependence of the sensitivity
+ doppler correction
(the earth's daily/yearly round)
+ spindown correction

(assume spindown rate: 2.5x10719 [Hz/s])

Search: DT6 50days data



Search result

histgram of powarspectrum
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® Status of TAMA300 (II)
VY1909 KE (2001/12~)
Forthcoming DTS8
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Displacement noise [m/Hz
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Displacement noise level of TAMA300
(August, 31 2002)

IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIII'I?

—— 2001/06/02 (Recombine3)
—— 2002/08/31 (Recycling1 HP)
— Phase2 limit

ol ot oo ool commd ool ool 1

_F 2

o S ] =R
L TR L

-
I TE

1l i M -
e H“"MIH:II"“H

IIIIulli L1l

L—

NIRRT Ll Ll NIRRT ! |||||E

10’ 10° 10° 10 10°

Frequency [Hz]



12
/

Strain sensitivity [1/Hz
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Displacement noise [m/Hz

Displacement noise level of TAMA300

= 2002/9/29 Displacement sensitivity

| —— Alignment noise (2001/06/03)

— Detector noise
Shot+Detector noise
Modulation noise

|— Recycled Michelson noise
‘| = Intensity noise

— Frequency noise

Filter noise (feedback)

—— Seismic noise
| —— dl- feedback noise
| = dl+ feedback noise

(September, 29 2002)

Frequency [Hz]



Stability
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S1&DT7

Common Lock of 5 interferometers: 9hrs 50min
Longest Common Lock stretch: 2hrs 24min

Coincidence Run (TAMA300, LIGO, and GEOG600)
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Time [hour] (from 31 Aug. 12:00 UTC)




® Summary



- Summary

o TS BIE kR Lss TAMA300
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h=3.3x10%! // Hz @1.5kHz
® Data Analysis using DT6 data
Binary inspirals
Burst search
Continuous wave search, etc...

® HLOHFHLK..
LIGO - GEOL0) R HARE 5871



Data Taking 8 7b X/ IN—558&  « rakanasni

® Data Taking 8
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