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Introduction

Detection method
Gravitational waves
(Coalescences of compact binaries, Stellar core collapses)

= Change in distance between free masses
(Strain about 1018)
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Precise measurement | =
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TAMAS00

Fabry-Perot-Michelson interferometer with 300m arms
(with power recycling)

Detect gravitational wave from local group of our galaxy
Research and development for a large-scale detector




Summary of Data taking

period actual data amount take note
DT1 8/6-7/1999 ~3 + ~7 hours first whole system test
DT2 9/17-20/1999 31 hours first physics run
DT3 4/20-23/2000 13 hours
8/14/2000  world best sensitivity h=5x 10-21 [1/{ Hz]
DT4 8/21-9/3/2000 167 hours stable long run
DT5 3/1-3/8/2001 111 hours
Test Run 1 6/4-6/6/2001 longest stretch of continuous lock 24:50  keeping running all day
DT6 8/1-9/20/2001 1038 hours full dress run
duty cycle 86% without recycling
DT7 8/31-9/2/2002 24hours Recycling
duty cycle 76.7% Simultaneous obs.

with LIGO and GEO

DT8 2/14-4/14/2003 1168 hours coincidence obs.
duty cycle 81.1% with LIGO S2
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History of TAMAZ300 Sensitivity
for inspiraling compact binaries
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« TAMAZ300 observed during August 1 and
September 20, 2001. (Data Taking 6)

otal length of data amounted to 1039 hours.

« TAMAS3O0O also observed during February 14 and
April 14, 2003. (Data Taking 8)

Total length of data amounted to1163 hours.

We have tried a event search for inspiraling
compact binaries using TAMAS300 data.



Coalescing compact binaries

Inspiral phase of coalescing compact binaries are main target
because expected event rate of NS-NS merger
.a few within 200Mpc / year , well known waveform etc.

Neutron stars Possibility of MACHO black hole
Black holes chirp signal

m,

Gravitational Waves

M : total mass

o

amplitude
|

3/5
M = M77 / n : reduced mass

0 0.2 0.4 DB

time
In this search, mass region: 1.0M

1.0M

<m,m, <2.0M,, forDT6

solar

<m,m, <3.0M_, forDT8

solar solar



Matched filter
Detector outputs:  S(t) = Ah(t) + n(t)

h(t) : known gravitational waveform (template

n(t) : noise. 2.5 Post-Newtonia
approximation

Outputs of matched filter:
DN D) gf ~ (s 1)

Sn(1)

S, (f) noise power spectrum density

p(tc,ml,mz,...):zj

Signal to noise ratio isSNR = p/ /2

Best linear filter
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BE/N\TA—RTDOLWTOEKIE (cf. Owen, PRD53, 6749(°96))
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The real data contained large amount of non-stationary and

non-Gaussian noise.
In order to remove the influence of such noise, we also

. 2
Introduce X  (B.Allen et al,PRL,62,1489(1999))

Divide each template into n mutually independent bins in frequency

domain.
Test whether the contributionto © from each bins agree with that

expected from chirp signal

S (f)




Matched filtering analysis

52 sec
e —
[ Read data }d - s - t

p=ﬁ(3/|\|)=2jmdf

S,(f)
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FFT of data
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Apply transfer function /(maXp(t@M 77)) (At, O 25ms)
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Evaluate noise spectrum [Event list (only p > 7 events) }

near the data
s ) o (mmeetmon)

{Event list: £, 0/, Mn.. }




Variation of Noise power (1 minute average) [ f f ¢ -7ra \ M2
41 "df ————
fin Sn ( f ) ]

f.. =100Hz, f_. =2500Hz

! max

Before the matched filter analysis, we evaluate
the fluctuation of noise power.

DT6:8/1-9/20/2001 DT8:2/14-4/14/2003
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Variation of Noise power (histogram) (2)

TAMA, DTE 12000 TAMA DTS
17000 Mean32><10_19 4 12000 |- I Mean 1.9)(10_19
Std.: 15x107° 11 Std.: 75x107
X 1 0_19 =107 X1 0—19 «ia-™?

The fluctuation of noise power in DT8 is small.

We can say that the detector operation in DT8 are more stable than that in DT6.
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Distribution of template number

» Templates were placed so that maximum loss of SNR becomes less than

3%

 The variation of number of templates is due to the variation of shape of

noise power spectrum.
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DT6 DT8
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pl \/? statistics

« We found that the value of 7 becomes larger, when the
amplitude of signal becomes larger even if the events are real.
In such situation, If we reject events simply by the value
of 7*,we may lose real events with large amplitude.

 \We thus introduce a statistic p/\/?, to distinguish between
candidate events and noise events [




Compare DT6 results to DT8 results

DT6 DT8

Search result TAMA DT6 (25ms) TAMA DTS resuilt
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If GW events really happened, the value of p/./7*> would become
much larger than tail of distribution.
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In matched filtering analysis, we do not see events which exceed
the tail of the distribution of events significantly.
Even In this case, we can estimate the upper limit to the event rate.

Upper limit to the Galactic event rate

N
Te¢g

* N :Upper limit to the average number of events
over certain threshold

 T: Length of data [hours]

« & :Detection efficiency



Detection probabiliity

Galactic event detection efficiency

To estimate detection efficiency, we perform Galactic event simulation

a4

Galactlc event detectlon efficlency

0.8

0.1

1
TAMA DTE 1-2Msol
— TAMA DTS 1-2Msol

= TAMA DTH 1-Msol ||

1I5 - EIEI
p/t32Y" threshold

>

Threshold efficiency
16 0.23

12 0.58

U

(False alarm rate = 0.8 / year)

search mass region:
1.0M,,,,, <m,m, <2.0M

DT6
DT8

>

solar solar

Efficiency of DT8 becomes
three times better than that of DT6
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Search results
for inspiraling compact binaries

threshold number of evtnts(CL90) obs. time detection effici. Galactic event rate (CL90

DT6 16  Oobs,0.1bg,2.3 1039 0.23 0.0095 event/h
> =83  event/yr
DT8 12 10bs,0.1bg,3.8 1163 0.58 0.0056 event/h
@ =49  eventlyr
(search mass region: 1.0M_, <m,m,<2.0M_,)

(False alarm rate = 0.8 / year)

We can obtain that upper limit of DT8 becomes about two times more
stringent than that of DTG6.




Uusing the DT8 search results (mass region:1-3Msol ), we estimate
the upper limit to the galactic event rate.

TAMA DTS results

Mass region :1-3Msol

Threshold

plJ7? =125
— )

Log10[Number of events]

3 4 5 6 7 B % 10 11 12 13 14 15
2,972 Set False alarm rate
~ 2
P to 0.8 event/yr yo / N



Upper limit to the Galactic event rate

o threshold=12.5 (~S/N=9)

(False alarm rate = 0.8 / year)

» detection efficiency from Galactic event simulation: ¢ =0.61[p>

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

= N=23 (C.L.=90%)

e Observation time T = 1163 hours

‘Tﬁ =0.0033 event/hour
E

=29 event/yr (C.L. 90 %)

1.0M,, <m;,m, <3.0M

solar solar



sSummary

We performed a event search for inspiraling compact
binaries using TAMA300 data.

DT6 (2001)
Range (SNR=10) : 33kpc
Mass range : 1-2Msol Upper limit : 0.0095 event/hour
(=83 event/yr)

DT8 (2003)
Range (SNR=10) : 42kpc
Mass range : 1-2Msol Upper limit : 0.0056 event/hour
(= 49 event/yr)
Mass range : 1-3Msol Upper limit : 0.0033 event/hour
(= 29 event/yr)
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