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ANALYSIS OF GRAVITATIONAL WAVE EXPERIMENTAL DATA
WITH DISTRIBUTED COMPUTING
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ABSTRACT

Many gravitational wave detectors are now being built or under operation throughout the world. In
particular, LIGO has taken scientific data several times, although current sensitivity is not sufficient to
detect the weak signals routinely. However, the sensitivities have been improving steadily over past years
so that the real detection will take place in the near future. Data analysis is another important area in
detecting the gravitational wave signal. We have carried out the basic research in order to implement data
analysis software in Korea@home environment. We first studied the LIGO Science Collaboration Algorithm
Library(LAL) software package, and extracted the module that can generate the virtual data of gravitational
wave detector. Since burst sources such as merging binaries of neutron stars and black holes are likely to
be detected first, we have concentrated on the simulation of such signals. This module can generate pure
gravitational wave forms, noise suitable for LIGO, and combination of the signal and noise. In order to
detect the gravitational signal embedded in the noisy data, we have written a simple program that employs
'matched filtering' method which is very effective in detecting the signal with known waveform. We found

that this method works extremely well.
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7 AL AFAM, EFEL 57 AFF AYelA,
83 A &2 FE 52 JAeF 9944 F2
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g 40 BYGY dEREE XY HEVES AFT
100Hz AX GG A 7 U433 =& 1Az
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B Ao AzE AZEdOE e dHolEHE
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W BAAY QAE FE3E T2aP0T FTAF
o} et

6.1 o] EgH 7}y HojE 4§ T2 ¥

FE3 AEL AT AZTEYO AAHE YN @
= g7t Yesith a8y LIGOoS 2L A8 #=
A FMH IA Frh fFPUSE 1A LIGOY
o] ohyr] wEd #F AEE A AT F
gt Atrt AE Ase obF FEI FEE A
UA k7] wE AZESO] A& L AFE 99
AHEEL 7ol ole & el Uk o™ olf wEA A
A LIGO £ZE9 o AZAIER AA #Z HolHE
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ag 6. ¥ 59 LEZEA e FLol HA Az E
4% olgd Hyoz YUY YL oled T
@ Azd gedl. o2d BPe AP 3966
FIZA Aad ZSH7E 2A FUMEE B ¢ U
g g A med¥oR 4HE 3 T ARE ¢ 4 ATk BFRHS Wz HYE ¢
olHE AMEJT Ae o, Azt Faol Adde dHATAA s
2 dFqME FHEI FE AZTEO] AL 9 o] #2¥|(signal-to-noise ratio)® HUE TEO F&
A shael AsE AU o © e NsE ¢ Has A7 dHE Fag,
O 4d B RAFY 2L e 2FEYHS UEAA S+ oleld duEE A4 FEd AZ H&s
Folof gt ayy & dATAE AR JEF AR [IAE FEI ARHA Az FEHE
FHe W FE AHERS HAE s S T3t7] 98] Abbott et al. (2004a)7} A& o]EL&
Atk $4 B ATN AEFAE A5 AES ¥ Mgor Zzide F4HPT AA AH wel
$17F v FiL (100 Hz W9f) a9 43 E40] 2ol #2& n(t), THH} AZE ()2} shd A=
gol3l7] wjFoltt. z2EE LAL U9 4% ZES #E5HE AZE st)=n()+hrt)elth o4 o
A oY FRe) A%l 2gE AAARY = dEe) }¥ol fT: HW 3T Be Pue
Huet H9e TR o8 e gerel B2 s e 2ol Held 4w @
AT upPE 22 3RS BEQT,
2 AT Fe) AZ1E 9FA Fa A% w Bt (£)3(f)
< - — + 27ift
o A7 WHA7EA HE TbsHE AT 9 2’—4/ EAGE
8 e 49 e 235 delge 44 1 v
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B o CIRA AT YA M SEE BT o agge) Aavt 2 W A5 98 B A
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239 AAL olEE e PN EHol ol Ao Reld 71 () Al Fe 9
FES 799 64z B9 HolHE 2L, o] B & @9 complex conjugate, s(f)= s(t)S Fel
9 dolHE HeEdd 2¥E B4 Tzaug o a3 85,(f)E PSDRA Fe AT B
L34 24599 (autocorrelation function)ol] W&k o] W gro|th
o WWe AT AS AIL I Az AL
62 Fo HEHE oj&¢ T F5 Z22¥ H p(t)e o 2o ZAE 5 g
G Fgol Mol gl AL AN A Bt
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2. Aol Ztzk 14My9} 25M, FA4x BAA AF7 t=39.659%0] 4 M dlolE

my (Mg) my(Mg) time(sec) max S/N chirp mass
1.360000 2.579999 39.64975 7.89782 1.61434
1.380000 2.539999 39.65769 8.11580 1.61499
1.400000 2.499999 39.65900 8.11770 1.61521
1.420000 2.459999 39.65406 7.95014 1.61498
1.440000 2.419999 39.64306 6.83188 1.61432
1.460000 2.379999 39.62894 5.51007 1.61321
1.480000 2.359999 39.69213 5.25294 1.61822
1.500000 2.319999 39.66944 7.97383 1.61635
1.520000 2.279999 39.63700 6.09288 1.61402
1.540000 2.259999 39.69156 5.60278 1.61816
1.560000 2.219999 39.64787 6.92624 1.61506
1.580000 2.199999 39.69425 5.23029 1.61864
1.600000 2.159999 39.64356 6.47383 1.61475
1.620000 2.139999 39.68544 6.80385 1.61778
1.640000 2.099999 39.62750 5.00992 1.61311
1.660000 2.079999 39.65188 7.12338 1.61558
1.680000 2.059999 39.68419 7.06429 1.61782
1.720000 1.999999 39.63431 5.20256 1.61371
1.740000 1.979999 39.64625 6.57926 1.61518
1.760000 1.959999 39.66163 7.74417 1.61641
1.779999 1.939999 39.67612 7.79734 1.61743
1.799999 1.919999 39.68812 6.69306 1.61821
1.819999 1.899999 39.69381 5.59188 1.61877
1.839999 1.879999 39.69644 5.17456 1.61911
1.859999 1.859999 39.69613 5.06854 1.61922
A w5 AE@H)t Aol 4 V3L Aed AFPHE ol8F TP} B TaPe
BAFm gk olalg shdel dolE =43 ARz 9P Y7 templates AT
¢ %1 v A LEE 43 % o] templates] T3l 64% w9 Holg e Asd
el Age 1Y el B 5 gulg AAdstn AT gol 54 £Y ge dUL
A 1=39.650% RN Nxoh Fe] o o e J12d o Fel: AREFL el 7t
ghol A vehte A% 2 5 Ax o3 1 AZ WA oleldt FAS wEHTh A4 Zhzhe Ao
I YE &5 A5 2 S =2 &l m=13Mg ~2.6Mg "M Am=0.02M, =
o) o] 3t = = o o o —
;;— i}sﬂf wAe] A wet oz fi;ﬁﬂiﬂ %jﬁg ZZEHL—? : Ejj}k P p;l zﬂl;i
=7c = =T ar ar
M2 B ATdE qYd AFxde 2 gtk E 2= 3 139 LEFK) AdE e Heold
A APEL oM HEAHI F o WE Avtelm E 3& Wao] 77t 18M,, 22M,
| Agxuel AR TR A2 Q AAAG 9% A7} =23.0%0] FAA 2= 7
°hd & gn a2 £ AT 4ol dolelo] g Aol
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m, (M) my(Mg) time(sec) max S/N chirp mass

1.540000 2.599999 23.00556 6.61422 1.73020

1.560000 2.559999 22.99113 7.13556 1.72918

1.580000 2.519999 2297188 5.45858 1.72774

1.600000 2.499999 23.02538 5.11368 1.73252

1.620000 2.459999 23.00275 7.00284 1.73037

1.640000 2.419999 22.97206 5.21246 1.72779

1.660000 2.399999 23.01687 5.87691 1.73175

1.680000 2.359999 22.97762 5.63708 1.72845

1.700000 2.339999 23.01738 5.90656 1.73190

1.720000 2.299999 22.97250 5.02504 1.72786

1.740000 2.279999 23.00375 7.13706 1.73079

1.779999 2.219999 22.97569 5.35451 1.72843

1.799999 2.199999 23.00000 7.22260 1.73063

1.819999 2.17999 23.02156 5.58615 1.73263

1.879999 2.099999 22.98125 5.87412 1.72922

1.899999 2.079999 22.99356 7.02028 1.73027

1.919999 2.059999 23.00425 7.18708 1.73111

1.939999 2.039999 23.01231 6.79271 1.73174

1.959999 2.019999 23.01756 6.31404 1.73216

1.979999 1.999999 23.02006 6.02895 1.73237

E 29 E 39 Z2HE B9, FESd) e 24 PR F2E FE ZAMH 3 FHRE o] &3

Aol A e 23S zbe WE39 distd M ek ey o] A= A3 FHE ZAE o
Z Asdg A7t oA n AdE A5 AFE A7 AA BPGol oS g E FRE AAFEE
7V 483 ot AL & F Uvh AT 2 AAA L ANZAZFE o] HxEFF HEHE TY
ool o HAZFxd Az vud & Aoy F 7o HHE H£IL wEA Aat FIHE ge
SH7E 24RE 2 F dud ole FHue] 7y dge HA 2 Ao gyg & ok & 29 E 3
AgAL] Al &t THFA B-e] Utk FH 2 oleld AFgE F HAFa glom ol Aygx
o W&o og F4AY s v TAPEHE o ol o3 HER Y5 AA A4YE A3 "
g3t T8 A FTEIGY AP FAA AN 2 Azgege Aelrt A3, J18FF A5 Fe
Aol 9J&E3t= Aol ofyE} XN E(chirp) FZFolzte 7t F43] ZATES FAqT F dq
T AR EAY =3l oA &Hs] 249 %
A HEAZFL My =(m,+m,) S(mm,)"® = 7. =9l ¥ EE
ol webA FE TAPEHCAAE Az gl 2 Zele] ANA #E=L A A AAROZ zule
& AEAE &8 Ze 99 THYs gEdo DA AEEH T Q= Hofolth o] o}l #rEFSl 9]
AR R2E R ZAMRS ol &3t T AWk ol29 A HBFWo] opyet £F
FE 7 e v SAPE 3 el BARPYEC] 2 HA ARE 93 A3 FEFe] pukEE @Y
FrHEoRA 2 AzAF dEHME HME o2 o tg ¢zl osE FFAFEH 2 FAL A
gye] FEIGE 4A A £ ATFdAME oA A3 o 2 2 9y "ot} ageR x4 B 5o F
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