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Motivation

« search for short-duration GW bursts coincident with
gamma-ray burst triggers

» ~11to 10 ms, e.g. supernova core-collapse models, end of
inspiral merger

» take advantage of readily-available and readily-
accessible GRB triggers

+ use definite GRBs as triggers

+ triggers are from Interplanetary Network (IPN) (Konus-
Wind, Ulysses, Mars Odyssey, others), INTEGRAL ,
HETE

+ prepare for Swift triggers
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The S2/S3 GRB Sample

S2: 29 GRBs with at least double coincidence science segments
23 for H1-H2
7 for H1-L1

7 for H2-L1
11 for H1-H2-L1 (not all with well-defined positions)

S3: 11 GRBs with at least double coincidence science segments

11 for H1-H2 (only 8 if segments with seismic flags excluded)
0 for H1-L1 (one GRB eliminated due to bad timing flag)
0 for H2-L1 (one GRB eliminated due to bad timing flag)

+ time delay taken into consideration for H1-L1, H2-L1 search

+ only well-localized GRBs considered for H1-L1, H2-L1 search

= combine S2 and S3 results
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‘ S2 and S3 GRBs with science mode

(at least double coincidence)
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Search method -- crosscorrelation

+ each search segment is 160-seconds long
(less ~1.5 seconds at ends of segment)

+ each 160-second segment pre-conditioned

» use crosscorrelation windows of length 25 ms each,
windows overlapping by half a window length

» calculate normalized crosscorrelation for each 25-ms
second

» find largest crosscorrelation within each 160-second
search segment; find largest abs(cc) for H1-L1 and
H2-L1 due to unknown polarization

+» use playground data to test pipeline and estimate
sensitivity — playground data was long science segment
not coincident with any GRB trigger
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AS ( counts

Data conditioning — whitening and phase

correction

DFT1

condition

this segment

DFT2

Example AS_O tithe series and Tukey window$

—
(%]

III|I
—

apmyuSew MOpUlm An],

| | |
=
LA

III|III
[=]

|||
1
=
(¥,

IEIII

relative time (sec)

+ data conditioning done

in frequency domain

+ data DFTed using 1-second

Tukey windows

+ adjacent 1-sec segments

DFTed to determine factor
for whitening in frequency
domain

+ whitening factor(f) =

max(DFT1(f),DFT2(f))

+ use phase calibration to

correct signal phase
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AS () counts

Data conditioning — overlapping Tukey windows,

and “stitching”

Example AS_0) time series and Tukey windows
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+ data conditioning process

repeated for each second

+ perform inverse DFT to

convert back to time
domain

= keep only time segment

corresponding to
unattenuated section of
window

« crosscorrelation calculated

in time domain
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mumber of entyies

crosscorrelation without phase correction

Ettect ot phase correction on crosscorrelation
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| Crosscorrelation with and without phase correction - H2-L1, 52 data I phase corr
= ; ; Entries 1000
E_ @eussin,050ms | ................ Meant 0.5350
- hRss = 1.07e20 | imbl g b e RMS 0.07873
= with phase correction : § |
e wio phase correction | ol LIt Ly ................ ho phase cort
S T OO . SERSIRR ................ Entries 1000
= ; : Mean 0.4275
:_ ......................................................... s RMS 0.07579
= . ;

0 08 1
crosscorrelation
| Crosscorrelation with and without phase correction - H2-L1, 52 data

= (bj g,aussiaﬁ, 0.50 ms
L «  hRss =1.07e-20

P R SR AR S SR S SR SR
Og 0.1 0.2 0.3 04 0.5 0.6 0.7 08 09

1

crosscorrelation with phase correction

< S2 data, H2-L1
crosscorrelation

< effect of phase correction
varies depending on time
epoch and IFO pair

<+ large effect of phase on
crosscorrelation not yet
seen in S3 data
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‘ S2 and S3 noise crosscorrelation distribution

examples (after trials)

mamber of entries mamber of entries

mamber of entries
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0.4 0.6

$2 and S3 noise crosscorrelation distributions, H1-L1 |

$2 and S3 noise crosscorrelation distributions, H2-L1 |
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s2
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Mean 0.3938
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06 08 1
crosscorrelation

S3

Entries 3330

Mean 0.395

RMS 0.02577
52

Entries 2500

Mean 0.3947

0.0267

crosscorrelation
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nuamber of entries nuamber of entries

nambeyr of entries

Crosscorrelation distributions — ‘off-source’ and

‘on-source’ examples
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| 53 crosscorrelation distributions with and wyo signal, H1-H2 L

_ hRss=4.19¢-21

g, £-554 Hz, Q-89

=3 crogscorrelation distributions with and w0 signal, H1-L1

| =3 crogscorrelation distributions with and w/o signal, H2-L1 L
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04

hoise
Entries 1000
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............................... BMS 0.00145
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crosscorrelation

+ S3 data

R/
0’0

on-source distributions
derived from playground
data with injections

off-source segments were
shuffled — each search
segment from one IFO
paired with all segments
from other IFO
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probability

probability

probability

1
" — m— hPeak=5860e-20, hRss = 4.09e-21 |
-2
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10
0 0.01 0.02 0.03 0.04 0.05 0.08 007 0.08 0.09
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1
i | —m—— hPeak=3.80e-19,kRss = 108e-20 [~
0°
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10

Detection probability vs. integration lengths for

short duration signals (~1 — 10 ms)

| H1-H2 crosscorrelation probability, sine-gaussian, f=250 Hz, §=8.9 |

“| — = hPeak=4.10e-20, hRss = 2.91e-21

. . . . I . I . I .
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H1-H2 crosscorrelation probability, sine-zaussian, =554 Hz, (0=8.9 |

0 001 002

003 0.04 0.05 00s 0.07 008 0.0e
e integration time (sec)

probability for getting median
of on-source distribution,
given off-source distribution

probability takes into account
trials in search

probability is function of
length of crosscorrelation
window

small window: 1/sqrt(N),
more trials

large window: more noise
integrated
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._. ._.
= =

strain-equivalent noise {Hz'”z)
=

S2 and S3 estimate of sensitivity to sine-gaussians

Sensitivity at 1/1000 detection probability

|

TSRS [S2s | —THo e | |« sine. - _
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IR : AH2-Ll [[aH2-L1 ||— LLO4km . . .
2 L e — median of cc distribution
with injections has a
probability of 1/1000 given

off-source distribution

< valid for 160-second
search window, 25-ms
crosscorrelation length

o0

=

10"20
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frachon of events frachon of events

frachon of erenis

S2 off-source distribution examples — H1-H2

[ GRB030215 off-source, HI-H2 |

wio fime shuffle

0 01 02 03 04 05 06 07 08 08
crosscorrelation

[ GRB030221 off-source, HI-H2 |

crosscorrelatio

[ GRB030226 off-source, HI-H2 |

—_

crosscorrelation

foacton of events fracton of evrents

fracton of events

—_

—_
(=] ]

—
D-

0 01 02 03 04 05 06 07 08 08

[ GRBO30218 off-source, HI-H2 |

crosscorrelation

[ GRB030223 off-source, HI-H2 |

crosscorrelation

[ GRB030227 off-source, HI-H2 |

09
crosscorrelaton

®,
0.0

local off-source distribution
determined for each GRB
trigger

each distribution determined
from searches within science
segments occurring within
a few hours of GRB trigger

largest crosscorrelation found
in each search included in
distribution (indicated by
black arrow)

used data segments defined
by burst group
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‘ S2 off source distribution examples — H1-1.1

| GRB0O30226 off-source, H1-L1 | | GRB030323a off-source, H1-1L1 |

—— w0 time shuffle

frachion of evends
frachion of evends

:: F::
0 01 02 03 04 05 06 07 0B 0F 0 01 02 03 04 05 06 07 0B 0F
crosscorrelation crosscorrelation

[ GRB030323b off-source, H1-L1 | [ GRBD30325 off-source, H1-L1 |

frachion of events
frachion of events

S5 06 07 08 0% S5 06 07 08 0%

crosscorrelation crosscorrelation

[ GRBD30325 off-source, H1-L1 | [ GRBD30331 off-source, H1-L1 |

frachon of everds
frachon of everds

0 01 02 03 04 05 058 07 08 08 0 01 02 03 04 05 0s8 07 08 08
crosscorrelaton crosscorrelaton
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‘ S2 off-source distribution examples — H2-1.1

| GRBO30217 off-source, H2-L1 | | GRB0O30226 off-source, H2-L1 |

—— w0 time shuffle

frachion of evends
frachion of evends

:: F::
0 01 02 03 04 05 06 07 0B 0F 0 01 02 03 04 05 06 07 0B 0F
crosscorrelation crosscorrelation

[ GRB030323a off-source, H2-L1 | [ GRB030323b off-source, H2-L1 |

frachion of events
frachion of events

S5 06 07 08 0% 0e 07 08 0Ff

crosscorrelation crosscorrelation

[ GRBD30325 off-source, H2-L1 | [ GRBD30325 off-source, H2-L1 |

frachon of everds
frachon of everds

0 01 02 03 04 05 0s8 07 08 08 0 01 02 03 04 05 0s8 07 08 08
crosscorrelaton crosscorrelaton
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‘ S3 off-source distribution examples — H1-H2

[ GRBO31107 off-source, HI-H2 |

frachon of events

0 01 02 03 04 05 06 07 08 02
crosscorrelation

[ GRBO031109a off-source, HI-H2 |

frachon of events

HEH HE B
08 0.
crosscorrelation

[ GRBO3111laoff-source, HI-H2 |

frachon of events

0 01 02 03 04 05 06 07 08 00
crosscorrelaton

[ GRBO31108 off-source, HI-H2 |

frachon of events

0 01 02 03 04 05 06 07 08 00
crosscorrelaton

[ GRBO031109b off-source, HI-H2 |

frachon of events

crosscorrelation

[ GRBO31114 off-source, HI-H2 |

frachon of events

0 01 02 03 04 05 06 07 08 00
crosscorrelaton

+« v03 segments list
allowed flags:
DUST,
SEISMIC_ELEVATED,

+ note that S3 off-source
distributions are very
similar to S2 distributions

> Indicates robustness
of crosscorrelation
and pipeline
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‘ S3 off-source distribution examples — H1-H2

. [ GRBO031123 off-source, HI-H2 | . [ GRBO031127a off-source, H1-H2 |
Y f:
5 5
2 - —— w0 time shuffle 2
210 2
B B
@ @
k= k=
10
10
0. . . . ) | ) . 0. . 8 .
crosscorrelation crosscorrelation
| GRB031127b off-source, HI-H2 | | GRBO031130 off-source, HI-H2 |
5 5
) )
8 8
2] 2]
7 7
& &
44 44
0.

crosscorrelation crosscorrelation

[ GRBO031220 off-source, H1-H2 |

R
210
) all off-source segments
16 come from “clean” segments
_ . (no error flags)
0 Baa s s e o iR g

R see next slide

crosscorrelaton

November 5, 2004 MIT Burst F2F Meeting |. Leonor



‘ Example of off-source outlier (from conditioned

AS_Q)

from loud segment from playground data

GPS start 755927691

GPS start 754562936

S — 1
— H2

maghnitude

frequency (Hz) frequency (Hz)
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‘ Example of off-source outlier (from raw AS_Q)

maghnitude

H1 H2

GPS start 755927691 GPS start 755927371

Z\/\ s ' — H1 glitch SRR s S P s . AR e . st o dlitehy ks
A Al IRETEncE oG | —— Hzreference |

magnitude

frequency (Hz) frequency (Hz)
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GPS times of some outliers

(outlier GPS in black, airplane GPS in blue)
755920143 *
755922223
755922360
755927211
755927371
755927691
755928840
755929210
755929370
755929560
755930137
755930520

Dec 20 2003 1:49
Dec 20 2003 2:23
Dec 20 2003 2:25
Dec 20 2003 3:46
Dec 20 2003 3:49
Dec 20 2003 3:54) *some days had plane flags at this time of day

) *some days had plane flags at this time of day

)

)

)

)

)
Dec 20 2003 4:13) airplane flag

)

)

)

)

)

airplane flag

*

Dec 20 2003 4:20
Dec 20 2003 4:22
Dec 20 2003 4:25
Dec 20 2003 4:35
Dec 20 2003 4:41

airplane flag

e N N N e e e e e e e N

airplane flag
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number of entries

number of entries

What are the odds? Combined S2 and S3

probabilities

Frobability distribution (after trials), 52 and 232, all IFO pairs

08 If
06 If
04 f
02 ff

hprob

08

Entries
Iean
RMZ

0.5065
0.2675

I
0.9

1

probability

probability

» calculate after-trials

probability using off-source
distribution

- test sample distribution

using K-S test
(Kolmogorov-Smirnov)

» probability that measured

statistic will be larger under
null hypothesis:

p=0.81

» consistent with null

hypothesis
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Burst F2F Meeting |. Leonor

21



number of entries

number of entries

Example of probability distribution with injected
signals

| Probability distribution (after trials), all IFO pairs _ hiprob
Entries 50
........... et e e | Mean 0.4541
: : : ; RMS 0.3201

', S ______________________________ ________________________________ ________________________________ ________________________________ & inject Signa|s into p|ayground,
<2l I || ||||I||||| """""""""" - sine-gaussian, f = 554 Hz,
2 . B | ________ O

0 0.2 04

S Q = 8.9, hRss = 2.6E-21

6 08 I +» K-Stest: p=0.15

probability

| Integral probability distribution (after trials), all IFO pairs |

probability
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number of entries

number of entries

Example of probability distribution with injected

signals

| Probability distribution (after trials), all IFO pairs hprob

Entrics 50

................. e Mean 0.4542
: : RMS 0.3367

i

1
probability

L

60

| Integral probability distribution (after trials), all IFO pairs |

probability

+ Inject signals into playground,
sine-gaussian, f = 554 Hz,
Q = 8.9, hRss = 2.6E-21

+ K-Stest: p=0.026
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Summary

» performed search for short-duration GW bursts
coincident with S2 and S3 GRBs using crosscorrelation
method

+ combined S2 and S3 results

» there were much fewer S3 GRBs than S2 GRBs due to
lockloss and also fewer triggers

+ sample probability distribution consistent with null
hypothesis

» large outliers seen in one GRB off-source period
» S3 segments list probably needs refinement
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