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Existing Burst Search Software

(currently used for science results)

! WaveBurst
» Burst detection algorithm based on a wavelet time-frequency decomposition.

» In order to run ONCE on x3 IFO S2 data (1Msec) it requires 14 LLO CPUs (??).

» It is under the LAL software project and runs under the LDAS job scheduling.

» The review of the algorithm/method in its current implementation is complete.

» The current implementation of this method will no longer be used.

» There are two changes that are being introduced: (a) CONDORization of existing LAL-
based algorithm which will fall under the LALapps (LAL/CONDOR) software project (b) 
DMT/CONDOR-based algorithm that will fall under the gridDMT software project.

! TFCLUSTERS
» Burst detection algorithm based on a Fourier time-frequency decomposition.

» It is under the LAL software project and runs under the LDAS job scheduling as well as 
CONDOR. Both versions have been used for results so far.

» The review of the algorithm/method in its current implementation is in progress.

» The LAL/CONDOR version of TFCLUSTERS will prevail in future use of the software.

» Future major upgrades that are considered include a coherent version

! BlockNormal
» Burst detection algorithm based on change point statistics of band-filtered data.

» It is under the MatApps software project (compiled MATLAB code using CONDOR for 
job scheduling).

» The review of the algorithm/method in its current implementation is in progress.

Target Sources

0         1     2     3
0

1

2

3

Binary
Neutron Stars

Primordial
Binary

Black Holes

Companion 1
Mass

Companion 2 Mass              

M1/M!

M2/M!



LIGO-G040377-00-Z

Analysis Software
in the Burst Group

Erik Katsavounidis and Peter Shawhan

For the Burst Analysis Group

LSC Meeting

August 18, 2004

LIGO-G040377-00-Z
LIGO-G040377-00-Z

Existing Burst Search Software

(currently used for science results)

! WaveBurst
» Burst detection algorithm based on a wavelet time-frequency decomposition.

» In order to run ONCE on x3 IFO S2 data (1Msec) it requires 14 LLO CPUs (??).

» It is under the LAL software project and runs under the LDAS job scheduling.

» The review of the algorithm/method in its current implementation is complete.

» The current implementation of this method will no longer be used.

» There are two changes that are being introduced: (a) CONDORization of existing LAL-
based algorithm which will fall under the LALapps (LAL/CONDOR) software project (b) 
DMT/CONDOR-based algorithm that will fall under the gridDMT software project.

! TFCLUSTERS
» Burst detection algorithm based on a Fourier time-frequency decomposition.

» It is under the LAL software project and runs under the LDAS job scheduling as well as 
CONDOR. Both versions have been used for results so far.

» The review of the algorithm/method in its current implementation is in progress.

» The LAL/CONDOR version of TFCLUSTERS will prevail in future use of the software.

» Future major upgrades that are considered include a coherent version

! BlockNormal
» Burst detection algorithm based on change point statistics of band-filtered data.

» It is under the MatApps software project (compiled MATLAB code using CONDOR for 
job scheduling).

» The review of the algorithm/method in its current implementation is in progress.

S2 Times Analyzed

L1

H1 H2

218

55

79385

123
99

40
32318

242

373 hours of data 
analyzed;

339 hours, non-
playground

14 Feb–14 Apr 
2003

only use inter-site 
coincident data



LIGO-G040377-00-Z

Analysis Software
in the Burst Group

Erik Katsavounidis and Peter Shawhan

For the Burst Analysis Group

LSC Meeting

August 18, 2004

LIGO-G040377-00-Z
LIGO-G040377-00-Z

Existing Burst Search Software

(currently used for science results)

! WaveBurst
» Burst detection algorithm based on a wavelet time-frequency decomposition.

» In order to run ONCE on x3 IFO S2 data (1Msec) it requires 14 LLO CPUs (??).

» It is under the LAL software project and runs under the LDAS job scheduling.

» The review of the algorithm/method in its current implementation is complete.

» The current implementation of this method will no longer be used.

» There are two changes that are being introduced: (a) CONDORization of existing LAL-
based algorithm which will fall under the LALapps (LAL/CONDOR) software project (b) 
DMT/CONDOR-based algorithm that will fall under the gridDMT software project.

! TFCLUSTERS
» Burst detection algorithm based on a Fourier time-frequency decomposition.

» It is under the LAL software project and runs under the LDAS job scheduling as well as 
CONDOR. Both versions have been used for results so far.

» The review of the algorithm/method in its current implementation is in progress.

» The LAL/CONDOR version of TFCLUSTERS will prevail in future use of the software.

» Future major upgrades that are considered include a coherent version

! BlockNormal
» Burst detection algorithm based on change point statistics of band-filtered data.

» It is under the MatApps software project (compiled MATLAB code using CONDOR for 
job scheduling).

» The review of the algorithm/method in its current implementation is in progress.
10

2
10

3
10

!23

10
!22

10
!21

10
!20

10
!19

10
!18

frequency(Hertz)

s
tr
a
in
/ !"
""H
z

S1: L1 (9 Sept ’02)

S2: L1 (1 March ’03)

S2: H1 (8 April ’03)

S2: H2 (11 April ’03)

S2 Sensitivity: Strain

Strain 
   Hz–1/2

Frequency Hz

S2

Design

S1



LIGO-G040377-00-Z

Analysis Software
in the Burst Group

Erik Katsavounidis and Peter Shawhan

For the Burst Analysis Group

LSC Meeting

August 18, 2004

LIGO-G040377-00-Z
LIGO-G040377-00-Z

Existing Burst Search Software

(currently used for science results)

! WaveBurst
» Burst detection algorithm based on a wavelet time-frequency decomposition.

» In order to run ONCE on x3 IFO S2 data (1Msec) it requires 14 LLO CPUs (??).

» It is under the LAL software project and runs under the LDAS job scheduling.

» The review of the algorithm/method in its current implementation is complete.

» The current implementation of this method will no longer be used.

» There are two changes that are being introduced: (a) CONDORization of existing LAL-
based algorithm which will fall under the LALapps (LAL/CONDOR) software project (b) 
DMT/CONDOR-based algorithm that will fall under the gridDMT software project.

! TFCLUSTERS
» Burst detection algorithm based on a Fourier time-frequency decomposition.

» It is under the LAL software project and runs under the LDAS job scheduling as well as 
CONDOR. Both versions have been used for results so far.

» The review of the algorithm/method in its current implementation is in progress.

» The LAL/CONDOR version of TFCLUSTERS will prevail in future use of the software.

» Future major upgrades that are considered include a coherent version

! BlockNormal
» Burst detection algorithm based on change point statistics of band-filtered data.

» It is under the MatApps software project (compiled MATLAB code using CONDOR for 
job scheduling).

» The review of the algorithm/method in its current implementation is in progress.

S2 Reach: Number of Galaxies

Number of 
“Milky-Way 
Equivalent” 
galaxies, NG

0.01 0.1 1 3
0

0.2

0.4

0.6

0.8

1

Effective Distance (Mpc)

N
G

L1H1H2S1

0.01 0.1 1 3
0

1

2

3

4

Effective Distance (Mpc)

C
u
m

u
la

ti
v
e
 N

G

Effective Distance (Mpc)

cumulative

0.01 0.1 1 3

0.01 0.1 1 3

1

2

3

4

0.2
0.4
0.6
0.8

1
(theoretical ranges based on a typical noise curve)



LIGO-G040377-00-Z

Analysis Software
in the Burst Group

Erik Katsavounidis and Peter Shawhan

For the Burst Analysis Group

LSC Meeting

August 18, 2004

LIGO-G040377-00-Z
LIGO-G040377-00-Z

Existing Burst Search Software

(currently used for science results)

! WaveBurst
» Burst detection algorithm based on a wavelet time-frequency decomposition.

» In order to run ONCE on x3 IFO S2 data (1Msec) it requires 14 LLO CPUs (??).

» It is under the LAL software project and runs under the LDAS job scheduling.

» The review of the algorithm/method in its current implementation is complete.

» The current implementation of this method will no longer be used.

» There are two changes that are being introduced: (a) CONDORization of existing LAL-
based algorithm which will fall under the LALapps (LAL/CONDOR) software project (b) 
DMT/CONDOR-based algorithm that will fall under the gridDMT software project.

! TFCLUSTERS
» Burst detection algorithm based on a Fourier time-frequency decomposition.

» It is under the LAL software project and runs under the LDAS job scheduling as well as 
CONDOR. Both versions have been used for results so far.

» The review of the algorithm/method in its current implementation is in progress.

» The LAL/CONDOR version of TFCLUSTERS will prevail in future use of the software.

» Future major upgrades that are considered include a coherent version

! BlockNormal
» Burst detection algorithm based on change point statistics of band-filtered data.

» It is under the MatApps software project (compiled MATLAB code using CONDOR for 
job scheduling).

» The review of the algorithm/method in its current implementation is in progress.

(Simplified) Pipeline

Data

Filtering

Site Triggers

time and mass coincidence

Final Triggers

L1 data

matched filter

Hanford consistency test

Hanford triggers

matched filter matched filter

H1 data H2 data

Livingston triggers

Consistency

Coincidence

clustered triggers



LIGO-G040377-00-Z

Analysis Software
in the Burst Group

Erik Katsavounidis and Peter Shawhan

For the Burst Analysis Group

LSC Meeting

August 18, 2004

LIGO-G040377-00-Z
LIGO-G040377-00-Z

Existing Burst Search Software

(currently used for science results)

! WaveBurst
» Burst detection algorithm based on a wavelet time-frequency decomposition.

» In order to run ONCE on x3 IFO S2 data (1Msec) it requires 14 LLO CPUs (??).

» It is under the LAL software project and runs under the LDAS job scheduling.

» The review of the algorithm/method in its current implementation is complete.

» The current implementation of this method will no longer be used.

» There are two changes that are being introduced: (a) CONDORization of existing LAL-
based algorithm which will fall under the LALapps (LAL/CONDOR) software project (b) 
DMT/CONDOR-based algorithm that will fall under the gridDMT software project.

! TFCLUSTERS
» Burst detection algorithm based on a Fourier time-frequency decomposition.

» It is under the LAL software project and runs under the LDAS job scheduling as well as 
CONDOR. Both versions have been used for results so far.

» The review of the algorithm/method in its current implementation is in progress.

» The LAL/CONDOR version of TFCLUSTERS will prevail in future use of the software.

» Future major upgrades that are considered include a coherent version

! BlockNormal
» Burst detection algorithm based on change point statistics of band-filtered data.

» It is under the MatApps software project (compiled MATLAB code using CONDOR for 
job scheduling).

» The review of the algorithm/method in its current implementation is in progress.

BNS Background Estimate

6 8 10 12 14 16 18
6

7

8

9

10

11

12

13

14

15

!
L

!
H

Simulated injections
Time!lag triggers
Modified statistic

ρ =

√
ρ2

L +
ρ2

H

4Hanford
SNR
ρH

Livingston SNR ρL

(only some simulated 
injections shown)



LIGO-G040377-00-Z

Analysis Software
in the Burst Group

Erik Katsavounidis and Peter Shawhan

For the Burst Analysis Group

LSC Meeting

August 18, 2004

LIGO-G040377-00-Z
LIGO-G040377-00-Z

Existing Burst Search Software

(currently used for science results)

! WaveBurst
» Burst detection algorithm based on a wavelet time-frequency decomposition.

» In order to run ONCE on x3 IFO S2 data (1Msec) it requires 14 LLO CPUs (??).

» It is under the LAL software project and runs under the LDAS job scheduling.

» The review of the algorithm/method in its current implementation is complete.

» The current implementation of this method will no longer be used.

» There are two changes that are being introduced: (a) CONDORization of existing LAL-
based algorithm which will fall under the LALapps (LAL/CONDOR) software project (b) 
DMT/CONDOR-based algorithm that will fall under the gridDMT software project.

! TFCLUSTERS
» Burst detection algorithm based on a Fourier time-frequency decomposition.

» It is under the LAL software project and runs under the LDAS job scheduling as well as 
CONDOR. Both versions have been used for results so far.

» The review of the algorithm/method in its current implementation is in progress.

» The LAL/CONDOR version of TFCLUSTERS will prevail in future use of the software.

» Future major upgrades that are considered include a coherent version

! BlockNormal
» Burst detection algorithm based on change point statistics of band-filtered data.

» It is under the MatApps software project (compiled MATLAB code using CONDOR for 
job scheduling).

» The review of the algorithm/method in its current implementation is in progress.

BNS Results: Number of Triggers

!
* 2

b
(!

* )

50 60 70 80 90 100
10

!1

10
0

10
1

10
2

S2 final sample
Expected background

Cumulative
Number /
Expected

Background

Combined SNR ρ2

loudest event

“maximum SNR”
clustering



LIGO-G040377-00-Z

Analysis Software
in the Burst Group

Erik Katsavounidis and Peter Shawhan

For the Burst Analysis Group

LSC Meeting

August 18, 2004

LIGO-G040377-00-Z
LIGO-G040377-00-Z

Existing Burst Search Software

(currently used for science results)

! WaveBurst
» Burst detection algorithm based on a wavelet time-frequency decomposition.

» In order to run ONCE on x3 IFO S2 data (1Msec) it requires 14 LLO CPUs (??).

» It is under the LAL software project and runs under the LDAS job scheduling.

» The review of the algorithm/method in its current implementation is complete.

» The current implementation of this method will no longer be used.

» There are two changes that are being introduced: (a) CONDORization of existing LAL-
based algorithm which will fall under the LALapps (LAL/CONDOR) software project (b) 
DMT/CONDOR-based algorithm that will fall under the gridDMT software project.

! TFCLUSTERS
» Burst detection algorithm based on a Fourier time-frequency decomposition.

» It is under the LAL software project and runs under the LDAS job scheduling as well as 
CONDOR. Both versions have been used for results so far.

» The review of the algorithm/method in its current implementation is in progress.

» The LAL/CONDOR version of TFCLUSTERS will prevail in future use of the software.

» Future major upgrades that are considered include a coherent version

! BlockNormal
» Burst detection algorithm based on change point statistics of band-filtered data.

» It is under the MatApps software project (compiled MATLAB code using CONDOR for 
job scheduling).

» The review of the algorithm/method in its current implementation is in progress.

BNS Results: Number of Triggers

!
* 2

b
(!

* )

50 60 70 80 90 100
10

!1

10
0

10
1

10
2

S2 final sample
Expected background

Cumulative
Number /
Expected

Background

Combined SNR

“best fit” clustering

ρ2



LIGO-G040377-00-Z

Analysis Software
in the Burst Group

Erik Katsavounidis and Peter Shawhan

For the Burst Analysis Group

LSC Meeting

August 18, 2004

LIGO-G040377-00-Z
LIGO-G040377-00-Z

Existing Burst Search Software

(currently used for science results)

! WaveBurst
» Burst detection algorithm based on a wavelet time-frequency decomposition.

» In order to run ONCE on x3 IFO S2 data (1Msec) it requires 14 LLO CPUs (??).

» It is under the LAL software project and runs under the LDAS job scheduling.

» The review of the algorithm/method in its current implementation is complete.

» The current implementation of this method will no longer be used.

» There are two changes that are being introduced: (a) CONDORization of existing LAL-
based algorithm which will fall under the LALapps (LAL/CONDOR) software project (b) 
DMT/CONDOR-based algorithm that will fall under the gridDMT software project.

! TFCLUSTERS
» Burst detection algorithm based on a Fourier time-frequency decomposition.

» It is under the LAL software project and runs under the LDAS job scheduling as well as 
CONDOR. Both versions have been used for results so far.

» The review of the algorithm/method in its current implementation is in progress.

» The LAL/CONDOR version of TFCLUSTERS will prevail in future use of the software.

» Future major upgrades that are considered include a coherent version

! BlockNormal
» Burst detection algorithm based on change point statistics of band-filtered data.

» It is under the MatApps software project (compiled MATLAB code using CONDOR for 
job scheduling).

» The review of the algorithm/method in its current implementation is in progress.
50 60 70 80 90 100 110 120 130 140

10
!2

10
!1

10
0

!
*2

N
G

MW

LMC

SMC

M31

M33

BNS Results: Rate Limit

17

0 1 2 3 4 5 6
0

10

20

30

40

N
trig

( !
2
 > 76 )

N
o

. 
o

f 
la

g
s

0 1 2 3 4 5 6
0

10

20

30

40

N
trig

( !
2
 > 78 )

N
o

. 
o

f 
la

g
s

0 1 2 3 4 5 6
0

10

20

30

40

N
trig

( !
2
 > 86 )

N
o

. 
o

f 
la

g
s

0 1 2 3 4 5 6
0

10

20

30

40

N
trig

( !
2
 > 88 )

N
o

. 
o

f 
la

g
s

FIG. 13: Histograms of the number of time lags which produce a

given numberNtrig(ρ
2 > ρ∗2) of coincident triggers above a thresh-

old ρ∗. See Fig. 10 for a comparison with the maximum SNR clus-
tering.
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of triggers by maximizing the SNR over the cluster and the SNR

associated with the same cluster using best fit clustering. Notice that

the best fit clustering typically gives lower SNR values for the final

S2 sample, whereas simulated injections have similar SNR values for

both clustering methods.

A trigger can arise from either an inspiral signal in the data or

from background. If Pb denotes the probability that all back-

ground triggers have SNR less than ρ∗, then the probability
of observing either an inspiral signal or a background trigger

with ρ > ρ∗ is given by

P (ρ > ρ∗;R, b) = 1− Pbe
−RTNG(ρ∗). (13)
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FIG. 15: The efficiency of the search to the target population de-

scribed in Sec. III as a function of the SNR threshold ρ∗. The con-
tribution of each galaxy to NG is shown for galaxies which con-

tribute more than 1% of an MWEG. The largest SNR of a coinci-

dent trigger observed in this analysis was ρ2 = 89 meaning that
NG = 1.34MWEG were probed by the search.

Given the probability Pb, the total observation time T , and the
number of Milky Way equivalent galaxies NG to which the

search is sensitive, we find that the rate of binary neutron star

inspirals per MWEG is

R90% =
2.303 + lnPb

TNG(ρ∗)
(14)

with 90% confidence. This is a frequentist upper limit on the

rate. For R > R90%, there is more than 90% probability that

at least one event would be observed with SNR greater than

ρmax. Details of this method of determining an upper limit can
be found in Ref. [18].

During the T = 339 h = 0.039 y of data used in our anal-
ysis, the largest observed SNR was ρmax = 9.4. The number
of MWEGs NG was computed using a Monte Carlo simula-

tion in which the data was re-analyzed with simulated inspi-

ral signals, drawn from the population described in Sec. III,

added to the time series. The results are shown in Fig. 15

which breaks down the contribution to NG galaxy by galaxy

in the target population. (Results are shown only for galax-

ies contributing more than 0.01 MWEG.) At ρ∗ = 9.4, we
findNG = 1.34MWEG; this is subject to some uncertainties,
to be discussed in the next section. As a function of the true

value of NG, the rate limit is

R90% = 44
(

1.34
NG

)
y−1 MWEG−1 . (15)
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function at a time t during the run is given by R(f, t) =
(1 + α(t)G(f))/(α(t)C(f)). The parameter α was recon-

structed using the observed amplitudes of a calibration line. If

an inspiral signal is present in the data, errors in the calibration

can cause a mismatch between the template and the signal.

We can quantify and measure this effect using simulated in-

jections, both in software and hardware. For such injections,

the SNR differs from the SNR that would be recorded for a

signal from a real inspiral event at the same distance as the in-

jection. The effect is linear in amplitude errors causing either

an upward or downward shift in SNR, but quadratic in phase

errors causing an over-estimation of sensitivity [22]. This er-

ror is propagated to our upper limit by shifting the efficiency

curve in Fig. 15 horizontally by the appropriate amount.

A careful evaluation of uncertainties in the S2 calibra-

tion [23] has shown that amplitude errors have two dominant

components. The first source of error, an imperfect knowledge

of the strength of the feedback actuators in the system pro-

duces an error in the overall amplitude of the sensing function

C(f), and thus it manifests as a systematic error in the ampli-
tude of the response function, constant during the whole run.

This error was estimated to be 8.5% in L1, 3.5% in H1, and

4.5% in H2.

The second dominant source of error is an imprecise mea-

surement of the amplitude of the calibration line, resulting in

an error of the coefficient α(t). This measurement error is
mostly random in nature, and leads to magnitude and phase

errors in the response function. These errors translate into

maximum amplitude errors in the response function equal to

6% for L1 and H2, and 18% for H1.

Another source of error in α(t) which is not captured in the
errors as estimated above, is due to changes in optical gain that

get averaged over the 60 second integration time used in the

measurement of α(t). Based on a limited set of diagnostics,
we crudely estimate these errors can be as large as 10% in L1,

and smaller in H1 and H2. The error in α, including these
fast fluctuations, are random in nature, and are not expected

to contribute to the eror in the measured efficiency.

The SNR used in the final analysis is constructed from the

individual SNR’s ρL and ρH as given in Eq. (10). The error

in SNR then has two pieces

(δρ)2 =
ρ2

L

ρ2
(δρL)2 +

1
42

ρ2
H

ρ2
(δρH)2 (22)

≤ (δρL)2 +
1
42

(δρH)2 (23)

We assume the fractional errors values equal to the maximum

errors in calibration at each site, arising from the systematic

uncertainty in the detector response (8.5% in L1, and 4.5%

for LHO). This results in a conservative estimate of the error

at the largest observed SNR:

(δρ)2 ≤ (0.085ρmax)2 + 0.0625(0.045ρmax)2 . (24)

The resulting error on NG is

δNG|cal = 0.02MWEG (25)

Simulations of the contributions to δNG from the random

fluctuations of α, assuming the largest possible error in H1

(18%), made negligible contributions to the error due to cali-

bration, as expected.

3. Uncertainties in the analysis pipeline

Since we use matched filtering to search for gravitational

waves from inspiralling binaries, differences between the the-

oretical and the real waveforms could also adversely effect the

results. These effects have been studied in great detail for bi-

nary neutron star systems [19, 24, 25]. The results indicate

∼ 10% loss of SNR due to inaccurate modelling of the wave-

forms for binaries in the mass range of interest. This feeds

into our result through our measurement of the efficiency. We

may be over-estimating our sensitivity to real binary inspiral

signals; the estimated loss of efficiency is

δNG|wave = +0/− 0.03MWEG (26)

The effects of discreteness of the template placement, er-

rors in the estimates of the power spectral density Sn(f) used
in the matched filter in Eq. (3), and trends in the instrumen-

tal noise are all accounted for by the Monte-Carlo simulation.

The error in the efficiency measurement due to the finite num-

ber of injections is estimated as δN i
G

∣∣
MC

= N i
G/
√

ni where

ni is the number of injections that are found in our search for

each galaxy. The total error from the Monte Carlo, assuming

zero errors on galaxies with 100% efficiency, is

δNG|MC = 0.05MWEG (27)

4. Combined uncertainties on NG and the rate

Combining the errors in quadrature yields total errors

δNG|total = +0.078/−0.081 MWEG (28)

To be conservative, we assume the downward excursion

NG = 1.34 − 0.081 = 1.27MWEG when using Eq. (15)

to derive an observational upper limit on the rate of binary

neutron star coalescence

R < 47 y−1 MWEG−1 (29)

where we have used T = 0.039 yr and Pb = 1.

X. SUMMARY AND DISCUSSION

Using data from the second LIGO science run (S2), we

have significantly improved methods and strategies to search

for waveforms from inspiraling neutron stars. Departing from

our analysis of the first science run [5], we have optimized our

methods for detecting signals, rather than for setting optimal

upper limits on the rate of sources. In order to increase confi-

dence in a detection candidate, we have used data only when

two or more detectors are operating. We have performed ex-

tensive validations of the detection efficiency of our search
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Existing Burst Search Software

(currently used for science results)

! WaveBurst
» Burst detection algorithm based on a wavelet time-frequency decomposition.

» In order to run ONCE on x3 IFO S2 data (1Msec) it requires 14 LLO CPUs (??).

» It is under the LAL software project and runs under the LDAS job scheduling.

» The review of the algorithm/method in its current implementation is complete.

» The current implementation of this method will no longer be used.

» There are two changes that are being introduced: (a) CONDORization of existing LAL-
based algorithm which will fall under the LALapps (LAL/CONDOR) software project (b) 
DMT/CONDOR-based algorithm that will fall under the gridDMT software project.

! TFCLUSTERS
» Burst detection algorithm based on a Fourier time-frequency decomposition.

» It is under the LAL software project and runs under the LDAS job scheduling as well as 
CONDOR. Both versions have been used for results so far.

» The review of the algorithm/method in its current implementation is in progress.

» The LAL/CONDOR version of TFCLUSTERS will prevail in future use of the software.

» Future major upgrades that are considered include a coherent version

! BlockNormal
» Burst detection algorithm based on change point statistics of band-filtered data.

» It is under the MatApps software project (compiled MATLAB code using CONDOR for 
job scheduling).

» The review of the algorithm/method in its current implementation is in progress.

Primordial Binary Black Holes

■ Search for inspiral of primordial binary black 
holes (PBBH) in the mass range 0.2–1.0 M

■ Number of PBBHs in Galactic Halo is 
constrained by MACHO microlensing 
surveys
● Assume a spherical halo with core radius of 5 kpc and 

maximum radius of 50 kpc
● Rate from a 20% MACHO halo could be 0.02 per year if 

all MACHOs are primordial black holes
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Summary

■ Low Mass Binary Inspiral Searches
● Binary Neutron Star signals (BNS)
● Primordial Sub-Solar Mass Binary Black Holes (PBBH)

■ S2 Run (Early 2003)
● Inter-site coincidence requirement
● 339 hours of data used
● Sensitive to part of the Local Group of galaxies (BNS)

and nearly the entire Milky Way Halo (PBBH)
■ Results

● No evidence of a gravitational wave detection: loudest 
events occurred during times of instrumental instability

● BNS upper limit: R < 50 per year per MWEG
● PBBH upper limit: R < ~65 per year per Milky Way Halo 

for component masses of 0.6 solar masses
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