LIGO
The StackSlide Search

http://www.ligo-wa.caltech.edu

Update: March 2004 LSC Meeting

Gregory Mendell, LIGO Hanford Observatory

L 1GO-G040080-00-W



LIGO Outline

e Overview/highlights since last L SC meeting.
e TheKeysTo The City

" Version Control .. Renroducibility)
= Documentation

= Validation/Verification
e Statistics
e Preliminary S2 results
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LIGO The StackSlide Search

Binswith frequency
domain data, e.g., fro
SFTsor F-statistic.

e An incoherent search method that stacks
and slides power to search for periodic
SOUrces. (P. Brady & T. Creighton Phys. Rev. D61

(2000) 082001; gr-qc/9812014.) 000

» The periodic search is computationally 0000.
bound. A hierarchical approach that B00S.
combines coherent & incoherent methods .:::.
IS needed to optimize sensitivity. 9000

o Sources like LXMBs with short coherence N | | Gy
times (~ 2 weeks) require incoherent 9000
methOdS' A.  Stack the power.

* Want to add StackSlide to the incoherent 5. Sldetocorrestior
toolbag along with Hough transforms. ” ppler shiits

C. Sum and search for

significant peaks.
L1GO-G040080-00-W



LIGO  Highlights Since Last LSC

The code now runs under Condor as an executable
statically linkedto LAL. . .Caugor......

A driver script runs the code in standalone mode or
creates a condor submit file for parallel jobs.

Thefirst version of the diding function is finished.

Added a peak finding algorithm; the code can find
all or loudest events above athreshold.

The code outputs the process, process params,
search summary, search summary vars, stackslide
summary and stackslide event tables in xml format.

Matlab scripts exist to find an estimated UL based
on loudest event (if no detection).
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StackSlide Pipeline

A
SFTsare generated only once Parameter space
Raw Data i me‘tric placement
e Input aband from SFTs .
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v .
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1 placement
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Terr]pl me pl merr]mt < ............................................ Compute PSDS from SFI-S
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A 4 Veto Instrument Lines
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LIGO Peak Finding Algorithm
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GO Overlapping Bands

Peaks that occur within one max-width of
Max Width the ends of the band are ignored.

SRR
T ||

Peaks ignored in the previous band will
be included as events in the next band.

Need to overlap frequency bands by twice
the maximum expected width.
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LIGO  Reproducibility: Version Control

« XML output contains the
CVSld of thedriver code.

 Needtoinclude CVStagsto
all code and scripts.

Hide | o0 | Resize

Colum selected: version

rogran | version | eve repsirany i

stackslide §1d: Drivestackslide.c,v 117 20040304 07:11:07 gmendell Tp & foource: (uer/local v/ lscdocs pulgroup/etackslide dev/Drivestackilide.c.v §

N |

(Note that the XML file can be viewed
Process Table using guild or read into Matlab.)
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LIGO Renroducibility: Documentation

 The XML output contains al the
command line arguments needed
to rerun the code.

e Thisincludesthe path and
pattern used to find the data.

(olum selected: paran M 00| Reslze |

il Itype I‘JdlUE

oo Line sugs string  TUSATTIL 0 40%6 3328600 1067 1600 1600 5170 136 Jod.0 [ 1600 3570 158 J844.0 3070 Jo00 $5L.3 L2 21600 KL 1RO bencherkTest

N )

Process Params T able | 150 GOA0080-00-




LIGO Reproducibility: Documentation .

 InCVS. README_ComputeStackSlideSums and
README_CommandLineArguments.

» README_CommandLineArgumentsisin the form of
atcl script that sets each arguments along with
comments describing each argument.

= A preprocessor flag can be set to output the command-
line-arguments documentation showing those used in
an ajob.

= Only need to maintain thisin one place in the code.
* Need to incorporate this into tex documentation.
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LIGO  v/gidation/Verification: SNR .

The JKS optimal SNR for 1 SFT, averaged
over M SFTs:

A2 Tepr AZT
<d? >= FZ= < FZ >ops +—2g+ < F§ >obs

[}

Ay = %hn(l +cost) ; Ax =hgcos

The StackSlide Power SNR for M SFTs nor-
malized so that the mean noise power is 1:

SNR = (145 < d? >)VM



LIGO v/ glidation: Fake Pulsar Signal

StackSlide Power vs. frequency for 1-10 days of fake data.

(Pulsar f = 405 Hz; power has been normalized to make mean = 1.)
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LIGO  validation: Fake Pulsar Signal .

StackSlide Power SMR

B0

35

30

Theoretical (14.5°T"%), measured (fits ~ 11.7*T ") SNR for fake data
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LIGO v/ glidation: Fake Instrument Lin

StackSlide Power vs. frequency for 1-5 days of fake data.

(Pure sinusoidal line f = 405 Hz; power is normalized to make mean = 1.)
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LIGO \/glidation: Fake Instrument Lin

Power SMRE vs time for a fake pure sinusoidal instrument line in fake noise.
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LIGO \/alidation: Injected S2 Pulsar 1

02/27i04 test on 32 Injected Pulzar 1 for BE0 B0 & 3FTs in /ecratch/xavifCAL_HI_InjectData
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LIGO \/4idation: Injected S2 Pulsar 2 .

02/27/04 test on 52 Injected Pulsar 2 for 560 80 s SFTs in /scratchixaviiCAL _HI_InjectData

q‘ T I T T I
f pulsar = 1288.9 Hz, pwr_snr* = 48.1, width = 2 bins
35 =
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LIGO

Statistics:. PDFs

The StackSlide Power is the sum of the Power
in M SFTs:

p=P1 4+ P+ P34 ... 4 Py,

where each P has been normalized to follow
an exponential distribution (for gaussian white
noise) exp(—P), i.e., 2P; follows 2 distribution
with 2 degrees of freedom. Thus 2p will follow
a X2 distribution with 2M degrees of freedom.

PDF(p; M)dp = mpM_le_ﬂdp

If a signal is present, then the distribution for
2p is a x2 with 2M degrees of freedom and
noncentrality parameter d2.

NCPDF (p; M, < d? >)dp =

M-—1

C (H?%)T Ingq (-.fZMpdz) Eﬁ’a&dzdp



LIGO

Statistics: CDFs

The false alarm rate, Cg, is set, and this de-
termines the cutoff on StackSlide power pe:

Ca = fp'::o PDF(p; M )dp.

The false dismissal rate, Cy4, is set and this
determines the SNR d2:

Cq = [§¢NCPDF(p; M,d?)dp.

The SNR can then be used to place an upper
limit on the signal amplitude hg. For a 1%
false alarm rate, 5% false dismissal rate, and
averaging over all sky positions, the estimated
upper limit is:

ho < 7.4M1/4\[Sy/Tops,

where the fit to M1/4 was found for 1000 <
M < 3000 to be good to within a few percent.



LIGO

Statistics: False Alarm Rate

¥ 10

FDF(p,M = 1887) = " PDF with 211 degrees of freedom

! A 195 false alarm rate

gives p_ = 1.0543.

vl . |
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LIGO Siatistics: UL from Loudest Event

NCPDF{l=1887,d°=0.19) = noncentral 3~ with v=2M, s=hd"
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LIGO Results: S2 H1 352-353 Hz Band

| oudest Event
Colum selected: Erequency _W _I_R%l
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rico Results: S2 H1 352-353 Hz Band
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—  Reaults: S2 H1 352-353 Hz Band

SUM BA=0, Dec=0, 1Dot=0 for 1887 3Z _H1_FunkyCal3dhin SFTs
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LIGO
Results; S2 H1 352-353 Hz Band

L oudest Event

Histodram Stack3lide power for 32 H1 362- 363 Hz Band
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LIGO

Results: S2 H1 Preliminary Upper

Limits for 352-353 Hz Band

(Estimated using all sky average
and one valuefor S)

 back-of-envelope estimate: h, < 1.4e-22
* From loudest events:

N, < 5.7e-22 (if no vetos)
N, < 4.0e-22 (if veto 352 Hz instrument line)

N, < 1.8e-22 (if veto 14 bin wide event)
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