ﬁSearchinq for multi-day transient GWs from NSs

Stefanos Giampanis and Reinhard Prix
Albert-Einstein-lnstitute

Hannover

Columbia University, New York Awmaldi 8 (LIG0-G0900557-v3) June 25 2009



Why “transient” 7

Previous efforts assumed continvous ¢GWs from NSs

Crab 1996
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CWs wmodel

GW tensor components in NSs rest frame:
hi(7) = Ay cos®(7)(gs(7)), hx(7) = Ax sin ®(7)(gs(7)

Phase evolution: o(7) = ¢+ 6(Ar)  6(Ar) =273 - ﬁ)l (o

GW strain: h(t) = ng(t; te, Ts) A" By (t) FREOK AN A

p=1

Awplitude/Phase A" = A AL Ay, ¢0)
parameters:

a(t) cos p(AT), ho(t) = b(t) cos p(AT),
a(t) sin (A7), hy(t) = b(t) sin ¢p(AT)
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2 Parameter space

+rel. effects

+ Doppler parameters

Ty {/,}- f(,sfl} (Where f{s] — (]Sf(’/’)/(] TS|Tl~ef)
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Matched Filter method

?orre)lafe a known signal (template) with an unknown signal
data

A template is some linear superposition of a vector basis

Basis vectors:  R/.(t; ), to, AT) = go(to, AT )b, (t; \)

Covariance Matrix: M. = (h'.|Rh",) = (g0hulg0h.)

z, = (|h',) = (z|goh,)

s, = (s|h’,) = (s|goh,) 00

n, = (k) = (look)  apd (2ly) = S—l/ o()y(t)dt
0

Vectors: where =(t) = s(t) + n(t)
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2 Log-Likelihood (F-Statistic)

Probability of observing the data x(t) given A, A to, AT, S

1 1 ]
P(x| A\ ty, AT, S) = ke 2®® exp | (x|s) — §(S|8)

Bayes’ theorem (and flat priors) gives
1

log P(A, A to, AT [, 5) = log Iy + (x|s) — ;(s]s)

Marginalize over A"
1

- og P(\to, AT\, S)}max = logP, + §wu./\/l“’/a3,,

- “F-Statistic”: 2F(\ to, AT|x) =z, Mz,
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Expected value of F-Statistic

rect window T ks AP

Bl = s M A+ (x5 ) 5 A ) A

Whel’e == maaz(to, ) and © = mm(ts B L AT)

Injected transient signal att =41. 50 days with 1 T =7 days (SNR ~ 28)
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G Statistics - Hypothesis testing
* 2 hypotheses:

- hull hypothesis Ho : =(t) = n(t
- signal case Hy - x(t) = n(t)+ s(t; A\ tg, AT)

Testing: Oro(z|T) = P(Hq|x1) _ pdf(x|H1) P('Hq
- Odds ratio Lol P(Hol|xl)  pdf(x|Hol) P(Hg

- Bayes factor 5, / FeA0AL) Pty AT Hy )dtg AAT
- Posterior PDFs

posterior pdf of obtaining AT

al duration AT) in days
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K3 “transient” search vs. ‘coherent” search

ROC curves (injected signal on H1-L1 of SNR ~15 1= 7 d, data spans 3 months)
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G Sumwmary

Peveloped a Bayesian (Odds-ratio) search method for a
“transient” (1d-lmonth) GW signal from known pulsars

Classical (frequentist) F-Statistic can be derived in a Bayesian
framework using flat priors on .A"s (R. Prix to appear in CQ6)

Method is multi-IFO compatible

Can be extended in ‘directed” searches (known sky position for
a pulsar but searching for a signal in a frequency band)
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