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LIGO Executive summary

e S1 science run took 3 weeks of data (Aug. 23 — Sep. 9, 2003)
on 4 detectors (LIGO L1, H1, H2, and GEO600).
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e S1 science run took 3 weeks of data (Aug. 23 — Sep. 9, 2003)
on 4 detectors (LIGO L1, H1, H2, and GEO600).

e Data analyzed for signal from PSR J1939+2134, using two methods:

* Frequency-domain frequentist analysis
* Time-domain Bayesian analysis
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e S1 science run took 3 weeks of data (Aug. 23 — Sep. 9, 2003)
on 4 detectors (LIGO L1, H1, H2, and GEO600).

e Data analyzed for signal from PSR J1939+2134, using two methods:

x Frequency-domain frequentist analysis = ho < 2.8 x 10722
x Time-domain Bayesian analysis = hg < 1.4 x 107%2

e Upper limits were set in each case
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e S1 science run took 3 weeks of data (Aug. 23 — Sep. 9, 2003)
on 4 detectors (LIGO L1, H1, H2, and GEO600).

e Data analyzed for signal from PSR J1939+2134, using two methods:

x Frequency-domain frequentist analysis = ho < 2.8 x 10722
x Time-domain Bayesian analysis = hg < 1.4 x 107%2

e Upper limits were set in each case

e For this pulsar, hy < 1.4 x 10~22 corresponds to ellipticity ratio
(non-axisymmetry) e < 1.1 x 1074,
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LIGO Outline 500

Gravitational waves from pulsars
Il. Frequentist analysis method

Ill. Bayesian analysis method

V. S2 and beyond
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LIGO GWs from pulsars

e Pulsars (spinning neutron stars) are known to exist!
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LIGO GWs from pulsars 500

e Pulsars (spinning neutron stars) are known to exist!

e Emit gravitational waves if they are non-axisymmetric:

h(t) = ho Algo i 1) €20

A, & = Amplitude and phase functions
ho = Intrinsic amplitude x ¢
oo, L, = Euler angles of system
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e Pulsars (spinning neutron stars) are known to exist!

e Emit gravitational waves if they are non-axisymmetric:
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LIGO GWs from pulsars L

e Pulsars (spinning neutron stars) are known to exist!

e Emit gravitational waves if they are non-axisymmetric:

h(t) = ho Algo i 1) €20

A, & = Amplitude and phase functions (known)
ho = Intrinsic amplitude o € . (unknown)
oo, L, = Euler angles of system .
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Instrumental sensitivity during S1
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GWs from pulsars
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LIGO GWs from pulsars

Instrumental sensitivity during S1 (1% false alarm thresh., 408 hours):
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Instrumental sensitivity during S1
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GEO (600m) 396 hours
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H1 (4km) 235 hours
L1 (4km) 170 hours

(compare: design sensitivities)

e Known pulsars
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e Known pulsars
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Instrumental sensitivity during S1
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LIGO Outline

Il. Frequentist analysis method
1.
V.
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e JF-statistic is an optimal filter (maximum likelihood estimator of hg).
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e JF-statistic is an optimal filter (maximum likelihood estimator of hg).

e Determine its value F* for our source from our data.
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e F-statistic is an optimal filter (maximum likelihood estimator of h).
e Determine its value F* for our source from our data.

e Determine probability distribution p(F|hq) for a range of hy.

PAC meeting, 2003-06-06 LIGO-G030277-00-E 7



G L ‘—~_,r-4_,.r-.", ~
E L -i};‘-ﬁ"’-»._v .L\
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e F-statistic is an optimal filter (maximum likelihood estimator of h).
e Determine its value F* for our source from our data.

e Determine probability distribution p(F|hq) for a range of hy.

p (F| h,=1)
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e F-statistic is an optimal filter (maximum likelihood estimator of h).
e Determine its value F* for our source from our data.

e Determine probability distribution p(F|hq) for a range of hy.

p (K| h,=1) p (F| h,=2

.fh*-_l r'\\
L] I" -
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e F-statistic is an optimal filter (maximum likelihood estimator of h).
e Determine its value F* for our source from our data.
e Determine probability distribution p(F|hq) for a range of hy.

e 95% frequentist upper limit h3; Is the value such that, for repeated trials with
a signal hy > hgs, we would obtain F > F* more than 95% of the time:

0.95 = / p(Flho = his) dF

*
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e F-statistic is an optimal filter (maximum likelihood estimator of h).
e Determine its value F* for our source from our data.
e Determine probability distribution p(F|hq) for a range of hy.

e 95% frequentist upper limit h3; Is the value such that, for repeated trials with
a signal hy > hgs, we would obtain F > F* more than 95% of the time:

0.95 = / p(Flho = his) dF

*

e Extra detail: Compute p(F|hg) via signal injection, using worst possible
orientation 1), ¢. This gives a conservative upper limit.
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LIGO Frequentist analysis

Probability distributions:
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Probability distributions:
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LIGO Outline

Ill. Bayesian analysis method
V.
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LIGO Bayesian analysis |

e Perform y? fits of data to signal model for various @ = (hq, ¢o, ¢, ¢).
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e Perform y? fits of data to signal model for various @ = (hq, ¢o, ¢, ¢).
e Compute posterior probability distribution (with uniform priors):
p(d|data) « p(ad) - p(datala)
T T 1

posterior prior likelihood o e—X"/2

PAC meeting, 2003-06-06 LIGO-G030277-00-E 10



L~
. | ,
LIGO Bayesian analysis |

e Perform y? fits of data to signal model for various @ = (hq, ¢o, ¢, ¢).
e Compute posterior probability distribution (with uniform priors):
p(d|data) « p(ad) - p(datala)
T T 1

posterior prior likelihood o e—X"/2

e To get probability distribution on kg, marginalize over other parameters:

p(ho|data) oc [deo [di [dcose e X /2
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e Perform y? fits of data to signal model for various @ = (hq, ¢o, ¢, ¢).
e Compute posterior probability distribution (with uniform priors):

p(d|data) « p(ad) - p(datala)
T 1 1

posterior prior likelihood o e—X"/2

e To get probability distribution on kg, marginalize over other parameters:

p(ho|data) oc [deo [di [dcose e X /2

e Actual hy has a 95% propability of lying below hgs, defined by:

hgs
0.95 — / dhe p(holdata)
0
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Posterior probability distributions:
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Bayesian analysis

Posterior probability distributions:
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e 95% upper limits hgs:
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Bayesian analysis

Posterior probability distributions:
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e 95% upper limits hgs:

GEO (600m)
L1 (4km)
H1  (4km)
H2  (2km)

2.1 x 10~2¢
1.4 x 1022
2.7 x 1022
2.2 x 10722

e Can inject simulated signal
to see how PDF changes.
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LIGO Comparison of results

Frequentist A5, Bayesian hgs

GEO (600m) 1.9 x 10721 2.1 x 10~2!
H2 (2km) 4.7 x 10722 2.2 x 10722
H1 (4km) 6.4 x 10722 2.7 x 10722
L1 (4km) 2.8 x 10722 1.4 x 10722
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Frequentist A5, Bayesian hgs

GEO (600m) 1.9 x 10721 2.1 x 10~2!
H2 (2km) 4.7 x 10722 2.2 x 10722
H1 (4km) 6.4 x 10722 2.7 x 10722
L1 (4km) 2.8 x 10722 1.4 x 10722

e J1939+2134 is at 3.6 kpc, so best UL gives ellipticity | e < 1.1 x 10—4
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LIGO Comparison of results

Frequentist A5, Bayesian hgs

GEO (600m) 1.9 x 10721 2.1 x 10~2!
H2 (2km) 4.7 x 10722 2.2 x 10722
H1 (4km) 6.4 x 10722 2.7 x 10722
L1 (4km) 2.8 x 10722 1.4 x 10722

e J1939+2134 is at 3.6 kpc, so best UL gives ellipticity | e < 1.1 x 10—4

e Frequentist and Bayesian analyses answer different questions:

*~ Frequentist: What value hg; would produce F > F* 95% of the time?
* Bayesian: For what value hgs are we 95% sure that hg < hgs5?
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Frequentist A5, Bayesian hgs

GEO (600m) 1.9 x 10721 2.1 x 10~2!
H2 (2km) 4.7 x 10722 2.2 x 10722
H1 (4km) 6.4 x 10722 2.7 x 10722
L1 (4km) 2.8 x 10722 1.4 x 10722

e J1939+2134 is at 3.6 kpc, so best UL gives ellipticity | e < 1.1 x 10—4

e Frequentist and Bayesian analyses answer different questions:

*~ Frequentist: What value hg; would produce F > F* 95% of the time?
* Bayesian: For what value hgs are we 95% sure that hg < hgs5?

e Much of the discrepancy comes from how these methods handle ¢, ¢, ¥:

* Freqguentist: Assume worst-case ¢y, ¢, 1
* Bayesian: Marginalize over ¢q, ¢,
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LIGO Outline

1.
1.
V. S2 and beyond
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LIGO S2 and beyond

e S2: 10x better sensitivity and 3x longerrun = 17x better limits.
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e S2: 10x better sensitivity and 3x longerrun = 17x better limits.

* Set upper limits on all known pulsars using current method.
o Set coherent multi-detector upper limits.
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LIGO S2 and beyond

e S2: 10x better sensitivity and 3x longerrun = 17x better limits.

* Set upper limits on all known pulsars using current method.
o Set coherent multi-detector upper limits.

x New: directed and area searches for sources with uncertain ®(t).
o low-mass X-ray binaries (e.g. Sco X-1)
o supernova remnants
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LIGO S2 and beyond

e S2: 10x better sensitivity and 3x longerrun = 17x better limits.

* Set upper limits on all known pulsars using current method.
o Set coherent multi-detector upper limits.

x New: directed and area searches for sources with uncertain ®(t).
o low-mass X-ray binaries (e.g. Sco X-1)
o supernova remnants
e Beyond S2:

% All-sky, all-frequency surveys.
* Progress to making actual detections! (Advanced LIGO)
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