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e Ground-Based SGWB Search Technique

e Statistical Aside: Frequentist & Bayesian ULS

e Current Upper Limits

Reminder: ground-based detectors sensitive at 10s—1000s of Hz



Stochastic GW Spectrum

e For isotropic backgrounds,

define spectrum i.t.o. GW contribution to Q = Pp't:
Cri

1 dpgw_ f dpgw
peritdIn f Pcrit df

Qgw(f) =

o Note pcit oc HE, SO h70Qqw(f) is independent of
Ho

100km/s/ Mpc

Most recent results assume higg= 0.72

h100=

e Equivalent GW strain power (in interferometer w/_L arms)
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How to Tell Stochastic Signal
from Random Noise

Ground-based detectors noise-dominated Sqw(f)<KP(f)
& can't be pointed “off-source”
— identifying a SGWB in a single detector impractical

Need correlations among detectors

— Detector 1: sy = h1 + nq1, Detector 2: so = ho 4+ no
— h=stoch GW signal, n=noise (usu. much larger)

Assume noise uncorrelated with signal & between detectors

Cross-correlation:

(s182) = (ning) + (n1ho) + (hino) + (h1ho)
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How to Tell Stochastic Signal
from Random Noise

e Need correlations among detectors

— Detector 1: s1 = h1 + nq, Detector 2: so = ho 4+ no
e Assume noise uncorrelated with signal & between detectors

e Cross-correlation:
avg to O avg to O avg to O

(s150) = Tninm) + ko) + Thano) + (hiho)

only surviving term is from stochastic GW signal



Sensitivity to
Stochastic GW Backgrounds

e Optimally filtered CC statistic

y = / df 55(F) Q) 52(f)

: : ~ F3Qaw(Hy12(f)
o Op‘tl'mal filter Q(f) BB
(Initial analyses assume Qqgw(f) < f< across band)

e Optimally filtered cross-correlation method sensitive to
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e Significant contributions when
— detector noise power spectra P1(f), P>(f) small

— overlap reduction function v15(f) (geom correction) near +1



Overlap Reduction Function

5 NPT
v12(f) = dlabdgdﬂ //526129 pPTTa(Q)et2mfitAx/e

Depends on alignment of detectors (polarization sensitivity)
Frequency dependence from cancellations when A < distance
— Widely separated detectors less sensitive at high frequencies

GEO
LHO

LLO

max Z€ero min

This wave drives LHO & GEO out of phase



Overlap Reduction Function

5 P O N2
712(]") = dlabdgdﬂ //SQdQQ PTng(Q)eZQTFfQ AX/c

Depends on alignment of detectors (polarization sensitivity)
Frequency dependence from cancellations when A < distance
— Widely separated detectors less sensitive at high frequencies

GEO
LHO

maxXx

LLO

zero

This wave (same \) drives LHO & GEO in phase



Example: Overlap Reduction Function (LLO and other detectors)
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Statistics in SGWB Upper Limits

CC stat provides estimate 5;
From noise PSDs, calculate theoretical std dev o

—

If actual value is €2, prob of measuring <2 is
P(QIQ) e~ (2—)2/20
Frequentist UL (e.g., 90% CL):
If 2=, odds of measuring a higher value than Q are 90%

QuL=+1.28¢

Problem: if Q< O, 2y can be unreasonably small, or negative!



Bayesian UL in SGWB Search

e Alternative method: use Bayes's Theorem to find posterior

P(QQ) x P(QQ)P(Q) x e~ (2=?/20° p(y)

e Use simple prior P(€2) = const for 0 < Q2 < Omax
More conservative than Jeffreys prior o< 1/2

e Bayesian UL (e.g., 90% CL):
90% of the area under the posterior PDF lies below Q.



90% CL upper limits

bayesian

frequentist
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http://www.roma1.infn.it/rog/

LIGO Approaching Design Sensitivity

Best Strain Sensitivities for the LIGO Interferometers
Companisons among 51 - 54 Runs  LIGO-GO50482-00-Z
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http://ligo.caltech.edu/docs/G/G050482-00/

LIGO Approaching Design Sensitivity

Strain Sensitivities for the LIGO Interferometers
H1 Performance Comparison: S1 through post S4  LIGO-G050483-01-Z
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http://ligo.caltech.edu/docs/G/G050483-01/

Upper Limits

Best direct upper limit: LIGO Hanford (WA) aka LHO
& Livingston (LA) aka LLO, S3 Run

(LSC, Abbott et al, astro-ph/0507254):

Qaw(f) < 8.4 x 10™% at 69 Hz < f < 156 Hz

Projected sens for 1 yr @ initial LIGO design: 106
(note LHO 2km-4km ~ 5x better than LHO 4km-LLO 4km)

Projected sens for 1 yr @ advanced LIGO design: 109

Relevant indirect limit in ground-based freq band:
Success of nucleosynthesis models means

o0 df 5
/ Qgw(/) <10

0—8Hz


http://www.arxiv.org/abs/astro-ph/0507254
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http://www.arxiv.org/abs/astro-ph/0507254

Other Ground-Based Measurements

Correlation between Garching & Glasgow prototype IFOs
[Compton et al, MG7 proceedings, 1994]:

Correlation between EXPLORER & NAUTILUS bars
[Astone et al, A&A 351, 811 (1999)]:
h200S2gw (907 Hz) < 60

Correlation between LIGO Hanford & Livingston S1 data
[LSC, Abbott et al, PRD 69, 122004 (2004)]:
h250gw(f) <23 at 64 Hz < f < 265 Hz

Correlation between LIGO Livingston and ALLEGRO bar:
In progress; expect sens to Qgw(f) < 109 at 850Hz < f < 950 Hz



QGW

Plot adapted from

Stochastic Landscape
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one courtesy Joe Romano
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Stochastic GW Background "Landscape
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