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GW = Gravitational wave



Stochastic background
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> With observation claimed by BICEPZ2, appears possible to
study physics of very early times and very high energies |



Advanced LIGO and Advanced
Virgo
« Advanced LIGO [1] and Advanced Virgo [2] expected

to achieve four orders of magnitude improvement in
sensitivity to GW energy density at 100 Hz

» Expected to be sensitive to frequencies down to 10 Hz

« Studies different region of frequency space from
LISA/eLISA, provides complementary information for
constraining GW models




|sotropic search

» Looks for isotropic stochastic background from
cosmological and astrophysical sources

 Cross-correlates data streams from different
detectors to look for correlated signal within
detector noise



Isotropic search: detection strategy

Cross-correlation estimator
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|sotropic search

 Mature and long-established analysis

* Has already set the best direct upper limits with
initial LIGO and Virgo data [3,4]



|Isotropic search: latest results

 Latest results from 2009-2010 LIGO and Virgo

data (paper being submitted soon!):

- Find no evidence for isotropic stochastic GW

background
Frequency f .o 95% CL upper limit Previous limits
(Hz) (Hz) on Q_
41.5-169.25 - 0 5.6x10° _38%) 7.7 x10°
170-600 - 0 1.8 x 10 -
600-1000 900 3 0.14 x2.5 0.35
1000-1726 1300 3 T




|Isotropic search: latest results, cont.
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Directional search

* Looks for anisotropic stochastic background
from aggregate of astrophysical sources
dominated by strongest members

» Uses cross-correlated data to create sky maps
of gravitational wave power

* Time delay between detectors used to measure
location of signal on sky, Earth rotation breaks
degeneracies for permanent signals
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Directional search: detection
strategy

 Energy density:

. — }( {l)-,‘:}{"‘q‘.‘i,..-' .;.’}'"‘3 9 / A v P
Qawl( : — = dQQP(f,Q)
aw(/f) o df 2 A (J,32

3 /g2
* Point source (radiometer) search:
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» Spherical harmonic decomposition (similar to
CMB analyses):
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Directional search

« Useful in disentangling different sources of
background

 Mature analysis, published results [5,06]

 Narrowband radiometer useful for point sources
when significant uncertainty in phase evolution
of neutron star signal (such as Sco X-1)
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Directional search: improvements to
narrowband radiometer B

* Bin size as a function of frequency

- Sco X-1 modulation from binary motion [7]:

Af = (0.133 + 0.017 Hz) (f/ 500 Hz)

« Atf=40 Hz, Af=0.0106 £ 0.0013 Hz. Standard 42 Hz
bin size much larger than necessary

o« Atf=1726 Hz, Af=0.4591 £ 0.0587 Hz. Standard %2 Hz
bin size contains at most half of the signal

* Overlapping bins

- If signal of SNR = 5 falls on border of two adjacent
frequency bins, the signal would show up as
SNR = 2.5 in each of the bins
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Directional search: improvements to
narrowband radiometer, cont.

« Use improved code in mock data challenge for
comparison of Sco X-1 analysis methods

* Analyze 2009-2010 LIGO/Virgo data with
Improvements

e Vetted code in place for Advanced LIGO and
Advanced Virgo
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Conclusions

» Expect four orders magnitude improvement in
sensitivity at 100 Hz with aLIGO and aVirgo,
sensitive down to 10 Hz

* |sotropic search: new results from 2009-2010
data

* Directional search: planned improvements to
narrowband radiometer to be implemented for
advanced detectors

» Certain astrophysical and some alternative
cosmological backgrounds may be within reach
of aLIGO and aVirgo
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