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Introduction 
The LIGO Scientific Collaboration and Virgo Collaboration 
have carried out joint searches in LIGO and Virgo data for 
periodic continuous gravitational waves. 

These searches can be broadly classified according to 

•  Targeted – Known pulsar with timing known from radio,       
X-ray or gamma observations 

•  Directed – Known star/direction with unknown frequency 

•  All-sky – Unknown star in any direction 

Within each category one can search for isolated or binary 
stars. 

Sensitivity to gravitational wave strain improves as the a priori 
information available increases. 

•  Parameter space volume shrinks, allowing longer coherent 
integrations 

•  Statistical trials factor decreases  

External information can make the 
difference between detecting and missing 
the first continuous gravitational-wave 
source 

Figure 1 - The interferometers of the LIGO/Virgo network 
are located in Livingston, Louisiana; Hanford, Washington; and Cascina, 
Italy. In continuous-wave (CW) searches to date, the LIGO 
interferometers have been used for frequencies above 50 Hz, while the 
Virgo interferometer has permitted searches as low as O(~10 Hz).    
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Recent science data taking runs: 
LIGO: 
•  S5 – Two 4km detectors (H1, L1) and one 

2km detector (H2) from 4th Nov 2005 to 1st 
Oct 2007 

•  S6 – H1 and L1 from 7th Jul 2009 to 20th 
Oct 2009 

Virgo: 
•  VSR2 – 7th Jul 2009 to 8th Jan 2010 
•  VSR3 – 11th Aug 2010 to 20th Oct 2010 
•  VSR4 – 3rd Jun 2011 to 5th Sept 2011 
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Gravitational wave generation: 
Gravitational radiation generated by 
quadrupolar mass movements: 

Spinning neutron star with equatorial ellipticity: 
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gives a strain amplitude  (fGW = 2!fRot ): 

Courtesy:  
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Targeted Searches: 
Targeted searches for 116 millisecond pulsars were carried out in 
LIGO S5 data, and a search for Vela was carried out in Virgo 
VSR2 data, leading to upper limits on strain amplitude h0: 
[ Ap. J. 713 (2010) 671;  Ap. J. 737 (2011) 93 ] 

Highlights: 
•  Amplitude limit (J1603-7202) 
       h0

95% = 2.3 ! 10-26 
•  Ellipticity limit (J2124-3358) 
       "95% = 7 ! 10-8 
•  Crab spin-down limit beaten: (LIGO S5 data)                                                     
<2% of energy loss due to GW emission 

•  Vela spin-down limit beaten: (Virgo VSR2 data) 
<35% of energy loss due to GW emission 

Directed Searches: 

Cassiopeia A: – young! (~300 years)  CCO in SNR requires 
search over 2nd frequency derivative over 12-day observation                               
[ Ap. J. 722 (2010) 1504 ] 

Indirect upper limit (based on age, distance) 

Scorpius X-1: LMXB with known orbital period, unknown spin 
frequency. “Radiometer” search carried out in LIGO S5 data(no 
explicit frequency template)  
[ Phys. Rev. Lett. 107 (2012) 271102 ] 

All-sky Searches: 
All-sky searches are computationally bound – cannot carry 
out coherent integrations over full observation time. Various 
semicoherent algorithms used in searches, with coherence 
times ranging from 30 minutes (e.g., PowerFlux) to ~30 hours 
(Einstein@Home)  
[ Phys. Rev. D85 (2012) 022001, arXiv:1207.7176 ] 

Lessons: 
Targeted searches can see ~30 times smaller strains than 
all-sky searches 
! Can see same source 30 times farther away 
!  Can see a volume (30)3 ! 30,000  larger 
!  Potentially 1,000-30,000 times more sources 
But only if timing available! 

Still, partial timing is better than none, e.g., knowing Sco X-1 
orbital period will help us. 

Knowing spin period would help immensely, even if long-
duration coherent timing solutions proved difficult. 

Some questions on CW searchers’ minds in preparing 
for Advanced LIGO & Virgo: (~10 " more sensitive) 

•  Plausible mechanisms for detectable CW generation?  

•  Is accretion in binaries our best bet? 

•  Directed searches: 
-  Which directed searches should get highest priority?  
-  Are we missing some promising sources? 

•  Narrowband searches – What is a reasonable 
electromagnetic/gravitational frequency mismatch? 

All-sky searches: 
•  Should we modify/supplement all-sky searches? 
•  Favor galactic plane / spiral arms with “spotlight searches”? 

•  Prospects for outlier discovery?                                           
(1st detected object may be unusual…)  

Figure 2 – LIGO S5 upper limits on the GW amplitude for 
known pulsars. The gray band shows the estimated range of expected 
sensitivity given the detector noise levels. Previous upper limits from the S3/S4 
runs are also shown. 

Figure 3 – Upper limits on the GW amplitude from the neutron 
star in Cas A. The solid horizontal line represents an indirect limit based on 
the star’s age, assuming energy loss dominated by GW emission.  

Figure 4 – Upper limits on the GW amplitude from directed 
searches for Sco X-1. Results shown are for strain RMS 1-# and 90% CL 
values from searches in LIGO S4 and S5 data.  

Figure 6 – All-sky upper limits using Einstein@Home. 
Results from the LIGO early S5 and full S5 data sets are shown. 

Figure 5 – All-sky LIGO S5 upper limits and 
astrophysical reach using the PowerFlux method.            
The upper graph shows 95% CL upper limits on strain amplitude under 
least and most favorable assumptions of polarization (most unfavorable 
linear vs circular). The lower graph indicates contours of maximum range 
sensitivity as a function of frequency & frequency derivative, along with 
contours of corresponding ellipticity. Results from the LIGO full S5 data 
set are shown. 


