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Overview 

• Scorpius X-1 (Sco X-1) 
» Neutron star in binary system 

» Most luminous extra solar X-ray source 

» GW emission estimated by torque balance limit  

» Unknown spin frequency  

• Sideband algorithm 
» Existing coherent F-statistic (matched filter) 

» Orbital motion modulates signal frequency 

» Sum of frequency modulated F-statistic sidebands  

• S5 search 
» Pilot study 

» observation time-span limited to 10 days because of spin wandering 

» 50-550 Hz search band 
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http://www.ralf-schoofs.de/blog/wp-content/uploads/2009/01/scorpiusx11.jpg


Torque balance limit 

• Approximate upper bound on h0 

» Assume angular momentum gained from accretion is balanced by 

angular momentum lost via gravitational wave emission 

 

 

 

 

• Current best h0 LIGO upper limit from S5 radiometer 

search (at 150 Hz): 
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Method 

• Existing software 
» Coherent F-statistic (matched filtering) 

» Eg. Cas A, Supernovae remnants search 

• Sideband method1,2,3  
» Incoherent sum of frequency modulated F-statistic sidebands 

» C-statistic = convolution of F-statistic with sideband template 

03 Nov 2014 LIGO-G1401272 4 

F-statistic Sideband Template C-statistic 

Frequency Frequency Frequency 

1. S. M. Ransom, et. al., Ap. J., 589, 911 (2003) 

2. C. Messenger and G. Woan, CQG, 24, 469 (2007) 

3. L. Sammut, et al., Phys. Rev. D, 89, 043001 (2014)  

 



Results 

• Signal-based veto 
» Designed to remove non-Gaussian outliers 

» Reduced 24 outliers to 8 candidates 

• Manual inspection 
» Reduced 8 candidates to 3 after visual inspection 

» Consistent with noise at a 1% level 

• Candidate follow-up 
» 3 remaining candidate bands followed up in 2 other 10-day 

observations 

» No significant candidates in other observations 

» Combined C-statistic not significant (combined P-values ≥ 0.6) 

• No detection 
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Upper Limits 

• 95% ULs on GW strain for 50-550 Hz band 
» Range of ULs for each 1-Hz search band 

» Median UL provides robust and representative estimate of the 

sensitivity of the search  

»  h0
95 ≈1.3×10−24 and 8×10−25 for the standard and angle-restricted 

searches respectively, at 150 Hz. 

• Improve on previous results  
» 10-day coherent observation time and minimal computational 

expense  

» 1.4 and 2.3 improvement on previous Sco X1 directed UL at 150 Hz  

– S5 radiometer search returned a most sensitive median 95% strain 

upper limit at of  h0
95 ≈ 2×10−24  at 150 Hz[J. Abadie et al., Physical Review 

Letters, 107, 271102 (2011)] 
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Summary 

• Sideband Search 
» Pilot study, 10 days of S5 data, 50-550 Hz band 

» Demonstrates use of sideband method on LIGO data 

» Beats previous upper limits across search band  

– factors of 1.4 (standard) and 2.3 (angle restricted) at 150 Hz 

• Upper limits 
» Constrained GW strain amplitude of NS in Sco X-1 system 

» Significant sensitivity improvement over previous Sco X-1 searches 

• Search and paper draft extensively reviewed 
» Procedure validated 

» Panel review, CW review 

» Paper presented to DAC and posted to LVC for comments 

• Intend to submit to PRD 
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Search parameters 
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L. Sammut, C. Messenger, A. Melatos, and B. J. Owen, Phys. Rev. D, 89, 043001 (2014) 

unknown GW frequency → wideband search 

Sco X-1 system parameters 
• Sky position, binary orbital parameters, orientation angles, NS spin frequency 



Results 
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 Black curve: 1% multiple 

trial false alarm threshold 

 

Red points: data 

 

Black stars: isolated 

hardware injections 

 

Green circles: known 

noise lines 

 

Pink squares: outliers not 

consistent with noise 

 

 

24 outliers above 1% 

false alarm rate, expect 

only O(5) in Gaussian 

noise. 
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Candidates 
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Signal Signal 

Gaussian noise 

Detector noise Detector noise Detector noise 

Signal based veto 



03 Nov 2014 LIGO-G1401272 13 

Follow-up 



Upper limits 
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Angle directed - restricted priors Standard search - uniform priors 


