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• Astrophysical Source: Supermassive Black Hole Binary;  

• Cosmological Source: Primordial Gravitational Wave; Phase transition; 

• PTA collaboration just claimed a detection in July! 

Qiuyue Liang, K IPMU
Credit: NANOGrav 15 yr resultPower spectrum Angular correlation
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• With an isotropic background assumption, PTA cannot tell a left-
moving GW coming from up to a right-moving GW from bottom.  

• This is because PTA can only measure a scalar quantity: residue arrival 
time for each pulsar;
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Astrometry!

• With an isotropic background assumption, PTA cannot tell a left-
moving GW coming from up to a right-moving GW from bottom.  

• This is because PTA can only measure a scalar quantity: residue arrival 
time for each pulsar; 

• Anisotropy？1512.09139  Pulsar polarization array? 2111.10615  



What is astrometry? 
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• Astrometry is a precise measurement of the positions and movements 
of stars and other celestial bodies  

• Gaia is currently measuring 1800 million stars in our milky way 

• Exoplanet; Dark Matter profile; Gravitational wave? 

Credit: Gaia 



Using Astrometry to detect SGWB
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Light path in flat space Light path in perturbed space
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• Assuming the isotropic background, one can separate the two-point 
correlation function in power spectrum and the overlap reduction 
function  

• xi!!!!) assuming the isotropic SGWB 

Qiuyue Liang, K IPMU

Correlation functions

Power spectrum Pss’Overlap reduction function

Power spectrum Pss’Overlap reduction tensor H^{IJ}_{SS’}

PTA

Astrometry
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• For parity-even power spectrum,  ssssssssssssssssss s, , we have 

• PTA: Hellings-Downs curve 

• Astrometry:  
 
 
suppose we choose          , then the non-vanishing component in the 
overlap reduction tensor is the 11 component, and 22 component.

Qiuyue Liang, K IPMU

Correlation functions
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Sensitive gravitational strain 
• When a light passes through a SGWB, the deflection angle is 
proportional to the characteristic GW strain and therefore relates to 
the GW amplitude through 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• For N sources, the angular velocity has a correlated signal of order  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Sensitive gravitational strain 
• When a light passes through a SGWB, the deflection angle is 
proportional to the characteristic GW strain and therefore relates to 
the GW amplitude through 

• For N sources, the angular velocity has a correlated signal of order  

angular velocity

Frequency Angular resolution 10 microarcssec

Time interval ~ 3 yr

Number of sources ~ 10^6Root mean square
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Sensitive gravitational strain 
• When a light passes through a SGWB, the deflection angle is 
proportional to the characteristic GW strain and therefore relates to 
the GW amplitude through 

• For N sources, the angular velocity has a correlated signal of order  

• Future Theia telescope can give                which is capable to reach 
the sensitivity of PTA detection!  



20

• Assuming the isotropic background, one can separate the two-point 
correlation function in power spectrum and the overlap reduction 
function  

• xi!!!!) assuming the isotropic SGWB 

Qiuyue Liang, K IPMU

Correlation functions

Power spectrum Pss’Overlap reduction function

Power spectrum Pss’Overlap reduction tensor H^{IJ}_{SS’}

PTA

Astrometry



Parity violation  
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• For non-vanishing         , PTA won’t response! 

• Astrometry, on the other hand, has non-vanishing overlap reduction 
tensor for this signal 

• For           , the non vanishing components would be  
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• Like CMB analysis, one can decompose the deflection vector to a 
spherical harmonic and work on the angular power spectrum

Non-vanishing EB correlation



Non-vanishing EB correlation
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Sensitivity for EB correlation
• Since in parity even theory, there is a vanishing EB correlation, the 
non-vanishing EB correlation is a null test.  

• For stars in our galaxy, the sensitivity of EB correlation is again set by 
the angular resolution, the observation time, and the number of 
sources, since we have Milky way streams that breaks the parity 
symmetry. 

• For quasars that are far away in other galaxies, we might assume a 
significantly smaller noise for EB correlation. 



Conclusion and Discussion
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• We compute the overlap reduction tensor for astrometry system, 
focusing on the parity-violation signal 

• We further decompose it to spherical harmonics, and obtain the non-
vanishing EB correlation 

• Future work involving detectability of specific models need to be 
done! 

• The current telescope might not be able to detect SGWB yet, but 
future galaxy survey should provide a parallel probe to PTA

Qiuyue Liang, K IPMU



26

Thanks for your attention! 



Typical deflection pattern  (would be cool if I have a deflection 
pattern with the parity violation signals … )
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https://cosmology.lbl.gov/talks/Book_11.pdf


