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Signature of vector dark matter in 
NANOGrav?



• NANOGrav 
• Pulsar Timing Array 
• Hellings - Downs Correlation 
• HD + Saphiro delay 
• Ultralight Vector dark matter

2
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NANOGrav 

3Talk by Subhendra Mohanty



NANOGrav 
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 Pulsar Timing Array
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Pulsar Timing Array Pulsar Timing Array

• Pulsars are rotating Neutron Star
• Emit Electromagnetic radiation at 

regular intervals
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Timing Residual
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R = TOA − (TOA)model

• Observe a pulsar and measure the time of arrival 
(TOA) of its pulse

• Find a model which gives the best fit to the TOA
• Calculate the timing residual

• For a perfect model with noiseless background : R = 0



Hellings - Downs Correlation: SGWB
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Shapiro Time Delay
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Vector dark matter
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Fitting NANOGrav data

 value in three scenarios:

• Hellings - Downs : 94.3

• HD + Shapiro delay : 5.068

• Shapiro delay + VDM : 4.47
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VDM parameter space

• Solid lines are obtained 
from the best fit values 
of 

• T h e v e r t i c a l l i n e s 
highlights the constraint 
on the dark matter mass 
from the amplitude of 
the observed signal

α



Take Away
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• A non-gravitational source of pulsar oscillation offers a better fit 
to the NANOGrav data as compared to standard HD correlation for 
stochastic gravitational wave background. 

• We are statistically incentive to accept that PTA results offer 
evidence for ultra-light vector dark matter!

• Future observations of pulsar timing by PTA collaborations may be 
able to enhance the statistical significance of vector dark matter 
explanation or rule it out.

Thank You!



Credit : ScienceFacts

• Neutron star is the last stage 
of a stellar evolution

• These are very dense objects
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ξab(θab) = ΦHDΓHD(θab) + ΦSDΓSD(θab) + ΦVDMΓVDM(θab)

= [ΦSD(ΓSD(θab) + βΓHD(θab) + αΓVDM(θab))]

ξ̃ab(θab) = 1
1 + β + α

[ΓSD(θab) + βΓHD(θab) + αΓVDM(θab)]
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Minimization of  demands  to be negligibly small χ2 β


