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● PTAs - a set of these pulsars 
that are observed to find 
correlation in the signals

● Used by collaborations 
(NANOGrav, EPTA, IPTA, etc) 
to detect gravitational waves 
(GWs) 
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What is massive gravity?
● Massive gravity - theory of modified gravity in which the graviton has a 

nonzero mass, m 

● Many problems emerge, such as the ghost mode, vDVZ discontinuity, 

unstable cosmologies in FLRW, etc 
○ Various researchers have addressed it in various MG models, such as the one proposed by 

de Rham, Gabadadze, Tolley [1011.1232]

● It’s an appealing theory! May explain expansion of universe without dark 

energy (such as in extensions in bigravity, Cusin et al. 2016 [1608.06643]), 

may explain dark matter (Blas, 2024 [2412.14282])
34
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fL >> 1 limit



Overview

47

● Introduction to the Gravitational Wave Background
○ Pulsar Timing Arrays

○ Overlap Reduction Functions

● Massive Gravity
○ Additional Modes of Polarization

● Constraints from Dispersion Relation



The dispersion relation 
● Another consequence: massive gravity adds a term to the dispersion 

relation

48



The dispersion relation 
● Another consequence: massive gravity adds a term to the dispersion 

relation

 

49



The dispersion relation 
● Another consequence: massive gravity adds a term to the dispersion 

relation

 

● ω MUST be greater than m 

50



The dispersion relation 
● Another consequence: massive gravity adds a term to the dispersion 

relation

 

● ω MUST be greater than m 
● Values of ω that we may probe with PTAs are bounded: 

51



The dispersion relation 
● Another consequence: massive gravity adds a term to the dispersion 

relation

 

● ω MUST be greater than m 
● Values of ω that we may probe with PTAs are bounded: 

52



The dispersion relation 
● Another consequence: massive gravity adds a term to the dispersion 

relation

 

● ω MUST be greater than m 
● Values of ω that we may probe with PTAs are bounded: 

53



The dispersion relation 
● Another consequence: massive gravity adds a term to the dispersion 

relation

 

● ω MUST be greater than m 
● Values of ω that we may probe with PTAs are bounded: 

54

(~15 years for NANOGrav)



The dispersion relation 
● Another consequence: massive gravity adds a term to the dispersion 

relation

 

● ω MUST be greater than m 
● Values of ω that we may probe with PTAs are bounded: 
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(~15 years for NANOGrav)
(~ twice a week for NANOGrav)
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Comparison to data
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Frequency dependent ORF?
● Chinese Pulsar Timing Array data: frequency dependent!
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From a presentation by Qiuyue Liang I saw a while ago
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Conclusion
● We detected a gravitational wave background in 2023

○ We can analyse these signals by comparing to overlap reduction functions

● Massive gravity endows mass to the graviton 
○ 5 polarization modes -> modified ORF

● Dispersion relation + PTA observation prospects = limits on ω 

● Seems promising to detect the effective tensor mode from massive 

gravity in continued PTA observation

● Frequency dependence? Possibly!
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Polarization tensors
●  

●
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ORF full expression, tensor mode
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Final result, ignoring exponential terms
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