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International Pulsar Timing Array

European Pulsar Timing Array  
(EPTA) 

Radio Telescope at Cagliari, Jordell Bank, Nancy, 
Westerbrock


North American Pulsar Timing 
Array (NANOGrav) 

Arecibo and Green Bank Telescope


Parkes Pulsar Timing Array 
 (PPTA) 

Parkes Radio Telescope, Australia




Pulsars
A pulsar is a rapidly-rotating neutron star that emits a beam of electromagnetic radiation (usually in the form of 
radio waves) from its magnetic poles 

If the beam of radiation crosses our line of sight, we see a flash of radiation, similar to that of a lighthouse beacon. 

Pulses from binary pulsar PSR B1913+16 that has given us the most compelling evidence to date for the existence 
of gravitational waves 




Pulsar Timing Array

• Detection of gravitational waves on the radio pulses that propagate from 
a pulsar to a radio antenna on Earth. 


• A gravitational wave transiting the Earth-pulsar line of sight, creates a 
perturbation in the intervening spatial metric.

• One can then compare the measured and predicted times of arrival 
(TOAs) of the pulses, using timing models.


• Standard timing models factor in only deterministic influences on the 
arrival times of the pulses, the difference between the measured and 
predicted TOAs will result in a stream of timing residuals.


• Pulsar Timing Array (PTA), can correlate the residuals across pairs of 
Earth-pulsar baselines.


• The key property of a PTA is that the signal from a stochastic GW 
background will be correlated across the baselines, while that from the 
other noise processes will not.



Hellings Downs Correlation 



The NANOGrav Buzz !!
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The NANOGrav Hoopla ??
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But no anisotropy in the data !!



NANOGrav Collaboration, arXiv: 2306.16219

Fundamental New Physics!!



Statistical Significance

B10 Interpretation

< 1 Disfavoured

100 -100.5 Negligible

100.5 -101.0 Substantial

101.0 -101.5 Strong

101.5 -102.0 Very Strong

102.0 - ∞ Decisive

Jeffreys Scale



NANOGrav Collaboration, arXiv: 2306.16219

Fundamental New Physics!!



NANOGrav Collaboration, arXiv: 2306.16219

Scalar Induced Gravity Wave

SIGW-Delta

SIGW Observed today

SIGW At the time of creation

SIGW-Gauss

SIGW-Box



Problem!!

arXiv:2211.03395 [hep-th]

https://arxiv.org/abs/2211.03395


Problem!!



Problem??

arXiv:2301.00599 [astro-ph.CO]




What was the Problem of the Problem??
No quadratic divergence term is present !! 

Consequence: 

Choudhury, MRG, Sami 2301.10000 [astro-ph.CO]

Then No DM explanation possible!!

https://arxiv.org/abs/2301.10000


SIGW- Delta

NANOGrav Collaboration, arXiv: 2306.16219

ΩGW = fn(AGW, f )



Is it possible to get SIGW-Delta from theory??



δH(k) ≈
H2

5π ·ϕ

The amplitude of the density perturbation of amplitude  when it crosses the Hubble radiusδH(k)

where  is the Hubble parameter and   is  the inflaton field 
time derivative when the comoving wavenumber  crosses 
the Hubble radius during inflation. 

H ·ϕ
k

ℒY = − N λϕψ̄ψ

If the inflaton field has a simple Yukawa coupling  to a fermion field  of mass , then the interaction 
Lagrangian density is given by

(λ) ψ m

In this case the equation of motion for the inflaton field can be written as

··ϕ + 3H ·ϕ +
dV
dϕ

− Nλ⟨ψ̄ψ⟩ = 0

for  fermions of mass  coupled to the inflaton.N m

Theoretical Background

Chung, Kolb, Risotto, Thackchev, PRD 62, 043508



The effective mass of the fermion is then given by :

M(ϕ) = m − Nλϕ

The effective mass term thus vanishes as the inflaton field value reaches  . Hence, a 
resonant creation of this fermion field will take place as .  Which leads to:

ϕ* = m/Nλ
ϕ → ϕ*

Theoretical Background

MRG, Ichiki, Mathews, Kajino, PRD 92, 1235192

The fermion VEV:

E.O.M.



The perturbation spectrum  becomes:

δH(k) =
[δH(k)]λ=0

1 − θ(a − a*) | ·ϕ* |−1 Nλn*H−1
* (a*/a)3ln(a/a*)

δH(k) =
[δH(k)]λ=0

1 − θ(k − k*)A(k*/k)3ln(k/k*)

Theoretical Background

Solution to the equation of Motion

Primordial Power spectrum as it exits the horizon



The coefficient  can be directly related to the coupling constant  using  for the particle 
production Bogolyubov coefficient 

A λ

|βk |2 = exp ( −πk2

a2
*λ | ·ϕ* | )

n* =
2
π2 ∫

∞

0
dkp k2

p |βk |2 =
λ3/2

2π3
| ·ϕ* |3/2

Then the number density of fermions  can be calculated as: (n*)

A =
Nλ5/2

2π3

| ·ϕ* |

H*
≈

Nλ5/2

2 5π7/2

1

δH(k*) |λ=0

This gives:

Theoretical Background



 Given that the CMB normalization requires , we then have  δH(k) |λ=0 ∼ 10−5 A ∼ 1.3Nλ5/2

One can deduce that  requires as expected for the given values of .λ ≤ 1 N > 1 A

Finally we can write the power spectrum 

P(k) ∼ δ2
H(k)

Allowing the contribution from the scale dependence of the scalar spectral index, , modelled by a 
running ,  and running  of the running, . The scalar power 
spectrum, can be re-written in a more familiar form:

ns
α( = d ln ns/d ln k) β( = d2 ln ns/d(ln k)2)

Pk = As ( k
kp )

ns−1+ αs
2 ln( k

kp )+ βs
6 (ln( k

kp ))
2

Theoretical Background



Resonance and GW

V(ϕ)

ϕinfϕend ϕ*
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Bayes Factor ~ 65

MCMC Analysis



MCMC Analysis

Bayes Factor ~ 60



What’s The Future

A. Constraining the theoretical model required to realise the production of SIGW and PBHs 

through the early Universe litmus tests such as BBN.


B.  PBHs with mass less than 109 g have evaporated before the commencement of BBN 

however the study of these, can unravel the mysteries related to Dark Matter, 

Baryogenesis etc.


C. Since, GW signals are very clean, the detection of a GW signal of non-astrophysical origin, 

could have highest of impact on the understanding of evolution of our Universe.


D. Please wait for next releases by the PTA collaborations, remember NanoHertz => Crest to 

Crest 20-30 years!!


Thank You


