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PULSAR are rotating neutron stars
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PTAS correlate bW signals from a network of pulsars
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PTAS correlate GW signals from a network of pulsars

are galaxy-sized bW detectors
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https://arxiv.org/abs/2308.05847
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https://arxiv.org/abs/2308.05847
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https://arxiv.org/abs/2308.05847
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https://arxiv.org/abs/2308.05847

Ennui Studio ‘Cymatic W cr & et
(" 1%_ s )



https://www.distilennui.com/category/cymatic-water-and-light-2022-ongoing.html




GRAVITATIUNAL WAVE BALKGRUUND?

Hellings and Downs Correlations
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GRAVITATIUNAL WAVE BALKGRUUND?
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Not enough to find a low-frequency commaon spectrum for GWE signal!

[Zic et al. '22]
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https://academic.oup.com/mnras/article/516/1/410/6654889?login=true

GRAVITATIUNAL WAVE BALKGRUUND?
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Expectation at PTAs for an isotropic, unpolarized gravitational wave background

Hellings and Downs Correlations
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tvidence tor GWB?



NANUGrav dataset:

measured common spectrum

we= Hellings—Downs spectrum

Power-law posterior

== ==  Median power-law amplitude; y = 13/3
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Agazie et al. [NANOGrav] arxiv:2306.16213

measured angular correlations
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Compelling evidence of Hellings-Downs correlations with false-alarm probability of p = 107> ( ~ 3 — 40)
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https://arxiv.org/abs/2306.16213

MURE EVIDENLE?

EPTA+INPTA  :25 pulsars, ~ 25 yrs data Antoniadis et al. [arxiv:2306.16214]
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https://arxiv.org/pdf/2306.16215
https://arxiv.org/abs/2306.16214

What is the source?



Credits: Artwork by Lia Halloran
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https://liahalloran.com/the-warped-side-of-our-universe-book

implication #|
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GWB spectrum from inspiralling Supermassive Black Hole Binaries [SMBHE]
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implication #|

GWB spectrum from inspiralling SMEH binaries

__W Free parameters

27



implication #|

GWB spectrum from inspiralling SMEH binaries

__W» kree parameter

Very standard choice with only GW-driven binaries, y — 13/3  [Phinney 2001]
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https://arxiv.org/pdf/astro-ph/0108028

Lite is not that simple...

[Afzal et. al. (NANOGrav) arxiv:2306.16219]
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https://arxiv.org/pdf/2306.16219
https://arxiv.org/abs/2306.16220
https://arxiv.org/pdf/2306.16219
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https://liahalloran.com/night-watch
http://www.apple.com/uk

implications #...
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h*Qaw (f; ©)



h*Qaw (f;0)



[Afzal et. al. (NANOGrav) arxiv:2306.16219]
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https://arxiv.org/pdf/2306.16219

Lan we constrain new physics?
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https://iopscience.iop.org/article/10.1088/1361-6471/abc534
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https://iopscience.iop.org/article/10.1088/1361-6471/abc534

loglo fmin /HZ

10g10 A

Prk) = A O(Inkyyx — INk)O(Unk — Inkyyn).

""" e B SIGW-BOX + SMBHB
: Bl sicw-BOX
—6F
—7F
—8F
OF
—1F
_2:_ © feBu =1
:.....I....I..“I...y ..... I....I....I....:L...
—8 -7 —6 —8 —7 —6 —2 —1 0
log10 famax/Hz  1ogig foin /Hz logip A

42

[Afzal et. al. (NANOGrav) arxiv:2306.16219]
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https://arxiv.org/pdf/2306.16219

[Afzal et. al. (NANOGrav) arxiv:2306.16219]
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https://arxiv.org/pdf/2306.16219

Astro vs Cosmao?



ANISOTROPIES

will lead to presence of signal



AN | S [ITR [I P | E S Agazie et al. [NANOGrav] arxiv:2306.16221

SMBHB-dominated LWB signal will lead to presence of signal anisotropy

« ™
oo | .*u*: Ii*- oo
th**&&h** 15h

e

*

PR
*

46


https://arxiv.org/abs/2306.16221

ANISUTROPIES

SMBHB-dominated LWB signal will lead to presence of signal anisotropy
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Jeviations from isotropic GWEB .

in terms of characteristic 2.00 225 250 2.75 3.00 3.25 3.50 3.75
strain per steradian!/Z 2 le—14
(A\/lP(Q) — Pmonopolel )ul [sr—1/2]

of anisotropies in the [a-yr NANUGrav dataset!
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SMBHE population

parameters explaining GWB
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Malin-Lemke et al. [arxiv:2407.08705]

IPTA = NANOGrav + EPTA + InPTA + PPTA + MeerKA'T

Will have improved sensitivity to anisotropies for SMBH-generated GWE


https://arxiv.org/pdf/2407.08705
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Malin-Lemke et al. [arxiv:2407.08705]

IPTA = NANOGrav + EPTA + InPTA + PPTA + MeerKA'T

Will have improved sensitivity to anisotropies for SMBH-generated GWE

It still no anistropy? Even with improved sensitivity?

Exclude SMBRB interpretation?

Anisotropy detection probability


https://arxiv.org/pdf/2407.08705

What more with PIAs?



Jark matter searches?
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DUPPLER EFFELT

passing Primordial Black hole [PBH] will pull the pulsar due to gravitational acceleration, leading to a phase shift in pulse

53

See for e.g. [Lee, Taylor, Trickle, Zurek 2021



https://inspirehep.net/literature/1858039

SHAPIRU TIME DELAY

transiting PBH will change light travel time due to its gravitational potential

54

See for e.g.

Lee, Taylor, Trickle, Zurek 2021]



https://inspirehep.net/literature/1858039

SHAPIRU TIME DELAY

transiting PBH will change light travel time due to its gravitational potential

phase shift

s _As

U yr2

Ag=fM,v,z,...)

dimensionless amplitude
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See for e.g. [Lee, Taylor, Trickle, Zurek 2021



https://inspirehep.net/literature/1858039

[Afzal et. al. (NANOGrav) arxiv:2306.16219]

NANOGrav |5 yr dataset
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https://arxiv.org/pdf/2306.16219

SUMMARY

® PTAs show compelling evidence for a nHz GWE
® [he origin of the GWB is not yet known

® Search for anisotropies in future datasets will help discriminate

® P[As can be used for local dark matter searches
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Expectation at PTAs for an isotropic, unpolarized gravitational wave background

Hellings and Downs Correlations
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Agazie et al. [NANOGrav] arxiv:2306.16221

Current PTA sensitivity to
anisotropies



https://arxiv.org/abs/2306.16221

Lite is not that simple...
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Usetul conversions to understand the plots

log,o(Excess timing delay [s])
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https://arxiv.org/abs/2306.16213

