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Pulsar Timing

® GWs change the arrival time of pulses

® [hose changes are correlated across pulsars

e Target persistent, stochastic signals, like due
to unresolved SMBHB mergers

Pulsar Timin -

® Plenty of other possible explanations

Credit: Joeri van Leeuwen
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NANOGrav 15 yr dataset results

Significance ~ 3—4o

Prediction

“Hellings and Downs Curve”
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NANOGrav 2023, ApJL, 951:L8

Recovered spectrum

Hellings—Downs spectrum
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What are we targeting long term?

|dentifying source of GWB

s://svs.gsfc.nasa.qgov/13086
Visualization — Scott Noble

Improved constraints on SMBHB population
Signals from individual SMBHB systems (GW and EM)
Constraints on new physics, tests of general relativity

Pulsar masses, nuclear physics

[ISM physics
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® ' noise that is
different at different radio frequencies
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How do we optimize a PTA?

Observation time

Signal-to-noise for correlations /

T 1/2
SNR o Noyep | —205
/ i X
Number of pulsars Timing uncertainty
Caltech Siemens+2013, 1305.3196 | CeSk
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Observatories of the future

Caltech

NANOGrav



~ Lovell Effelsberg
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® NANOGrav: 20 yrs, 77 pulsars
/,. ® IPTA: 121 pulsars, 25 yrs

Credit: H. T. Cromartie




DSA-2000

GRAVITATIONAL WAVE FOLLOW-UP
& DEEP FIELDS

® Survey telescope, 2000 5m dishes, 0.7-2 GHz .70‘% -2

PULSAR TIMING
ARRAY

CADENCED ALL-SKY
® ~25% of its time dedicated to PTAs, Could SURVEY

monitor 200 pulsars monthly

“0

e Estimated 22,000 new pulsars (not necessarily
millisecond pulsars)

Caltech
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Square Kilometer Array

e SKA-mid will be 197 separate 13.5 m dishes, 0.35 - 15
GHz

e Central core (T1km across) 4+ 3 spiral arms
extending out O(100 km)

® 5 ns timing precision

e SKA-low 131,072 antennae, 74km baseline, 512
stations, 5 — 350 MHz

® 10 ns timing precision

Caltech
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Modeling improvements, PTA optimization
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Projections for single source detection

.. . b logip h
® Realistic populations of SMBHBs based on o b i
amplitude of NANOGrav results. 107 1 S5 os{
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Host |dentification

e If a CW detection is made, the goal would be to identify the host galaxy

® Petrov+2024 (arXiv: 2406.04409) build a realistic pipeline for follow up using
galaxy catalogues to make mass/distance cuts.

Follow up process

Loc. area vs. Chirp Mass 119332496-3940214
Rk

Loc. area vs. SNR
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Improved methods

\
. . . i ‘ x "\ = NF == Library
® Direct astrophysical inference from population Al Gp
synthesis using Normalizing Flows fs —
- . fo—
® More complex noise models (of all kinds) s
® Detailed model checking % | | . |
~155 —15.0 —145 —140 —13.5 —13.0 —12.5

e Hierarchical modelling for noise log o ke

® Being made possible by software and modeling
Improvements
https: //github.com/Nimal aal/pandora

https://github.com/nanograv/discovery

Caltech
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https://github.com/NimaLaal/pandora
https://github.com/nanograv/discovery

PTAs into the future

® [here's a fairly clear roadmap, in some ways:
@ More sensitive observatories

@ Continue to take more data, find new, quiet pulsars and
optimize observing

® |everage software and hardware improvements to include
more complete noise models, potentially end-to-end analyses




