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https://www.youtube.com/watch?v=c2EKbvnee3o
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| 5-yr data lead: Joe Swiggum

Figure from adapted from Agazie et al. (2023)
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NANOGrav 15-yr Data Set

| 5-yr data lead: Joe Swiggum

Figure from adapted from Agazie et al. (2023)
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NANOGrav 15-yr Data Set

- 68 MSPs

| 5-yr data lead: Joe Swiggum

Figure from adapted from Agazie et al. (2023)
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NANOGrav 15-yr Data Set
- 68 MSPs

- Timing baselines 3-15 yrs

| 5-yr data lead: Joe Swiggum

Figure from adapted from Agazie et al. (2023)
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NANOGrav 15-yr Data Set
- 68 MSPs

- Timing baselines 3-15 yrs

- Check SNR of common process increasing?

| 5-yr data lead: Joe Swiggum

Figure from adapted from Agazie et al. (2023)
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Millisecond Pulsars -

Physics Frontiers Center

Long-term Timing Campaign PSR J1713+0747 (NANOGrav)

Whitened Avg
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(Close-up)
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Alam+ 2021a (corr. author M. DeCesar)

Cross-power spectral density between pulsar a and b

h
S.p(f)=Top(f) D

1272 f3
/

Angular correlation function

Sum of the strain emitted by e.g. SMBHBs over their

2300 known pulsars, 230 MSPs cosmic merger history (Phinney 2001)
Maybe 30,000 detectable!

Yale
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Long-term Timing Campaign PSR J1713+0747 (NANOGrav)
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A random gravitational-wave background

* Primary Target: cosmic
merger history of
supermassive black holes
should create a GWB

* 100,000s + SMBHBSs per
frequency bin —
stochastic GWB

e Other GWB sources
Primordial GWs and
more”?

* Creates a signal with
the same amplitude in all
pulsars with additional , | | 1 , -
geometric term | - o —— B END Grav.org

Mingarelli & Casey-Clyde, Science, Vol 378, Issue 6620 (2022) Yale




Gravitational-Wave Backgrounds

Overlap reduction function, I'{
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Gravitational-Wave Backgrounds

Overlap reduction function, I'{
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s there a HD curve In the data”

(With cross-correlations)

NGl11 *** Monopole

e

.
NANOGrav

Physics Frontiers Center

NG12.5yr isotropic GWB, Arzoumanian et al., ApJL (2020; corr. author J. Simon)
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s there a HD curve In the data’”? - S

Physics Frontiers Center

(With cross-correlations)

Azrab ( C)

*  Monopole

0 45 90 135 180

NG12.5yr isotropic GWB, Arzoumanian et al., ApJL (2020; corr. author J. Simon)



s there a HD curve In the data”
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Figure from adapted from Agazie et al. (2023); corr. author Sarah Vigeland arxiv:2306.16213



s there a HD curve In the data”

0.8
0.6
0.4
0.2
0.0
-0.2
-0.4

© 2211 pulsar pairs, binned

F(gab)

0 30 60 90 120 150 180
Separation Angle Between Pulsars, &, [degrees]

Figure from adapted from Agazie et al. (2023); corr. author Sarah Vigeland arxiv:2306.16213



s there a HD curve In the data”
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SMBHSs and New PhyS|Cs’?

 Appears to be a tension with the
spectral index, Gamma.

e For SMBHBSs this is 4.33

o Still a lot of room for interpretation:
caution needed

* Are we seeing more than one source
of GWB?

 What else could be sourcing a nHz
GWB?
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What about the strain spectrum?’
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SMBHs and New PhyS|Cs’?

e

.
NANOGrav

Physucs Frontiers Center
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STABLE-C: Stable strings emitting GWs only in the form of
GW bursts from cusps on closed loops, g =4/3 (Vachaspati &
Vilenkin 1985).

STABLE-K: Stable strings emitting GWs only in the form of
GW bursts from kinks on closed loops, g =5/3 (Damour &
Vilenkin 2001).

STABLE-M: Stable strings emitting monochromatic GWs at
the fundamental frequency f=2/¢ of closed loops.

STABLE-N: Stable strings described by numerical simulations
including GWs from cusps and kinks (Blanco-Pillado et al.
%8 11, 2015).
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Telescopes ++

The Arecibo 305-m telescope tragically
collapsed on Dec 1, 2020

Restructured observing program: GBT

(primarily 1.5 GHz), CHIME (400-800
MHz), VLA (1-4 GHz)

GBT ultra-wideband receiver (0.7-4.2 GHz)

IS planned to come online In early 2022

Future faclilities
Next-Generation Very Large Array
2000-antenna Deep Synoptic Array
(DSA-2000)

Possible future Arecibo faclility
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Summary NANOGrav

Physics Frontiers Center

e PTA interdisciplinary and multimessenger science experiment: global radio campaigns, Gaia,
fundamental physics, galaxy evolution, SMBH environments and more!

e There is something in all the data: common amplitude and evidence tor HD correlations!
Also in new EPTA and PPTA analyses (BF 60 Antoniadis et al. 2023; BF few Reardon et al.
2023; CPTA Xu et al. 2023, 4.6-sigma HD )

e Evidence for GWB? If so, detection soon, local nHz sources ~ 10 years, anisotropy to
follow, and LISA!

e What’s next? Everything!
WE

Now
+0!! +5 +10 +15 Years




What i1s next” . eoad

Modify the correlations functions: beyond Hellings and Downs ~ NANOGrav
. — 0 e Decompose on a basis of
0.8} spherical harmonics, new
Tl correlation functions!

e Only valid if the sky is full of
pulsars (Ali-Haimoud et al.
(2020; 2021)

e More tests of GR: Lee et al.
(2010); Chamberlin & Siemens
(2012), O'Beirne et al. (2019)

Overlap reduction function, I'{

U250 10 60 80 100 120 140 160 180
Angular separation of pulsars, ¢ h2(f)

Arzoumanian et al. (2021), Constraints on ST & TT modes Sap(f) = Lap(f) 1272 £3
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Building up the GWB and Anisotropy

75°

Techniques from
Babak + 2016;
Ali-Haimoud, Smith,
Mingarelli (2020,2021)
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