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L,M: NRAO/AUI, R: NAIC





  

Neutron Stars
M ~ 1-2 M⊙, R ~ 12 km

NASA, NICER, GSFC



  L: Thankful Cromartie
R: http://www.cv.nrao.edu/course/astr534/images/PSRs_discovery.jpg



Millisecond Pulsars

       MSPs



  

The Tiny Effects of GWs

http://astro.hopkinsschools.org/course_documents/stars/smallest/neutron_structure.jpg

L ~ cT ~ 10 lightyears (= 3 pc = 1017 m)
h ~ 10-16 – 10-14 (for our sources)
∆L ~ hL ~ 10-1000 m → ∆t = ∆L/c ~ hT ~30-3000 ns 

0.001 – 0.1 RNS



Measuring Pulses



Timing Model



Timing Model



Pulsar Timing



Residuals and GW Signatures

Courtesy: D. Nice



Residuals and GW Signatures

Courtesy: D. Nice, J. Cordes



Residuals and GW Signatures

Courtesy: D. Nice, J. CordesNANOGrav



Courtesy: J. Hazboun

PTAs and Angular Correlations

Correlation Matrix



The Pulsar Timing Array





Courtesy: D. Nice

Upcoming



Multimessenger Science

Modified from Kelley et al. 2019



12.5-Year Data Set GWB Analysis

Arzoumanian et al 2020

BF~10000 for Common 
Process,

BF~2 for Hellings-
  Downs



Astrophysics: MBH – MBulge Relation

Simon and Burke-Spolaor 2016



MBH – MBulge Relation

Simon and Burke-Spolaor 2016
Courtesy: M. Volonteri

Merger timescale < 2.7 Gyr
Merger rate: 1.2×10-5 – 4.5×10-4 Mpc-3 Gyr-1

= 12 – 450 per 100 Mpc box per Gyr 



Aggarwal et al. 2019

11-Year Data Set CW Analysis



Courtesy: A. Kaiser

Source Sensitivity





  
The Persistence of Memory, Salvador Dali



  

The Next Generation

  LIGO → aLIGO       NANOGrav → “aNANOGrav”

L: Hild et al 2012
R: Courtesy J. Cordes



12.5-Year Data Set GWB Analysis

 NANOGrav DWG



NANOGrav Astro2020 Project White Paper

Continuous Wave Projections

(3 nHz)



Courtesy: C. Witt

Continuous Wave Directed Searches



Aggarwal et al. (accepted)

11-Year Data Set BWM Analysis



Arzoumanian et al. 2018

Cosmic Strings/Phase Transitions



Lasky et al. 2016

Cosmological Constraints
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