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Supermassive Black Hole Binaries
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Worldwide Pulsar Timing Array (PTA) Experiments 4
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Announcement in June 2023

Multiple pulsar timing array experiments
reported evidence for background of nHz
gravitational waves

NANOGrav
SGWB search (2306.16213)
Observation & Timing (2306.16217)
Detector & Noise (2306.16218)
New physics (2306.16219)
SMBHB (2306.16220)
Anisotropy (2306.16221)
Continuous waves (2306.16222)
Pipeline (2306.16223)

The University of Texas at Austin

EPTA / InPTA
SGWB search (2306.16214)
Data & Timing (2306.16224)
Noise (2306.16225)
Continuous waves (2306.16226)
Signal sources (2306.16227)
ULDM (2306.16228)

PPTA
SGWB search (2306.16215)
Noise (2306.16229)
Data (2306.16230)

CPTA
SGWB search (2306.16216)
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NANOGrav Collaboration 6
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High-Precision Timing of Millisecond Pulsars

Animation by NSF
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Pulsar Timing Measurements 8

timing residual = observed arrival time — predicted arrival time
= unmodeled deterministic processes + noise + GWS
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Timing Data Summary: 15-Year Data Set, 68 Pulsars 9
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Galaxy-Sized Gravitational Wave Antenna 10

Image credit: ESA/Gaia/DPAC
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NANOGrav 15-year Results 15
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Astrophysical Interpretation: Supermassive Black Hole Binaries 16
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Cosmological Interpretation: New Physics Models

Inflation . | Phase transitions
+ Non-minimal blue-tilted models + QCD transition in BSM, dark sector
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NANOGrav New Physics Search 18

The NANOGrav 15-year Data Set: Search for Signals from New Physics
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New Physics Models: Summary 19

*

*

amplitude
IGW: Inflationary Gravitational Waves spectral features
tensor-to-scalar ratio, tensor spectral index, reheating temperature both

SIGW: Scalar-Induced Gravitational Waves

scalar amplitude, frequency shape parameters (delta, gauss, box)

PT: Phase Transitions (sound-wave analysis & bubble-collisions only)
transition temperature and strength, bubble separation, low/high-frequency slope, spectral-shape
width

STABLE: Stable Cosmic Strings (cusps, kinks, monochromatic, numerical)
string tension

META: Metastable Cosmic Strings (loops only, loops and segments)
string tension, decay parameter

SUPER: Cosmic Superstrings

string tension, intercommutation probability

DW: Domain Walls

transition temperature, energy fraction, high-frequency slope, spectral-shape width

TEXAS Kimberly Boddy



20

— ®& O

NANOGrav (2306.16219)

>
g
gs
S
aa
>
=
S
£
~

@
@
|
=
&)
g
&

®
®
|
>
)
g
o

New Physics + SMBHB

New Physics

— ®

@
|
%
L)
§
S

OOIAAQN

o —
= =
1

—
|

-

™

Summary of Results

1030R] SoAR(]




Median GWB Frequency Spectra 21
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New Physics Models: Deterministic Signatures 22

+ Ultralight dark matter with gravitational coupling only
+ Substructure exhibits pressure oscillations
+ Ultralight dark matter coupled to Standard Model
+ Doppler signal — vector ULDM accelerates pulsar
+ Pulsar spin fluctuations — scalar ULDM causes particle mass fluctuations
+ Reference clock shifts — scalar ULDM alters reference atomic clocks
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Ultralight Dark Matter Results
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Upcoming Prospects

+ IPTA is assembling DR3

EPTA+INPTA NANOGrav
+ CHIME

[10)
o + MPTA
A\

PPTA ~115 pulsars

+ Future of US pulsar timing:
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How can we understand sources? Spectral features? 25
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How can we understand sources? Anisotropies?

Gravitational Wave Background

Cosmic Microwave Background
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Just the beginning! 27

https://xkcd.com/2358/

ASK ME WHAT THE SECRET We have a new window into astrophysics

TO DETECTING GRAVITATIONAL and early Universe cosmology!
WAVES USING PULSARS I1S.

WHAT'S THE SECRET But more work needs to be done to
TO DETECTING GRAV— extract possible primordial signals.

TIMING! /

“I'he prospect of determining the properties of these
supermassive black hole binaries... 1s really exciting...

But to me, there 1s something even more exciting that’s on the
horizon... and that’s to use gravitational waves to probe the
birth ot the universe.”
The most important attributes of a vector —Klp Thorne
in 3-space are {Location, Location, Location}
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