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“Multi-Messenger”?

2Figure Credit: IceCube Collaboration



GW
(gravitational waves)

EM
(light)

MM
(multi-

messenger)

3Composite Figure Credits: Caitlin Witt



At my first IPTA Student 
workshop, there was no 
MMA talk. Even GW170817 
had not occurred yet!
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PTAs aim to detect GWs 
and study SMBHBs



If pulsar science is a safari…
SMBHB observations are 
landscape photography

And MMA puts the two 
together to study the whole 
ecosystem



Multi-Messenger 
Astrophysics
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Figure Credit: Kelley+ 2019



Figure Credit: Kelley+ 2019

There are many ways to 
observe evidence of 
SMBHB with EM data



Figure Credit: Kelley+ 2019

A few overlap well with the 
frequencies we can 
observe with PTAs



Double Broad Lines
As SMBHs orbit, spectrum evolves 
over time
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Broad line regions red- and blue-
shift periodically



Periodic Doppler Boost
Over time, this creates a periodic 
change in the brightness of the quasar

12Figure Credit: Maria Charisi

Light gets brighter or dimmer from 
relativistic orbital motion of SMBHs



Periodic Accretion



Periodic Self Lensing
As BHs align on line-of-sight, 
one binary lenses the other and 
magnifies it’s brightness

Figure Credit: Hu+ 2020



Variable Position

Sudou+ 2003



Spatial Offsets

Evidence of past 
mergers These methods do NOT 

indicate orbital frequency



Many signatures can easily be replicated by noise
NOISE
🔊

Figure credit: Witt+ 2022
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Look at me!
If we see 
evidence of an 
SMBHB:

We might want to look for a CW
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Timing
Observe and time 

pulsars, make dataset

Searching
Search for new pulsars

Noise budget
Characterize noise, 

ISM mitigation 

How PTAs work:

Slide by Megan Jones

Detection
Run and develop new 

detection analyses 

Astrophysics
Interpret GW limits, GW 

sources



In reality, 
things are more 
complicated

20Graphic by Nihan Pol

Detection
Run and develop new 

detection analyses 

Can we make 
anything 
simpler?



Multi-messenger astrophysics with PTAs

If some of the GW parameters are 
constrained, it could be easier to 
detect the signals 

If we see signatures, we would 
know:

● Galaxy coordinates
● Distance
● Frequency?
● Size?
● Inclination?



Option #1: Constrain Priors
Pros: 

● Simpler model → faster 
analysis, more sensitive

● Make statements about 
particular systems

Cons: 

● Relies on assumptions and 
other observations

● Complexities with sky 
localization and repeated 
searches

Constant value prior for:

● Sky location
● Distance
● Frequency?



For example: 3C 66B

Classic EM SMBHB candidate with proposed GW frequency of 
60.4 nHz

→ fix sky location, distance, and frequency to constant 
value
No evidence found in any search

Figure Credit: Arzoumanian+ (2020b, 2023) (lead: Witt) 23



More sources:

Now extended to a catalog of sources 
for NG15

Figure Credit: Agarwal+ 2026 (leads including Bjorn and Forrest)
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Further Simplifications



A few variations:

What if we don’t know a parameter exactly? We can give it a constrained, 
but not constant, prior
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One more bonus

Scalings (and sensitivity) transform when searching directly in chirp mass

From Sarah’s lecture on GWs:



Spatial Offsets

Evidence of past 
mergers These methods do NOT 

indicate orbital frequency

Useful for sources like 
these!



Option #2: Joint Analysis

Adapt your likelihood to 
accept PTA and EM data at 
once

EM 
Model



For example: Periodic Quasars

EM 
Model

Periodicit
y

AGN red 
noise



For example: Periodic Quasars

Pros:
● Related parameters help 

constrain each other (ex: 
period)

Cons:
● More complex model → 

slower
● Relies on assuming an EM 

model

Figure Credit: Charisi+ 2026



MMA for PTAs

We’ve come a very long way! 
● We’ve now placed MM limits 

on dozens of candidates

Lots more to do:
● More robust EM models and 

analyses
● CW search improvements


