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EVIDENCE FOR GWB
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Antoniadis et al. [2306.16214]

Reardon et al. [2306.16215]

Xu et al. [2306.16216]

Agazie et al. [2306.16213]

NANOGrav:  
68 pulsars, 16yr of data 
~3-4  significanceσ

EPTA + InPTA: 
25 pulsars, 24yr of data 
~3  significanceσ

PPTA:  
32 pulsars, 18yr of data 
~2  significanceσ

CPTA:  
57 pulsars, 3yr of data 
~4.6  significanceσ

https://arxiv.org/abs/2306.16214
https://arxiv.org/abs/2306.16215
https://arxiv.org/abs/2306.16216
https://arxiv.org/abs/2306.16213


5

Reardon et al. [2306.16215]

Agazie et al. [2306.16213]
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Reardon et al. [2306.16215]

Agazie et al. [2306.16213]
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ANISOTROPIES

overlap reduction 
function

PTA response 
function

GWB power
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Pk = const Γab

Agazie et al. [2306.16221]

https://arxiv.org/abs/2306.16221
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1. galaxies merger rate 

2. SMBHB - galaxy mass relation 

3. SMBHB binary evolution

CONTENDER #1



11

<latexit sha1_base64="EPHflZ5dn7esT/OHb8J1HtgSaq4="></latexit>

h2
c( f ) =

Z
dMdqdz

@4N
@M @q @z @ ln fp

h2
s ( fp) Phinney 2001, Wyithe & Loeb 2003

1. galaxies merger rate 

2. SMBHB - galaxy mass relation 

3. SMBHB binary evolution

CONTENDER #1



12

<latexit sha1_base64="EPHflZ5dn7esT/OHb8J1HtgSaq4="></latexit>

h2
c( f ) =

Z
dMdqdz

@4N
@M @q @z @ ln fp

h2
s ( fp) Phinney 2001, Wyithe & Loeb 2003

GW signal from individual SMBHB

<latexit sha1_base64="O2MP2zUxKYKBcyT7HAYG1//HyD8="></latexit>

h2
s ( f ) =

32
5

(GM)10/3

d2
c

⇣
2⇡ fp
⌘4/3

Finn & Thorne 2000

averaged strain for a circular 
SMBHB

CONTENDER #1



13

<latexit sha1_base64="EPHflZ5dn7esT/OHb8J1HtgSaq4="></latexit>

h2
c( f ) =

Z
dMdqdz

@4N
@M @q @z @ ln fp

h2
s ( fp)

number density of SMBHB binaries

GW signal from individual SMBHB

the SMBHB density depends on 

1. galaxies merger rate 
2. SMBHB - galaxy mass relation 
3. SMBHB binary evolution
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EXPECTATIONS Agazie et al. [2306.16220]

https://arxiv.org/abs/2306.16220


15

ADJUSTING EXPECTATIONS

Agazie et al. [2306.16220]

see Luke’s talk tomorrow for 
more on this
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ADJUSTING EXPECTATIONS

Agazie et al. [2306.16220]

see Luke’s talk tomorrow for 
more on this
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CONTENDER(s) #2
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CONTENDER(s) #2
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COSMOLOGICAL SIGNALS
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Afzal et al. [2306.16219]

https://arxiv.org/abs/2306.16219
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COSMOLOGICAL SIGNALS
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Afzal et al. [2306.16219]
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FACE-OFF

vs

inflation

scalar induced GW
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Step 1
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Step 3

Step 2

toy model
<latexit sha1_base64="hNsHM5m0WynRcu0wEP7ghBycsJA="></latexit>

h2⌦GW (f) =
A⇤

f/f⇤ + f⇤/f

Step 1
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Step 3

Step 2

toy model

h2⌦GW (f) =
A⇤

f/f⇤ + f⇤/f

Step 1



where we are going
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SMBHB or NEW PHYSICS?

anisotropies?
yesno

did we expect them?
yes

new physics
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Pol et al. [2206.09936]

https://arxiv.org/abs/2206.09936
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SMBHB or NEW PHYSICS?

anisotropies?
yesno

did we expect them?
yes

new physics

no

single source?
yesno

did we expect them?
yes

new physics
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SINGLE SOURCE

Kelley et al. [1711.00075]
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SINGLE SOURCE

Agazie et al. [2306.16222]

https://arxiv.org/abs/2306.16222
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SINGLE SOURCE EXPECTATIONS

Kelley et al. [1711.00075]
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SMBHB or NEW PHYSICS?

anisotropies?
yesno

did we expect them?
yes

new physics

no

single source?
yesno

did we expect them?
yes

new physics

no

spectral features?
no

take more data and 
repeat

yes see William’s talk tomorrow 
for more on this



what if it’s not new physics
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Afzal et al. [2306.16219]

Afzal et al. [2306.16219]

https://arxiv.org/abs/2306.16219
https://arxiv.org/abs/2306.16219
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ULDM
<latexit sha1_base64="49xkPfrphmjmdXvHOFJ9RvuD8I8="></latexit>

�(~x, t) =

p
2⇢�
m�

�̂(~x) cos (m�t+ �(~x))

DM density
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<latexit sha1_base64="49xkPfrphmjmdXvHOFJ9RvuD8I8="></latexit>

�(~x, t) =

p
2⇢�
m�

�̂(~x) cos (m�t+ �(~x))

DM mass
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<latexit sha1_base64="49xkPfrphmjmdXvHOFJ9RvuD8I8="></latexit>

�(~x, t) =

p
2⇢�
m�

�̂(~x) cos (m�t+ �(~x))

gravitational signal
<latexit sha1_base64="Z/+JH9LCyKcuKpgqogp0j4RWt34=">AAACHHicbVC7TsMwFHV4lvIKMLJYVEhlqRLeI4IBxiJRWqkJleM61KrtRPYNUhX1Q1j4FRYGEGJhQOJvcNMOvI5k+fice3V9T5QKbsDzPp2p6ZnZufnSQnlxaXll1V1bvzZJpilr0EQkuhURwwRXrAEcBGulmhEZCdaM+mcjv3nHtOGJuoJBykJJbhWPOSVgpY67Z6qwExgucRBrQvPzQPeSTpD2+DCXxX2zN7S+qu6Onxh2Om7Fq3kF8F/iT0gFTVDvuO9BN6GZZAqoIMa0fS+FMCcaOBVsWA4yw1JC++SWtS1VRDIT5sVyQ7xtlS6OE22PAlyo3ztyIo0ZyMhWSgI989sbif957Qzi4zDnKs2AKToeFGcCQ4JHSeEu14yCGFhCqOb2r5j2iA0JbJ5lG4L/e+W/5Hq35h/WDi73KyenkzhKaBNtoSry0RE6QReojhqIonv0iJ7Ri/PgPDmvztu4dMqZ9GygH3A+vgB9FKGg</latexit>

s(t) ⇠ G⇢�
m3

�

sin(2m�t)

Khmelnitsky, Rubakov [1309.5888]

https://arxiv.org/abs/1309.5888
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gravitational signal
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gravitational signal
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Kaplan, AM, Trickle [2205.06817]Khmelnitsky, Rubakov [1309.5888]

https://arxiv.org/abs/2205.06817
https://arxiv.org/abs/1309.5888
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Afzal et al. [2306.16219]

https://arxiv.org/abs/2306.16219
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OUTLOOK

strong evidence for a GWB in the nHz band

SMBH or cosmological signal? still unclear

anisotropies and CW searches will help discriminating

precise estimates of detection probabilities are needed

PTAs can be used to set tight constraints on NP models


