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Existing sub-nHz
Frequency Efforts

the ultralow
frequency challenge

requires measuring
“secular drifts”

Quasar Astrometry
[Gwinn et al ’96]
[Book, Flanagan ’10]
[Darling et al ’18]
[Jaraba et al ’23]

Pulsar Timing
Model

[Bertotti, Carr, Rees, ’83]
[Kopeikin ’97] [Kopeikin ’99]
[Kopeikin, Potapov ’04]
[Pshirkov ’09] [Yonemaru et al ’18]
[Kumamoto et al ’19] [Kumamoto et al ’21]
[Kikunaga et al ’21]

Our Work

(
[JD, DeRocco ’23]
[JD, DeRocco ’23]

)
1 show backgrounds under control

through correlated signal

2 reach realistic continuous and
stochastic signal strengths
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Ṗint

P
− v2

⊥
da
− aMW

Ṗobs

P
=
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“Observed” vs “True” Parameters

binary period derivative Ṗb follows
similarly to Ṗ
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Ṗb search P̈ search

0

1

2

(f
G

W
/y

r−
1 )h

? 0

[1
0−

12
]

10−12 10−11 10−10

fGW [Hz]

0.0

0.2

0.4

p-
va

lu
e

95%

0

1

2

(f
G

W
/y

r−
1 )2 h

? 0

[1
0−

16
]

10−12 10−11 10−10

fGW [Hz]

0.0

0.2

0.4

p-
va

lu
e

95%

9
14



10−12 10−11 10−10 10−9 10−8 10−7

fGW (Hz)

10−15

10−14

10−13

10−12

10−11

10−10

10−9

10−8

10−7

h
0

U
p

p
er

L
im

it
(9

5%
)

EPTA ’15
PPTA ’14
NANOGrav ’19

Simulated
Sources

Continuous Wave
Search

10−12 10−11 10−10 10−9 10−8 10−7

fGW (Hz)

10−15

10−14

10−13

10−12

10−11

10−10

10−9

10−8

10−7

h
0

U
p

p
er

L
im

it
(9

5%
)

EPTA ’15
PPTA ’14
NANOGrav ’19

Kumamotoet al ’19

Simulated
Sources

Continuous Wave
Search

10−12 10−11 10−10 10−9 10−8 10−7

fGW (Hz)

10−15

10−14

10−13

10−12

10−11

10−10

10−9

10−8

10−7

h
0

U
p

p
er

L
im

it
(9

5%
)

Ṗ
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