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PULSARS
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TIMING RESIDUALS



 timing residualsδt

4

TIMING RESIDUALS
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A GALAXY-SIZE DETECTOR FOR GWs

credits Keyi "Onyx" Li / NSF / NANOGrav
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CONTINUOUS WAVE

hij(t, x) = ∑
A=+,×

eA
ij ( ̂n) cos [ω(t − ̂n ⋅ x)]

δt

t
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GW BACKGROUND

hij(t, x) = ∑
A=+,×

∫ df∫ d2 ̂n h̃A( f, ̂n) eA
ij ( ̂n) e−2πif(t− ̂n⋅x)

δt

t

in
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HELLINGS & DOWNS CURVE
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HELLINGS & DOWNS CURVE
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HELLINGS & DOWNS CURVE
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HELLINGS & DOWNS CURVE
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EVIDENCE FOR GWB

Agazie et al. [2306.16213]

https://arxiv.org/abs/2306.16213
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EVIDENCE FOR GWB

Agazie et al. [2306.16213]

https://arxiv.org/abs/2306.16213


what is the source?
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THE PRIMARY SUSPECT
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INFLATION

COSMOLOGICAL SOURCES
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INFLATION
PHASE TRANSITIONS

COSMOLOGICAL SOURCES
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INFLATION
PHASE TRANSITIONSSTRINGS

COSMOLOGICAL SOURCES
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INFLATION
PHASE TRANSITIONSSTRINGSSCALAR INDUCED GWs

COSMOLOGICAL SOURCES



astrophysics or cosmology?
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ANISOTROPIES
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ANISOTROPIES
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ANISOTROPIES

PTA response 
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GWB power
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ANISOTROPIES
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ANISOTROPIES UPPER LIMITS

Agazie et al. [2306.16221]

https://arxiv.org/abs/2306.16221
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PARAMETER DEPENDENCE
Gardiner, Kelley, Lemke, AM [2309.07227]
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PARAMETER DEPENDENCE
Gardiner, Kelley, Lemke, AM [2309.07227]
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PARAMETER DEPENDENCE
Gardiner, Kelley, Lemke, AM [2309.07227]
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FORECAST PIPELINE
Step 1
pick a set of SMBHB params, , 

from the posteriors
θ

Step 2
generate a SMBHB population 

using the holodeck package

Step 3
randomly place the binaries in 
the sky to derive the GW map

Step 4
create a mock PTA data set from 

the mock GWB

Step 5
perform a anisotropy search on 

the mock PTA data

the anisotropy detection probability for the parameter set  is estimated asθ

pθ ∼ # detections
# realizations

= # detections
1500

repeat 
50 times

repeat 
30 times
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DETECTION PROBABILITIES
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DETECTION PROBABILITIES

Lemke, AM, Gersbach., in preparation
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ANISOTROPIES

Lemke, AM, Gersbach., in preparation



CONCLUSIONS

evidence for a GWB in the nHz band 

source is still unknown: astrophysics or cosmology?

GWB anisotropies can help us discriminate between sources

the current null anisotropy detection is not in tension with an astrophysical origin


