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Simulation-based inference resolves
systematics.



The Kinematic Dipole

CMB temperature map (Planck satellite).



The Kinematic Dipole

CMB as a sphere.



The Kinematic Dipole

CMB as a sphere (Earth inside).



The Kinematic Dipole

We're moving through the Universe!



The Kinematic Dipole

CMB dipole as sphere (Earth inside).



Counting Galaxies
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Simulated isotropic galaxy map (+ dipole).



Counting Galaxies

N; = N(1 4 Dcos¥;)

99.03 Number of galaxies (smoothed) 1009

Simulated isotropic galaxy map (+ dipole).



The Amplitude Excess

Joint radio
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The cosmic dipole
888 MHz  should be consistent
with CMB dipole.
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The Amplitude Excess

Joint radio
147 MHz

325 MHz
Blake+02

843 MHz

The cosmic dipole
888 MHz  should be consistent
with CMB dipole.

1.27 GHz
All is well!
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The Amplitude Excess
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with CMB dipole.
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All is well! Wait...
1.4 GHz
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The CatWISE Sample

66.94

Quasar count per deg? (smoothed) 70.03

CatWISE quasar map from Secrest+21.



The CatWISE Sample

65.15

Quasar count per deg? (smoothed) 69.14

CatWISE quasar map, no linear weighting.



The CatWISE Sample
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Linear fit to density vs. declination (Secrest+21).



Is it good enough to make an ad hoc
correction after the fact?



WISE’s Scanning Law




WISE’s Scanning Law

Frames over 1 orbit.



WISE’s Scanning Law

Frames over 2 orbits.



WISE’s Scanning Law

Frames over 2 orbits 20 days apart.



WISE’s Scanning Law

Frames over 2 orbits 20 days apart.

Obeys a scanning law over the survey's lifetime.
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W1 Coverage

WISE coverage in W1 band for the Secrest+21 sample.
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0.214

0.108 W1 Error (%)

Source photometric error (%) in W1 band for the Secrest+21 sample.
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54.7

Averaged source count (CatWISE)

CatWISE quasar map, no linear weighting.
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Eddington Bias

Sampled flux = True flux

105 o
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102 5 True distribution of flux

densities.
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Eddington Bias

Sampled flux (> 2) = True flux (> 2)

10° 5 I
104 -
103 -
102 5 True distribution of flux

densities with flux cut.
10! 4

Count in each flux bin
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Eddington Bias

Sampled flux (> 2) = True flux (> 2) + Noise

10° 5 I
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102 4 Noisy distribution of flux

densities with flux cut.
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Count in each flux bin
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Eddington Bias

Sampled flux (> 2) = True flux (> 2) + Noise

10° 5 I
104 -
103 -
102 4 Noisy distribution of flux

densities with flux cut.
10! 4

Count in each flux bin
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What if the noise varies over the sky? &



This is just something we can simulate!



What Now...?
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What Now...?

Likelihood x Prior
Evidence

Posterior =
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Likelihood x Prior
Evidence

Posterior =

e Don't know £? No problem!




What Now...?

Likelihood x Prior
Evidence

Posterior =

e Don't know £? No problem!

e Take data-generating process
fM :© — D.




Likelihood x Prior
Evidence

Posterior =

e Don't know £? No problem!

e Take data-generating process
fM :© — D.
e Use neural network to learn L.




Likelihood x Prior
Evidence

Posterior =

Don’t know L7 No problem!

Take data-generating process

fM :© — D.

Use neural network to learn L.
This is Simulation-Based Inference.




Posterior Predictive
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Averaged source count (CatSIM)



Posterior Predictive
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Averaged source count (CatWISE)



CatSIM Results

Dobs, = 2.0075:23
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CatSIM Results

Dobs, = 2.0075:23
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Where To Next?

Galactic *EQ RACS & beyond
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Where To Next?

RACS-mid

RACS-mid Convolved 25"

Galactic

Galactic

14.83 14.21 14.7 15.1

14.4

14.04

Source count per healpixel

Source count per healpixel

RACS & beyond

e Can we extend to other
surveys? E.g. RACS.

o Let's forward model!
Account for resolution,
flux calibration, etc.
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Where To Next?

RACS-mid

RACS-mid Convolved 25"

Galactic

Galactic

14.83 14.21 14.7 15.1

14.4

14.04

Source count per healpixel

Source count per healpixel

RACS & beyond

e Can we extend to other
surveys? E.g. RACS.

o Let's forward model!
Account for resolution,
flux calibration, etc.

o Infer cosmology and
systematics together.
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e Describe and account for ecliptic bias v



e Describe and account for ecliptic bias v
e Measure cosmic dipole v



e Describe and account for ecliptic bias v
e Measure cosmic dipole v
e Leverage power of simulations and SBlI
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Consistency Check — Posteriors

SBI-derived posterior versus ground truth.
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