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Gaia is a fantastic resource!
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… but the parallaxes are a bit too small

Lindegren++ 2018; Gaia Data Release 2: The Astrometric Solution
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The offset varies with sky position!
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Close to 25% of DR2 parallaxes are affected…

20% error with
~50 μas systematic
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Accurate distance anchors are essential to 
local H0 measurements

Riess++, 2019
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We want Gaia systematic errors to < 1.5%

Typical MW Cepheid
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We build a model describing Gaia parallaxes
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How is the zero-point parallax modelled?
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Hierarchical models can validate Gaia parallax 
errors
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Hierarchical models can validate Gaia parallax 
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Hierarchical models can validate Gaia parallax 
errors

Gaia Data Release 1
Lindegren++ 2016

Gaia Data Release 2
Lindegren++ 2018
(Tentative)

Victor Chan & Jo Bovy



Measuring the zero-point requires lots of data
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Luminosity is modelled with stellar properties
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Model uncertainties outweigh photometric 
uncertainties (?)

Victor Chan & Jo Bovy



Model uncertainties outweigh photometric 
uncertainties (?)

Student’s t-distribution

Victor Chan & Jo Bovy



Model uncertainties outweigh photometric 
uncertainties (?)

Student’s t-distribution

Victor Chan & Jo Bovy

VICTOR READ THIS



The Student’s t-distribution catches potential 
photometric outliers
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Red clump stars are standard(izable) candles
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Inverting parallax is a biased estimator of 
distance
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An exponentially decreasing volume density 
prior resolves estimator bias

Bailer-Jones 2015
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In summary, the model relates photometric 
and parallax measurements through distance
Likelihood

Prior
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Parameters are 
inferred to very 
high precision

Photometry available:
2MASS: JHKs

Gaia: G



The zero-point 
offset is 
constrained to 
within ~1 μas

mag

μas

pc



The red clump 
luminosity is 
inferred to have 
dependence on 
colour/metallicity

mag

mag



Model 
uncertainties 
outweigh 
photometric 
uncertainties

Typical Ks error ~ 0.02 mag



Gaia parallax 
error correction 
in disagreement 
with tentative 
values

μas

mag



Fixing error 
correction to 
reported values 
changes results

μas

mag

mag



Constant zero-point results seem to agree 
with others



Adding zero-point dependences by including 
a functional form

Parameters
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Reminder: The zero-point parallax may also 
vary across the sky
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We can see variations across the MW disk
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We can see variations across the MW disk

Even more sources 
coming in DR3 & 
future APOGEE data!

Victor Chan & Jo Bovy



Good distance anchors improve our 
understanding of local H0 measurements
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The probabilistic model can be adapted to a 
full Hubble parameter inference

Feeney++, 2017
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Zero-point expected in Data Release 3 as well
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In summary…

• Gaia has the potential to greatly improve local H0 measurements

• We infer a zero-point parallax of -48.9 ± 0.9 μas if constant

• Most precise to date

• Magnitude, colour, and sky position dependence can be included

• Probabilistic model can be extended to a full H0 inference
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The zero-point parallax appears to be more 
significant for dim sources
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G band 
photometric 
inference



Multiple photometric measurements can be 
used simultaneously
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Multiple photometric measurements can be 
used simultaneously

Analogous to covariance matrix
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The combined 
photometry 
model favours 
Ks band results

μas

mag

mag


