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Matching Across Catalogues using the
Astrometric Uncertainty Function and Flux

macauff is a cross-match algorithm that:

* Is a “many-to-many” algorithm, solving for all potential competing counterparts simultaneously

 |Is fully Bayesian, providing relative strength of match pairings for the user

* Includes the astrometric uncertainties of all objects in considering matches on positional grounds

* uses the measured colours of potential matches as a further discriminator of true and false matches

 extends the “Astrometric Uncertainty Function” to include more than just the centroid uncertainty, adding e.g.
 unknown or weakly-known proper motion of stars
e the “Perturbation Component” of the AUF — the effect of unresolved contaminants on measured positions
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macauff is a cross-match algorithm that:
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Matching Across Catalogues using the
Astrometric Uncertainty Function and Flux

macauff is a cross-match algorithm that:
e Is a “many-to-many” algorithm, solving for all potential competing counterparts simultaneously
* is fully Bayesian, providing relative strength of match pairings for the user A |
includes the astrometric uncertainties of all objects in considering matches on positional grounds R — R —
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Matching Across Catalogues using the
Astrometric Uncertainty Function and Flux

macauff is a cross-match algorithm that:
* Is a “many-to-many” algorithm, solving for all potential competing counterparts simultaneously
 is fully Bayesian, providing relative strength of match pairings for the user e /
» includes the astrometric uncertainties of all objects in considering matches on positional grounds I A S S
« uses the measured colours of potential matches as a further discriminator of true and false matches T |
 extends the “Astrometric Uncertainty Function” to include more than just the centroid uncertainty, adding e.g.

 unknown or weakly-known proper motion of stars

e the “Perturbation Component” of the AUF — the effect of unresolved contaminants on measured positions
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macauff is a cross-match algorithm that:

Matching Across Catalogues using the
Astrometric Uncertainty Function and Flux
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Matching Across Catalogues using the
Astrometric Uncertainty Function and Flux

macauff is a cross-match algorithm that:
* Is a “many-to-many” algorithm, solving for all potential competing counterparts simultaneously
* is fully Bayesian, providing relative strength of match pairings for the user e /
» includes the astrometric uncertainties of all objects in considering matches on positional grounds I A S S
« uses the measured colours of potential matches as a further discriminator of true and false matches T |
 extends the “Astrometric Uncertainty Function” to include more than just the centroid uncertainty, adding e.g.

 unknown or weakly-known proper motion of stars

e the “Perturbation Component” of the AUF — the effect of unresolved contaminants on measured positions
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Matching Across Catalogues using the
Astrometric Uncertainty Function and Flux

macauff is a cross-match algorithm that:
* Is a “many-to-many” algorithm, solving for all potential competing counterparts simultaneously
* is fully Bayesian, providing relative strength of match pairings for the user /
» includes the astrometric uncertainties of all objects in considering matches on positional grounds I A S S
« uses the measured colours of potential matches as a further discriminator of true and false matches T |
 extends the “Astrometric Uncertainty Function” to include more than just the centroid uncertainty, adding e.g.

 unknown or weakly-known proper motion of stars

e the “Perturbation Component” of the AUF — the effect of unresolved contaminants on measured positions
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macauff is a cross-match algorithm that:

Matching Across Catalogues using the

Astrometric Uncertainty Function and FluX s
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Why Use Our Cross-Matches”?

0) Getting cross-matches, even for “well behaved” fields

1) Recovering additional sources missed by other match services —
either in crowded fields (we recover up to twice as many Gaia-WISE
matches than the Gaia best neighbour matches), or with our extension
to unknown proper motion modelling as an extra systematic

2) Finding “odd” objects, either using the inclusion vs non-inclusion of
the photometry in the two match runs, or via the likelihood ratio space
— separately-planned “real time” matching service for transient objects

3) Removing e.g. IR excess or correcting for extinction-like crowding
flux brightening, through Average Contamination; crucial for “1%
photometry” in both precision and accuracy

4) Corrections to inconsistent astrometric covariances, key for DP2
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How To Use Our Cross-Matches

(Or, how this impacts you on a day-to-day basis)
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Example columns:
- Designations of the two sources (e.g., WISE J... and Gaia EDRS...)

- RA and Dec (or Galactic I/b) of the two sources

- Magnitudes (corrected for necessary effects, such as e.g. Gaia) in all bandpasses for both objects

- Match probability — probability of the most likely permutation (see equation 26 of Wilson & Naylor 2018a)

- Eta - Photometric likelihood ratio (counterpart vs non-match probability, just for brightnesses; see eq37 of WN18a)

 Xi - Astrometric likelihood ratio (just position match/non-match comparison; see eq38 of WN18a)

- Average contamination - simulated mean (percentile) brightening of the two sources, based on number density of catalogue

 Probability of sources having blended contaminant above e.g. 1% relative flux

We will provide two match runs per catalogue pair match: one with, and one without, the photometry
considered, to allow for the recovery of sources with “weird” colours but otherwise agreeable astrometry

Tom J Wilson @onoddil




The Rubin “Super-Match”

Bringing Independent Results together to Notity of Associations across Multiple catalogues

0) Getting cross-matches , ,
LSST -> Gaia, WISE, VISTA, Euclid, SDSS, ... matches
Quick and easy construction of spectral energy distributions for each LSST source
Includes SED probabilities, individual match reliability, contamination statistics etc.
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Finding Matches Others Won't

|
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Robust Datasets with Match Probability

1) Recovering additional sources
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The Likelihood Ratio Phase Space
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2) Finding “odd” objects
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The Likelihood Ratio Phase Space
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2) Finding “odd” objects
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The Likelihood Ratio Phase Space
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2) Finding “odd” objects
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The Likelihood Ratio Phase Space
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2) Finding “odd” objects
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Crowded-Field Photometry

3) Correcting flux brightening

2o 8% YA 3 sy ol 2L g b
22 PR ER LN AR DEFR IV IS LRSI 6 A
%o 2o ey Wty LN pA Tagy 289 3 e Niieoted
20 TS I Sy Sl TPV s Ll ane X 3 d
o oM : ’ ¥ % T T g
N RAPIGS i X, ton }
%4 . 3 ¢ R .

y SR Sl i RO/ f
YN Sh e X (7 UL Ve XM
oA % of I s Rag¥e <
[ ] W LT e A oA 4} g RN
M SN H A Ly b )3
High SNR PSF or Aperture Photomet S U RIS DN e Low SNR PSF Photomet
AL ZE Ny g AL R O R e TR -y > vk P Y
10 | 3XoRR\ERIEENG S - 20y o . 1 Kt s ey
TREEE £os et i, 3§ ™ Wos o S, >
ey My 3 e o Cabs \ ".-:.'0 X ’”
w3 SRS st 27 0 U IR AN Ry s
X% % Ny N e s B % WL s Aid AT AERE" A
2 ek TR i AF SRR e

A / arcsecond
(@}

1.00

A« / arcsecond

D fx; R e d)
(This raises questions about A l f; ! log L = 5 X L f ¢(r) + Z fid(r —d;)
the validity of quoting X - i

photometric statistical 1 —+- ZJCZ
l

precisions if objects are
systematically biased, and

SEDC]::)t\i,\?c?eig ﬁ;réz;al In Af — Z ﬁ Af — l)[/'(Ad) — 1+ Z fig//'(di —_ Ad)
) l
l

(1+Af)g(r — Ad)— d°r

Wilson & Naylor (2018b; in prep.)
Plewa & Sari (2018) Tom J Wilson @onoddil



Using Average Contamination

3) Correcting flux brightening
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Using Average Contam

3) Correcting flux brightening

Typical, single visit images in near-Bulge regions

of the Plane will have:

- 50% of objects with at least one >1% flux

object in their PSF

- 20% of objects with a >10% relative flux object

contaminating them
- an average 10% total “extra” flux

(the Bulge will be much more crowded! Nearest-
neighbour matching won't work there, but
neither will probabilistic matching without taking

this effect into account...)

TRILEGAL - Girardi et al. (2005)
Wilson & Naylor (2018b)
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Fixing Catalogue Astrometry

4) Corrections to inconsistent astrometric covariances
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Conclusions

e Cross-Matches to LSST Data Releases with macauff - Form

« Upcoming LSST:UK cross-match service macauff — let me know your thoughts/needs/hopes/dreams
 Provide tables of cross-matches between LSST and <your favourite catalogue here!>
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