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Getting ready to do science with LSST data, Lyon
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Image: SDSS DR 12



People make catalogues
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Catalogue and color-magnitude diagram: An et al. ApJS 179, 328 (2008)



Crowded Field Cataloguing
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Data: SDSS DR12
Catalog: An et al. ApJS 179, 328 (2008)




Traditional Catalogue Issues
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Probabilistic Cataloguing

- Infer an ensemble of catalogues

- Naturally handles deblending ambiguities and
source-source covariance

* Ensemble samples Bayesian posterior distribution of catalogues
P(Catalogue|Image) o« m(Catalogue)L(Image|Catalogue)

» Explore catalogue space with Markov Chain Monte Carlo




Catalogue Priors

- Prior that sources are independent and described by

population parameters (:
N

w({£;, 61, F: 3=y, B) = m(B)m(N|B) J n(¢;, 4, Fi|B)

A 4;i:1

- B can describe both spatial and flux distributions

- What should the prior on the number of sources look
like? What do we mean by “the number of sources”?

How many sources are there with a flux above F,,;;,,?¢

- A prior that penalizes the (N + 1)th source based on the
expected improvement in y? under the null hypothesis
that there are N sources:

(N + 1) 3

R




Reversible Jump MCMC

- Allows proposals to change dimensionality of model
- Move m takes x and generates auxillary u to propose x'
+ Move m' takes x" and generates auxillary u’ to propose x
* dimx +dimu = dimx’ + dimu’ and (x,u) < (x’,u’) one-to-one
m(x") LX'|D) o (x") g(w') |0 (x", u') )
"m(x) Lx|D) jm(x) g(w) | 0(x,u)

- For example, birth/death between x = {x4, ..., x5} and
x' ={x4, ., Xyy1 hasu = xy, and u' = @

 If birth and death equally likely, sources independent in
prior and new source x, generated from prior

(N + 1) L(x'|D)
(N) L(xlD))

a(x - x') = min (1

a(x —» x') = min (1,

P.J. Green, Biometrika 82, 711 (1995)



Traditional Catalogue
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Compared to Hubble
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Probabilistic Catalogue
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Completeness
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False Discovery Rate
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Stacked Catalogue Ensemble
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Condensed Catalogue
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Conclusion

- The problem of crowded field photometry will be very
relevant in the LSST era

- Probabilistic cataloguing infers an ensemble of
catalogues, capturing deblending ambiguities and
source-source covariance

- The ensemble of catalogues can be collapsed into a
condensed catalogue that 1s marginalized over
deblending ambiguities and source-source covariance

- Our probabilistic cataloguing implementation finds
more sources in crowded fields than DAOPHOT

- While the current implementation is very slow, we
expect to be able to speed it up considerably

For more details see arXiv:1703.01303
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Use Case Specifications

- 40" x 40" from Messier 2 (Npix = 10 000), 2’ from centre
- Core radius 0.34’°, half-light radius 1.08
- DAOPhot catalogue identifies 337 DAOPhot sources

- HST catalogue identifies 1 000 sources

- Run with about 250 CPU-hours (10?2 model evaluations
@ 1 CPU-ms each)




Residuals
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Worst-Case Scenario
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Worst-Case Residuals

Observed - PCAT Observed - SDSS DAOPHOT

800 52 800
600 600
400 >0 400
200 48 200
0 46 0
-200 -200
-400 44 —-400

{-600 42 —600
—-800 —-800

24 26 28 30 32 34 24 26 28 30 32 34




Completeness
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False Discovery Rate
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Receiver Operating Curve

1.0r ‘ ¢ PCat 18tk maé* DAOPHOT 18% mag |
§ X8 * )
a mag_ . +%- -
|.’I ol o
0.8F w | —— |
| , N DAOPHOT 19% mag
_.' q, I
_‘ . Q‘Zf - "’
m | - Q, I *
o 0.6} ® G I 2% 0 p |
: v gy
[}
E- = - - '___iDP’-O-?'" ‘ ' C)‘}Kﬂ)
=l ARt Q 1
] - : 3 . v
I. I o '; .--....'
_____ I]_."'- .
0.2} L _ _-;‘_";I |
; DAOPHQT.z.l..S?méi
0.0} |

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
false discovery rate




