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n The nature and promise of surveys

n Example: quick rundown of 2MASS properties

n What we want to learn?

n Case studies: star counts & galaxy populations

n What people do . . .

n The Bayesian Inference Engine (BIE)

n The Future

n Summary
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UMass-led project in collaboration with NASA/IPAC

n Point Source Catalog

u 470 million objects with bright source accuracy of 0.02 mag and
100 milliarcseconds

u Matched �lter (PSF) and aperture photometry

n Extended Source Catalog

u 1.6 million extended objects

u 97% galaxies

u Aperture, isophotal photometry

u Concentration, shape
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UMass-led project in collaboration with NASA/IPAC

n Survey Characteristics
Wavebands J, H, and Ks (2.00 – 2.32µm)
Sensitivity (SNR 10) 15.8, 15.1, 14.3 mag for J, H, Ks

Photometric Accuracy 2-3% in practice
Photometric Uniformity 1% in practice
Positional Accuracy 0.1” in practice
Completeness/Reliability 0.99/0.9995
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UMass-led project in collaboration with NASA/IPAC

n Survey Characteristics
Wavebands J, H, and Ks (2.00 – 2.32µm)
Sensitivity (SNR 10) 15.8, 15.1, 14.3 mag for J, H, Ks

Photometric Accuracy 2-3% in practice
Photometric Uniformity 1% in practice
Positional Accuracy 0.1” in practice
Completeness/Reliability 0.99/0.9995

n 100% sky coverage!!



General properties of surveys

Plan

2MASS
Survey properties
Promise of surveys
What people do
Case study #1
CMD examples
Milky Way bar

You are here . . .
Case study #2
The Challenge
BIE
Star count example
The Future
Summary

SAMSI Surveys – slide 4

n Homogeneous—uniform observation with
well-understood instrumentation



General properties of surveys

Plan

2MASS
Survey properties
Promise of surveys
What people do
Case study #1
CMD examples
Milky Way bar

You are here . . .
Case study #2
The Challenge
BIE
Star count example
The Future
Summary

SAMSI Surveys – slide 4

n Homogeneous—uniform observation with
well-understood instrumentation

n Large-volume data set—107–109 objects, enough to
determine high-order correlations and complex models



General properties of surveys

Plan

2MASS
Survey properties
Promise of surveys
What people do
Case study #1
CMD examples
Milky Way bar

You are here . . .
Case study #2
The Challenge
BIE
Star count example
The Future
Summary

SAMSI Surveys – slide 4

n Homogeneous—uniform observation with
well-understood instrumentation

n Large-volume data set—107–109 objects, enough to
determine high-order correlations and complex models

n Typically multiple data products



General properties of surveys

Plan

2MASS
Survey properties
Promise of surveys
What people do
Case study #1
CMD examples
Milky Way bar

You are here . . .
Case study #2
The Challenge
BIE
Star count example
The Future
Summary

SAMSI Surveys – slide 4

n Homogeneous—uniform observation with
well-understood instrumentation

n Large-volume data set—107–109 objects, enough to
determine high-order correlations and complex models

n Typically multiple data products

u Point sources: matched �lter “extraction”,
photometry, simple attributes



General properties of surveys

Plan

2MASS
Survey properties
Promise of surveys
What people do
Case study #1
CMD examples
Milky Way bar

You are here . . .
Case study #2
The Challenge
BIE
Star count example
The Future
Summary

SAMSI Surveys – slide 4

n Homogeneous—uniform observation with
well-understood instrumentation

n Large-volume data set—107–109 objects, enough to
determine high-order correlations and complex models

n Typically multiple data products

u Point sources: matched �lter “extraction”,
photometry, simple attributes

u Extended sources: complex attributes, parametric �ts

n 2MASS: neural-network classi�cation score



General properties of surveys

Plan

2MASS
Survey properties
Promise of surveys
What people do
Case study #1
CMD examples
Milky Way bar

You are here . . .
Case study #2
The Challenge
BIE
Star count example
The Future
Summary

SAMSI Surveys – slide 4

n Homogeneous—uniform observation with
well-understood instrumentation

n Large-volume data set—107–109 objects, enough to
determine high-order correlations and complex models

n Typically multiple data products

u Point sources: matched �lter “extraction”,
photometry, simple attributes

u Extended sources: complex attributes, parametric �ts

n 2MASS: neural-network classi�cation score

u Spectral data (e.g. SDSS, Leiden-Dwingaloo)



General properties of surveys

Plan

2MASS
Survey properties
Promise of surveys
What people do
Case study #1
CMD examples
Milky Way bar

You are here . . .
Case study #2
The Challenge
BIE
Star count example
The Future
Summary

SAMSI Surveys – slide 4

n Homogeneous—uniform observation with
well-understood instrumentation

n Large-volume data set—107–109 objects, enough to
determine high-order correlations and complex models

n Typically multiple data products

u Point sources: matched �lter “extraction”,
photometry, simple attributes

u Extended sources: complex attributes, parametric �ts

n 2MASS: neural-network classi�cation score

u Spectral data (e.g. SDSS, Leiden-Dwingaloo)

u Image data (10 TB in 2MASS, coadds)
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n Serendipitous discovery: when modelsdo notdescribe
Nature

n Large data volume should provide detailed tests
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n Characterize populations

n Investigate cosmongeny

u Typically done by interpretation of multidimensional
covariance

u Parametric analysis

n Serendipitous discovery: when modelsdo notdescribe
Nature

n Large data volume should provide detailed tests

n Conundrum: straightfoward approach is computationally
infeasible!
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n One-dimensional distributions—luminosity functions

u Solar neighbor-
hood:F (M)

u Data/models

u Kroupa, Gould
1990s
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n One-dimensional distributions—luminosity functions

n Two-dimensional distributions

u Color-Magnitude Diagram (CMD)

n Large Magellanic
Cloud (LMC)

n Nikolaev & Weinberg
2000
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n One-dimensional distributions—luminosity functions

n Two-dimensional distributions

u Color-Magnitude Diagram (CMD)

u Galaxy properties plane

n Galaxian CMD

n Red sequence, blue
cloud

n Blanton 2005
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n One-dimensional distributions—luminosity functions

n Two-dimensional distributions

u Color-Magnitude Diagram (CMD)

u Galaxy properties plane

) Matchthese data distributions to models
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n The ol' inverse problem. Procedure:

u Physical density in space:r (r ) = r (r;z; f )

u Distribution of stellar properties:Y(M) = Y(M;r)

u The fundamental equation

dP(m)
dm

= dW
Z

dss2 r (r(s);z(s); f (s)) �

Y (M � [5 logs� 5+ A(r(s))] ; r (s))



Case study #1: Star Counts! Galaxy structure

Plan

2MASS
Survey properties
Promise of surveys
What people do
Case study #1
CMD examples
Milky Way bar

You are here . . .
Case study #2
The Challenge
BIE
Star count example
The Future
Summary

SAMSI Surveys – slide 7

n The ol' inverse problem. Procedure:

u Physical density in space:r (r ) = r (r;z; f )

u Distribution of stellar properties:Y(M) = Y(M;r)

u The fundamental equation

dP(m)
dm

= dW
Z

dss2 r (r(s);z(s); f (s)) �

Y (M � [5 logs� 5+ A(r(s))] ; r (s))

n Hard but not degenerate
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High-latitude Inner disk
b = 90� Thin disk l = 25� ;b = 3� Std Ak

Combined Thin & thick 50% Ak 50% ring Ak
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n Typical approach to date:

u Select well-described population from CMD
(standard candle analysis)

) Luminosities known (narrow distribution)
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n The ol' inverse problem.

n Typical approach to date:

u Select well-described population from CMD
(standard candle analysis)

) Luminosities known (narrow distribution)

) 3-D distribution

u Examples: Sgr Dwarf stream, Milky Way bar, LMC
structure
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near IR cmd

n Use extreme carbon stars

n Approximate standard can-
dles

n Veryreliable ID in 2MASS

n Statistical photometric inver-
sion to get distances

(Cole & Weinberg)

(Skrutskie, Reber, Murphy, Weinberg)
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n Bar length: 2:6� 0:15 kpc

n Position angle 31� 8�

n Rel. strength: 0:32� 0:15

n Kernel density estimation
with cross validation

n Bayesian inference, in-
cludes luminosity bias
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n Cutsk and? to los

n Scale length: 3:5 � 0:15
kpc

n Exponential disk!
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n GIM2D

u Fromimage products

u Automated bulge/disk decompositions

n Background estimation

n Centering, deprojection

n Disk (exponential):S µ e� ar

n Bulge (Sersic pro�le):S µ e� b(r=re)1=n

u Optimization: Simulated annealing algorithm

u Luc Simard et al.
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n GIM2D

n GALFIT

u Likelihood with conjugate gradient optimizer

u Prior??

u Peng et al. 2002
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n GIM2D

n GALFIT

n Bias–Comparison of GIM2D and GALFIT

u Häußler et GEMS team, in prep.
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n Large volume data sets! should be able to determing
many parameters or complex relationships

n Really want:hypothesis testing not goodness of �t

n Computational scaling:

u Approximately 1 billion stars

u Should be able to determine 10 parameters. . .

u Likelihood: 1010 evaluations over 109 datums!

u Non-linear: manyfalselocal extrema
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n Large volume data sets! should be able to determing
many parameters or complex relationships

n Really want:hypothesis testing not goodness of �t

n Computational scaling:

u Approximately 1 billion stars

u Should be able to determine 10 parameters. . .

u Likelihood: 1010 evaluations over 109 datums!

u Non-linear: manyfalselocal extrema

n A solution . . .

u Manipulate resolution of data hierarchically

u Eliminate swaths of parameter space at low resolution
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n Drawn to Bayes approach as a rationalist: precise
translation of scienti�c belief to mathematical distribution
theory

n Design

u Exploit embarrassingly parallelnature of MCMC

u Architecture to support Bayesian updates

u OO-architecture

n Easy to add new model front-ends

n Easily extended to novel MCMC algorithms,
general convergence checks and diagnostics,

u Point and binned likelihood, parallel work queues
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n Details & Features

Galaxy
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Level 3

u Arbitrary tessellation (KD-tree, Quad-tree, HTM)

u Markov Chain simulation of Bayes posterior

u Any Metropolis-Hastings-type algorithm
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n Details & Features

Galaxy

Observer

Level 1

Level 2

Level 3

u Arbitrary tessellation (KD-tree, Quad-tree, HTM)

u Markov Chain simulation of Bayes posterior

u Any Metropolis-Hastings-type algorithm

n Goals:

u Platform for inference over large data sets

u Testbed for new methodology
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n Attempt to investigate two disks insyntheticLMC

n Giants only with standard 2MASS errors, 2� 105 stars

n Age & metallicity shifts giant branches

u Old, �at distribution

u Young, linearly decreasing distribution
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n Attempt to investigate two disks insyntheticLMC

n Giants only with standard 2MASS errors, 2� 105 stars

n Age & metallicity shifts giant branches

u Old, �at distribution

u Young, linearly decreasing distribution
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n Question: how many disk components are there?

n Bayes ratios

u Multicomponent mixture model

u One level—weakly informative prior (WIP)

u Three levels—hierarchical empirical prior (HEP)
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n Question: how many disk components are there?

n Bayes ratios

u Multicomponent mixture model

u One level—weakly informative prior (WIP)

u Three levels—hierarchical empirical prior (HEP)

HEP through Bayesian updates:
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n Question: how many disk components are there?

n Bayes ratios

u Multicomponent mixture model

u One level—weakly informative prior (WIP)

u Three levels—hierarchical empirical prior (HEP)

HEP through Bayesian updates:

P(mjD0; I ) =
P(mjI )P(D0jm; I )

P(D0jI )
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n Question: how many disk components are there?

n Bayes ratios

u Multicomponent mixture model

u One level—weakly informative prior (WIP)

u Three levels—hierarchical empirical prior (HEP)

HEP through Bayesian updates:

P(mjD0; I ) =
P(mjI )P(D0jm; I )

P(D0jI )

Another application of Bayes Theorem yields:

P(mjD1;D0; I ) =
P(mjD0; I ) [P(D1jm; I )=P(D0jm; I )]

P(D1jD0; I )
:
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Bayesian model selection

n Pick modelmwith highest probability given dataD

n Model evidence:

P(Djm) =
Z

dqmP(qmjm)P(Djm;qm)

=

(

å
j

1=P(Djm;qm j)

) � 1

n Bayes ratio:B12 =
P(Djm1)
P(Djm2)
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Bayesian model selection

n Pick modelmwith highest probability given dataD

n Model evidence:

P(Djm) =
Z

dqmP(qmjm)P(Djm;qm)

=

(

å
j

1=P(Djm;qm j)

) � 1

n Bayes ratio:B12 =
P(Djm1)
P(Djm2)

B12 logB12 Evidence
1 to 3 0 to 1 Weak

3 to 20 1 to 3 Positive
20 to 150 3 to 5 Strong

� 150 � 5 Very strong
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n Question: how many disk components are there?

n Bayes ratios

u Multicomponent mixture model (1, 2 & 3 disks)

u One level—weakly informative prior (WIP)

u Three levels—hierarchical empirical prior (HEP)
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n Question: how many disk components are there?

n Bayes ratios

u Multicomponent mixture model (1, 2 & 3 disks)

u One level—weakly informative prior (WIP)

u Three levels—hierarchical empirical prior (HEP)

Run # logB12 logB22 logB32
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n Question: how many disk components are there?

n Bayes ratios

u Multicomponent mixture model (1, 2 & 3 disks)

u One level—weakly informative prior (WIP)

u Three levels—hierarchical empirical prior (HEP)

Run # logB12 logB22 logB32

WIP -62 0 73
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n Question: how many disk components are there?

n Bayes ratios

u Multicomponent mixture model (1, 2 & 3 disks)

u One level—weakly informative prior (WIP)

u Three levels—hierarchical empirical prior (HEP)

Run # logB12 logB22 logB32

WIP -62 0 73
HEP -38 0 -8
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n Question: how many disk components are there?

n Bayes ratios

u Multicomponent mixture model (1, 2 & 3 disks)

u One level—weakly informative prior (WIP)

u Three levels—hierarchical empirical prior (HEP)

Run # logB12 logB22 logB32

WIP -62 0 73
HEP -38 0 -8

HEP appears to diminish the in�uence of the WIP much in the
same way that one can show that the initial assumption of in
hierarchical priors is negligible.
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n Rigorous con�dence bounds and hypothesis testing

u Rather thangoodness of �t

n Ensemble analysis rather than “reduced parameter”
correlations

u More practical as computational power increases and
(sic) relative data volume decreases

n Return to the pixels
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n Rigorous con�dence bounds and hypothesis testing

u Rather thangoodness of �t

n Ensemble analysis rather than “reduced parameter”
correlations

u More practical as computational power increases and
(sic) relative data volume decreases

n Return to the pixels
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n Have only begun to exploit the promise of large-scale
surveys

n Have only begun to exploit the promise of computational
statistics to exploit the promise of large-scale surveys

n Rethink data processing pipelines in view of modern
methods of hypothesis testing
E.g.

u Do we need PSF �tting?

u Simpler but robust extended source statistics?
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n Have only begun to exploit the promise of large-scale
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n Have only begun to exploit the promise of computational
statistics to exploit the promise of large-scale surveys

n Rethink data processing pipelines in view of modern
methods of hypothesis testing
E.g.

u Do we need PSF �tting?

u Simpler but robust extended source statistics?


	Plan
	The 2MASS Point Source Catalog
	General properties of surveys
	The promise and problems of surveys
	So what do people do typically?
	Case study #1: Star Counts  Galaxy structure
	CMD examples
	Case study #1: Star Counts  Galaxy structure
	Milky Way bar
	You are here …
	Case study #2: Galaxy properties
	Statistical and computational challenge
	The Bayesian Inference Engine
	The Bayesian Inference Engine
	Bayesian star-count example [1]
	Bayesian star-count example [2]
	Bayesian star-count example [3]
	Bayesian star-count example [4]
	The Future

