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Overview

The Challenge

New Opportunity: Probabilistic Cosmology
New Opportunity: Model-Based Mining
New Opportunity: Accelerating Analyses

Always keep in mind the Opportunity Costs

LCDM Collaborators:
Nick Ball, Adam Myers, Brian Wilhite, and
Britt Lundgren, Ashley Ross




The (Obvious)Challenge

LSST: Large Synoptic Survey Telescope

The Camera Design Overview

Credit: LSST Project Credit: LSST Project
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LSST Data Challenges

Why LSST:

Prototypical large astronomy survey

| am involved in three working groups

Some standard opportunities:

® How to handle the data volume!?
® How to sweep the data!

® How to mine the data?




LSST Data Challenges

Ar_chivg Site

LSST
Headquarters Site

f

Site Roles and their Functions

- Base Facility
Real-time Processing and Alert Generation,

Long-term storage (copy 1)

« Archive Center
Nightly Reprocessing, Data Release
Processing, Long-term Storage (copy 2)

« Data Access Centers (DACs)
Data Access and User Services

- System Operations Center (SOC)
System Supervisory Monitoring Control
& End User Support/Help Desk

* Codocated DAC: shares
infrastrocture with Archive Contter

** Codocated DAC: shares
infrastructure with Base Faciity

Credit: LSST Project
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The (Not So Obvious)
Challenge

Astronomy eduction does not
(typically) cover:

|) How to use databases
2) How to find rare events
3) How to find similar events

4) How to statistically characterize events
5) How to do it all quickly!

Christopher De Pree, Ph.D., and

o e | lllinois Pilot Project: Astro
Informatics in the classroom




So we ask for help!

Second Edition

Data Mining

Concepts and Techniques .
Collaborations are

Jiawe\i‘ ‘:-la‘n'ad Micheline’Kaer Nnot easy and take
: real effort to make
them work.
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So we ask for help!

HOW "1'O

LIE WITH
STATISTICS

Darrell Hufil

Over Half a Million Copies Sold—
n Honest-to-Goodness Bestseller




So we ask for help!

eaNe OER Home Page -~ Grants Web Site
1 @ EB @ [Lﬂhttp' { fgrants.nih.gov/grants/oer htm

\{_ U.S Department of Health & Human Services
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I LETECE About Grants Funding Forms & Deadlines Grants Policy News & Events About OER

About Grants Funding

News & Events
Grants Process Funding NIH-Wide Initiatives g News Flashes
e Grant Appication Opportunities e New and Early Stage
Basics Investigators e MV June NIH
Grants Process Search wrnmnq Stern Cell Extramural Nexus Posted
Opportunities:
Overview NIN Guide for Grants [nformaticn v New eRA Webd Ste
and Contracts Genome-Wide Launched
Association Studes ™ Animal Care & Use
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Types of Grant
Programs

How to Apply
Peer Review Cl

Process

Award
Management

Foreign Grants

¢ Funding
Opportunities
(RFAs, PAs) &
Notices

OppNet (Behavioral & Posted

Social Scences)

Award Data

More...
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¢ Nexus (Monthly News)

o Workshops & Training

o Listservs & Feeds

oD

o Hot Topics
¢ Frequent Questions

Smal Business ¢ QinicalTrials.gov and
(SBIR/STTR) FOAAA

Contract Finandal Confict of

Opportunities Interest (FOOI)

NIM Loan Animals in Research
Repayment
Programs

Information
Unsolicited
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Operations (Parent
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¢ Search NIH Awards
(RePORTER)

-

Electronic Grants
e N Electronic
Research Admin
(eRA)
¢ eRA Commons
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Electronicaly

Recovery Act Grant Global OER Resources
Information ¢ Glossary & Acronyms
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Research Traning o Frequently Used
& Career Links
Development
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Enhancing Peer Review
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Building Bridges
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Now to find funding!
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A Brief History Lesson

% Sloan Digital Sky Survey

Credit: SDSS Project Credit: SDSS Project
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A Brief History Lesson

Spectroscopic Data Photometric Data

Full Moon

One hour, 600 spectra One minute, multiband
tor~17.7 photometry to r ~ 22.6
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The Rest of the Story

16 20 24 28

Photo Limit ——

Spectral Limit
22 24

Factor of 100 increase!




Spectroscopic Cosmology

Credit: Zehavi et al. 2004
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Photometric Cosmology

Credit: Ross, Percival, & Brunner 2010
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The Future

Spectroscopic Data LSST Photometric Data

r~22.5

c

O S

|
83'
53

r~24

One Hour FOV Full Moon
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Going Forward

‘I'-Izl_”‘ 'I.'

LSST
Final

LSST
KAOS

LAMOST

Credit: Brunner, Connolly, & Szalay 1999
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A New Opportunity:
Probabilistic Cosmology

® Enhormous increase in source count

® Multi-band data to estimate classification and
redshift (distance)

® Not the death of spectroscopy, but entirely new
(sub-)field or approach.

® Note that vast majority of sources (> 99.9%?)
will never be followed up spectroscopically!




Photometric Redshifts

ESO — Rome Observatory
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Phctometrlc Redshifts

Given best-fit spectral model and a
corresponding redshift provides a
photometric redshift estimation.

Note: Spectral redshifts can currently only
be determined reliably to | < 24

Credit: Benitez, N 2000, Ap), 536, 571
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Probabilistic Redshifts

Main Galaxy

L.R. Galaxy

constructed by
sampling from
measurement
errors




Photometric Cosmology




Probabilistic Cosmology
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More sophisticated analysis weights by distance PDF.




Probabilistic Cosmology

Credit: Lundgren et al. 2009
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Another New
Opportunity




Time Domain Astronomy

Credit: LSST Project

GRB afterglows
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Good reference site: DotAstro.org
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Time Domain Astronomy

Credit:Wilhite et al. 2005 S P e Ct ra I Credit:Wilhite et al. 2006
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Credit: Lundgren et al. 2007
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A New Opportunity:
Model Based Mining

Synoptic Astronomy is rapidly growing field

Rare or transient events are extremely interesting

But the ability to constrain physical models by using
synoptic data is an entirely new (sub-)field.

Mine Petascale data based on analytic models!

Borrow from other fields, including financial markets




Model Based Mining

Continuous time first L AL AM,
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Another New
Opportunity




A New Opportunity:
Accelerating Analysis

Leverage Commodity Graphics Processing
Units to Accelerate Cosmology Codes

b TN ™

Credit: Kindratenko & Brunner 2009
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Lustre file

Cluster
system
servers

24-port Topspin 120
Server InfiniBand
switch

exeutiontime (se¢)

16 cluster compute nodes

10 20 30 40

Netgear Prosafe 24- number of MPI threads
port Gigabit Ethernet
switch

HP xw9400
workstation with
NVIDIA Quadro Plex
Model IV modules
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Opportunity Costs

® Challenge: Leaving the comfort zone.

® Challenge: Building Bridges

® Challenge: Implementing Solutions Computations
® Faster algorithms

® Faster hardware

® Opportunities: New discoveries!




Good Luck!

Interdisciplinary collaborations are not easy and take
real effort to make them work.

© Original Artist ——
Reproduction’rights obtainable from
ww.Ca'rtoonSt_Eu_T:lﬁgom-.
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"There are lies, damn lies, and statistics. We're
looking for someone who can make all three
of these work for us."
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