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What's it all ébﬂ'f?a- Thesis Framework

SPACE - INFRARE
B~ 4

GALACTIC - SURVEYS

1) SPACE : above the Earth!

tmosphere
¥. ’- ‘}n

2) INFRARED : approximately from 1 to 300 um

ng for “objects” outside our Galaxy

b

3) EXTRAG;;@.CTI

- -

4) SURVEYS : large and coordinated sets of observations

o



1) SPACE : A#fiosphere and Infrared
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lransmission

Atmospheric transmittance in the Near- and Mid-Infrared

Even 1n high-trasmittance regions, atmospheric and telescope

Smission make sensitive observations extremely difficult to perform
]




2) Infrared : the Y&l@,’ €old and Dusty Universe
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A key element in the ambitious “Search for the Origins™
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asis of current space astronomy on infrared missions
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3) Extragalactic : #alaxics and the Universe
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4) Surveys Tlﬂ'Era of “Blg Science”
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Increasing c%%lplemty and budget 11m1tat10ns led to a new 10ng term
strategy of fewer large (mostly 1nterna~ﬁonal) space science projects

Advent of space observatories covering various portions of the

el agnetic spectrum mean that data are less important in their
right than as an element of a mujti-wave{e&ih approach




What's 1n 1t7##*Thesis Structure

e “Case Study” : ISO, its Imaging Observations and the ELAIS Project

- Method : The LAR related Techniques and Tools

£

- Data Reduction and Amdl.;sis : ELAIS 15 um Final Analysis

o

F

- Multi-Wavel L entification of ELAIS 15 um Sources

. o

- ELAIS Band-Merg

- Early Scientific Results

we Work : ELAIS Follow-Up, Spitzer, Herschel and Beyond
. % ‘. .



ISO : The Infra#€d Space Observatory

- The first space infrarec
“observatory” ever "

- Imaging and spectroscopy"’
between 2 and

- Nearly-all-_;ﬁgA mi

- Operated 1n 1995-1998




ISO Imaging Da#@*and The LARI Method

* The LARI Method was.developed to overcome the main
difficulties affecting HOT imaging data:

- Poor spatial samplin dancy

_ Sizeable transient behax;i_(?ur after a flux change
_ Cosmic ray hits and "ght‘cf]r;les"
/ 4

!ma‘ke the use of conventional imaging data
o - 3
unpractical and rather call for a sequential

e These severe 1
reduction tech
procedure consis

_ the individual treatment of the "the l:listory" of each pixel, in
order to model the effects of transients and glitches

_ the determination of pixel-per-pixel and pointing-per-pointing
flux excesses ascribable to potential sources

mrojection of flux excesses onto the sky as a map



Signal (ADU}

Glitches

Cosmic ray impacts on I

SO

detectors spawned a wh("i
“zoology” of features'of # =
various shapes and strengths
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Mathematical M@del for Charge Release

S =S8ignal I'= Incident Flux ~O = Accumulated Charge
Completely conservative model
Charge is released with two different time scales
- Glitches as discontinuities in charge release

ST




Pixel Time Hig#ory Fitting : Glitches

Data
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Pixel Time F#Story-Fitting : Sources

Data

Eackground
Detected Flux
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IDL Degy#toped Programs

* Raw data import into IDL environment
* Pipeline reduction

- Stabilization determination

- Strong sourees! itches' identification

£
- Fitting parameters' "first guess"

* Pixel time history fitting

siS (graphical user interface)
, 1cing and source extraction

e Flux Estimagion through Autosimulation

* Astrometric ' on (vs. stellar positions)
e Photometric calibration (vs. stellar fluxes)

e Data products formatting/release

* Simulations for performance evaluation

I.I'.
o Interacflve a

- Astrometric and Photometric Accuracy

'r‘i'"‘—’ Reliability and Completeness 3



The W&KRI Package
* Package

- all ISO-CAM software “n
ELAIS 15 pm Final Ana 1ySise %

- extensively commented

- fully documented

- variously upgradable but already

usable il’l ltS preselt f()ml THE LARI PACKAGE FOR ISO-CAM/PHOT
DATA REDUCTION AND ANALYSIS
°

User S Manual ‘wﬁ User’s Manual

- package contents

- package installation 20 K 208

i SOftware use Mattia Vaceari
1 vaccari@pd.astro. it

- data reductlon eXampleS http://web.pd.astro. it/poe/lari

= software testing and performance

=T



ELAIS : The Europ@dn Large Area ISO Survey

-1 'i* s
The largest project carried out by ISOswith ~375 h of observing time

~ 10 deg? observed at 15 and 90 um, 5 deg? at 7 and 1 deg? at 175 um
4 high-latitude low-background blank fields (N1, N2, N3 and S1)

wulti—wavelength coverage by preseiit and future telescopes
i LY




ELAIS within IS Extragalactic Surveys
Name A (um) Integration (s) Area (deg?)
PHT Serendipity 175 0.5 7000
CAM Parallel 7 q# S 150 33
ELAIS 7,15, 90,175 0,40, 24, 128 6,11, 12, 1
CAM Shallow ¥ da 180 13
FIRBACK 175 256, 128 ko
IR Back 90, 135, 175 RN . 1
SA 57 0 ﬂ. 150, 50 0.42, 0.42
CAM Deep 7,15, 90 800, 990, 144 0.28, 0.28, 0.28
Comet Fields % 302 0.11
CFRS 7,15, 60" 720, 1000, 3000,3000 | 0.067, 0.067, 0.067, 0.067
CAM UltraDeep 7i | 3520 0.013
ISOHDF South 7,15 > 6400, > 6400 0.0047, 0.0047
Deep SSA13 7 34000 0.0025
Deep Lockman 7,90, 175 44640, 48, 128 0.0025, 1.2, 1
. ﬁﬁm 7,15 12800, 6400 0.0014, 0.0042




ELAIS#Cientitic Case

e Cosmic Star Formation

* Cosmic Infrared Bae
e Ultra Luminous Infrar _axigs at High Redshift

* Emission from Dust Tori around AGN

* Dust in Normal Galaxies tosCosmological Distance

. C1rcumstellar Dgsgglssmn from Galactic Halo Stars

* New Classes alagtlc and Extragalactic Objects

15 um observations are pérticularly valuable to explore the
phenomenon of galaxy activity and its evolution with redshift

because combination of larger observing area and higher sensitivity
with respect to other filters yields statistically significant samples

T etpn £



1o 4]
ARC MINUTES ARG MINUTES
CENTEH: E.A. 14 28 8.14 ©DEC +339 06 BA.2  JRDMH : . . DEC —43 58 1240 JE00Q

0.88%deg’ - 28 “rasters” - ~11,000 pointings - ~150,000 readouts
i




ELAIS 15 um R#fal:Analysis Catalogue

e 1923 sources with S/N > 5
e 0.5 - 100 mJy Flux Range
e Extensive set of simulations to
assess the catalogue quality
* 1-2 ” positional accuracy
e 10-20 % flux error
1 % error on flux calibration
http://astro.ic.ac.uk/~vaccari/elais




Data Reduction a@d Analysis Performance

. L 0y C Non—Repeated Regions
Simulation of additional sg .o Repeated Regions

on the top of observational ata
provides a realistic representajﬁon
of practical data reduction issues
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A key element

\
o= to understand
the nature of

j 15 um sources

» Seriously
v, hampered by

e astrometric
' accuracy and
. spatial resolution

of 15 um maps



Optical Identificagen of N1 and N2 Sources

A robust statistical tool
ELAISC15_J160553.3+542225 SERiRl determines the most
¢+ | reliable optical countepart

Five band deep optical imaging provides
flux, colors, star-galaxy discrimination

L wdnd@morphological information
e TR




Star-Galaxy Discrin##fiation and Flux Calibration
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imperial college 'I' h - _
home research people contact courses pre-prints seminars local pages physics imperial seaa[h
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24 Nov 03 : ELAIS
Band-Merged Catalogue

etected in at least two wavelengths

P; 90, 175 pm; 1.4 Ghz Photometry

"Mtral Energy -l $tfibutions and Colé’f—Co}or Diagrams

* Spectrometric/Photometric Redshjif'trrs and Absolute Luminosities

* A coherent summary of ELAIS observational campaigns

- An agreed-upon legacy from ELAIS & ISO as a whole!
~ * A useful pathfinder for future multi_—wavekﬂ projects
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Early Sgeentific Results

[nfrasged@®tirees in SED
and col@r-color spaces

nu Lou} + C

—

log,,

—
[=]

L .
B Rai®and “New” objects

9 Extremely Red Objects
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SWIRE : Spitzer Wide=Area Extragalactic Survey

LONSDALE

, — ELAIS-N1
\

LOCEMAN

LATS-IN2

XMM-LSS
Imaging at 3.6, 4.5, 5.8, 8.0, 24, 70, 160 um Largest project within Spitzer
over 50 deg? divided into 6 fields Legacy Science Program

r'-*l C..-Eﬂ?s S1, N1 and N2 included (850 h Observing Time)

-



What's Ne#t? - Future Work

Technical Tools Scientific Insights
Detector Modeling Colour-Colour Diagrams
Time History Deglitching Redhsift Distribution

Spectral Energy Distributions

Automated/Interactlng
1 Rare and “New” Objects

Mapping/Mosaicing ;
o

ELA¥S Follow-U Spitzer, Herschel and Beyond

Clustering and its evolution with redshift.. = Data Reduction and Science
EMNOs : a new class of IR-selected objects SWIRE and Spitzer Open Time
SWIRE SEDs of ELAIS objects ) Herschel Software Development

w ~ ‘i-u v




Ceclusions

The end-to-end realization of a space science observational project

* Refinement of anad h tion and analysis method

* Development of techni and tools for automated and
interactive data processing of space infrared data

* Production of a usable software package

* Application to an a 10us extragalactic infrared survey

* Data reduction ¢ zld analysis of a vast dataset

* Detailed estlmaWrmance through simulations
* Versatile data products#er follow-up studies

* Discussion of early scientific results”

* Multi-wavelength 1dentification of infrared-detected sources

* [solation of contributing extragalactic infrared populations

ﬂ'l c;‘vork : Spitzer and the “Golden Age’!’lof space IR astronomy



