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Cosmic Backgrounds

Hasinger (2000)

The Cosmic Energy Density Spectrum

3 CMB Planck Blackbody
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Energy Density [nW/m?2 sr]

Hasinger (2000)

The Cosmic Energy Density Spectrum

3 CMB Planck Blackbody
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Lifecycle of Dust and Stars (Equilibrium)
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K-correction Benefits
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Submm survey can probe large volumes with limited

selection bias. (SCUBA z ~ 1-8)

T. Greve



A Submillimeter Galaxy Population

Hughes et al. (1998)



A Submillimeter Galaxy Population

Radio and Optical (UV) Identifications

Borys et al. (2003), Chapman et al. (2003),
Webb et al. (2003), Smail et al. (2000), Ivison et al.
(2002)

Optical Redshifts
Chapman et al. (2003,2005)

Chapman et al. (2005)
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Seeing back into the cosmos
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Seeing back into the cosmos
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Need For More Data

Flux Density [mJy]
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The observed bands do not provide
powerful constraints of the SEDs.

Chapman et al. (2003, 2005) got
around this assuming the radio - FIR
correlation (?)

Need data near peak or other side of
SED.
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10.4 m Gregorian Telescope

12um RMS surface
(DSOS Melanie Leong)

4,000m (13,000ft) Elevation






SHARC-2 (Dowell et al. 2003)

32 x 12 = 384 bolometers

1/2

1 Jy s in good weather



SHARC-2 Observations...

8 Observing Runs (November 2002 - April 2005)

e

Requires BEST submm weather (t
(15-20% Chance)

< 0.05)

225GHz

2-4 hours of integration (+ overhead) per SMG
targetting sensitivities of ~10 m)Jy/beam

Lissajous Patterns for Small Field Observing.

Interlaced with frequent pointing and calibration scans.
(Planets, asteroids, Arp220, CO stars, compact HIl)

* X X X



SMM J163631.47 +405546.9




SMM J163631.47 +405546.9
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SMM J163631.47 +405546.9
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There's more!..]




SMGs at 350um with SHARC-2 (30" x 30")

mJy / beam




SMGs at 350um with SHARC-2 (30" x 30")

mJy / beam




SMGs: Spectral Energy Distributions (SEDs)

Rest Frame Wavelength (um)
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Dust Temperature and Emissivity
T and 3 are correlated parameters of the SED fits...
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Temperature Evolution?

Average T, (Kelvin)
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Luminosity - Temperature Relations
Strongly Affected by Selection!!!
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Correlation Between Radio and FIR Luminosities

Supernovae

Helou (1985,1988)
Correlation between:
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Correlation Between Radio and FIR Luminosities
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Correlation Between Radio and FIR Luminosities
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Radio to Far-Infrared Correlation

q ~ L(FIR) / L(1.4 GHZz)

Local IRAS Galaxies
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Radio to Far-Infrared Correlation
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Radio-FIR Correlation & Dust Emissivity
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Photometric Redshift

A Great Desire for it to work...

)T, =T  (1+2)

(Carilli & Yun 1999,2000; Wiklind 2003)



Photometric Redshift
A Great Desire for it to work...
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Photometric Redshift
A Great Desire for it to work...
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Photometric Redshift
A Great Desire for it to work...
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Photometric Redshift
A Great Desire for it to work...
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Photometric Redshift
A Great Desire for it to work...
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Saspum (MJY)

The Good News:

Scaling Relations for the Observed Quantities
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Conclusions

@ 15 observed - 12 detected, 3 too faint.

s Accurate Dust Temperatures and Luminosities.
» Linear Radio - FIR correlation.

Star Formation not AGN dust heating.

g or B different than locally.
@ L-T (with evolution)

* Probably no Photometric redshift from radio or FIR...

* ...but SEDs might be constrained from detection

photometry.






Sky
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Sky
Brightness
(~1000 Jy)

15 mag star in broad daylight...

(...1000 times fainter than
the faintest star visible
on a clear night...)

Sky
Variability O
(~10 Jy/min*?) O
Submillimeter
Galaxy




1/f Noise (the real problem!)

PSD (Jy? Hz )
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1/f Noise (the real problem)

Correlated in space!!!
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Chopping (the Simple Way...)

Fast switching of detectors between source and blank sky.
Analyze difference signals.
E.g. 45" switching at 4 Hz for SHARC

w

Problems

Lost Sensitivity to Some
Spatial Components

Differencing Noise
Duty Cycle

On-Source Efficiency
(small arrays)

Striping
(Imperfect Sky Removal)



Large Format Arrays (SHARC-2)
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32 x 12 = 384 bolometers

Detectors Measure Sky Simultaneously!



From Source to Data...

4+ Noise

M(S)+N =D

Relative Signal Amplitude

50 100 150
Sample Number
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From Data to Source - The Inversion Problem

mmmmmmmmmmmm

S = 4(D)
S + A(N) = A(D)

Ao M=1



From Data to Source - The Inversion Problem

Pallas (23 }Jy) in 2 minutes

Simple Inversion
(Maximum Likelihood)

6 Jy/beam RMS



From Data to Source - The Inversion Problem

Pallas (23 Jy) in 2 minutes

Simple Inversion
(Maximum Likelihood)

6 Jy/beam RMS

CRUSH
(Filtering)

0.1 Jy/beam RMS



Approximate Inversion

Relative Signal Amplitude
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Lossy!!!
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. Practical Filtering...
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. Practical Filtering...
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. Practical Filtering (time stream)

Relative Signal Amplitude
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l. Filtering of Source Signals

Normalized Source Flux (%)
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Il. Inversion Step Statistics

Combine several data points into single map pixel

Z'f. Wi ){’E‘t
D W

weighted averages (X) =

covariance matrix [(?D]k,f =E [(Dk — RDH(DE — {DH]

o ] +— 1
optimal weights Wi X E [(X ]?



I1l. Gain Knowledge
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SHARC-2

Atmospheric Variations require gain knowledge
to 4-5 significant figures.
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IV. Observing Patterns

Sensitivity Faster

Faithfulness :
== m P Crossing

Random
(appearance)
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IV. Observing Patterns

For compact and point sources. For large map making. Obtains
Maximizes time coverage over a uniform coverage over an area much
small area. larger than the array
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General Conclusions

. Optimal Filtering
Il. Noise Weighting
I1l. Gain Knowledge

IV. Observing Patterns



CRUSH (an iterated pipeline)

Model 1
100 Million
e.g. Correlated data points
Filt Noise
lneers v (3 hours SHARC-2)
Model 2

e.g. Pixel Gains

v

~1 hour

modern Pentium
class computer

0
: \/
I |
Clean-up 1 |
o \
I Model N
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Flagging




Computing Requirements...

Brute Force Clever CRUSH
(CMB Mapping)
N3 N N

N? Nlog N N




CRUSH: Inside

Statistical Estimators
(Maximum Likelihood, Maximum Entropy, Robust)

Weights from Residual Noise Properties
Gains from correlated detector response
Statistical Tests for Identifying Bad Data

Filtering from Ordering

Convergence in a handful of iterations...



Source Generation 0 - Direct Mapping

v = 442602

VESTA (~5])y)
4 January 2003



Source Generation 1

¥’ = 1.161

VESTA (~5])y)
4 January 2003



Source Generation 2

2 = 1.045

VESTA (~5])y)
4 January 2003



Source Generation 3

v* = 1.050

VESTA (~5])y)
4 January 2003



Source Generation 10

v’ = 1.058

VESTA (~5])y)
4 January 2003



CRUSH: Model Breakdown

Static Vesta 8293
Residual Pixel 5 January 2003
Offsets Excellent Conditions
~ 100 Jy
Source Model
~ 5]y
Gradients —
~ 0.3}y
Electronic
Row Drifts
~ 03]y

=s
Detector 1/f
Drift Model
~0.1])y




CRUSH: Filtering Properties (1/f%)
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CRUSH: Residual Noise Structure

Residual
Correlations

00O




CRUSH: Conclusions

Fast
Close to Optimal
Configurable

Non-linear Capable

www.submm.caltech.edu/~sharc/crush




CRUSH: Conclusions

Fast
Close to Optimal
Configurable

Non-linear Capable

Optimal for:
Future Large Bolometer Arrays (SCUBA-2)
Any other experiment with correlated 1/f type

noise interference
(e.q. heterodyne spectrometers)

www.submm.caltech.edu/~sharc/crush




SHARC2 Gallery Protostars in Cygnus X

Jyv/bean

F. Motte



SHARC2 Gallery Protostars in Cygnus X
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SHARC2 Gallery Protostars in Cygnus X
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Submillimeter & Far-Infrared
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