First generation map-making for SCUBA-2
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Overview

e intro to SCUBA-2 and data properties
e iterative map-making with SMURF
 use of priors / maps of extended structure

 optimal filtering of faint point-source (cosmology) maps
« combining SCUBA-2 and SPIRE data



SCUBA-2: The largest submm
camera in the world




450um focal plane

* 4 X (40x32) subarrays .
 multiplexed SQUID reaﬁuts
200 Hz final sample rate .







Filled focal-plane
(7000 bolos, ~70% yield)
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Mapping Speeds

Table 3. Detection hmits in mJy for the SCUBA-2 observing
ez, T hese have been calculated based on T values of 0.04

and 0.065 at 450 and 850 pm, respectively, anc ming a source 1o for ma ppl ng 1 square deg ree

with average airmass of 1.2. The number associated with the PONG for

1 Hour

refers to the demand diameter of the map in arcsec.
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Scan modes
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Approved JCMT legacy surveys

http://www.jach.hawaii.edu/JCMT/surveys/SurveyAllocations.html

The total awards are shown in the following table.

(SCUBA-2) Survey Hours awarded

59% surveys
SCUBA-2 "All Sky" Survey: SASSy 480 13.8 %

31% PI

SCUBA-2 Cosmology Legacy Survey: S2CLS 1778 50.9 % 10% UH

MNearby Galaxies Legacy Survey: NGLS 100 2.9 %
JCMT Galactic Plane Survey: |PS 450 12.9 % Until

Gould Belt Survey: GBS 412 11.8 % Sept 2014

SCUBA-2 Observations of Nearby Stars: SONS 270 7.7 %
TOTAL 3490 291 nights

The number of hours awarded within each weather band are shown in the following table.

Hours awarded in C50 weather bands
Survey Band 2 Band 3
SASSY
52CLS
NGLS
JPS
GBS 342
SONS 135 135
TOTALS 699 (20.0%) 1272 (36.4%) 1039 (29.7%) 480 (13.8%)
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Typical bolometer time streams

Power (pW)
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Typical bolometer power spectra

Angular scale (arcmin)
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Software Design Goals

“Gosh,
200 Hz * 5000 bolos (per wavelength) = a lot of data...”

e real-time processing on summit computers (not a cluster!)
(~4—12 cores, ~32—96 GB RAM)

« Hands-off so that it can run in a pipeline

* Possibly not optimal map-maker, but good enough to do science



lterative map-maker: less memory/computationally intensive

Methodology borrows from many previous instruments:

COBE, MAXIMA, SCUBA, BOLOCAM, SHARC-II, AzTEC...

Very flexible, many different knobs (common-mode removal, whitening filters
FFT filters, map prior constraints, PCA cleaning, map-based de-spiking...)
Written in C: multi-threaded, uses Starlink libraries

Can reduce data faster than observing time on single desktop computer
ORACDR pipeline:

* Run in real-time at telescope / Reduced data products at CADC

» Cloud computing: Canadian Advanced Network For Astronomical Research




Basic Algorithm: pre-processing

Apply flatfield (response to heater ra

® Fix steps (SCUBA-2 data are riddled with

Remove mean, or higher-order polynom ial

® Measure power spectra, flag noisiest outlier




Basic Algorithm: map-making

b(t) = f[e(t)a(t)

b(t) = bolometer signal
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Basic Algorithm: map-making

b(t) = f*[e(t)a(t) + n(t)]

b(t) = bolometer signal

= responsivity /DAC constant
e (t)
a(t)
n (t)

time-—~varying atm ospheric extinction

astronom ical signal

noise

Divide b (t)by f (fixed quantity)

Remove most of n(t)with com mon-mode subtraction

Divide by e(t) (noisy measurement from WVM)

Remove remainder of low -f noise in n (t)with high-pass filter
Regrid (@a(t)+ ~white noise )to estim ate m ap

Rem ove back-projected signal from tim e stream s

Astronomical sources cause ringing - So iterate!
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Uncorrelated
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(b) COM
n=100
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(c) COM+FLT
n=10

Add high-pass
filter

Filter ringing




Just

common-
Just 1 4" mode
common-
mode  a

Uncorrelated
low-f noise

(c) COM+FLT
n=10

(d) COM+FLT

zeromask

Add high-pass
filter

Filter ringing




M17:
No prior
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Characterize response/noise as
f(filter scale)

Bright Extended Average e Fn
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OMC-1
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“A pilot study for SASSy” Mackenzie et al., 2011, MNRAS, 415, 1950




The moon...

450um 850um




The moon...




Cosmology Fields: No prior, no iterative filtering

10‘3_— \ -—--- Traw —
- \ e ' ——— Jjackknife -

- v —  whitened R

10_10 1 | 1 1 IIIII | | | IIII| |

0.01 0.10
spatial frequency (1/arcsec)




Cosmology Fields: No prior, no iterative filtering




Cosmology Fields: No prior, no iterative filterin

(c) smoothed SNR
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Cosmology Fields: No prior, no iterative filtering
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COSMOS-CANDELS

SCUBA2: 450
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Perseus B1: SPIRE @ 500um

Courtesy Doug Johnstone / Gould Belt Survey




Perseus B1: SCUBA- 450um

Courtesy Doug Johnstone / Gould Belt Survey




Perseus B1: SPIRE + SCUBA2

Courtesy Doug Johnstone / Gould Belt Survey
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Summary

Achieved stated goals:

« SMURF can reach the theoretical white-noise limit for studies of unresolved sources
» Can accurately recover large-scale information up to ~7 arcmin (the array footprint)
* Does not require a cluster to reduce data in reasonable amount of time

» A few canned algorithms do the job without user interaction

Future:
» Even better map-maker? (maximum-likelihood, e.g. SANEPIC)

» Overlap with surveys that provide large angular scales (Herschel, Planck?)



Principal Component Analysis
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0.02 deg” “450um” CLS fields
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