NHSC Data Processing Workshop
Sept 10-14, 2012

SPIRE Spectrometer Observations of
Faint Point Sources: Data Reduction
Improvements over the Pipeline

Nanyao Lu
NHSC/IPAC

(On behalf of the SPIRE ICC)
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Goals

» Discussion of systematic effects and errors pertinent to
faint point-source observations (< 10 Jy).

— Continuum flux calibration uncertainty.
— Noise in spectra.

« Post-pipeline improvements to data reduction:

— Improving continuum flux accuracy.
— Check and possibly reduce the noise in your spectrum.
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l. Improving Continuum Flux

Telescope Emission Dominates Most Observations!
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Uncertainty from Telescope Emission Removal

Standard deviation of many Dark Sky observations reduced using
the standard pipeline:

Standard deviation

= Telescope model is good to
1 —2 Jy in continuum flux
uncertainty in HIPE 8.
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= This has been improved to
0.5-1Jyin HIPE 9.
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How to Remove Residual Telescope Emission

« Two practical ways:

—  Subtract an observed Dark Sky from the same observational day, as
close in time to your observation as possible, which is processed in the
same way as your own observation.

» Alist of dark observations can be found at:
http://herschel.esac.esa.int/twiki/bin/view/Public/SpireDailyDarkObservations

—  Subtract a mean or median spectrum from surrounding detectors in case
of a point source observation:
»  We will demo how to do this using a simple script in the end of the session.

t > HIPE - /Users/lu/Applications/hipe_cib/hcss.icc.spire-8.0.3282/scripts/sg

File Edit Run Pipelines [a¢si&dl Window Tools Help
= & g Y ARSI EIEISS0 @ Photometer Astrometry Correction

A Scri pt for dOing bOth P ETior %\ : Photometer Baseline Rgmoval and Destriper
. . = \ Photometer Map Merging

these corrections is ‘

b -

[a Spectrome...ar2012.py | @ Spectromet..acti{”® Photometer Solar System Object Motion Correction
available inside HIPE: 2

This file is part of Herschel Co -
Copyright 2001-2011 Herschel Sci

HCSS is free software: you can A® Spectrometer Thumbnail Mosaic Plot

It under the terms of the GNU Lesser General Public License as
published by the Free Software Foundation, either version 3 of
the License, or (at your option) any later version.
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Residual Telescope Emission Removal: Using Surrounding

Channels
SSW SLW .
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Residual Telescope Emission Removal: More Examples

TIRAS13120-5453: SSWD4 + SLWC3 IRAS13120-5453: SSWD4 + SLWC3
0 e T T B e L L EARS
£ ] nE E
B 4 3 20F
E WA ] 18E
=t E e
= ] 2 ufE
sk = e
2 r 1 2 0
3 [ 3 3 sE
5 F ] 5 of
T sp e N
r 1 2E
of ! 3 °F
b b b L Al e L L
Arp193: SSWD4 + SLWC3 oo AZ: 193{‘55‘;]”])4 :"S LW“’C s » %
16 e e . piZ3:
b E T T T T T T T ]
E ] = |
12 0’».l = C ]
=~ [ W ] 10~ .
> 100 4 4 n ]
) F 4 - L i
> f {,,W’ ] '»Z‘:xl ;
2 sb E
s : Zof .
X r | < r ]
2F = =R E
E f
) R T P U F P FURTE F P E ]
10 15 20 25 30 35 40 45 50 55 2"\‘\\\\l\]\l\\J\I\l‘\l\l‘l\\l‘l\\l‘l\l\‘l\l\’
NGC0034: SSWD4 + SLWC3 T NGC0034: SSWD4 4 SLWCS »
: +
T ‘ ‘ ‘ ! ‘ ‘ k| 10 T e
10— 3 [ ]
E o ]
SXs 3 _eb 3
Z.f L S | ]
2 £ ] 2 4 —
L 4 = Z T ]
E M El g ]
Es“; 4 E 2= 3
= r t 5 r 1
2f 3 [ ]
; ;
P N T T PR R N PR R I [ ]
1 15 220 25 30 35 4 45 0 55 P T T T R R N N TR N
Wavenumber 1/cm) 7 15 20 30 35 55

5 33 40
Wavenumber 1/cm)

s,
W

Page 7 i
N

eSa

mONEETSHFIENNISIE SIS

i

HiFi ICC ﬂ?ﬁ

P




NHSC Data Processing Workshop
Sept 10-14, 2012 @

Il. Spectral Noise

HIPE 9.1.0 - /Users/lu/Projects/SPIRE/DP_Workshop_!
slines Bldga&l Window Tools Help

A

SPIRE Useful scripts » # Photometer Astrometry Correction

Spectrometer Convolve Spectrum
Spectrometer Noise Estimate

et the Level-2 data fr
iLevel2 = obs.level2.ge

# Photometer Baseline Removal and Destriper
# Photometer Bolometer Finder
timate.py x\ # Photometer Calculate Ephemeris SSO Position
ERRRA AR AR AR AR AR #7 77| ©  Photometer Map Merging
el # Photometer Solar System Object Motion Correction : :
# Spectrometer Array Footprint Plot Script does a quick
script 1s set up to run| @ spectrometer Background Subtraction calculation of r.m.s.
. # Spectrometer Line Fitting noise in your
)Jata == 'fromObsContext|® Spectrometer Thumbnail Mosaic Plot spectrum.
i = getObservation(myOb a
=
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Spectral Noise: An Example

0x5000C442 (OD 836), UGC03094

0x5000C442 - 0xA1060001 - 2011/Aug/28 12:53:33 UTC HR, 20 reps
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Random noise

The total R.M.S. noise is quite close to the random noise in this case!
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Spectral Noise: Another Example

0x5000AD83 - 0xA1060001 - 2011/May/26 03:32:17 UTC 0x5000AD83 (OD 742), UGCI12150

HR, 20 reps
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Random noise

The total R.M.S. noise is significantly greater than the random noise in tis case!
- Suggesting that there presents some significant systematic noise.
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Beating Down Systematic Noise

* In some observational days (ODs), there appears to have significant
systematic noise that persists throughout the OD. This “correlated
noise” may be removed in a number ways:

= Direct dark subtraction: Subtract from your observation a
long dark observation taken in the same OD. (This may not
work for early ODs as dark observations were take in a different
mode, i.e., CR instead of HR.)

= Noise Template Method: Create a correlated-noise template
by median filtering observations of galaxies at different
redshifts. Then this template spectrum could be subtracted
from your own spectrum to remove much of the systematic
noise. (This method always works. But you need to have and
access to other observations on the same OD.)
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Example of a Template of Significant Systematic Noise
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Spectrum Examples

UGC12150 (OD=742)

vvvvvvvvvv Y T T Y

(1): HIPE 7
_/

_~ (2): Hipe 8

20

| (3): (2)+ dark
] subtraction.

E —(4): (2) + surr.
channel sub.

T (5): (4) + template
removal.
(under experiment)
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Summary

= Faint point-source spectra from standard pipeline may suffer a continuum flux
uncertainty of 0.5-1 Jy (as of HIPE 9.1). In most cases, this can be easily
corrected for by subtracting a residual sky spectrum from a dark observation or

surrounding detectors. Simple scripts for these corrections are available with
HIPE 9.1.

= On some ODs, spectral noise is significantly larger than the random noise
implying some systematic (or correlated) noise, which varies from one FTS
cycle to another. There are ways to possibly remove or reduce this systematic
noise, including (a) direct subtraction of a dark observation, and (b) subtraction
of a correlated-noise template.
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Demo on Improving Continuum Flux

https://nhscsci.ipac.caltech

You can download the script from:

.edu/sc/index.php/SPIRE/September2012

Note: this is a simplified version of the user script available in HIPE 9.1:

‘H)
Wdgs1l Window Tools Help

slines

E 9.1.0 - /Users/lu/Projects/SPIRE/DP_Workshop_!

SPIRE Useful scripts M

script is set up to run
HR'

)ata == 'fromObsContext
; = getObservation(myOb
set the Level-2 data fr]
iLevel2 = obs.level2.ge

77 @ Photometer Map Merging
# Photometer Solar System Object Motion

# Photometer Astrometry Correction
@ photometer Baseline Removal and Destriper
# Photometer Bolometer Finder

@ Photometer Calculate Ephemeris SSO Position The Orlg I nal SC” pt

V

# spectrometer Array Footprint Plot

@ Spectrometer Background Subtraction
# Spectrometer Line Fitting

@ Spectrometer Thumbnail Mosaic Plot
[ of Spectrometer Convolve Spectrum

[ Spectrometer Noise Estimate
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The sample observation we will use is of the galaxy UGC03094 from program
“OT1_nlu_1.” This is one of the sample data for this workshop.
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Surrounding Channel Subtraction on UGC 3094

Point-source spectra for: UGC03094
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