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Topics Covered

» SPIRE spectrometer
» Pipeline data products
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SPIRE Spectrometer




SPIRE Spectrometer

Fourier Transform Spectrometer (FTS): The entire spectral
coverage of 194-671 micron is observed in one go!

spectrometer mechanism (SMEC)

Telescope
Input SSW (194-313 um)
a Filter
Beam Splitter Beam Splitter
Filter
SCAL / >
IR source to null SLW (303-671 um)

telescope background

NOT USED! now at 4-5K
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Two Bolometer Detector Arrays

Two dead detectors

2’ diameter

194 — 313 microns 303 — 671 microns
Beam =17"-21" Beam = 297- 42"

Foot print on sky
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Real World: Finite Interferogram
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B(o) ® sin(tro/Ac)/(116/A0)

» Flux =1, Aoc;

For an unresolved line:
= |(o) = |, sin [T(0-0,)/Aa] / (T1(0-0,)/A0);

= FWHM = 1.207 Ao, where
Ao = 1/(2L); the resolution element
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Detector Setting:

Spectral resolution:

» Nominal

» Bright-source
(> 500 Jy)

High Resolution (HR):
> 0.0395 cm!
(or 1.1854 GHz)
» R=1290- 370
» AV =230 - 800 km/s;
Suitable for line fluxes.

Low Resoltion (LR):
> 0.83 cm(25 GHz)
> R=62-18
Suitable for continuum.

High + Low:
» High & Low scans.

Spatial sampling
using an internal
jiggle mirror (BSM):

1 BSM position
Sparse (2 beam spacing)

4 BSM positions
Intermediate
(1 beam spacing)

16 BSM positions +—
Full (1/2 beam spacing)

Telescope pointing:

Single Pointing

Raster
(forTIarger maps)

— N\

You get a map

*

Spectral resolution, Ao, depends on the maximum SMEC scan length L:
Ao = 1/(2L), where L=12.8 cm for the High Res. mode

if any of these
is used.
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Larger maps via Raster

Overlapping
spectrometer
arrays projecte
on the sky

unvignetted beam

Image Sampling

« Sparse
* Intermediate

* Full \

Pointing Mode

* Single Pointing

» Raster Pointing

ample 3 x 3

Spectral Resolution

any combination allowed

« High 0.04 cm-!
« Medium 0.25 cm™!
s Low 1.0 cm™?

« High & Low 0.04/1.0 cm™’

QW
SSW SEW
- |
-2 1000 ==
3 T—~———_____ high
2 —
[}
(7
B 100 ] lintermediate
=9
wn o ——
—— low
e ———

10
200 300 400 500 600 700
Wavelength [um]

Each color shows the unvignetted
beams of the same array for all sampling
positions (jiggles) at one raster position.
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Science Application Examples
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CO Spectral Line Energy Distribution (SLED):

Starburst vs. AGN Gas Heating
(Van der Werf et al 2010)

(Panuzzo et al 2010) E/k(K)

0 20 50 100 200 300 400 500
2.5 }M82 This Work 0 .
— - Ward et al.(2003) © | 10
) o Coa@ ]
g 20F SB i @ ] 8
2| o O @ ] 3
-:I? 1.5 o ) ] E 10°F
- m N =
= a “ ] 5
» 1.0 : @ ; 3
- 05 :_ W g _- 10° PDR2: log(n) =5.0, log(G, ) =3.5
- @ —  PDRI: log(n) =3.5, log(G,) =2.0
00« . L L L L L ] — XDR:log(n)=4.2, F, =28.0 ergcm™> s~
0 2 4 6 8 10 12 14 — TOTAL; PDR1:PDR2:XDR =6.4:1.0:4.0
T 2 £‘l tl': ‘ 8 iO 12 1l4 16
- Upper J level Upper J level
* CO emission line ladder.
« Radiative transfer modeling. * Detected: CO ladder, H,O, OH*, H,0*, CH*, HF
« Warm gas ~500K in addition to known cold « X-ray driving excitation and chemistry out to 160pc.
component. + X-rays probably from central AGN.

Striking CO SLED difference between SB and AGN !
= Mid-J (5<J<10) CO lines are dominated by SB
= Higher-d CO line cooling is associated with AGN (see Lu et al 2014a)
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Warm CO Gas Emssion as a SFR Tracer

(Lu et al. 2014b)

IIIIIIIIIIIIIIIIIII

QSO subsample

(Lu et al. 2014a) \; (25<2<64) ]
UL A R T 4 - B
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8 NGC 6420 ) \ i
L O AGN based on . 8 2 -
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(based on Kennicutt 1988)
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H20 2,52, . ‘ m
RS Hydrogen Fluoride
IRAS 13120—45453 NGC 6701 IRAS 05442+1732 H F ( 1 -0 )

< The HF (J=1-0) transition at
1.23 THz (243 um) is providing
TR TR VO a new diagnostic probe of
‘ the molecular gas abundance,
Meenss -] 1 n necase excitation, and column density
—— | T toward infrared bright galaxy
nuclei (Lord et al. 2014)

Emission

IRASF 17207-0014 NGC 2623 Mrk 273 IRASF 16399-0937

<« SPIRE/FTS detected HF(1-0) in
| | emission in some galaxies,
et I B G il s i b but absorption in others in
' | a flux limited sample of 125
LIRGs of Lu et al. (2014a)

€~ Absorption

NGC 6240 NGC 0317B MGC+08-11-002 NGC 6286a

Arp 220 UGC 08739 f NGC23
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[CII]] 158um Line at High Redshift

SMM J2135 (2=2.3259, Sgro,,= 106 mJy)
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Pipeline Data Products
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SPIRE Data Reduction Guide (DRG)

Fle Edit

View History Bookmarks Tools Help

Describes the data,

Welcome
1 Quick Start Guide
1HIPE Owner's Guide

Analysis Tools
+ [ Data Analysis Guide
+ [ Scripting Guide
HIFI
1 The HIFI Data Reduction Guide
+ [PIHIFI Pipeline Specification
HIFI Instrument and Calibration Page
SPIRE
-1 SPIRE Data Reduction Guide
[ Preface
1. Introduction
7 2. SPIRE Launch Pad: Data Reduction O
3. Overview of Scripts in HIPE
7 4. SPIRE Observation Context Data Struc
5. SPIRE Calibration Data

+

+

+

+

+

+

7. SPIRE Spectroscopy Mode Cookbook
171, Introduction to processing FTS d
717.2. SPIRE Spectroscopy Data Structi

7.4. Recipe for faint and medium stre
7.5. Recipes for semi-extended sour:
17.6. Recipes for bright sources (abov.
%7.7. Recipes for mapping observatior
7.8. Observations with few repetitions
777.9. Comparison with the SPIRE pho'
7.10. Spectral Analysis
]7.11. Cube Analysis
7 8. SPIRE Visualisation Tools
9. Advanced HIPE Tips

10. Glossary
+ [7711. Reprocessing with the SPIA
+ [77112. References
1 SPIRE Pipeline Specification Manual

SPIRE Instrument and Calibration Page

PACS
|

+

+

+

+

+

+
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B HIPE - spire_drg - Chapter 7. SP1.. (g

€ c][B- sooge Al 3 & =
TOC | Search | Glossary HhelB o |BZ|E RO hcss-12.0.2765
Introductory = =

pipeline, and analysis

Chapter 7. SPIRE Spectroscopy Mode Cookbook

Table of Contents
7.1. Introduction to processing FTS data

7.1.1. Basics of Fourier transform spectroscopy
7.1.2. Detection
7.1.3. Fourier Transformation
7.1.4. Efficiency Losses
7.1.5_Interferogram Asymmetries - Spectral Phase
7.2. SPIRE Spectroscopy Data Structure
7.2.1. Introduction to spectrometer data
7.2.2. The Spectrometer Observation Context
7.2.3. The Final Spectral Data Products (Level-1 and Level-2)
7.2.4. The Spectrometer Level-0.5 Data Products
7.2.5. The Spectrometer Level-0 Data
7.3. Spectroscopy Pipeline Step-by-step
7.3.1. Reprocessing SPIRE spectrometer data
7.3.2. Memory requirements

Introduction to FTS
Data structure

Pipeline step-by-step

7.3.4. Read the input data
7.3.5. Start processing from the Level 0.5 products
7.3.6. Removing unnecessary channels

7.3.7. Identify the jiggle position

7.3.8_ First level deglitching

7.3.9. Account for non-linearities

7.3.10. Correct the detector signals for clipping

7.3.11. Correct time domain phase in the detector signals
7.3.12. Create a SPIRE Pointing product

7.3.13. Interpolate SDT and SMECT to create interferograms
7.3.14. Subtract the interferogram baseline

7.3.15. Apply second level deglitching

7.3.16. Correct interferogram phase

7.3.17. Fourier transform the interferograms

7.3.18_Fefch calibration files

7.3.19. Remove out-of-band power
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The Pipeline

4

(cf. SPIRE DRG Sect. 7.3)

SPIRE Common Pipeline

le

1. Modify Detector Timeline V(t)

Level 0.5 products:
 detector time lines
« scan mirror time line
* house keeping time lines

U

2. Create Interferogram V(x)

4. Fourier Transform V(x)->S(0)

I

5. Modify Spectra S(o) to create
Level-1 spectra of extended
source flux calibration

I

Level 1 products:

(spectra in units of W/m?/Hz/sr)
 average spectrum (unapodized)
 average spectrum (apodized)

* interferograms

6. Create Level-2 products

y

Level-2 products:
« spectral cubes (in W/m?/Hz/sr) if a
mapping obs, otherwise
* a point-source spectrum (in Jy) for
each of the unvignetted detectors.
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Observation Context

## SPIRE FTS observation of CRL618:
obs = getObservation (1342240019, useHsa=True)

Page 22

Postage spectrum from
the central detectors

ObservationContext for SPIRE data of observation 1342240019

~ Summa

AOR label: Calibration_cycle60_1-SpireSpectroPointGen-CR-Rep4-CRL618 )
Instrument:  SPIRE Obs. ID: 1342240019 e i
Object: CRL618 Obs. Date: 2012-03-02T20:01:072

AOT: Spectrometer Obs. Mode: Single Pointing

RA Nominal: 4h 42m 53.64s Dec. Nominal: 36°6'53.4"

SPG Version: SPG v12.1.0 Operational Day: 1024

Resolution: CR Map Sampling: sparse ‘

Bias Mode: nominal Total Repetitions: 4 e

LR Repetitions: 0 HR Repetitions: 4

- Meta Data

Data

= obs obs 3=
’%E History =
T = auxiliary

* (% browselmageProduct
# (3 browseProduct

+ (% calibration

+ (2 levelO

+ (2 level0_5

‘f@ levell

+ (2 level2

+ (2 logObsContext

= (% quality
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Sparse Mode

@ loadData.py x] % obs X\l SDS Explor...].product %\

Level-2 Products

Spectrometer Point Source Spectrum

- Summal

AOR label:

Instrument: SPIRE

Object: CRL618

AOT: Spectrometer
RA Nominal: 4h 42m 53.64s
SPG Version: SPGv12.1.0
Resolution: CR

Bias Mode: nominal

LR Repetitions: 0

- Meta Data

(¢ (@ (g o |i=)

~ (% browselmageProduct
~ (22 browseProduct

* (22 calibration

(22 levelO

level0_5

levell

level2

# (% HR_apodized_spectrum
U964 & _unapodized spectrum]
logObsContext

quality

iV

PR i

¥

F—F

F—F

@@

Obs. ID:

Obs. Date:

Obs. Mode:

Dec. Nominal:
Operational Day:
Map Sampling:

Calibration_cycle60_1-SpireSpectroPointGen-CR-Rep4-CRL618
1342240019
2012-03-02T20:01:072
Single Pointing
36°6'53.4"

1024

sparse

Total Repetitions: 4
HR Repetitions:

4

4]

Scan Selection
[J Forward

[Z Reverse

{® Single |0

rPreferences Panel ————~

[l Nominal detectors only
[Z Unvignetted only

Initial scale: ' User (fixed sc
Edit Title
- . m ‘_
[ D

IIIIIIIIIIIIIIIIIIIllIIIIIll'llllllllllllllIIIIIIIIIIIIII

lllIlllllllllllllllllllllllllllllIllllllllllllllr

3
-~
A
[}
Flux Density [Jy]
IlllllllllllIllIllllIIllcllllolllllllllllllllllllllL

-lllllllllllllllllll lIlll llllllllllllllllllIlllllllllllllr'

400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

Frequency [GHz]
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Apodized spectrum: convolved with a
smoothing function so that line profiles
are approximately Gaussian

=N ENHE]

Heads up: the observation context
structure will be changed in HIPE 13!!!
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Level-2 Products

Mapping Observation

ObservationContext for SPIRE data of observation 1342198922

Boe ALk MEoEE DA DR

= m T
\T & @ auto line auto color _— ~N N\

- Summa With Displayed v|
AOR label: SSpec-1C63
Instrument:  SPIRE Obs. ID: 1342198922 7
Object: 1C63 Obs. Date: 2010-06-22T08:35:212 f\] T LI L R T T T 1 T T 1 T T 1 ™
AOT: Spectrometer Obs. Mode: Single Pointing : 310 — -
RA Nominal: 0Oh 59m 1.38s  Dec. Nominal: 60° 53'17.6" el - —
SPG Version:  SPG v12.1.0 Operational Day: 404 E 1 C ]
Resolution: HR Map Sampling: full = 210 .
Bias Mode: nominal Total Repetitions: 2 B C ]
LR Repetitions: 0 HR Repetitions: 2 ~ 0 = n
%) C i
- Meta Data “ C H. Lk “L ""N*‘wl* A‘N ]
e 9 - o .
. = : £ UMMH it E
"ép?lflisto o & s - —llllllllllllllllllllllll|||I|—
ry \ =)
+ ® auxiliary exp\ore = 600 700 800 900 1000
# (% browselmageProduct
4 ® browseproduct ec“uﬂ\/> M Frequency (GHz)
(2 calibration ‘t\'\ Sp .
.Lgmelo d p\a\j \N\ | product[7.6] |
* (2 |evel0_5 s
(% |evell \
7 & level2 e =
"f“@HR_SLW_apodized_spectrum f X obs.refs["level2"].product.refs["HR_SLW_unapodized_spectrum"].product|
- = HR_SLW_unapodized_spectrum SR s
@ image elect Spaxe!
@ error
S toase I ] e o) 5D D 0 S
@ flag
@ Imagelndex r
+ (% History ) -
® (% HR_SSW_apodized_spectrum o
& (% HR_SSW_unapodized_spectrum = II
# (% |ogObsContext u
(% quality
(% gualitvSummary — |13.6,47.7 | 00:57:21.250, +60:55:10.¢ Image ¥
@y (@[ @507 2] <f % 5]
NONE ~| Link [ Show Comparison Preview
il
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What can you do next?

* |If you have a point source, you can now work
on deriving fluxes of spectral lines detected
(see examples this afternoon and more on
Thusrday morning)

* |f you have a mapping observation, you can
generate a line intensity map or extract a
spectrum within an aperture (see talks/demos
on Thusrday morning)

* Learn more about the calibration and special
cases this afternoon

0



