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Topics to Cover

« Data reprocessing --- Do you generally need to
reprocess FTS data yourself (for example, to use more

up-to-date calibration tables)?

« Special cases that may call for additional data
processing with available scripts/tasks in HIPE.

Examples:

— Spectral line fluxes: unresolved vs. partially resolved
— Continuum of faint sources
— Point source vs. semi-extended sources
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Do you need to reprocess your FTS data?

Normally, the answer is NO if you have data from HIPE 11
and onward. However,

» Both calibration and pipeline are still being improved at this point. If
you particular data might benefit from reprocessing with the latest
calibration tree available, please feel free to contact NHSC helpdesk.

We usually respond nicely and very promptly.

o
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Quick Noise Assessment May be Useful

» Red and blue: Total rms noise
(systematic + random)

Ldgdlolcll Window Tools Help 7 .
.= T ———— e ——r— » Gray spectrum: randon noise only

#* Photometer Baseline Removal and Destriper . H

e ——— » Black curve: HSpot predicted total
get_positions.py x\ # Photometer Calculate Ephemeris SSO Position nO|Se

# Photometer Map Merging
[1342246982, 1342"PhotometerSoIarSystemobjectMotionCorrection \|||||||||||||||| TT T T[T T ||||||||||||||||||||||||||1-

, "S"]
(allobsids)
Total number of in|® Spectrometer Background Subtraction

[ o Spectrometer Array Footprint Plot

[ Spectrometer Line Fitting
[ Spectrometer Cube Fitting
[ o Spectrometer Thumbnail Mosaic Plot

=
v output file: -] )
ers/lu/Documen
en(path + 'o + .1# Spectrometer Noise Estimate L

e("Osbid Combine E Spectra

ar

» Useful to see if your observation N
performed as or better than B !500 600 700 800 900 1000 1100 1200 1300 1400 1500
expected. Frequency [GHz]

HSpot (HR) === SLWC3 — SSWD4 |

——— Error column
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Topics to Cover

« Data reprocessing --- Do you generally need to
reprocess FTS data yourself?

m) Additional data processing with available scripts/tasks
In HIPE: some special cases to consider
— Spectral line fluxes: unresolved vs. partially resolved
— Continuum of faint sources

— Point source vs. semi-extended sources
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SPIRE Data Reduction Guide (DRG)

General SPIRE data info

SPIRE/FTS data structure
and processing, and data
analysis receipes
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Spectrometer Useful Scripts

* Array Footprint Plot
« Background Subtraction

 Line Fitting <Avai|able in HIPD
« Thumbnail Mosaic Plot

« Convolve Spectrum

* Noise Estimate

e Cube Fitting

« Combining PACS and SPIRE spectra

e
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Topics to Cover

« Data reprocessing --- Do you generally need to
reprocess FTS data yourself?

« Additional data processing with available scripts/tasks
In HIPE: some special cases to consider
» — Spectral line fluxes: unresolved vs. partially resolved
— Continuum of faint sources

— Point source vs. semi-extended sources

esa_.. ... MiFiice CBD “Pacs ok

Page 8




Spectral Line Fluxes [ Fands-on oxeroe

 Line fitting script (for unresolved lines)

~ddol58 Window Tools Help
SPIRE Useful scripts ¥ * Photometer Astrometry Correction

# Photometer Baseline Removal and Destriper

# Photometer Bolometer Finder

get_positions.py x\ * Photometer Calculate Ephemeris SSO Position o F|t Cont| nuum and I|nes
# Photometer Map Merging . | I

[1342246982, 1342|# Photometer Solar System Object Motion Correction SI m u taneous y
I|Sl| ] P . L] L
Eallobsids) i Spectrometer Array Footprint Plot . ° S I N C profl |eS fOr |IneS
Total number of i Sne‘::nmnfnr Rackaraund Subtraction . .
< @ Spectrometer Line Fiting > * Polynomial for continum

(PSP CtromME e CUDE TNy

@ Spectrometer Thumbnail Mosaic Plot

v output file: ]
ers/1u/Documents/S Spectrometer Convolve Spectrum
en(path + 'output. # Spectrometer Noise Estimate

e("0sbid # Combine PACS and SPIRE spectra

al

* Interactive line fitting (both unresolved

& partially resolved lines) S~
» Cube fitting script (to fit one or more

lines in a cube)

See a demo on Thursday!
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Line Fitting (for Unresolved Lines)

HIPE SPIRE useful script: Spectrometer line fitting

SLWC3: Mrk 231 SSWD4: Mrk 231
OBSID: 1342187893 (0x50002975) OBSID: 1342187893 (0x50002975)
T | TTTT TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT TTTT TTTT | TTTT :l TTTT TTTT TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | T | h T |i
4.0 = = 95_ “‘,l"‘
35 | = 8 E- =
E I 3 = 3
2 30F LS =7 =
’:/ 255 NA“"” E c65_ _E
i il 1z 5
©v 20K ‘ ‘. — © 5SE —
s F LA 1 5.E E
A 1SE I 4 A4E =
o = 1L e 4 X% 3F E
= 1'0: I l d i H‘w‘u Wl R s E 3
—_— C \ I l ll V il ] —_— - ]
= o5 =1 TNV 3 I2F =
00 - = LE E
0sE E 0F 3
’ El | L .| | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | .| I 1111 t :l L1110 | 1111 | 1111 | L1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 |:|'
450 500 550 600 650 700 750 800 850 900 950 1000 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550
Frequency (GHz) Frequency (GHz)
—— Spectrum —— Total Model Residual —— Spectrum —— Total Model Residual
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Spectral Resolving Power Depends on Wavelength

 NAAN~1218

« FWHM ~ 296 km/s for [NI]
@1461 GHz / 205 pm;

° )\/AA ~ 480 l L I rr1i l L ] L I | l T l_'_I
« FWHM ~ 750 km/s for CO (5-4) IC342: a large galaxy =
r . @576.3 GHz / 520 ym =

ol b v b b bev v b Ly

JE 7
I T [
19.05 19.10 19.15 19.20 19.25 19.30 19.35 19.40 q M
’ - [ | » L
Wavenumber [ciy !] . v
. o
T g
10 N [/
ll.llllllllll llllllllllllllllll

1 Dbt o

—llllllllllllll[

| 50 f\ I
15 20 25 30 35 40 45 50 MVAVAV \\ \ / \VAVAS:
- F \ \
Wavenumber [cm !] T '\/;:,; S LR T

Wavenumber [cm™!]
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§ A i Partailly Resolved Lines
3-,"&'&\:’}! I -“‘V‘I""lkjmuf—‘tA’f'_"—,r"f&_.'v;_/,}'f"lﬁll ’L]_f'."'lL)N—‘w’i—"
| Al 70 il « The [NIl] 205 pm line might
I JJLL | [f‘t\ : become resolved if its
e twmhA_.._r,,ﬁmj b\h_dm_. intrinsic velocity is large
o ~Fe— ] enough (e.g., > 300 km/s)
UGC03608 \-\ T 1 . .
2 }J{ T ﬂ - * In this case, either use a
HErAfY YWY tan A Ve SincGauss model to fit the
| e e e ——— line (best if S/N is high), or
| N I A . apply a correction factor to
TomA) Woes—foosd o= compensate for the flux
2} o~ underestimate assuming an
P L"H | A : intrinsic line width (best if
10 7 R t S/N is pOOr)
1455 1460 1465Restl4fz-%quency”(5(§)ﬂz) 1460 1465 1:1% . . . .
Fit with SINC only Fit with SINC convolved with Gaussian (SincGauss model)

o
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SincGaussan to Sinc Flux Ratio

.—IIIIIlllllllllllllllllllllllllllllllllllllIIllllllll

Intrinsic Gaussian
line width:
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Interacvtive Line Fitting: SincGauss Profile

See demo on Thursday morning

« Works best when
§I % Spectrum Fitter GUI | S/N iS high'
Tty ["Models ["Weight [ Engine [ Export [ MultiFit |

92_ {\ _g [ addModel || loadModels | Reset all Models | g For falnter ||neS,
: [ sncgeues = o s [ el it might be better

/>\~. E | Update Plot | | Init Fit Parms I | Previous Parms |

E: E Constr Parms to u Se a S I N C

2 F

‘A S : Parameters 4.147959,1419.5909,0.3773,0.75705 f'I f f'tt'

5 4 E . Std Devs 0.028382,0.006738,0.0,0.0074042 pro I e Or I Ing )
(el E Fixed 2

s E and then correct
—_ F ]

& [T" Poly v ”MZ IIZ Usel Delete |

43 3 the resulting flux

| Update Plot | | Init Fit Parms | | Previous Parms |

E oz l3] [se] for an estimated
] i | | | I | PO |[-1.049124E+01|2.431128E-01 |[] Fix

_;38(I)I l1139(1)l Ill4()(l)l I l‘-'ll;)‘ l ll4.'2(l)I I ll43(l)| I 114»4(')l I1145(I)l - P1 |1.131222E-02 |1.711874E-04 |[J Fix VeIOCIty Wldth
Frequency (GHz)
[] Preview I Reset | I Accept H New Instance | @ (See SPI RE D RG
4.
("% DataTree [ x FitResult 4 | X FitResult_5 | 3% preview SeCt. 7. 1 O .7 for

ALL 0 SFG-Type SFG-ID | ModelType Indices Integrated | CParm_0 Name |

0 Eﬁ;&um (ps, segm... more infO)

1

2 Residual
3 TotalModel
4 Model

5 | |Model

—

sincgauss 8.232139... Amplitud
poly 2144.011..]1.0 PO

~N
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Topics to Cover

« Data reprocessing --- Do you generally need to
reprocess FTS data yourself?

« Additional data processing with available scripts/tasks
In HIPE: some special cases to consider
— Spectral line fluxes: unresolved vs. partially resolved
m) - Continuum fluxes of faint sources
— Point source vs. semi-extended sources
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Faint Point-like Targets

Faint sources: a few to < ~10 Jy;
Medium sources: ~10 to <~100 Jy.

* Checking the source extent
— To make sure it is a point source

* Further background subtraction
« Comparing with the photometer

Page 16 Cesa_....ocovo... MiFijee C@BD “Pacs (Corve
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Detector Footprint on Sky

- - FTS footprint on PACS 70um image

~ldg(s;cll Window Tools Help
SPIRE Useful scripts ¥ # Photometer Astrometry Correction

# Photometer Baseline Removal and Destriper

#* Photometer Bolometer Finder 36°21'00"
get_positions.py x\_ # Photometer Calculate Ephemeris SSO Position

# Photometer Map Merging

[1342246982, 1342 # ph i ion Correction —~

, " su ] P . o
(allobsids) Spectrometer Array Footprint Plot 8 N
Total number of in Spectrometer Ba u ubtraction Q 36°20'00

(ot Spectrometer Line Fitting T:/

Lot Spectrometer Cube Fitting g

[ of Spectrometer Thumbnail Mosaic Plot g

v output file: ) —
ers/lu/Documents/S Spectrometer Convolve Spectrum 8 361900"

en(path + 'output.{® Spectrometer Noise Estimate A

e("Osbid # Combine PACS and SPIRE spectra

all

36°18'00"

12:15:45 12:15:40 12:15:35 12:15:30

Right Ascension (J2000)

Useful for visualization of the extent and relative location
of the target w.r.t. the detector array.

Page 17
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Examples of Point-source Spectra

Medium source

0x5001104F - 0xA1060001 - 2012/Jun/12 23:57:21 UTC Faint
43 g 0x50002975 - 0xA1060001 - 2009/Dec/09 07:19:41 UTC
= AFGL 4106 3 T A A AR A
35 3 3 |V|I’k231 W@
— 7 9 3
5 E = oF W =
=t CO lines E »E it CO, H,0, HF, etc W E
e g Ww
F 10 3 I osp 3
§ ' 3 2F E
54 - E
b T (4 reps): B0 rope) ]
/ e 0

500 600 700 800 900 1000 1100 1200 1300 1400 1500 Super falnt . 500 600 " Sol:o“re(;(l);)eng)}?o[Glll-(I)g] 1200 1300 1400 1500
equency [GHz] 0x50010D7C - 0xA1060001 - 2012/May/29 18:50:21 UTC ~ ——m

[— Awcs-o SSWD4-0 | 1.6
bz = (0.366
1.0

[CII] 158um| Level 2

Wwé pipeline

products

3 P

C3-0 ——— SSWD4-0_|

Gap: may indicate
some residual telescope
background, which can

be further removed. o (100 reps) i

500 600 700 800 900 1000 1100 1200 1300 1400 1500
Frequency [GHz]

Pagets @Cesa.... ...  [MiFijce GIED ‘vAci (R

Flux Density [Jy]
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Residual Telescope Emission Removal:
Using Surrounding Channels

SsSw SLW .
= Using a median spectrum from the co-aligned
L P detectors as the residual telescope spectrum.
. ‘@‘j;fj { /,_«{' » This (or a polynominal fit to it) is then subtracted
= i 6 (o PZ05)
e 09 O from the spectrum of the central detectors.

ES0O099-G004: SSWD4 + SLWC3

IIITIIIlllIlIIIIIIl‘!llT‘ITIT{IITTII!IIlIII : 12 \\WIIII\‘\IIIl!\\lllllll\lllllllllll I —
12 4 C
1 10— -
10 3 C
E AM ] 8- B
~ 8 'ﬂ* 3 E
> °F ! ] ~
S WMW”" 1 Z 6F =
2F i ] 2z 40 4
= 4 W?"“ — Z r 1
o I ] ]
[5)
o 2 ] = 2 —
x *C ]
m o . =2 oF %
a9 ] &
— - 2 -
4 3 4 -
_6 IIlJlIIIIlIIIIlIlII\lII\‘lll\‘llllllllllllll_ (— lllI|]]1l1ll|IllllIlllllllllllllllllllllll
-0
10 15 20 25 30 35 40 45 50 55 10 15 20 25 30 35 20 25 50 S5

Wavenumber 1/cm)

-

€Sa_calibration Workshoffi-jc¢ @

QPIRF Calihratinn
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©

Background Subtraction => Better Continuum

Lldg[o1c) Window Tools HeIp
SPIRE Useful scripts Hias

Photometer Astrometry Correction

0x5000CF93 (OD 879)

#* Photometer Baseline Removal and Destriper ESOO99-G004, 40 reps
# Photometer Bolometer Finder 11:|| T[T T T[T T T[T T[T T[T T[T T T T[T T[T T [TTTTT
get_positions.py x\ #* Photometer Calculate Ephemeris SSO Position 10 = R d P| e“ne
# Photometer Map Merging - p
[1342246982, 1342]# Photometer Solar System Object Motion Correction 9 BIaCk Dark SUbtraCted
, "S"] 2 r it Dlot =
(allobsids) FShaciamaierreay-Footprin 8 - Green: Surrounding channel
Total number i n|® Spectrometer Background Subtraction > —_ =
e Spectrometer Line Fitting :ﬁ 7 = SUbtraCtlon'
#* Spectrometer Cube Fitting — 6 = A
[ Spectrometer Thumbnail Mosaic Plot b - .” | l" U
' output file: A ‘A SE LT
ers/lu/Documents/S Spectrometer Convolve Spectrum = = .,‘|lU ,‘ “J‘,,lm
en(path + 'output. Lo Spectrometer Noise Estimate L 4 — I v,“‘l i i
es::Osbid #* Combine PACS and SPIRE spectra Q 3 = M 1T A
- o = 4 ’! A n '
: - M vV
2 ,F s
o F M@ g
! T hﬁl” N it
o BT i
. -1 F
Improves the continuum flux of :
_2lllllll]lllllllllllllllllllllllllllllllllllllllll]ll

a faint, point-like target. 500 600 700 800 900 1000 1100 1200

Frequency [GHz]

1300 1400 1500

—— Original data —— Dark subtracted

Smoothed off-axis subtracted

@8A._......coicecaea (HIFGCC AED WAQQ (ke

Page 20




NHSC Workshop on HSA Data

Oct 6-10, 2014

Comparing with SPIRE photometer

HIPE task SpecMatchPhot

T

rowselmageProduct a
ﬁ browseProduct

# calibration

levelO

# level0_5

levell

level2

- (%8 HR apodlzed spectrum

' »éﬂ
IogObsContext

# quality

qualitySummary i

ﬁ Tasks X \

— @ smooth
— @ specApplyBrightGain
— @ specApplyPcalGain

ng

| —|+—-'|:.—|-‘q_-—,+-—|+—\
el lelal

W

.+,—‘+

@ﬁ&@

< o prmEEm

— @ specuptCrosscorrection
— @ specPointFluxConversion
— @ specPointSourceExtractor
— @ SpectrumFitterGUI

~
&

Flux Density [Jy]

353
=]
IIIII |IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

_10 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

500 600 700 800 900 1000 1100 1200 1300 1400 1500
Frequency [GHz]

Photometer RSRFs SLWC3

SSWD4
@ FTS Synthetic Photometry 4 Photometer Values

Synthetic photometry also output in a table:

Synthetic photometry results
> Meta Data
None

- Table Data
Index | names [] l spec250 [y] I spec350 [y] I spec500 [Jy] 1 phot250 [Jy/beam] I phot350 [y/beam] | phot500 [Jy/beam]

0 SLWB2 0.5524880934532026 2.2750690830393063 NaN 1.4595235477934987 4.5625949527907 | 14.688015400555697 4|
SLWB3 1.7079940700571916 2.900204401489005 NaN 1.4595235477934987 4.5625949527907 14.688015400555697
SLWC2 0.7795710130592949 2.4846351262954545 NaN 1.4595235477934987 4.5625949527907 | 14.688015400555697
SLWC3 13.5301211206430834 7.208739635225893 NaN 11.4595235477934987 4.5625949527907 |14.688015400555697
SLWC4 2.271641002463886 3 1913230785009703 NaN 11.4595235477934987 |4.5625949527907 14.688015400555697
1.4595235477934987 4.5625949527907 |14.688015400555697
1.4595235477934987 4.5625949527907 |14.688015400555697

SLWD2 [1.910852171027807 3.147223386802127 |NaN
SLWD3 2.4930847414696724 3.41185471573297  NaN

=S HIIENNSIE S EER

NG wvswN =

SSWB2 NaN NaN 11.7915315388884716 | 1.4595235477934987 4.5625949527907 ,14 688015400555697
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Topics to Cover

« Data reprocessing --- Do you generally need to
reprocess FTS data yourself?

» Additional data processing with available scripts/tasks
In HIPE: some special cases to consider
— Spectral line fluxes: unresolved vs. partially resolved
— Continuum fluxes of faint sources
» Point source vs. semi-extended sources
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Partially Extended Sources

o Effect of a semi-extended source
 What correction is needed?

« Semi-extended (flux) correction tool
(SECT) in HIPE

s

Page 23 L
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FTS beam profile

45 _IU LI I LI I LI I LI I LI LI I LI I LI I LI I LI | LI I LI l
- SLW __— Non-Gaussian -
40 :— —:
3k -
= g
T [ i
(. B \ i
s [ N .
T 25 — :
L T L S -
2 / SSW / Gaussian
,o[. Basic diffraction \\\’ /
15 _Il 11 I | .| I | | I | - I | . I | .| I | .| I | .| I 11 l 1 I | Seal | 111 I 11 —I

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

Frequency (GHz)

See Makiwa et al. 2013, Applied Optics, 52, 3864
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Identifying Possible Partially -
Extended Sources

* The spectrum shows kinks and
discontinuities where the beam
size changes

Point- I|ke Partly extended

10 E' T T L v ' F T
_ : 3 Level I (extended) PR Leve] 1 (extcnded) W‘fﬁl" _
é - k l ‘ E _::: s “J‘«'l" 3
[ aa I =
Extended ot AR P
. . Z a0t 1B, o z
/ | - N
calibration § ook EEI- A el
> 2 Fu wu--w"*‘)‘l"» 1 & ’u,,k”w &
110 PR PO TR PP TR O PRI TP FPPTTONE: Tiuﬁ ..... Livaelinn Livasbiin [TPPH PRI I e e
00 S0 600 00 800 900 1000 1100 1200 1200 1400 1500 1600 0 500 60 00 800 900 1000 1100 1200 1300 1400 1500
Frequency (GHz) Frequency (GHz)
LAATE LAAI L) ARTEE A3 AR U 100 AR AR AR LA LA LA ML L) LA
. Level-2 (point) /Pi
H = : e~ : )" :
Point-source 58 3 ya
. . £ o »
calibration ,M/
> £ 2 /}
3 ) j‘/}
E | | | | Lisaal 0 .J.)J’ | sl | | )
il 00 B00 900 1000 1100 1200 1300 1400 1500 1600 0 500 60 TO0 500 900 1000 1100 1200 1300 1400 1500 1600
Frequency (GHz) Frequency (GHz)

IlltL

€eesa__.. _..ococonnn (HiFi o6
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v
~ [
T35 A —
r W
= [ \
= \
= 30 \ -
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T 251 N -
2 r N SSW
. ~ 4
2o Basic diffraction ~ 7
[ \\d:
[ ™ ]
-
[ <. ]
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Task semiExtendedCorrector

Under applicable tasks:
| Editor X (o a8 Tasks x °

[# loadData.py x ' lineCatal...014_v2.py x ‘@ Spectrome...Source.py X ‘¥ Spectrome...itting.py X ‘{2 getObsei < » ¥ inverseFourierTransform

multiply
Spectrometer Point Source Spectrum - @ pairAvg
- Meta Data -

qualAssessSpireLevel05
qualAssessSpireLevell
qualAssessSpireLevel2
removeOutOfBand

= obs_spire.refs["level2"].product |obs_spire.refs["level2"].product.r..."HR_unapodized_spectrum"].product B A
& (@ HR_apodized_spectrum

00 QO0O0OOOOO®EO®

EJHR_unapodized_spectrum [ Display Panel r Meta Data | (2) SDS Explorer Help | - @ replace
~ resample
-SLW rSSW - @ saveProduct
- @ <clacs

I _@ semiExtendedCorrector >
~ @ sSImpleriseerer

~ @ smooth

~ @ specApplyBrightGain

~ @ specApplyPcalGain

~ @ specExtendedFluxConversion
~ @ specMatchPhot

— @ specOptCrossCorrection

~ @ specPointFluxConversion

~ @ specPointSourceExtractor

~ @ SpectrumFitterGUI

— @ spireProduct2SimpleSpectrum

Highlight a
Level-2 spectrum

29 variables x

® % B | E

>~ Observations
[Mobs_spire
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Task semiExtendedCorrector

i {2 semiExtendedCorrector x\

spectrum®:
beamProfSiw: -
optimiseDiameter: @ [¢]

applyCorrection: o [v

<No variable>

IE‘ obs.refs["level...trum"[(product  calibration:

doPlots:

couplingThreshold & [0.2

Diameter
Eccentricity
Rotation

x offset

y offset
Sersic index
Shape

Detector labels

beamProfSsw: [ ]

(@]l

® [

efBeamDiam: @ 40.0

<No variable>
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Load a Level-2 spectrum and
the calibration tree

_____—Reference beam for the final
spectrum extraction
T f elected, iterate to find the best
source diameter by minimizing
the SSW/SLW gap

x-axis beam centre (")

Enter details of the source
surface brightness model:

 (Gaussian
« Top hat
e Sersic

\

Source model visalized
with detector footprint
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Semi-extended Source Correction Tool

Correction (central detectors) Corrected Saturn spectrum
Correction for 18.0" ellipse source; offset 0.0",0.0" Correction for 18.0" ellipse source; offset 0.0",0.0"
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Units of the output spectrum are Jy “in the reference beam”
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Semi-extended Source Correction Tool

Some remarks on using this tool:

« Works best on bright objects

« For faint objects, the continuum suffers an (additive) uncertainty
on the order of 0.4 Jy. It might be a good idea to try to
reduce/remove this continuum offset using surrounding
channels before applying the semi extended correction tool
to your data

« For galaxies, it is likely that warm CO lines come from a more
compact region than (cold) dust continuum. Thus, if your interest
is in CO lines, it is not always better to apply this correction tool
to your spectrum
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