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Overview of PACS Chop/Nod
Pipeline(s)

Modified from various sources by
Phil Appleton for Hitchhiker’'s Guide to
Herschel Data

Largely based on
tutorials for running the pipelines is online at :

https://Inhscsci.ipac.caltech.edu/sc/index.php/Pacs/DataProcessing
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* PACS Spectrometer

The PACS ICC recommends reprocessing of all
Spectroscopy data for the following reasons:
» In the SPG bulk-reprocessing (i.e. the data in the HSA),

only one flavor of the spectrometer pipeline per
observing mode (e.g. chop nod) is run.

» However, other flavors of the pipeline might be more
appropriate for your specific science case (depending on
the brightness of your source and duration of your
observation)

» Also, for a given pipeline flavor, not all tasks are run in
the SPG bulk-reprocessing (e.g. drizzling)

PACS 301
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Different pipeline flavors (for chop-nod modes)

» lineScan: calibration blocks + RSRF flux calibration (this is
the standard pipeline run in SPG bulk reprocessing) =
recommended for bright sources

» Background Normalization: uses telescope background for
flux calibration = recommended for faint sources or long
duration observations or when broad band features are
present.

» Point Source Background Normalization: uses telescope
background for flux calibration + correction for pointing
jittering 2 recommended for very bright point sources

» SPLIT ON/OFF Separation pipeline—If you need to separate
Nods A and B. (Not to be used for reqular data reduction).

MAIN PIPELINES
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Not all pipeline tasks are run in the bulk reprocessing

» Point sources: the re-binned cubes (HPS3DRB/R) are calibrated for extended emission by
default. For point sources centered in the IFU (i.e. on spaxel (2,2)) run the task
extractCentralSpectrum. The task works well for bright sources, i.e. continuum flux level in
the range 5—-10 Jy

» Slightly Extended Sources: the re-binned cubes (HPS3DRB/R) are calibrated for extended
emission by default. For slightly extended sources (slightly bigger than the beam size at a
given wavelength) centered in the IFU (i.e. on spaxel (2,2)), apply the task
pacsExtendedToPointCorrection. You need to know the geometry of your source to
successfully apply this task

» Extended sources — mapping: for well-sampled (i.e. Nyquist) line or short-range raster
observations, the best projected cubes are obtained by running the drizzling task which is not
automatically run in the SPG bulk reprocessing

NOTE: for extended sources observed without mapping (i.e. in pointed mode), use the
rebinned cubes to extract your science, NOT the projected cubes.
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Overview of various entities in the pipeline

> £

HSC PA
%uto

PACS PIPELINE

) _ Spectral
) Level 0-1 " CUBE BUILDING
Level 1-2
/ FRAMES RO
RAW BROWSE-QUALITY
samples CUBES
Level O Reorganize REGRID
To Level 0.5 > ' it ’
L 5x5xN,; Ey _
Packs Projected
. Spatial : Wavelength tO 3 x3
To calibrated L1 FRAMES Full Sampling pixels
CALIBRATED PACSCUBE REBINNED PROJECTED
| FRAMES CUBE J | CUBE CUBE |
I
Level 1 Level 2
PACS 301
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S-urhmary of PACS spectrometer archived products

> Level 0: (From Roberta’s Talk

HPENG: engineering
HPGENHK: housekeeping yeSterday)

HPSDMCB/HPSDMCR: raw DecMec (blue/red)

HPSFITB/HPSFITR: Herschel PACS Spectrometer Fitted Blue/Red (= “Signal” in /0)
HPPHK: housekeeping

HPSRAWB/HPSRAWR: raw data (blue/red)

» Level 1:

HPS3DB/HPS3DR: Herschel PACS Spectrometer 3D Spectral Cube Blue/Red

(= “flux”, “wave”, “ra”, “dec” in, e.g., /0: L2 N1 B R(0 0))
HPSCALB/HPSCALR: calibration (response/dark)

HPSFITB/HPSFITR: fitted slope

HPS3DPB/HPS3DPR: Herschel PACS Spectrometer 3D Projected Cube Blue/Red
(= “image”, “coverage” in, e.g., /0: L2 N1 A R(0 0))

HPS3DRB/HPS3DRR: Herschel PACS Spectrometer 3D Rebinned Cube Blue/Red

(= “image”, “ra”, “dec”, “stddev”, “exposure”, “wavegrid” in, e.g., /0: LZN1R(0 0

> Level 2.5: (only for range are erent OBSIDs. In Level 2.5, the

off is subtracted from the on
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Single pointings or sparse mapping
> Hipe 12.1 PacsRebinned Cube |

Extract from rebinned
By selection of spaxels
(e.g. Appleton et al. 2013) , *

>HIPE 13—new projection task
called specinterpolate will make better
interpolation—good for “sparse” maps
with reasonable redundancy

Well-sampled mapping
> Hipe 12.1 SpecProject cubes (has wcs) wavelength
channels are of variable width
> Hipe 13 Wil create cube with “constant” wavelength
channels (ds9 readable A)
VERY Well-sampled maps > Drizzle maps
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Lets set up so basic things before we starts:

0) Provide obsid for your observation (use observation log)

1) Choose the correct pipeline

2) Read in the (obs)ervation context from correct place (either
HSA or local pool)

3) Choose “camera”. camera = “red” is all red lines (order 1)
“blue” = “order 2 or 3"

NOTE—you need to run the pipeline twice if you have lines in
both red and “blue”

4) Set up output directory

5) Have a look at an observation “summary” to make sure you

have found the correct data

oadd B07/11 PACS 301
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Loading the script

The “linescan” script used in this tutorial corresponds to the
script available directly from the distribution.

800 HIPE 12.0.0
File Edit Run ZIHEIGEN Scripts Window Tools Help [\

rfe H /\ L Q@Q@n &

= Navigator y| @& Tasks x T

= Applicable
I By Category
= All

[ZY&; Photometer .
Spectrometer »  Chopped line scan & short range scan ) P
Chopped large range scan SED ‘ @ lineScan
Unchopped line scan ” On
Unchopped range scan
Wavelength switching

& B R -
[=> User areas
+- {2y Home Folder
- = File System
+ (3 MyHSA
- (g jyscripts
+- (3 .hess
+ (g spirework
+ (3 hifiwork
+- () pacswork
+- (3 DataMining
@ (3 pacsscript 29 Variables x _o

X % B H v

# Background Normalization
# Point Source Background Normalization

(1 History __Log | & Console x (o)[Eoutine x\_ (@

HIPE> No outline information availab
|« [ | |
SR UL L3Il hecking for updated PACS Calibration.. 100 44 of 7134MB | .
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Loading the observation

HSC PA
uto

Once the script is loaded, one simply steps through the lines to execute it. But first modify
it for OBSID of the observation desired. Modify the obsid in the script and click through

using the green arrow....

Hit the green arrow to
step through the
entire script

68 00 HIPE 12.0.0 - /Applications/hipe_v12.0.0/scripts/pacs/scripts/ipipe/spec/ChopNodLineScan.py

File Edit Run Pipelines Scripts Window Tools Help

Heldae| dw P9 =

 Editor x

[ *ChopNoW
11—=7F —- =
12 #

113 # First, set the OBSID of the observation to process.
114  # CHANGE THE OBSID here to your own.

115 # -
116 # As this script is also run as part of the ChopNod multiObs script(s), the

117 # following "irf" tests for the existence of a variable called multiObs, which
118 # will be present if you are running the multiObs script. If multiObs 1s

119 # present, the obsid will have been set already, and if not then the obsid is se
120 # here. (If you get a NameError, then the obsid had not been set.)

A

121 if ocals().tas-key('multiObs')) or (not multiObs)):
122 obsid = 1342186799|

123

124 et the data

125 uy
126

0
getObservation(obsid, verbose=True, useHsa=useHsa, poolLocation=None, p

| History Log | & Console x
HIPE>

)

Modify this line. Here
we set obsid to
1342186799.

page 10
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= Loading the observation

If the data is not stored as a local pool, you may
need to tell getObservation to acquire the data
from HSA. In this case edit the line to useHsa=1

116 # As this script i1s also run as partpf the ChopNod multiObs script(s), the

117 # following "Ir" tests for the existence of a variable called multiObs, which

118 # will be present IFf you are ramiing the multiObs script. If multiObs 1s

119 # present, the obsid will haye been set already, and IF not then the obsid is set

i Wext, get the da
useHsa = 1

126  obs = getObservation(obsid, verbose=True, useHsa=useHsa, poolLocation=None, poolName=None)
127 #if useHsa: saveObservation(obs, poollocation=None, poolName=None)
128

129 # Show an overview of the uplink parameters of this observation
130» if verbose: obsSummary(obs)
131

vage 11 PACS 301
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Loading the observation

Next step, we load the observational context ( a structure containing all the
observational data, information about them and calibration data).

File Edit Run Pipelines Scripts Window Toolsm

MeHse d%® 9 a3 B
] Editor x -
# *ChopNodLineScan.py x\ / /

116 # As this script is/7lso run as part of the ChopNod multiObs script(s), the =
117 # following "ir" tdgts for the existence of a variable called multiObs, which

118 # will be present /Jf you are running the multiObs script. If multiObs is

119 # present, the ofgid will have been set already, and iIf not then the obsid is set

120 # here. (If you/get a NameError, then the obsid had not been set.) &
121 if ((not localg/f).has_key('multiObs')) or (not multiObs)):

122 obsid = 1342186799

123

124 # Next, get/fthe data

125

126 tObservatlon(ob51d, verbose-True, useHsa useHsa, poolLocation=None, po@)>

127 #IF useHf one)

133 p/ sPropagateMetaKeyword

’I’.)A Avial — D

I>IL
W / =8
HIPE> obs getObser ation(obsid, verbose=True, useHsa=useHsa, poolLocation=None, poolName=None) u
g Observation is ret ing the observation from the HSA
PE> verhnce = True
. . . i0bs')) or (not multiObs)):

Click through this line using the

green arrow. yerbose=True, useHsa=useHsa, poollLocation=None, poolName=None)
g OTTOTT T T T To v Ty vation from the HSA
HIPE> 5
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HIPE> if verbose: obsSummary(obs)

0BS

U
Instrument:

PACS

AOR label: NearGalPACS-SB-01

Proposal: SDP_esturm_3

Target: M82

Redshift: 6.77E-4 (z)

Purpose: -

Concat.: -

0D: 178

Start: 2009-11-08T15:32:

Duration: 582.0 seconds (in
AOT and instrument configuration:

-blue

You may see a warning from obsSummary —it’s
not a concern but you can rerun with
obsSummary(obs, forceUpdate=True)

00.000000 TAI (1636385520000000)
cl. spacecraft on-target slew time)

Prime lines targeted, with line
fluxes, continuum levels, etc

AOT: PacsLineSpec . .
Mode: Pointed, Chop/Nod = estimated when the observation
Bands: B3A R1 (prime diffraction orders selected)
Is bright: YES (shortened range mode) Wwas plannEd
Chopper: large throw
Nod cycles: 1
Observation block summary:
| Name(x) | Camera | ID | Band(x) | Wave(x) | WaveMi | LineFlux(x) | ContFlux(x) | Width(x) |
Capacitance | OutOfBand | Channel |
I I . I A I Jy | Jy | |
| |
= blue | 2 | B3A | 63.Z;B/T//g;.093,*//631525:E:::::> 3| 2412.000 | 25.593 | 70.000 |
No | prime |
- red | 102 | 189.686 | .248 | 190.123 | 3| - | - | - |
No——parattet—
57 | blue | 3 | B3A | 57.359 | 57.213 | 5%;;&;:;::::::> 3| 485.000 | 23.970 | 0.000 |
| No | prime |
| - red | 103 | R1 | 172.112 | 171.594 | 172.629 | 3| = 1 el —
0.140 | No | parallel | . . . .
(%) = requested in HSPOT Pipeline and calibration

em configuration summary:
SPG pipeline version:
Calibration tree version:
S . X

ucts creation date: 2014-01-15T720:42:31.725000

versions used in
SPG v11.1.0 .
56 making the HSA

25000)

products

N 7' \\WU\WJ VU1
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Setting the camera

147 ¥ ——————————— e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
148 # SELECT DATA FROM ONE CAMERA

49 # -————
150

151 # Red or blue camera ?

152» if ((no s has_key('multiObs')) or (not multiObs)):

153
154

We select camera = 'blue'

After selecting the camera, we can check what camera we selected by simply printing:
“print camera”

vage 14 PACS 301
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178
179
180
181
182
183
184
185
186
187
188

Setting the output directory

# saveOutput: False — nothing is saved
- the output directory 'outputDir' will be used to store the

#
#

» saveOutput =
outputDir =

True

True

"/home/me/Herschel/PacsSpectro/pipelineOutput/"

asis will be used as b

s
# Examplal_outputDir =
# When save ' '

pipeline (1nterme .
i =tenames of all outputs

= str(Configuration.getWorkDir())+"/pacsSpecOut/"

if (not os.path.exists(outputDir)): os.mkdir(outputDir)

if verbose: print "The products of this pipeline will be saved in "

nameBasis =

str(obsid)+"_"+target+" "+od+"_Hipe_ "+hipeVersion+" calSet_ "+calSet+" "+camera

,outputDir

By default, the script will save intermediate and final products in your HIPE working directory.
You can change the HIPE working directory using Edit -> Preferences -> Directories.

page 15

e 00 Preferences
tSpireSpectrumld “| | General > Directories /
WbsSpec_trumDataset
_qs,gg‘l:;;ll’g:fe':tercljl Default directory where to open file dialpgues :
‘ - Zoom & Pan Factors @ User home
= Text Editor R
Working d
_ Jython Editor ) Working directory
=-General ) Last used di
- Appearance §
Console orking directory : |/Users/shupe/.hcss/workspace /
L Del;)c:‘ts @ To be applied the next execution of HIPE
B ecorics
~External Tools
- Help & Documentation R

~Logging

~ Navigator

I Restore Defaults | l Apply |

|Advanced...| | Import... | | Export... | | oK | | Cancel |

PACS 301
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Level 0 > 0.5 ez

R

Raw PACS data, — Wavelength
data House Keeping Pointing Calibration

A 4

Data flagging

Permanently Bad pixels
When grating or chopper moving

|

Saturated data

Assign RA y
Open and dummy channels ssign / Grating to Level 0.5
Dec to pixels Sliced Frames
wavelength
DNs to Volts/s conversion 16 x 25 x ramps

Assign observing block labels
(e. g. Nod positions, grating scan
direction, calibration block, scan
mode)

YOU SHOULD NOT NEED

TO INTERACT WITH THESE
STEPS—but its good to understand
Your observations structure
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e Plot: footprint

PACS fi int and S/C boresight positions

69047’“) " T T T T T T T T I T T T T I T T T T I T T T I T T T T T T T T

69°46'00"

69°45'00"

Nod o]~

69°43'00

69°42'00"

69°41'00"

Dec

69°40°00"
69°39'00"
69°38'00"
N Od B 69°37'00" |— —

69°36'00" —

69°35'00" —

————atmma oo e o [T W oaow
229 # show footprints for selected raster position(s) 0 09:553 09:55:2(
230 if verbose: “/558(

231 ppoint = slicedPlotPointing(slicedFrames) i
232 ppoint.setFrameTitle("slicedPlotPointing - "+str(obsid)+" "+str(camera)) :l
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Slicing into nods R

SLICING: Done for computational reasons/Memory/Efficiency

The slicing of the data is performed according to rules made explicit in
the pipeline. In our example, two lines are observed in two nodding
positions. So, we expect 4 slices plus an initial slice containing the
calibration block.

if verbose: slicedSu

259 # The internal structur€ 0f your data has changed
260
261

i History m =] ConsoW

HIPE> if verboses sAicedSummary(slicedFrames)

noSlic

noCalflices:

noSci

slice# nodPosition nodCycle rasterId 1lineld band dimensions
wavelengths onSource offSource

2 false ["B"] 0 00 [1] ["B3A"] [18,25,679]
59.816 - 60.067 no no

1 true ["B"] 1 00 [2] ["B3A"] [18,25,1019]
63.093 - 63.379 both both

2 true ["A"] 1 00 [2] ["B3A"] [18,25,1019]
63.093 - 63.379 both both

3 true ["B"] 1 00 [3] ["B3A"] [18,25,1019]
57.213 - 57.548 both both

4 true ["A"] 1 00 [3] ["B3A"] [18,25,1019]
57.213 - 57.548 both both

vage 18 PACS 301



 ASK NoBER! Scloniol Data is sliced early in pipeline: If you have a long
s Center . . .
observation: many slices—It’s a convenient way of
making sure all your data is there—compare it with

5 slices | what you expected from HSPOT
(Uplink software used to set up the observations)
259 # The internal structure of your data has changed
260 if verbose: slicedSummary(slicedFrames)
261
Llne 1 —_ B & A i HM\WEConsole x
HIPE> i ose: slicedSummary(slicedFrames)
nods ‘ noSlice
noCalSli 1
noScienceSlices: 4
slice# isScience nodPosition nodCycle rasterId lineld band
wavelengths onSource offSource
2 false ["B"] 0 00 [1] ["B3A"]
no no
["B"] 1 00 [2] ["B3A"]
both both
["A"] 1 00 [2] ["B3A"]
. both both
Line2-B & A ["B"] 1 00 3] ["B3A"]
both both
nods ["A"] 1 ) (3] ["B3A"]
57.213 - 57. both both
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Level 0.5 2 1

Level 0.5

A 4

Glitch detection

v

Apply RSRF
v

Apply nominal response

v

Subtract On and Off Chop

v

Frames to Cubes

ebinning

Spectral Flat Fielding

Level 1

Not done
In telescope
background pipeline

MIGHT NEED
USER
INTERACTION

PACS 301
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Spectral Flat field is one area where
reprocessing may help IF LINE IS FAINT OR
HAS ABSORPTION...

Why? Because flat field assumes that

there is a line in the spectrum, and it tries

to mask out the line before finding the level

of the continuum. If there is no line, it can accidentally
find a noise spike as the line....

So its better to tell the software WHERE the line

Is expected to be. You should input the expected
OBSERVED wavelength
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T2 Check: Spectral FlatField

e 00 Herschel PlotXY

Basic line detection (makeLineList) - Slice 0 Spaxel 22

S L B L B BN L NLRLELELE UL
llOOz— —i
l()()()_— -
o00 £ E o
o For faint lines
> c ]
= ™E or known absorp.
lines add
o 5 OBSERVED
0 =
wavelengths
6305 6310 6305 6320 6325 6330 6335 6340
Wavelength
[ Spectrum Masked INLINE ® DetectedLines |

slicedCubesMask = maskLines(slicedCubes,slicedRebinnedCubes, lineList=[], wid.......

pag

e

As a default, the code will search for lines in all the pixels and then mask
them before computing the spéctral flat field.
It is possible to give directly the list'of lines to be masked via the
parameter lineList = [63.227], for instance.
This user-specified linelist is usually needed only for absorption lines
OR VERY FAINT LINES

)1
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This concludes
processing to level
1

351
352 # 3. Actual spectral flatfielding

353 # slopelnContinuum is a boolean. Set it to true for lines existing on a continuum with a significant
354 slopeInContinuum = 1

355

356 slicedCubes = specFlatFieldLine(slicedCubesMask, scaling=1, copy=1, maxrange=[50.,230.], slopeInConti
357

358 # 4. Rename mask OUTLIERS to OUTLIERS B4FF (specFlagOutliers would refuse to overwrite OUTLIERS) & de
359 slicedCubes.renameMask("OUTLIERS", "OUTLIERS B4FF")

360 slicedCubes = deactivateMasks(slicedCubes, Stringld( ["INLINE", "OUTLIERS_B4FF"]))

361

362 # 5. Remove intermediate results

363 del waveGrid, slicedRebinnedCubes, slicedCubesMask

364

365 # ——— End of Spectral Flat Fielding

366
367
368
369
370

~ =T

Processing Level 1 —> Level 2

H WKW
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Ere® Let's recap the structure of the data produc

waCenter

Level 0 -1, and Level 2 Products

PACS PIPELINE
CUBE BUILDING

/ FRAMES .
RAW BROWSE-QUALITY
samples CUBES
Level O Reorganize REGRID
To Level 0.5 il ' -
S5Sx5xN,; R
5 mi ' Projected
. Spatial : Wavelength tO 3 X 3
To calibrated L1 FRAMES Full Sampling pixels
CALIBRATED PACSCUBE REBINNED PROJECTED
| FRAMES CUBE J | CUBE CUBE |
I
Level 1 Level 2
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e g Summary of Level 1 Products Web Tutor
HIPE> slicedSummary(slicedFrames)
noSlices: 4

noCaislices: 0~ TH|S EXAMPLE CLEARLY "CAMERA = BLUE”

noScienceSlices: 4

slice# isScience nodPosition nodCycle rasterld lineld  band dimensions  wavelengths
0 true ["B"] 1 00 [2] ["B3A"] [18,25,960] 63.093 - 63.379
1 true ["A"] 1 00 [2] ["B3A"] [18,25,960] 63.093 - 63.379
2 true ["B"] 1 00 [3] ["B3A"] [18,25,960] 57.213 - 57.548
3 true ["A"] 1 00 [3] ["B3A"] [18,25,960] 57.213 - 57.548

Above are 4 Frames (18x25x960) representing 1+16+1 (=18) spectral pixels, 25
spatial pixels (the 5 x 5 array) and 960 time samples. Note the 16 spectral pix
plus 2 extra (a “open” channel and an “overscan”) making 18 spectral pixels total

HIPE> slicedSummary(slicedCubes)
noSlices: 4

noCalSlices: 0
noScienceSlices: 4

slice# isScience nodPosition nodCycle rasterld lineld  band dimensions  wavelengths
0 true ["B"] 1 00 [2] ["B3A"] [15360,5,5] 63.093 - 63.379
1 true ["A"] 1 00 [2] ["B3A"] [15360,5,5] 63.093 -63.379
2 true ["B"] 1 00 [3] ["B3A"] [15360,5,5] 57.213 -57.548
3 true ["A"] 1 00 [3] ["B3A"] [15360,5,5] 57.213 - 57.548

After conversion to slicedCube we now have 4 pacsCubes, organized as time sample*16
(=15360), 5 x 5 in this case. Note that the open and overscan spectral pixels have been

stripped off in the pacsCube format.

S E——
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NOW WE CONVERT THE LARGE “PACSCUBE”

INTO A
MORE COMPACT “REBINNED” CUBE

THERE WILL BE MANY OF THESE —ONE FOR
EACH POINTING, REPETITION AND NOD

At this point the data volume
| goes down dramatically
— - IMPORTANT—WAVELENGTH
. GRID NOT UNIFORM LIKE
[ HETRODYNE DATA

bage 26 PACS 301
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Creating a wavegrid:
SOMEHOW WE HAVE TO RE-BIN THE POINTS IN THE

WAVELENGTH DIMENSION INTO SMALLER “BINS”
THIS IS GOVERNED BY TWO PARAMETERS

OVERSAMPLE UPSAMPLE

WHICH IN PRINCIPAL COULD BE CHANGED
HOWEVER—DEFAULTS ARE FINE--

When oversample is “m”, the binwidth used is the intrinsic
resolution element/m. When upsample is “n”, n sets of
wavlength bins are laid-out, each phased by the binwidth/n.

waveGrid=wavelengthGrid(slicedCubes.refs[0].product, oversampl|EXE [efsbHole=4,
calTree = calTree) VALUES

lllustrative examples follow....
page 27 PACS 301
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Examples of Oversample and Upsample
Parameter Pairs
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EXAMPLE: Oversample = 2

@D v OVERSAMPLE = 2
ESiCenter ins = %2 spectral resolution
e W;i\e.ength = NyQUIST SAMPLIN
\
p T 1 | | T ] | l | I I l T T l I I T T
1400 £
= & O
1300 " =
1200 E- =
1100 - - =
1000 - =
900 - =
R I - =
2 800 3 F
S, 700 3 —;
600 —
500 © ' E
BINS widths are % the spectral resoluion element = Nqust Sampled -
400 '%@
300 m_ | ‘ ‘ | %
r ~ g
200 SAMPLES TAKEN HERE =
00f,,1,. @1, 91, @ |.1’|l.01..Q |.IQ|HQ|...1|—1
63.18 63.19 6320 6321 6322 6323 6324 6325 6327

X axis 301
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1400
1300
1200

1100
1000
900
800
700

y axis

IIlI||lll|llll|llll|llll|llll|llll|llll|llll|lllllHj

300 [

200 E
|

100

Oversample = 2 Upsample = 2 bins = ) spectral
resolution at that wavelength, but bins are shifted by %

abinTandresarn ‘o -. nus'the final'spectrum cantair
: i
finer grid (although ,!; Iues are not independent).

- A

Opal =

[ o P
- :

— . " c. tase o

T R I

rrrr"rrlllIlllllllllIllllllllllllll|Illl

-
\
-
[
|
I
I
»

Illllll

. 1000000000000 0 !LQIQII...d

63.18 63.19 6320 6321 6322 6323 6324 6325 6326 6327
X axis
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Default values for these parameters
in the pipeline are
Oversample = 2, Upsample =4

So the individual samples will not be completely
independent
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Before Regridding the
Wavelength Dimension—

We apply OUTLIERS rejection flagging to the
spectra. This process is quite robust and is
found to work well for PACS spectra.

It does not remove data—but creates FLAGS
which are then used to filter out bad points

PACS 301

page 32



We active the masks and apply
a sigma-clipping routine to the spectra
(See PACS Data Reduction Guide: Spectroscopy, 3.3.8. for details)

# Activate all masks

slicedCubes = activateMasks(slicedCubes, String1d([str(i) for i in slicedCubes.get(0).maskTypes \
if i notin ["INLINE", "OUTLIERS_B4FF"]]), exclusive = True)

# Flag the remaining outliers, (sigma-clipping in wavelength domain)

slicedCubes = specFlagOutliers(slicedCubes, waveGrid, nSigma=5, nlter=1)

specFlagOutliers CREATES MASK CALLED “OUTLIERS”

GENERALLY DEFAULTS ARE GOOD—
NO USER INTERACTION
NEEDED
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We activate the OUTLIER mask
for the first time. This happens
before rebinning

# Activate all masks
slicedCubes = activateMasks(slicedCubes, String1d([str(i) for i in slicedCubes.get(0).maskTypes \
if i notin ["INLINE", "OUTLIERS_B4FF"]]), exclusive = True)

# cubes on the same wavelength (mandatory for specAddNod)
slicedRebinnedCubes %specWaveRebin(slicedCubes, waveGrid)

This step produces a set of rebinned cubes (one slice per cube)

REMEMBER THAT ALL OUR VARIABLE ARE “SLICED”

But you don’t need to be concerned with this—it’s just

A computational/organizational issue.. slicedRebinnedCubes
Is simply a container of all the rebinned cubes...
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This creates our first set of rebinned cubes—one for
each pacsCube (in our lineld=2 case, we have two—

one for Nod A and one for Rod B)

PACS PIPELINE

/ FRAMES
RAW

Level O
To Level 0.5

CUBE BUILDING

REGRODED
BROWXE-QUALITY

CUBES

;lll)
EGRID '

5x5xN,;

P PrOJected
e S to3” x3”
. Spatial + Wavelength ]
To calibrated L1 FRAMES Full Sampling pixels
CALIBRATED PACSCUBE REBINNED PROJECTED
FRAME CUBE | CUBE CUBE |
| |
Levpl L LevghRcs 301
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Now we average together the two Nod
positions. For an observation with a set of raster
positions, there will still be more than one final

cube (store as slices)—one for each raster
position

# Average the nod-A & nod-B rebinned cubes.
# All cubes at the same raster position are averaged.

# This is the final science-grade product currently possible, for all observations except
# the spatially oversampled raster observations
slicedFinalCubes = specAddNodCubes(slicedRebinnedCubes)

NOTE THAT IN LEVEL 2 PRODUCTS IN SPG (AUTOMATIC) PIPELINE THESE
PRODUCTS ARE CALLED RENINNED CUBES
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Summary of PACS spectrometer archived products

» Level O: ((From Roberta’s Talk

HPENG: engineering yesterday)

HPGENHK: housekeeping
HPSDMCB/HPSDMCR: raw DecMec (blue/red)

HPSFITB/HPSFITR: Herschel PACS Spectrometer Fitted Blue/Red (= “Signal” in /0)

HPPHK: housekeeping
HPSRAWB/HPSRAWR: raw data (blue/red)

» Level 1:
HPS3DB/HPS3DR: Herschel PACS Spectrometer 3D Spectral Cube Blue/Red
(= “flux”, “wave”, “ra”, “dec” in, e.g., /0: L2 N1 B R(0 0))
HPSCALB/HPSCALR: calibration (response/dark)
HPSFITB/HPSFITR: fitted slopes

» Level 2:

HPS3DPB/HPS3DPR: Herschel PACS Spectrometer 3D Projected Cube Blue/Red
(= “image”, “coverage” in, e.g., /0: L2 N1 A R(0 0))
HPS3DRB/HPS3DRR: Herschel PACS Spectrometer 3D Rebinned Cube Blue/Red
(= “image”, “ra”, “dec”, “stddev”, “exposure”, “wavegrid” in, e.g., /0: L2 N1 R(0 0)

» Level 2.5: (only for range un-chopped): on and off positions are in different OBSIDs. In Level 2.5, the
off is subtracted from the on
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Here we plot only the first
slice. In the case we have
set the lineld=2, so we
have only the [Ol] line.

plot of one of the rebinned cubes (one li

. ptotCube5x5(slicedFinalCubes.get(slice))
p55.setFrameTitle(str(obsid)+" "+camera+": slic

In the case of a raster
observation, you can plot
the profiles for each slice

page 38 oV PACS 301



The projected cube is only recommended for raster
observation where you have many rebinned cubes
and these are combined into a final projected cube

PACS PIPELINE

/ FRAMES

CUBE

ILDING

RAW BROWJE-QUALITY
mple CUBE
Level O e
To Level 0.5 | '
5x5xN,;
P Projected
e S to3” x3”
. Spatial + Wavelength ]
To calibrated L1 FRAMES Full Sampling pixels
CALIBRATED PACSCUBE REBINNED PROJECTED
FRAM\E CUBE ] CUBE CUBE
| ]
Level 1
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IF YOU DO NOT HAVE A RASTER OBSERVATION:

IN HIPE 12—YOUR FINAL PRODUCTS ARE THE REBINNED
CUBES..

For “"mapped” observations, you have two choices:

a) specProject > Projects data onto WCS in simple way
b) Drizzle> For VERY WELL SAMPLED DATA THIS
CAN IMPROVE THE FIANL MAP

*As opposed to the single-pointing example data set of this tutorial
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Invoking specProject
Use only when you have well sampled
maps

# specProject works on the final rebinned cubes.
slicedProjectedCubes = specProject(slicedFinalCubes,outputPixelsize=3.0)
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Which final Chop/Nod product should | use?

Single pointings or sparse mapping
> Hipe 12.1 PacsRebinned Cube

Extract from rebinned
By selection of spaxels

. ‘ )
47 arcsecs

>HIPE 13—new projection task
called specinterpolate will make better
interpolation—good for “sparse” maps
with reasonable redundancy

Well-sampled mapping
> Hipe 12.1 SpecProject cubes (has wcs) wavelength
channels are of variable width
> Hipe 13 WiIll create cube with “constant” wavelength
channels (ds9 readable 1)
VERY Well-sampled maps > Drizzle maps (Careful....)
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SPECIAL CASE OF KNOWN BRIGHT
POINT SOURCE

HERE WE DON"T CARE ABOUT THE MAP BUT
WE CAN USE THE SPAXEL DISTRIBUTION TO CORRECT
THE CENTRAL SPAXEL FOR POINTING
OFFSETS and APPLY APERTURE CORRECTIONS

RUN LAST PART OF THE iPIPETO
CREATE 3-flavors of “central spectrum”
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Correcting and Extracting Point Sources

Caveats: The instructions following assume that the user has employed a single pointing for a
target that is a point source*, and the target’ s photocenter is somewhere within the central

spaxel [2,2] (i.e., the flux peaks at spaxel [2,2])**.

extractCentralSpectrum will return three spectra:

a) Spectrum of the central pixel corrected for the part of the beam that the central spaxel
misses. This is known as the c1 spectrum.

b) Spectrum of the sum of the central 9 pixels, with the (much smaller) correction for the
part of the beam that this “superspaxel” misses: the ¢9 spectrum.

c) Spectrum of the central pixel, with the “3x3” correction that compares the ratio of c1 to ¢9
to the ratio expected from the beam profile; this is intended to correct for small mis-
pointings and is the c129 spectrum (‘c one-to-nine’, get it?). To trust this correction the
source continuum must be of order 10 Jy.

Discussions of these corrections are found in the PACS Data Reduction Guide: Spectroscopy
section 3.7.3.
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Extracting the central spaxel and returning
three spectra with various corrections

for slice in range(len(slicedFinalCubes.refs)):
if verbose: print
# a. Extract central spectrum, incl. point source correction (c1)
# b. Extract SUM(central_3x3 spaxels), incl. point source correction (c9)
# c. Scale central spaxel to the level of the central_3x3 (c129 -> See PDRG & print
extractCentralSpectrum. _doc_ )
c1,c9,c129 = extractCentralSpectrum(slicedFinalCubes, slice=slice, smoothing="median’, isLineScan=-1,
calTree=calTree, verbose=verbose)
#
# Save to Fits
if saveOutput:
name = nameBasis + " _centralSpaxel PointSourceCorrected Corrected3x3NO _slice |
simpleFitsWriter(product=c1,file = outputDir + name + str(slice).zfill(2)+".fits")
name = nameBasis + " _central9Spaxels_PointSourceCorrected_slice "
simpleFitsWriter(product=c9,file = outputDir + name + str(slice).zfill(2)+".fits")
name = nameBasis + " _centralSpaxel PointSourceCorrected Corrected3x3YES _slice
simpleFitsWriter(product=c129,file = outputDir + name + str(slice).zfill(2)+".fits")

Some plots are produced but are not shown here. Since the example in this tutorial is not a point source, the
plots are not helpful to discuss at this point.
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Drizzling=VERY EXPENSIVE
IN COMPUTER RESOURCES

The Drizzling projection is so-named because the total
“drops” of emission collected within input pixels are broken
into smaller “droplets” to be collected and weighted into the

output pixels. It differs from spacProject in that it operates on
the Level 1 slicedPacsCubes prior to wavelength rebinning
(not Level 2 cubes) and also differs in the inputs it takes when
using the unchopped or chopped AORS.
The ChopNodLineScan.py script includes both the Drizzle and
specProject methods.

(Primary drizzle document: http://www.stsci.edu/ftp/science/hdf/combination/drizzle.html)
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142 THE DRIZZLING ALGORITHM FOR PACS SPECTROSCOPY

For super-sampled data—will produce excellent results

* . - .

pixfrac=0.4

pixfrac=0.1 pixfrac=0.2 pixfrac=0.3

l)lx‘lxi( =0./

+

0.001 0.002 0.003 0.004 0.005 0.006

specProject

pixfrac=0.9 pixfrac=1.0

[ e Ad [ ]
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<% Invoking Drizzling (slicedDrizzled Cubes) e Tt
For parameter details, refer to section 3.7 of
the PACS Data Reduction Guide (Spectroscopy)

Drizzling works from the not-rebinned cubes

oversampleWave =2

upsampleWave =3

waveGrid = wavelengthGrid(slicedCubes, oversample=oversampleWave,

upsample=upsampleWave, calTree = calTree)

oversampleSpace = 3

upsampleSpace =2

pixFrac =0.6

spaceGrid = spatialGrid(slicedCubes, wavelengthGrid=waveGrid,
oversample=oversampleSpace, upsample=upsampleSpace,
pixfrac=pixFrac, calTree=calTree)

slicedDrizzledCubes = drizzle(slicedCubes, wavelengthGrid=waveGrid,

spatialGrid=spaceGrid)[0]

These Drizzled Cubes may be viewed in Spectrum
Explorer as well.
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Invoking Drizzling (WARNING)
ONLY USE THIS IF YOU HAVE VERY WELL SAMPLED
DATA: MOST IS NOT!!

Warning: In Pipeline 12 ipipe — DRIZZLING is run by default — that is — the
drizzling script lines shown in the previous slide are not commented-out.

The user should be sure that he/she wants to run drizzle before invoking it.

The drizzle routine is an excellent optimized and powerful projection method
(when sufficient oversampling has been obtained within the observation) but it
can require many hours of execution time and large amounts of computer
memory, especially for large maps or line ranges. It is best run on a large and
perhaps remote virtual machine (via a VNC session) and utilizing multi-
threading.

The user’s alternative, specProject will, in general, yield a fairly good
projected map in much shorter processing times.

page 49 PACS 301



