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Introduction

This tutorial will guide you through the interactive
spectrometer pipeline from loading raw data into HIPE to
obtain calibrated data with astrometry in the case of
chop/nod mode.

Pre-requisites
The following tutorials should be read before this one:
* PACS-101: How to use these tutorials.
* PACS-102: Accessing and storing data from the

Herschel Science Archive
* PACS-103: Loading scripts
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Overview - v‘*’j

Step 1 check HIPE version and memory
Step 2 setup

Step 3 Runthe 0 - 0.5 pipeline

Step 4 Run the 0.5 - 1 pipeline
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Step 1

Check HIPE version and memory allocation
The version used for the tutorial is 6.0.1932
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File Edit Run Pipeline Window #tols

= = @V o, Contents Qe E|a
What's MNew
Working in HIPE (=Bl

| Editor x

o ChOWRSION_py x Data Reduction ’
/# (@ Help in DRM H

2 # This file is part HSC Helpdesk Science System (HCSS).
3 # Copyright 20081-20] & Give Feedback Ground Segment Consortium
Tip of the Day L

Select about from ICSS is free softy e rfribute 1t and/or modify

it under the termf General Public License as
ublished by the f Check Java platform gtion, either version 3 of

drop down help the License, or [’ later version.

HCS5S 1is distributed in the hope that it will be useful,

but WITHOUT ANY WARRANTY; without ewven the Implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU Lesser General Public License for more details.

You should have received a copy of the GNU Lesser General
Public License along with HCSS.

._~
L
H o A

4]

| »

El Console x
HIPE=

HIPE=

HIPE=

HIPE> HIPE
HIPE=

:%EE‘; Herschel Interactive Processing Environment
HIPE>

HIPE= User Release 6.0.0

[ About | License | Config |

2]

Jythen Interpreter 100% Build number 5.0.1932

[ o]
A pop-out window with the version appears
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File Run Pipeline Window Tools Help

|| ® B e & R aEa @ 5 | 4

[ =i

To allocate
memory,
select
preferences
under edit,
then ...

of Herschel Common Science System [(HCSS).
& Herschel Science Ground Segment Consortium

are: you can redistribute it and/or modify
of the GNU Lesser General Public License as

ree Software Foundation, either wversion 3 of

t your option) any later version.

d in the hope that it will be useful,
RRANTY; without even the implied warranty of
FITNESS FOR A PARTICULAR PURPOSE. See the

Public License for more details.
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£ # undo Ctrl-Z
| Redo Ctrl-y
g o Cut Ctrl-x
?| 2 copy ctrl-C
[ | [E Paste Ctrla
X Delste Delete
Qpen Enter
# Open With
= Send to
Select all Ctrl-A
27 |ncremental search Ctrl-l
] 4 Findfreplace ... Ctrl-F
1 i Goto line Ctrl-L
1 Toggle comment Ctrl-T
1| = shift right
1 = shift left
.

ng with HCSS.

&

El Cconsole x

HIPE=
HIPE=
HIPE=
HIPE=
HIPE=
HIPE=
HIPE=
HIPE=
HIPE=

2]

Iython Interpreter 100% . 706 of 6372 MB

Memory used and available

PACS 301



« NASA Herschel Science
sssCenter

Data Access General = Startup & Shutdown
Local Store
My HSA
Pacs Calibration Maximum memory: |7 163 MB (1) To be applied the next execution of HIPE

Storages & Pools
Editors & ‘iewers

: [vl Show tips at startup
Image Viewer

IF}'FItoht:(:‘ 5?2:; [¥] Check cache for locks
Then CIiCk on Spr::tLrjjre_n Explorer [[] save variables on exit
HrsSpectrumbDataset [ Ask which variables to restore
Startup & SpectralsimpleCube
Spires t 1d .
Sh utd own a nd WiI;szitcrL::"nr%ataset [¥ Inform about dump files
TablePlotter
Change the Zoorm & Pan Factors [ Check Java platform
Text Editor
amou nt Of General [ check for updates
Appearance
memory Console
Fonts
window
Help & Documentation
Mavigator

| Restare Defaults ‘ | Apply ‘

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

The allocated memory should be smaller than the total RAM of yourcomputer W
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Step 2
Setup

Load pipeline script, load observation, check
data, and select the camera

PACS 301
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Loading the script

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

File Edit Run REBEIGE] Window Tools Help

= ] ]
M e B Photometer

Chopped line scan & short range scan M alsr=1gs Nol «=1lll=N

Spectrometer b

] Editor x Chopped large range scan SED Point source » [
Unchopped line scan Extended source » @ lineScanExtendedSource
Unchopped range scan »
Wavelength switching b
We added a few lines to load the correct set of data and
make a few further checks before starting the reduction.
PACS 301
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Loading the script W)

The modified script can be found at the IPAC website:
ADD WEBSITE HERE

To load the script into your hipe session, just click on the loading icon as
shown in the figure. The search the location where you put the file using
the pop-up window and finally load it into the session.

Fil it Bun Pipeline Window Tools Help
&= SR Look In: |5 2011A ~ | [ma) ] [=3] [32] 5] LR E S
| Editor x
[ allocate_memary.png [ help.dp m
[ allocate_memeryorpmy———————___ [ helphipe.png

B ChopNodExtendedSource WORKSHOPVERSION. py| N sl b IAlale)

1 ipipe.png
[y PACS-103.pdf
[ pacs-z02.pdf

) apd
[ »
File Name:  [ChopNodExtendedSource_WORKSHOPVERSION.py |

Select the file. Files of Type: | All Files -

Click the icon.

| Open |bCance||

Open it.
page 10 PACS 301
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Loading the observation e

Once the file is loaded, one can simply step through the lines to execute it
one by one. In this tutorial, we will explain how to modify some lines to
explore different observations and lines and to check the results of the
main operations on the data. The first thing to do is loading the OBSID

relative to the observation chosen. In the case of this tutorial, the
observations has been already saved into a pool which has to be put into
your ~/.hcss/Istore directory which is created once installing HIPE.

File Edit Run Pipeline Window Tools Help

= = & & ¥ [E=] B
| Editor x

(@ ChopNodEx...RSION.py X '

— =
IFst, set

s8gh ;:Jbsid = 134218679

|

Click on this line. Hit the arrow
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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 Pipeline window Tools Help /\

e o ¥ 5 9 & E@@®n G
| Editor x —

# ChopModE...RSION.py X

INCI=IF that the poolName 1Is the obs
110 #
]

111 UseHsa = «
11%3:2E£;:_7= getObservation{obsid, verbos

113 if useHsa: savelbservation|obs, i e,
114
115

True, useHsa=useHsa, poolLocatiqﬁ%ﬂiﬁéiZﬁEEINam

poolLName=Nona)

H o _______
o [ v

El console x ,/ \\n

MNameError: obs

HIPE= obsid = 1342186799 L
HIPE= usgHsa = 0

HIPE= obs = getlObservat yon({obsi verbose=True, useHsaxuseHsa, poolLocation=None,
poolMName=Nona)

css/lstore/ ",
' 'fVolumeSfpacs—data—mpe',

»

INFO: using default wvalu ownLocations ['/home/fadda
'/pools/lstore/*', ' /ST, prac man/PacsPools/HSA Pacs DataPoo
"SVolumes/pacs-data-1i
INFO: using data poo
INFO: start queryin storage.
INFO: observation
HIPE=

Iython Interpreter 100% | | [ 192ofeazame | -

2]

Hit the arrow
PACS 301

Click on this line.
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ann Ilerst:hel science

= Check: observation summary e

El console x

HIPE= if verbose: obsSummary(obs)

Observation summary
OBSID: 1342186799
AOR Label: NearGalPACS-SB-01-blue
Proposal: SDP_esturm_3
Target: M82
Redshift: 6.77E-4 (z)
Observing Day (0OD): 178
Observing started: Sun MNov @8 07:31:26 PST 2009
Total duration (incl. slew): 582.0 seconds
AOT: PacsLineSpec
Observing mode: Pointed, Chop/Nod
Sampling density for: bright lines
Chopper throw: large
Mod cycles: 1

Observation block summary
Number of requested primary llnesfranges p
List of requested primary

Line/range 1 63.223 microns,
Line/range 2 : 57.359 microns

ons) :
repetitions, ID 0OI 63
repetitions, ID NIII 57

System configuration
SPG version of archived products: v4.1.0
SPG products creation date: Mon Oct 11 12:45:10 PDT 2010
Mission configuration: MC _HPhase3 P33ASTR S34ASTR_SDP

Archived products status
Level O status: LEVELG PROCESSED
Level 1 status: LEVEL1 PROCESSED
Level 2 status: LEVELZ PROCESSED

£
g

' 3

NHS CPA

We will select:

camera = 'blue’

page 13
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Setting the camera "

Once we decide the line to explore, we can set the camera to blue or red.

File Edit Run Pipeline window Tools Help

Mo HE €% Y 58 8w & L@@ E | &
= Editor x [Find/replace ... | (il
'@ ChopNodE...RSION.py X"

132  if verbose: ObSSUI‘I‘II‘I‘IaF}fI{ObSJI ' —
140

1AL ool

142 # SETUP 1: .
143 # - Red or blue camera 7

144

145

145

147

148

149 E
L L]
M — - - i —_

We select camera = 'blue’
PACS 301
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Setting the calibration tree

File Edit Run Pipeline Window Tools Help

il sase o Finally, we set the
| Editor x (=0 yl
@ ChopNodE...RSION.py X b 1
i OE .nn L=l (=g Lr:y:_J_ T I Cree, CET LT COCIDT G LIUTT TITES ares oscTw }" =aCTT CaSsF. CaII ratlon tree.
156 # If you print the common and spectrometer branches of the tree, you can see
157 fiich versions of the thration files will be used.
158 C calTrea = getCalTlree(obs=obs) .
159 hose. Read the time stamp of our
150 print calTree
151 print calTree.common ObS and apply the
152 print calTree.spectrometer - I't) . f r\ (j
_ ® ] calibration from the use
SRELETR [-o distribution.
PACS Calibration Tree e
Model FM
Scope
Varsion
Branches pectrometer]
PacsCalCommon Calibration Products:
chopperingle : FM, 3 H
chopperAngleRedundant : FM, 3 Ver5|0n 8 and Iater ones
chopperlitterThraeshold : FM, 2 —1 [ - 2
chopperSkyAngle L PN, 2 incorporate different scale
csResistanceTemperature FM, 1 . .
ilterhiheel 28and L FN, 2 factors and include improved
obcpDescription : FM, 4 . .
P M, S flat field corrections.
timedep : FM, 13
PacsCalSpec Calibration Products:
absoluteCapacitance c FM, 3
arraylnstrument : FM, 8
badPixelMask FM, 1
calSourceFlux : FM, 4
capacitanceRatios : FM, 5
chopperThrowDescription rFM, 2
crosstalkMatrix FM, 1 |
darkCurrant r FM. 2 hd

& Jython Interpreter 100% | | [ 223 of6372M8 .
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Step 3
Run the 0 = 0.5 pipeline

Basic calibration (pointing, wavelength calibration, slicing)

bage 16 PACS 301



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

page 17

nhsc ™ 3 NHSC PAGS
” SC PA
..\.!_‘_it:“htilrSclence / L eve I 0 0 . 5 W a) gfut?r'
Raw PACS data, — Wavelength
data House Keeping Pointing Calibration
Data flagging
Permanently Bad pixels
When grating or chopper moving
Saturated data v |
Open and dummy channels Assign Gratin Level 0.5
gto :
RA/Dec t
/. ecto wavelength Sliced Frames
DNs to Volts/s conversion pixels 16 X 25 X ramps

PACS 301




Extracting level-0 data

@ ChopNodEx...RSION.py X ',

164 |
L e e T T T TR

1o # Extract the level-0 products from the ObservationContext

157 # Get and prepare the levell® product that you will pipeline on.

168 # First we caopy the metadata from the ObservationContext to the levell product

159 # Then we extract the levell product from the ObservationContext

178 pacsPropagateMetakeywords(obs, 'O, obs.leveld) 7]
171 levell® = PacsContext(obs.leveld)

172

173  # For yvour camera, extract the Frames (scientific data), the rawramps (raw data
174  # for ane pixel), and the DMC header (the mechanisms' status information,

175 # sampled at a high freguency)

176  slicedFrames = SlicedFrames(levell.fitted.getCamera(camera) .product)

177 slicedRawRamp = levell.raw.getCamera(camera) .product

178 slicedDmcHead levell.dmc .getCamera({camera) .product

175

186 if verbose:

181 # Get an overview of the basic structure of the data, prior fo any processing

182 slicedSummary (slicedFrames)

183 # Plot the grating position & raw signal of central pixel

184 pl = slicedSummaryFlot(slicedFrames,signal=1) ||
185 5]
[ ] D]

From now on, we will step through the script line by line using
the green arrow on the menu bar. The first step consists in
extracting the O-level products from the observation context.
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Check: level 0 weh Ttor

Let's check first the basic structure of the data. It is important
to verify if the observation has been performed correctly.

nd |;
2 |Ine F T T T T 1T T | T 1T T | T T T T | 1T 1T T4
5.6 10° - T Tasiter S B 0
C t . 1.
5.410° i ] 172990~
. . C 11 —
Calibration block a0k - 4000
) - 17
O s5010°F . 116000 =
Ay » 1 o0
s 1. =2
E 4510 - —{-8000 3
C 13 (-
(0 4610 —+-10000 —
E 13 =
4.410° — —-12000 o
- - —
N 1 v
_ : 4.2 10° |- —-14000
st | r E MD e ettt S
1 Ilne’ 3 repeats 4.0 1':}’ 1 1 | IM I I 1T 1 1 | 11 1 | L1 1 1 | [ 1 1 1—711 'IEDDD
-1000 0 1000 2000 3000 4000 5000 6000

Reset Number

[ I— GRATING POSITION [raw] [li—ll Signal Det 8 Mod 12 |

In our case, after the calibration block, we can identify two

different lines observed 3 times in the two nod positions.
PACS 301
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g Some flagging

@ ChopNodEx...RSION.py X ',

I L I e R -
187 ¥ Processing Level @ -= Level 0.5 B
B e e

189

1903

191 # flag the saturated data In a mask "SATURATION" {and "RAWSATURATION": this

192  # uses the raw data we get for some pixels) &
193 # used cal files: RampSatlimits and SignalSatlLimits

194 slicedFrames = specFlagSaturationFrames(slicedFrames, rawRamp = slicedRawRamp, calTree=calTree)

195

196 # Convert digital units to Volts, used cal file: ReadoutsZVolts

197 slicedFrames = specConvDigit2VoltsPerSecFrames(slicedFramas, calTree=calTree)

198

199  # Tdentify the calibratiaon blocks and Till the CALSOURCE Status entry

200 slicedFrames = detectCalibrationBlock(slicedFrames)

{ch

202  # Add the time Information in UTC to the Status

265 slicedFrames = addUtc(slicedFrames, obs.auxiliary.timeCorrelation) |
A4 il
| ]
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&= Adding pointing products

@ ChopNodEx...RSION.py X',

JEfCE:!

205  # Add the pointing information to the Status

206 # Uses the pointing, horizons product {(solar system ocbject ephemeries),

ey # orbitEphemeris products, and the 5IAM cal file.

208 # NOTE for 550s: you should contact the HSC helpdesk to check whether the

2059 #  pointing 1is currently correctly handled for moving objects.

210 slicedFrames = specAddInstantPointing(slicedFrames, obs.auxiliary.pointing, calTree = calTree, orbit
211

212  # Extend the Status of Frames with the parameters GRATSCAN, CHOPPER, CHOPPOS 7]
213  # used cal file: ChopperThrowlescription

214 slicedFrames = specExtendStatus(slicedFrames, calTlree=calTree)

215

216 # Convert the chopper readouts to an angle wrt. focal plane unit and the sky
217 # and add this to the Status, used cal files: ChopperAngle and ChopperSkyAngle
218 slicedFrames = convertChopperZAngle(slicedFramaes, calTlree=calTlras)

219

220 # Add the positions for each pixel (Ra and Dec datasets)

221  # used cal files: ArrayInstrument and ModuleArray

222 slicedFrames = specAssignRalDec(slicedFrames, calTree=calTreeg)

| »

223

224 if verbose:

225 # show footprint of your observation

226 slicedPlotPointing(slicedFrames) —
i [»] |

At this point, astrometry is added to the data. At each pixel a coordinate
is assigned and we can check if the pointing was performed correctly.
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Nod A

Check: footprint

PACS footpl"i}taﬂd—S%@\bo\resight positions
69°47°00°

69°46'00"

69°45'00"

Nod B

69°44'00"

69°43"

69°42'007

69°41007

Dec

69°40007

69°39007

69°38'00°

o et

page 22

69°36'00" — —
69°3500° | % |
69°34°00" L1 1 1 | L v b | T T L1
09:56:30 09:56:20 09:56:10 09:56:00 09:55: - 09:55:30 09:55:2
RA
+ Aoff + Bon + Aon + Boff
-+ Herschel boresight M Source
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S= Masks and wav. calibration

# ChopNodEx...RSION.py X

228  # Add the wavelength for each pixel (Wave dataset), used cal file: WavePolynomes

229 slicedFrames = waveCalc(slicedFrames, calTree=calTrae)

230

231  # Correct the wavelength for the spacecraft velocity.

232 ¥ Uses the pointing, orbitEphemeris and timeCorrelation product.

?33  slicedFrames = specCorrectHerschelVelocity(slicedFrames, obs.auxiliary.orbitEphemeris, obs.auxiliary
234

235  # Find the major logical blocks of this observation and organise them in the

236 # BlockTable attached to the Frames; used cal file: Obcplescription

237  slicedFrames = findBlocks(slicedFrames, calTree = calTree)

| »

238

239 # Flag the known bad or nolsy pixels in the masks "BADPIXELS" and "NOISYPIXELS"

240 # used cal files: BadPixelMask and NoisyPixelMask l
241 #  -= by default the bad pixels will be excluded later when final cubes are built, the noisy pixels
242 slicedFrames = specFlagBadPixelsFrames(slicedFrames, calTlree=callree)

243

244  # Flag the data affected by the chopper movement in the mask "UNCLEANCHOP"

245 # Uses the high resalution Dec/Mec header and the cal files ChopperAngle and ChapperJditterThreshold
246 slicedFrames = flagChopMoveFrames(slicedFrames, dmcHead=slicedDmcHead, calTree=calTres)

247

248 # Flag the data effected by the grating movement in the mask "GRATMOVE"

240 # Uses the high resolution Dec/Mec header and the cal file GratingiitterThreshold

Zo0 slicedFrames = flagGratMoveFrames(slicedFrames, dmcHead=slicedDmcHead, calTree=calTree)

251

252 if verbose:

253 # Summary of the slices

254 hgyre745454ta slicedSummary(slicedFrameas)

255 # Summary of the active (1) and inactive (@) status of every Mask

256 masksummary (sl icedFrames)

257 # Plot the instrument movements without the signal included

258 pl = slicedSummaryPlot(slicedFrames,signal=03) =
L eeaeeeeeeeeessaaessee [v] |
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Check: before slicing

El Console x =)
Only 1 HIPE= if verbose: -
A R P # Summary of the slices B
Sllce \ ...... slicedSummary(slicedFrames)

..... # Summary of the active (1) and inactive (0) status of every Mask
masksummary(slicedFrames)
# Plot the instrument movements without the signal included
icedSummaryPlot(slicedFrames,signal=0)

noSlices:

noCalSlicks: 1

noScienceSh 0

slice# isScience nodPosition nodCycle rasterld 1lineld band

dimensions wavelangths

¢ false ["","A","B"] 0@ CNC] [@,1,2,3] ["B2B", "B3A", "UNDEF"]

[18,25,5536]  57.213 - 88.119
Mb of slices: 1
Slice 6
BLINDPIXELS
SATURATION
RAWSATURATION
NOISYPIXELS
BADPTXELS
UNCLEANCHOP
GRATMOVE

Slice edges: [0,5536] Fi

— = = 3 2

HIPE>
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Check: before slicing
Nod B Nod A

/N

Cal Block

— T | T T T T | T T T T :_: 90 : _:
5.6 10° |5 =E . 2.0
. o :_: 80 _] 10 —: 1.8
5.4 10° — 3 . .
5.2 10" — = u E [
B ke 15 1.4
R 1Y EY 2109
s 1 7] —1.2 -
ﬂ.. 5.':]‘ ].D N 1= 50 % - U : D
- — ] = m -
. 413 —o0 —1.0 -

= as10°f —H40 © 4 B 8

é - 13 % ] é — 0.8 é -
4.6 10° — —3 30 — -

O - 13 = —-5 OJo6 3-
4410 4320 7 Joa -
4210° - 5910 410 Jo2

r . Ho - 0.0
4010° =+ v 1+t vrrr N A — - =
-1000 0 1000 2000 3000 4800 5040 6000
Re Number
B— GRATING POSITION [raw] B—E Wavelength [pm] GRATSCAN
B—l CALSOURCE (0:None,1:C51,2:C52) e NOD A NOD B
BAND (0:UNDEF.1:R1.2:B2E,3:B2A 4:B3A)

There are two lines (two wavelengths in red). Grating scans are
numbered positive if upscans and negative if downscans.
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| Editor x (=D
'@ ChopNodE...RSION.py X',

250 —
261 # Slice the data by Line/Range, Raster Point, nod position, nod cycle,

262 # on/off position and per band. &

253 rules = [SlicingRule("Lineld",1),5licingRule( "FasterLingMum™, 1},

264 SlicingRule("RasterColumnMNum",1),SlicingRule("NoddingPosition",1),\

265  SlicingRule("ModCycleMNum”,1) ,SlicingRule("IsOut0fField”,1),5licingRule("Band”,1)]
266 slicedFrames = pacsSliceContext(slicedFrames, slicingRules = rules)

267

RN = ]

[4]

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.
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ann Ilerst:hel science
e [:emer

Linel-B&A
nodes

Check: after slicing

El console x

L) |

HIFE= rules =

[SlicingRule("Lineld",1),5licingRule("RasterLinaNum",1),SlicingRule( "RasterColumnium",1),51ici
ngRule( "NoddingPosition",1),5licingRule( "NodCycleNum”,1),51icingRule( "Is0ut0fField",1),51icing
Rule("Band",1)]

HIPE= slicedFrames = pacsSliceContext(slicedFrames, slicingRules = rules)

HIPE= if verbose:

slicedSummary(slicedFrames)

= slicedSummaryPlot (slicedFrames,signal=0)

noSllices: 5
noCalSlices;

Line2-B &A
nodes

page 27

[18,25,1@19]
Slice edges:

HIPE=

213 -

[0,1460,2479,3488,4517,5536]

noSci ices: 4
slice# isScience nodPosition  nodCycle rasterId 1ineld band
dimensions wavelengths
0 false ["","B"] ¢ 00 [@,1] ["B2B","B3A", "UNDEF"]
[18,25,1469] 57.213 - 88.119

["B"] 1 00 [2] ["B3A"]
[ £3.093 - 63)379
2 ["A"] 1 00 [2] ["B3A"]
[18,25,1019] 093 -—63.379
3 true ["B"] 1 00 [3] ["B3A"]
[18,25, 1@19] 57.213 - 57.%48
4 ["A"] 1 00 [3] ["B3A"]

| »
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Check: after slicing web Tutr

Line 1: Olll 63 Line 2: NIII 57

g

£

Cal Block

: T T T 1 | T :_: g{} : _: _:
5.6 10° EE 1 - 2.0 - 1.0
- =8 49 —H1.8 o009
5.4 10" — ok - . ]
o 5.2 1[}-:— :_350 <5 %—;1_4 E—;D.T
'® sl 13 O J1.2 53 0.6
|':'|.|5'Gm— __5ﬂ§— U %5
C . i e =
. J —0 1.0 0.5
Flas10°F Hda0 © 4 B 85
§ - 13 37 é—:llﬂ é—:lli}
46 10° 130 a ] 3
© - 13 3—_-5 CJo6 (3503
1410° 4420 ] Joa  Jo2
1210°F 910 4410 Jo2  Joa
r L : Ho ] J00  Joo
4010° e by R e e e e e T T o e e e e - ] .
-1000 0 1000 2000—=000 4000~——53000 6000
Reset Number
B— GRATING POSITION [raw] B—8 Wavelength [um] GRATSCAN
B— CALSOURCE (0:None, 1:C51,2:C52) — NOD A m— NOD B
BAND (0:UNDEF,1:R1,2:B2B,3:B2A,4:B3A)

There are four slices (calibration, nod A and B for the 1 line, nod A and
B for the 2" line).
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Step 4

Run the 0.5 - 1 pipeline
Glitch detection, chop differentiation, RSRF, flat

PACS 301
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nhsc > NHSC PAGS

)

Level 0.5 > 1 o

Level 0.5

Glitch detection

+
Apply RSRF
v

Apply nominal response
v

Flat Field correction
1}

Subtract On and Off Chop

|

Level 1
Frames to Cubes
(5x5x (16 x ramps) )

PACS 301
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Deglitching

PP ChopNodEx...RSION.py x

=TT -
POS  # De-activate all masks before running the glitch flagging ]
oS slicedFrames = activateMasks(slicedFrames, Stringld([ 17, exclusive = True)

B

HE1  if verbose: maskSummary(slicedFrames,slice=0)

B

HES  # Detect and flag glitches ["GLITCH" mask]

HE4  slicedFrames = specFlagGlitchFrames(Test (slicedFrames)

BO5

BE5

BES if verbose:

BES slicedSummary(slicedFrames) ]
BES # Summary plet, including the signal

B1E p3 = slicedSummaryPlot(slicedFrames,signal=1)

H11 # Plot of signal vs wavelength for the central pixel for a single slice |(you can chose any &
512 # Detector signal: you will see the on and off chop spectral data together

H13 # on this plot, as they have not been subtracted from each other yet

514 # (compare this plot to p6 below)

B15 slice =1

Bl& pd = plotSignalBasic(slicedFrames, slice=slice)

Bl # Inspect timeline of signals and masked signals via a viewer

B1E MaskViewer(slicedFrames.get(slice)) |
R10 -
LA ] ]

At this point, a deglitching code creates a glitch mask. Sometimes, this
deglitching can be too aggressive. It is therefore possible to ignore this mask
and detect outliers using data redundancy (see tutorial level 1 - level 2)
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nhsc>

Glitch detection

You can check manually the points

flagged as glitch or masked for other
reasons using the maskviewer
Select a pixel by /
clicking on it
———

Select a mask

Autoscale | [ lock autoscale

uuuuu

E ,E step w time index

Select a frame

Current frame

Masked glitch

//

ON signal
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: an!ﬂlerl's!neslsgnu: . NHiS C PA {
More masks wiliFor

W -cected UMNCLEAMCHOP

It is possible to explore W s B st
other masks

time index

=1 [=] s

Row 8, Column 12

Select unclean chop

In this case, it is clear why there is a second group of points for the
ON and OFF positions. These corresponds to signals obtained when
the chopper was not yet in the correct position.

page 33 PACS 301



@&=> Chop differentiation

'@ ChopNodEx...RSION.py X"

348 - |
349  # Compute the differential signal of each on-off pair of datapoints, for each chopper cycle

356 # The calibretion block is cut out of the slicedFrames, so only the scientific slices remain.

551 slicedFrames = specDiffChopi{slicedFrames, scical = "sci", keepall = False, normalize=False)

352

353  1if verbose:

354 # Data Structure. Only science blocks are left

55 slicedSummary(slicedFrames) =
356 p5 = slicedSummaryPlot(slicedFrames,signal=0Q)

357 # Detector signal: signal 1is now differential, with the offs having been

358 # subtracted from the ons {(compare to p4d above)

359 pG = plotSignalBasic(slicedFrames, slice=0)

360 ||
361 |
] [

After chop differentiation, the calibration
block is excluded from the data
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Chop differentiation

GRAT POS
-

=

=y

—
- =
_IIIIlIIIlIII|III|III|III|III|III|I

63.5
63.0
62.5
62.0
61.5
61.0
60.5
60.0
59.5
59.0
58.5
58.0
57.5

4.410°
4.2 10°
MIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III'I_
500 0 500 1000 1500 2000 2500 3000 3500 4000

Reset Number

Wavelength

B— GRATING POSITION [raw]
B— CALSOURCE (0:None, 1:CS1,2:CS2)
——— BAND (0:UNDEF,1:R1,2:B2B,3:B2A,4:B3A)

B VWavelength [pm]
e NOD A

PACS 301
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Chop differentiation

o y "‘ 9
NHSC PA
Web T utom
s

The data are only on the ON position (OFF being subtracted)
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Slice 0 Detector 8 Module 12

0.8

0.6 11

63.1

1
9

1 L1
63.20

L1 L1l L1 L1
63.21 63.22 63.23

Wavelength [pm]

L1 L
63.24

L1 L1
63.25

|
63.26
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nhse

S RSRF, response, flat field

@ ChopNodEx...RSION.py x ',

573

374 # Divide by the relative spectral response function

375  # Used cal files: rsrfR1, rsrfB2A, rsrfBZ2B or rsrfBE34
376 slicedFrames = rsrfCal({slicedFrames, calTlree=calTrees)

377

378 # Divide by the response

379  # Used cal file: nominalResponse

380 slicedFrames = specRespCal(slicedFrames, calTlree=calTrea)

| »

381

282 1T wverbose:

383 slice = 0@

S84 frame = slicedFrames.get{slice)

385 module = 12

585 flux = frame.signall[l:17,module, ;]

387 wavelengths = frame.wavel[l:17, module, :]

588 pwave = PLotXY( Line=Style . MONE,titleText="Slice "+str(slice) ,subtitleText=" Module "+str{mg
580 for 1 in range(lg):

390 pwavel[i] = Layer¥Y(wavelengths[i,:], flux[i,:],line=5Style.NONE,symbol=5tyle.DOT)

391 del frame, wavelengths, flux

302

303 I
394 # Refine the spectral flatfield.

3895 # Parameters:

306 # minWaveRangeForPoly (microns). If your spectral ranges are = this value, a poly is fit to the
397 # spectra, of order "polyOrder", on a pixel by pixel basis independently for each module/spaxd
3098 # This {(continuum) fit is then used normalise the individual 16 pixels to [the module/spaxel mg
309 # minWaveRangeForPoly (microns). If your spectral ranges are < this values, the median of the sps
AGE # is calculated, on a pixel by pixel basis independently for each module/spaxel.

ap1 # This wvalue is then used normalise the individual pixels to the module/spaxel median.

Ap2 # --= the values of polylrder and minWaveRangeForPoly can be adjusted by the user

03 # In both cases the correction is a division.

aG4  #

AR5 # See also the specFlatFieldRange URM entry and the PDRG Chap. 3 for more information.

A5 slicedFrames = specFlatFieldRange(slicedFrames,polyOrder=5, minWaveRangeForPoly=4., verbose=1) =]
s o]
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nhéc“

= RSRF, response, flat field o

-—

Check of the central module (all spectral pixels)

Slice 0 Slice 0
Module 12 Module 12
910 I I I ': 910 g L I =
810" = 810" ' -]
710° = 710 ;]“ 3
. E . o II
] S E nidy
610°E = 610° '}‘{l’sil B =
] C U ki [
n W S | !!!l. i
85100 2 g 510 T E
™ [g0] !_,: . _ ;ir i|!|l
> 410° 3 > 4100 :11 fii!;g E
S 0 R 3
- ' - 5| - "’l". il T : B
i uiuU i 3 ZmﬂwMWFiv'-fvwmwﬂwu
E i i i i sE Al il I!Illilillm
s ||||||=|s (R 'sllwf“"ffiilfil]ul||j|i'_ 0 SN S Y I
| 1 1 1 1 I 0-1 1 1 1 1 | I.IIII 1 |:I 1 [ | 1 I'I. I | 1 I I.'I | I 17
63.10 53 15 53 20 53 25 53 30 53 35 63.10 63.15 63.20 63.25 63.30 63.35
X axis X axis

RSRF & response Flat field
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. -an!!e!s!n§sgzllne i N ‘{ C,'PA
i Center w Mtor;

At this point, the frames are converted in
cubes and we have reached level 1!

File Edit Run Pipeline Window Tools Help

MFeBe ¥4% % 4 ¢ &8 1 » W L @@ w4
™ Editor % (=0
@ ChopNodE...RSION.py X
TG |
A17 # Convert the Frames to a FacsCube
418  slicedCubes = specFramesZPacsCube(slicedFrames)
415
PACS 301
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