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Pipeline Concept

o All HIFI data processed before made available in

HSA

* In HIPE you are provided with the same pipeline

* The processing of HIFI observations is similar to

grounc
JCMT,

-based heterodyne telescopes, e.g CSO,
RAM, KOSMA...

 One pi

oeline for all HIFI observing modes

* The pipeline is customizable
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111 TUSOAVA Overall Pipeline Structure

: Level 2.5 pipeline: observing

Level 0 pipeline: Level 1 pipeline: mode calibrations
conversion to intensity
data frames calibrations

spectral Level 2.5 o
Raw [ Level Level | Level pectral [ onvolved
Telemetry | 0.5 1 2 scan spectrum E
The level 0 | . Level 2.5 "
pipeline can only %I'E;ms— Spectral
be run if you o cubes :
?hagfai\;x;z:; o Level 0.5 pipeline: Level 2 pipeline:
frequency satellite e :

calibrations calibrations
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i Level 1 Pipeline

‘IIIIIIIIIIIIIIIIIIIIIllIllIllIlIIlIllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII..

:' checkDataStructure E
checkfreqGrid Data Checks
checkPhases

AR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER®

mkflux#totCold

Optional: doFilterLoads

doChannelWeights

“IIIIIIIIIIIIIIIIIIIIIIllIllIlIIlIllIIlIllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII..
* *

doFluxHotCold is doRefSubtract

performed here for ——
Frequency Switch and
Load Chop observations

Double-
mkOffSmooth differencing

‘IIIIIIIIIIIIIII.
..IIIIIIIIIIIIII‘

doOffSubtract

..IIIIIIIIIIIIIllIllIllIlIIllIlIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘

doflux#otCold

Alternative:

doRadialVelocity doVelocityCorrection

NASA Herschel Science
s Center /@
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‘Scratches’ in some
frequency switch and
load chop observations
seen in WBS-V data.

Applying the intensity
calibration before the
reference position is
smoothed and subtracted
removes the ‘scratches’
and also improves
baseline noise level
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(i [llustration of level 1 pipeline steps

 Reference and OFF subtraction: eg. for DBS observations

I
LI L B IO L B Y B
«- ON-source phase 1 [ - I ON-OFF phase 1
500; é I 0'45?""""‘""“"""'H
i LI
E LI

ON-OFF
Phase 1 — Phase 2

6000 6500 7000 7500 R000

(1}
v

LA UL AL L L L) L L LB

T FETYE FYTTY ETETy ATy FYeY FYTT PV e FYeTa FYeme Feed Seem oot

F M
600 - \“‘ - | 00
E i f’l‘ 17 . Q FT T T T T T T T T T L T T =
E \hr i 1 0.1 o 0.40 1 I I T T (RS
500 " M W 3 N E E
- ! ‘f \ Il " v 1 -0.1 \ E 3
E | [ g ’m | ] s (€) 035 =
400 ! / 1 3 0.2 E :
F J \ |3 I 030 4
F [} |3 Q":ST....I...ll...‘J‘...I....I TE E
300 - i \ % = I o) 5500 6000 6500 7000 7500 8000 I 025 3
E e/ \ ‘ ] PNy IF Frequency (MHz) E 3
F{ MY ! 7 ~0 E u
200 ¥ \ - I o I 020 3
= IR R PR SRR BN B B {b 015 3
5500 6000 6500 7000 7500 8000 ~d\, F B
IF Frequency (MHz) 0 O 0.10 |- E
2) I 005 [ E
[ L e e L B B By E E
600 - uu" E é\‘ I ON OFF phase 2 000 E
E \‘”p, nL 1 3 Q = o o e o e I LA e e s s e 005 E
500 A ! 3 E E E
F M I L W ! 3 I 0.50 E- 0.10 3
F I { gl i | E E El v v v b v v b b b 0 1
400 [ = I 045 - 5500 6000 6500 7000 7500 8000
F [ X | 040 - IF Frequency (MHz)
300 = W \ / = I 035
Elvm/ | c ] E
wof| b \ 3 030 &
—

v \
m \ o
el v v by v b v v v v 1o d :
5500 6000 6500 7000 7500 8000 - 0.
0.
T LI B ) L B B ) B \

{FETTY T TS FRY ST TN PN FYATY CRRTI PRRTYNVOTI IOATA IONYA

E i 0.
«: OFF-source phase 2H U I
F { E X
E " |!J' | 3
500 . A A Wy = !
e f iy il s \ ]
E JA\\ b i M i»,w.f ‘ W'v,\ AJ '\ ] I 0.
400 Y wf | o " | 3
F PAAL ‘.‘ \/ = | 010 E
r | A il L i ‘: EL v v b v v e by e by oy v 1 4
300 - [ ol /,z‘ \ H I 5500 6000 6500 7000 7500 8000
E (F“‘wwf \ ) / E IF Frequency (MHz)
200 | \ ! -
E \ ]
Bl IS v b b b 1 I
5500 6000 6500 7000 7500 8000 I ST
IF Frequency (MHz) Waterloo
- NASA Herschel Science B3]
— I )

®



i [llustration of level 1 pipeline steps

Counts

« Bandpass calibration: eg. for DBS observations
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Level 2 Pipeline

Alternative:
doMainBeamTemp

Not done for OTF maps

- page 8

doCleanUp

doAntennaTemp

mkSidebandGain

doSidebandGain

convertfrequency

mk¥reqGrid
dofreqGrid
doAverage

doSpectrumsStatistics

browseProduct

HiFi-jc¢
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[llustration of level 2 pipeline steps

Intensity (K)
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i Wavelength scales in HIFI data

From channel number to IF frequencies

—  The assignment of channel number to IF frequency is performed in the
spectrometer-specific branch of the pipeline (between level 0 and level
0.5)

Space-craft radial velocity

—  The correction of the space-craft velocity along the source line-of-sight is
done in the level 1 pipeline

—  Forfixed target, it brings the frequency scale in the LSR
—  For moving targets, it brings the frequency scale in the frame of the target

USB/LSB scales
—  The level 2 pipeline creates two products: a USB and an LSB spectra

—  The two products are not only mirror spectra of one another wrt the LO
frequency — intensity calibration can vary in either side-band

Velocity scales
—  No pipeline product is given in velocity scale
—  Conversion to velocity scale can be done by you in the spectrum toolbox

uuuuuuuuuuuu
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i Level 2.5 pipeline

* Observing mode specific

e |s a combination of data taken in observation to
form final products

uuuuuuuuuuuu
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- Point Mode:

e Nothing done, the final products are level 2 spectra,
one for each spectrometer, polarisation and sideband

- Meta Data
~ Data

= obs
+ (@ History
\f*@ auxiliary

+- (% browseProduct

+ (@ calibration

+ (2 level0

\f*@ level0_5

w@ levell

= level2

4 (% HRS-H-LSB

(% HRS-H-USB

‘*"@ HRS-V-LSB

+ (5 HRS-V-USB

L"*QWBS H-LSB

- (= WBS-H-USB

@ summary
# (¥ History
== box 001
Le

@ (% WBS—V—ISB

@- (% \WBS-V-USB

+- (% logObsContext

\-4»—@ quahty

*- (% trendAnalysis

[

+- (% browselmageProd |

obs.refs["level2"].product.refs[ "WBS-H-USB"] .product.refs["box_001"].product["0001"]
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- Spectral Scans:

e deconvolved to give Single Sideband Solution
for the H and V polarisations (more tomorrow)

)
I
I
i} |

= obs obs.refs["level2_5"].product.refs["myDecon”].product.refs[ "myDecon_WBS-H"].product["ssb"] B A
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X DataTree
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- Mapping Observations

* Mapping observations are gridded to produce spectral cubes for
each spectrometer, polarisation and sideband (more tomorrow)

=

P
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- (% |evell
g4
- =

Data
cube_obs

#-(% History

& (% auxiliary

+ (% browselmageProduct
+- (% browseProduct

* calibration

levelQ
level0_5

level2
level2_5S
== cubesContext
# (% cubesContext_HRS-H-LSB
# (2 cubesContext_HRS-H-USB
# (2 cubesContext_HRS-V-LSB
# (@ cubesContext_HRS-V-USB
# (% cubesContext_WBS-H-LSB
-~ = cubesContext_WBS-H-USB
# (@ History
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# (% cube WBS_H_USB_2
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© image
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i Documentation

* “What was done to my data”, in the HIFI Data
Reduction Guide. Summary of the pipeline steps

* “Running the HIFI pipeline”, in the HIFI Data
Reduction Guide. Description of how to use the
nipeline, update calibration and customise the

nipeline.

* HIFI Pipeline Specification document. Detailed

description of each pipeline step including the
assumptions, mathematics/algorithms and

changes to data
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Questions?
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