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HiF /CC HIFI Pipelines and Data Products

e HIFI instrument and AOTS

* HIFI pipeline structure (see also posters!)

« HIFI data reduction: how to run the pipeline
— Standard Product Generation (SPG)
— Interactively

 HIFI Data Products
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HIFI: most powerful and versatile heterodyne instrument in space for observing
molecular and atomic lines in FIR/submm at ultra-high spectral resolutions

* Single pixel on the sky

7 dual-polarization mixer bands
* 5 x 2 SIS mixers:

480-1250 GHz, IF 4-8 GHz
* 2 x 2 HEB mixers:

1410-1910 GHz, IF 2.4-4.8 GHz

14 LO sub-bands
LO source unit in common
LO multiplier chains

2 spectrometers
-Auto-correlator (HRS)
-Acousto-optical (WBS)

Angular Resolution (w/ telescope):
11”.3 (high-freq. end) to 40” (low-freq. end)

IF bandwidth/resolution
- 2.4 and 4 GHz (in 2 polarizations)
-0.14,0.28, 0.5, and 1 MHz

- Velocity discrimination 0.1-1 km/s Sensitivity

Near-quantum noise limit sensitivity

Calibration Accuracy
10% radiometric baseline, 3% goal

Handy summary: http://herschel.esac.esa.int/Docs/Flyers/HIFI flyer 4July2007.pdf



AOT Schemes

AOT I AOTII AOT III
Single Point Observations Mapping Observations Spectral Scans
Reference scheme
1 - Position Switch - Model-1 Mode II -1
Point-PositionSwitch OTF
2 - Dual Beam Switch Mode IT -2
Optional continuum Mode I —2 DBS-Raster Mode III -2
} DBS FastChop-DBS-Raster SScan-DBS
measurenen DBS-Cross SScan-FastChop-DBS
- p
FastChop-DBS FastChop-DBS-Cross
3 - Frequency Switch
Optional sky Mode I -3 Mode IT - 3 Mode III - 3
measurement FSwitch OTF-FSwitch SScan-FSwitch
FSwitch-NoReference OTF-FSwitch-NoReference SScan-FSwitch-NoReference
4 - Load Cho
. p Mode I -4 Mode II- 4 Mode III- 4
Optional sky LoadChop OTF-LoadChop SScan-LoadChop
measurement LoadChop-NoReference OTF-LoadChop-NoReference SScan-LoadChop-NoReference

See HIFI Observers’ Manual: http://herschel.esac.esa.int/Docs/HIFI/html/hifi om.html



HiFi ICC HIFI Pipeline Concept

Processing HIFI observations similar to ground-based telescopes with heterodynes,
e.g., CSO, JCMT, IRAM, KOSMA

* Spectrometer Pipeline (level 0 — 0.5): initial processing backends
* AOT mode independent
* Each spectrometer and polarization separately: WBS-H, WBS-V, HRS-H, HRS-V

» Users can run automatically and interactively, changing options, but unlikely need to

* Generic Pipeline (level 0.5 — 1): applying AOT mode-specific calibrations
* Spectrometer independent
 Intensity calibration using Hot/Cold loads
» Reference spectrum subtraction (on-off sky DBS, position switch, freq. throw, load)

o Users can run automatically and interactively, changing options, but unlikely need to

« Extended Pipeline (level 1 — 2): remove additional instrumental effects
« e.g. Standing waves, Baseline offset and slope, Sideband deconvolution
* Most interactive step for users
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i ICC Overall Pipeline Structure

> Generic Branch
Raw Telemetry
Single Point Spectral Scan
# AOT Type
Conversion to Dataframes
and HK Spectrgl Map
(basic refgmatting)
Calibrations Calibrations Calibrations

/L/evel 0 Timeline Prodt/

\/

i

Level 1 Product Level 1 Produc/ /Level 1 Produc/

Ripple removal ; .
Baseline fitting Map construction, etc. Ripple removal, etc.
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Band st1tch1ng, etc.

/Level 2 Produc/ /Level 2 Produc// Level 2 Product /
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HiFi ICC Spectrometer Pipelines (Level 0 — 0.5)

WBS Level 0
Product

Find and Flag Bad
Pixels

Green: optional user input
@ calibration file in/output

HRS Level 0
Product

- quality check file in/output

Compute Offset and
Power

——/Cal/

Subtract Dark
Current Levels

Normalize Correlation
Function

dark pixels?

Non-Linearity
Correction

Zero Level
Subtraction

Frequency
Calibration

Derive Attenuator
Setting Corrections

Correct for Ato D
Quantization

«——/Cal/

Gain Non-Linearity
Power Correction

interpolation method
/TR s

time domain?

Hanning Smoothing

- WBS comb or HRS?

Autocorrelation Funct.
Symmetrization

«——/Cal/

Spectrum in Freq
Domain and Scale

—/Cal/

Sub-band Splitting

Level 0.5 IF Non-Linearity Flux
/ Product Correction
N \\\\m
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MMM Generic Pipeline (Level 0.5 -1)

Green: optional user input
Data as expected for | - @ calibration file in/output
—_—
AOT mode? - quality check file in/output

Previous
spectrometer
pipeline

Frequency drifts? — drift tolerance [Hz/sec]?

Tsys and band pass from

Hot and Cold
—
l
Determine channel weights from time, variance or Tgy.?
weights smooth over channels?

|
Subtract reference ref spectrum? e.g. if one chop
spectrum - has line contamination

[
Make OFF average, smooth or fit to

spectrum —’ reduce noise in OFF data?

[
interpolation method?
Subtract OFF spectrum 4— (OFF spectrum drift over time)

[
pply hot/cold band pass interpolation method?
T,* calibration ¢ (band pass drift over time)

Level 2
pipeline

HIFI Pipelines and Data Products
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NM Extended Pipeline (Level 1 — 2)

Previous

Frequency freq. grid, resolution?
spectrometer o regridding interpolation method?
and generic '
. . = ‘7
plpehnes Biglsellne “ model fo fit:
jtting

Sideband gain ,
correcti(;gn —— sideband to correct?
[

%
Green: optional user input T, =0T, «—

@ calibration file in/output

— | Band stitching >
I
point source or extended Tyme=TA"Cyp
PR >
source calibration’ G B or T,y
Spectrum
I averaging > Science
. :
Level 2 processing is Deconvolution R
most user- n
interactive. Several BT T

h 4

— | construction

Standing wave
» +—> removal >

steps are optional.
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HiFi ICC How to Run these Pipelines?

File Edit View History Bookmarks Tools Help

HIFI uestions

-1 Definition of Hifi Pipeline

" ™ Introduction

“ "] HRS Pipeline

“ 7] WBS Pipeline
.| Generic Pipeline
" ] HIFI Release notes for HCSS/HIFI 0.6.2 (DP 12.3)
" ] HIFI Documentation

“ %] ABasic Developer's Manual

Utput of Spectra
=1 Running the HIFI pipeline
~ 21 How to run the HIFI pipeline in HIPE
Running the Pipeline
Running the Individual Pipelines
Running the Pipeline step by step
~ 21 How to run the HIFI pipeline from the command line
Using the HIFI Pipeline task
Running the Individual Pipelines
Running the Pipeline step by step
i ecira
" ] Fitting Spectra
" ] Mathematical Operations on Spectra
= Spectral Viewing, Fitting and Operations Using ClassLi
* 7] HIFI Housekeeping
Handling On-The-Fly Maps
" [ Sideband Deconvolution

Advanced User

" ] User's Reference Manual

Done

ipehne*‘How To

(1 [ p127.0.0.1:41705 inde jsptmerk=nul

|| Red Hat, Inc. || Red Hat Network | JSupport | JShop | iProducts | )Training

ipeline definition®” "~ °

3.|‘=5£Iow to run the HIFI pipeline in

\p

HCSS Help System - Mozilla Firefox

7| &) [[G-|Google

3.1.1. Running the Pipeline

1. Select the Hifi Pipeline from either the HIPE Window

menu (under Show View), if you already have data for
processing loaded into the session. Otherwise,
double-click on the hifipipeline task under the Hifi
Category in the Tasks pane.

866

File Edit Run

J [J] Classes
El Console

Show Perspectives

[¥] Editor X ", Data Access

@ hifiPipeline X % ¥ Editor

rnpt————————————————| (& Herschel Login

) Herschel Stience Archive

s <t HIfi Pipeling

ohsid Log

1= Nawigator
oF utline
1 Packages false

Database

uptoLeweld

52 variahles

Instruments: | | Histary [Vl HRE-H 1

uptolevel_s | o Tasks false

<]

[ Z Bl [

uptoLevell % i false
repracessAllLever false
outpu
’V ... ..
El Consale x
TA>»

G
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* Pipelines generate level 0, 0.5, 1, and
2 products that can be retrieved from
Herschel Science Archive, including
all auxiliary and calibration products.

* Observers have all software and can
run pipelines on lap/desktop:
automatically, interactively, or with
own algorithms.

* Level 2 processing especially
interactive, some steps are optional.

* Extensive help on running pipeline

available in HIPE, written in 'how-to'
fashion.
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S

HIPE

Running the Pipeline: SPG

File Edit Run Window Held

E e
= [

= Editor x

(=i

@ Getleveld...ontext.py | @ hifiPipeline x

rlnput
QbservationContext & MyData
Instruments: [¥] HRz-H [v] WES-H  [v] WEs-Y
ohsid
uptoLeveld (]
uptoLeveld_5 (]
uptolewvell v
wprutessAIILe\fels (|
O —
Wariable name for obsCut: |MyRepr0cessedData |
Variable name for obs:  [obs |
rinfo
Lnknowen o
status: ]
arogress: 0% |
Clear Mcer&tj
El Console x [ o
Cext 07 product -
MyData =
storage. load("urn:obslevell_5 herschel. ia obs ObservationC
ontext:0" ) product
TN Y d

Gesnoa

22 variabl... x % (=l

-

@ ip

@ MyData
@ pool

@ storage
@ sys

% Tasks x ==

A
= applicable
@

@ |ewellPipeline
@ |ewel2Pipeline
@ |ocalstorelifriter
@ simpleFitsWriter
% By Category

HIFI Pipelines and Data Products
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* Basic HIFI SPG pipeline

form (selected with window-
>Show View->HifiPipeline and
click on hifiPipeline in Tasks
pane).

 Data (previously retrieved
from Herschel Science
Archive) to be re-processed is
dragged and dropped from
ObservationContext in
Variables pane on right.

e Click on 'Accept' to run all
pipelines or selection thereof.
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HIPE - Herschel Interactive Processing Environment

] Editor X (=ai

oae Expert HIFI SPG pipeline form

[# cHuGE2E.py (¥ TimelineL...alpool.py ‘# Pipelines.py | @ hifiPipeline x 3 obsout_hi...ipipeline - obs_hifipi| < » =
rinput
ObservationContext @® obs0
Instruments: [Vl HRS-H [Vl HRS-V [vi WBS-H [vi WBs-V
obsid
Database
uptoLevel0 false -
uptoLevel0_S false -
uptoLevell false -
reprocessAllLevels false o
hifical
quality false -
obsMode
palStore @ default
tmVersion ist-fm
execMode INTERACTIVE -
clearCachedStoreHandler false -
hrsAlgo =
whbsAlgo =
levellAlgo =
level2 Algo =
routput
obsOut @ available Variable to be created |obsOut_hifipipeline
obs @ available Variable to be created |obs_hifipipeline
rinfo
success -
status: [
-
progress:
< »

Os-m offers possibility of user-

chd
CENTIM
chsub
chsub2
chwidth

Sorting
SPEED_
storage

ADO0O0O00OOOO0O0POPOO0OOCOCPOPOOCOCPOCOOCOCPOCOOOCOCOOCOCPOCOOCOCOCOOOCOCPOOOO®O®DO
X
m
@
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HiFi jc¢c  HIPE: Interactive Pipeline

Both spectrometer and generic pipelines
can be run step-by-step. Allows for
modification of parameters by user, though
rarely necessary.

™ Editor X L
TN, Example: WBS dark subtraction: even and
;{\i whsPipeline 1(\6 dowhsscanCount T ovvbsLar X\ 15 .
| odd channels have different dark levels
rlnput
hitp™ - @ htp e
++ whbs_hn.re...dataset”] >
darkkind : - OBSID 3221226043 before dark subtraction
backend: WBS-H, activeband: OFF, lofrequency: 0.0000, sds_type: hc
DARK3_4 - 2 10000 EFT™ T T T g
rautput - 2 E E
M DARK_AVERAGE e E
DARK1_2 170000 E
htp r'll:lt AvE o T TR T i O S e T T % 160000 ? g é
&= 150000 E
140000 - =
A 130000 - : :
—H"Ifl:l 120000 ;
110000 -
100000 | |\ gy il b el =
1800 1900 2000 2100 2200 2300 2400 2500 2600
Frequency scale (MHzZz)
status: LIrk o ‘m\ Z R =
progress: 0% i s, ettt oo ity S
PRIl = e B B B B B B M
120000 ; gi E
| Clear | | Arcept | 110000 - 3
:ggzz E, 1 L 1 1 L 1 1 L 15
1800 1300 2000 2100 2200 2300 2400 2500 2600
Frequency scale (MHz)
e e e (€L
2 \ \s 757785..|1 |5.716727...2 16071095 :{22561 o...|77

CSIC ;
Netherlands Institute for Space Research

HIFI Pipelines and Data Products b Ro N

Herschel DP Workshop — ESAC, Madrid, E, 2009 March 24-27 -
page 13



HiFi ICC HIPE: Interactive Pipeline

a—\ﬁé doFreqGrid @ doAvg | ® doWbsFreq T ©® mkWbsFreq X

r s
rInput
htp™ : @ htp_avg
interp : [ - |
tuning : @ default
use_bad : |true - |
hrs : @ <none specified>
COMB_FIRST _LINE_POSITION : | |
COMB_LINES_STEP : | |
COMB_THRESHOLD : | |
~output
cal not available Variable to be created |cal
combCheck not available Variable to be created |combCheck
~info
success -
status: [
-

Clear Accept

WBS frequency calibration on comb spectrum, fitting
Gaussians. Initial values from Cal file or user input.

If comb spectrum fit fails, equally good solution can
be obtained using simultaneous HRS spectrum.
Note: although user can intervene using HIPE form,
pipeline will likely work fine in 99.9% of cases.

[2 Console @ x| ] Editor  x |

35%

HIFI Pipelines and Data Products
Herschel DP Workshop — ESAC, Madrid, E, 2009 March 24-27 -
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HIPE - Herschel Interactive Processing Environment
File Edit Run Window Help
e B o P 1D tmwm o B@®
< Editor x C—oil [
v # Pipelines.py & swbs_h & swbs_h.re ] product | 1+ swbs_h.re..dataset’] x <r =
Observation: 268435841
backend: WBS—H, activeband: 2b, lofrequency: 747.2340, sds_type: comb
sooF T T T T T T T T ™7
450F E
400 E
350F 3
300F
=
= 250
200F e
150F =
100 =
S0F E
oF 1 | l 3
4000 4500 5000 5500 6000 6500 7000 7500 8000
Frequency scale (MHz)
AL[1[2]3 ][] seauenc... [ packetti.. | dark | obstime |
1 o |1593776,,, }[[93,45,1,,, ‘1593776 |
2 |, 1 1593776... [[[32.55,4... [1593776... |
[_E Console x [—a [ & History = (—a)
1 L
20%




HiFi ICC HIPE: Interactive Pipeline

' _HIPE - Herschel Interactive Processing Environment
File Edit Run Window Help

*Generic pipeline somewhat more interactive than

giTal « » 50O

= R
] Editor X (—o
RE‘: 1.'|.-R:Js_h.ref...].prnduct\fe doChannelWeights x 4r =

rInput
htp™ : & htp
cal : @ hc
params : & params
definition : |radiometric |
smoothing ©  [box |
width : [1 |
interpolator | |
ignore : |false v|
routput

Variable to be created |htp_dochannelweig

htp not availakble

rinfo

SUCCESS

A ]

status:

progress:

Clear Accept

El console x

»Q

P00 O OO OOPO®ROCOCPOROPOPOOPODPOPOOOPDPOPODOPOPOPODOPODOOO

-

freqGrouping |~
GIGAHERTZ
H_FLAMNCE
hc

HERTZ
HOURS
howverlk
hplancik
hrs_chwiclth

htp _weights =
htp_weights1 [
htp_weights2 (&
htp_weights3
ke n
K_BOLT ZMANIE
KILOHERTZ [
KILOMETERS [
MEGAHERTZ (8
METERS
MICROMETERS
MICROSECONI
MILLIMETERS
MILLISECONDS
MINUTES
obsd
obs_hifipipeli
obsid
obsOut_hifipig
OMNE

Spectrometer pipelines, although defaults will work
well for almost all observations.

*Example doChannelWeights():

*Weight per channel can be calculated by entering in
definition box:

* 'integrTime': integration time
« 'variance': variance in moving window
L

'radiometric": integration time/T2g

*Result can be smoothed as function of channel using
box car or Gaussian convolution.

*Note command-line equivalent in console window.

IA> htp_dochannelweights = params

doChannelWeights(htp=htp,cal=hc,paramns=parans,defini PERCENT L

‘ [l ||« v |
39%

HIFI Pipelines and Data Products
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HiFi ICC Level 1 — 2 Processing

* Frequency regridding (available - demo)

* Averaging spectra (available - demo)

* Band stitching (in development)

* Coupling correction, point and extended sources (in development)
* Sideband gain correction (in development)

* Bad channel flagging and interpolation (in development - demo)

* Baseline fitting and subtraction (available — demo)

* Dual sideband deconvolution of spectral scans (available - demo)
* Residual standing wave removal (in development)

* Producing cubes of mapping data (available - demo)

@“SU LE/zM » A
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HIiFicc

SPG pipelines produce “ObservationContext”, contain products of pipeline levels, calibration files, pointing,

spacecraft velocity, quality products, pipeline history, and meta data (observing mode, time, band, etc)

HIPE

File Edit Fun Window Help

i

| Editor X

[=a]

[" DPWorksho...neDemo.pv\ﬂ" Cetleveld..antext.py & 4 » ¥

another ohservation...
¢ Infarmatian
Instrument: hifi
Observation Mode: HifiFointModeDBS
Observation ID: 268435841
Operational Day: -1
¢ Observation
¢ Context
&
-‘:f-B calibration
*(® |pgObsContext

0% var. =

-

El console x (=1
ITr [= N O.HG LU“ILJJ_G pEp e § kJ_J_ (J.LJLJJ_J_L,O.UJ_UJ] -
last step at generic pipeline: Do Av

do average completed [(if applicable)

PCOQOOCOOCPOCOCPOCPOOROOCPOPOOROO

calFreq
calHC
calPhase
htpChecked
htpChnt
htpFluxHC
htplewell
htpOffsub
htpRefSub
ignore

Ia]
Leweld_Shtp
LevelOobs

obsOut
pool
storage
545

(8 FraquencyGroups

@ (% |ag0bsContext

HIPE
File Edit Eun Window Help
i LowmeEd
EQE s 8@ (o T\ —
™ Editor X [—o]| %€ variab.. x _o|| @& Tasks x —4ry
o Tas.. x -0 [’ DPWorksho...neDemo pv‘ﬂ" GEILEVElO...UrIIE}{l.pV‘RG hifiPipeli| 4 » ¥ - gﬁ;plicab\e
= . _-%ED:[S;IE: = ® calfreq @ hififipeline
(= Applicable 0 IRy ® ralHC @ levellPipeline
@ hifiPipeline ° H!SmNsmm b i i @ ralPhase @ |evel2Pipeling
o lewellpigaine Histor Tasks HifiTimeline | ||| mpcecees o ncabroreirer
| | @ Histonfarameters
© htpChirt @ simpleFitsiiriter
@ |ewel2Pipeline - =
) = Marmed Froducts ® htpFluxHC 1% By Category
@ |ocalstoreWriter| b=l e PrOduct ® hiplevell
® simpleFitsWrite (5 evelD
I @ htpOffsub
% By Category 1 levell © hipRefSub
=- = Mamed Products, © ignore
=& 1030 i
- @ ip
(2 Daasets ® Levelo Ship
= [= Named Products ® LevelOobs
& (%8 13 °
(% 14 @ ohsout
(S 11 @ pool
: ig;z @ storage
@ sys
i Datasets
& (5 1
(% 10
(%7
(%5
@ (5
& (5 4
& (% 9
(% g
(51031
= (5 Qualiny levell
@ 5 |eyel0_5
@ (5 auyiliany
& (2 uality
- & calibration
=- = Mamed Products
& (9 Toys . .
I
- & sac Calibration
& (59 WhsFreg
(5 HRH
I
"‘“@ Aftenuator pI'OdUCtS
‘TQ Zero

HIPE> cobs = hifiPipeline.obs
HIPE> -
D |

HIFI Pipelines and Data Products
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H’ F / ,CC HIFI Data Products: TimelineProduct

‘ HIPE - Herschel Interactive Processing Environment
File Edlt Run Window Help

. HifiTimelineProduct is

in BB EOa@ the fundamental

| Editor x (—o | 4% Variables x -0

e 5 container pf spectra and
- Meta Data @ ELECTRON_CHARGE = metadata.m
None © GIGAHERTZ ObservationContext
T ablcDaiee g EEELTECK . At level 0 contains all
5 /e e e i S g observed spectra in time
1 e 2 2 o hrs_cwidth sequence including hot
e b T e ¢ aTzMan and cold loads, combs, on
< st {16194 > KLOMETERS and off integrations
s R — o weres ¢ Atlevel 1
- . . LCERETES HifiTimelineProduct
S o s cleaned from calibration
| 1> || || ° MMuTES data, and only science
"5 Console x, | o o spectra remaining
"dataéet“]) . . . g EEFECENT
B D | [Ped -
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HIFI Data Products: TimelineProduct

Individual integrations stored in HifiTimelineProduct and user can list and view them in

HIPE in several ways.

Level 0.5 on-source

Level 2

HIPE - Herschel Interactive Processing Environment HIPE - Herschel Interactive Processing Environment
File Edit Run Window Help File Edit Run Window Help
Mk AMmSe DO h A& lE b SIS = I O
™ Editor X —0 [ Editor X )
@ CHUGE2E py ‘(& obs ‘(& obs refs]._.] product | f+ obs.refs|..dataset’] x ? cHuGE2E py (& obs ‘(& obs.refsl...L product ‘CF+ obs.refs[..dataset'] ‘(& obs.refs|.. Lproduct |+ obs.refs..dataset] x '\
Observation: 268435841 Observation: 268435841
backend WBS5-H activeband: 2b, o < ;
lofrequency. 747.2340, sds_type: science lnfr‘:;;l:;):{f xtgs.zgﬁl;f;l:;f:;{fhmu
400
F T T T T T T T T 40 L A B e A
380 | B F
360 |- Mf] “ E 35 -
340 £ f 3 “
320 :_ / k‘»/‘ - 3.0 E -1
300 { E
280 |- 4| e 25 4
Boso b | E
= E | I 20+ 3
240 | E =)
20 |- = & 50 3
200 [ = r
180 F 4 10F ) ‘ ‘ -
160 3 \||
140 | E 05 I ‘ ‘ e
o b v i1 Ll 1 ) PR TR RS B R | 1 F /' ! L
3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 0.0 | — A . -
Frequency scale (MHz) K J | . J J J J .
i 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500
AL 1 2 3 4 bbtype| Chopper |s... |..| buffer packet time dark bbnumber obs time Frequency scale (MHz)
1| | | | [6031 [-6.99988..]8 |.[1 1593776039961182 |[[[59.2355...]1 1593776039961182 | |a
2 6031 |-1.19984..[10 |..]2 1593776051962372 |[[61.1274...[1 159377605 1962372 ir . . .
3 6031 |-1.19984. (12 |.|2 1593776063963562 |[[64.1927...]1 1593776063963562 AL|1{2]3|4 ...Ifrmon_va... |[||[ nrbytes |(md_cho...| hot_cold |LOFreque...| LOF_code ’ integrati... || packet ti... |
4 6031 |-6.99988..14 |.|1 1593776075964752 |[(58.8382...[1 1593776075964752 1 WS [true [o].].].] |-2.85190...[1100.006... [747.2339..[[97512,2... [198 [2]2593779..
5 6031 |-6.99988...[16 |..]1 1593776087965958 |[61.3336...[1 1593776087965958
= cna1 1106004 1o S 1ca2776n00067140 IMEA 2662 11 1c0277en00067140 | LY 4 1
= Console x ', (=ol Console %
| I Console |l ]l
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HiFi ICC Summary

* Pipeline within HIPE to reproduce the Standard Product Generation of the
Herschel Science Archive

« Can step through the pipeline interactively from any level (expect mostly level
1 —2)

— Change processing defaults
— Change calibration files

— Ensure steps requiring assessment (e.g. fitting baselines) are done to your
satisfaction

e Can run pipeline with your own algorithm (must be jython)
 Get used to terms “ObservationContext” and “HifiTimelineProduct”

* Pipelines in place, have been (and are being) extensively tested against various
simulator and real-instrument data from various campaigns. Much effort going
into level 2 software development.

S 5‘9“5u LE/zM/A > @ C/E\\R«}
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Hifi ICC Supplemental Slides

Backup slides
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HiFi ICC Science Analysis Tools

Level 2 data ALL instrument signatures removed. Science analysis tools available for HIFI users:

HIPE has Spectrum Toolbox of Astrolib-like applications for

. Conveniently displaying maps, spectral scans: See Russ Shipman presentation tomorrow
. Gaussian, polynomial fitting (and more functions), interactively and in scripts
Line intensity and shape fitting (outside HIPE):

» CASSIS http://cassis.cesr.fr/ (might be called within HIPE)

« MASSA http://www.damir.iem.csic.es/mediawiki-1.12.0/index.php/Portada#MASSA
Imaging tool (in HIPE) MADCUBA:

* http://www.damir.iem.csic.es/mediawikil.12.0/index.php/Portada

» Regrid irregularly spaced data (time, position) to a regular grid

* Production monochromatic images, and cube of images.

 Different interpolation methods depending on desired spatial scale:
» Nearest Neighbor (coarse but fast)

* Linear Interpolation with windowing, with selective distance weighting and filtering

TN s O siie
o = iﬁﬁf} &&e{sa W/;f/,
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HiFi ICC Level 1 — 2: Standing Waves Removal

= |Band 1A:

2 8

g 8 *Standing wave removal needed for all HIFI
- AOQTs, either as a residual (e.g.

ﬁ < chopped/nodded spectra) or if OFF sky not

g - taken with FSwitch or LoadChop modes.

S m

“ o *Robust sine wave fitting routine for ISO/SWS

Al : : : | | | | | and Spitzer/IRS defringing available in IDL.
4000 4500 5008 5500 6000 &500 FO00 FS00 8000 FltS mu1tlple Slne WaVCS, U.SlIlg BaYCSIaIl
IF frequency [MHz] statistics. Little user interaction. Contains line
before and after removal of 177 MHz wave . .
— blanklng routlne.
2 102} i *Tool being developed in HIPE. May be used
£ \ for PACS and SPIRE spectra as well.
i 1.00 ﬁ\
g
FC_& 0.98 -— =
E oo Band 1A
e I
0.96 1 1 1 1 !

501.5 501.0 500.5 500.0 499.5 e,
P oo P o,

%ﬁi &D"SU 7 /LE/?Mﬁ P H C/E\R%
N W 7 g 2
ETH nlw -

Frequency [GHZz] P £ (1) eesal:
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Amplitude

HiFi ICC Level 1 — 2: Standing Waves Removal

HH1 HIFI before and after (red) fringe removal
T T T T

'Fringes'-diagnostic plot --- ¥2 vs frequency,
with clear minimum (red) « Ehin,

H1 HIFI 2

0.0015
0.0010
0.0005
0.0000
—-0.0005
-0.0010
-0.0015

L W
1x10° 2x10° 3x10° 4x10° 11 fringe
standing wave frequency [cycles per um™]

596 697 6598 6599 600
wavelength

«Standing waves successfully removed in
i1  gas cell spectra. (residual) standing wave

; patterns likely different in space. However,
1 algorithm very flexible! Initial guesses

-0.010F & < e 2
g:g;‘; i ; 1.679.5>.<1<:-s 16710x10°  16715x10°° 1.5720x12‘ 16725x10°3 :.6730j<10': e asily adjuste d.
gggg LA T S 2%  °Bands 6+7 non-optical standing waves,
-0. % . .
sy s 3 - 1 non-sinusoidal. Strength and shape power-
0.010 7 - 7 ; )
0.008 O, L e a'" dependent. Well reproduced in laboratory
0.000 ? ' T spectra with similar power: remove
-0.005 o« .
-0.010L emplrlcally.

1.6840x10™® 1.86845x10™" 1.8850x10™® 1.8655x10™® 1.8660x10™® 1.6665x10™°® 1.6870x107®
wavenumber [um™']
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HIiFicc

At any given LO frequency, two sidebands of
4 GHz IF coverage each (2.4 GHz bands 6+7),
separated by 8-16 (4.8-9.6) GHz in sky
frequencies are overlaid on top of each other
in DSB spectrum, with mirrored freq. scales.

Sideband deconvolution especially important

to spectrally complex regions.

HIPE deconvolution tool based on Comito &
Schilke (2002) algorithm in X-CLASS for
deconvolving ground-based observations.

See demo Steve Lord this afternoon
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Level 1 — 2: Sideband Deconvolution

[
co (7-6) Synthetic Spectrum
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HIiFicc

Deconvolved (SSB) result, methanol with HIFI in the lab, viewed in HIPE

with TablePlotter.

HIPE - Herschel Interactive Processing Environment

File Edit Run Window Help

1 @ Help

28 variables x S Nawgator ‘(% Packages {1 cla T » -0

| Editor X

« || [P decon_despur.py (#_decon preprocessor.py (L spurTable (a (& deconoutput | & deconoutput x

s

File Edit Run Window Help

Level 1 — 2: Sideband Deconvolution

More pretty examples of
real HIFI data in the
Supplemental Slides

Herschel Interactive Processing Environment -

[=lmi].

Y @Hep

5 | = Mavigator X Y[ [ 4 p 3w _0O

$ R -

] Editor X

(F decon_test pyTO doDeconvolution X

0.5
o N out L F]
@ despursigma - Display Style
® despurThreshald - T Sotm) -
o fname £ L
Sie 0.4 o
© loband S N L El
0 mu\::u\e 5 C ize ;
patl - i
o e o - v | [Tin]
© spurTable Q C Navigation
Qo3 --l 1] )¢
[ »
wv L o Fast| meb | 37
E I+
0.2 — Selec
- Hide X | Unhide O |
T
= Outline x
- = == b b bovna b by Excl_Select | Unhide A |
name eronOwtpur
csss TaleDaraset 889500 890000 890500 891000 Curent o
package Iherschel.ia dataset Eired
© deconoutput Sstreq |_Bxtract_| [preferences| L

== lib

# = decon_Hipe_2
#-[= herschel

— [ afterFr.tat

— D beforeFr.txt

(2) Topic Help 4= History Log | | Console X

¥ Demo_doDecon|

Despurring 159 of
Despurring 160 of
Despurring 161 of
Despurring 162 of
Despurring 163 of
Despurring 164 of

Ii>>a=htp.get(162]

164
164
164
164
164
164

H® doCgmTest py

HIPE GUI frontend (beta) for decon tool
I/O and hooks to view intermediate results, fit
statistics

See demo Steve Lord this afternoon
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’—Uutpul
rinfo
status;  success
progress
2% Outline x 0
ho outline information awvailable iy Clear || Accept

rinput
htg® ® fhitp
dirPath [mesjxie frovy_Decarvalution et _cases/hp,|
metaFile : [metadata 1 |
initOpFile ||n|t_npt|nns txt
deconQpFile ©

|
[geconvalve_nagain.ua |
|

sshOutputFile |detnn0utpul dat

[12) Topic Help {E] Histary . Log Tﬁi,‘ Console X

result=storage.select{q)
htp=resu1t[0].getProduct(}
return htp

TA=>htp=ToadHtp (' ch3oh_3b_1030_resanpled')
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Level 1 — 2: Map Making

©

File Edit Run Window Help

HIPE - Herschel Interactive Processing Environment

—Ox

] Editor x

ﬁ 2% Tasks x =

B E @

(# HipeHifiG...skDemo.py | & cubeProduct x

@

@
@
@
@
@
@

w0 wAe me ade T
Tnspecified wawve-like data (MHz)

ALL O segment =
1 m

— [ Al
ffinalspecrum xV = Applicable

%% By Category

extractRegionPixeld
extractSinglePixels
flagSaturatedPixels
importCubeTask
localitoreWriter
simpleFits Writer
welocityPositionM apy

€| extractSi...ISpectrum

@ extracSi.ISpectrum x

00000000004 | -1.1996 [:57:06.896, -06:52:32.12 | < || ————-—li—

rlnput

simplecube™ : & cubeProduct

N e ) I )

=l Console x

=4 T

IA> plot = splot()
IA> plot.setTitles(finalspectrum)
TA>

posx |1O
posY : |1O
routput

spectrum @ available Variable to be created |spectrum

finalspectrum @ available Variable to be created |finalspectrum

I
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Level 2 pipeline
produces data
cubes of maps,
which can be

displayed and
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HIPE.
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HiFi ICC Level 1l — 2: Masking Bad Data

e Spurious response ('spurs') in some LO chains observed, arising from strong
harmonics or oscillations in bias ci