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fifi Goals

e Familiarity with HIFI's mapping modes
* [nspection

e Cleaning the input spectra (baselines)
* Regridding

e Cube toolbox

* [mage analysis

e Saving the output

e [Bonus if time+interest: line fitting with the
spectrum fitter tool (unscripted)]
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[T The Mapping AOTSs schematically

DBS raster map On-the-fly Mapping Sampling:
Fixed: 10, 20, 40"

OFF2 Half-beam
{_‘b....‘.....'.'.".'.d.'_ Nyquist
ON/ON2 & e e § et
L — . - . . : = ~~~
3 arcmin ' e
’ C = / g £ ~~~ \
; . . . =
Sampling: Possible referencing scheme; =29 o
Fixed: 10, 20, 40" OFFE
Half-beam Position Switching (“standard” OTF),
OFF1 Nyquist Load-Chop, Frequency Switch (Sky REF optional)

The main purpose of the OFF positions is to provide baseline removal of
drift + standing waves.

1. The OFFs may sometimes be contaminated with line emission (most
often CO and [CIl], sometimes others because of the fixed DBS throw).
You should check for this in the data (Sylvie’s demo).

2. The OFFs may sometimes not fully correct the ripples, due to short Allan
_page3 times (rapid drift cross-over from radiometric noise). HiFijcc nhsc>
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[ oduct | > obs30786 refe[level2] product refs[WBS-V-USE] product! |

jatude | longitude.. | latigeErr|  AOT | Band | Chopper | Coordinal | INATT | LoFreque_.| MIC_Hor
189671 83800 5378 1.08 1.06 Hiappin_ (75 -5.220EMEZ000 14 189671 0.04%
189671 83803 5374 1.06 1,06 HifiMappin.._ 7o [ 5223EME2000 14 189671 0.045

1,886.71 82803 -5.373 112 1.12 HiMMapgin. |70 -5.220|EME2000 14 1.896.71 0.045
) 189671 83803 5373 41 1.11/Hifllapgin . [7b | f4] 183671 0.045
1 89671 83,803 -5 3T2 1.07 107 |Hifillappin.. |Tb -5 2?9 ME2000 [ 14 1.896.71 0.045
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HiFi OTF maps used a flawed
telescope line scan pointing mode

* This mode has been flawed on the telescope, producing departures
along the intended scan path.

Sky Map L2 HTP NewPointing vs SPG v9.1.0

Obsid 1342229760 0D 853
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* This behavior is revealed with improved pointing reconstruction
currently in development for wider application.
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i Our current picture

The “zig-zag” has
components of slewing errors
unrelated to timing errors in
HIFI.

/ Typicalbeam size with
/ ~Nyquistsampling
/ HPBW (1900 GHz) =12".1

Errors are projected in both
RA and Dec (not just along
the scan line).

The telescope appears not to

be matching the expected
speed once scanning,
causing map points to bunch
up at the beginning.

Slew from OFF

Slew to OFF

Intended ON path
Reconstructed path deviation

Intended map points
Reconstructed map points

The deviations are clearly correlated with the slews from OFF,
Looks like slew — deceleration — scan transition bugs.

nhsc>
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il Impact of the anomalous line scanning

 The consequence is that sampling requested in HSpot is not
perfect, and until the new pointing reconstruction is
available for re-assignment of attitudes, some observations
will exhibit a form of “zig-zag”
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reed \isually a significant
improvement!
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e The new pointing history
[iFi .
reduces the zig-zag

C+ line flux New (red) vs SPG (blue)

Obsid 1342203243 OD 463

3_4_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

Flux (K GHz)

0 1 2 3 4 5 6 7 8

Pixel No.

H— Row 10 5PG v 1.0 3——¥ Row 10 New
— — o053 0194 — —  al03) 0104
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C+ line fluxes in spectra
extracted from the cube in a
slice across the Orion Batrr.

Red is based on New
pointing and shows ~2x
lower noise around an
approximating (3" order) fit
to the flux gradient across
the PDR.

nhsc ™
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On to the demo...

e \What we will do:

1.
2.

0 N O O kW
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Load a H,0 and *3CO OTF map of massive SFR W51.

Inspect metadata for the map layout on the sky, noise
performance parameters.

Remove “artifacts” from the Level 2 spectra.

More discussion of artifacts (ripples).

Regrid into spectral cubes.

Try some tools from the cube analysis toolbox (CSAT)
Highlight some image analysis tools.

Save the output.




i 1. Loading the data

Loading obsid 1342207383 should follow the script

installation_demo_hifidpws_aug2013_vil.py

It is a fairly large observation, the pool is ~2 GB.
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ViSO AVA . Inspection of the data

 This is a familiarization of the data tree for a spectral map, inspection of
the Level 2 HTPs in Spectrum Explorer (for data quality / artifacts), and
locating the metadata that describe the map pattern and expected noise.

- ____conm ool SR =

i obs X

HIFI cube product
Metz Dala

name value unit description
type cube Product Type Identification -~
creator SPGv11.0.1 Generator of this product
creationDate 12013-08-15T22:43:03Z2 Creation date of this product
description HIFI cube product Mame of this product
instrument HIFI
modelName FLIGHT Model name attached to this product
startDate 12013-08-15T22:43:032 Start date of this product
endDate 12013-08-15T22:43:037 |End date of this product -
'f“@ auxiliary = |obs.refs["level2 5"].product.refs["cubesContext"].product.refs["cubesContext WBS-V-LSB"].product.refs["cube WBS V_LSB_3"].product B A
'fL@ browselmageProduct = .
-?@ browseProduct : U QA kMmmMmBE B &S HENEEE TN R | aute line auto coler  —— A — | With Displayed -
|- (% calibration e
- (2 fitProduct L
"ng leveld g = T —T T T ™ T T T T ™
'fL@ level0_5 = 4 -
# (%2 levelt 5 C ]
[ &= level2 [T ]
@ Linemasks E 12 i
@ (% HRS-H-LSB o 1
& HRS-H-USE ook WWWWWWWMMWMM 3
& (B HRS-V-LSB = r 1
‘+L® HRS-V-USB g C 1 I ‘ 1 I I 1 ‘ 1 1 1 I | 1 I 1 1 ‘ 1 1 1 I | 1 I 1 1 | I 1 I | I I 1 I ‘ I 1 I I | 1 I I 1 ‘ I 1 I 1 | 1 I I 1 ‘ 1 1
flf? WHBS-H-LEB L 1100.8 1100.9 1101.0 11011 1101.2 1101.3 1101.4 11015 1101.6 1101.7 11018 11019
(%5 WBS-H-USB = .
& vms-Lss o Isbfrequency (GHz)
WHS-V-USH

LbesCantext .

antext HRS-H-USE f x obs.refs['level2_5" product refs["cubesContext] product refs["cubesContext_WBS-V-L3B"] product refs["cube_WBS_V_LSB_3" product : X preview

xtext:HRS—V—LSB ( Select Spaxels

sContext HRS-V-USE

* (8 cubesContext_WBS-H-LSE T [ a0 ] e | [eeneec | [ N (R T T

(% cubesContext_WBS-H-USB

+14:31:20 §.80

115,138 | 19:2353.826, +14:31:32.82 [Image ~
4 (% cunssGomt WBSV.USE EJE] [ [E]] 702 [3][<| [——TF———= [>]f= [1012a5cm 0.078

@ Ingbnanmex‘t

I# (2 quality NONE | Link [] Show Comparison Preview
(% trendAnalysis -

nhsc

NASA Herschel Science
Center
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1’ |£ | obs.refs["...].product

1 -1+obs.refs['...].product b4

He ALk MEOE B |E KRR b

] T E Y L) @ auto line auto color —_ At —~7 |'With Displayed -
H20 1(1,1)-0(0,0)

2r

Upper sideband frequency (GHz)
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q el A Strong continuum! ]
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g* C ]
~ S ]
= ]
= r ]
5 of .
s L ]
d:: C 1 | 1 1 1 | . 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1

1100.8 1101.0 1101.2 1101.4 11016 11018 1102.0 1102.2 1102.4 1102.6 11028

13CO 10-9 Lower sideband frequency (GHz)

» DataTree rx obs refs["level2”] product refs["WBS-V-LSB"]. product |

ALL 1 2 3 4 LoFreque.. | longitude latitude longitude... | latitudeErr... | Band_ATT Chopper IMN_ATT LOF_code | LoFreque.. | MJC_Hor MJC_Ver bac
0 1,107.831]290.90947  [14.49601 1.54 1.54|[6,4,6,0] -5.463 12| [30688,92... 1,107.81 0.032 0.03/[5,0,01~
1 1,107.831|290.90963 1449676 1.79 1.79|[6,4,6,0] -5.463 12| [30688,92... 1,107.81 0.032 0.03/[5,00,
2 1,107.831|290.90980 |14.49750 1.81 1.81| [6,4,6,0] -5.463 12| [30688,92... 1,107.81 0.032 0.03/[5,0,0,
3 1,107.831/290.90990 |14.49815 1.81 1.81| [6,4,6,0] -5.463 12| [30688,92... 1,107.81 0.032 0.03/[5,0,0,
4 1,107.831|290.90995 |14.49830 1.52 1.52|[6,4,6,0] -5.462 12| [30688,92... 1,107.81 0.032 0.03/[5,0,0, |3
5 1,107.831|290.90997  |14.49945 1.55 1.55| [6,4,6,0] -5.462 12| [30688,92... 1,107.81 0.032 0.03/[5,0,0,
6 1,107.831/290.90994 |14.50013 1.57 1.57|[6,4,6,0] -5.463 12| [30688,92... 1,107.81 0.032 0.03/[5,0,0,
7 1,107.831|290.90989 |14.50082 1.53 1.53|[6,4,6,0] -5.463 12| [30688,92... 1,107.81 0.032 0.03/[5,0,0, NS
] 1,107.831/290.90985 [14.50151 1.51 1.51|[6,4,6,0] -5.463 12| [30688,92... 1,107.81 0.032 0.03/[5,0,0, ]
9 1,107.831]290.90982  [14.50211 1.56 1.56| [6,4,6,0] -5.463 12| [30688,92... 1,107.81 0.032 0.03/[5,0,0,
10 1,107.831|290.90980 |14.50274 1.56 1.56| [6,4,6,0] -5.463 12| [30688,92... 1,107.81 0.032 0.03/[5,0,0,
11 1,107.831|290.90982 |14.50342 1.54 1.54| [6,4,6,0] -5.463 12| [30688,92... 1,107.81 0.032 0.03/[5,0,0,
12 1,107.831|290.90981  |14.50412 1.54 1.54|[6,4,6,0] -5.462 12/ [30688,92... 1,107.81 0.032 0.03/[5,0,0,
13 1,107.831|290.90979  |14.50474 147 1.47|[6,4,6,0] -5.463 12/ [30688,92... 1,107.81 0.032 0.03/[5,0,04_]
= 1,107.831/290.90976  |14.50538 1.33 1.33| [6,4,6.0] -5.462 12/ [30688,92... 1,107.81 0.032 0.03/[5,0,04~]

3 I i ! \
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obs.refs["auxiliary"].product.refs["HifiUplinkProduct"].product["HifiUplinkParameters"]

- page 13

= = —
[@J obs.refs["..ameters"]

2. Key metadata

e —— ]
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al=121a

1R 1= |

o

12 1% lea 32 |3 [SH]

1 IEm|gell

| |5

I=1b

E. obs.refs["..ameters”] x

HiﬂUpIinkParameters
- Meta Data
None
~ Table Data
Inde, name value unit type description
0 mapLines 11 ljava.lang.Long Number of map lines -
1 mapLineStep 9.0 arcsec java.lang.Double |Map line spacing
2 mapReadouts 11 ljava.lang.Long Mumber of readouts per line
3 mapReadoutSep | (9.6 arcsec javalang.Double |Line readout spacing
4 noiseMinUsb UNKMNOWMN K UNKMOWN Predicted 558 Noise USB at minimum bandwidth
5 noiseMaxUsb UNKMNOWMN K UNKMOWN Predicted 558 Noise USB at maximum bandwidth
5 noiseMinLsb UMNKNOWN K UMKNOWN Predicted 3B Moise LSB at minimum bandwidth
7 noiseMaxLsb UMNKNOWN K UMKNOWN Predicted S3B Noise LSB at maximum bandwidth
3 noiseMinWidth UMNKMOWM MHz UNKMNOWHN Minimum bandwidth for noise predictions
9 i i UMNKMOWM MHz UNKMNOWHN Maximum bandwidth for noise predictions
10 |tmbReference 789.0 K javalang.Double |Temperature (main beam) at noise reference frequency
11 |noiseRefFrequency |1108.0 GHz java.lang.Double |Moise reference frequency
12 |obseningTime 3091 5 ljava.lang.Long Obsening time
13 |offTime 471.6 5 java.lang.Double |Off source time
14 |overheadTime 702.8 5 java.lang.Double |Overhead
15 |tofTimeEfficiency  |77.3 % java.lang.Double |Total time efficiency
16  |totMoiseEfiiciency |44.2 % java.lang.Double |Total noise efficiency
17 ||driftMoiseContrib ~ §9.0 % ljava.lang.Double |Drift noise contribution
18 [reloelecied true liava.lang.Boolean |Sky reference selected
19 |fe_lof O 1107.898 GHz ljava.lang.Double |LO freguency selected
20 |oneGHzReference |true ljava.lang.Boolean |One GHz noise estimation bandwidth
21 hrsiModeH Mominal ljava.lang.String HRS resolution mode H
22  |flyRefOffsetDec 0.0 arcmin javalang.Double |Sky reference offset declination
23 |frame heliocentric ljava.lang.String Redshift velacity frame
24  |spectrometer both ljava.lang.String Spectrometers used
25 |dec 14 510694444444445 |degrees javalang.Double |Target declination J2000.0
26 |fe_eff_res_max 0 |03 GHz or kmis javalang.Double |Maximum width spectral resolution at noise goal
27  |redshiftType radio ljava.lang.String Redshift type
28  |flyRefOffset true java.lang.Boolean |Sky reference offset is relative
29  |resolutionMhz false java.lang.Boolean |Resolution width units (true = MHz, false = kmis)
30 ra 290.922875 degrees java.lang.Double |Targetright ascension J2000.0
31  |decoff 14.5106782913208 degrees java.lang.Double |Sky reference OFF declination J2000.0
32  [fe_eff_res_min_0 |03 GHz or kmis java.lang.Double |Minumum width spectral resolution at noise goal
23 _goalTime 2800 5 ljava.lang.Long Goal obsenving time
34 |ﬁENyguiSTSel true lava.lang.Boolean |Spectral Map Nyquist sampling requested
35  |raoff 291.0089416503906 |degrees java.lang.Double |Sky reference OFF right ascension J2000.0
36  |redshift 585 redshift or kmi/s [java.lang.Double |Redshiftvalue (kmis if redshiftType is optical or radio)
37  |doingTime true java.lang.Boolean |Time estimation is based on obsening time or rms noise goal
38 |flyY 15 arcmin javalang.Double |Spectral map scan length requested
39 |band 4b ljava.lang.String HIFI band
40 |goaINOise 0.1 K ljava.lang.Double |Goal rms basline noise =

NASA Hi
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i 3. Removing artifacts

* This observation is well-behaved, following L2 HTP inspection.

 We will remove the baseline under the 13CO line (with no
distinction between continuum and baseline offsets).

 We will not go through removal of fringes (since there is no
strong residual), but the procedure is basically the same.

- You may combine both fringe fitting with baseline fitting and
removal with fitHifiFringe (sine waves).

- |In the future more advanced ripple correction will be
available for observations using Bands 6 or 7 with e-ripples.

- page 14




i 4. Resample with doGridding

 S/N is good experiment with oversampling to ~2 x Nyquist.

- Remember that structures are resolvable to at least ~1/10 the beam
size when S/N is very high.

— Noise is computed on a map point basis; does not take the convolution
into account (thus generally better than predicted).

- Changing the pixel scale is the most common application, and we do not
do a complete experiment with all possible parameters, e.g. altering WCS
references. For this consult the HIFI DRG.

- page 15
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6. Cube Spectrum Analysis Toolbox (CSAT)

 We will crop in frequency, create a PV map, convert the cube units GHz
to velocity, make a velocity map, and an integrated intensity map. We
can also subtract baselines in the CSAT (not as sophisticated as
fitBaseline, but a good means to create a continuum map).

|2) newCubesCo...].pr 3

-H- newCubesCo...].product X

P —

Do datomme afx

=

S

Antenna Temperature (K)

<

N s o =
R R

e ey
P i \ I \
1100.8 1100.9 1101.0 11011 11012 11013 11014 11015 1101.6 1oL7 11018 11019
Isbfrequency (GHz)

r X newCubesContext refs['cube_WBS_H_LSB_3" product ‘

~ | With Displayed v

‘I X Cube Spectrum Analysis Tasks I‘

E‘ newCubesContext. SB_3" product

I,

velAlgorithm: & ‘GAuSSIANfFIT

Output:
. Execution Statu
Ll

‘ Source H Help H Clear H Accept ‘

[¥] Display spectra in main panel

Select Spaxels
(vISESEl T T

143120 Z sm

+14:31:00 I s

+14:30:40 -
< aon

+14:30:20 -
< 140

+14:30:00 -

128,92 47728 K I_ 19:23:41.428, +14:20:46.03

AR ENR][ 52 [T][<]]

[=] s34 [1101132 6hz |

NONE v | Link [] Show Comparison Preview
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Fifi About baseline fitting

e As noted, the CSAT has a subtractBaselineFromCube task,
but be careful with this.
e |f the data have artifacts, they should be removed before

convolving them into the “good” spectra at each map
position. Once convolved, the subtraction of the baseline is

not accurate.

e Baseline subtraction in the CSAT is valid for continuum
emission.

- page 17 HiFi ’cc ‘ “N_‘A.snuers.;'.rflilrsmenl:e'



fiffi- 7. Image analysis

* Image analysis tools have been developed by PACS/SPIRE, usable on
any HIFI 2D map image.

e Smoothing, contour overlays, source fitting, etc etc.
T I

< {2 profile x )
> L@@m b
(g7 c@Tasks x N\ (—m)
wr =M ?&Applicame / -
= pepEiurePhotometn)

- @ astrometryFix

|- @ autoCorrelation
- @ automaticContour
~ @ boxCarSmoothing
— @ circleHistogram

60.0

+14:31:00

450

+14:30:40

contour
- @ convertimageUnit
~ @ createRgbimage
- @ crop
- @ crossCorrelation

30.0
+14:30:20

150

- @ cutLevels
- @ drT2d >

+14:30:00

B

%% Variables x o

X % x| E v
~ Observations

@ obs
@ obsFittedWHL

000

19:23:44 192342 19:23:40 19:23:3

[
[ wezs | 19:23:35.769, +14:30:40.74
EIEIEIA[1sor [a][ 16 [osse ~][ e

[=i]

» Other Variables

LW mylntegratedMap

@ newCubesContext
|9 _newClnaWHI 3

5= Outline x

Mame mylntegratedMap
Class Simplelmage
P herschel.ia.datasetj

M= mylntegratedMap
W @ image

v
7\

Intensity [K-kmis]

I L= -
20
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i 8. Saving/exporting

 We shall look only at means of FITS export.

e Reinserting our tuned cubes into the obs context is
possible, but a big hassle that’s worth it only if
managing a lot of data (and we can show you how
offline or via helpdesk).
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HiFi Bonus If timei Line fitting
- (unscripted)

B & B & BB AR R oW P E R T =Y @ [i] [El autoline auto golar —— AV ~ | With Displayed -
:r X Spectrum Fitter GUI f X props
FT | T T 1T T T 17T L LI I L UL | T 17T L T T 1T T 17T L I | shift-click on pfor ejsme"[mchange context
20 h 4 [raver
= B = layer
5 C ] id [
o L B polid 6
=l ] name Totallodel
‘a‘ L B Z0rder 0
5 r ] = layerXy
o 10— —] showninLegend ¥
g L i LAYER STYLE
: 0.5 L 7 = style
= R - charType LINEGHART
= L 1 color W0, 178, 0]
% line SOLID
00 T
- dashAray 6.0,6.0
= symbol
05 symbolShape 2-VCROSS
. . ,J ,J symbolColor CInun
1100.85 110090 110095  1101.00 110105 1101.10 110115 1ot20 110125 110130 110135 110140 symbolSize 7
lsbfrequency ((iHZ) legendSymbolSize MNan
= errorbar
errorbarCapSize 0

4

x spectrum3 [ x FitResult

4 ;
M X preview

ALL 0 SFG-Type SFG-D ModelType Indices Integrated | CParm_0 Name_0 Walue_0 StdDev_0 MName_1 Value_1 StdDev,
0 [ spectrum (ps, segm) ...

1 [ weight

2 [MResidual

3 M TotaiModel

4 MOdeI 1 poly -0.0030020...2.0 FO -2.425060... |0.000000E... |P1 2.124667E... |0.00000
5

6

=

DELETED

DELETED
Model 4 gauss 0.02465786 Amplitude 2.070034E.. |2.085577E . |Center 1.101165E._ |8.12707
8

Model 5 gauss 00207590 Amplitude |7 135530E. |1 930346E  |Center 1101129E |3 65848

\ NASA Herschel Science
Center
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