HIFI Intro Webinar
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HIFI Spectral Maps

Pat Morris (NHSC)
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HiFT Topics

e Familiarity with HIFI’'s mapping modes
* Inspection

e Cleaning the input spectra (baselines)
* Regridding

* Cube toolbox

* Image analysis

* Line fitting with the spectrum fitter tool
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il The Mapping AOTs schematically

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

OFF2 Half-beam
Nyquist
m
ONy/ON: QEREDPOGEE R Tl
d m
3arcmin
/-(C‘),_Al @, C ' ' ' ~.."'"-. \
Sampling: Possible referencing scheme: =29 @
Fixed: 10, 20, 40" OFE
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 can check for this in
the data --- response calibrated OFF spectra part of the data tree in HIPE >13.

2. The OFFs may sometimes not fully correct the ripples, due to short Allan times (rapid
drift cross-over from radiometric noise). r—

- page 3 |HiFi lcc B 55 Hersche Science

s Center




lifTi<)

'R il -
-
4 2]
W E
= e
B E -
| | 1 1 | 1 L | | 1 LIk | I 1 il | 1 Il 1 | | 1 1 | L 1 ] _JA___ L 1 I 1 1 i I L 1 1 ] | 1 | L 1 'l | | L |__|._._l__:
18990 18992 18994 1R99.6  IR9OR 19000 19002 19004 19006 (9008 19010 19012 19014 1WILG
usbfrequency (GHz)
S
NII(E ! x nnsnmmuﬁmpmmrmmutumpmm |
| reqgue... de opper n oFfeque._. _Hor
Il AL T2'374 Lor longitude | fabi pngitude.. | laliideEr. ch Coordinal_ | IN_ATT | LoFra MIC_Hi W
0D [ 1871 83803 5375, 1.08, 1DE.Hma_pplr_1... ;?n -5 220[EMEZ000 4 189671 0045 |a
il X 188671 A3e0d 5374 106 1,08 HifMapoin . 7h -5 223/EME2000 4 180671 0048
a2 1.8586.711 83803 5373 112 1 A2HimMappin... |70 -5.229/EME2000 4] 1.896.71) 0.045
| 189871 83803 373 141 141/ HifMlappin_ 7o -5 223/EME2000 14 189871 0045 i
i 189671] 83803 5372 107, 1.07 Hiflappin.__[To -5 228/EME2000 14 189671 0045
i | 180871 83.803 5372 1.00 1.0 HiMappin_.. [To -5 223 EME2000 14 1,806.71 0.045 ||
| M —— e - - T — _— R —_ = — 9 |'|
*+ 1900 GH ti m + drift
C++ Z + continuum + dri
nhsc>
- page 4 WM\ NASA Herschel Science

-._____piilinr




e Effects of imperfect line scanning
[ifi
on OTF maps

* Drift and slew effects (over- / under-shoot after slews) producing
departures along the intended scan path.

Sky Map L2 HTP NewPointing vs SPG v9.1.0

Obsid 1342229760 0D 855
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* |Improvements in pointing reconstruction, better jitter
characterizations, provide more reliable WCS in gridded cubes.
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[ifi Our current picture

The “zig-zag” has components
of slewing errors (not due to
timing errors in HIFI).

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

Errors are projected in both o
and 9.

.............
SQMEW HTUi urr

—_—
—>  Slewto 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.
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i Impact of the anomalous line scanning

» The consequence is that sampling requested in HSpot is not
perfect.
* New pointing reconstruction available in HIPE 13 for re-

assignment of attitudes, will reduce “zig-zag” pattern noise.
will exhibit a form of “zig-zag”
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HiFi The new pointing history
reduces the zig-zag

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

Obsid 1342203243 OD 463

3_‘1_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIII

Flux (K GHz)

Pixel No.

H—— Row 10 SPG v 1.0 35— Row 10 New
— —  S03) 0194 — — A0} 0104

- page 8

C+ line fluxes in spectra
extracted from the cube in a
slice across the Orion Bar.

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

 Thisis a tour. A detailed set of tutorials using HIPE will be
given in NHSC’s workshop for newcomers in October.

* Today:

1.
2.

N o oA W
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Load a H,0 and 13CO OTF map of massive SFR W51.

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

Visually ID “artifacts” in the Level 2 spectra.
More discussion of artifacts (ripples).

Regrid into spectral cubes.

Show the Cube Spectrum Analysis Toolbox (CSAT)
Highlight some image analysis tools.
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2. Browsing the data

e Familiarizing with 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.

L'g_robs

k= obs X

HIFI cube product
eta Data
name

value

unit

description

type

cube

Product Type |dentification

creator

SPGV11.0.1

Generator of this product

creationDate

2013-08-15T22:43:03Z

Creation date of this product

description

HIFI cube product

Name of this product

instrument

HIFI

maodelName

FLIGHT

Model name attached to this product

startDate

2013-08-15T22:43.032

Start date of this product

endDate

2013-08-15T22:43:032

End date of this product

|- (% auxiliary
?@' browselmageProduct
= (%= calipration
- (= fitProduct
& = |eveln
|- (5@ |avel0_5
(#- (2 levelt
- = Tevel2
@ Linemasks
#- (% HRS-H-LSB
@ (8 HRS-H-USB
& (% HRS-V-LSB
(2 HRS-V-USB
3»9 WBS-H-LSB
fé’ WBS-H-USB
(% WBsS-v-LSB

- (= level2_5
- (& cubesContext

- (% cubesContext HRS-H-LSB
- (% cubesContext HRS-H-USB,
@ (% cubesConlext_HRS-V-LSB
- (% cubesContext HRS-V-USB
- (% cubesContext WBS-H-LSB
@ (#8 cubesContext WBS-H-USB
= (& cubesContext_WBS-V-LSB
'?* @ History

% cube_WBS_V_LSB_1

- (&8 cube
> [=1]

@ (%8 cupe_WBS_V_LSB_4

.

# (%8 cupesConlexi_WBS-V-USB

auto color

obs.refs["level? 5"].product.refs["cubesContext"].product.refs["cubesContext WBS-V-LSB"].product.refs["cube WBS V_LSB 3"].product

Y ® 3 auto line

v
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i SCAVA 2. HTP Inspection

|2 | obs.refs["..].product

++ obs.refs["...].product x

[ﬂ = o Q {ﬂ';l Hif] i) Em )Q’ “:‘f Wige GEOEEOW 9B E Y @ [il auto line auto colar —— T ,W
H20 1(1,1)-0(0,0)

Upper sideband frequency (GHz)
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Q r T T | T T T T T | T T T | T T T | T T T | T T T I T T T | T T T | T T T | T T | T I_
Q ‘é’ I Strong continuum! =
= - ! -
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o [ ]
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s [ ]
< _I | 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 I_

1100.8 1101.0 1101.2 1101.4 11016 11018 1102.0 11022 1102.4 1102.6 11028
Lower sideband frequency (GHz)

X DataTree [ X obs.refs[level2’].productrefs[WBS-V-LSB].product |

ALL 1 2 3 4 LoFreque.. | longitude latitude longitude... | latitudeErr..| Band_ATT Chopper IN_ATT LOF_code | LoFreque... | MJC_Hor MJC_VWer 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[[5,0,0,~

1 1,107.831|290.90963  |14.49676 1.79 1.79|[6,4,6,01 -5.463 12| [30688,92... 1,107.81 0.032] 0.03[[5,0,0, N
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(200.90990 |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 49880 1.52 1.52| [6,4,6,0] -5.462 12| [30688,92. .. 1,107.81 0.032 0.03|[5,0,0, ¥
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,

B 1,107.831(200.90994  |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[[6,4,6,01 -5.463 12| [30688,92... 1,107.81 0.032 0.03[[5,0,0, e
8 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(200.90980 |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|280.90982 [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 1.47 1.47|[6,4,6,0] -5.463 12| [30688,92... 1,107.81 0.032 0.03[[5,004 |

E 14 1,107.831/290.90876 |14.50538 1.33 1.33|[6,4,6,0] -5.462 12| [30688,92... 1,107.81 0.032 0.03 [5,0|,D,|1
L)

— ok
- page 11 ULW‘,’JE'&!\C:€1 \ Msn:'i::s;::ilr Science



obs.refs["auxiliary"].product.refs["HifiUplinkProduct"].product["HifiUplinkParameters"]

2. Important metadata

[@J obs.refs["..ameters”] —— | e W
I, obs.refs["..ameters"] x
HifiuplinkParameters
[ |Il- WMetaData
MNone
[ |~ Table Data
Index name value unit type description
a mapLines 11 liava.lang.Long Mumber of map lines -
i 1 mapLinestep 9.0 arcsec javalang.Double |Map line spacing
a 2 mapReadouts 11 ljavalang.Long Mumber of readouts per line
s 3 mapReadout3ep | (9.6 arcsec javalang.Double |Line readout spacing
B 4 noiseMinUsb UMNKNOWN K UMKNOWN Predicted S5B Moise USB at minimum bandwidth
E 5 noiseMaxlUsb UMNKNOWN K UMKNOWN Predicted SSB Moise USB at maximum bandwidth
B g noiseMinlshb UNKNOWN K UNKMNOWN Predicted 358 MNoise L 3B at minimum bandwidth
B i noiseMaxLsb UNKNOWN K UNKMNOWN Predicted SSB Moise LSB at maximum bandwidth
1 8 noiseMinWidth UNKNOWN MHz UNKMNOWN Minimum bandwidth for noise predictions
ne 9 0] UNKMNOWN MHz UNKMNOWN Maximum bandwidth for noise predictions
ﬁ 10 |[imbReference 789.0 K java.lang.Double |Temperature (main beam) at noise reference freguency
1 11 |noiseRefFreguency |1108.0 GHz java.lang.Double |Moise reference frequency
ne 12 |obseningTime 3091 g liava.lang.Long Qbsenving time
ne 13 |offTime 471.6 s javalang.Double |Off source time
7 14  |overheadTime 7028 s javalang.Double |Overhead
ic 15  |totTimeEfficiency 773 % javalang.Double |Total time efficiency
ffi 16  [totMoiseEfficiency |44.2 % javalang.Double |Total noise efficiency
o 17 ||driftMoiseContrib 9.0 % javalang.Double |Drift noise contribution
Y 18 [refselected true java.lang.Boolean |Sky reference selected
I 19  |fe_lof O 1107.898 GHz javalang.Double |LO frequency selected
3¢ 20 |oneGHzReference |true javalang.Boolean |One GHz noise estimation bandwidth
o 21 hrsiModeH Mominal ljava.lang.String HRS resolution mode H
1 22  |flyRefOffsetDec 0.0 arcmin javalang.Double |Sky reference offset declination
i 23  |frame heliocentric ljava.lang.String Redshift velocity frame
rs 24  |spectrometer both java.lang.String Spectrometers used
al 25 |dec 14.510694444444445 |degrees java.lang.Double |Target declination J2000.0
1t 26 |fe_eff res_max 0 |03 GHz or km/s java.lang.Double |Maximum width spectral resolution at noise goal
] 27 |redshifiType radio liava.lang.String Redshift type
3 28  |flyRefOfiset true liava.lang.Boolean |Sky reference offset is relative
ic 29  resolutionMhz false ljava.lang.Boolean |Resolution width units (true = MHz, false = km/s)
s 30 ra 280 922875 degrees ljavalang.Double |Targetright ascension J2000.0
i k)| decoff 14 5106782913208 degrees javalang.Double |Sky reference OFF declination J2000.0
dt 32  [|fe_eff_res_min_0 [0.3 GHz or km/s java.lang.Double |Minumum width spectral resolution at noise goal
i 33 _goalTime 2800 5 javalang.Long Goal obsernving time
34 LN i | true java.lang.Boolean |Spectral Map Myquist sampling requested
35  [raoff 291.0080416503906 |degrees java.lang.Double |Sky reference OFF right ascension J2000.0
36 redshift 59.5 redshift or km/s |javalang.Double |Redshittvalue (km/s if redshiftType is optical or radio)
37 |doingTime true java.lang.Boolean [Time estimation is based on obsenving time or rms noise goal
38 |fiyy 1.8 arcmin java.lang.Double |Spectral map scan length requested
i 30  |band 4b javalang.String  |HIFI band ||
40 |goalMoise 0.1 K ljavalang.Double |Goal rms basline noise -

- page 12

Selected key parameters
are also stored in the
observation context header.

Esp. for advanced searches
in the HSA.

nhsc

\ NASA Herschel Science
«Center




[T

3. Artifacts in Maps

e Many maps are well-behaved. Some cases (treatable) that may come up:

1. Spurs or spurious response.

Cataloged and visualizable in HSpot. Some are mission phase dependent.

Some unruly but important LO freqgs were stabilized by tuning mixer currents, gains.
Normally avoided during observation planning of the selected LO setting, unless the feature
was not known at the time, or the user had no options (or simply missed the warning).
Mitigations: these regions are masked out during ripple fitting + correction. However only

saturated IF frequencies are avoided during map (spatial) convolution.

ct
t b A I L % ..i. WEGH h Dispiyad - |
— T — —— T — T —— T — .

Antenna Temperature (K)

|ﬂa gmarker [FlagMarkerNot Calibrated, Saturated pixel, Spur candidate]
4 _k

fiftjcc & o s




i 3. Artifacts in Maps — cont’d

2. Sub-band resonances.
* Also cataloged, visualizable in HSpot. These are more common in the HEB bands
6 and (less frequently) 7.

9E

T | T T T T
o~ C
M 38 F
T -

PRI
o

L¥5]
-

L

L L L
— ~d

Te
L L
= = ==
RN AR B R L R L

Antenna Temperatu

ol
1627.5 1628.0

P T TY N N AN RN SR S N
1628.5 1629.0 1629.5

Upper sideband frequency (GHz)

 Band 6 isolated ripple usually in last 600-700 MHz of IF (sub-band 4).
 Mostly in 6b but also exists in upper end of 6a and lower end of 7a.

« Mitigations: might be treatable with the hebCorrection task --- under investigation.

 NASA Herschel Science 4
s Center
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M 3. Artifacts in Maps — cont’d

3. Baseline distortions.
* Generally at unstable LO frequencies, but not accompanied by large increases in
noise. Thus line information is still usable.
WBS-H-USB - Dataset 20 - Row 0

3 1 [’
in = in
TTT TTTH]

2
—
=

-
=
T

Ln

Antenna Temperature (K)

00 F

Hoovoo b e b v b b e b e b g s
BT6.0 8765 BT7.0 BTTS5 BT8O0 8785 B79.0 BT95 8800

Upper sideband frequency (GHz)

* Typically in the diplexer bands (3, 4, 6, 7).

» Mitigations: treatable with baseline fitting (fitBaseline task), but information on the
continuum (if present) is likely to be lost.
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i 3. Artifacts in Maps — cont’d

Residual standing waves + drift.

More typical in bands, ranges, or at specmc LO frequencies with instabilities or short
Allan times. L R I I R I

200 |-

Band 7b, [CII] OTF map
(frequency switching)

150

Note ripple amplitude
| increases with offset,
| phase reversal.

19000 19002 19004  1900.6 19008 19010 19012 19014 19016 19018 19020 19022 19024
Upper sideband frequency (GHz)

Antenna Temperature (K)

* Map observing mode dependence is mainly in total power (OTF), if OFF calibration timing
(sky and/or internal load measurements) do not well-match drift timescales.
* Also DBS Raster, if fast chop option was not used where high drift noise was expected.

e Mitigations: treatable with fitHifiFringe (sine waves, OK for optical standing waves), and
hebCorrection task (non-sinusoidal electrical standing waves in Bands 6, 7) 2>

- page 16 HiFi lcc  NASA Herschel Science /
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I TSOAVA hebCorrection task

Level 2 WBS-V sub-band 2
HSA/SPG 11.1 Integrated C+ Integrated Continuum
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4. Other Non-Instrumental Effects

1. OFF-source (sky) contamination

Observations using Position Switch (standard OTF, or in conjunction with either
Load Chop or Frequency Switch), and DBS Raster (with 3 arcmin chop/nod to
either side of the source) may sometimes pick up extended line emission, which
becomes “chopped” from the ON-source data.
Watch out especially for [CII], [NII], low-J CO. T srowsenmager
IS oaioration
"if“@ Downlink

Bael R L OE B AR Bme | @20 T = ¥ ® 3 auto line  autocalor —— -

# (# Uplink
== pipeline-out

# (%8 BadPixelProposed

0.7
—~. 0.6
= 05
0.4
0.3
0.2
0.1
0.0

Intensity (K

L LI R B LI B R LI R B LI R B T T T T @ FrequencyGroups

Il —»{" &= ReferenceSpectra
# (3 HRS-V
* (% WBS-H
= = WBS-V
@ summary

® (% History

[ T T R R R == hD}(_ﬂﬂ 1
4500 5000 5500 6000 6500 T000 L @ 0001

IF Frequency (MHz) (% Tsys
+ (% WhsFreq

[ % obs_reproc.refs["calibration’].product.refs["pipeline-out’]. product.refs["ReferenceSpectra’]. product.refs["WBS-V"].product.refs["box_001"].product{"0001"] |‘( X preview |

ALL |1 2 3 4 LoFregqg...

0 HENNE 570929

309.794.../68.01942 1.087 1.087((5,1,3,1] -2.41 15[[97767,...] 570.942 0.024
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4. Other Non-Instrumental Effects

Pointing pattern noise

In OTF observations, this is the “zig-zag”, caused by (a) problems with
deceleration and transition to line-scanning; (b) low fidelity pointing
reconstruction (deviations are smoothed over).

Present to different degrees in other modes, easiest to visualize in maps.

Mitigation: New pointing reconstruction algorithm uses gyro-drift estimation

much better, resolves pointing history to better accuracy. The deviations
don’t go away, but lower attitude history errors helps convolution.

Better pointing products can be produced in HIPE 13, hopefully also in SPG
13/14 for the HSA.




Fifi 5. Resample with doGridding

e 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.
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6. Cube Spectrum Analysis Toolbox (CSAT) |

e Can extract spectra in various apertures, crop in frequency, create a PV
map, convert the cube units (GHz to velocity), make a velocity map, and
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).

L;/ newCuhes_C__a..].pmdu
‘H newCubesCo...].product X

¢

FEEEETELEE £

6 =+ |With Displayed hd

I X Cube Spectrum Analysis Tasks l

4
o —>
12 | MPI -
= ]
[P . - Inputs
= £
E E cube*: E‘ newCubesContext SB_3".product
Esr
(7} C reference™ @ GHz
2 . \ \
g C velAlgorithm: & ‘ GAUSSIAN_FIT Vl
= o4
o isEmission: e W
£ 2
5 T
= - . i
< I
1100.8 1100.9 1101.0 1oLl 11012 1101.3 11014 110135 11016 1101.7 1101.8 11019
lsbfrequency (GHZ) ‘ Source H Help H Clear H Accept ‘
[¥] Display spectra in main panel
fx newCubesContext refs["cube_WBS_H_LSB_3".product | : X preview
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e\ 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.
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~ Other Variables
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8. Line fitting: CSAT + Spectrum
Fitter Toolbox (teaser)

< | spectrum3
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Multi-component fitting can be done on individual spectra extracted from a cube, and
applied to the entire cube if desired, creating products for each component.
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