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Overview:

 Full information about pointed modes are contained in
the“HIFI Observers Manual v2.0.”

 All point observation modes have the following
— Full frequency range of all available HIFI mixer bands.

— All available resolutions of the High Resolution Spectrometer
(HRS). Note: At high frequenciesthe highest resolution mode
Is effectively redundant.

— Wideband (WBS) and high resolution (HRS) spectrometers
can beused in parallel (up to 3 resolutions at onetime).

— Target, LO frequency and position of subbands of the HRS
always selectable for all modes.

— All pointed observations provide dual sideband data only.
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Oveview | I:

e Timing of sequence of observations/pointings for
pointed observing modes based on time or noise and
required resolution requested by user.

— Timing based on system stability times for the given
band.
— Time between needed load calibrations.
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TheHIFI pointing modes

e Sngle point
observations

e Mapping observations

(raster-like, or On-the}

fly)
e Freguency surveys
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HIFI Observing Modes Available

« Basically achoice of reference (ON — OFF) schemes
whether pointed, mapping or spectral scan.

« Dual Beam Switch (DBS) — uses chopped positions either
side of target for reference.

e Position switch/OTF map — uses single position within 2
degrees of the target for reference (no chopper).

* Fregquency switch — uses neighbouring freguency as a
reference (no chopper).

« Load Chop — usesinternal load for reference.
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HIFI Modes

HiFjcc

AOT I
single point ohservations

AOTII
Mapping observations

AOT III
speciral scan observations

Ohserving mode [-1

Fixed point position switch

Observing mode II-1
On-The-Fly scan map

Observing mode 1-2

FPoint wBeam Switch

Observing mode I1-2 (X)
DES raster (cross)

Observing mode II1-2
DES spectral scan

Ohbserving mode 1-3

Point wiFrequency Switch

Ohserving mode I1-3
OTF wiFrequency Switch

Ohserving mode II1-3

Frequency switch scan

Ohserving mode I-4
Point w/Load Chop

Ohserving mode I1-4
OTF wiLoad Chop

Ohserving mode I11-4
Araty with load chop
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Dual Beam Switch (DBS)

Used for spectral line or continuum
measur ements of isolated point * *

Sour ces. A A
o Description:
Chopper is used in two positions to look at

target plus position offset 3, for a
number of chopper cycles

Telescope slew then to place target in
second of chopper positions and
chopping sequence repeated. telescope -

Combination (double difference) dlowsfor | ~—" slew Mo
removal of standing waves (e.g., dueto
light path differences) and linear
Instrumental drifts.
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Robust —good for standing wave removal.

Continuum measur ements ar e possible — but more
telescope movement necessary.
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Position Switch Observations
e PUrpose:

e For spectral line or continuum measurements for objects
that are in regions of extended emission (> 3’ across).

o Description:
e Instrument integrated on the target with continuous data dumpsto the
satellite.

« After aperiod of time, based on the instrument stability, an OFF
reference is made at a second tel escope position.

« [Calibration isdone against internal hot/cold |load measurements —
taken during slews.]
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Freguency Switch (W/OFF)

e Purpose:

* Efficient mode for emission-line source measurements. No continuum
Information.

o Description:

« Reference is made between two observations at slightly different LO
frequency settings.

« Accurate baseline measurements need the use of an OFF reference
position, that isviewed at both LO frequencies.

* Double differencing gives most accurate baselines but at a cost in
terms of time.

« NOT RECOMMENDED FOR USE WITH BANDS6 AND 7
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L oad Chop (W/OFF)
 Purpose:

o Spectraof single sources, particularly where no nearby reference
OFF position is readily available and short stability times.

e Description:
e Similar to the frequency switch mode except that the cold internal
calibration source is used for the reference.

e Doubledifferencing (by similar datataking on an OFF position)
allows for accurate baseline determination at the expense of
observing time.
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Mode Best Used For.... Notes Efficiency
DBS For point sources, small | Fast chop for
(+ fast chop) | extension short -
stability
times
DBS |mproved continuum
(COnt. accuracy.
timing)
Frequency | For sourceswith low No ( )
Switch (narrow) linedensity + | continuum | ———
(W/OFF) no near reference measures _
Position Basic mode — no clear l
switch nearby reference source
Load Chop | For sources with high Fall-back wrt (1)
(W/OFF) line density or broad position
I E it
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Sengitivities
e Given assingle polarization, single sideband values in HSpot and
based on in-flight measurements.

* Noiselevelsarefor best placement within the visible 2.4 or 4GHz
bandwidth of the IF band.
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Svstem noise lemperature vs 11 System noise temperature vs 1
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Well =B S Load Cho Frequency Switch
Unique AOR Label [HFoint-0000 | | quency
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Target. Saturn Type. Moving Single LS

NAIF TD. 699 - pos. ephemeris dependent [~ Stability Optimisation far Continuum
New Target | Modify Targ.. | Target List.. |

Mumber of wisible stars for the targetMone Specified

Instrument Settings
Mixer settings Redshift selection

Mixer band 1a - Radial VYelogity |redshift -

Sawe instrument settings
Low limit (GHz |933.1 Redshift Jo-coo000 Load instrument settings

High limit (GHz [5518 | | Frame =3 = S|
Spectrometer choice
Select the spectrometer to usze |1I1I'BS & HRS d
WEBS Resolution (hHz [0
Separate setup for each polarization of HRS sub-bands? INo ;I
The HRS Mode for H or both polarizations |Nomina| Resolution d
HRS Reszolution (MHz for H or both polarizations |0.250 ll
The HRS Maode for W polarisations INominaI Rezolution ;I Time Estimator Settings
HRS Resolution (MHz) for VW polarisation |0.350

Estimate Type
Frequency Settings Observing Mode Settings Time Estimator Settings Resolution units [MHz -]

Frequency Settings Chzerving mode seftings Time estimator settings
[# 0One GHz Reference
Set the obsening frequencies I Set the point mode I
LOF Goal resolution minimum Foal resolution maximum Time (= Hoise (k)
Observation Est.. | Add Comments..| AOR “dsibiity | LOF 1 0.450 10.000 120 0.100

oK | Cancel | Help | Cancel I
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Mapping Modes

o Similar to point modes, except
moving/scanning across target —so OTF w/
OFF issimilar to position switch.....

e ExceptionisDBSraster (DBS at given
positions).

e NoO cross mode at present.
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Spectral Scans

e Sngle source observations

« Multiple frequency settings extended over frequency coverages
larger than the | F bandwidth

« Largest frequency coverage per AOR is presently limited to
that of a complete LO band (H/W stabilization issue)

o Use of the WBS spectrometer only (instantaneous coverages of

4 GHz @ 1.1 MHz resolution)

 Useof DBS, Load Chop or Frequency Switch (do not use with
bands 6 and 7).
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HiFjcc

Redundancy in Spectral Scans

» Because HIFI isadouble-side-band (DSB) instrument, observations need
to be deconvolved in order to assign sky frequencies to spectral lines

* Linesbelonging to different side-bands will move in opposite directionsin
the I F at various L O frequencies, observations at frequency steps smaller
than the IF bandwidth allow us to distinguish which sideband they arein.

e The number of independent LO tunings per | F bandwidth is called
redundancy.

— Low redundancy (2-3) are sufficient to deconvolve very simple spectra
(assignment can almost be done by eye)

— High redundancy (6-8) are needed for crowded spectra, esp. since they will mix
very strong and very weak lines
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Example Ground Test Survey
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Hydrogen Sulphide
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Organics in the Orion Nebula E. Bergin
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:} HIFI Spectral Scan il

Unique AOR Label: |HScan-OOOD

+4 Observing Modes |

Observing Mode Settings

Choose one of the modes belon

Targgﬁ ngcl3asa TJI’.C'E Fixed 5""9'9 Ho mode selected | Dual Beam Switch | Frequency Switch
Fosition. 3h29m01.92s,+31d20m52 8s "
~Reference Position
Mew Target I hodify Tang... I Target List... I _Specifications
Number of visible stars for the target 22 Ref Type (¥ By offset (& By position

Star tracker target Ra: 232.258 degrees Dec:-31.398 degrees

RA offset (areminst [0.00

0 Yes
. & Mo Dec offset (arcminz |0.00
MOde SEttlngS R (degrees) |u.nunu
—=ettings Cec (degrees |u.nuno

hixer band 1a - Choose Position |
Range Im
Range From [(&Hz I%B?.E—
Range To (GHz ISS.’.II—

Redundancy I-I vl
Cancel |
WHE Selection IBoth vI

only the WES is used in this mode

{} Time Estimator Settings ll
Observing Mode Settings Time Estimator Settings Time Estimator Settings

Ob=erving mode settings Time estimator settings

Estimate Tvpe |HuE ~
Set the obsemwing modes I Set the times | ‘

Resolution unitsIMHz vl

Dbservation Est.| Add Comments..| ADR “sibilty | [# One GHz Referance

LOF Goal resolution minimum Goal resolution maximum Time (s Maize (k)
| LOF 1 1.100 10.000 1200 0.100

Cancel | Help |

cancel |
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Timing of Observations

Reference loop e
length determined by system t Sﬂudrce md gchem'e\
Allan ume fﬂ' \S a(nETEIICE measurement --

Bandpass calibration loop . f,:'
length determined by band- |f|C/)€
n — '
|

\
pass stability time £ o, |“f \nHtltF‘i I(SIPQ&Q

Baseline calibration loop /
length determined by standing =  baseline calibration o=t
wave Allan time 5 qy—diff (on OFF position)

 Observations are organised according to a hierarchical
structure of loops reflecting the various timescales of the
Instrument stability (measured in terms of Allan times)
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Making Time Estimates

» Observing sequence parameters (number of loops/cycles, elementary
readout times, etc) are derived from goal parameters via a sequencer

» The sequencer optimises the timeline to minimise the noise per observing

Sequence
parameters

time
A Setup
(@) parameters
Observer (% i
a I Goal
. parameters
i
L.

-

Sequenc

\ i
[ TPy,

instrument &

telecope
parameters
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Summary

 HIFI isvery versatile for use in high-resolution
Spectroscopy.

* Requires reference spectra— regular chopping or
switching of the telescope. Generally, quicker is
better, especially at the higher frequencies.

* Some freguency areas not so good and for high
frequency bands frequency-switch is highly
discouraged.

 Much information available to help in HSpot — see
hands-on information later.
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