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Why do we need observing modes ? e

 The HIFI detectors are affected by drifts, that need to be
monitored and cancelled out on various timescales

=) (Observing modes consist of sequences of single
(total power) observations towards various line-of-sights
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— Observations ON-source and OFF-source
« Cancel out sky background
« Cancel outinstrumental noise
— Observations of internal calibrators (photometric references)
« Calibrate instrument response function (bandpass)
« Scale data into a physical unit (e.g. brightness temperature)
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Need for observing modes: an example e
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The HIFI reference schemes Q

e Position Switching: the whole telescope is moved between
the various line-of-sights on the sky

« Dual Beam Switching: the internal chopper mirror is
switched to a nearby position (< 3 arcmin)

ON OFF ON OFKE

1
2.0F ‘ : ]
e (@ o (D) o ) 1
| | [ [ ]
; ; ; MWMW |
| | | | |
| | ! C g
| | | 0.5 =l
| | | L o
I | | B =1
| | | 0.0 =5
| | | o 4 20F T T T T T ]
| | | ZoH C h 4 A . i | i ]
¢ c 4
: : : -60 —10 =20 0 20 40 60 L 3 (c) 7
| | | E ]
| | | G 1.0 [ |
| | £ ]
. ‘ . (OFF, 0Ny | : j ost ]
0.0 E 00 ]
Y 5 E —05E ‘ ‘ ‘ ‘ ‘ i
" i =60 —40 -20 0 20 40 60
\ ob E Vi (cm/s)
by | E
-(b) ;

-60 -40 -20 0 20 40 60
Ve (kmn/s)

(ON,—OFF

OBSERVATORY

SPACE

HERSCHEL

({1
Al I\ l.ll._l.tu_l-. \.\l\t\‘:

Herschel OT KP ws 20 Feb 2007
David Teyssier VG #4
= oI E T IIENINII S E S @EEsEIE R http://herschel.esac.esa.int/




The HIFI reference schemes e

e Position Switching: the whole telescope is moved between
the various line-of-sights on the sky

« Dual Beam Switching: the internal chopper mirror is
switched to a nearby position (< 3 arcmin)

— Slow-chop option: when not interested in accurate measurement of
the continuum

— Fast-chop option: for a more accurate measurement of the
continuum (e.g. absorption line measurements), or very broad lines

— Note that chopper direction on the sky moves with the date
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The HIFI reference schemes e

e Position Switching: the whole telescope is moved between
the various line-of-sights on the sky

 Dual Beam Switching: the internal chopper mirror is ”
switched to a nearby position (< 3 arcmin) E
AN
b
* Frequency Switching: change the tuned frequency to shift Eﬁﬁ
the observed line to another part of the IF spectrum “:3
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The HIFI reference schemes e

e Position Switching: the whole telescope is moved between
the various line-of-sights on the sky

« Dual Beam Switching: the internal chopper mirror is
switched to a nearby position

OBSERVATORY

* Frequency Switching: change the tuned frequency to shift
the observed line to another part of the IF spectrum

SPACE

e Load Switching: the internal chopper mirror is switched
between the sky line-of-sight and the internal photometric
reference
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The HIFI pointing modes 9

« Single point observations | Observations are allowed for

* Mapping observations only 1 tuned frequency (LO
(raster-like, or On-the-fly) } frequency)

Combination of observations

at several frequencies need
clustering (concatenation)
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NG

* Frequency surveys Observations offer several
> —_frequencies but are allowed
for only 1 line-of-sight
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The resulting AOTSs offer an as complete and versatile as
possible combination of pointing and reference modes

Reference mode:

Position-switch:

Dual beam switch:

Frequency switch:

Load chop:

/-esa

The HIFI AOTs

AOTI

Single point cbservations

AOT I

Mapping observations

AOT il

Spectral scans

Observing mode -1
Fixed point positian awiteh

Observing mode |1-2
Point with dual beam switch

Observing mode 1-3

Paint with frequency switch

Observing mode |-4

Point with load chop

!

See talk by
T. Marston
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Observing mode 11-1
On-The-Fly map

Observing mode 11-2
DES raster map

Observing mode 11-3 |
Frequency switch OTF map 5

|

See talk by J.
Martin-Pintado

Observing mode [1I-2

DES spectral scan

Observing mode [11-3

Freq. switch spectral scan

|

See 2" part
of my talk
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The timing of observations

Reference loop
length determined by system

Allan time £ N refuala": r& scw

ll/f" source measurement --

Bandpass calibration loop Stan
length determined by band- /
pass Slablllt}’ time: f.&,lc:-ad \I—- hot-cold load calibration —"'// E

Baseline calibration loop \ _HIFI peclfl /

length determined by standing baseline calibration =
wave Allan time fa sw—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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== the |oop periods will depend on the spectral resolution

&

The timing of observations

Reference loop

] ,./f-_ source measurement "'\-\\\
length determined by system | 1|
A"an time f’ﬂ' / \‘l" reference measurement ---"/ \h\ E
Bandpass calibration loop L / Q
length determined by band- /- // . N
pass Slablllt}’ time: f.&,lc:-ad |" m hot-cold load calibration — I| Wy E:.l

| % g

Baseline calibration loop / “Q
length determined by standing = paseline calibration —
wave Allan time f.&,sw—diﬂ: (on OFF position)

Allan times vary with the instrument spectral resolution

FERSCHEL

Continuum Allan times ~4 times < spectroscopic Allan time

== {iMing differ for observations aiming at the continuum
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The timing of observations: examples

&

Telescope: Example of position switching timeline
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Example of on-the-fly mapping timeline
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HIFI observations: preparation and e
time estimates

User interface offered in the HSpot tool
http://herschel.esac.esa.int/

Herschel Planning Tool

File Edit Targets on | Calibration Images Lines Owverlays Options Window Help
IEI ( HIFI Single Point...
HIF1 Mapping...
7 Observations " SWHIFI Spectral Scan.. R e O
PACS PIOTOTIETer ...

PACS Line Spectroscopy... Sewatiﬂn REQUEStS (AORS)
Label || Tar| PACS Range Spectroscopy... Eru... ||Durati...|| T || L || F || hMode Information ||5tat|| | E'#

SPIRE Photometer...
SPIRE Spectrometer...

SPIRE PACS Parallel Mode...

HERSCHEL 2&5ervarory

Targer: Mone Specified Teral Duraticn (hrs) 0.0
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HIFI observations: preparation and Q
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 g
observing time =
N
e
S gy
I Setup E |
(@) parameters gl
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a I Goal Sequence
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Frequency surveys with HIFI

David Teyssier
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HIFI Spectral survey: specifications 9

e Single source observations

o Multiple frequency settings extended over frequency
coverages larger than the IF bandwidth

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

OBSERVATORY

SPACE

e Use of the WBS spectrometer only (instantaneous
coverages of 4 GHz @ 1.1 MHz resolution)

o Offered with 2 reference schemes

— Dual-beam-switching (in slow-chop or fast-chop). Relatively
inefficient mode (< 10%, frequent re-tuning and telescope motion)

— Frequency-switching (efficiency slightly improved). Possible use of
an additional OFF-position to cancel out standing waves

HERSCHEL
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HIFI Spectral survey: redundancy 9

e Because HIFI is a double-side-band (DSB) instrument,
observations need to be deconvolved in order to assign sky
frequencies to spectral lines

 Because lines belonging to different side-bands will move
In opposite directions in the IF at various LO frequencies,
observations at frequency steps smaller than the IF
bandwidth allow to distinguish the lines in either side-bands

OBSERVATORY

SPACE

 The number of independent LO tunings per IF 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

HERSCHEL
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Normalized intensity
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HIFI Spectral survey: redundancy

Example of methanol survey with HIFI-QM: high redundancy
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HIFI Spectral survey: HS

HIFI Spectral Scan

Unique AOQR Label: |HS|:an—IZIIZIIZIIZI |

Target: horsehead Tyvpe: Fixed Single
Position: 2h40m529.00s,-2d2¥m30.0s

Modify Targ- | |

| New Target | | Target List—

Number of visible stars for the target: 14
Star tracker target: Ra: 265.246 degrees Dec:2.458 degrees

Mode Settings

Settings
Range Full Band =

Range From {GHz) 4331
Range To (GHz) 551.9

Redundancy

WEBS Selection

ﬁ
Kl

Only the WES is used in this mode

Observing Mode Settings Time Estimator Settings

Observing mode settings Time estimator settings

|l]hsermiun Bt-| |.lldd Eommen‘ts-| |1risihi|iur_|

| Set the observing modes ‘

not Interface 9

Observing Modes

Observing Mode Settings

Choose one of the modes below.
[ Mo mode selected [ Dual Beam Switch r Frequency Switch
Selections
Fast Chop Selected
[[] Stability Optimisation for Continuum

Observing Modes

Observing Mode Settings

Choose one of the modes below.

( No mode selected r Dual Beam Switch I[ Frequency Switch

Throw

Frequency Throw (MHz) |12l].l] |v|

Radial velocity change -4.5ZE4

Reference Position
Specifications

orf Type @ Byoffset () By position
L}
O RA offset (arcmins)
es
@ N Dec offset {(arcmins)
o

RA {degrees)
Dec (degrees)
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File Edit

To know more

Herschel Science Centre — Mozilla

View Go Bookmarks Tools Window Help
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