HiFic¢ 9

The HIFI Instrument, It’s
Observing Modes and AOTs

OBSERVATORY

SPACE

Herschel Observation Planning Workshop
ESAC, 20 September, 2007

Anthony Marston
Instrument & Calibration Scientist Team Lead,
European Space Astrophysics Centre (ESAC)
Research and Scientific Support Department, ESA

HERSCHEL

With thanks to: David Teyssier (ESAC), Volker Ossenkopf
(SRON/Cologne), Pat Morris (IPAC), Jesus Martin-Pintado (CSIC).

s a Herschel Observation Planning Workshop
=g l= - IEE=E N = 3= — OE s i= e 20 Sept 2007 A.P. Marston VG#1




HiFic¢

&

Introduction:
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Dual Sideband Data

Need for HIFI Observing Modes
HIFI Reference Schemes
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HIFI Pointing Modes

The HIFI AOTs — combining reference schemes
and pointing modes.

8. Point Source Observations with HIFI
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1. What is HIFI?

Telescope . ‘ .
Ream Single pixel,
heterodyne instrument
with two polarizations.

 Frequency range
=P Calibration Source 480 — 1250 and 1400-
i Assembly 1916 GHz.

» 2x7 heterodyne mixer
e bands, mix slgy signal
IF Amplifier Box and Iopal oscillator
(LO) signals - dual
sideband result.

Common Optics

14 Mixer Assembly

Sub-Assemblies

Diplexer
Box

~ 60 cm
* Very high spectral resolution (up to 107).

* Beam size 44” (@480GHz) to 11” (@1916GHz)

* Instantaneous bandwidth of 4GHz (only 2.4GHz in 1400-

HERSCHEL 3&5evarory

1916GHz range).
- 4 spectrometers (2xWBS and 2xHRS) that can be used
s, simultaneously
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« Given as single polarization, single sideband values
iIn HSpot.

* Noise levels are for best placement within the visible
2.4 or 4GHz bandwidth of the IF band.

Sensitivities
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HIFI Spectrometers

 WBS spectrometer —

— covers 4GHz range with 4 linear CCDs
— only part used (2.4GHz) with bands 6 and 7 data).
— single resolution of 1.1MHz (no user choice).

OBSERVATORY

SPACE

 HRS spectrometer —
— up to 4 subbands available to user per polarization.

— several selectable resolutions for the subbands (0.125,
0.25, 0.5 and 1.0MHz)

— subbands can be placed anywhere in the 4GHz range.

HERSCHEL
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Main Scientific Objectives

*Probe the physics,
kinematics, and energetics
of star forming (incl. H,O)

*Molecular inventory of
the wide variety of regions 2 e D

OBSERVATORY
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*H,O 1n planets and
comets.

*Measure the mass-loss
history of stars

HERSCHEL

*Measure C and N 1sotopic
abundances
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A Spectral Survey Machine
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2. DUa| Sideband Data

T_A
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Lower sideband sky Upper sideband sky
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2. (cont) Small LO changes -
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3. Need for HIFI Observing Modes

« The HIFI detectors are affected by drifts, e.g. in detector
gains, 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

OBSERVATORY

SPACE

— Observations ON-source and OFF-source
« Cancel out sky background
« Cancel out instrumental noise
— Observations of internal calibrators (photometric references)
« Calibrate instrument response function (bandpass)
« Scale data into physical units (e.g. brightness temperature)

HERSCHEL
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4. HIFI Reference Schemes

» Position Switching: the whole telescope is moved between
two lines-of-sight on the sky

* Dual Beam Switching: the internal chopper mirror is >
switched to a nearby position (3 arcmin away) E
N
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HIFl Reference Schemes, cont.

* Dual Beam Switching: continued

— 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 of
observation.
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HIFl Reference Schemes, cont.

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

spectrum S
i ‘ ‘ Pha‘se 1 ‘ ‘ ] _ ‘ l?hase ZTPhase‘l ‘ ) E
Z  H— o
#Q

[5)
v

Phase 2 Folded SpeCtrum
‘ ‘ ‘ E 3E ‘ ‘ ‘

777777777

~~
;
| |
[ o — 0
o L W 2
~
o
=
|
I BT
o b
o
|
© F
=}
.—< a
[ er
0w |
S
w |
S
| ]
e IS
5
[o 2 I IRTTNTYTTY IRTRNTETNI INTRTRTINI INTTRUINI IRTIRUINY
IS

\‘\‘ ; sa Herschel Observation Planning Workshop
N —_. . . I 20 Sept 2007 A.P. Marston VG# 14
S " = = ==



HiFi ICC e

5. The Timing of Observations

Reference loop

] ,./f-_ source measurement --
length determined by system

Allan time 7 = referghce & schm

Bandpass calibration loop Stana E

length determined by band- / \ / L3 X

pass S[abilil}f time EA load = hot-cold load calibration — ' Eja:.l
ecific | 4

Baseline calibration loop \ ._HIFI Sp / V0

length determined by standing baseline calibration =
wave Allan time fa qw—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)

HERSCHEL

all kkkm
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The Timing of Observations

Reference loop

] ,.r’f-_ source measurement --x\
length determined by system | 1|
ﬂllan time f’ﬂ" / '\\“‘l" reference measurement --*”f \‘» E
Bandpass calibration loop L / Q
length determined by band- / \ P X
pass S[Elbiﬁl}' fime EA load |f s hot-cold load calibration — II "”E:.l
| ¥4
o Q@
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

mmp the |oop periods will depend on the spectral resolution
« Continuum Allan times ~4 times < spectroscopic Allan time

=) {iming differ for observations aiming at the continuum

H ERSCHEL
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6. The HIFI pointing modes - ©

+ 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)

OBSERVATORY

SPACE

| -

* Frequency surveys Observations offer several
> frequencies but are allowed
for only 1 line-of-sight
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7. The HIFI AoTs [[ifijcc €

The resulting AOTs offer an as complete and versatile as
possible combination of pointing and reference modes

Beference
mode:

Position-
switch

Dual beam
switch

Frequency
switch

Load chop

=
/.’»:;:'—_
f—
—
=
;—_

¢

dr
L

-esa

AQTI

cingle point observations

2OT T

Mapping observations

AOTEN

wpectral scan observation

bhserving mode I-1
ized point postion switch

Observing mode II-1
Oni-the-Fly scah map

Observing mode I-2
FPoint wibeam switch

Observing mode ITI-2{X)
DB raster tmap (+cross)

Observing mode ITI-2
DBS spectral scan

Observing mode I-3
Foint w/fequency switch

Observing mode II-3
Frequency switch scan map

Observing mode ITT-3
Frequency switch spectral scan

Observing mode I-4
Fized wiload chop

=il INENIIS S =[S i
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7. Point Source
Observations with HIFI é
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Point Source Science

Scientific potential of point source observations
with HIFI

 Observe spectral lines unavailable from the
ground, notably water lines (e.g., water in
comets).

* High-resolution providing profile/velocity
information — e.g. outflows in SF areas.

* Multiple lines provide physical conditions of
stellar ejecta/ISM (AGBs, proto-planetary
nebulae).

 Multiple lines available in single
observations.

OBSERVATORY
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4 HIFI 5ingle Point Observation

Urique ACR Label: | HPaint-0000)

Target: None Specified

Mumber of wisible ctars For the target:Mone Specifed

Instrument Settings

Mizer sethings Redshift selection

Mixer band la W EEHEIUEESE ) redshit b [ Sawe instrument settings ]
Loww limit (5Hz) | 4881 Redshift 0.000000 [ Load instrurnent settings l
High limit [GHz) | 551.9 Frame LSR L

Spectrometer choice

Selact the spactrometer bo uze WES & HRS L
WES Resolution [MHz) 1.10

Separate setup for each polarisation of HRS sub-bands? | Mo L
The HRS Mode For H or both polarisations Marminal Resclution w
HRS Resolution [MHz) For H or both polarisations 0.250

The HRS Made For Y polarisations

HRS Resolution [MHz) For W polarisation 0.250

Frequency Settings Observing Mode Settings Time Estimator Settings

Frequency Settings Ohserving mode sektings

Set the point mode

Time estimator settings

Set the times

[ Set the observing frequencies ]

[Obsenration Est...] [Add Comment:...] [Uisibilitgr...]

—

\ 4
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DBS Observations IcC e

 Purpose:

Used for spectral line or continuum measurements of
isolated point sources.
« Mode User Options:

— Continuum measurements (telescope slews more frequently —
better standing wave removal).

— Faster chopper switch (necessary for cases where stability— Allan —
times are < 1 second, e.g. low spectral resolutions).

) x|

Observing Mode Settings

Choose one of the modes balow,

OBSERVATORY

SPACE

Mo rode selacked Pasition Switch
Dual Bearn Switch Load Chop Frequency Switch

Selections

[] Fact Chop Selectad

|:| Stability Optirnisation for Continuuanm

HERSCHEL

_- e s a Herschel Observation Planning Workshop
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DBS Timeline

Telescope:

OBSERVATORY

SPACE

source pasition i

= Tuning of the instrument
Zero and comb integration

Integration on hot load

[
I
| I Integration on cold load
[ Integration on sky — chop angle 1
I

Integration on sky — chop angle 2

HERSCHEL

:5 e sa Herschel Observation Planning Workshop
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Position Switch Observations

e Purpose:

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

« Description:

* Instrument integrated on the target with continuous data dumps to the
satellite.

» After a period of time, based on the instrument stability, an OFF
reference is made at a second telescope position.

« [Calibration is done against internal hot/cold load measurements —
taken during slews.]

OBSERVATORY

SPACE

e Mode User Options:

HERSCHEL

* User MUST choose a reference OFF position — either by RA/Dec offset
or RA/Dec (2000) position.

Herschel Observation Planning Workshop
20 Sept 2007 A.P. Marston VG #24
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Frequency Switch (W/OFF)

Purpose:

Efficient mode for emission-line source measurements. No
continuum information.

° Descri ption: L) Observing Mode Settings g
- Reference is made between two Observing Mode Settings E
. . . hoose one of the modes bealow,
observations at slightly different LO e T W
freq uency Settl ngS . [zl Beam Switch Load Chop Fragquancy Switch li% E
. Q
 Accurate baseline measurements need Thraw no

Frequency Throw [MHz] | 120,0 W

the use of an OFF reference position.
Viewed at both LO frequencies.

F.adial velocity change Choose throw and LD frequency

Reference Position

* Double differencing gives most SR
accurate baselines but at a cost in rype
terms of noise/time. RSF  aohetremng)

@ Mo [rec offset [arcmins]

RA [degrees)

d MOde User Inputs: Dec [degraes)

HERSCHEL

— Frequency throw (120, 240MHz)
— OFF position, if needed.

Herschel Observation Planning Workshop
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Load Chop (wW/OFF)

Spectra of single sources, particularly where no nearby
reference OFF position is readily available (and short stability

Purpose:

times).
Description:

Cold internal calibration source is
alternately viewed with source.

Double differencing (by use of an
OFF position) allows for accurate
baseline determination.

If spectral line resolution <<
resolution for standing waves then
the OFF position may be omitted.
Mode User Inputs:

— Only an OFF position (if needed)

4 Observing Mode Settings

Observing Mode Settings

Choose ane af the modes balaw,

Mo made selected Paosition Switch
Dozl Bearn Switch Load Chop Frequancy Switch

OBSERVATORY

SPACE

Reference Position
Specifications
Type {E} By offset {:} By position

FA& offset (arcrmins] | 0.00

Ref
(&) ifes
{:} Mo

Dec offcet [arcraing] | 0,00
R.& [degress]

Dec [degraes)

HERSCHEL

Herschel Observation Planning Workshop
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Mode Best Used For.... Notes Efficiency
DBS For point sources, small | Fast chop
(+ fast chop) | €xtension for short
stability -
times
DBS Improved continuum
(Cont_ daccuracy. l
timing)
Frequency | For sources with low No (—)
Switch (narrow) line density + | continuum
(w/OFF) no near reference measures
Position Basic mode — no clear
switch nearby reference
source
Load Chop | For sources with high Fall-backwrt | . (] )
(w/OFF) line density or broad position
lines + no near switch
reference

&

OBSERVATORY
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8. Frequency surveys
with HIFI
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HIFI Spectral Survey: Specifications

Single source observations

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

Largest frequency coverage per AOR is presently limited
to that of a complete LO subband.

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

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

WY &3 e sa Herschel Observation Planning Workshop
e — . : == [ 20 Sept 2007 A.P. Marston VG # 29
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HIFI Spectral Survey: RedundanC)’lCC e

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

The number of independent LO tunings per IF
bandwidth we refer to as the redundancy. High
redundancy values are needed for crowded spectra.

HERSCHEL 3&5evarory
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HIFI Spectral Survey: Redundancy - ﬁ

Example of methanol survev with HIFI-QM: hICIh redundancy
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L HIFI Spectral Scan

Unique AOR. Label: | HScan-0000 |

Target: None Specified
Madify Target

Mumber of visible stars for the target:Hone Specified

Mode Settings

Setbings

Mixer band 1a W

Range Full Band
Range From [GHz)
Range To [GHz) £e1.9

WES Selection

Only the WEBS is used in this mode

Observing Mode Settings Time Estimator Settings

Cbserving mode settings Time estirmator sektings
[ Set the observing rmodes J

[observation Est...| [Add Comments...| [wisibilivy .|

HERSCHEL 3&5evarory
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9. Mapping with HIFI
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Mapping with HIFI

Scientific potential of mapping with HIFI

Reveals the spatial distribution of different kinematics components
« Evolved stars (AGBs, protoplanetary nebulae..)

- Star formation (outflows, ..)

* Interaction of stars with the ISM ( PDRs, XDRs, Shocks..)

« Heating of the ISM in the center of galaxies

Multiline studies (H,0, CI, .. ) to derive the physical properties
« Combine lines measured with different beams
The beam for band 1 is 4 times larger than for band 6

HERSCHEL 3&5evarory
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Mapping Modes
HIFI provides the following mapping AOTs in HSPOT

*Cross Map with Dual Beam Switch
*Raster Maps with Dual Beam Switch (3 arc min chop)
*On-the-fly (OTF) Maps:

 Position-Switch Reference

* Frequency Switch Reference

HERSCHEL 3&5evarory

E e sa Herschel Observation Planning Workshop
NS —y : . . 20 Sept 2007 A.P. Marston VG # 35



Purpose:

Used for high accuracy flux measurement of lines or
continuum in a point source correcting for pointing or
position inaccuracies

User selectable

Mo mode selected

:] Observing Mode Settings

Observing Mode Settings

Select a mapping mode

On-The-Fly mapping

]

—

OTF mapping w) Frequency Switch | DES Croes Map
DBS Cross Map
Fact Chop Selected R

Stability Optimisation For Cantinuam

E-point map step size

Herschel Observation Planning Workshop
20 Sept 2007 A.P. Marston VG # 36
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Raster Maps DBS JWMM e

Purpose:

IRC+10216 PDBI CN(2-1)

* No extended emission >3’
e Limited to 32x32
* Good baselines and continuum

-3 Observi ng Mode Settings

e Used for mapping small extended sources
= in spectral lines and continuum

Observing Mode Settings
Select a mapping made
OTF mapping w)f Frequency Switch [ DEBS Cross Mao
| Mo mode selected || Cn-The-Fly mapping | DES Racter Mapping |

1L 540C r
L i D) =80pc .

(1

Nyquist, 107, 207, 40”
W

VS
&\\l—?esa-=II:=:-I-IIEIIII=E|E=EE==

//—'—

DBS Rasker Mapping
¥ [arc minutes]

¥ [arc rninabes]
Pasition Angle

Myquist sarmpling

Distance batween scans (arcseconds] | 10,00

Faet Chop Selectad

Skability Sptimisation For Continuum

o
=)

HERSCHEL 3&5evarory

OfF W

OfF W
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OTF Maps - FS JWMM ?

Used to create large-scale maps within very extended emission and

narrow lines
MAMBO 30-m - Mapping water, CI, CII, ..
- molecular clouds

- outflows with moderate velociti
- PDRs, and low velocity shocks
*Any sampling (Nyquist)
*Frequency throw: 120, 240 MHz
*Linewidths: <5 km/s (ripples)
*No continuum emission
Measuring a reference position

Baselines (ripple suppression)
Linewidths: < 15 km/s

Purpose:

S

ceX
ERVATORY

HERSCHEL 2z
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OTF Maps - PR

Purpose:

Create large scale-maps using a nearby reference position free

from emission
Galactic Center S10 2-1 30-m

9 o 0 O ¢ o 9 o o o000 0 ollo

C

] ‘ "
a N
-28°45'00" ; lgj ﬂﬁi‘)\j = : ;*_ :\\\
) B A “ﬂ l :‘] y > : . : \\
] i l(%:\ﬂ : : \\
] : 2 } *Any linewidth N\
. ;. 9@ N
5 \ \ : I.rj

-28°50'00" —

*No continuum
*Any sampling (Nyquist)

L. UBSERVATORY

OFF position

-28°55'00" —

Fixed reference with emission
Measure 1n PS with clean ref.

Add to the map I.
Herschel Observation Planning Workshop

=g l= - IEE=E N = 3= — OE s i= e 20 Sept 2007 A.P. Marston VG# 39

-29°00'00" —

71 v[57.5,82.5] Si0 v=0 J=2-—>1
-29°05'00" —|

17"43M40° 20° 00° 40° 20° 00° 40°

=

-
®
.
QO

=
a2



=

=

:} Observing Mode Settings

Observing Mode Settings

Select a mapping mode

. Momodeselected || On-The-Flv maopina | DES Raster Mapping
i OTF mapping w Frequency Switch | DES Cross Map

OTF mapping wj Frequency Switch

¥ [arc minutes) | 0.0 |
¥ [arc rminutes) | 0.0 |
Position Angle | 0.0 |
N[Postion Ange] on v|
Distance betwean scans [arcseconds) | |
Frequency Throw (MHz) | 1200 w |
Radial welocity change | Choose throw and LO Frequency |

Reference Position

Specifications

Type By aoffoet Ev position
Ref

& affset (arcrins] |
{:} Vec

Dec offset [arcrins) |
@ Mo

RA [degrees) |

Dec [degraes) |

Choose Position
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Hifijcc €
Summary of Mapping Modes

Source Linewidths | Baselines | Efficiency
size Continuum

Raster DBS Any Very good * %
YES E
OTF FS <5 km/s "%ﬁ
o @
o
OTF FS Any |<20 km/s |Good o "L'ud
+Reference l'
OTF PR Any |Any U
Clean Ref &
OTF PR Any |Any Wy
Add Ref. T
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