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HIFI Intensity Calibration and
Observing Modes

e Basic properties of the instrument
e The advanced intensity calibration

e HIFI observing modes
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Properties of the instrument

General properties:
o effective diameter 3.2 m — spatial resolution:

HIFI Band 1 2 3 4 ) 6
Coverage (GHz) 480-640 640-800 800-960 960-1120 1120-1250 1410-1910
HPBW (") 39 30 29 21 19 13

e Specified sensitivity and resulting minimum integration times (OTF mode):

Freg. Tsys T, ms (SSB) T, ms (SSB) ton.tot fO ton.tot fO
(DSB) in 1s at in 1s at T,ms~0.1Kat | T,,~0.1K at
AV, =1 MHZ | AV, o=0.14 MHZ | Ay, =1 MHz |Av,,=0.14 MHz

480GHz | 82K 0.16 K 0.44 K 3s 19s
640 GHz | 127K 0.25K 0.68 K 7s 46 s
800GHz | 178K 0.36 K 0.95K 13s 91s
960 GHz | 227 K 045K 1.21 K 21s 147 s
1120 GHz | 275K 0.55K 1.47 K 30s 216 s
1250 GHz | 583 K 117K 312K 136 s 971s
1410 GHz | 748K 150K 4.00 K 224 s 1599 s
1910 GHz | 771K 1.4 K 412K 238 s 1698 s
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Properties of the instrument

Advantages:

e No atmospheric emission, no atmospheric instabilities
o Relatively stable environment in L2 orbit

e Availability of two thermal loads for intensity calibration

Limitations:
e Extremely long slew times: ~ 10 + /A¢|"]| s

e Maximum OFF distance: 2°
e System stability is essentially limited by temperature drifts
e Readout frequency is limited by data rates: typically 3-4 s

e For an on-axis telescope standing wave ripples are expected, they occur also in other parts
of the instrument
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The intensity calibration scheme

At strong dust emission

Background o

1.04

1.02

Taking the large IF of the
system it is not guaranteed
that any calibration quantity

agrees in both sidebands. 0.98

sideband intensity /average intensity
o
o

0.96
The sideband imbalance of

most continuum radiation 0.94
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The system response in an astronomical observation

C = 7Vssb {nl,ssb [nS,ssb]S,ssb + (1 _ rlS,ssb)]R,ssb] + (1 _ Th,ssb)]T,ssb}
+Visb { Misb [78,isbJs,isb + (1 — N5 ssb) JRisb] + (1 — Miisb) T,isb } + VrecJrec + 2
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The intensity calibration scheme

Continuum treatment

The frequency dependence
of all continuum signals can
be described by linear expan-
sion.

]VUSB — ]VLO — ]VLO — ]VLSB —

In Rayleigh limit: b = 2 /v o

Hot load at 100K

10417 " werage inten
= 88.4914 K
- n
= N
(-
S 102
=
©
o
3 n
©
o n
(@]
} 1.00
= |
(-
CD —
k=
©
C
9 0981
CD —
O
© I
096 ‘
4 5

at 500 GHz
upper sideband
lower sideband
\\\\\\\\\\\\\\\\\\ ‘ 1 1 1 1 1 1 1 1 1
7
IF [GHZ]
bvie X |y




HiFi ICC HIFI Calibration and Observing Modes |S|“°“|

Load calibration

e Two-load chopper wheel calibration to determine intensity bandpass y;ec and receiver tem-
perature Jpec.

e Both quantities are fully channel dependent.

Calibration equations

,}/l _ Chot — Ccold

- (Mh + 1 — 1) (Jnyeft — Jo,eff)

Coold — Z) — (1 — n¢) (Chot — Z
Tree = M (Coota = 2) = (1 = e) (Chot — 2) (Jneft — Jeetf) — Jeeff
Chot — Ccold
_ (M+Yne—Y) et — (M + Y11 — 1) Jcete
Y —1

with

Y — ChOt _ Z

Ccold — 4

]eff — Gssb]ssb + (1 — Gssb)]isb
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Calibration accuracy

6V tec 1

0 Jrec 1

y}‘ec V Athoad {

]rec - V Aﬂ/tload {

Load calibration

2.36

18.6
1.94

17.9

at 500 GHz

at 1.9THz
at 500 GHz

at 1.9THz

Resulting integration times for each of the thermal loads:

Backend L O frequency (GH?2)
resolution 494 | g40 | 800 | 960 | 1120 | 1250 | 1410 | 1910
(MH2
1.0 1s 1s 1s 1s 1s 2s 3s 4s
0.54 1s 1s 1s 1s 1s 3s 5s 7S
0.27 1s 1s 1s 1s A 6S 10s 13s
0.14 1s 1s 2s 2s 3s 11s 19s 25s
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OFF calibration

e Observation of the blank sky can be used to determine the telescope coupling and the
standing wave pattern.

e The main impact of standing waves is not yet known. They can modify [, the gains y.
and 7;gp, or the telescope coupling.

e Minimum standing wave period in IF domain ~ 21 MHz.

OFF measurement:

Wssb T Wisb COFF — Z
(T=m) |Jrest + (1 £ brvi) ———=J110| = —— = Jrec = 0 JRpef
rec rec

for standing waves changing the receiver gain:

Vssb = ’)/iechsb + Wssh
Visb — ’)/iec(]‘ T GSSb) _I_ wisb
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OFF calibration

Calibration accuracy
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e Standing wave have two different effects: they modulate the continuum level providing
distortions to the spectral baseline of the signal and they modulate the absolute calibration
of the lines.

e The standing wave ripple in the continuum baseline can always be suppressed or corrected
either by total power observations or by an OFF calibration measurement.

e To correct the standing wave impact on the absolute calibration long integration times
are required for the OFF measurement. Regarding the resulting timing requirements a
correction of their impact to better than 10 % is not always possible.



HiFi ICC HIFI Calibration and Observing Modes |S|“°“|

HIFI Observing Modes

Problem:
The calibration parameters J;, )/iec, M1, Wssh, and wjgp are not constant in time.

—> need to correct for the drift of the instrumental response
—> solved by the design of the observing modes:

Hierarchical structure of reference and calibration loops:

source measurement
Reference loop
length determined by total system

. ) reference measurement
stability time

Bandpass calibration loop
length determined by bandpass sta-
bility time

hot—cold load calibration

Difference calibration loop
length determined by standing wave standing wave calibration
stability time (on OFF position)
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The Allan time as stability timescale

The drift timescale for the reference loop is the Allan minimum time 4.
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Allan plot measuring the variance depend-
ing on the time lag. The minimum of
the Allan variance gives the Allan time.
ta = 90s here.
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The Allan time depends on the frequency resolution
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e The minimum is given by the balance between radiometric noise and instrumental drift

e Radiometric noise depends on the fluctuation bandwidth
— The loop timing depends on the desired frequency resolution of the observation
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Observing mode timing

The duration and sequence of the calibration loops is determined by the
mutual drift of the differences measured by the Allan minimum times:

e general system response: f4

e difference between two frequency settings £ 4
e difference between two chop positions £ chop
e difference between load and sky t4 10ad—sky

° bandpass variation fj,,q

Problem: Stability times not yet known —> the loop hierarchy may change
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Composition of observing modes

Modular setup:

Pointing frame | Reference frame | Baseline calibration |Backend selection
single point total power no baseline calibration | WBS

raster map sky chop OFF calibration HRS

OTF map load chop dual beam switch WBS+HRS

frequency switch

Reference frame problems:

e position switch is extremely slow

e frequency switch, load chop, and sky chop suffer from a possible variation of the system
response between the source and the reference

Possible solutions by baseline calibration:
e OFF calibration or dual beam switch for sky chop

e double load or OFF calibration for frequency switch

e OFF calibration for load chop
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Observing modes for AOTs

Basic observing modes in “HIFI Observing Modes Document”:

e based on the definition of ESA Herschel pointing modes

— they contain already part of the reference frame
— mutual exclusions with reference frames

e two different chop modes
— the backend readout timing is different for chop frequencies above and below 0.5 Hz
e Frequency selection

e Each observing mode treated as an entity and not as composition of few building blocks
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Full list of basic observing
modes from the “HIFI Ob-
sering Modes Document”:

+ Additional high-level ob-
serving modes as predefined
combinations of basic ob-
serving modes in a single ob-
servation.

Herschel pointing |Reference |Back—
mode end
0| O (2]
325E88cc59955 298
Observing options SEEEEEHEE IR
2|al9|5 885 =250 T =3
S5 o2988E eSS g3 :;Uég
22253535232 38s28 %63
35255838 82¢ 3
=< |5 g_ Q|a [~ (Q o Q g )
S &55<s=s0%=% 238
. . <=2 Fs5@E °
Basic observing modes 2o2Z|s
»w MO=|F
= Fgm
o T
=) m
Staring — fast chop 10 O 2 |0|?
Staring — slow chop 50 O Oo/gd
Staring - frequency switch 50 O |goo
Position switch 8 O O 0o g
Position switch — fast chop 1 0 O 0/gad
Position switch — slow chop 5 O O 0o g
Position switch — frequency switch |5 | |0 O |oonon
Position switch — load chop 4| |0 Oglon
DBS - fast chop 2 O O 20?2
DBS - slow chop 9 0 O 0o g
Raster map with OFF 4 g O 0o
Raster with OFF - fast chop 1 0 O 2 |0|?
Raster with OFF - slow chop 4 0 O Oo/gad
Raster with OFF - frequency switch |4 0 al goo
Raster with OFF - load chop 2 0 agaiono
Raster without OFF — fast chop 0 O O 2 |0|?
Raster without OFF — slow chop 2 O O 0o g
Raster without OFF — freq. switch 2 O al goo
OTF map with OFF 9 g, |0 oo
OTF with OFF - slow chop 5 U O 0o g
OTF with OFF — frequency switch 7 O gl goo
OTF with OFF - load chop 5 U O|gion
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The astronomical calibration

Different reference schemes require different astronomical calibration equations, e.g.

Total power:

Mh+1c—1 Cs — CR
] S,lines — ] R,lines — : Wssh ( ]h,eff — ] c,eff)

T)sfnl(Gssb + 1 ) Chot — Ccold
Yrec

B 1 + (wssb + wisb)/’)/iec
Gssb + wssb/ ,)/]lfec
2Gesp — 1+ (wssb — wisb)/’)/%‘ec
Gssb + wssb/ Y}cec

(Jspo — Jr10)

(JsLobs — JrR LOVR) ViE

Load-chop:

1 Mh + 1 — 1 (s — Ceotd) — (COFF — Ceold) oot — Jectt)
) e c,e

J sky, lines — w
(Gssb + YlsSb m Chot — Ccold
rec

Wss +wis
— Jsky,LO (1 TRl 1 b) + JR eff

rec

Wsshp — Wis
+ <2Gssb —1 + byl b) VIF]sky,LObsky == (ZGssb _ 1)VIF]R,LObR
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Summary

e The calibration of all HIFI observing modes is a challenging task.

e Each observing mode includes already standard calibration measurements,
i.e. the load calibration and possibly a standing wave measurement.

e The problem of standing waves between the subreflector and the receiver
can be solved by means of a separate OFF calibration measurement.

e An essential input to set up the schedule for the observing modes are
the different stability times. Their determination is a crucial calibration
measurement for all observing modes.

e A long list of modes results from the combination with the uncertainties
in the stability of the instrument and the possible compromises to obtain
reliable data from an unstable instrument.

e Even within each single observing mode the exact scheduling depends
critically on the desired frequency resolution.



