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WMAP’s radiometer
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Radiometric Chain Assembly
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Radiometer equation

Vsky = G(Tsky + Tnoise)7
— G(Tref + Tnoise) .
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Radiometer equation

Vsky = G(Tsky + Tnoise)7
Vref = G(Tref + Tnoise)-

Tsky ~ 2.7TK, 7-ref ~45K.

Tomasi M. (INAF) LFI calibration May, 2013 6/32



Radiometer equation

Vsky = G(Tsky + Tnoise)7
Vref = G(Tref + Tnoise) .

Tsky ~ 2.7TK, 7-1-ef ~45K.

leﬁ' == Vsky —r \/I‘ef7
with r = (Vier) / (Viy)-
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Radiometer equation

Vsky = G(Tsky + Tnoise)a
Vref = G(Tref + Tnoise) .

Tsky ~ 2.7TK, 7-1~ef ~45K.

Viig = Viy — I Vier,

with r = (Vier) / (Viy)-
What gets into the map is derived from V.
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Radiometer equation

Vsky = G(Tsky + Tnoise)a
Vref = G(Tref + Tnoise) .

Tsky ~ 2.7TK, 7-1~ef ~45K.

Vaig = Viy — I Vier,

with r = (Vier) / (Viy)-
What gets into the map is derived from V.
To build temperature maps, we need G~' = K.
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Calibration sources

CMB experiments are usually calibrated using:
Internal calibrators (e.g., Boomerang);
Astronomical sources (ACBAR, QUIET);
The CMB dipole (Maxima, WMAP, Planck).
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Calibration sources

Internal calibrators (cryogenic blackbodies) are
complex to implement and use.
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Calibration sources

It’s difficult to find suitable calibration sources:
m Unpolarized;
m Not too bright nor too dim;
m No source is visible at any time;
m Mismatch between their spectra and the CMB’s;

m TauA, CenA, RW38, Jupiter. ... : calibration
accuracy limited to a few %.
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The CMB dipole

WMAP and Planck use the CMB dipole as their
calibration source:

m Visible everywhere;

m Brighter than the Galaxy and the CMB
anisotropies (but not too bright to trigger
non-linearities);

m Same spectrum as the CMB;
m Characterized accurately (~ 0.25%).
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Origin of the dipole

Doppler effect caused by:

The motion of the Solar System relative to the
CMB rest frame (v, = 369.0 £ 0.9 Kms™!)

The motion of the spacecraft relative to the Sun
(VPlanck ~ 30 Km S_l)
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Origin of the dipole

Doppler effect caused by:

The motion of the Solar System relative to the
CMB rest frame (v, = 369.0 £ 0.9 Kms™!)

The motion of the spacecraft relative to the Sun
(VPlanck ~ 30 Km S_l)

1
/8 = E (V© + VPlanck) .

o 1 -
Taipole(X) = Toms (7(1 %0 1) B-Xx
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The dipole as a calibrator
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The dipole as a calibrator

Direction
of view

Sun-Earth—Planck
direction

Planck orbit

Earth orbi/ Sun Earth Planck

scanning circle
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The dipole as a calibrator

To track gain changes, we recalibrate the instrument
for every pointing period, i.e., once per hour
(because we canl).
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The dipole as a calibrator

The calibration code used in LF/ models the
observation of the dipole Tgiple(X) to produce a
timestream of temperatures Tiipoie(1).
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The dipole as a calibrator

Taipole(t) has the form

Toi+ATijsin (27r1/5pml‘—l—g0/) :

The amplitude AT;
depends on the
orientation of the
spacecraft with
respect to the dipole
axis.
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The dipole as a calibrator

Fit Taipole(t) With Vi to find the calibration constant
K=G"', inKV:

O Vair = GO Taipole

(if the noise temperature T, is kept constant.)
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The dipole as a calibrator

Pointing period #4800 (250 days after launch) Pointing period #6636 (300 days after launch)
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The dipole as a calibrator

Once we have the set of Kj,
Tag(t) = Ki Vaige (1)

is the calibrated timestream of the /-th pointing
period.
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Observing the dipole

Not straightforward to use:
m The Galaxy and the CMB are small but not
negligible;
m LF/beams are not pencil-like;

m You must scan the sky wisely in order to make
use of it.
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lterative calibration

To minimize the effect of the Galaxy and the CMB,
use an approach like WMAP:

Start from uncleaned data (Vyig);
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use an approach like WMAP:

Start from uncleaned data (Vyig);

Fit the dipole against Vg to find the calibration
constant;
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lterative calibration

To minimize the effect of the Galaxy and the CMB,
use an approach like WMAP:
Start from uncleaned data ( Vyg);
Fit the dipole against Vg to find the calibration
constant;

Remove the (decalibrated) best-fit dipole to get
a timestream Vg;,; which only contains the
Galaxy and the CMB;
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lterative calibration

To minimize the effect of the Galaxy and the CMB,
use an approach like WMAP:
Start from uncleaned data ( Vyg);
Fit the dipole against Vg to find the calibration
constant;

Remove the (decalibrated) best-fit dipole to get
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lterative calibration

To minimize the effect of the Galaxy and the CMB,
use an approach like WMAP:
Start from uncleaned data ( Vyg);
Fit the dipole against Vg to find the calibration
constant;

Remove the (decalibrated) best-fit dipole to get
a timestream Vg;,; which only contains the
Galaxy and the CMB;

Set Vair < Vair — Vaire
Repeat from 2 until convergence
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Observing the dipole

Not straightforward to use:
m The Galaxy and the CMB are small but not
negligible;
m LF/beams are not pencil-like;

m You must scan the sky wisely in order to make
use of it.
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LFI beams
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LFI beams
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Two problems:
m The main beam is not pencil-like;
m Sidelobes are asymmetric.
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The elegant 47 convolver

The best solution would be to convolve the dipole
with the beam. Unfortunately this takes a long time!

Michele Maris (OATS) found a clever way to quickly
compute the convolution using the high symmetry of
the Dipole.

(This is an improvement over WMAP and HFI, which
assume a pencil beam!)
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Observing the dipole

Not straightforward to use:
m The Galaxy and the CMB are small but not
negligible;
m LF/beams are not pencil-like;

m You must scan the sky wisely in order to make
use of it.
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Dipole maxima and minima

Kraw [K V1]
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Radiometer equation

Vsky = G(Tsky + Tnoise)7
G( Tref + Tnoise) .

X
3
I
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Radiometer equation

Vsky = G(Tsky + Tnoise)7
Vref G( Tref + Tnoise) .

Assuming T,.s constant, a variation in G triggers a
change in V.. is due to a change in G. Therefore:
E - é‘Vref - _%
G Vi K’
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Radiometer equation

Vsky = G(Tsky + Tnoise)7
Vref G( Tref + Tnoise) .

Assuming T,.s constant, a variation in G triggers a
change in V.. is due to a change in G. Therefore:
E - é‘Vref - _%
G Vi K’

(This is something that WMARP couldn’t do.)
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Dipole maxima and minima
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Further work

m Convolution across the bandwidth

m Galaxy pickup through sidelobes

m Further improvements to the methods
m Sidelobes and stellar aberration
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Further work

m Convolution across the bandwidth

m Galaxy pickup through sidelobes

m Further improvements to the methods
m Sidelobes and stellar aberration

See you in 2014!
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