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SUMMARY - Although the Low Frequency Instrument onboard PLANCK
satellite has been design to measure the anisotropies of the Cosmic Microwave
i}aéikgmzm& its radiometers are intrinsecally able to measure the radiation po-
larization parameters with a particularly good sensitivity in the regions close to
the ecliptic poles. A good knowledge of the polarization properties of each main
beam and a high accuracy on the knowledge of the spacecraft pointing direc-
tion are required to reach this aim. PLANCK/LFI polarization measurements will
- the signal received by two feed horns appropriately

be obtained by combini
aligned in the focal plane. As a conseguence the accuracy of the telescope point-
ing direction in rotation is crucial because of its relationship with the main beam
orientation in the sky. In fin% report we estimate the impact of the uncertainty
scope line of sight on the measurement of the

in pointing e:,izrsgizsa around the te
Stokes parameters ¢ and U.
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The Low Frequency Instrument (LFT) onboard PLANCK satellite has | design to me
ies of the Cosmic Mzcmw&v& Backgr TSEEE{E (CMB). Together with the High Fre-
quency Instrument (HFI), LFI will observe the fu 3 sky ?1&'}{,{, from a Lissajous orbit around the
Lagrangian point L2 and will produce unprecedented angular resolution and sensii tivity maps

[2]). Although LFI has been design to measure the CMB temperature anigotropies,
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2 Polarization Measurements with ?L%NCKﬁiFE

The LFI polarization measurements med by using its radiometers as
differencing polarimeters s [5]. LFI is an array of 46 HEA % -based g;géz;iﬁ@v%rrﬁiam{;ﬁ receivers
coupled to the Telescope by 23 dual profiled corrugated feed horns. The radiation gatheres
by each feed horn is divided into two orth gonal linearly polarized signals by an Ortho Mode
Transducer. Each signal is joined to a radiometer where it is mixed by an hybrid coupler
with a reference signal coming from a 4K load thermally connected to the HFT shield. The
two output branches of the hybrid coupler are amplified by a couple of eryogenic ally cooled
HEMTs low noise amplifiers, appropriately shifted in phase and in a synchronous way with
the data acquisition, decoupled by another hybrid in order to remove common noise, and sent
to a back end section where they are filtered, detected, and differenced [6].

Therefore, with one feed horn two Stokes parameters can be reconstructed: I and Q, or
Iand U, or I and a combination o of ) and U, according to equations (1) - (8). Since the
elliptical polarization of LFI main beams is less than 1%, they can be considered linearly
polarized. Using two feed horns appropriately aligned in the %‘@@zl plane, so that ?he main
beam polarization directions form an angle equal to 45 degrees (when they observe the same
direction in the sky), I, @, and U can be measured [7].

Let Iy and Iy5 the responses of the two radiometers connected to the feed horn 1 and oy
and Iz, the responses of the two radiometers connected to the feed horn 2. Then:

Iy = 3 U+ Q- cos(2dy J+U- sin{2¢y4 )] (1}

Ly = 5 = @Q-cos(2¢11) ~ U - sin(2¢1, )] {2)
[ : PN

Iy = = I+ Q- cos(2¢ b )+ U sin{2¢o1 } (3)
1

fp = 5|l =@ cos(2¢y;) — U - sin(26y1)] . (4)

Assuming that ¢2; = ¢, + 45° and redefining ¢ = ¢, we derive the
parameters, Q™ and U™, by inverting equations (1) - (4) :

Q™ = (I1; — Iyg) - co p) — (I3 —
U™ = (In ~ In) - cos(2¢) + (I;; -
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tematic eff , n absence of pointing errors, we have si@ﬁ fg” = {J and U
' the xé{af

3 Effect of a pointing error on the Stokes parameters

A satellite rotation around the telescope ga{*{égigh% direction involves an analogous rotation of
the main beam polarization direction in the sk Ky, as reported in Appendix. If an uncertainty
in the pointing direction around i%}S occurs (8¢ for the feed horn 1 and d¢y; for the
horn 2}, the responses of the four considered radiometers are given by

Iy = {I-Q (8)
Iy = {I+¢ )

2’3;}: = . iiér - {Zj * COS {E{a\?/ﬁ

r

and the measured values Q™ and U™ are related to the true values, () and U, by relations:

U = Frq-@+ Ry U (

In particular, in the above equations, Fou (Fyg) is a multiplicative factor rep thative
<}§ contamination due by U (@) on Q™ (U™) while Fog (Fyu) gives the fraction of the true

ster () (U) that properly contributes to the measured Stokes parameter ™

(€5 pAram
™). The factors Fgy, Fro, Foo and Fyy can be ¢ sxplicitely written as:

= cos(2¢) - six
= cos{24) - sin(:

Fig. 1 shows the contamination levels
several levels of uncertainty in the pointing dire
uncertainties relevant in this context, this contamination

with the pointing error, as can be simply understoo
= §¢) for example
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Figure 1: The factor Fyp representative of the contamination due by the Stokes parameter
U on Q™. Curves for Fug, Foo ~

and Fyy — 1 are similar except for appropriate phase

Considering maps of @ and U for a typical cosmological model in agreement with the
current CMB anisotropy observations and with Gaussian fluctuations, we can evaluate the
centage of pixels in the f«%;‘g in which a certain value of the {U/Q] ratio (see Fig. 2 for
iistri given error in the determinat
% (=~ 5%) is introduced in ~ 1

n of ) owing to U. For example,

a relative error of ~ 10 1% (=~ 2%) of the sky pixels, as can
be simply understood by observing that, for Fog =0, Fgu = 0.0035, and U/Q ~ 30 (15),

equation (11) gives Q™ /Q = Fpg + Foy - U/Q ~ 0.1 {{E 05).

To be more quantitative, we have ¢ omputed an estimate of the upper limit overall relative
éffz'r{;r in the () measurement considering a value of ¢ in which the function [Fog — 1} +
[ Foul has a maximum for the representative case 8¢y = —8py; = 6.
¢ { x%? 7945°), we have computed the differential and cumulative distribution function
the quantity log[{|Fpg — 1] - |Q] + [Foul - [UN/|1QI], reported in Fig. 3. The percen
pixels in which the overall relative error is greater than ~ 10% (=~ 5%) is about 1.7% (3.49
according to the i imate, and can still be considered negligible.

his value é}é
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A similar result has been obtained for the

in ti%zég {;‘ é?étifﬁs}éi{}{;,

Q.

4 Conclusions

that an accuracy on the reconstructec
er than 5" at lo (AME require-
econstruction of the cosmi

From the study previously reported, we can assert
knowledge of the telescope pointing direction in rotation bette
ment for PLANCK/LFI) is sufficient to guarantee an adeguate
microwave background polarization properties.
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own {f{;{.‘;z‘éizza}g

with the mair

G Q%J?% d

= cos b

§f’ an uncertainty, £, in the pointing direction around Zros occurs, the components of the
ew rotated X prp ot }’g;gﬂj, ?’g{g _rot Unit vectors in the LOS base are:

Xupoor- Xios =

5in (08 9 8in @ — cos wsin ) — cos 8 cos of r;s;s COS Y — sin ywsin )]

)~ 51 sin )]

+ sin £leos o{cos ¥sin ¢ ~ cos @

180t - Y08 = - sinéfsin p(cos Psiny ~ cos @sin )

+cos £lcos wleo

S sin @ — co8 @ sin ) 4+ ¢

XMBuaot  Lros = —ginf{— €08 Y Co8 ¢ ~ sin @ sin )

Yumporot Xeos = sinéleosfsin p{cossin g — cos @sin ) + cos g(cos p cos 1 + sin @ sin Ui+

+ cos [~ cos § cos p{cos ¥ sin ¢ — cos psin Y} + sin plcos g cos

Yisoro Yios = cos £[cos 8 sin p{cos i sin p — cos @ sin ) + cos pleos peos g + sin pwa i+
— sin £[~ cos 8 cos p{cos P sinp — cos psin &) -+ sin (cos Y cos ¥ + sin p sin )]

Yuprot  Zros = —sin H{cos wein ¢ — cos psin )

Zyip_rot- Rros = —cos £cosywsind -+ sinfsin sin g

ZMB ot - Yios = cos psindsing + cosfsinfsin g

Laiporot- Zros = cosé.

Since the main beam polarization direction is aligned with the X y;5 axis, the di isalignment
in the polarization induced by ¢ ¢ can be found computing the ang gle, ¥ between X
Xun. rot- Starting from the matrix representing the new rotated main beam frame with

pect to the original one, the three Euler :;rgi{s @, 3, and 7y can be reconstructed. Since
they are related to the GRASPS angles 8, ¢, and ¥ by (o, 3, 7) = (@, 8, ¥ — @), the :
Wocan be easly computed as v + o

2 L{;:@i?su»{g - U; 5i?i{§<§2 -

M%y

xpansion for ¥ about 8 = 0 degre
l st order, is independent from ¢ and /,
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