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1 INTRODUCTION

This note is to present the results of main beam optical simulations carried out for the LFI dual profiled
corrugated feed horns at 44 GHz. Both polarizations have been considered for each feed. The simulations
have been carried out in the transmitting mode using GRASP8 software package [1]. PO/PTD has been used
on both reflectors.

2 THE OPTICS

The location and orientation of the three LFI feed horns at 44 GHz are reported in Tab. 1, in the Reference
Detector Plane Coordinate System [2]. The UV- location of the power peak of the corresponding main
beams on the sky are listed in Tab. 2, together with the orientation (with respect to the telescope line of sight)
of the coordinate systems in which the main beams have been computed [3].

The feed models used in the simulations are: i) a Y— axis polarized dual profiled feed horn specified by its
spherical wave expansion provided by Alcatel Space Industries, for the feed #24 and ii) a Y— axis polarized
dual profiled feed horn specified by tabulated pattern values provided by the INAF — Osservatorio
Astrofisico di Arcetri, for the feeds #25 and #26. The feed horn directivities are about 22 dBi and the ET
values are 30 dB at 22°. The X— axis polarized models have been obtained rotating each feed horn around its
axis of 90 degrees.

Tab. 1 44 GHz LFI feed horn locations in the Focal Plane Unit (in the Reference Detector Plane coordinate system).

FH Location Orientation

# (Xror, YroP.ZRDP) (OroP,PRDP,YRDP)
[mm,mm,mm] [deg,deg,deg]

24 -138.41 0.00 21.29 14.85 0.00 0.00

25 55.32 133.27 -17.90 16.44 -113.42 -106.18

26 55.32 -133.27 -17.90 16.44 113.42 106.18

Tab. 2 Main beams locations on the sky (u = sinf-cos¢ , v = sinf-sinp) and polarization angle, v .

MB Location Orientation
# (BLos,® Los, W LoS)
0 v [deg,deg,deg]
24 -0.07069 0.00000 4.0536 180.0000 0.0
25 0.04223 0.07661 5.0186 61.1350 -113.5
26 0.04223 -0.07661 5.0186 -61.1350 113.5
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3 MAIN BEAMS

Each main beam has been computed in the co— and x— polar basis according to the Ludwig’s third definition
[4], in spherical grids with 301 x 301 points (—0.026 < U,V < 0.026). The contour plots are shown in Fig. 1 —
Fig. 6. The contour lines plotted are the levels at -3, -6, —10, —20, =30, —40, —50, —60, and —70 dB from the
corresponding power peak. The colour scale goes from —90 to 0 dB.

The simulations have been carried out in the transmitting mode using GRASP8. PO/PTD has been used on
both reflectors. Correct values for pol and po2 used in the primary and secondary reflectors have been
determinated using an automatic optimization procedure expressly written for PLANCK LFI' and they are
reported in .

Tab. 3 Po points used in the simulations (p¢d points are always equal to po2).

Beam Pol Sub Reflector | Main Reflector
pol po2 pol po2
24 X 160 640 160 640
24 Y 160 640 160 640
25 - 26 X 160 640 160 640
25 - 26 Y 160 640 160 640

' The procedure iteratively changes the GRASPS input file doubling the po value (first of all pol and then po2 on the
sub reflector, then po/ and po2 on the main reflector) and computes the main beam. This doubling of po points is
continued until the main reflector field is converged, i.e. until the point-to-point comparison between the field computed
at the N iteration (normalised to the maximum value found in the main beam grid) differs at the most of 10 from
which obtained at the (N-1) iteration, where C is the convergency level that defines the required accuracy of the
calculations. In this condition the field obtained using the pol and po?2 values is the same (within the convergency level)
of that obtained doubling the po values. The convergency level assumed in the PLANCK optical simulations is a factor

10~ in the normalised power amplitude of the field. This means that the field error due to convergence is at least 80 dB

below the maximum value of the field on any of the field points, and it corresponds to + 1 dB at —60 dB level that is
less than the accuracy required in the main beam measurements.
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3.1 Main Beam #24

3.1.1 X— polarized
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Fig. 1 UV- plot of the co— and x— polar components of LFI24 at 44 GHz, X— axis polarized.

3.1.2 Y- polarized
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Fig. 2 UV- plot of the x— and co— polar components of LFI24 at 44 GHz, Y- axis polarized.
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3.2 Main Beam #25

3.2.1 X— polarized
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Fig. 3 UV- plot of the co— and x— polar components of LFI25 at 44 GHz, X— axis polarized.

3.2.2 Y- polarized

0.02 0.02

0.01 0.01
0.00 0.00
-0.01

-0.01

-0.02 -0.02

-0.02 -0.01 0.00 0.01 0.02 -0.02 -0.01 0.00 0.01 0.02

Fig. 4 UV- plot of the x— and co— polar components of LFI25 at 44 GHz, Y- axis polarized.
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3.3 Main Beam #26

3.3.1 X— polarized
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Fig. 5 UV- plot of the co— and x— polar components of LFI26 at 44 GHz, X— axis polarized.

3.3.2 Y- polarized
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Fig. 6 UV- plot of the x— and co— polar components of LFI26 at 44 GHz, Y- axis polarized.
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4 CONCLUSIONS

The 44 GHz LFI main beams have been computed for dual profiled corrugated feed horns (#24, #25, and #26) coupled with the PLANCK telescope. The results are reported
in Tab. 4, for both polarizations.

Tab. 4 Main beam characteristics. The HW (minimum and maximum, columns 6 + 11) and the beam solid angle (columns 14 + 16) at —3, —10, —20 dB are also reported. FWHM (column
12) is the average value between the minimum and maximum of the beam width at —3 dB. The cross polar discrimination factor (XPD, column 5), the main beam depolarisation (d, column
13), and the angular resolution of the symmetric beam with the same beam area at a level of -3 dB (column 17) are reported, as computed in 6.1 and 6.2.

MB Co-polar | X-polar HV@-3dB  HW@-10dB HW@-20dB FWHM d | Qs | Qe | Qo | O

Pol max max XPD . o ;
# ; ; (deg) (deg) (deg) (arcmin) (%) (sr) (sr) (sr) (arcmin)

(dBi) (dBi)
24 X 54.14 24.15 29.98 | 0.1655 | 0.2176 | 0.2880 | 0.3927 | 0.3815 | 0.5539 | 22.99 | 0.31 | 0.346E-04 | 0.110E-03 | 0.207E-03 | 22.82
24 Y 54.09 24.13 29.97 | 0.1619 0.2229 0.2839 0.4025 0.3779 0.5654 23.09 @ 0.29 | 0.349E-04 | 0.111E-03  0.209E-03  22.92
25 X 51.71 26.81 2490 | 0.2229 1 0.2727 | 0.4001 | 0.5260 | 0.5370 | 0.7923 | 29.74 | 0.99 | 0.578E-04 | 0.196E-03 | 0.397E-03 | 29.49
25 Y 51.97 26.65 2532 | 0.2112 0.2639 0.3790 0.5170 | 0.5211 1 0.7948 28.51 | 0.96 | 0.534E-04 | 0.185E-03 | 0.387E-03 | 28.35
26 X 51.71 26.81 2490 | 0.2229 1 0.2727 | 0.4001 | 0.5260 | 0.5370 | 0.7923 | 29.74 | 0.99 | 0.578E-04 | 0.196E-03 | 0.397E-03 | 29.49
26 Y 51.97 26.65 25.32 | 0.2112 0.2639 0.3790 0.5170 | 0.5211  0.7948 28.51 | 0.96 | 0.534E-04 | 0.185E-03 | 0.387E-03 | 28.35
5 REFERENCES

[1] K. Pontoppidan, Technical Description of GRASPS, TICRA, Doc.No.S-894-02, 1999.
[2] FIRST/PLANCK Project, PLANCK Telescope Design Specification, SCI-PT-RS-07024.
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6 APPENDIX
6.1 Directivity, XPD, and Depolarization Parameter

The directivity of the copolar (Dczp) and cross-polar (D,,) components have been computed. Then the cross
polar discrimination factor (XPD)~ has been obtained:

D,
XPD= .
D,
The depolarization parameter has been obtained in the following way. The Stokes parameters have been
computed for each beam, in each point of the regular (u,v) grid.

S, (u,v) =E, (u,v)2 +E, (u,v)2

SQ (u,v) = Ecp (u,v)2 - Exp (u,v)2

S, (u,v)=2 u,v)-Exp (11, v)- cos[dp(u,v)]
)=2

in which £_ (u,v) and E_(u,v) are the amplitude field of the co- polar and x— polar components

respectively, O is the phase difference between the co— polar and x— polar fields. Then, over the whole
(u,v) plane calculated each parameter has been summed.

Sy =Y. 8y(u,v)-Aurv,N =1,0,U,V

(u.v)
and finally
S, +8,°+8,°
Dep% = 1—‘/ e v T 1100.
S,
6.2 Angular Resolution of the Equivalent Symmetric Beam

The angular resolution as been calculated also from the contour area at —3 dB, Q34 reported in Tab. 4, the
latter obtained by the GRASPS8 post processor. For a circular beam, the area within the equivalent FWHM
(named 0_34p in Tab. 4) can be computed as follows:

2z (FWHM/
Qs = [, |, As1nt9-d€-d¢=

=2,T.{1_COSM}

? This ratio is improperly called XPD. Actually the cross polar discrimination is calculated punctually as the ratio
between the x— polar and the co— polar component. Then the XPD is a function of (%,v) coordinates. In this case the
XPD is an indication of the maximum x— polar level normalized to the co— polar peak.
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FWHM =2- acos(l - mj
2

If Qryin = Q_348 We can easily calculate the angular resolution of the symmetric beam with the same beam
area.

6.3 Main beam parameters derived from elliptical gaussian fit

A fit with a bivariate Gaussian has been performed for the co- polar component of each beam. The fitted
contours have been superimposed with dasched lines in Fig. 7 + Fig. 9 . The contour levels are at 30, 20,
-10, and -3 dB. Parameters derived from elliptical gaussian fit are reported in Tab. 5.

Tab. 5 Parameters derived from elliptical gaussian fit. The tilt angle is defined with respect to the X— axis of the main
beam coordinate system (defined in Tab. 2 with respec to the LOS frame), in the clockwise direction.

FWHM
MB (arcmin) tilt
# Pol (degree)
min max ave
24 X 19.59 25.69 22.64 0.00
24 Y 19.25 26.38 22.82 0.00
25 X 26.98 32.52 29.75 -23.04
25 Y 25.68 32.12 28.90 -19.70
26 X 26.98 32.52 29.75 23.04
26 Y 25.68 32.12 28.90 19.70
g.02 /- 0.02-
0.01} 0.01} / \
| . | ..‘1
0.00 - {1} 0.00 - ]
r / .II,I r
-0.01 — — —-0.01 —
—0.02; —0.02;
[ TILT = 0.00 DEGREE - : TILT = -0.00 DEGREE
=0.02 . I—IU.EII1 - 0.00 . D.O'; El_oz ------- =0.02 . I—IU.EII1 - 0.00 . D.O'; El_oz -------

Fig. 7 Main beam #24 X (left side) and Y (right side) polarized.
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Fig. 8 Main beam #25 X (left side) and Y (right side) polarized.

0.02- = 0.02- =
T T /""...--- N
o~ -
B N / P
0.01 7 - N 0.01 Yiwvd \ A
o fi / o % o VAR = "
I _// \ Fof Vi \ i
f / /.r‘—"‘ “ Vil 45 T \ 1
[ J'f ¥4 \ll I| | [ | _.f' Vi \ \ | -
r / | /o | :
0.00 | | /A | - 0.00 | [ i -
r \ II \ / ."I | | r (R \ \ Vi | N
A I 4 : S
L || | \\_‘__J_/ / r 'i \ ‘.\ \\___ i .
f '. / . £ \ 2
E I'- \ \\_ . / ; / / - F I'- \ \'» = ;/ / =
[ , T By il I A% S A
-0.01 — | T / / = -0.01 — L T —
[ , [ %
f e 2L - f N ,/ i :
! \ - I \ b
r \ g : r % / :
™~ o . p
-0.02f : —0.02f
L TILT = 23.04 DEGREE - r TILT = 19.70 DEGREE
-0.02 -0.01 0.00 0.01 0.02 -0.02 -0.01 0.00 0.01 0.02

Fig. 9 Main beam #26 X (left side) and Y (right side) polarized.
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