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Planck Effective Beams
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Systematic Effects: Beam

e Planck will reach high accuracy goals, provided all the systematic effects are taken
into account

e Beam is one of the most important sources of systematic effects, because:

AT°P(q) = 4 dQg B(4,d) AT(q) +

— map makers do not account for:

> finite beam size

> location of pointing within a pixel
— observed CMB anisotropy sky is convolved with beam and scan

e Major tasks:
— beam fitting & incorporating uncertainties in analyses
— accounting for the effect of beam asymmetry
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Planck Scanning Strategy —
Slow (6-months) Precession Case




@ Forward (MC) Approach
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e We take a forward MC route
— find the beam transfer functions though simulations
— correct the observed Pseudo-C; accordingly

® Requires a fast convolution method, that can
1. handle asymmetric beams
2. include whole Planck scan strategy
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Fast Convolution with Effective Beams

e Pixel based convolution is simple and fast

— computation cost:
~ N, Ny .
et more complicated for

polarization

e Effective beam: Sum of beams for all hits in a given pixel

® Observed pixelized sky map (map maker output) is a convolution of the true sky
with the effective beams

e Effective beams are generally asymmetric
— due to intrinsic asymmetry of the instrumental beams
— hits distributions are not symmetric about pixel centers

e Effective beams vary across the sky
® hits and pointing are distributed differently over different pixels
Mitra, Rocha, Gorski, Huffenberger,

Eriksen, Ashdown & Lawrence (2010)
ApJS, 193, 1, id.5
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pixConyv / effBeam

e Pixel based convolution w/ effective beams
— pre-compute effective beams, may store on disk
— convolve with pre-computed effective beams

e Pipeline has been developed for Planck
— takes advantage of huge distributed computing resources at NERSC
— codes/data delivered to Planck in DPCs

e Very fast compared to previous methods, e.g., for 15 months of 30GHz (4 detectors)
— level-S takes few CPU hours per map

— effective beam method takes few seconds per map!
— (in addition to the pre-computation of effective beams)




Beam vs PSF

Angular response function of the instrument vs the image of a point source
At the pole of HEALPix map

Beam : pix # 262143 PSF @ pix # 262143
Fit: Oppm=13.02", e=1.134, ¥ =-56.8°, Apeq=1.56% Fit: Oppm=33.09", e=1.131, ¥ q=—55.4°, Apgee=1.75%

—2.0

4.0 Log () —2.0
{45.0, 80.8) Ecliptic {45.0, 80.8) Ecliptic

Beam PSF
FWHM = 33.02°, e = 1.134, psi = -66.8 FWHM = 33.09’, ¢ = 1.131, psi = -55.4
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Beam vs PSF

At a cusp of Planck scanning strategy integrated count of observations

Beam : pix # 1035665 PSF @ pix # 1035665
Fit: Bpmpy=232.93", e=1.927, ¥=1.1°, Apg=0.47% Fit: Bypm=23.00", e=1.290, ¥,=—0.8°, Apy=6.76%

—2.0

4.0 Log () —2.0
(318.8, 76.2) Ecliptic (318.8, 75.2) Bcliptic

Beam PSF
FWHM =32.93",e=1337,psi= 1.1 FWHM = 33.09°, e = 1.290, psi = -0.8
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Beam vs PSF

At another cusp

Beam : pix # 1046577 PSF @ pix # 1046577
Fit: Oppm—=32.92", e=1.322, ¥ =46.5", Apeq=0.37% Fit: Opqm=392.92", e=1.101, ¥ 4=77.2", Apgp=10.40%

—2.Q

4,0 Log () —2.0
{268.8, 82.1) Beliptic (268.8, 82.1) Bcliptic

Beam PSF
FWHM =32.92", ¢ = 1.322, psi = -46.5 FWHM = 33.32",e =1.101, psi=77.2
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ERCSC Convolved Map

At 55.013,76.005 At 63.875,242.346

ERCSC high lat : 30GHz_G v3

43— e 1.7 Log ()

(85.0, 78.0) Galuctis

4.3 — e 1.7 Log ()

(2423, 83.) Galactic

At —61.45,28.302 At —69.045,239.84
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Planck ERCSC, one source position, 143 GHz

4 143GHz DX4 143GHz DX4 143GHz 43GHz
p)x # 2474446 pix # 4046144 pix # 40712104 plx # 27689063

0.0, B4.4) Galactic (305.1, 57.1) Golactic (36.1, ~88.2) Gelnctic (1846, —5.6) Gelactic

FEBeCoP 143GHz FEBeCoP 143GHZ FEBeCoP 143GHz FEBeCoP 143GHz
pix # 2474446 ix # 4048144 piz # 40712104 ¥ # 27689083

(3000, 84.4) Gelactic (sos T, 57.1) Galastic (@6, .2) Galnctic (1845, —5.6) Gelactic

FEBeCoP 143 : pix #2474446 FEBeCoP 143 : pix #4046144 FEBeCoP 143 40712104 FEBeCoP 143 : pix ‘@27689063
Fit: B =7-12,6=1.036, Four=— 17" g =0.97%  Fit:Brymy=6.81',2=1.079, Fer=59.8" booumy=1 85%  Fit:Byme=7.09",0=1.013 Fru=—"76.3" byus=5.70% _ Fit:Brypy="7.11,2=1.014 P 2

5, A =3.98%

5.3 Log ()
1) Galectic

FEBeCoP GH 14~SGHZ FEBeCoP GH 143GHZ FEBeCoP GH 143GHz
# 404614 ¥ 4 27689063

— U m— — 50
(3051, 57.4) Galactic (86.1, ~88.2) Galnotic (1845, —6.6) Gelnotic

[ p—
(300.0, 84.4) Galactic

FEBeCoP GH 143 ix $2474446 FEBeCoP GH 143 IK 4046144 FEBeCoP GH 143 plx #40712104 FEBeCoP GH 143 : pix #27689063
Fit:0pymy=7.18",2=1.045, 1% b =2.02%  Fit:Bpyy=6.87',2=1.087, g =1.98% Fit:Bppye=7.168" 1 b =B.02% | Fit:Bryy=7.18',=1.009, =80 1" Aros=1.24%

55 Log () -] s 5.3 Log () 052, s 5.3 Log () 54, 5.3 Log, ()

0.2 m—
(3000, 84.4) Galactic (306.1, 57.1) Galactic (36.3, ~98.2) Galnotic (164.6, —6.6) Gelaotic
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Image of
an ERCSC object

FEBeCoP Input:
Elliptical Gaussian
fits of planet
observations

FEBeCoP Input:
Gauss-Hermite
expansion based
fits of planet
observations



Shapes of ERCSC sources vs PSF from FEBeCoP
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Bright sources
in ERCSC P3.0 cat

Nside=1024

Nside=512

PSF
FEBeCoP



d-esa

&

Conclusion

e Planck promises extremely precise results
— systematic effects must be accounted for to achieve that goal

e Beam asymmetry is a major source of systematic effect
— specially for polarization

® We have developed a fast convolution pipeline
— pixel based, pre-computes effective beams

e Current work: many simulations and ongoing study of systematic effects of beams
and scanning in science oriented analyses
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Noise in Planck Sky Maps



Assessing the Noise in the Planck Sky Maps -
The Idea

- We take advantage of Planck scanning strategy by splitting TOI
streams into two halves during each fixed pointing period

— Nominally, this should result in re-observation of the same sky signals
in both halves, and different noise streams

- We use such data sets to make separate (less sensitive) maps of the

available time span of the mission

—We have done this using all available map making codes

- Unless very long lag noise correlations (in excess of ~20 minutes)
contribute significantly to Planck TOls, the sum of such maps should
equal that made out of the entire data set

- The difference map should inform us on the properties of the noise,
especially its power spectrum, as for the noise the power spectra of
the sum and difference maps should be identical (again, assuming
small long lag noise correlations)

- Conversely: if the sum and difference maps render spectra that are
different where noise dominates, we ought to think ...



Integrated Observation Count

HFI Core Team: HFI Data Processing

100GHz 143GHz

545GHz 857GHz
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Figure 33. Hit count maps at each frequency (from top left to bottom right : 100, 143, 217, 353, 545, 857 GHz) in 1.7 arcmin pixels
(Nside= 2048). 18



Noise in HFI Sky Maps

HFI Core Team: HFI Data Processing
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Figure 34. Residual maps of the half differences between the maps made from the first and second half rings projection (from top
left to bottom right: 100, 143, 217, 353, 545, 857 GHz) in 1.7 arcmin pixels (Nside= 2048). Note that the CMB channels at 100-
217 GHz are all shown on the same color scale. In addition the noise pattern, which is well traced by the hit maps of fig. 33, one also

see the small differences (relative to the signal), when gradients@f the signal are large (mostly in the Galactic plane) and sub-pixel
effects become quite apparent.



Noise Power Spectra in the HFI Sky Maps

4 T
10 "WMAP best it model
- 100GHz noise spectrum -
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Figure 35. Power spectra from the difference maps shown on
Fig. 34, on the full sky (solid line) and after masking the Galactic
plane (dashed line). The sky coverage correction was done ac-
cording to Tristram et al. (2005). As expected, the difference
is only substantial at high frequency, when gradients of the
Galactic signal are large. 20



Component Separation and CMB
Reconstruction

Azores School on Observational Cosmology

Davide Pietrobon

in collaboration with K.M. Gadrski, J.G. Bartlett, L. Colombo,
J. Jewell, L. Pagano, G. Rocha, C.R. Lawrence & H.K. Eriksen



Outline

Data Analysis in a nutshell

Component Separation & Gibbs Sampling
Example on WMAP

Towards Planck

Conclusions



Cosmic Microwave Background

1992 2003 S 2011

0.30 mK,thermodynamic

The Planck one-year all-sky survey Cesa

GOO0 . v - - v . —
— — 6000 p—rrrm—r——r—rr y — T 5000
Black sook = 2000 |
bOdV %4000 3 : 3000 |
spectrum & 000 =3 | ~
o) < 2000 2
T=3IL£K T 2000 ) %
= coo N
1000 £ P
o et
500 1000 1500 2000 2500
Sachs- _F & ~
1 o s
Wolfe Y 8 T &
plateau B =.
H °I 10 100 500 1000 L . , . i
amplitude 4 Multipole moment 7 s
~ -5 -4 . . ‘ . .
OT/T =10 - Flatness; matter content:; Cosmic variance limited; Early
hint of coherent polarized signal Universe physics; Polarization

detection; reference for future
surveys



CMB Data Analysis (1)

Wmap K-band Wmap Ka-band

Wmap Q-band

Wmap W-band

Wmap V-band




CMB Data Analysis (2)

Map: ~ 10° pixels Angular Power Spectrum: ~ 103
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Lots of Data are lost in process

* CMB:
— Achieving the largest sky coverage possible;
— Keeping information about the phases: CMB map;

* Foreground Study:
— Distinguishing different physical components;
— Studying their behaviour.



Commander

Gibbs Sampler developed by B. Wandelt, J. Jewell, H. K.
Eriksen @ JPL

— Phys.Rev. D70 (2004) 083511 - arXiv:astro-ph/0310080;
— Astrophys.J. 609 (2004) 1-14 - arXiv:astro-ph/0209560;
— Astrophys.J).660:L81-L84,2007 - arXiv:astro-ph/0701089;

CMB map, angular power spectrum;
Foreground amplitudes and spectral indices;

Posterior distribution: mean, variance, skewness,
kurtosis;

¥? as a measure of the goodness of the model;
Relatively low resolution solution (CPU time!)




Gibbs Sampling (1)

Bayes’ Theorem:
Data, d
Theory, t

P(t|d) o< P(d|t)P(t)
t =1(6;,02,...,0;)
r1 — CMB

ro — Cyp

P(s,Cyld) o< P(dls,Cy)P(s,Cyp)
x P(d|s, Cy)P(s|Cy)P(Cy)



Gibbs Sampling (2)

—Llid—s)!N"1(d-s e
P(s,Cy|d) x e 5(d—s)"N~"(d )H - P(Cy)

d, = A s—I—chgk v;0r) + ny,

2
o= 2€+1Z‘ e

{8, cr}" = P(s,c|C, 67, d)
Hi—l—l . P(Q’Og, SH_l, C’]L:—l’ d)
Oy < P(Cyls™™, d).

* Amplitudes: s(p), c,(p)
* Foregrounds

Parameters: 6,(p) (non
linear)

* Power Spectrum: C,



Brightness Temperoture (uK)
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WMAP 7-yr Data Processing

60 arcmin smoothing applied;

Downgrade to N

side

=128;

White noise added from MC;
C, sampling on;

T,(y) = Bus(9) + Nu(v) + M + D (50 - ¥)+

Ad(ﬁ)(

vV

)

53) By, T(7))

B(vq, T(9))

+ AS(%(

Vs

Residual monopole and dipole fitted;
Kg85 Galactic plane mask;
Foreground model per pixel.



COMMANDER outputs

few chains -> thousands of samples;

C, CMB map, foreground model and y?for every
step;

Mean CMB map, foreground amplitude and
indices derived;

Distribution of C,computed: mode taken as most
likely value;

Error bars computed from 68% of the
distribution;



Residuals
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Commander Posterior Average CMB: WMAPY

Commander Posterior RMS




Dust @ 33 GHz: WMAPY

FDS model @ 94 GHz

FDS Thermal Dust Model @ 94 GHz

6000 puK Antenna

Residuals Template Linear Combination: WMAPY

Residual Foregrounds Dust @ 33 GHz: WMAP7

200 m— 200 pK Antenna




Hard Synchrotron @ 23 GHz: WMAPY

s .00 nK Antenna

Hard Synchrotron Index @ 23 GHz: WMAPY
Synchrotron emission 408 MHz

Haslam Synchrotron Map @ 408 MHz
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Hard Synchrotron @ 23 GHz: WMAPY

sidual Foregrounds Hard Synchrotron @ 23 GHz: WM/
Synchrotron emission 408 MHz

Haslam Synchrotron Map @ 408 MHz
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700 K Antenna
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Towards Planck



Brightness Temperoture (uK)
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Foreground Amplitude @ 30GHz

Low Frequency Spectral Index

Low Frequency Spectral Index
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Foreground Amplitude @ 353 GHz
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CMB Posterior Average Input CMB map
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Sky @ 030 GHz — 90 arcmin Residuals: 030 GHz

RMS @ 030 GHz - 90 arcmin
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Sky @ 044 GHz — 90 arcmin Residuals: 044 GHz

RMS @ 044 GHz — 90 arcmin
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Sky @ 100 GHz — 90 arcmin RMS @ 100 GHz — 90 arcmin
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Power law VS G

Input CMB — Commander CMB
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Conclusions

Data compression based on assumptions;

Gibbs sampling technique is extremely powerful;

* Bayesian approach;
* Full posterior distribution;
 Model comparison.

Joint Foregrounds-CMB analysis:

* CMB map;

* Angular power spectrum;

* Foreground physics;

* Full propagation of uncertainty.

Very promising tool for Planck, well tested on WMAP
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