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Overview

Extra-galactic point sources

= Radio sources

" Infra-red sources
= |late type
= Spheroids
= Lensed spheroids

Point source power spectrum

= Number counts and power spectra for different populations
= |mpact of the flux cut S,
= Comparison with the CMB power spectrum

Point source bispectrum

= Bispectrum for different populations of sources (temperature and
polarization)

f,; estimates

* The bias due to the point sources A(f )
" The uncertainties including point sources o(f,)



CMB formalism

CMB anisotropies X,-(ﬁ)=%aém1@m(ﬁ) X, ={T.E, B}
Power spectrum C,8,8,, =(a,a,,)
Bispectrum B! =(a,,a,,a,,)
Angle averaged g m, m,
bispectrum “zfs_mﬂ%% ”253{1 l, ﬁj

Reduced bispectrum B,,, =b,,

20, +DQ20,+DRL,+D (6, £, L
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Extragalactic Point Sources
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Predicted number counts
* Radio sources: solid lines, model by Tucci et al (2011)
* Far-Infrared sources: dashed lines for total counts and dotted lines for proto-

spheroidal galaxies, model by Lapi et al (2011)



Power Spectra from Poisson distributed Point Sources

- Temperature PS dB \’ 5 dB \’ s )
C,, = (ﬁj N(s*)= (ﬁ} jo n(S)s 2ds
« Polarization PS Co = Cyy = Cpy = Cy,

Cp = (j—?ij<Q2> = (j—gij<Szﬂzcosz(2go)> = %<n2>c”

o Cross PS (Temperature-Polarization)
C., =|— 2 S*1I1 (2 ) =0

Radio sources are Poissonian distributed
IR sources are spatially correlated
We use Arglieso et al (2003) prescription



Polarization of Point Sources

The typical linear polarization degree (I'1) is a few per cent, indication of
a low order of magnetic fields.

Polarization parameters for radio sources (Tucci & Toffolatti 2012):

nmed <|-|2>1/2
Steep 4% 6%
FSRQ 3% 3.8%

BLLac 3.6% 4.5%
Polarization parameters for far-IR sources (few data so far collected):

average polarization level of 1 %



Point source power spectrum
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Power spectra
* Radio sources: solid lines, model by Tucci et al (2011)

* Far-Infrared sources: dashed lines for total counts and dotted lines for Poisson
contribution, model by Lapi et al (2011)



The PS bispectrum

TTT Poissonian bispectrum TEE Poissonian bispectrum
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The bispectrum including polarization can be defined in an equivalent way (considered
components TTT, TEE, TBB). The remaining components are equal to zero.



Primordial non-Gaussianity

* Considered f,, shapes
— Local
— Equilateral
— Orthogonal
— Flat



Local shape

Shape function:

1 1 1
 ARA2
F(kn kz, k3) = 2Ad>fnl|:kl3(nsl)k§(nsl) + k13—(ns—l)k§—(ns—l) + k;—(nx—l)kg—(ns—l) }

This signal peaks in squeezed
configurations: k, = k, >> k;

F(l,x,,x)xx; / F(LLD)

X, =k 1k, x, =k, 1k,



Equilateral shape

e Shape function:

1 2 1

Fk k. k)=6A%f |- +(2 perm.) - +
(1 2 3) cbfnl k}—(ns—l)k;—(ns—l) (p ) (k1k2k3)2_2(n5_1)/3 kll—(ns—1)k22—(ns—1)k33—(n5—

1

1)+(5perm.)

* This signal peaks in equilateral
configurations: k; = k, = k;

F(l,x,,x)xx; / F(1,LD)

X, =k 1k, x, =k, 1k,



Orthogonal shape

Shape function: F(k, .k, k) = 6Af,,

X3 — AN B B 8 + { ’ +(5 perm )}
k14—ns k;—ns k;—ns k34—ns k34—n3. k]4—ns (k] k2k3 )2(4—113)/3 k]4_ns k;l—ns k;-—ns '

This signal peaks in equilateral
k, =k, = kyand flatk, =k, + k;

/ F(l,x,, x3)x§x32 [ F(,11)

X, =k 1k, x, =k, /k,




Flat shape

Shape function: F(k,k,.k,) = 6Af,
S 4—34— B 4—34— B 4—34— B 82(4— )/3+ 4- 43— 4- +(5 perm.)
k7T kTR kT (kgky) R kT
This signal peaks in flatk, =k,
+ k5 configurations

2
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F(l,x,,x)xx / F(LLD)

Image from
arXiv:0901.4044

Figure 4. The enfolded template shape F(z;,24) x 2323 -x3 - k3 /kl x2 — kz /kl



Primordial non-Gaussianity f,, bias estimator (T)

ps prim

Z 0ol 200,50,

< </,< A C C C
Afnz:h_gz_%_gmax (gl =00, O.Z(fM)_

prim pprim

prim prim
Z B£1w3 lezzz3 Z Bfﬂzﬁg E
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CMB power spectrum Infra-red point source power radio point source power Instrumental noise
spectrum spectrum



Primordial non-Gaussianity f,, bias estimator (T and E)

ijk, ps rst, prim
ZBK 0ol 5 l]k rstB€1€2€3 1
kst 0 <SSl ( ):
Afnl — ma 0-2 _fnl Z prim C—l prim

ijk , prlm rst, prim i
Z B, £l ljk rstB€1£2£3 ) oty kst oty
ijk rst 0 SO, <05<0 Gk rstlySUySU<C

Indicesi, j, k, 1, s,t={T, E}

Power Cipe =CPCUHCT +CPCICH6, , +C/CICYS,, +CICICS,, +
spectrum iq o jr ir

pee +CiCrCRS,, 8,8, +CICPCNS,, 5,, 6,
covariance

Polarization non-zero point source power spectrum
and bispectrum (even number of E)

b = (p* f{cos® (20))b™ b = b =0



Characteristic parameters for a future CMB mission

Freq (GHz) 45 75 105 165 225 375
Beam FWHM 23.3 14.0 10.0 6.4 4.7 2.8
Temp: 6, 5.25 2.73 2.68 2.67 2.64 68.6

(uK-arcmin)

Pol: 6, 9.07 4.72 4.63 4.61 4.57 119

(uK-arcmin)

Parameters from COrE white paper http://arxiv.org/abs/1102.2181

* Considered two flux limits for each frequency:

S
S

=0.3ly
=1ly

lim

lim

*  Maximum multipole
* Considered cases:
|deal conditions
COrE (2011) instrumental conditions



Expected uncertaintiesin f

(Ideal conditions)
AC, M. Tucci et al. (2013)
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Afr\l/a'(fr\l)

Point source contamination to f

(Ideal conditions)
AC, M. Tucci et al. (2013)
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Expected uncertaintiesin f

(COrE conditions)
AC, M. Tucci et al. (2013)
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Point source contamination to f

(COrE conditions)
AC, M. Tucci et al. (2013)
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Expected uncertaintiesin f

(Ideal conditions)
AC, M. Tucci et al. (2013)

Table 2. The expected uncertainty o(f,;), bias Af,; and relative bias A f,.;1/6(fn1) at €mar = 2048 from temperature only and
temperature plus polarization for an ideal mission. S. =0.3Jy is taken.

i N 7z N\
case T [T ¥ T T\ ¥ T+E [T+E T+E T+E T+E \T+E
Freq. 45 5 105 165 225 | ams 5 | 75 105 165 225 | 375
o(fal) 7.4 1.9 1.4 42 52 | 207 2.8 25 2.1 2.1 2.3 3.3
local A fui 821 [ 103 21 04 o7 | 256 97 | 26 w06 01 01 |-01
Afufo(fm) 111 |21 05 01 01 | 09 35 |11 03 01 01 |-00
a(far) 754 | 604 568 559 65.1 | 2324 240 | 203 195 192 211 |353
equilateral A fui 46203 |5999 1072 172 491 | 9507 1802 | 545 73 08 40 |179
Afafo(fu) 614 [ 09 19 03 08 | 41 20 | 27 04 00 02 |o03
o(fat) 101 |[207 274 268 320 | 1300 116 [ 98 94 92 101 |165
orthogonal A ful 9555 | 517 25 02 97 |3714 3087 | 483 04 16 34 | 72
Afufo(fa) 238 | 17 01 00 o038 | 27 %7 | 49 10 02 03 | o4
(fut) 737 | 533 490 479 576 | 2847 206 | 174 166 164 179 |20
flat Afni 5086 |1505 360 67 34 |-660 3116 |-563 -122 22 39 [.52
Afufo(fw) 81 \28 07 01 01 ) -02 151 \-32 07 01 02 )02
N - N i

Sim = 0.3y
AC, M. Tucci et al. (2013) (arXiv:1301.1544)



Expected uncertaintiesin f

(COrE conditions)

AC, M. Tucci et al. (2013)

Table 4. The expected uncertainty o ( fy), bias A fy and relative bias A foy /0 (fa) at £gqyy = 2048 from temperature only and temperature plus polarization

for a COrE-like mission. S = 0.3 Jy is ad%d ~ ys ~\
Ciso r [ 1 T T T \T T+E [+E T+E T+E T+E \T+E
Freq. 45 75 0s 165 225 |315 45 75 105 16s 225|315
o (fal) 97 | s9 47 42 53 |wos 6.0 35 27 23 25 |20
Locs! Afu 160 | 43 I8 04 07 |51 19 |-08 -07 -01 -02 |s2
Afa/o(fa) 1.7 0.7 04 0.1 0.1 08 03 -0.2 -03 =0.1 -0.1 04
o (fo) 843 | 652 581 560 652 p3e a1 275 35 20 22 472
Equilateral Afar 4219 |20204 1027 175 490 b3so 62 289 135 19 46 |38
Afalofd) 50 | 31 I8 03 08 |40 16 11 0.6 0.1 0.2 23
o(fa) 497 338 28.4 26.9 320 1139.1 21.7 13.8 114 10.1 10.6 82.0
Orthogonal Afar 99 | 129 65 -01 97 pe1s 21 |28 16l 28 44 |1302
Af/olf) 08 | 04 02 —00 03 |26 0.6 1.7 14 03 04 16
ol 38 |e612 509 481 577 pssi 91 |45 202 179 189 |
Flat Afa 1903 | 681 290 65 34 |ess 104 |23 -4 -37 -52 |-384
sfafof) 20 11 06 o1 o1 )02 03 \-11 -0 02 -03 J-03
N — N —
S, =0.3ly

AC, M. Tucci et al. (2013) (arXiv:1301.1544)



Conclusions

* Power spectrum of point sources:
 Temperature: contamination of radio sources is mostly located at multipoles |
> 2000
e Significant contamination for the cosmological B mode at all frequencies if r <
102

e Bispectrum of point sources:
B, is zero for odd polarization combinations
* Radio By larger than IR B, for v <= 200 GHz (both TTT and TEE)

* Non-Gaussianity: f, bias:
* The polarization reduces the bias and the ¢(f,) on all the considered f _, shapes
* Negligible bias contamination for 150 < v < 225 GHz (S_ ,=0.3 Jy)

cut



