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Abstract: The black body nature of the first acoustic peak of the cosmic microwave background (CMB) was tested using foreground re
WMAP 5-year data, by producing subtraction maps between pairs of cosmological bands, viz. the Q, V, and W bands, for masked sky are
avoid the Galactic disk. The resulting maps revealed a non black body signal that has three main properties. (a) It fluctuates on the degr
preferentially in one half of the sky, producing an extra {\it random} noise there of amplitude $\approx$ 3.5 $\mu$K, which is $\gtrsims
$\sigma$ above the pixel noise even after beam size differences between bands are taken into account. (b) The signal exhibits large scale a:
in the form of a dipole ($\approx$ 3 $imu$K) in the Q-V and Q-W maps; and (c) a quadrupole ($\approx$ 1.5 $\mu$K) in the Q-V, Q-W, and
maps. While (b) is due most probably to cross-band calibration residuals of the CMB COBE dipole, the amplitude of (c) is well beyond syste
of the kind, and in any case no {\it a priori} quadrupole in the CMB exists to leave behind such a residual. The axes of symmetry of (a), (b), ¢
are tilted towards the same general direction of the ecliptic plane. This strongly suggests that foreground emission contaminates the CMB sic
at the 4 -- 5 % level even on the angular scale of the first acoustic peak.
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The first point detected on the CMB
black body spectrum
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The first point detected on the CMB
black body spectrum
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SOLAR SPECTRUM Vs.
BLACK BODY SPECTRUM
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Tha birth ofthe Universe
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Basics of the Sunyaev-Zeldovich Effect -
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yaev-Zel dovich "shadow test: composite shadow profile of 31 rich nearby clusters
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Bielby & Shanks 2007 MNRAS submitted
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igure 4. Average AT (from WMAP W-band data) plots for
) clusters from the ROSAT sample (left) and 39 clusters from
e Chandra sample (right). In both figures, the points show our
oss-correlation results, whilst the curves show average SZ mod-
s (based on the parameters taken from Lieu et al. 2006 and
onamente et al. 2006) convolved with a Gaussian representing
e WMAP beam profile. For the Chandra sample, we plot the
11 isothermal model (solid line) and the same model limited to
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The problem cannot be WWMAP's angular
resolution. The clusters used as test bed are all

nearby and (hence) large. Their angular size is
on average between the first and second
acoustic peaks.

If WMAP cannot see them it will not be able to
chart the acoustic peaks either.

The problem may be with the clusters
themselves
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R2 band image

(0.2-0.5keV)
R7 band image
: (1.0 -2.0keV)
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Offset (degree
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R2 band image
(0.2 -0.5 keV)

Uffset (degre

R7 band image
(1.0 - 2.0 keV)
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Same as previous slide but now all ocbservations have been added. Again, there
IS no line at the expected redshift of Coma

Coma OVII Galactic OV

X Comae N Vil (Ly—Beta)
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CMB Temperature
smooth to 3 Decimal

places
’—’*

CMB “dipole” (at the
0.1% level)

Interpret CMB dipole
as red/blue shits due
to our motion and

remove to get “cosmic
anisotropies”

AT = 18 uK
Pirsa: 09060008 Page 27/78




Comparing the sky maps of COBE (top) and WMAP year 1 (bottom)
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« WMAP surveys the sky in three
cosmological filter passbands:

. Q band (41 GHz)
. V band (61 GHz)
. W band (94 GHz)
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Comparing the sky maps of COBE (top) and WMAP year 1 (bottom)
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« WMAP surveys the sky In three
cosmological filter passbands:

. Q band (41 GHz)
. V band (61 GHz)
. W band (94 GHz)
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Simulated temperature difference maps
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Actual temperature difference maps Q-V (left). Q-W (right).V-W (bottom)
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Simulated temperature difference maps
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Actual temperature difference maps Q-V (left), Q-W (right), V-W (bottom)
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Simulated temperature difference maps
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V-W (bottom)

Actual temperature difference maps Q-V (left). Q-W (right).
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Simulated temperature difference maps
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Actual temperature difference maps Q-V (left). Q-W (right). V-W (bottom)
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Simulated temperature difference maps




Actual temperature difference maps Q-V (left), Q-W (right), V-W (bottom)
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Simulated temperature difference maps
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Actual temperature difference maps Q-V (left), Q-W (right).V-W (bottom)
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Simulated temperature difference maps

Simulation: To—T5
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Actual temperature difference maps Q-V (left), Q-W (right), V-W (bottom)
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Dipole component of the Q-V and Q-W maps
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Quadrupole maps of Q-V (left), Q-W (right) & V-W (bottom)

quadropele of § minms ¥

goadruopoie of § minns W

s 7 uR
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Dipole component of the Q-V and Q-W maps

dipole of § mimus V dipole of § minus ¥
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Quadrupole maps of Q-V (left) Q-W (right) & V-W (bottom)

quadropole of  minus ¥ goadrupolie of § minos W
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Quadrupole maps of Q-V (left), Q-W (right) & V-W (bottom)

quadropele of Q minus V goadrupoie of § minns W
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Low harmaonic power spectra of the three temperature difference maps

Notes: . !
Q-V top left et 1
Q-W top right S

V-W bottom 31 1
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Actual temperature difference maps Q-V (left), Q-W (right), V-W (bottom)
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Quadrant sky distribution of Q-V temperature difference on 1-deg angular scale
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Actual temperature difference maps Q-V (left), Q-W (right), V-W (bottom)
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Quadrant sky distribution of Q-V temperature difference on 1-deg angular scale
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Distribution of 1-deg angular scale Q-V temperature: best gaussian parameters

Q-V u(pk) | error (pk) | o(pk) | error ()
WMAPS A7 (.13 6.%5 (.10
uadrant 1 | Sunulation (.0 0.0 6.11 0.10
Difference A | 1.17 (.13 3.10 (.30
| WMAPS 1.01 0.12 6.13 0.10
nadrant 2 | Sunulation (.0 ().0 5.97 0.10
Difference A | -1.01 (.12 1.39 (.59
| WMAPS 442 (.12 6.95 (.10
nadrant 3 | Siumulation 0.0 0.0 6.17 (.10
Difference A | -4.42 (.12 3.2( .30
| WMAPS 131 0.12 6.28 0.10
nadrant 4 | Simulation {).0) 0.0 6.05 (.10
R [ — 012 | 168 | 059




Distribution of 1 deg angular scale Q-W temperature: best gaussian fits

Q-W i (pK) | error (¢K) | o (uK) | error (pK)

WMAPS 1.00 0.15 317 (.13

nadrant 1 | Smmulation 0.0 (.0 7.11 0.12
Difference A | 1.00 0.15 1.02 (.33

WMAPS -0.43 (.14 6.66 (.12

nadrant 2 | Simulation (.0 (J.0 692 | 0.12
Difference A | -0.43 .14 -1.38° (.59

WMAPS -4.83 .16 .39 0.15

nadrant 3 | Simulation ().0 (0.0 (.14 (.12
Difference A | -4.83 .16 141 .35

WMAPS (0,90 0.14 734 | 011

nadrant 4 | Sunulation (.0 (.0 .04 0.11
Difference /A | -() Of) (014 7 (IR llaT]




Quadrant sky distribution of Q-W temperatures on 1-deg angular scale
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Distribution of 1 deg angular scale Q-W temperature: best gaussian fits

Q-W u (uK) | error (uK) | o (uK) | error (2K

WMAPS 1.00 0.15 317 | 0.13

nadrant 1 | Smmulation 0.0 0.0 711 | 012
Difference A | 1.00 0.15 102 | 0.33

 WMAPS 043 | 0 666 | 012

nadrant 2 | Smulation 0.0 (.0 6.92 | 0.12
Difference A | -0.43 .14 -1.88" | (.59

WMAPS -4.83 0.16 339 | 0.15

nadrant 3 | Smulation ().0 (.0 714 | 012
Difference A | -4.83 0.16 141 | 035

WHMAPS -0.90 0.14 734 | 011

nadrant 4 | Smnulation (.0 (.0 .04 0.11
hifference /A | =) O0) 014 Y08 | 022




Quadrant sky distribution of Q-W temperatures on 1-deg angular scale
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Distribution of 1 deg angular scale Q-W temperature: best gaussian fits

Q- W u (pK) | error (uK) | ¢ (uK) | error (pK)

WMAPS 1.00 0.15 217 (.13

nadrant 1 | Smmulation 0.0 (.0 7.11 0.12
Difference A | 1.00 0.15 1.02 0.33

WMAPS 043 (.14 6.606 0.12

nadrant 2 | Simulation 0.0 ().0) 6.92 0.12
Difference A | -0.43 .14 -1.38* .59

WMAPS -4.53 .16 .39 0.15

nadrant 3 | Simulation (.0 (.0 7.14 (.12
Difference A | 4.83 0.16 141 | 035

. WMAPS -0.90 0.14 7.3 0.11

nadrant 4 | Smmulation (.0 (.0 .04 0.11
Difference /A | =() O (114 7 ()8 Haie]




Quadrant sky distribution of V-W temperatures on 1-deg angular scale
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Distribution of 1 deg angular scale V-W temperature: best gaussian fits

V-W u(pK) | error (pK) | o(pK) | error (uK)

| WMAPS -1.11 0.15 700 | 0.13
nadrant 1 | Simulation 0.0 0.0 T 012

Difference A | -111 | 0.15 358 | 0.36

. WMAPS -0.40 0.14 6.53 0.11
uadrant 2 | Simmulation 0.0 0.0 6.83 0.12

| Difference A | -0.40 0.14 22 00* (.53

| WMAPS 1.23 0.16 3.25 0.13
uadrant 3 | Sumulation 0.0 0.0 7.09 0.12

| Difference A | -1.23 (.16 4.22 0.33

. WMAPS 0.73 0.14 6.79 0.11
nadrant 4 ‘ Simulation (.00 0.0 6.94 (.11
= | Difference A| 073 | 014 | -1 | 071




Quadrupole maps of Q-V (left), Q-W (right) & V-W (bottom)
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Dust emission madel of Diego et al 2009
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Quadrupole maps of Q-V (left), Q-W (right) & V-W (bottom)
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