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The Cosmic Microwave Background
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Fifty years of the CMB

From George Smoot
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The Cosmic Microwave Background
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CMB Power Spectrum
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Basic cosmological model

“Just 6 numbers”:

Qh2 QK Qn An s

Densities of the Initial conditions
universe

T Reionization physics



The CMB on small scales allows us to test for
deviations from the vanilla model



Either parameterise via the

or consider sum of 9 Z ™m,
(again through the Q v h

energy density): 93 eV

Largest effect is to change the expansion rate
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Effective relativistic species
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Phase shift introduced at higher order
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Warning: neutrino mass ‘mops’ up
systematics
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Lensing potential

ACTPol, Allison et al 2015

g -51°
o
o~
2 —
 —
s S
: g 5
,§ @)
5]
=)
-57°

eh 3noh 2ih
Right Ascension (J2000) SPT, Geach et al 2013 -60°

0T (n) = 6T (n+d) it

SPTPol, Story et al 2015




62

Tt = [T an Wiy (D) fatn)®

- - O U 9.5 %. 1 \O“ (T Lo ) \J _\\\‘I-JI
. . d:l 3 Y A — AN
12 - \ s - - ~
? o OQ ‘,\‘/‘O‘ ,‘} At -2 "?‘ s ~\°\ Ny
foie g\ P . s - LIRS N\
f £ U, - S - = s~ i mil e bl L .
)\ > i v~ J .' L § ; ?
\ s S & ~ 1 X\ LTS "= « O i A il D 0o (¢ ~
\ s \—’ ve )-’ e W el NP
ofc( = Z v - g \ Gl (¥)
no o = N ‘s O
/\ n ! ) Y\ um ¢ 0 w g
Ba G \'I /\f\/q ™~ N ~an . ~

geometry growth T T T T T T T

) 1 Planck (2015) — spt | ~ CMBlensing
B 15 L % —}— Planck (2013) —+ ACT ] constrains
IoR I ] = N neutrino mass to
« 1 A %Eé <0.7eV
o " S|
%q L ; ; - POLARBEAR
= 05 | ‘%\ I | detected EE/EB
A =HST T . .
+ I ms@gg | lensing a 4 sigma
N 0 ' : (2014)
= L

0.5 Planck Collaboration 2015
—0.n Ll [ N A A A | 1 1 1 1 | 1

1 10 100

500 1000 2000

4-pt reconstruction but also in cross-correlation

=050 <6 <-0.27 -027<§<-0.19 -019<6<-012 -0.12<§<-0.07 -0.07<d<-0.01 ~0.01<d<0.04 0.04 <4 <0.10 0.10 <6 <0.17 0.17 <6 <0.27 0.27 <4 <0.50

WISE quasars: bixeq = 1.61 £0.22

o v

» @ s
- 'U,—, )

e
S I\Z;EB/ 2/ 3

One example: SPTPol (Greach et al. 2015)

I



Anisotropies to Polarisation
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Polarisation pattern decomposed into:

Linear
polarisation
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Relating E, B to

Dec Stokes parameters Q,U |
i Express linear
polarisation with
+Q Q +U -U a basis
— / E=E.e tE¢e
Typically use
y < Stokes
RA <= parameters Q, U
Dec
A

Stokes parameters at a
point A (in polar coords)

EA)= (Q,,B) ,
BA)= (U,,(B)) ,
Brackets = radially

weighed average over
all points B




Relating E, B to
Stokes parameters Q,U
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What the data look like
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Naess et al. 2014
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Neutrino constraints will improve greatly with
future small-scale experiments
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Antarctic balloon

SPIDER 2014
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Four multichroic detector arrays with five
bands — 30 - 230 GHz

foregrounds / CMB

Four multichroic arrays
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