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State-of-the-art CMB results
from Planck Satellite 2015

TT,TE,EE+lowP+lensing
Parameter 68 % limits
Quh? . . .. 0.02226 + 0.00016
Q% . ... 0.1193 +0.0014
1006 « v v v 1.04087 + 0.00032
T o 0.063 +0.014
In(10"0A¢) . . . ... .. 3.059 + 0.025
Mg oo e 0.9653 + 0.0048

Planck Collaboration 2015




F

One o

these parameters Is

not like the others...
TT,TE,EE+lowP+lensing

Parameter 68 % limits
Quh? . . .. 0.02226 + 0.00016
Q% . ... 0.1193 +0.0014
1006 « v v v 1.04087 + 0.00032
T o 0.063 +0.014
In(10"0A¢) . . . ... .. 3.059 + 0.025
Mg oo e 0.9653 + 0.0048

Planck Collaboration 2015




One o

F

these parameters Is

TT,TE,EE+lowP+lensing
Parameter 68 % limits
Quh® . . .. ... 0.02226 + 0.00016
Q. .. ... 0.1193 + 0.0014
1006MC o v e e 1.04087 + 0.00032
T o e e e e e e e 0.063 +£0.014 Optical
(10044 . . . ... .. 3.059 + 0.025 depth to
| CMB
Mo o oo 0.9653 + 0.0048

Planck Collaboration 2015




Relonization IS a nuisance
for CMB measurements

1100 400 20 8 4 0
4 Dark Ages > < Epoch of et

Relonization




Relonization IS a nuisance
for CMB measurements

1100 400 20 8 Rl 0
4 Dark Ages > < Epoch of et

Relonization

Extra optical depth parameter: T X /(a:z-pb>dz







e Early reionization (higher optical depth)
+ Large primordial fluctuations As

VS

* Late reionization (lower optical depth)
+ Small primordial fluctuations As
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» Early reionization (higher optical depth)
+ Large primordial fluctuations As

VS

* Late reionization (lower optical depth)
+ Small primordial fluctuations As

Understanding reionization (especially the
CMB optical depth) can improve constraints
on other cosmological parameters
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Hydrogen Epoch of
Reionization Array (HERA)

See reionization.org for more details!
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HERA's primary science goal is to measure
the 21cm power spectrum as a function of
redshift (though it will do other things too)
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21cm information breaks the degeneracy
between the amplitude of fluctuations and
the optical depth
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21cm information breaks the degeneracy
between the amplitude of fluctuations and
the optical depth
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21cm information may shed light on
current tensions between and high and
low redshift cosmology
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21cm information may shed light on
current tensions between and high and
low redshift cosmology
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Matter power spectrum today
Depends on both initial conditions
(e.g. As) and growth of structure




21cm information may shed light on
current tensions between and high and
low redshift cosmology
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If tensions remain...signs of
new physics? Neutrino mass?
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Both As and the neutrino mass can affect
small scale power, leading to degeneracies
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Both As and the neutrino mass can affect
small scale power, leading to degeneracies
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For details, see AL et al. (2015), arxiv: 1509.08463
AL & Parsons (2015), arxiv: 1510.08815




Much of the CMB is unchanged
f Ase=" Is held constant
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Reionization sources new polarization
anisotropies, and thus can potentially
break degeneracies...
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