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Neutrinos: Challenges
and Opportunities!

® CMB Lensing is weak! Under 100 nK.

® Fortunately, we know that the unlensed CMB is
very-nearly gaussian & we ~know the lensing power
spectrum, with and without neutrinos.

® We can use the observed non-gaussianity (tri-
spectrum) & the statistics of the CMB. Assume
lensing causes any non-guassianity (Hu & Okamoto).

Cosmology is complementary: lensing potential is mainly sensitive to Z My
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P(k) & Neutrinos
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So, if we can get P(k) we can weigh the neutrinos!



Lensed CMB T.E, & B




Why is Polarization Essential?

® E is more sensitive than T to lensing. E-modes are
caused by velocity gradients, whereas T is caused by
both velocity and density gradients.

® B is extremely sensitive since it’s a whole new signal
at small angular scales.




Polarization Patterns

Polarization Generation by Thomson Scattering
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GWRB: > 2° scales
Lensing, my < 0.1°
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“Blink and You’ll Miss It

GWB: > 2° scales
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“Is this Better or Worse?”
Before & After Lensing Maps
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POLARBEAR: A High Energy Polarimeter

Testing phase at Cedar Flat, CARMA, Near Bishop, CA
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http://mountainpolarbear.blogspot.com
http://mountainpolarbear.blogspot.com

http://www.youtube.com/watch?v=WY4SNlla3zk



http://www.youtube.com/watch?v=WY4SNlla3zk
http://www.youtube.com/watch?v=WY4SNlla3zk
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Focal plane




The POLARBEAR Receiver

Three HDPE lenses
HWP

Cryomech Pulse-tube cooler



The Challenge of B-Mode Detection
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Self-consistent treatment of Neutrino, BBN & CMB

Shimon, Miller, Kishimoto, Smith, Fuller & Keating (2010)
arXiv:1001.5088



The Relationship Between C, and P(k)
C* =2/m [dk kM (k)

M, =~F, (k)T (k,t) ], (kt)

T, the Transfer function
from the Primordial P(k)
to the Observed P(k)



I(27) u K2

-
|

o
2
-—
.

3
8

Neutrino masses and Temperature Anisotropy
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Degeneracy Parameter: Direct
impact on Power Spectra
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Shimon, Miller, Kishimoto, Smith, Fuller & Keating (2010)
arXiv:1001.5088




Degeneracy Parameter: Lensing Angle
Power Spectra
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Lensing Angle
(Mainly E-B cross- correlations)
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Shimon, Miller, Kishimoto, Smith, Fuller & Keating (2010)
arXiv:1001.5088




From Power Spectra to Likelihoods

L=L(C";C"), x€E(T,E,B)
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Forecast for POLARBEAR
The ¢ - Q_h? Degeneracy




Forecast for POLARBEAR
The M,-H, Plane
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Shimon, Miller, Kishimoto, Smith, Fuller & Keating (2010)
arXiv:1001.5088




Forecasted CMB 20 Upper Limits
on Neutrino Parameters

~0.005 <&, <0.07

E, <26
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g, <Ll g, <0.29
POLARBEAR » CMBPOL/EPIC

Shimon, Miller, Kishimoto, Smith, Fuller & Keating (2010) arXiv:1001.5088






CMBPOL References

cmbpol.uchicago.edu
(Including Dodelson
et al, Smith et al.)
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for NASA's Einstein .. _

Inflation Probe”
astro-ph/0906.1188
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