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Probe into Early Universe

Hot _
High Energy .

~3000K (~0.25eV) ' hofons
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E-modes and B-modes

N fhe E-modes B-modes

polarization map

® Decomposition in
“modes”

® E-modes
> “Rotation” free

® B-mode




kperjmen’ral

App%@ch




Ways to attain polarization
sensitivity ¢ QUEET

ABS Polarization sensitive TES Psevdo-correlating radiometer
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Ways to attain polarization
sensitivity ¢ QUEET

ABS Polarization sensitive TES Psevdo-correlating radiometer
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Where ap@arth?

South Pole
(~2,800m)

BICEP / BICEP2 / Keck Atacama, Chile
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What is importante

Sensitivity Rigorous
(stafistics) analysis

Instrumental Physics
systematics systematics




To understand...

Instrumental systemartics

Hard to predict what would eventually be the
imiting factor
Still, do the best to estimate.
Wide variety of instruments: different instruments
have different systematics
Physics systematics: Galactic foregrounds
Wide variety of frequency.

Different types of detectors are good at different
frequencies
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 QUIET

(Q/U Imcg\ng Experiment)

Caltech, Chicago (KICP), Columbia, F ilab, JPL, KEK,
Manchester, Miami, Michigan, MPI-Bonn, Oslo, Oxford,




What is QUIET?

Ground based

CMB polarization (with some T sensifivity)
Angular scale: |~100(~2°), B-mode from GW
Coherent receiver

Q-band (43GHz): 19 elements, 69uK-s
W-band (95GHz): 90 elements, ~80uK-\s

One of the most sensitive polarimeter arrays
published o date

Unigue HEMT amplifier technology

Frequency: 43GHz+95GHz (uniqueness in foreground
treatment)

Systematics different from (perhaps better than)
bolometer experiments.
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ACT, ABS, PolarBear, CLASS Cerro Chajnantor 5612m
(5150m) Cerro Toco 5600m TAO, CCAT
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band Array
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Polarization maps

Stokes U

E-mode pattern visible in the maps
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R LY Competitive limifs on BB power

Clear acoustic peaks even without Limit on T/S=r < 2.8, 2.7 (95% C.L.)

*guiding” eyes by ACDM curve (BICEP: r<0.7, QUIET-Q: r<2.2
WMAP TT+all: r<0.2)




Systemartic errors

INnstrumental —— Primordial (r = 0.20)
systematuics: key e Y
toward r~0.01

QUIET successfully
showed r<0.01 is
possible.

-1 to Q/U Leakage
Angle, Relative Responsivity, Pointing .
-= Scan-synchronous Signal, Far Sidelobes
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Johns Hopkins, NIST, Princeton, Univ. of British Columbia




Whatis ABS¢

Ground based
CMB polarization (with T sensitivity)

Angular scale: [~100(~2°), B-mode from
GW
TES bolometer at 150GHz
240 pixel / 480 bolometers
Unigque Systematic error mitigation

Cold optics

Continuously rotating half-wave plate
o



ABS Insfrument

Focal plane ~300mK
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ey technologes

Palarization sensitive TES Continuously rotating

Half wave plate
T ]
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Summary

CMB B-mode polarization
Very attractive and exciting physics
Subtle signal

Approach to the subtle signal
All four are important: sensitivity, insir.
systemartics, galactic foreground, analysis
QUIET, ABS
cover different frequency, and

very different instrumental characteristics
- different systematics
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