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Outline

 Quick (and incomplete) overview of CMB science

- Key concepts for CMB technology

* Current & near-future CMB detectors

« KIDs at mm-wavelengths

- KID-based CMB experiments
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SZ Cluster Surveys: Mass vs Redshift
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Spectra generated with WMAP7 parameters using CAMB, Lewis and Challinor
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CMB Science
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CMB Science
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Relevant numbers

* Lensing B-mode amplitude ~5 pK-arcmin

- High S/N measurement requires very deep maps with better than 3 arcmin
resolution

- Sample variance

1
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* Measure large areas of sky

* Instruments need lots of sensitivity!



BLIP: Background Limited Infrared Power
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- Sensitivity of individual detectors is now limited by shot noise of the photon
flux

* Increasing sensitivity of an experiment requires increasing the number of
detectors
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Current technology
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Current technology: TES (antenna coupled)
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Focal plane arrays
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Focal plane arrays
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Multiplexing (MUX)
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Noise Equivalent Power (NEP)

Henning et. al., Proc. SPIE 8452, 84523 A (October 5, 2012)
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Noise Equivalent Power (NEP)
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0.5 deg/sec scanning puts 1 deg at 0.5 Hz
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Stages of CM
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Stages of CM

5 experiment
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We see B-modes

12 | | | | |
. 150 ~ CIB ~ 150
N WORERIT
~ 95 ~ CIB ~ 150
| (E ¢ )xB
8| A 150 ~ CIB 150 -
— y ~ ~ A A A
“‘% - N (E ¢ )xB,
C& ) —II A ~ .
EO !
%N 4 B k N - ._ .- _- e £’ '”’.';“';%ms'\é’-\';;,. — .
9 \\ —— L5 -
N ~
ol ~ * X -
|* \“h~
of 4~ e Tl i

500 1000 1500 2000 2500
l

SPTpol: Hanson et al, arXiv:1307.5830 (PRL in press)
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Superconducting microstrip
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« Microstrip allows for

manipulation of electric field

- Can move band pass “on

chip”



Superconducting microstrip
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Multi-chroic pixels
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* Increase bolo density from 2 per pixel to 6 per pixel
Suzuki et al., Proc. SPIE 8452, Mm, Sub-mm, and Far-IR Detectors and Instr. for Astro. VI, 84523H (October 5, 2012)



Fabrication challenge includes superconducting
Microstrip

One pixel < 6 mm
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Stages of CM

5 experiment
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KIDs iIn mm-wavelengths
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MKIDs in CMB experiments

Oguiri et. al., Rev. Sci. Instrum. 84, 055116 (2013)
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Conclusions

 Currently fielded CMB arrays (TES) have O(1000) detectors

- Next 3-5 years, will field arrays with O(10,000) detectors (SPT-3G, PBII/
Simons Array, BICEP3, extended ACTpol)

- 5+ years will need O(100,000) detectors

 KIDs nearing photon noise limit at higher frequencies

- Need to/will address TLS noise at low frequencies

« Challenges involve production of superconducting microstrip

« Modest increase to O(100) MUX, multiple radiometers



