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CMB at Atacama

Cerro Toco

5190 metres in the Atacama Desert
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https://en.wikipedia.org/wiki/Cerro_Toco

Why CMB Observations From Chile?

Foreground + optical survey coverage map

~Greenland
observab

.................... o o o S - B~ - - SNNSRRT -~ = -
HSC ultra deep » ‘ ' : :
e-COoSMmos _ b ark . b4

Al HSC wide  CFHTLS o0 s erve SDSS stilfle 8 MR

(.AP"K r > N = .‘ . —Mu — - - y . S s
| R e KIS, e .. CFHTLS Herschab Al % | 'S
= BrME- & % CFHTLS/ _ T
v *HSC ultra deep - - -
— XXM-XXL At m
7, ukidss N
v
A .........................
¥ ~South Pole l

SN SEEE R R - mEeew

\

Large Surveys:

(1) Access to Large Low Foreground Regions
(2) Overlap with optical surveys

(3) Overlap with ALMA



Moore’s law for CMB surveys

Approximate raw experimental sensitivity (uK)
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—— Space based experiments

Stage-| — = 100 detectors
Stage-Il — = 1,000 detectors
Stage-Ill — = 10,000 detectors
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San Diego three weeks ago
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San Diego three weeks ago

SO Members here this week: 14+
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Not pictured: Aiola, Duivenvoorden, Freese, Gerbino, Gudmundsson, Ho
(apologies to anyone | missed)




Simons Observatory Timeline

» 2016-17: Planning and technology development
» 2016-18: Logistical upgrades to the site infrastructure

* By end of 2020: Construction and installation of
telescopes

» By end of 2020: Production of new CMB-S4-type
receivers with partially filled focal planes

» 2021 and beyond: Observing!
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Technology, Theory and Analysis Development

» Detectors, Optics, Telescopes, Receivers, Simulations, Software.
Development complements CMB-S4 funding from DOE and NSF
S4-capable telescopes and receiver prototypes for Chile

* Accelerate the S4 process and benefit the entire S4 community.



Small-aperture telescopes

Two possible configurations
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2-refractor setup  crossed Dragone setup
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. Multiple

telescopes, each
with a single set of
multichroic bands

* Include HWP (see

Lyman’s talk)

- Up to 8 bands

between 30 - 300
GHz — details
TBD



Large-aperture telescope

5 m Cross Dragone

- 1’.5-1".8res at 150 GHz
=> 5+ metre aperture

| 12

- Up to 8 bands between 30 - 280
GHz — details TBD

“» Niemack 2015

Space for future upgrades

7

UHF 230 GHz
280 GHz

One possible configuration!
Choices are currently under consideration.
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Science goals



—— primordial B modes
103 - — FE modes ]
— temperature
1 02 i lensing B modes ]
a

< 10!
b ]. OO - Cédugt +synchrotrop fsky:QO% @ 2OOGH2
—~ Fary=90% @ 100GH;

th] -1
N
b

| Odust +synchroty, 1
+ 1 O i on
: Ty =1% @ 200G,
N— |

dust +synchrotron
sky 0

- Be able to test isotropy, frequency spectrum, scale
dependence of any signal

- Several patches of sky at fsky = few % (deep)
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ANeff

Best results for wide survey — fsky ~10-40%
e Target noise: few uK-arcmin
e Done in conjunction with small-patches surveys for r

Driven by TE power
Some dependence on atm. power and point sources in TT

Possible challenge: beam systematics

Delensing of TT and EE can help! see Anthony Challinor’s
talk
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Lensing autospectrum - 2my
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See Marilena LoVerde, Martina Gerbino talks
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Lensing autospectrum - 2my

Current Data

2.0 x10~7

- Planck

- SPT (2012) ||
- SPTpol

LX(L +1)C%/(2m)

0 500 1000 1500 2000

New SPT-2500 points not shown from two-season ACTPol

See Kyle Story’s talk Sherwin, AVE ++ (2016)

g See Blake Shwerwin’s Talk
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Lensing autospectrum - 2my

SO forecast
<1% precision

4nErrors blown up by
SR x10!
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Possibllity
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Lensing autospectrum - 2my

Challenges

Roughly same weight for T and P.
Statistically independent.
Separate systematics:

Temp: Extragalactic NG

Pol: Galactic NG
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N(z)

tSZ - finding & counting clusters

Potential for discovery - Internal mass calibration
of ~10% of clusters, at via CMB halo lensing, or

high z optical weak lensing
(Planck: 103; S4: ~109)
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- Can be competitive,with lensing for Zmy






tSZ - power spectrum

Abundance (0s) and gas physics
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tSZ - higher order

Abundance (0s) and gas physics
Intermediate-M, intermediate-z halos
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. See Will Coulton’s Poster



kSZ
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Summary

Simons Observatory will happen, & soon!

Planning and optimization currently ongoing
Many science targets:
e 1, mnu, Ngg, W, (g)astrophysics

Through a number of separate channels:
CMB power spec at high ell
lensing auto
lensing crosses
tSZ in several ways
kSZ in several ways



Extra slides



Neff + Yp

¢ Phase shift info affected by lensing
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Neff

Delensing TT, EE (see Anthony
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Lensing autospectrum - 2my
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KSZ2 power spectrum

See Simone Ferraro’s talk
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