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1. What is the dark energy and what are its characteristics? Did the dark energy act
differently before z = 17

2. Did neutrinos leave an identifiable imprint on the cosmos and if so what is the sum
of their masses? Measurements of neutrino oscillations show that the difference in
the square of the masses is ~ 0.002 (eV)?, indicating that at least one species must
have a mass near 0.05 eV. This value can be determined with fine scale anisotropy
measurements.

3. Where are the missing baryons? Big Bang nucleosynthesis and CMB derived baryon
densities are not in accord with the observational census.

4. How did the first stars turn on and what is their ionization history?

ot

Did the early universe have only Gaussian fluctuations or were there phase transitions
that perhaps produced cosmic strings? The discovery of primordial non-Gaussianity
would revolutionize cosmology.

6. Are the fluctuations solely adiabatic or is there an admixture of isocurvature modes?

Science questions from white paper
astro-ph/0903.0902



Observations:
*CMB: 1>1000

% Cluster (SZ,KSZ
X-rays, & optical)
% Diffuse SZ

Science:
Y Growth of structure

Y Eqn. of state

* Neutrino mass

*Inﬂation
Y Power spectrum

% Lensing

X-ray

e
e rast

Optical (SALT, NTT, SOAR, Theory
APO, Gemini, Keck, Hubble)
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THE TELESCOPE

® 6 m primary mirror. ‘
Off-axis Gregorian telescope

® -1 arcmin resolution

® 148, 218, 277 GHz

channels
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THE RECEIVER:
A COMPLETELY NEW KIND OF CAMERA

Transition Edge Sensors The Millimeter Bolometric Array Camera
(MBAC)

32X32 ; Window “He Fridge
» . 4 3 ; Pulse Tube
array ~ 4 ‘ \ He Fridge s

218 GHz

40K Shield

3K Shield

277 GHz




Diffraction limited images over a
large field of view.

3 silicon lenses
Array must be at 0.27K
IR blocking filters
Define frequency bandpasses
Bandpass filter
[1lumination control
Lyot stop
Low emissivity (<1K of loading)
Cool the lenses
No “Ghosting”
AR coatings

careful modeling



2008 — 145 GHz array
220 GHz array
270 GHz array




2008 — 145 GHz array
220 GHz array

270 GHz array
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Pop-up detectors (PUDs) from H. Moseley
NASA Goddard Space Flight Center

NIST
e o
B
S. Staggs leads A B J — UBC
the detectors. 0.3 K electronics

Series
11 | array




MBAC Detectors and Readout

TES PUDs: detect fluctuations
Shunts: provide voltage bias

Mux chips: provide multiplexing & current
readout through flux-feedback

Nyquist inductors: provide L/R signal bandwidth
limit

Thermal Model

ARR Absorber

§ Ruune

(from mux chip)



Multiplexing Concept

e Multiplexing 1s
effected by sequential
sampling of individual
input SQUIDS

Voltage
Bias

| >

RLOAD
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Assembly

4K breakout & SA

(not shown in photo)
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Hot electron gas
imposes a unique
spectral signature

SZ Signature
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145 GHz Maps

Map Components
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220 GHz Maps

Map Components

Components Summed to Scale
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270 GHz Maps

Map Components
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Dec. (J2000)

-52°

LnseCMB

01* 30™
R.A. (J2000)

400

320

240

160

80

-160

—-240

-320

—-400



415>

Dec. (J2000)
)
~

56° §

»

01% 30™
R.A. (J2000)

Thermal SZ

01*% 00™




Kinetic SZ
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Dec. (J2000)

Radio Point Sources
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Whole 40t telescope moves to observe




Cross Linked Scan Strategy 1s Crucial to
Making Maps on Degree Angular Scales

®

Scan 1n azimuth to
maintain constant
elevation with respect
to the ground and
atmosphere.



THE

OBSERVATIONS:

ACT has taken 12 months of data at 3 frequencies already, over ~1300 deg>. !

Stripe 82 [IINBCSIN
02008 D ACTRange [NEGSSHEN &= Masked



Southern Field
Sievers solution

Sum and difference maps (1K)
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Beam Profile (dB)

Hincks et al.

Alt

148 GHz 218 GHz 277 GHz
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We know the beam solid angle to the percent level!




Power spectrum
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L+1)C, /2 (uK?)

L+1)C, /2 (uK?)

Recent data & the model
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Power Spectrum Analysis
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ACTpol: A Polarization
Sensitive Receiver

90/220 GHz
. ¥ detector arra

Y 4k optics plate

90/220 GHz
optics tube

ADR Close packed

150 GHz tubes

4He fridge Magnetic shielding



ACTpol Optics

Dewar window
l Filters 4K Silicon lenses

Three independent optical paths
— ~5X FOV of MBAC (~ 1° dia./array)
— AQ=43x10°m?sr x 1280 pix = 5.5 x 10-3 m?sr
— Two 150 GHz optical paths

— Third path 220 GHz (could swap to 90 GHz) o Lgot sto\}\;\j//
— Lyot stop => ~ 5.8 m primary illumination 4K waveplate ~ Feedhorn array

Large aspheric silicon lenses (n ~ 3.4)

— Up to 395 mm diameter 9] 100

— Anti-reflection coating Cirlex used in MBAC

e Laser machining

Telecentric focal plane
Symmetric PSFs (Strehls > 0.95)




640 corrugated feeds/array

*Gold-plated silicon feedhorns

*New detectors measure the CMB

polarization and intensity

*Testing results

*Sensitivity

*Systematics

Dewar window

,

Each optics tube reimages the sky onto a Si platelet feedhorn array

mated to an array of OMT-coupled detectors

Filters 4K Silicon lenses

4K waveplate ~ Feedhorn array

\
{
)

yot stop



~
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(Dark)
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transition
DC line
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MS stub (TES, heaters)

filters



ACTPol

Planck: sensitive to I=2000 1n polarization
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= ACTPol looks through foregrounds in EE at 1>2000 to get at n

= Measure lensing B-modes to get sum of m_nu to ~0.05 eV.



Clusters

Anticipate detecting ~200-500 clusters in ACT Wide I and an
additional ~1000-2000 clusters in ACT Wide II. This is more than

an order-of-magnitude increase over the samples from the current
ACT and SPT observations.

The key to using clusters for cosmology will be calibrating SZ
mass/temperature relation and understanding selection effects.
Essential to have optically and X-ray selected samples as well as
extensive numerical simulations to understand issues such as
lensing of backgrounds sources, etc.

Clusters will serve as tracers of the large scale velocity field

Clusters survey will reveal enormous amount about cluster physics
and has the potential to provide insights into dark energy and
“fundamental” cosmology
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New Clusters from NTT Run

z_cl =0.387
ZBCG = 0.390

Ngal =69 , *

R = 500{kpc]

2. cl=0.446
ZBCG = 0.430
Ngal = 58
A® = 500{¥pc)

z cl=0389
ZBCG = 0.430
Ngal = 64

R = 500{kpc]

zcl= 0471
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Thank You




