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ACT: The Big Picture

® Goal: high fidelity maps of 1 >1000 CMB
anisotropy

® Make mm-wave maps in 3 colors
/ ® Survey for S-Z clusters

® Clusters followed in optical & X-ray




The Science



Cosmic Timeline for ACT Science

* First galaxies
» Universe is reionized

« Ostriker-Vishniac * Kinematic SZ
« Diffuse thermal SZ * Lensing of the CMB

* Cluster formation: Sunyaev-Zel’dovich (SZ)

Quasar PKS 2349 HST - WFPC2
heall (Princeton), NASA

“ ST Scl OPO - January 1985 - J. Bl

« Extraction of  The growth of structure is sensitive to w and m,
cosmological parameters * Rich additional science from correlations among effects

* Initial conditions for
structure formation

z=1100 zZ = 6-7 z=1 z=.25 Now

Primary CMB oV Diffuse Thermal SZ  CMB Lensing  Cluster Surveys




Clusters as Cosmological Probes

(cosmic structure)




145 GHz Maps

Map Components Simulations by U. Seljak
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220 GHz Maps

Map Components Simulations by U. Seljak

Components Summed to Scale
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270 GHz Maps

Map Components Simulations by U. Seljak
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Hot electron gas
Imposes a unique
spectral signature
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Lensing of the CMB

* Lensing arises from integrated
mass fluctuations along the line
of sight.

-185

(UK)
* The CMB acts as a fixed

distance source, removing the
degeneracy inherent to other
lensing measurements.

* Signal at /= 1000-3000

* Image distortion — only a
minor effect in the power
spectrum.

* Must have a deep, high
fidelity map to detect this

effect. CMB
1.4°x 1.4°

185
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Lensing of the CMB

« RMS signal well above
noise floor.

* [solate from SZ and point
sources spectrally.

* Identify with distinctive
4-point function.

3.4

Lensing Signal b
2% of CMB RMS
1.4°x 1.4°
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From Carlos Hernandez-Monteagudo
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Cross Linked Scan Strategy 1s Crucial to
Making Maps on Degree Angular Scales
O )

0

O

240 square degrees in circle
* 100 square degrees for
CMB

e Connect to WMAP satellite

for calibration

* Rich Galactic data set




ISW@ VST Survey

xxx ATLAS Ea KIDS ACT ::: DES m— I EW@VST - - Milky Way



Using the KSZ signal

(Hernandez-Monteagudo, Verde, RJ, Spergel 2005)

The peculiar velocity field is sensitive to the onset of the late acceleration
of the Universe.

Recall that KSZ ‘5Tk5‘Z X Me Ve 1N

W=-1.0

The power spectrum of the velocities is
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KSZ sensitivity to w

! / Wide and shallow

0

(from Hernandez-Monteagudo et al.2005}8



Technology



The Millimeter Bolometric Array

Camera: 3000 Detectors

Tricolor. =TI 1
45,225, & 265 GHz
3 independent 32x32 arrays *PUDs = Pop-Up Devices

*TES = Transition Edge Sensor
Each pixel: 1 mm x 1 mm

Multiplexing from NIST + UBC

o2-stage 1x33 mux chips (followed by
Series Array SQUIDs)

*Nyquist inductors

*Room temp electronics & DAQ from
UBC (based on NIST & SCUBA)
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How a TES Bolometer Works

® TES Detector features good
noise performance, high
P,, sensitiovity, high speed, linear
Absorber behavior
T

bias

Rgg ® Multiplexed readouts have
P, =V2,. /R been developed, pe;rmitting
large arrays with simple

P =P +P . electronics

cool opt

SSSSSSS
Tbath
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Detectors
Coupled to
WMAP Primary

Detectors Respanding to 145GHz source chopped at 4Hz
id T T T | T T T | T T T | T T T | T T T

rs1 6

rsi4

rs] 3

AAA]

e Mars, Saturn and the moon observed with multiplexed ACT detectors
o Used multiple high-index lenses.

e NoO excess noise, sufficiently fast time constant.




Response (attowatts)

Measurements of Saturn

Saturn beam cross-section along the Az cos(El) midpoint
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“Real-time” scan using
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ACT Telescope

Ground screen

Ground screen framing

Secondary

6 meter
reflector .

Primary reflector
and BUS

Elevation frame
Receiver cabin
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Chilean Atacama Desert
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What Atmosphere? |

1 ML A A

DY

Measured: 65% of the nights exceed the most stringent requirements.

* Only 65 nights required

Power Spectrum of

 The atmospheric noise 1s below Atmospheric Noise :

instrument noise (/ > 600)

o All of our critical science 1s at
[ > 600

Receiver noise per pixel

The atmosphere is essentially
0 1000 2000 3000 4000 5000
featureless for > 1000. ¢
(based on Lay & Halverson)
For /< 1000 solve for atmosphere

with swept, over-sampled, filled array.
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ACT Schedule

* Assemble telescope at factory: 4/15/06
* Install MBAC and test telescope: 5/1/06 — 6/16/06
 Factory Acceptance: 6/20/06

Disassemble (3-4 parts) and ship to Chile: 7/20/06
* Assemble in San Pedro: 8/06 — 9/06
* Install at site — 9/06 — 10/06
 Site Acceptance Test: 10/06

* Install receiver and first light: 11/06






