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• An overview of CMB observations

• The experimental craft

• Current status and future challenges

Probing the early Universe
through observations of the

Cosmic Microwave Background
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Mather, et al.

Cosmic Evolution
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Coherent
(phase sensitive)

amplification

signal amplified
signal

noise

Tsys ~ 4.8 K (ν/100 GHz)

Incoherent
(phase insensitive)

detection
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C. Lawrence, 1996
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Very Large Array (VLA)

Interferometer Arrays

Cosmic Background Imager (CBI)

Degree Angular Scale Interferometer (DASI)

… and of course many others
(VSA, BIMA, ALMA, CARA, etc)
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COBE Differential Microwave Radiometer
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DJ COBE

COBE DMR
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COBE Science Team

COBE DMR
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1994

COBE, FIRS, Tenerife, SP91, Saskatoon, Python, ARGO, MSAM, MAX
M. White, Ann. Rev. Astron. & Astrophys., 1994
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1999

COBE, FIRS, Tenerife, SP91/94, Saskatoon, Python, ARGO, MSAM,
MAX, OVRO, QMAP, MAT/TOCO, CAT, Viper, SuZIE

Douglas Scott, New Physics from the Microwave Background, 1999.

sCDM
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COBE DMR
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COBE DMR
Saskatoon
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1997

Netterfield et al, MSAM/SK Boomerang

2000
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COBE DMR
Saskatoon
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COBE DMR
Saskatoon

Boomerang
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COBE DMR
Saskatoon

Boomerang
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CMB Temperature Power Spectrum
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Power Spectrum Estimation: Pseudo-Cl’s

• Solve for an unbiased estimator of the (binned) underlying power
spectrum
– Correct for bias of scan strategy/time domain filtering with signal only

Monte Carlos
– Correct for noise bias with noise only Monte Carlos
– Obtain covariance of the power spectrum with signal+noise MC’s or with

a Fisher matrix approach like FASTER
• Achieves sub-optimal errors due to a degradation of signal/noise

arising from naïve mapmaking and heuristic weighting
• Also relies on knowledge of the noise
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Peebles, Netterfield, Hivon, etc.
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Sum and
difference
histograms

3.4’ pixels
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Signal & noise
Signal only

Raw spherical harmonic transform of the map

Power Spectrum Estimation
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Hinshaw, WMAP 3yr

Boomerang 2003: Features in the Power Spectrum
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Dave Wilkinson

WMAP
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WMAP
Boomerang
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WMAP
Boomerang

QUaD
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• Extracting the remaining information from primary
anisotropies

(sample variance limited observations of all available sky)

• Model testing/probes of Inflation
(polarization on large scales)

• Secondary anisotropies - SZ, lensing and far-IR background
(smaller angular scales, wide frequency coverage and polarization)

The near and intermediate future of CMB observations
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Completing the primary anisotropies

Planck HFI
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• 14 May, 2009: Launch

• 4 July: HFI sees the dipole

• 13 August: Beginning of first scientific survey

• January 2010 First data release

• February 2012 Expected HFI end of life

• November 2012 First cosmological data release
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WMAP
Planck HFI
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WMAP
Planck HFI
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WMAP
Planck HFI

ACT
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Small scale anisotropies

ACT and SPT
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Planck: Cosmic Infrared Background

Raw data

… minus the CMB
and point sources

… minus (most) of
the Galactic dust

CIB fluctuations
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• First all sky cluster survey since ROSAT (1992)

• Sensitive to massive clusters

• 189 SZ detected clusters (169 previously known, 20 new [11 confirmed])

Planck: The (Early) SZ Catalog
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CMB Polarization

• E-mode:  ΛCDM parameter estimation and model testing

• B-mode:  Probe of Inflationary paradigm and High Energy Physics

Planck HFI, Ebex, Spider, Bicep/Keck, Polarbear,
Quiet, ABS, etc.
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CMB Polarization Power Spectra

Polarization:
curl-free component

Polarization:
grad-free component

Temperature 

gravitational
lensing
foreground
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WMAP
Boomerang
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Bicep
Quiet

Quad
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Achieving nano-Kelvin sensitivity:
massively scaled bolometric arrays
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Achieving nano-Kelvin sensitivity: a
massive data analysis problem.
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Spider: a Suborbital Probe of
Inflation, Dust and the epoch of
Reionization
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• sensitivity (impact on cryogenics, optics, etc)

• atmosphere

• beams and sidelobes

• gain stability, calibration, pointing

• noise properties (instrumental & environmental)

• the Galaxy

• …everything else

Major experimental challenges
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The millimeter-wave sky
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In case they ask…
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Planck: Cosmology
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Spider: Probing Inflation
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> 85 keV
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Spider: Mapping the cleanest area of sky
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Spider: Polarized Sensitivity
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Gondola and Sunshields

~4600 lb Science Mass
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Spider Instrument Insert

Carbon Fiber Truss

AR-coated
HDPE lenses

Superconducting shield
(array and squids inside)

High efficiency
closed-cycle cooler

Squid series arrays

4K Aperture Stop

Cryogenic
Stepped HWP
(not shown)

Marc Runyan
Bill Jones

2-layer high µ
magnetic shield
(not shown)
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Spider Fabrication and Integration

lightweight / low cost mechanical
and thermal truss structure

cryogenic half waveplate
assembly (single plate
sapphire)

John Ruhl
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High efficiency sub-K cooler
•10 STP Liters of 3He
•556 J applied (~500J to 4K, 50J to 1.4K)
•Cooling capacity >3.8 J
•Cooling Power ~ 0.2 mK/µW @ 280 mK

Spider Fabrication and Integration
Sub-Kelvin Stage
•Graphite standoffs for rapid cooldown
•Passive thermal lowpass filter
•G-10 backed niobium shield

Focal Plane Assembly
•Niobium backshort/shield
•300 mK array enclosure
•Copper thermalizing plate
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Planck: Galactic Astrophysics
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