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Jaffe, Kamionkowski & Wang 1999

Optimal Sky Survey Size for B-Modes

Lewis, Challinor & Turok 2001
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Design for a deep survey with resolution of ~1 degree
A deep survey is an important first step, but note…

• Edge effects are important
• Lensing confusion a problem for very sensitive experiments
• Add Galactic foregrounds and this gets messy!
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CrosspolarizationCrosspolarization, Instrumental Polarization and Cl, Instrumental Polarization and Cl
Cross Polarization Instrumental Polarization



Big FOV        Cross PolarizationBig FOV        Cross Polarization

<0.01%<0.01%16 deg16 degBICEPBICEP

0.2%0.2%1.5 deg1.5 degCassegrainCassegrain

2%2%1 deg1 degGregorianGregorian

XPolXPolFOVFOVOpticsOptics

window
plano/hyperbolic lenses

IR blockers entrance pupil focus
785 mm 

Long



Wide-Field Refractor

Flat focal plane
4 K pupil stop

0.98160.98161.2e1.2e--440.3 %0.3 %±± 1010ºº

0.98180.98185.6e5.6e--550.3 %0.3 %±± 55ºº

0.98140.98147.1e7.1e--660.3 %0.3 %00

0.99780.99788.9e8.9e--550 %0 %±± 1010ºº

0.99970.99974.8e4.8e--550 %0 %±± 55ºº

0.99990.99995.5e5.5e--660 %0 %00

StrehlStrehl
RatioRatio

CrossCross--
polarizationpolarization

CoatingCoating
R / surfaceR / surface

Field AngleField Angle

Cross-Polarization at 150 GHz
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<< 0.01 %0.01 %CPCP

< 1 %< 1 %IPIP

< 0.2º< 0.2º∆θ∆θ ((rmsrms spot)spot)

0.6 º @ 150 GHz0.6 º @ 150 GHz
0.9 º @ 100 GHz0.9 º @ 100 GHz

∆θ∆θ

16º16ºFOVFOV

20 cm20 cmDD

Specifications



The Container

The Inspiration

Leads to…



BICEP RefractorBICEP Refractor
TelecentricTelecentric –– feedhornsfeedhorns not not 
tiltedtilted
Flat focus Flat focus –– feedhornfeedhorn
apertures in a planeapertures in a plane

window
plano/hyperbolic lenses

IR blockers entrance pupil focus

785 mm

HDPE



Compact Dual-Polarization Analyzer

L1 thermistor

L2 thermistor

The first pair of PSBs

2 K corrugated feed

thermal break

sub-K filters

corrugated coupling structure

HFSS Simulations

Current BOOMERANG devices achieve:

ηopt > 35 % end-to-end
Xpol ~ 5 %

ηbol > 95 %
Xpol = 1.5 %

Bill Jones, CIT



150 GHz Polarization Detection 150 GHz Polarization Detection 

Cross Pol currently at ~1%



Polarization ModulationPolarization Modulation

Faraday Modulation in 
Waveguide
•All Solid State 
•Rapid modulation (~10 Hz)
•One per feed
•Current design gives >30 % BW

Transmission



0.3 K fridge

Polarization-Selective Focal plane



4 K base plate: 
Au-plated 
OFHC Cu.

4 K shield: 
Au-plated 
OFHC Cu 
(~16 W/K 
top to 
bottom).

4 K top plate.  Au-
plated Al.  Mounting 
for back-to-back 
section & lens optics 
support.

Primary feedhorn.

Faraday Rotator.

Focal-plane assembly.

JFET modules.

He4/He3/He3 fridge.

Ki Won Yoon (CIT)



Focal-plane 
support cylinder 
at 4 K (Au-plated 
Al).

250 mK focal-
plane (Au-plated 
Al).

350 mK ring.

2.9 K ring.

4 K ring.

Back feedhorn.
PSB feedhorn.

Load resistor 
modules

PSB module.
JFET: 20mW to 4K
Vrms = 7nV/rt-Hz



Home, Sweet (frozen) Home December 
2004



In Presidential Suite of the DSL at PoleIn Presidential Suite of the DSL at Pole

2 Levels of 
Ground 
Screening



Hivon & Kamionkowski, 2002

IGB
(T/S = 0.05)

Lensing

Scalar

We’re soon to learn a great deal more about:

• Scalar and lensing signals    • Foregrounds     
• Methodology   • Technology

BICEP

DASI → QUAD

Planck

The Not-So Distant Future of PSB Arrays:
Looks Dim!!!



On the HorizonOn the Horizon

Be Sure to Check out Wed. AM Session
11:20 (J3-7) 

IMAGING CMB POLARIZATION WITH EPIC 
A.E. Lange / Jamie Bock

11:40 (J3-8) 
EXPERIMENT ISSUES FOR THE EINSTEIN INFLATION PROBE

Gary Hinshaw


