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Agenda & Introduction 
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The Big Bang & Onwards 



Cosmic Microwave Background (CMB)
▪ Uniform thermal background 
▪ 1965 by Arno Penzias & Robert Wilson

▫ Nobel Prize in 1978 
▪ Recombination period
▪ Microwave frequency 
▪ ~3K (2.725K) blackbody 
▪ Extremely uniform temperature 
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Inflation  
▪ Exponential expansion 
▪ Background gravitational 

waves 
▪ CMB temperature 

anisotropies 
▪ E-mode and B-mode 

polarization 
▫ Predictable source of 

B-modes 
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South Pole Telescope 
▪ 10m sub-millimeter wave survey of faint emissions
▪ Detects B-mode polarization 

▫ Studying growth of early universe 
▪ Looking at primary and secondary anisotropies in CMB
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South Pole Telescope 
▪ South Pole is best place to observe 

▫ Dry
▫ Less atmospheric                                                                                 

interference
▪ Superconducting                                                                                  

Transition-Edge Sensor                                                                          
Bolometers 

▪ SPT focal plane —                                                                                                 
polarization sensitive                                                                   
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Polarization 
▪ Orientation of light orthogonal to propagation 

▫ Unpolarized light has all orientations
▪ Purpose:

▫ Polarize light into x and y polarizations
▫ SPT pixels only have those two

▪ Polarization of the CMB
▫ Linearly polarized at 10% level 
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South Pole Telescope 
▪ 2007: SPT-SZ

▫ 960 detectors; 100, 150, 220 GHz
▪ 2012: SPTpol

▫ 1600 detectors; 100, 150 GHZ; Polarization
▪ 2017: SPT-3G

▫ ~16,200 detectors
▫ 100, 150, 200 GHz
▫ Polarization
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How CMB is Detected: Bolometers 
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▪ Absorber (with a specific heat) 
▪ Thermometer + thermal link (g) to thermal bath (TB) 
▪ Process:

▫ Radiation to absorber
▫ Thermometer responds and changes                        

thermistor temperature 
▫ Determine R by passing current 

▫ Observing change in current 
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Bolometer Power
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Blackbody Radiation 
▪                                 Planck’s Law

▪ Power radiated =                                   
▫      = 150GHz  ± 30.0 GHz

▪ If               then
▫
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Measured Blackbody Radiation
▪ Suppose an antenna with efficiency    and a filter with a 

transmission efficiency depending on     :
▫ Then the measured power in both polarizations is:

▫ Then for the x and y polarizations the measured 
power is:

                                              and 
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Our Role 
▪ Why characterize detectors? 

▫ Have good polarization 
sensitivity

▪ Prepare for South Pole 
viewing

▪ Combined systems  
▫ IR source at frequency 
▫ Polarization 
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Optical Chopper
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Optical Chopper
▪ Infrared source emitter 
▪ Frequency pulse  

▫ HIGH/LOW: 4-5000 Hz 
▪ IR source to lock-in amplifier 
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Why Use an Optical Chopper?
▪ Creates specific reference frequency 
▪ Reduces noise from outside frequencies 
▪ Characterize frequency response
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IR Source: Stycast/Soldering
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Chopper Stand
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Chopper Code Flowchart
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Chopper Output
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Wire Stage 
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Wire Stage 
▪ Rotating mount for wire 

grid
▫ Grid polarizes light 
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Wire Stage Clamp Design
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Wire Grid 
Code 
Flowchart
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Wire Grid Output 
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Setup
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HR-10
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Application
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Summary
▪ Cosmic Microwave Background (CMB) from Big Bang
▪ South Pole Telescope detects CMB using bolometers
▪ Verify polarized pixels are orthogonal

▫ Use wire grid & optical chopper
▫ Analyze data output, calibrate as necessary

▪ Next steps:
▫ Extract data from bolometers
▫ Repeat calibrations for multiple detectors
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Optical 
Chopper
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Wire Stage



Cryogenics & Supercooling 
▪ Start with a 4K bath
▪ Piping to a heat switch 

(HSw)
▪ Piping to He3 or He4 pump
▪ Piping through a 

condensation point to a cold 
head

▪ Heat strap from 
condensation point
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The Immediate Universe 
Big Bang 

      Matter/antimatter collisions
Baryons: photons, neutrinos, quarks, 
electrons  

Nucleosynthesis: protons, neutrons 
(hadrons) at 300 MeV 

Particle interaction & hydrogen 
(deuterium) formation 
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