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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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South Pole Telescope

= 10m sub-millimeter wave survey of faint emissions
» Detects B-mode polarization
s 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
o Dry
s |ess atmospheric
interference
= Superconducting
Transition-Edge Sensor
Bolometers
= SPT focal plane —
polarization sensitive
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Polarization

= QOrientation of light orthogonal to propagation
= Unpolarized light has all orientations

= Purpose:

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

= Polarization of the CMB
= Linearly polarized at 10% level
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~ South Pole Telescope

. 2007: SPIEEA |

= 960 detectors; 1OO 1506 220 GHz

. 2012: SEHlEEE

= 1600 detectors; 100 150 GHZ; Polar|zat|on
- 12017: SPI=SER o . (
= ~16,200 detectorg®




How CMB is Detected: Bolometers

= Absorber (with a specific heat)
= Thermometer + thermal link (g) to thermal bath (TB)
= Process:

= Radiation to absorber

|
|
|
|
= Thermometer responds and changes _||_Ei

thermistor temperature
= Determine R by passing current
= Observing change in current
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Bolometer Power
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Blackbody Radiation

2;’1!3 1 I
» BB =" g Planck’s Law

& )

- Power radiated = f//BWf]dVﬂAdﬂ
= Av = 150GHz + 30.0 GHz

" If hv < kgT then
o 2kpT?

Bl L= =
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Measured Blackbody Radiation

= Suppose an antenna with efficiency « and a filter with a
transmission efficiency depending on » : 1(»)

s Then the measured power in both polarizations is:

P‘l:u.!u!;ured = / B{IJ, T}ET{U} A-{.‘_f_f'd” — f Shl" ET{U}dIJ

ekt — 1

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

1
z 1 z N ¥ — _ prHy
pe— Lpeu and r P
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Our Role

= Why characterize detectors?

= Have good polarization
sensitivity
= Prepare for South Pole
viewing

» (Combined systems
s |R source at frequency
= Polarization
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Optical Chopper
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Optical Chopper

f
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= |nfrared source emitter
» Frequency pulse

s HIGH/LOW: 4-5000 Hz
= |R source to lock-in amplifier
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Why Use an Optical Chopper?

= (reates specific reference frequency
= Reduces noise from outside frequencies
« (haracterize 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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Wire Stage
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Wire Stage

» Rotating mount for wire
grid
= (Grid polarizes light




Wire Stage Clamp Design . "

28 | Arielle Pfeil & Antony Simonoff | SPT | 8.3.2017



User

Initialization

Choose
Presets

-

Set Position

Y

B

Calculate
loops

¥

Output to File

Y

h 4

29 | Arielle Pfeil & Antony Simonoff | SPT | 8.3.2017

Y

Continue?

File

i

End

Wire Grid s
Code
Flowchart



Position: 45.
Velocity: 10
Time in UTC:
Current Loop:

Position: 34.
Velocity: 10
Time in UTC:
Current Loop:

Position: 23.
Velocity: 10
Time in UTC:
Current Loop:

Position: 12.
Velocity: 10
Time in UTC:
Current Loop:

1501014221.

1

413

1501014222
2

392

1501014223,

3

382

1501014224.

4

Position: 1.372

Velocity: 10
Time in UTC:
Current Loop:

Position: —-9.
Velocity: 10
Time in UTC:
Current Loop:

1501014225.

3

c42

1501014226.

&

i3

23

3

[V

44

54

64

Wire Grid Qutput

30 | Arielle Pfeil & Antony Simonoff | SPT | 8.3.2017



31 | Arielle Pfeil & Antony Simonoff | SPT | 8.3.2017



32 | Arielle Pfeil & Antony Simonoff | SPT | 8.3.2017



33 | Arielle Pfeil & Antony Simonoff | SPT | 8.3.2017

P/ /| Application



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:

s Extract data from bolometers

s Repeat calibrations for multiple detectors
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44 class OpticalChopper(C995:

45 def __init_ (self): C ; i

46 self.serial_interface = serial. Serlal{port 'fdev/ttyUSBB', baudrate=9600,
47 bytesize=serial.EIGHTBITS, parity= serlal.PARITY_NDNE,
48 stopbits=serial .STOPBITS_OME, xonxoff=True)

49

50 def get_frequency(self): i

51 self.serial_interface.write('F: STATUSRQ\P\n )

52 time.sleep(.1)

53 recieve = self.serial_interface.read(self.serial_intertace.inWaiting())
54 return recieve

55

56 def send Frequency(seif,lnput _frequency):

57 input_frequency = "F:"
58

L
& \D

time.sleep(.1)

return sent

.HJ‘-‘-UJI\.JM

chopper = OpticalChopperC995()

=

o Ch Oy O O OO O O O L

o

70

+ Str{lnput frequency) + "\P\n“

self.serial_intEPface;write(input_frequency}

71 outputFile = open('Chopper Frequency Output.txt', 'a')
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sent = self.serial_interface.read(self.serial_interface.inWaiting())

8 print("LOW frequencies are 4-580 Hz \nHIGH frequencies are 5@1-5000 Hz")

Optical
Chopper
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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

T Nucleosynthesis: protons, neutrons
iy oo AP (hadrons) at 300 MeV

of a second

Particle interaction & hydrogen
(deuterium) formation

Ry 2 R
380,000  eees
years

. | 5 ¥
13.7 .
hali:m\\ b .
years

1
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