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Prospectus
Sara Simon

The cosmic microwave background (CMB}) is a radiation field uniform to one part
in 10° that permeates the Universe in all directions and peaks in the microwave section of
the electromagnetic spectrum.'? However, slight variations in the temperature and
polarization of the CMB can reveal information about the early moments of the Universe.
Polarization anisotropies can be decomposed into two groups: E-mode and B-mode.
Analogous to their electromagnetic counterparts, E-mode is the curl-free component of
polarization, and B-mode is the divergent-free component of the polarization. While E-
mode polarization has been detected and well characterized, B-mode polarization has yet
to be detected.”

Measurement of the B-mode signal could provide insight into a variety of
cosmological questions including neutrino mass, dark energy, the discrepancy between
measured and predicted baryon density, the ionization history of the first stars, and the
state of the primordial Universe.” B-mode measurements could also provide additional
evidence supporting the theory of inflation. The inflation theory proposes that the early
Universe expanded superluminally at an exponential rate.* Inflation has yet to be proven,
but models of inflation predict that both E-mode and B-mode polarization would have
been produced in the expansion.” The amplitude of the B-mode spectrum would give a
measurement of the energy scale of inflation.* B-mode detection would be the most

direct evidence for inflation and would constrain cosmological models that are dependent

on the energy scale of inflation. In order to constrain the cosmological model, it is
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imperative to constrain the maximum value of the B-mode polarization amplitude if not
make a measurement.

Unfortunately, the amplitude of B-mode polarization is a factor of ten or more
below the amplitude of E-mode polarization, making it an instrumental challenge to
detect B-mode polarization.® While the limits of instrumentation have not allowed for the
detection of B-mode polarization, several experiments have placed an upper limit on its
amplitude."™” Because the amplitude of the B-mode signal is so small, a careful and
detailed knowledge of the properties of the telescope and its calibration must be
quantified.! Some systematic errors can translate into false E-mode and B-mode
detections, so low systematic and well characterized uncertainties are a necessity.!

In order to characterize some of the systematic errors in the next generation of
CMB detectors, my research project will focus on taking measurements of the detector
beams. The next generation of CMB detectors have x and y polarization sensors on the
same chip. If unpolarized light is shone on a detector and one of the sensors picks up a
greater response than the other, there will be a false polarization signal. By building a
device with a constant, unpolarized source that will scan across the detectors, I can
measure the detector output and construct differential beam maps. These beam maps will
reveal if the polarization sensors see the same power. If the detectors do not see the same
power, the difference can be characterized and corrected when the detectors are deployed.

Another measurement characterizing the detector response will be the cross-
pelarization, which is how much power from one polarization axis leaks into the other.

Cross-polarization will be tested by constructing a modulating polarized source. By

comparing the amount of polarized light detected by each axis of polarization when the
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polarization on the incoming light is known, the amount of power leakage between
polarization sensors can be characterized and corrected.

These measurements will help to further characterize the systematic errors of the
next generation of CMB polarization detectors. With the systematic errors of the

detectors well characterized, the error can be corrected so that the detectors can possibly

further constrain the B-mode polarization spectrum of the CMB.
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Honors Thesis Timeline

July 2010:

Hardware: Construct unpolarized beam mapper

August 2010

Hardware: Construct unpolarized beam mapper

September 2010:

Analysis: Background research

Hardware: Work on parts for polarized beam map set-up and ready cryostat for optical
opening

October 2010:

Analysis: Background research

Hardware: Work on parts for polarized beam map set-up and ready cryostat for optical
opening

November 2010:

Analysis: Background research and software development

Hardware: Work on parts for polarized beam map set-up and ready cryostat for optical
opening

December 2010:

Analysis: Background research, simulated beam map data development, and work on

analysis software development with simulated beam map data

Hardware: Prepare polarized beam map set-up and set up and ready cryostat for optical
opening

Writing: Write introductory and background parts of thesis

January 2011:

Analysis: Analysis of unpolarized beam maps

Hardware: First unpolarized beam maps, possibly polarization measurements

Writing: Start writing first analysis and result chapters for unpolarized beam maps

February 2011:

Analysis: Analysis of polarized measurements

Hardware: Polarized beam measurements/more unpolarized maps

Writing: Continue writing first analysis and result chapters for unpolatized beam maps

March 2011:

Analysis: Analysis of polarized beam measurements

Writing: Write polarization analysis and result chapters as well as conclusion

April 2011:

Writing: Finish writing and edit thesis




