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Introduction

Methods: Hardware Design

Methods: Thermal Effects and Contingency Planning

We present the design of ABRA, short for Accessible Balloon RAdiometer . The project goal is to
design and take measurements using a system to independently verify known information
about the Cosmic Microwave Background (CMB). Specifically, this was to be done by building,
simulating, testing, collecting and postprocessing data from a microwave radiometer, with the
aim of showing the well-known fact that the spectrum of the CMB is a blackbody peaking at frequencies on the order 10 GHz. A balloon-based experiment was chosen to mitigate ambient
noise at the ground level.
Due to the COVID-19 pandemic, testing and manufacturing could not be carried out, which we
took as an opportunity to redesign some aspects of the system for improved eventual performance. This project will be continued through the fall semester, and will hopefully be able to
report positive results soon!

The detector can be constructed through a combination of custom parts connected
mostly in series. Here, we show the designs for ground-based testing as well as for
the actual detector. Testing and iterative design on the ground setup are ongoing
even through the pandemic, and we are optimistic about the results!

ABRA is a complicated design with many potential failure conditions, which we enumerate and discuss in this section. It is particularly important to deal with thermal effects.
A major consideration for Cosmic Microwave Background (CMB) experiments is dealing
with noise. This noise comes primarily from nearby objects emitting thermal radiation in
the infrared levels. It may compromise the signal one is trying to detect from the CMB.
Cooling the instrumentation will lower the amount of radiation given off, thus reducing
noise. In professional and highly funded experiments, liquid helium is utilized to calibrate the temperature scale and cool equipment to temperatures near absolute zero.
Due to budgetary and experiential constraints, this was beyond our scope.
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CMB radiation is one of the most fundamental and rich sources of data on the early universe.
Having been originally detected as additional noise in one of the telescopes at Bell Lab, subsequent study of the CMB revealed vast amounts of hidden structure. Anisotropies in the CMB lent
credence to the idea of an expanding universe, hence the Big Bang Theory, with small temperature variations matching what we know about the structure of the universe. [Durrer, 2015]
Despite being discovered almost 60 years ago, CMB detection experiments are still an active field
of research, with at least 15 survey programs currently active. Instruments for detecting the CMB
have developed to become significantly more sensitive in order to extrapolate more information
out of the same underlying structure. The more sensitive equipment gets, the more expensive it
tends to be. However, it isn’t as apparent as other ways of observing the cosmos — it is easy to
buy and set up an amateur telescope, but independently verifying the existence and properties
of the CMB proves to be difficult. Our objective is therefore to independently verify measurements of the CMB by building, simulating, testing, and collecting data from a radiometer at significantly lower costs than most research currently allows.
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The option of flying liquid nitrogen was previously ruled out, but in our efforts to redesign after the pandemic started, we have reopened this option and begun to talk to
Berkeley EH&S regarding safe protocols. Our default plan is to cool a thermally conductive material (a block of steel, due to good thermal conductivity) in liquid nitrogen
before loading it on the payload and allowing it to act as a source to cool the equipment,
or the area near the detector. We would then encase this block inside a styrofoam container along with the detector, cooling the detector’s surroundings while not affecting
the operating temperature of the electronics. Combined with the already cold ambient
temperatures at the altitudes to which we plan to fly, this should be sufficient to significantly reduce the interference frrom ambient thermal sources and allow us to capture
the CMB spectrum.
Beyond this, the following table lists our potential failure or delay cases, and ways in
which we can or have been able to mitigate them.
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Methods: Logistics of Balloon Flight, Tracking, and Recovery Methods: Postprocessing, Recovering the Temperature Map
Materials and Methodology

We intend to launch the telescope using a high
altitude weather baloon which are relatively
easy to handle and behave predictably. The telescope will be contained in an insulated styrofoam container, which will be attached inline
with the balloon and parachute.

Atmospheric Variables

The trajectory of the balloon is dependent on
the atmospheric pressure at a given altitude
along its path. We used US Standard Atmosphere to calculate and plot ideal atmospheric
conditions for the flight.

Figure: Plots of air pressure and density as a function of altitude up to 20km.
The density is used to calculate the balloon buoyant force during its flight.

APRS: Radio Tracking
Figure: Illustration of the parachute in-line deployment method, relying
on the balloon’s weight to deploy upon bursting. (paulkar)

Additionally, we intend to inflate the balloon
using 100 cubic feet of helium from Praxair,
which will be enough to reach a burst altitude
of 20,000 meters, which can be approximated
from the ideal gas law. With a gas inflator, we
will be able to inflate and launch the balloon in
an open space.

For the purposes of detecting the variable atmospheric noise sources in the frequency band from 1
GHz to 10 GHz, we will utilize a 2.4 GHz to 5.8 GHz
Microwave Sensor that will extract out local atmospheric frequencies (see design review for more details). The figure to the right details noise sources for
CMB experiments at varying frequencies (Gelfand).
Within the instrumentation, we apply a high-pass
filter to be selective with our frequencies. Ideally, we
could receive a map of signals on the full expansion
of the sky - instead, we get a partial view and convert frequencies to temperature using Planck’s Law
for blackbodies (which relates the peak frequency
of a blackbody to its temperature).

Once we've launched our balloon, we require some
means of tracking its position. The two best tracking options, used widely in high altitude ballooning, are GPS
Messaging Systems and Amateur Radio Tracking. We
have chosen to implement a self-constructed APRS (Automatic Packet Reporting) system, which will allow us to
receive position data and telemetry in real-time via
Radio Frequency communications. This design is centered around the NEO-6M GPS breakout module. This
APRS system is composed of a circuit board that is populated with GPS capabilities, a radio transmitter, and sen- Figure: A demonstration of Wiener filtering on a sample CMB
sors for temperature, pressure, and altitude as well as an map, and comparison to a ground truth map showing them
Arduino which hosts the power supply and microcon- to be nearly identical.
trollerr for the set-up.

Figure: Contingency planning.

Conclusion and Acknowledgements

The COVID-19 pandemic set back our design and manufacturing cycle significantly, due to
the lack of in-person meetings, access to hardware and workspaces, and testing and flight
plans having to be postponed. However, we were abe to use this as an opportunity to reassess our plans and begin to incorporate more learning opportunities. We are optimistic that
this will lead to a better product and better learning environment when conditions improve
and we are able to fly as originally planned!
Figure: CMB noise sources.
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