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We present the design of ABRA, short for Accessible Balloon RAdiometer . The project goal isto  The detector can be constructed through a combination of custom parts connected  ABRA is a complicated design with many potential failure conditions, which we enumer-
design and take measurements using a system to independently verify known information mostly in series. Here, we show the designs for ground-based testing as well as for ate and discuss in this section. It is particularly important to deal with thermal effects.

about the Cosmic Microwave Background (CMB). Specifically, this was to be done by building, the actual detector. Testing and iterative design on the ground setup are ongoing A major consideration for Cosmic Microwave Background (CMB) experiments is dealing
simulating, testing, collecting and postprocessing data from a microwave radiometer, with the even through the pandemic, and we are optimistic about the results! with noise. This noise comes primarily from nearby objects emitting thermal radiation in
aim of showing the well-known fact that the spectrum of the CMB is a blackbody peaking at fre- Software to the infrared levels. It may compromise the signal one is trying to detect from the CMB.

*Low Noise Block down-convertor plus Feedhorn

quencies on the order 10 GHz. A balloon-based experiment was chosen to mitigate ambient  *Software Defined Radio demodulate signal.

Cooling the instrumentation will lower the amount of radiation given off, thus reducing
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CMB radiation is one of the most fundamental and rich sources of data on the early universe. z Digital Satellite Receiver - Sold arrow signifies physical connection, before loading it on the payload and allowing it to act as a source to cool the equipment,
Havi . " o : L used asa power supply.  cettedarowsignfiesindiectconnection. 1 the area near the detector. We would then encase this block inside a styrofoam con-
aving been originally detected as additional noise in one of the telescopes at Bell Lab, subse-  The purpose of the LNBF is to take in a signal, . . ' . _ _ .
quent study of the CMB revealed vast amounts of hidden structure. Anisotropies in the CMB lent  provide slight amplification, and covert the Above: G oBncad LBNF Sianal Tect tainer along with the detector, cooling the detector’s surroundings while not affecting
: . . ) . : - ve: Ground- ign in ' ' ‘ i ‘
credence to the idea of an expanding universe, hence the Big Bang Theory, with small tempera- signal to a IovﬁrOf;e(?ufzn%;ES#EBF has a OB el OI;J | a-‘;\i. % d .es g the operating temperature of the electronics. Combined with the already cold ambient
oo : : input range of 10.70~12. z.The output s W: n IViicCrowavVv Iver i i ‘ ] ianifi-
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of research, with at leas survey programs currently active. Instruments for detecting the ~10.75 GHz. and stores it
have developed to become significantly more sensitive in order to extrapolate more information . Beyond this, the following table lists our potential failure or delay cases, and ways in
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out of the same underlying structure. The more sensitive equipment gets, the more expensive it :
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of the CMB proves to be difficult. Our objective is therefore to independently verify measure- l aplitier | It to two ports. St e et Timeln resssessment
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ments Of the CMB by bUIIdIng, SImUIatIng, teStIng, and CO”eCtIng data from a radlometer at Slg_ l Ampllﬁes the Slg‘naIS l Mistakes due.to miscommunication among team members :friontrol If?ourworkde?endson thework::fanotherteam member, keep up regularcornmunicationj.vith them (Slack, call, meet up, etc..}
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Battery Oxygen Enrichcment (explosion risk) *Control Keep dewar away from combustible materials; make sure the room is well-ventilated if using LN2 indoors
975~'| OOO GHZ High Pressure (due to warming of LN2)->flash vaporization *Control Liquid withdrawal should be done at low pressure to prevent flash losses
LN2 storage dewar tips over FControl Folllow correct dewar transportation procedures

Accidental release/overflow *Control Handle LN2 slowly; dewar should never be filled up to more than 80% its capacity
Thermal Burns FControl Wear PPE (long sleves&pants, loose-fitting insulated gloves, etc.); handle LN2 slowly; use tongs to remove objects immersed in LN2

M h ° L o o f I I F I o h T k' R h o o o h Delayed Assembly (components unavailable, etc.) *Control Lessen impact by restructuring the project timeline to advance in areas which don't require the missing components
et O S ° Og I St I CS O a OO n I g t’ ra C I n g’ a n ecove ry M et Od S' POStp rocess I n g’ Recove rl n g t e Te m pe ratu re M a p Warping/cracking/breaking of mechanical components :Control reduce heat; improve cooling ; handle PCB and all components carefully; see safe handling procedures
We don't know what we're doing: Design Control Ask PCB Decal people, knowledgable peers, or profs. for assistance/ to check if design looks correct for our purposes
We don't know what we're doing: Assembly *Control Perform tests!; ask PCB Decal people, knowledgeable peers, or profs. for assistance/ to check if construction looks correct for our purposes
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=a>y 1O Randlie and behave predictably. The tE1™along its path. We used US Standard Atmo- pheric frequencies (see design review for more de-: ;

Balloon out of range of radio tracking 'ﬁccept}tontml If Accept: Hopefully we'll regain signal during the balloon's descent/ If Control: Use GPS instead (or other alternative method)
'II be Contained in an insulated Styro Balloon lands further from Berkeley than anticipated 'ﬂccept Acquire car for a short roadtrip
scope Wi - . . . . . .
P . . . >~ sphere to calculate and plot ideal atmospheric tjils). The figure to the right details noise sources for /.
foam container, which will be attached inline

TERRESTRIAL

MICROWAVE WINDOW Data not sufficient to produce BB spectrum FAvoid Change project scope; Data analysis on existing, historical data; or if time and resources permit, fly again.
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Parachute fails to activate FControl Spend time making sure the parachute placement, material, size, etc. are optimal; Engineer our payload to cushion the landing
Balloon bursts too early *Control Employ backup balloon and fly again

. conditions for the flight. CMB experiments at varying frequencies (Gelfand). | Figure: Contingency planning.
with the balloon and parachute. e : ) . EE. 7~ )
Within the instrumentation, we apply a high-pass  [-»/ &0\ | | x| Conclusion and Acknowledgements
800g payload container N filter to be §elect|ve W|thoourfrequenC|es. Ideally, WeS FREQUENCY, GHs The COVID-19 pandemic set back our design and manufacturing cycle significantly, due to
could receive a map of signals on t.he fgll expansion 9 RILT the lack of in-person meetings, access to hardware and workspaces, and testing and flight
o) of the sky - |n.stead, we get a partla.ﬂ VIEW a”‘fl con- 1 ol plans having to be postponed. However, we were abe to use this as an opportunity to reas-
/\ < oo— e | vertfrequencies to temperature using Planck’s Law  Mpeak ; sess our plans and begin to incorporate more learning opportunities. We are optimistic that
for blackbodies (which relates the peak frequency this will lead to a better product and better learning environment when conditions improve

uninflated inline parachute

Figure: Plots of air pressure and density as a function of altitude up to 20km. of a blackbody to its temperature). Figure: CMB noise sources. and we are able to fly as originally planned!
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