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Abstract

Ultra-‐wideband antennas are one of the most effective tools used in	
  detecting	
  High
Energy (HE) Neutrinos and are used often	
  in radio astrophysics experiments such	
  as	
  
the ANtarctic Impulsive Transient Antenna (ANITA) experiment. However, experiments such
as ANITA	
  need to lower the energy threshold in order to more effectively detect HE Neutrinos.
This calls	
  for a higher signal to	
  noise ratio	
  in the	
  antenna system so as	
  to	
  detect weaker
signals from	
  lower energy neutrinos. The ability to detect a wider range of neutrinos comes
from	
  increasing the gain of the antenna system, which may be achieved by placing a dielectric
lens in	
  front	
  of the gain	
  horn	
  opening [1]. However, by	
  adding a lens to the antenna,	
  you	
  
increase the amount of noise in the system, making it harder to detect any incoming
signals. With this project,	
  I will	
  be simulating and creating a dielectric	
  lens to be attached to a
4"x4" dual polarized, quad-‐ridged	
  gain horn in the Microwave Anechoic Chamber Lab. There, I
will determine the exact effects	
  the	
  dielectric	
  lens will	
  have on	
  the antenna's noise figure and
whether the gained signal outweighs the noise that the added mass will produce.

Introduction

Neutrinos are extremely important in astrophysical research due to their ability to
travel	
  over long	
  distances unabsorbed and unaffected by interstellar magnetic fields.
These chargeless elementary particles are produced through weak	
  interactions such as
nuclear fusion and β decay, giving insight into galaxy evolution. Since these neutrinos
are difficult to	
  detect,	
  one of the most promising	
  neutrino	
  detection	
  techniques	
  is radio	
  
detection, which is used by the ANtarctic Impulsive Transient Antenna
(ANITA) experiment. Neutrinos	
  can	
  be	
  detected by taking	
  advantage
of the Askaryan emission, where the neutrinos interact	
  with a dense dielectric	
  to	
  produce	
  a
secondary shower of charged particles that emit coherent radio waves.
ANITA	
  is a long-‐duration balloon flying a payload of custom	
  made high-‐gain	
  antennas
over the Antarctic ice, measuring the radio signals given from	
  the neutrino interactions with
the ice. The antennas, made by the commercial company Antenna Research Associates,
are linearly polarized with two orthogonal feeds and gain from	
  6 -‐ 10 dBi over a range	
  of 180
MHz -‐ 1 GHz. Each is a squared meter at the opening and has a beam-‐width	
  of 22.5 degrees
Arranging 16 in a ring accounts for full circular coverage of the	
  ice [2].

The goal of developing a dielectric	
  lens is to increase the gain	
  of the antennas so as	
  to	
  
better detect	
  the faint, broadband impulses from	
  the ice (dielectric). However, by	
  adding a
lens to the antenna, you increase the amount of noise in the system, making it harder to detect
the radio waves coming from	
  the neutrinos. By assuming the temperature of the	
  observed is
240K and the noise temperature of the system	
  without the	
  lens is 100K,	
  then	
  the noise power
of the system	
  in the Antarctic will be approximately -‐83.1 dBm. However, adding mass to the
antenna system	
  will increase its overall temperature and thus produce more noise. If we
assume that including the lens will increase the temperature of the system	
  to 150K, the
resulting noise	
  power of the system	
  will be approximately -‐82.5 dBm, which is a significant
difference when detecting neutrinos. By adding	
  a lens to the horn, the estimated increase in
signal strength is about 5 dBi [3] .
This project will determine the exact effects	
  the	
  dielectric	
  lens will	
  have on	
  
the antenna's noise figure and whether the new	
  noise figure is far outweighed by the gain	
  the
dielectric material provides to the signal. The challenge	
  is to	
  create	
  a dielectric	
  lens	
  that is
low cost for scalability	
  purposes, light-‐weight	
  to stay within	
  the 5000 lb balloon	
  payload
weight limit, and minimally adds to the noise figure.

IV.

Objective(s)
The main objectives that the ANITA	
  Dielectric Lens Project will	
  reach during	
  the
allotted timeline are as follows:
1. Preliminary Simulations on HFSS: The radiation	
  pattern	
  and signal return	
  loss of the	
  
simplified horn and geometry of the dielectric lens will be simulated using	
  the High	
  
Frequency Structure Simulator.
2. Ordering	
  the raw	
  materials: The raw materials will be ordered from Antenna
Research Associates Inc., US Plastic	
  Corp., and Pasternack to remain cost and time
sensitive.
3. Manufacture o lens following	
  pre-‐made simplified and scaled design: The dielectric	
  lens	
  
will be manufactured following the optimized design calculated using HFSS.
4. Assemble horn model for testing: Once all the necessary parts are machined, the lens will	
  
be strategically mounted to the horn and ready	
  for testing.
5. Test in Anechoic Chamber and collect data to compare to simulations: The model will
be tested in the Microwave Lab Anechoic Chamber to acquire data,	
  which will	
  be
compared to the data from	
  earlier simulations in HFSS.
The overall goal of the development of the dielectric lens for this	
  wideband	
  antenna is
to improve the gain as uniformly as possible along the range of 180 MHz to 1GHz while taking	
  
into account the increase in mass and noise temperature. Building a physical model of the
horn and	
  lens	
  will help determine if the increased power gain outweighs the increased noise
figure from	
  the added dielectric material.

V.

Methodology

Using simulations in the High Frequency Structure Simulator (HFSS) by Ansoft, the
dielectric lens geometry, the expected gain, and the directionality will be simulated before the
development of a physical model. Once the simulations have been generated, a scale model of
the lens will	
  be machined with assistance from	
  the Materials and Mechanical Engineering	
  
Departments. The lens	
  will be	
  attached	
  to	
  the	
  horn directly	
  to	
  reduce	
  the	
  weight of
unnecessary mass from	
  mounting materials. Mentorship from	
  Dr. Stephanie Wissel, Dr. Dean
Arakaki, and the members of the NuRad Group (Cal Poly student-‐faculty research	
  group) will	
  

provide	
  guidance	
  with tests run	
  in the Microwave Anechoic Chamber as well as with the
theory behind this project.

VI.

Timeline

VII.

Final Products	
  and Dissemination

The completion of the project will result in a quarter scale model of a simplified ANITA	
  
horn and a dielectric lens to fit the model. The data acquired from	
  simulations in the High
Frequency Structural Simulator (HFSS) and testing this model in the Cal Poly Anechoic
Chamber will be presented during	
  an ANITA collaboration teleconference call	
  and at the
American Physical Society meeting in the 2016 Far West Section in Davis, CA, October 28-‐29.

VIII. Budget Justification

By strategically developing a scaled down model to test, the cost of materials that make
up the lens and the time it would take to manufacture are significantly	
  lessened.	
  The PTFE is
the proposed dielectric material that will be shaped to form	
  the lens at the opening of the gain
horn. The cost incurred through manufacturing the lens on the Cal Poly campus is overall
much more cost effective than ordering it custom	
  made by a private company. The lens	
  will be	
  
attached to the horn opening directly using small nuts and bolts. The effect these
additional pieces on the edge of the horn and lens should have minimal effects on the
radiation pattern, but will be	
  taken into	
  account during the physical	
  tests. The results	
  
acquired from	
  simulations will be compared to data acquired	
  through physical	
  
testing and presented in the APS Far West Section in Davis, CA.
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January 31, 2016
Michael D. Miller
Baker and Koob Endowments Coordinator, Cal Poly
1 Grand Avenue
San Luis Obispo, CA 93407
To Michael Miller and Members of the Baker / Koob Endowments Committee,
With this letter, I endorse Alex Crawford’s proposal to perform a trade study of using dielectic
lenses in experiments searching for the highest energy neutrinos by observing the radio
frequency radiation they produce. The goal is to increase the antenna gain enough that the costs
associated with added weight and the noise temperature of the dielectric lens are minimal.
Alex has been leading this effort since the Fall quarter, largely focusing on simulation
development. While the simulations will estimate the increase in gain adequately, comparsions
with data are necessary especially for measuring added noise figure. It is quite sensible to use a
lower cost scale model, as the full-scale ANITA horns are large (1 m x 1 m) and expensive
(>$5k). If Alex finds that the dielectric lenses are worth the upgrade, her design may be put to
use in either the next ANITA flight (ANITA-5) or other successors to the experiment.
Alex is an exceptionally hard-worker and enthusiastic about her project. I first mentioned it in
passing to her several months ago, and she took it and ran with it, identifying several lens
geometries and production techniques within the first week. What drives her is the potential
payoff: that hardware that she designs and characterizes could be used on a NASA mission to
detect the highest energy neutrinos. Because of that I recommend Alex Crawford’s project
whole-heartedly.
Sincerely,

Stephanie Wissel
swissel@calpoly.edu

California Polytechnic State University | San Luis Obispo | CA | 93407-0404

www.physics.calpoly.edu

