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Index: Fit to South Pole. [10.0,60.0] deg in 0.1 deg steps.

What dare nGUtrinOS? Modeling the indeXOfrefraCtionOfice: Index: Fit to South Pole. [10.0,60.0] deg in 1.0 deg steps.
Neutral fermions with negligible mass. Ultra-High Energy (UHE) Since the index of refraction of the ice, n(z), in the top 200 m changes with
neutrinos (>10'8 eV) are produced when cosmic rays interact depth, z, itis important to model this change. Results from previous

with the cosmic microwave background (CMB). expenments at both South Pole & non-South Pole locations showan
exponential formof n(z).
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* Non-South Pole Data |~ \§ . . ice surface) _ . : :
Non-South Pole Fit reflection at ice surface) Fig. 6. Simulation of the two rays which served as the
== NON-o0U ole ri

. South Pole Data Fig. 4. Raytracing using the South Pole ice model. Plot best solutions using this method
_ south Pole Fi also shows the 3 possibilities for ray propagation. CONCLUSIONS

ARA Instrumentation

Fig. 1. Neutrino detection by ARA Te T = = 0 Making ray traces for an arbitrary ice model: Ray tracing in ice allows us to study the propagation of
Depth (m) rays in a medium with changing index of refraction. It also

Fig. 3. Graph of refraction index of firn vs. ice depth for differentice * Rays can hit detector directly or reflect off of the ice surface allows us to study the impact of attenuationin ice on ray

. locations in Antarctica by Prof. Jordan. C Hanson and then hit it. propagation & to better distinguish between signal &
Why Antarctl.ca. e | g ey New data may indicate rays can travel horizontally from background.
« Covered with ~ 2000 m L g 1B Tracing the path of the ray: emitter to detector.

thick ice Q | o = n(z)cosO is constant(Snell’'s Law) ' FUTURE WORK

 Radio attenuation length ~ 1 km Al da _ 5= dn _ nsing 28
J o 7l 0 dl cos8 — nsind dl ‘ Plotting the vertical miss distance as a function of initial We would like to be able to use this algorithm in our

d6 = cosf x <. 22 x dt angle: simulations, mainly to study the effect of differentice

nZ dz
_ ‘o »  Graph has two points where the vertical miss distance is models on the detected number of neutrinos.
https://antarcticfudgesicles.wordpress.com/afsa-student- dx = cos(8)x dt x — Decreasing index zerop P

page/40-how-thick-is-the-ice-in-the-summer/ dz = sin(0) x dt x =2 of refraction o o | BIBLIOGRAPHY
Ravtracina: n » Two solutions: one is direct ray, other is reflected ray.
Y 9: Vertical miss distance (meters) 1
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ARA station Neutrino-ice _ : _
| S\ L interaction Distinguish between * Arrival time at the detector location
ocation In ice

Neutrino Allows us to study »  Surface reflection angles (if any) | thank the Summer Undergraduate Research Institute for offering me a

o :Vpol antenna [ direction * [|nitial angle Making ray traces of the ray solutions: generous scholarship to work on this over the summer. | would like to thank
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Fig. 2. Schematic of raytracing (Hong et al., 2013) e  This shows our method works. Grant NNX15A20G.
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. Distance traveled by the ray up to the target point Fig. 5. Graph of vertical miss distance vs. initial angle ACKNOWLEDGEMENTS
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