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Overview
The ANITA experiment has 
observed several cosmic 
ray air showers in its search 
for neutrinos. 

One of these showers 
appears to have emerged 
from the Earth! 

Trajectory suggests parent 
particle had less than weak 
interaction strength. 

Sterile Neutrino?

P. W. Gorham, et al., Physical Review Letters 117, 071101 (2016).
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The Earth as a detector element
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The Interaction Region

Interaction 
Region

ODint (✓z) =

Z lsurf (✓z)

lint(✓z)
n (l, ✓z)�weakdl  3

ODCC (✓z) =

Z lint(✓z)

0
n (l, ✓z) sin

2 ✓⌧4 ⇥ �weakdl

Direct CC interaction:

PT,CC (✓z) = e�ODCC(✓z)



Secondary Interaction
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Geometric flux sensitivity
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Angular Distribution
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Total Effective Area
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LSND/MiniBooNE sterile  
The Planck 2015 data places strong constraints the 
relic abundance of new neutrinos. 

Hamann, J. and Hasenkamp, J. , JCAP 10, 044 
(2013) : These limits rule out plain vanilla sterile neutrino 
models which have large mixing angles and ~eV 
masses. 
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Planck Collaboration, arXiv:1502.01589v2



Sterile Interactions Suppress Mixing
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B. Dasgupta and J. Kopp, PRL 112, 031803 (2014)  
S. Hannestad, R. S. Hansen, and T. Tram, PRL 112, 031802 (2014)
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Mixing Portal Prescription

Basic seesaw type operator
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Cherry, Friedland, Shoemaker, arXiv:1411.1071



Scattering = Measurement
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We can put our differences behind us.  For Science. 
You monster.



Neutrino horizon and UHECR fits

Heinze, et al., arxiv:1512.05988



C  B Scattering⌫
For SM neutrinos:
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Cascade Result



Conclusions:
Hidden neutrino interactions can reprocess UHECR 
neutrinos to create EeV energy     . 

Angular distribution favors tau mixing close to existing 
bounds on e and mu flavor limits. 

Only suggested alternative for this event (transition 
radiation) is unlikely, with                  events expected 
with ANITAs current exposure. 

If this model is true, ARA and ANITA will collect many 
such events with increased exposure!
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G. H. Collin, et al., Physical Review Letters 117,

 221801 (2016), 1607.00011. 



Thank you very much!


