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Antarctic Impulsive Transient Antenna  
(ANITA)
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The observable
Nanosecond pulses in the radio 

Originating from secondary electron/positrons in a 
cosmic ray air shower 

Accelerated in earth’s magnetic field, and interacting 
with air molecules
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The observable

Schroder, 1607.08781

Schroder, 1607.08781

Gorham et al, 1803.05088
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What ANITA might see

ANITA 
instrument 
signal: from 
secondary 
electrons/
positrons

Figure Credit: Cosmin Deaconu
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ANITA cosmic ray events
ANITA-I (2006):  
•13 down-going 
•2 upward earth skimming 
•1 up-going 

ANITA-III (2014):  
•17 down-going 
•2 upward earth skimming 
•1 up-going event, 

ANITA-4 (2016): Not yet released 

ANITA-5 proposed 

Gorham et al, 1803.05088

Gorham et al, 1603.052185}
S. Hoover et al, 1005.0035
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The up-going ANITA events
ANITA says          evidence these are genuine Cosmic Ray 

showers, initiated by particles arriving through the earth 
> 3�
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The up-going ANITA events
ANITA says          evidence these are genuine Cosmic Ray 

showers, initiated by particles arriving through the earth 
> 3�
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Within the standard 
model: 

Alvarez-Muniz et al, 1707.00334
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Modeling the up-going 
ANITA events

Alvarez-Muniz et al, 1707.00334
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Modeling the up-going 
ANITA events

Gorham et al, 1803.05088
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Standard model process?
• Straightforward explanation of signal: shower 

originates from a tau,  

• Extensive (generic) modeling in Alvarez-
Muniz et al (1707.00334)  

• ANITA collaboration says: “…the 
interpretation… faces the difficult challenge 
that…the SM cross-section… will attenuate 
the flux by         .“

E ⇠ 0.56⇥ 1018 eV
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10�5
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Can we see more clearly 
how likely this is to be a 

SM process?
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Try to simulate these events 
directly

NuTauSim tool 
https://github.com/harmscho/NuTauSim 

 (Alvarez-Muniz et al, 1707.00334)
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Simulation results

Fox et al; 1809.09615

Inject             at each half-decade of energy, along each 
trajectory, look at emergent tau energy 

108 ⌫⌧
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note: most likely 1 EeV ⌫⌧ ! > 0.1 EeV ⌧
<latexit sha1_base64="zDkkQ4JNU06MTEsTm0JGO9mNfb0=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4KjMiKAxIUQSXFewDmlIyadqGZjJDckcpQz/Gjb/ixoUPXLjxW0zbWWjrgZDDOeeS3BPEUhhw3S8nt7S8srqWXy9sbG5t7xR39+omSjTjNRbJSDcDargUitdAgOTNWHMaBpI3guHVxG/cc21EpO5gFPN2SPtK9ASjYKVO0fdSokPiX/P6mPhEJZ2UAE3GRIv+AKjW0QMm/oVb9uw1ieIsaUOdYsktu1PgReJlpIQyVDvFd9KNWBJyBUxSY1qeG0M7pRoEk3xcIInhMWVD2uctSxUNuWmn0yXH+MgqXdyLtD0K8FT9PZHS0JhRGNhkSGFg5r2J+J/XSqB33k6FihPgis0e6iUSQ4QnjeGu0JyBHFlCmRb2r5gNqKYMbK8FW4I3v/IiqZ+UPctvT0uVy6yOPDpAh+gYeegMVdANqqIaYugRPaNX9OY8OS/Oh/M5i+acbGYf/YHz/QPAEaQ3</latexit><latexit sha1_base64="zDkkQ4JNU06MTEsTm0JGO9mNfb0=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4KjMiKAxIUQSXFewDmlIyadqGZjJDckcpQz/Gjb/ixoUPXLjxW0zbWWjrgZDDOeeS3BPEUhhw3S8nt7S8srqWXy9sbG5t7xR39+omSjTjNRbJSDcDargUitdAgOTNWHMaBpI3guHVxG/cc21EpO5gFPN2SPtK9ASjYKVO0fdSokPiX/P6mPhEJZ2UAE3GRIv+AKjW0QMm/oVb9uw1ieIsaUOdYsktu1PgReJlpIQyVDvFd9KNWBJyBUxSY1qeG0M7pRoEk3xcIInhMWVD2uctSxUNuWmn0yXH+MgqXdyLtD0K8FT9PZHS0JhRGNhkSGFg5r2J+J/XSqB33k6FihPgis0e6iUSQ4QnjeGu0JyBHFlCmRb2r5gNqKYMbK8FW4I3v/IiqZ+UPctvT0uVy6yOPDpAh+gYeegMVdANqqIaYugRPaNX9OY8OS/Oh/M5i+acbGYf/YHz/QPAEaQ3</latexit><latexit sha1_base64="zDkkQ4JNU06MTEsTm0JGO9mNfb0=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4KjMiKAxIUQSXFewDmlIyadqGZjJDckcpQz/Gjb/ixoUPXLjxW0zbWWjrgZDDOeeS3BPEUhhw3S8nt7S8srqWXy9sbG5t7xR39+omSjTjNRbJSDcDargUitdAgOTNWHMaBpI3guHVxG/cc21EpO5gFPN2SPtK9ASjYKVO0fdSokPiX/P6mPhEJZ2UAE3GRIv+AKjW0QMm/oVb9uw1ieIsaUOdYsktu1PgReJlpIQyVDvFd9KNWBJyBUxSY1qeG0M7pRoEk3xcIInhMWVD2uctSxUNuWmn0yXH+MgqXdyLtD0K8FT9PZHS0JhRGNhkSGFg5r2J+J/XSqB33k6FihPgis0e6iUSQ4QnjeGu0JyBHFlCmRb2r5gNqKYMbK8FW4I3v/IiqZ+UPctvT0uVy6yOPDpAh+gYeegMVdANqqIaYugRPaNX9OY8OS/Oh/M5i+acbGYf/YHz/QPAEaQ3</latexit><latexit sha1_base64="zDkkQ4JNU06MTEsTm0JGO9mNfb0=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4KjMiKAxIUQSXFewDmlIyadqGZjJDckcpQz/Gjb/ixoUPXLjxW0zbWWjrgZDDOeeS3BPEUhhw3S8nt7S8srqWXy9sbG5t7xR39+omSjTjNRbJSDcDargUitdAgOTNWHMaBpI3guHVxG/cc21EpO5gFPN2SPtK9ASjYKVO0fdSokPiX/P6mPhEJZ2UAE3GRIv+AKjW0QMm/oVb9uw1ieIsaUOdYsktu1PgReJlpIQyVDvFd9KNWBJyBUxSY1qeG0M7pRoEk3xcIInhMWVD2uctSxUNuWmn0yXH+MgqXdyLtD0K8FT9PZHS0JhRGNhkSGFg5r2J+J/XSqB33k6FihPgis0e6iUSQ4QnjeGu0JyBHFlCmRb2r5gNqKYMbK8FW4I3v/IiqZ+UPctvT0uVy6yOPDpAh+gYeegMVdANqqIaYugRPaNX9OY8OS/Oh/M5i+acbGYf/YHz/QPAEaQ3</latexit>
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Simulation results

Fox et al; 1809.09615

So, inject 1 EeV neutrinos to find probability of 
emergent

Most likely source for emergent high 
energy tau: 1 EeV ⌫⌧

<latexit sha1_base64="t8iynjYPrGfPqU71yxX7Px1P2Lg=">AAACAHicbZDLSsNAFIYn9VbrrerChZvBIrgqiQgK3RRFcFnBXqAJYTKdtENnJmEuQgnZ+CpuXCji1sdw59s4bbPQ1h8GPv5zDmfOH6WMKu26305pZXVtfaO8Wdna3tndq+4fdFRiJCZtnLBE9iKkCKOCtDXVjPRSSRCPGOlG45tpvftIpKKJeNCTlAQcDQWNKUbaWmH1yMt8yf3GLenkfsMXJsx8jUweVmtu3Z0JLoNXQA0UaoXVL3+QYMOJ0Jghpfqem+ogQ1JTzEhe8Y0iKcJjNCR9iwJxooJsdkAOT60zgHEi7RMaztzfExniSk14ZDs50iO1WJua/9X6RsdXQUZFajQReL4oNgzqBE7TgAMqCdZsYgFhSe1fIR4hibC2mVVsCN7iycvQOa97lu8vas3rIo4yOAYn4Ax44BI0wR1ogTbAIAfP4BW8OU/Oi/PufMxbS04xcwj+yPn8AYuell8=</latexit><latexit sha1_base64="t8iynjYPrGfPqU71yxX7Px1P2Lg=">AAACAHicbZDLSsNAFIYn9VbrrerChZvBIrgqiQgK3RRFcFnBXqAJYTKdtENnJmEuQgnZ+CpuXCji1sdw59s4bbPQ1h8GPv5zDmfOH6WMKu26305pZXVtfaO8Wdna3tndq+4fdFRiJCZtnLBE9iKkCKOCtDXVjPRSSRCPGOlG45tpvftIpKKJeNCTlAQcDQWNKUbaWmH1yMt8yf3GLenkfsMXJsx8jUweVmtu3Z0JLoNXQA0UaoXVL3+QYMOJ0Jghpfqem+ogQ1JTzEhe8Y0iKcJjNCR9iwJxooJsdkAOT60zgHEi7RMaztzfExniSk14ZDs50iO1WJua/9X6RsdXQUZFajQReL4oNgzqBE7TgAMqCdZsYgFhSe1fIR4hibC2mVVsCN7iycvQOa97lu8vas3rIo4yOAYn4Ax44BI0wR1ogTbAIAfP4BW8OU/Oi/PufMxbS04xcwj+yPn8AYuell8=</latexit><latexit sha1_base64="t8iynjYPrGfPqU71yxX7Px1P2Lg=">AAACAHicbZDLSsNAFIYn9VbrrerChZvBIrgqiQgK3RRFcFnBXqAJYTKdtENnJmEuQgnZ+CpuXCji1sdw59s4bbPQ1h8GPv5zDmfOH6WMKu26305pZXVtfaO8Wdna3tndq+4fdFRiJCZtnLBE9iKkCKOCtDXVjPRSSRCPGOlG45tpvftIpKKJeNCTlAQcDQWNKUbaWmH1yMt8yf3GLenkfsMXJsx8jUweVmtu3Z0JLoNXQA0UaoXVL3+QYMOJ0Jghpfqem+ogQ1JTzEhe8Y0iKcJjNCR9iwJxooJsdkAOT60zgHEi7RMaztzfExniSk14ZDs50iO1WJua/9X6RsdXQUZFajQReL4oNgzqBE7TgAMqCdZsYgFhSe1fIR4hibC2mVVsCN7iycvQOa97lu8vas3rIo4yOAYn4Ax44BI0wR1ogTbAIAfP4BW8OU/Oi/PufMxbS04xcwj+yPn8AYuell8=</latexit><latexit sha1_base64="t8iynjYPrGfPqU71yxX7Px1P2Lg=">AAACAHicbZDLSsNAFIYn9VbrrerChZvBIrgqiQgK3RRFcFnBXqAJYTKdtENnJmEuQgnZ+CpuXCji1sdw59s4bbPQ1h8GPv5zDmfOH6WMKu26305pZXVtfaO8Wdna3tndq+4fdFRiJCZtnLBE9iKkCKOCtDXVjPRSSRCPGOlG45tpvftIpKKJeNCTlAQcDQWNKUbaWmH1yMt8yf3GLenkfsMXJsx8jUweVmtu3Z0JLoNXQA0UaoXVL3+QYMOJ0Jghpfqem+ogQ1JTzEhe8Y0iKcJjNCR9iwJxooJsdkAOT60zgHEi7RMaztzfExniSk14ZDs50iO1WJua/9X6RsdXQUZFajQReL4oNgzqBE7TgAMqCdZsYgFhSe1fIR4hibC2mVVsCN7iycvQOa97lu8vas3rIo4yOAYn4Ax44BI0wR1ogTbAIAfP4BW8OU/Oi/PufMxbS04xcwj+yPn8AYuell8=</latexit>

Probability of success: 

(4.4± 0.5)⇥ 10�7
<latexit sha1_base64="UFNXcTsxtL8mfVvMBgFtNsafRpo=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4cZqRSl0U3LivYC3TGkkkzbWiSGZKMUIbixldx40IRtz6FO9/GtJ2FVn8IfPznHE7OHyaMKu26X1ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHo6tpvX1PpKKxuNXjhAQcDQSNKEbaWD37oFJ1qn7CXef8xNeUEwU99y47rU16dtl13JngX/ByKINcjZ796fdjnHIiNGZIqa7nJjrIkNQUMzIp+akiCcIjNCBdgwKZZUE2O2ECj43Th1EszRMaztyfExniSo15aDo50kO1WJua/9W6qY4ugoyKJNVE4PmiKGVQx3CaB+xTSbBmYwMIS2r+CvEQSYS1Sa1kQvAWT/4LrTPHM3xTLdcv8ziK4BAcgQrwQA3UwTVogCbA4AE8gRfwaj1az9ab9T5vLVj5zD74JevjG7UMlRE=</latexit><latexit sha1_base64="UFNXcTsxtL8mfVvMBgFtNsafRpo=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4cZqRSl0U3LivYC3TGkkkzbWiSGZKMUIbixldx40IRtz6FO9/GtJ2FVn8IfPznHE7OHyaMKu26X1ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHo6tpvX1PpKKxuNXjhAQcDQSNKEbaWD37oFJ1qn7CXef8xNeUEwU99y47rU16dtl13JngX/ByKINcjZ796fdjnHIiNGZIqa7nJjrIkNQUMzIp+akiCcIjNCBdgwKZZUE2O2ECj43Th1EszRMaztyfExniSo15aDo50kO1WJua/9W6qY4ugoyKJNVE4PmiKGVQx3CaB+xTSbBmYwMIS2r+CvEQSYS1Sa1kQvAWT/4LrTPHM3xTLdcv8ziK4BAcgQrwQA3UwTVogCbA4AE8gRfwaj1az9ab9T5vLVj5zD74JevjG7UMlRE=</latexit><latexit sha1_base64="UFNXcTsxtL8mfVvMBgFtNsafRpo=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4cZqRSl0U3LivYC3TGkkkzbWiSGZKMUIbixldx40IRtz6FO9/GtJ2FVn8IfPznHE7OHyaMKu26X1ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHo6tpvX1PpKKxuNXjhAQcDQSNKEbaWD37oFJ1qn7CXef8xNeUEwU99y47rU16dtl13JngX/ByKINcjZ796fdjnHIiNGZIqa7nJjrIkNQUMzIp+akiCcIjNCBdgwKZZUE2O2ECj43Th1EszRMaztyfExniSo15aDo50kO1WJua/9W6qY4ugoyKJNVE4PmiKGVQx3CaB+xTSbBmYwMIS2r+CvEQSYS1Sa1kQvAWT/4LrTPHM3xTLdcv8ziK4BAcgQrwQA3UwTVogCbA4AE8gRfwaj1az9ab9T5vLVj5zD74JevjG7UMlRE=</latexit><latexit sha1_base64="UFNXcTsxtL8mfVvMBgFtNsafRpo=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4cZqRSl0U3LivYC3TGkkkzbWiSGZKMUIbixldx40IRtz6FO9/GtJ2FVn8IfPznHE7OHyaMKu26X1ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHo6tpvX1PpKKxuNXjhAQcDQSNKEbaWD37oFJ1qn7CXef8xNeUEwU99y47rU16dtl13JngX/ByKINcjZ796fdjnHIiNGZIqa7nJjrIkNQUMzIp+akiCcIjNCBdgwKZZUE2O2ECj43Th1EszRMaztyfExniSo15aDo50kO1WJua/9W6qY4ugoyKJNVE4PmiKGVQx3CaB+xTSbBmYwMIS2r+CvEQSYS1Sa1kQvAWT/4LrTPHM3xTLdcv8ziK4BAcgQrwQA3UwTVogCbA4AE8gRfwaj1az9ab9T5vLVj5zD74JevjG7UMlRE=</latexit>

(3.2± 0.6)⇥ 10�8
<latexit sha1_base64="jDzAoRmMpU0Orh3+neNvLNxnPjM=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4sM1W0y6IblxXsBTpjyaSZNjTJDElGKENx46u4caGIW5/CnW9j2s5CW38IfPznHE7OH8SMKu0431ZuaXlldS2/XtjY3NresXf3mipKJCYNHLFItgOkCKOCNDTVjLRjSRAPGGkFw+tJvfVApKKRuNOjmPgc9QUNKUbaWF37oHRWrngxd8oXJ56mnCjoOvfpaXXctYtO2ZkKLoKbQRFkqnftL68X4YQToTFDSnVcJ9Z+iqSmmJFxwUsUiREeoj7pGBTILPPT6QljeGycHgwjaZ7QcOr+nkgRV2rEA9PJkR6o+drE/K/WSXRY9VMq4kQTgWeLwoRBHcFJHrBHJcGajQwgLKn5K8QDJBHWJrWCCcGdP3kRmpWya/j2vFi7yuLIg0NwBErABZegBm5AHTQABo/gGbyCN+vJerHerY9Za87KZvbBH1mfP7NXlRA=</latexit><latexit sha1_base64="jDzAoRmMpU0Orh3+neNvLNxnPjM=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4sM1W0y6IblxXsBTpjyaSZNjTJDElGKENx46u4caGIW5/CnW9j2s5CW38IfPznHE7OH8SMKu0431ZuaXlldS2/XtjY3NresXf3mipKJCYNHLFItgOkCKOCNDTVjLRjSRAPGGkFw+tJvfVApKKRuNOjmPgc9QUNKUbaWF37oHRWrngxd8oXJ56mnCjoOvfpaXXctYtO2ZkKLoKbQRFkqnftL68X4YQToTFDSnVcJ9Z+iqSmmJFxwUsUiREeoj7pGBTILPPT6QljeGycHgwjaZ7QcOr+nkgRV2rEA9PJkR6o+drE/K/WSXRY9VMq4kQTgWeLwoRBHcFJHrBHJcGajQwgLKn5K8QDJBHWJrWCCcGdP3kRmpWya/j2vFi7yuLIg0NwBErABZegBm5AHTQABo/gGbyCN+vJerHerY9Za87KZvbBH1mfP7NXlRA=</latexit><latexit sha1_base64="jDzAoRmMpU0Orh3+neNvLNxnPjM=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4sM1W0y6IblxXsBTpjyaSZNjTJDElGKENx46u4caGIW5/CnW9j2s5CW38IfPznHE7OH8SMKu0431ZuaXlldS2/XtjY3NresXf3mipKJCYNHLFItgOkCKOCNDTVjLRjSRAPGGkFw+tJvfVApKKRuNOjmPgc9QUNKUbaWF37oHRWrngxd8oXJ56mnCjoOvfpaXXctYtO2ZkKLoKbQRFkqnftL68X4YQToTFDSnVcJ9Z+iqSmmJFxwUsUiREeoj7pGBTILPPT6QljeGycHgwjaZ7QcOr+nkgRV2rEA9PJkR6o+drE/K/WSXRY9VMq4kQTgWeLwoRBHcFJHrBHJcGajQwgLKn5K8QDJBHWJrWCCcGdP3kRmpWya/j2vFi7yuLIg0NwBErABZegBm5AHTQABo/gGbyCN+vJerHerY9Za87KZvbBH1mfP7NXlRA=</latexit><latexit sha1_base64="jDzAoRmMpU0Orh3+neNvLNxnPjM=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4sM1W0y6IblxXsBTpjyaSZNjTJDElGKENx46u4caGIW5/CnW9j2s5CW38IfPznHE7OH8SMKu0431ZuaXlldS2/XtjY3NresXf3mipKJCYNHLFItgOkCKOCNDTVjLRjSRAPGGkFw+tJvfVApKKRuNOjmPgc9QUNKUbaWF37oHRWrngxd8oXJ56mnCjoOvfpaXXctYtO2ZkKLoKbQRFkqnftL68X4YQToTFDSnVcJ9Z+iqSmmJFxwUsUiREeoj7pGBTILPPT6QljeGycHgwjaZ7QcOr+nkgRV2rEA9PJkR6o+drE/K/WSXRY9VMq4kQTgWeLwoRBHcFJHrBHJcGajQwgLKn5K8QDJBHWJrWCCcGdP3kRmpWya/j2vFi7yuLIg0NwBErABZegBm5AHTQABo/gGbyCN+vJerHerY9Za87KZvbBH1mfP7NXlRA=</latexit>

AAE 061228

AAE 141220

⌧, E⌧ � 0.1EeV
<latexit sha1_base64="xVEBzH4orD/wMKX2r7kBaozvj0c=">AAACDHicbZDLSsNAFIYnXmu9VV26GSyCi1ISERTcFKXgsoK9QBPKZHrSDp1M4sxEKKEP4MZXceNCEbc+gDvfxkmbhbb+MPDxn3M4c34/5kxp2/62lpZXVtfWCxvFza3tnd3S3n5LRYmk0KQRj2THJwo4E9DUTHPoxBJI6HNo+6PrrN5+AKlYJO70OAYvJAPBAkaJNlavVHY1SSruJa730gwn7gDusV113ErqyhDXoTUxXXbVngovgpNDGeVq9Epfbj+iSQhCU06U6jp2rL2USM0oh0nRTRTEhI7IALoGBQlBeen0mAk+Nk4fB5E0T2g8dX9PpCRUahz6pjMkeqjma5n5X62b6ODCS5mIEw2CzhYFCcc6wlkyuM8kUM3HBgiVzPwV0yGRhGqTX9GE4MyfvAit06pj+PasXLvK4yigQ3SETpCDzlEN3aAGaiKKHtEzekVv1pP1Yr1bH7PWJSufOUB/ZH3+AHf/mfc=</latexit><latexit sha1_base64="xVEBzH4orD/wMKX2r7kBaozvj0c=">AAACDHicbZDLSsNAFIYnXmu9VV26GSyCi1ISERTcFKXgsoK9QBPKZHrSDp1M4sxEKKEP4MZXceNCEbc+gDvfxkmbhbb+MPDxn3M4c34/5kxp2/62lpZXVtfWCxvFza3tnd3S3n5LRYmk0KQRj2THJwo4E9DUTHPoxBJI6HNo+6PrrN5+AKlYJO70OAYvJAPBAkaJNlavVHY1SSruJa730gwn7gDusV113ErqyhDXoTUxXXbVngovgpNDGeVq9Epfbj+iSQhCU06U6jp2rL2USM0oh0nRTRTEhI7IALoGBQlBeen0mAk+Nk4fB5E0T2g8dX9PpCRUahz6pjMkeqjma5n5X62b6ODCS5mIEw2CzhYFCcc6wlkyuM8kUM3HBgiVzPwV0yGRhGqTX9GE4MyfvAit06pj+PasXLvK4yigQ3SETpCDzlEN3aAGaiKKHtEzekVv1pP1Yr1bH7PWJSufOUB/ZH3+AHf/mfc=</latexit><latexit sha1_base64="xVEBzH4orD/wMKX2r7kBaozvj0c=">AAACDHicbZDLSsNAFIYnXmu9VV26GSyCi1ISERTcFKXgsoK9QBPKZHrSDp1M4sxEKKEP4MZXceNCEbc+gDvfxkmbhbb+MPDxn3M4c34/5kxp2/62lpZXVtfWCxvFza3tnd3S3n5LRYmk0KQRj2THJwo4E9DUTHPoxBJI6HNo+6PrrN5+AKlYJO70OAYvJAPBAkaJNlavVHY1SSruJa730gwn7gDusV113ErqyhDXoTUxXXbVngovgpNDGeVq9Epfbj+iSQhCU06U6jp2rL2USM0oh0nRTRTEhI7IALoGBQlBeen0mAk+Nk4fB5E0T2g8dX9PpCRUahz6pjMkeqjma5n5X62b6ODCS5mIEw2CzhYFCcc6wlkyuM8kUM3HBgiVzPwV0yGRhGqTX9GE4MyfvAit06pj+PasXLvK4yigQ3SETpCDzlEN3aAGaiKKHtEzekVv1pP1Yr1bH7PWJSufOUB/ZH3+AHf/mfc=</latexit><latexit sha1_base64="xVEBzH4orD/wMKX2r7kBaozvj0c=">AAACDHicbZDLSsNAFIYnXmu9VV26GSyCi1ISERTcFKXgsoK9QBPKZHrSDp1M4sxEKKEP4MZXceNCEbc+gDvfxkmbhbb+MPDxn3M4c34/5kxp2/62lpZXVtfWCxvFza3tnd3S3n5LRYmk0KQRj2THJwo4E9DUTHPoxBJI6HNo+6PrrN5+AKlYJO70OAYvJAPBAkaJNlavVHY1SSruJa730gwn7gDusV113ErqyhDXoTUxXXbVngovgpNDGeVq9Epfbj+iSQhCU06U6jp2rL2USM0oh0nRTRTEhI7IALoGBQlBeen0mAk+Nk4fB5E0T2g8dX9PpCRUahz6pjMkeqjma5n5X62b6ODCS5mIEw2CzhYFCcc6wlkyuM8kUM3HBgiVzPwV0yGRhGqTX9GE4MyfvAit06pj+PasXLvK4yigQ3SETpCDzlEN3aAGaiKKHtEzekVv1pP1Yr1bH7PWJSufOUB/ZH3+AHf/mfc=</latexit>
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Simulation results

Fox et al; 1809.09615

Probability of success: 

(4.4± 0.5)⇥ 10�7
<latexit sha1_base64="UFNXcTsxtL8mfVvMBgFtNsafRpo=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4cZqRSl0U3LivYC3TGkkkzbWiSGZKMUIbixldx40IRtz6FO9/GtJ2FVn8IfPznHE7OHyaMKu26X1ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHo6tpvX1PpKKxuNXjhAQcDQSNKEbaWD37oFJ1qn7CXef8xNeUEwU99y47rU16dtl13JngX/ByKINcjZ796fdjnHIiNGZIqa7nJjrIkNQUMzIp+akiCcIjNCBdgwKZZUE2O2ECj43Th1EszRMaztyfExniSo15aDo50kO1WJua/9W6qY4ugoyKJNVE4PmiKGVQx3CaB+xTSbBmYwMIS2r+CvEQSYS1Sa1kQvAWT/4LrTPHM3xTLdcv8ziK4BAcgQrwQA3UwTVogCbA4AE8gRfwaj1az9ab9T5vLVj5zD74JevjG7UMlRE=</latexit><latexit sha1_base64="UFNXcTsxtL8mfVvMBgFtNsafRpo=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4cZqRSl0U3LivYC3TGkkkzbWiSGZKMUIbixldx40IRtz6FO9/GtJ2FVn8IfPznHE7OHyaMKu26X1ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHo6tpvX1PpKKxuNXjhAQcDQSNKEbaWD37oFJ1qn7CXef8xNeUEwU99y47rU16dtl13JngX/ByKINcjZ796fdjnHIiNGZIqa7nJjrIkNQUMzIp+akiCcIjNCBdgwKZZUE2O2ECj43Th1EszRMaztyfExniSo15aDo50kO1WJua/9W6qY4ugoyKJNVE4PmiKGVQx3CaB+xTSbBmYwMIS2r+CvEQSYS1Sa1kQvAWT/4LrTPHM3xTLdcv8ziK4BAcgQrwQA3UwTVogCbA4AE8gRfwaj1az9ab9T5vLVj5zD74JevjG7UMlRE=</latexit><latexit sha1_base64="UFNXcTsxtL8mfVvMBgFtNsafRpo=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4cZqRSl0U3LivYC3TGkkkzbWiSGZKMUIbixldx40IRtz6FO9/GtJ2FVn8IfPznHE7OHyaMKu26X1ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHo6tpvX1PpKKxuNXjhAQcDQSNKEbaWD37oFJ1qn7CXef8xNeUEwU99y47rU16dtl13JngX/ByKINcjZ796fdjnHIiNGZIqa7nJjrIkNQUMzIp+akiCcIjNCBdgwKZZUE2O2ECj43Th1EszRMaztyfExniSo15aDo50kO1WJua/9W6qY4ugoyKJNVE4PmiKGVQx3CaB+xTSbBmYwMIS2r+CvEQSYS1Sa1kQvAWT/4LrTPHM3xTLdcv8ziK4BAcgQrwQA3UwTVogCbA4AE8gRfwaj1az9ab9T5vLVj5zD74JevjG7UMlRE=</latexit><latexit sha1_base64="UFNXcTsxtL8mfVvMBgFtNsafRpo=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4cZqRSl0U3LivYC3TGkkkzbWiSGZKMUIbixldx40IRtz6FO9/GtJ2FVn8IfPznHE7OHyaMKu26X1ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHo6tpvX1PpKKxuNXjhAQcDQSNKEbaWD37oFJ1qn7CXef8xNeUEwU99y47rU16dtl13JngX/ByKINcjZ796fdjnHIiNGZIqa7nJjrIkNQUMzIp+akiCcIjNCBdgwKZZUE2O2ECj43Th1EszRMaztyfExniSo15aDo50kO1WJua/9W6qY4ugoyKJNVE4PmiKGVQx3CaB+xTSbBmYwMIS2r+CvEQSYS1Sa1kQvAWT/4LrTPHM3xTLdcv8ziK4BAcgQrwQA3UwTVogCbA4AE8gRfwaj1az9ab9T5vLVj5zD74JevjG7UMlRE=</latexit>

(3.2± 0.6)⇥ 10�8
<latexit sha1_base64="jDzAoRmMpU0Orh3+neNvLNxnPjM=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4sM1W0y6IblxXsBTpjyaSZNjTJDElGKENx46u4caGIW5/CnW9j2s5CW38IfPznHE7OH8SMKu0431ZuaXlldS2/XtjY3NresXf3mipKJCYNHLFItgOkCKOCNDTVjLRjSRAPGGkFw+tJvfVApKKRuNOjmPgc9QUNKUbaWF37oHRWrngxd8oXJ56mnCjoOvfpaXXctYtO2ZkKLoKbQRFkqnftL68X4YQToTFDSnVcJ9Z+iqSmmJFxwUsUiREeoj7pGBTILPPT6QljeGycHgwjaZ7QcOr+nkgRV2rEA9PJkR6o+drE/K/WSXRY9VMq4kQTgWeLwoRBHcFJHrBHJcGajQwgLKn5K8QDJBHWJrWCCcGdP3kRmpWya/j2vFi7yuLIg0NwBErABZegBm5AHTQABo/gGbyCN+vJerHerY9Za87KZvbBH1mfP7NXlRA=</latexit><latexit sha1_base64="jDzAoRmMpU0Orh3+neNvLNxnPjM=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4sM1W0y6IblxXsBTpjyaSZNjTJDElGKENx46u4caGIW5/CnW9j2s5CW38IfPznHE7OH8SMKu0431ZuaXlldS2/XtjY3NresXf3mipKJCYNHLFItgOkCKOCNDTVjLRjSRAPGGkFw+tJvfVApKKRuNOjmPgc9QUNKUbaWF37oHRWrngxd8oXJ56mnCjoOvfpaXXctYtO2ZkKLoKbQRFkqnftL68X4YQToTFDSnVcJ9Z+iqSmmJFxwUsUiREeoj7pGBTILPPT6QljeGycHgwjaZ7QcOr+nkgRV2rEA9PJkR6o+drE/K/WSXRY9VMq4kQTgWeLwoRBHcFJHrBHJcGajQwgLKn5K8QDJBHWJrWCCcGdP3kRmpWya/j2vFi7yuLIg0NwBErABZegBm5AHTQABo/gGbyCN+vJerHerY9Za87KZvbBH1mfP7NXlRA=</latexit><latexit sha1_base64="jDzAoRmMpU0Orh3+neNvLNxnPjM=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4sM1W0y6IblxXsBTpjyaSZNjTJDElGKENx46u4caGIW5/CnW9j2s5CW38IfPznHE7OH8SMKu0431ZuaXlldS2/XtjY3NresXf3mipKJCYNHLFItgOkCKOCNDTVjLRjSRAPGGkFw+tJvfVApKKRuNOjmPgc9QUNKUbaWF37oHRWrngxd8oXJ56mnCjoOvfpaXXctYtO2ZkKLoKbQRFkqnftL68X4YQToTFDSnVcJ9Z+iqSmmJFxwUsUiREeoj7pGBTILPPT6QljeGycHgwjaZ7QcOr+nkgRV2rEA9PJkR6o+drE/K/WSXRY9VMq4kQTgWeLwoRBHcFJHrBHJcGajQwgLKn5K8QDJBHWJrWCCcGdP3kRmpWya/j2vFi7yuLIg0NwBErABZegBm5AHTQABo/gGbyCN+vJerHerY9Za87KZvbBH1mfP7NXlRA=</latexit><latexit sha1_base64="jDzAoRmMpU0Orh3+neNvLNxnPjM=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoS4sM1W0y6IblxXsBTpjyaSZNjTJDElGKENx46u4caGIW5/CnW9j2s5CW38IfPznHE7OH8SMKu0431ZuaXlldS2/XtjY3NresXf3mipKJCYNHLFItgOkCKOCNDTVjLRjSRAPGGkFw+tJvfVApKKRuNOjmPgc9QUNKUbaWF37oHRWrngxd8oXJ56mnCjoOvfpaXXctYtO2ZkKLoKbQRFkqnftL68X4YQToTFDSnVcJ9Z+iqSmmJFxwUsUiREeoj7pGBTILPPT6QljeGycHgwjaZ7QcOr+nkgRV2rEA9PJkR6o+drE/K/WSXRY9VMq4kQTgWeLwoRBHcFJHrBHJcGajQwgLKn5K8QDJBHWJrWCCcGdP3kRmpWya/j2vFi7yuLIg0NwBErABZegBm5AHTQABo/gGbyCN+vJerHerY9Za87KZvbBH1mfP7NXlRA=</latexit>

AAE 061228
AAE 141220

Estimating ANITA exposure as 2.7 km2 sr yr
<latexit sha1_base64="LBxI5JZ6KRBkV6pBkrNQLcN1sY0=">AAACB3icbZBNS8MwGMfT+TbnW9WjIMEheBijHcIEL0MvHie4F1jrSLN0C0vakqRCKb158at48aCIV7+CN7+NWdeDbv4h8Mv/eR6S5+9FjEplWd9GaWV1bX2jvFnZ2t7Z3TP3D7oyjAUmHRyyUPQ9JAmjAekoqhjpR4Ig7jHS86bXs3rvgQhJw+BOJRFxORoH1KcYKW0NzeNGvelcpo7gcMqz+4ZTg/lFCqeWiGxoVq26lQsug11AFRRqD80vZxTimJNAYYakHNhWpNwUCUUxI1nFiSWJEJ6iMRloDBAn0k3zPTJ4qp0R9EOhT6Bg7v6eSBGXMuGe7uRITeRibWb+VxvEyr9wUxpEsSIBnj/kxwyqEM5CgSMqCFYs0YCwoPqvEE+QQFjp6Co6BHtx5WXoNuq25tvzauuqiKMMjsAJOAM2aIIWuAFt0AEYPIJn8ArejCfjxXg3PuatJaOYOQR/ZHz+AOqJmBM=</latexit><latexit sha1_base64="LBxI5JZ6KRBkV6pBkrNQLcN1sY0=">AAACB3icbZBNS8MwGMfT+TbnW9WjIMEheBijHcIEL0MvHie4F1jrSLN0C0vakqRCKb158at48aCIV7+CN7+NWdeDbv4h8Mv/eR6S5+9FjEplWd9GaWV1bX2jvFnZ2t7Z3TP3D7oyjAUmHRyyUPQ9JAmjAekoqhjpR4Ig7jHS86bXs3rvgQhJw+BOJRFxORoH1KcYKW0NzeNGvelcpo7gcMqz+4ZTg/lFCqeWiGxoVq26lQsug11AFRRqD80vZxTimJNAYYakHNhWpNwUCUUxI1nFiSWJEJ6iMRloDBAn0k3zPTJ4qp0R9EOhT6Bg7v6eSBGXMuGe7uRITeRibWb+VxvEyr9wUxpEsSIBnj/kxwyqEM5CgSMqCFYs0YCwoPqvEE+QQFjp6Co6BHtx5WXoNuq25tvzauuqiKMMjsAJOAM2aIIWuAFt0AEYPIJn8ArejCfjxXg3PuatJaOYOQR/ZHz+AOqJmBM=</latexit><latexit sha1_base64="LBxI5JZ6KRBkV6pBkrNQLcN1sY0=">AAACB3icbZBNS8MwGMfT+TbnW9WjIMEheBijHcIEL0MvHie4F1jrSLN0C0vakqRCKb158at48aCIV7+CN7+NWdeDbv4h8Mv/eR6S5+9FjEplWd9GaWV1bX2jvFnZ2t7Z3TP3D7oyjAUmHRyyUPQ9JAmjAekoqhjpR4Ig7jHS86bXs3rvgQhJw+BOJRFxORoH1KcYKW0NzeNGvelcpo7gcMqz+4ZTg/lFCqeWiGxoVq26lQsug11AFRRqD80vZxTimJNAYYakHNhWpNwUCUUxI1nFiSWJEJ6iMRloDBAn0k3zPTJ4qp0R9EOhT6Bg7v6eSBGXMuGe7uRITeRibWb+VxvEyr9wUxpEsSIBnj/kxwyqEM5CgSMqCFYs0YCwoPqvEE+QQFjp6Co6BHtx5WXoNuq25tvzauuqiKMMjsAJOAM2aIIWuAFt0AEYPIJn8ArejCfjxXg3PuatJaOYOQR/ZHz+AOqJmBM=</latexit><latexit sha1_base64="LBxI5JZ6KRBkV6pBkrNQLcN1sY0=">AAACB3icbZBNS8MwGMfT+TbnW9WjIMEheBijHcIEL0MvHie4F1jrSLN0C0vakqRCKb158at48aCIV7+CN7+NWdeDbv4h8Mv/eR6S5+9FjEplWd9GaWV1bX2jvFnZ2t7Z3TP3D7oyjAUmHRyyUPQ9JAmjAekoqhjpR4Ig7jHS86bXs3rvgQhJw+BOJRFxORoH1KcYKW0NzeNGvelcpo7gcMqz+4ZTg/lFCqeWiGxoVq26lQsug11AFRRqD80vZxTimJNAYYakHNhWpNwUCUUxI1nFiSWJEJ6iMRloDBAn0k3zPTJ4qp0R9EOhT6Bg7v6eSBGXMuGe7uRITeRibWb+VxvEyr9wUxpEsSIBnj/kxwyqEM5CgSMqCFYs0YCwoPqvEE+QQFjp6Co6BHtx5WXoNuq25tvzauuqiKMMjsAJOAM2aIIWuAFt0AEYPIJn8ArejCfjxXg3PuatJaOYOQR/ZHz+AOqJmBM=</latexit>

The ANITA events require an incoming 1EeV 
neutrino flux of 1.2⇥ 107 km�2 sr�1 yr�1

<latexit sha1_base64="Z0NugBaldYBeL5S5uHZPcnSa6i4=">AAACJHicbVDLSsNAFJ3UV62vqks3g0VwoSUpQoVuim5cVrAPaNIymU7aoTNJmJkIIeRj3Pgrblz4wIUbv8VJG0FbDwycc+69zL3HDRmVyjQ/jcLK6tr6RnGztLW9s7tX3j/oyCASmLRxwALRc5EkjPqkrahipBcKgrjLSNedXmf17j0Rkgb+nYpD4nA09qlHMVLaGpYbVrVmK8qJtMxB3W7AxBYcTnk6SM5rqX02k1Jk0vqRcS6H5YpZNWeAy8TKSQXkaA3Lb/YowBEnvsIMSdm3zFA5CRKKYkbSkh1JEiI8RWPS19RHei0nmR2ZwhPtjKAXCP18BWfu74kEcSlj7upOjtRELtYy879aP1LepZNQP4wU8fH8Iy9iUAUwSwyOqCBYsVgThAXVu0I8QQJhpXMt6RCsxZOXSadWtTS/vag0r/I4iuAIHINTYIE6aIIb0AJtgMEDeAIv4NV4NJ6Nd+Nj3low8plD8AfG1zd4UaOD</latexit><latexit sha1_base64="Z0NugBaldYBeL5S5uHZPcnSa6i4=">AAACJHicbVDLSsNAFJ3UV62vqks3g0VwoSUpQoVuim5cVrAPaNIymU7aoTNJmJkIIeRj3Pgrblz4wIUbv8VJG0FbDwycc+69zL3HDRmVyjQ/jcLK6tr6RnGztLW9s7tX3j/oyCASmLRxwALRc5EkjPqkrahipBcKgrjLSNedXmf17j0Rkgb+nYpD4nA09qlHMVLaGpYbVrVmK8qJtMxB3W7AxBYcTnk6SM5rqX02k1Jk0vqRcS6H5YpZNWeAy8TKSQXkaA3Lb/YowBEnvsIMSdm3zFA5CRKKYkbSkh1JEiI8RWPS19RHei0nmR2ZwhPtjKAXCP18BWfu74kEcSlj7upOjtRELtYy879aP1LepZNQP4wU8fH8Iy9iUAUwSwyOqCBYsVgThAXVu0I8QQJhpXMt6RCsxZOXSadWtTS/vag0r/I4iuAIHINTYIE6aIIb0AJtgMEDeAIv4NV4NJ6Nd+Nj3low8plD8AfG1zd4UaOD</latexit><latexit sha1_base64="Z0NugBaldYBeL5S5uHZPcnSa6i4=">AAACJHicbVDLSsNAFJ3UV62vqks3g0VwoSUpQoVuim5cVrAPaNIymU7aoTNJmJkIIeRj3Pgrblz4wIUbv8VJG0FbDwycc+69zL3HDRmVyjQ/jcLK6tr6RnGztLW9s7tX3j/oyCASmLRxwALRc5EkjPqkrahipBcKgrjLSNedXmf17j0Rkgb+nYpD4nA09qlHMVLaGpYbVrVmK8qJtMxB3W7AxBYcTnk6SM5rqX02k1Jk0vqRcS6H5YpZNWeAy8TKSQXkaA3Lb/YowBEnvsIMSdm3zFA5CRKKYkbSkh1JEiI8RWPS19RHei0nmR2ZwhPtjKAXCP18BWfu74kEcSlj7upOjtRELtYy879aP1LepZNQP4wU8fH8Iy9iUAUwSwyOqCBYsVgThAXVu0I8QQJhpXMt6RCsxZOXSadWtTS/vag0r/I4iuAIHINTYIE6aIIb0AJtgMEDeAIv4NV4NJ6Nd+Nj3low8plD8AfG1zd4UaOD</latexit><latexit sha1_base64="Z0NugBaldYBeL5S5uHZPcnSa6i4=">AAACJHicbVDLSsNAFJ3UV62vqks3g0VwoSUpQoVuim5cVrAPaNIymU7aoTNJmJkIIeRj3Pgrblz4wIUbv8VJG0FbDwycc+69zL3HDRmVyjQ/jcLK6tr6RnGztLW9s7tX3j/oyCASmLRxwALRc5EkjPqkrahipBcKgrjLSNedXmf17j0Rkgb+nYpD4nA09qlHMVLaGpYbVrVmK8qJtMxB3W7AxBYcTnk6SM5rqX02k1Jk0vqRcS6H5YpZNWeAy8TKSQXkaA3Lb/YowBEnvsIMSdm3zFA5CRKKYkbSkh1JEiI8RWPS19RHei0nmR2ZwhPtjKAXCP18BWfu74kEcSlj7upOjtRELtYy879aP1LepZNQP4wU8fH8Iy9iUAUwSwyOqCBYsVgThAXVu0I8QQJhpXMt6RCsxZOXSadWtTS/vag0r/I4iuAIHINTYIE6aIIb0AJtgMEDeAIv4NV4NJ6Nd+Nj3low8plD8AfG1zd4UaOD</latexit>

,

6 km�2 sr�1 yr�1
<latexit sha1_base64="mSo/6CV399tZIdCIVKW703fhNXg=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwoTUpooKbohuXFewDmlgm02k7dCYJMxMhhHyGG3/FjQtF3Hbn3zhJI2j1wsB53Mude7yQUaks69MoLSwuLa+UVytr6xubW+b2TlsGkcCkhQMWiK6HJGHUJy1FFSPdUBDEPUY63uQ68zsPREga+HcqDonL0cinQ4qR0lLfPDlzLmHiCA4nPL1Pjuupc5RTKTJqf9O4oH2zatWsvOBfYBegCopq9s2pMwhwxImvMENS9mwrVG6ChKKYkbTiRJKECE/QiPQ09BEn0k3yw1J4oJUBHAZCP1/BXP05kSAuZcw93cmRGst5LxP/83qRGl64CfXDSBEfzxYNIwZVALOU4IAKghWLNUBYUP1XiMdIIKx0lhUdgj1/8l/QrtdsjW9Pq42rIo4y2AP74BDY4Bw0wA1oghbA4BE8g1fwZjwZL8a78TFrLRnFzC74Vcb0Cypanzw=</latexit><latexit sha1_base64="mSo/6CV399tZIdCIVKW703fhNXg=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwoTUpooKbohuXFewDmlgm02k7dCYJMxMhhHyGG3/FjQtF3Hbn3zhJI2j1wsB53Mude7yQUaks69MoLSwuLa+UVytr6xubW+b2TlsGkcCkhQMWiK6HJGHUJy1FFSPdUBDEPUY63uQ68zsPREga+HcqDonL0cinQ4qR0lLfPDlzLmHiCA4nPL1Pjuupc5RTKTJqf9O4oH2zatWsvOBfYBegCopq9s2pMwhwxImvMENS9mwrVG6ChKKYkbTiRJKECE/QiPQ09BEn0k3yw1J4oJUBHAZCP1/BXP05kSAuZcw93cmRGst5LxP/83qRGl64CfXDSBEfzxYNIwZVALOU4IAKghWLNUBYUP1XiMdIIKx0lhUdgj1/8l/QrtdsjW9Pq42rIo4y2AP74BDY4Bw0wA1oghbA4BE8g1fwZjwZL8a78TFrLRnFzC74Vcb0Cypanzw=</latexit><latexit sha1_base64="mSo/6CV399tZIdCIVKW703fhNXg=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwoTUpooKbohuXFewDmlgm02k7dCYJMxMhhHyGG3/FjQtF3Hbn3zhJI2j1wsB53Mude7yQUaks69MoLSwuLa+UVytr6xubW+b2TlsGkcCkhQMWiK6HJGHUJy1FFSPdUBDEPUY63uQ68zsPREga+HcqDonL0cinQ4qR0lLfPDlzLmHiCA4nPL1Pjuupc5RTKTJqf9O4oH2zatWsvOBfYBegCopq9s2pMwhwxImvMENS9mwrVG6ChKKYkbTiRJKECE/QiPQ09BEn0k3yw1J4oJUBHAZCP1/BXP05kSAuZcw93cmRGst5LxP/83qRGl64CfXDSBEfzxYNIwZVALOU4IAKghWLNUBYUP1XiMdIIKx0lhUdgj1/8l/QrtdsjW9Pq42rIo4y2AP74BDY4Bw0wA1oghbA4BE8g1fwZjwZL8a78TFrLRnFzC74Vcb0Cypanzw=</latexit><latexit sha1_base64="mSo/6CV399tZIdCIVKW703fhNXg=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwoTUpooKbohuXFewDmlgm02k7dCYJMxMhhHyGG3/FjQtF3Hbn3zhJI2j1wsB53Mude7yQUaks69MoLSwuLa+UVytr6xubW+b2TlsGkcCkhQMWiK6HJGHUJy1FFSPdUBDEPUY63uQ68zsPREga+HcqDonL0cinQ4qR0lLfPDlzLmHiCA4nPL1Pjuupc5RTKTJqf9O4oH2zatWsvOBfYBegCopq9s2pMwhwxImvMENS9mwrVG6ChKKYkbTiRJKECE/QiPQ09BEn0k3yw1J4oJUBHAZCP1/BXP05kSAuZcw93cmRGst5LxP/83qRGl64CfXDSBEfzxYNIwZVALOU4IAKghWLNUBYUP1XiMdIIKx0lhUdgj1/8l/QrtdsjW9Pq42rIo4y2AP74BDY4Bw0wA1oghbA4BE8g1fwZjwZL8a78TFrLRnFzC74Vcb0Cypanzw=</latexit>

Auger/IceCube limit:



S. Shandera, NuTheories, PITT PACC, 7 Nov 2018

How unlikely is the SM 
scenario?

Fox et al; 1809.09615

Poisson probability to observe two events, when 
                   expected  2.4⇥ 10�6

<latexit sha1_base64="WWSoLczVQsP0PM3lSUUMT2H977A=">AAAB+nicbZDLSgNBEEVrfMb4mujSTWMQ3BhmQlCXQTcuI5gHJGPo6XSSJj0PumuUMOZT3LhQxK1f4s6/sZPMQhMvNBxuVVHV14+l0Og439bK6tr6xmZuK7+9s7u3bxcOGjpKFON1FslItXyquRQhr6NAyVux4jTwJW/6o+tpvfnAlRZReIfjmHsBHYSiLxhFY3XtQrlU6aAIuCauc5+enU+6dtEpOTORZXAzKEKmWtf+6vQilgQ8RCap1m3XidFLqULBJJ/kO4nmMWUjOuBtgyE1y7x0dvqEnBinR/qRMi9EMnN/T6Q00Hoc+KYzoDjUi7Wp+V+tnWD/0ktFGCfIQzZf1E8kwYhMcyA9oThDOTZAmRLmVsKGVFGGJq28CcFd/PIyNMol1/BtpVi9yuLIwREcwym4cAFVuIEa1IHBIzzDK7xZT9aL9W59zFtXrGzmEP7I+vwBKHKSoQ==</latexit><latexit sha1_base64="WWSoLczVQsP0PM3lSUUMT2H977A=">AAAB+nicbZDLSgNBEEVrfMb4mujSTWMQ3BhmQlCXQTcuI5gHJGPo6XSSJj0PumuUMOZT3LhQxK1f4s6/sZPMQhMvNBxuVVHV14+l0Og439bK6tr6xmZuK7+9s7u3bxcOGjpKFON1FslItXyquRQhr6NAyVux4jTwJW/6o+tpvfnAlRZReIfjmHsBHYSiLxhFY3XtQrlU6aAIuCauc5+enU+6dtEpOTORZXAzKEKmWtf+6vQilgQ8RCap1m3XidFLqULBJJ/kO4nmMWUjOuBtgyE1y7x0dvqEnBinR/qRMi9EMnN/T6Q00Hoc+KYzoDjUi7Wp+V+tnWD/0ktFGCfIQzZf1E8kwYhMcyA9oThDOTZAmRLmVsKGVFGGJq28CcFd/PIyNMol1/BtpVi9yuLIwREcwym4cAFVuIEa1IHBIzzDK7xZT9aL9W59zFtXrGzmEP7I+vwBKHKSoQ==</latexit><latexit sha1_base64="WWSoLczVQsP0PM3lSUUMT2H977A=">AAAB+nicbZDLSgNBEEVrfMb4mujSTWMQ3BhmQlCXQTcuI5gHJGPo6XSSJj0PumuUMOZT3LhQxK1f4s6/sZPMQhMvNBxuVVHV14+l0Og439bK6tr6xmZuK7+9s7u3bxcOGjpKFON1FslItXyquRQhr6NAyVux4jTwJW/6o+tpvfnAlRZReIfjmHsBHYSiLxhFY3XtQrlU6aAIuCauc5+enU+6dtEpOTORZXAzKEKmWtf+6vQilgQ8RCap1m3XidFLqULBJJ/kO4nmMWUjOuBtgyE1y7x0dvqEnBinR/qRMi9EMnN/T6Q00Hoc+KYzoDjUi7Wp+V+tnWD/0ktFGCfIQzZf1E8kwYhMcyA9oThDOTZAmRLmVsKGVFGGJq28CcFd/PIyNMol1/BtpVi9yuLIwREcwym4cAFVuIEa1IHBIzzDK7xZT9aL9W59zFtXrGzmEP7I+vwBKHKSoQ==</latexit><latexit sha1_base64="WWSoLczVQsP0PM3lSUUMT2H977A=">AAAB+nicbZDLSgNBEEVrfMb4mujSTWMQ3BhmQlCXQTcuI5gHJGPo6XSSJj0PumuUMOZT3LhQxK1f4s6/sZPMQhMvNBxuVVHV14+l0Og439bK6tr6xmZuK7+9s7u3bxcOGjpKFON1FslItXyquRQhr6NAyVux4jTwJW/6o+tpvfnAlRZReIfjmHsBHYSiLxhFY3XtQrlU6aAIuCauc5+enU+6dtEpOTORZXAzKEKmWtf+6vQilgQ8RCap1m3XidFLqULBJJ/kO4nmMWUjOuBtgyE1y7x0dvqEnBinR/qRMi9EMnN/T6Q00Hoc+KYzoDjUi7Wp+V+tnWD/0ktFGCfIQzZf1E8kwYhMcyA9oThDOTZAmRLmVsKGVFGGJq28CcFd/PIyNMol1/BtpVi9yuLIwREcwym4cAFVuIEa1IHBIzzDK7xZT9aL9W59zFtXrGzmEP7I+vwBKHKSoQ==</latexit>

Assume an isotropic flux in agreement with the 
published limit to find expected number of events

pdi↵use = 2.9⇥ 10�12
<latexit sha1_base64="ccN/tvJ8DjitUOzYXLcBgUxuhrI=">AAACC3icbVDLSgMxFM34rPU16tJNaBHcWGaKoC6EohuXFewDOuOQSTNtaJIZkoxQhtm78VfcuFDErT/gzr8xbWehrQcCh3Pu5eSeMGFUacf5tpaWV1bX1ksb5c2t7Z1de2+/reJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44up74nQciFY3FnR4nxOdoIGhEMdJGCuxKEmSe5LBPoyhVJL+s1y48TTlR0HXusxO3ngd21ak5U8BF4hakCgo0A/vL68c45URozJBSPddJtJ8hqSlmJC97JihBeIQGpGeoQCbNz6a35PDIKH0YxdI8oeFU/b2RIa7UmIdmkiM9VPPeRPzP66U6OvczKpJUE4FnQVHKoI7hpBjTgCRYs7EhCEtq/grxEEmEtamvbEpw509eJO16zTX89rTauCrqKIFDUAHHwAVnoAFuQBO0AAaP4Bm8gjfryXqx3q2P2eiSVewcgD+wPn8AE36Zwg==</latexit><latexit sha1_base64="ccN/tvJ8DjitUOzYXLcBgUxuhrI=">AAACC3icbVDLSgMxFM34rPU16tJNaBHcWGaKoC6EohuXFewDOuOQSTNtaJIZkoxQhtm78VfcuFDErT/gzr8xbWehrQcCh3Pu5eSeMGFUacf5tpaWV1bX1ksb5c2t7Z1de2+/reJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44up74nQciFY3FnR4nxOdoIGhEMdJGCuxKEmSe5LBPoyhVJL+s1y48TTlR0HXusxO3ngd21ak5U8BF4hakCgo0A/vL68c45URozJBSPddJtJ8hqSlmJC97JihBeIQGpGeoQCbNz6a35PDIKH0YxdI8oeFU/b2RIa7UmIdmkiM9VPPeRPzP66U6OvczKpJUE4FnQVHKoI7hpBjTgCRYs7EhCEtq/grxEEmEtamvbEpw509eJO16zTX89rTauCrqKIFDUAHHwAVnoAFuQBO0AAaP4Bm8gjfryXqx3q2P2eiSVewcgD+wPn8AE36Zwg==</latexit><latexit sha1_base64="ccN/tvJ8DjitUOzYXLcBgUxuhrI=">AAACC3icbVDLSgMxFM34rPU16tJNaBHcWGaKoC6EohuXFewDOuOQSTNtaJIZkoxQhtm78VfcuFDErT/gzr8xbWehrQcCh3Pu5eSeMGFUacf5tpaWV1bX1ksb5c2t7Z1de2+/reJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44up74nQciFY3FnR4nxOdoIGhEMdJGCuxKEmSe5LBPoyhVJL+s1y48TTlR0HXusxO3ngd21ak5U8BF4hakCgo0A/vL68c45URozJBSPddJtJ8hqSlmJC97JihBeIQGpGeoQCbNz6a35PDIKH0YxdI8oeFU/b2RIa7UmIdmkiM9VPPeRPzP66U6OvczKpJUE4FnQVHKoI7hpBjTgCRYs7EhCEtq/grxEEmEtamvbEpw509eJO16zTX89rTauCrqKIFDUAHHwAVnoAFuQBO0AAaP4Bm8gjfryXqx3q2P2eiSVewcgD+wPn8AE36Zwg==</latexit><latexit sha1_base64="ccN/tvJ8DjitUOzYXLcBgUxuhrI=">AAACC3icbVDLSgMxFM34rPU16tJNaBHcWGaKoC6EohuXFewDOuOQSTNtaJIZkoxQhtm78VfcuFDErT/gzr8xbWehrQcCh3Pu5eSeMGFUacf5tpaWV1bX1ksb5c2t7Z1de2+/reJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44up74nQciFY3FnR4nxOdoIGhEMdJGCuxKEmSe5LBPoyhVJL+s1y48TTlR0HXusxO3ngd21ak5U8BF4hakCgo0A/vL68c45URozJBSPddJtJ8hqSlmJC97JihBeIQGpGeoQCbNz6a35PDIKH0YxdI8oeFU/b2RIa7UmIdmkiM9VPPeRPzP66U6OvczKpJUE4FnQVHKoI7hpBjTgCRYs7EhCEtq/grxEEmEtamvbEpw509eJO16zTX89rTauCrqKIFDUAHHwAVnoAFuQBO0AAaP4Bm8gjfryXqx3q2P2eiSVewcgD+wPn8AE36Zwg==</latexit>

⇠ 7�
<latexit sha1_base64="jkIiFZGd76E5Z8kZHEVdue+KZ1E=">AAAB83icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEeqy6MZlBXuBzlAyaaYNTTJDkhHK0Ndw40IRt76MO9/GtJ2Fth5I+Pj/c8jJH6WCG+t536i0sbm1vVPereztHxweVY9POibJNGVtmohE9yJimOCKtS23gvVSzYiMBOtGk7u5331i2vBEPdppykJJRorHnBLrpCAwXOKGu0eSDKo1r+4tCq+DX0ANimoNql/BMKGZZMpSQYzp+15qw5xoy6lgs0qQGZYSOiEj1neoiGQmzBc7z/CFU4Y4TrQ7yuKF+nsiJ9KYqYxcpyR2bFa9ufif189sfBPmXKWZZYouH4ozgW2C5wHgIdeMWjF1QKjmbldMx0QTal1MFReCv/rldehc1X3HD9e15m0RRxnO4BwuwYcGNOEeWtAGCik8wyu8oQy9oHf0sWwtoWLmFP4U+vwBjfSRWw==</latexit><latexit sha1_base64="jkIiFZGd76E5Z8kZHEVdue+KZ1E=">AAAB83icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEeqy6MZlBXuBzlAyaaYNTTJDkhHK0Ndw40IRt76MO9/GtJ2Fth5I+Pj/c8jJH6WCG+t536i0sbm1vVPereztHxweVY9POibJNGVtmohE9yJimOCKtS23gvVSzYiMBOtGk7u5331i2vBEPdppykJJRorHnBLrpCAwXOKGu0eSDKo1r+4tCq+DX0ANimoNql/BMKGZZMpSQYzp+15qw5xoy6lgs0qQGZYSOiEj1neoiGQmzBc7z/CFU4Y4TrQ7yuKF+nsiJ9KYqYxcpyR2bFa9ufif189sfBPmXKWZZYouH4ozgW2C5wHgIdeMWjF1QKjmbldMx0QTal1MFReCv/rldehc1X3HD9e15m0RRxnO4BwuwYcGNOEeWtAGCik8wyu8oQy9oHf0sWwtoWLmFP4U+vwBjfSRWw==</latexit><latexit sha1_base64="jkIiFZGd76E5Z8kZHEVdue+KZ1E=">AAAB83icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEeqy6MZlBXuBzlAyaaYNTTJDkhHK0Ndw40IRt76MO9/GtJ2Fth5I+Pj/c8jJH6WCG+t536i0sbm1vVPereztHxweVY9POibJNGVtmohE9yJimOCKtS23gvVSzYiMBOtGk7u5331i2vBEPdppykJJRorHnBLrpCAwXOKGu0eSDKo1r+4tCq+DX0ANimoNql/BMKGZZMpSQYzp+15qw5xoy6lgs0qQGZYSOiEj1neoiGQmzBc7z/CFU4Y4TrQ7yuKF+nsiJ9KYqYxcpyR2bFa9ufif189sfBPmXKWZZYouH4ozgW2C5wHgIdeMWjF1QKjmbldMx0QTal1MFReCv/rldehc1X3HD9e15m0RRxnO4BwuwYcGNOEeWtAGCik8wyu8oQy9oHf0sWwtoWLmFP4U+vwBjfSRWw==</latexit><latexit sha1_base64="jkIiFZGd76E5Z8kZHEVdue+KZ1E=">AAAB83icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEeqy6MZlBXuBzlAyaaYNTTJDkhHK0Ndw40IRt76MO9/GtJ2Fth5I+Pj/c8jJH6WCG+t536i0sbm1vVPereztHxweVY9POibJNGVtmohE9yJimOCKtS23gvVSzYiMBOtGk7u5331i2vBEPdppykJJRorHnBLrpCAwXOKGu0eSDKo1r+4tCq+DX0ANimoNql/BMKGZZMpSQYzp+15qw5xoy6lgs0qQGZYSOiEj1neoiGQmzBc7z/CFU4Y4TrQ7yuKF+nsiJ9KYqYxcpyR2bFa9ufif189sfBPmXKWZZYouH4ozgW2C5wHgIdeMWjF1QKjmbldMx0QTal1MFReCv/rldehc1X3HD9e15m0RRxnO4BwuwYcGNOEeWtAGCik8wyu8oQy9oHf0sWwtoWLmFP4U+vwBjfSRWw==</latexit>



S. Shandera, NuTheories, PITT PACC, 7 Nov 2018

Or, consider zenith angle 
distribution

1 EeV neutrinos; 
probability of 
emergent
⌧, E⌧ � 0.1EeV

<latexit sha1_base64="xVEBzH4orD/wMKX2r7kBaozvj0c=">AAACDHicbZDLSsNAFIYnXmu9VV26GSyCi1ISERTcFKXgsoK9QBPKZHrSDp1M4sxEKKEP4MZXceNCEbc+gDvfxkmbhbb+MPDxn3M4c34/5kxp2/62lpZXVtfWCxvFza3tnd3S3n5LRYmk0KQRj2THJwo4E9DUTHPoxBJI6HNo+6PrrN5+AKlYJO70OAYvJAPBAkaJNlavVHY1SSruJa730gwn7gDusV113ErqyhDXoTUxXXbVngovgpNDGeVq9Epfbj+iSQhCU06U6jp2rL2USM0oh0nRTRTEhI7IALoGBQlBeen0mAk+Nk4fB5E0T2g8dX9PpCRUahz6pjMkeqjma5n5X62b6ODCS5mIEw2CzhYFCcc6wlkyuM8kUM3HBgiVzPwV0yGRhGqTX9GE4MyfvAit06pj+PasXLvK4yigQ3SETpCDzlEN3aAGaiKKHtEzekVv1pP1Yr1bH7PWJSufOUB/ZH3+AHf/mfc=</latexit><latexit sha1_base64="xVEBzH4orD/wMKX2r7kBaozvj0c=">AAACDHicbZDLSsNAFIYnXmu9VV26GSyCi1ISERTcFKXgsoK9QBPKZHrSDp1M4sxEKKEP4MZXceNCEbc+gDvfxkmbhbb+MPDxn3M4c34/5kxp2/62lpZXVtfWCxvFza3tnd3S3n5LRYmk0KQRj2THJwo4E9DUTHPoxBJI6HNo+6PrrN5+AKlYJO70OAYvJAPBAkaJNlavVHY1SSruJa730gwn7gDusV113ErqyhDXoTUxXXbVngovgpNDGeVq9Epfbj+iSQhCU06U6jp2rL2USM0oh0nRTRTEhI7IALoGBQlBeen0mAk+Nk4fB5E0T2g8dX9PpCRUahz6pjMkeqjma5n5X62b6ODCS5mIEw2CzhYFCcc6wlkyuM8kUM3HBgiVzPwV0yGRhGqTX9GE4MyfvAit06pj+PasXLvK4yigQ3SETpCDzlEN3aAGaiKKHtEzekVv1pP1Yr1bH7PWJSufOUB/ZH3+AHf/mfc=</latexit><latexit sha1_base64="xVEBzH4orD/wMKX2r7kBaozvj0c=">AAACDHicbZDLSsNAFIYnXmu9VV26GSyCi1ISERTcFKXgsoK9QBPKZHrSDp1M4sxEKKEP4MZXceNCEbc+gDvfxkmbhbb+MPDxn3M4c34/5kxp2/62lpZXVtfWCxvFza3tnd3S3n5LRYmk0KQRj2THJwo4E9DUTHPoxBJI6HNo+6PrrN5+AKlYJO70OAYvJAPBAkaJNlavVHY1SSruJa730gwn7gDusV113ErqyhDXoTUxXXbVngovgpNDGeVq9Epfbj+iSQhCU06U6jp2rL2USM0oh0nRTRTEhI7IALoGBQlBeen0mAk+Nk4fB5E0T2g8dX9PpCRUahz6pjMkeqjma5n5X62b6ODCS5mIEw2CzhYFCcc6wlkyuM8kUM3HBgiVzPwV0yGRhGqTX9GE4MyfvAit06pj+PasXLvK4yigQ3SETpCDzlEN3aAGaiKKHtEzekVv1pP1Yr1bH7PWJSufOUB/ZH3+AHf/mfc=</latexit><latexit sha1_base64="xVEBzH4orD/wMKX2r7kBaozvj0c=">AAACDHicbZDLSsNAFIYnXmu9VV26GSyCi1ISERTcFKXgsoK9QBPKZHrSDp1M4sxEKKEP4MZXceNCEbc+gDvfxkmbhbb+MPDxn3M4c34/5kxp2/62lpZXVtfWCxvFza3tnd3S3n5LRYmk0KQRj2THJwo4E9DUTHPoxBJI6HNo+6PrrN5+AKlYJO70OAYvJAPBAkaJNlavVHY1SSruJa730gwn7gDusV113ErqyhDXoTUxXXbVngovgpNDGeVq9Epfbj+iSQhCU06U6jp2rL2USM0oh0nRTRTEhI7IALoGBQlBeen0mAk+Nk4fB5E0T2g8dX9PpCRUahz6pjMkeqjma5n5X62b6ODCS5mIEw2CzhYFCcc6wlkyuM8kUM3HBgiVzPwV0yGRhGqTX9GE4MyfvAit06pj+PasXLvK4yigQ3SETpCDzlEN3aAGaiKKHtEzekVv1pP1Yr1bH7PWJSufOUB/ZH3+AHf/mfc=</latexit>

is approx. 
exponential; 
joint p-value for 
events

5.9⇥ 10�9
<latexit sha1_base64="DgCWIEMn6NLchbqlFvkzhKZcIXk=">AAAB+nicbZDJSgNBEIZrXGPcJnr00hgEL4YZUTS3oBePEcwCyRh6Oj1Jk56F7holjHkULx4U8eqTePNt7CwHTfyh4eOvKqr69xMpNDrOt7W0vLK6tp7byG9ube/s2oW9uo5TxXiNxTJWTZ9qLkXEayhQ8maiOA19yRv+4HpcbzxwpUUc3eEw4V5Ie5EIBKNorI5dOC+V2yhCronr3Gcn5VHHLjolZyKyCO4MijBTtWN/tbsxS0MeIZNU65brJOhlVKFgko/y7VTzhLIB7fGWwYiaZV42OX1EjozTJUGszIuQTNzfExkNtR6GvukMKfb1fG1s/ldrpRhcepmIkhR5xKaLglQSjMk4B9IVijOUQwOUKWFuJaxPFWVo0sqbENz5Ly9C/bTkGr49K1auZnHk4AAO4RhcuIAK3EAVasDgEZ7hFd6sJ+vFerc+pq1L1mxmH/7I+vwBOZeSrA==</latexit><latexit sha1_base64="DgCWIEMn6NLchbqlFvkzhKZcIXk=">AAAB+nicbZDJSgNBEIZrXGPcJnr00hgEL4YZUTS3oBePEcwCyRh6Oj1Jk56F7holjHkULx4U8eqTePNt7CwHTfyh4eOvKqr69xMpNDrOt7W0vLK6tp7byG9ube/s2oW9uo5TxXiNxTJWTZ9qLkXEayhQ8maiOA19yRv+4HpcbzxwpUUc3eEw4V5Ie5EIBKNorI5dOC+V2yhCronr3Gcn5VHHLjolZyKyCO4MijBTtWN/tbsxS0MeIZNU65brJOhlVKFgko/y7VTzhLIB7fGWwYiaZV42OX1EjozTJUGszIuQTNzfExkNtR6GvukMKfb1fG1s/ldrpRhcepmIkhR5xKaLglQSjMk4B9IVijOUQwOUKWFuJaxPFWVo0sqbENz5Ly9C/bTkGr49K1auZnHk4AAO4RhcuIAK3EAVasDgEZ7hFd6sJ+vFerc+pq1L1mxmH/7I+vwBOZeSrA==</latexit><latexit sha1_base64="DgCWIEMn6NLchbqlFvkzhKZcIXk=">AAAB+nicbZDJSgNBEIZrXGPcJnr00hgEL4YZUTS3oBePEcwCyRh6Oj1Jk56F7holjHkULx4U8eqTePNt7CwHTfyh4eOvKqr69xMpNDrOt7W0vLK6tp7byG9ube/s2oW9uo5TxXiNxTJWTZ9qLkXEayhQ8maiOA19yRv+4HpcbzxwpUUc3eEw4V5Ie5EIBKNorI5dOC+V2yhCronr3Gcn5VHHLjolZyKyCO4MijBTtWN/tbsxS0MeIZNU65brJOhlVKFgko/y7VTzhLIB7fGWwYiaZV42OX1EjozTJUGszIuQTNzfExkNtR6GvukMKfb1fG1s/ldrpRhcepmIkhR5xKaLglQSjMk4B9IVijOUQwOUKWFuJaxPFWVo0sqbENz5Ly9C/bTkGr49K1auZnHk4AAO4RhcuIAK3EAVasDgEZ7hFd6sJ+vFerc+pq1L1mxmH/7I+vwBOZeSrA==</latexit><latexit sha1_base64="DgCWIEMn6NLchbqlFvkzhKZcIXk=">AAAB+nicbZDJSgNBEIZrXGPcJnr00hgEL4YZUTS3oBePEcwCyRh6Oj1Jk56F7holjHkULx4U8eqTePNt7CwHTfyh4eOvKqr69xMpNDrOt7W0vLK6tp7byG9ube/s2oW9uo5TxXiNxTJWTZ9qLkXEayhQ8maiOA19yRv+4HpcbzxwpUUc3eEw4V5Ie5EIBKNorI5dOC+V2yhCronr3Gcn5VHHLjolZyKyCO4MijBTtWN/tbsxS0MeIZNU65brJOhlVKFgko/y7VTzhLIB7fGWwYiaZV42OX1EjozTJUGszIuQTNzfExkNtR6GvukMKfb1fG1s/ldrpRhcepmIkhR5xKaLglQSjMk4B9IVijOUQwOUKWFuJaxPFWVo0sqbENz5Ly9C/bTkGr49K1auZnHk4AAO4RhcuIAK3EAVasDgEZ7hFd6sJ+vFerc+pq1L1mxmH/7I+vwBOZeSrA==</latexit>

⇠ 5.8�
<latexit sha1_base64="CcQ0v2Ui1dYZReTsd3RS8TprWjw=">AAAB9XicbZDLSgMxFIbPeK31VnXpJlgEV2VGFLssunFZwV6gHUsmzbShuQxJRilD38ONC0Xc+i7ufBvTdhbaeiDk4//PISd/lHBmrO9/eyura+sbm4Wt4vbO7t5+6eCwaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9Ui1YUre23FCQ4EHksWMYOukh65hAl1Wqu4eCNwrlf2KPyu0DEEOZcir3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOQ4kFNWE223qCTp3SR7HS7kiLZurviQwLY8Yicp0C26FZ9Kbif14ntXE1zJhMUkslmT8UpxxZhaYRoD7TlFg+doCJZm5XRIZYY2JdUEUXQrD45WVonlcCx3cX5dp1HkcBjuEEziCAK6jBLdShAQQ0PMMrvHlP3ov37n3MW1e8fOYI/pT3+QN2A5HT</latexit><latexit sha1_base64="CcQ0v2Ui1dYZReTsd3RS8TprWjw=">AAAB9XicbZDLSgMxFIbPeK31VnXpJlgEV2VGFLssunFZwV6gHUsmzbShuQxJRilD38ONC0Xc+i7ufBvTdhbaeiDk4//PISd/lHBmrO9/eyura+sbm4Wt4vbO7t5+6eCwaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9Ui1YUre23FCQ4EHksWMYOukh65hAl1Wqu4eCNwrlf2KPyu0DEEOZcir3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOQ4kFNWE223qCTp3SR7HS7kiLZurviQwLY8Yicp0C26FZ9Kbif14ntXE1zJhMUkslmT8UpxxZhaYRoD7TlFg+doCJZm5XRIZYY2JdUEUXQrD45WVonlcCx3cX5dp1HkcBjuEEziCAK6jBLdShAQQ0PMMrvHlP3ov37n3MW1e8fOYI/pT3+QN2A5HT</latexit><latexit sha1_base64="CcQ0v2Ui1dYZReTsd3RS8TprWjw=">AAAB9XicbZDLSgMxFIbPeK31VnXpJlgEV2VGFLssunFZwV6gHUsmzbShuQxJRilD38ONC0Xc+i7ufBvTdhbaeiDk4//PISd/lHBmrO9/eyura+sbm4Wt4vbO7t5+6eCwaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9Ui1YUre23FCQ4EHksWMYOukh65hAl1Wqu4eCNwrlf2KPyu0DEEOZcir3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOQ4kFNWE223qCTp3SR7HS7kiLZurviQwLY8Yicp0C26FZ9Kbif14ntXE1zJhMUkslmT8UpxxZhaYRoD7TlFg+doCJZm5XRIZYY2JdUEUXQrD45WVonlcCx3cX5dp1HkcBjuEEziCAK6jBLdShAQQ0PMMrvHlP3ov37n3MW1e8fOYI/pT3+QN2A5HT</latexit><latexit sha1_base64="CcQ0v2Ui1dYZReTsd3RS8TprWjw=">AAAB9XicbZDLSgMxFIbPeK31VnXpJlgEV2VGFLssunFZwV6gHUsmzbShuQxJRilD38ONC0Xc+i7ufBvTdhbaeiDk4//PISd/lHBmrO9/eyura+sbm4Wt4vbO7t5+6eCwaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9Ui1YUre23FCQ4EHksWMYOukh65hAl1Wqu4eCNwrlf2KPyu0DEEOZcir3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOQ4kFNWE223qCTp3SR7HS7kiLZurviQwLY8Yicp0C26FZ9Kbif14ntXE1zJhMUkslmT8UpxxZhaYRoD7TlFg+doCJZm5XRIZYY2JdUEUXQrD45WVonlcCx3cX5dp1HkcBjuEEziCAK6jBLdShAQQ0PMMrvHlP3ov37n3MW1e8fOYI/pT3+QN2A5HT</latexit>
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An old idea for producing such up-
going events 

SUSY:  
• stau NLSP 
• gravitino LSP

Albuquerque, Burdman, Chacko,  
hep-ph/0312197 

Ahlers, Kersten, Ringwald 
hep-ph/0604188 

Ando, Beacom, Profumo, Rainwater 
0711.2908 

Connolly, Allison, Banerjee, 
1807.08892 (figure credit)
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SUSY model parameters
ANITA events provide assumed stau energy, 
immediately give stau lifetime -> stau mass

0.5TeV . m⌧̃R . 1.0TeV
<latexit sha1_base64="MYc6dDzA2MtQ2M7qibuRx/P11MM=">AAACKXicbVDLSgMxFM34rPU16tJNsAgupMyIosuiG5dV+oLOMGQyt21oMjMkGaEM/R03/oobBUXd+iOmD7C2Hgg5nHMPyT1hypnSjvNpLS2vrK6tFzaKm1vbO7v23n5DJZmkUKcJT2QrJAo4i6GumebQSiUQEXJohv2bkd98AKlYEtf0IAVfkG7MOowSbaTArjjlC+8096TANWgMPQ5KKSawCHJPMx6BuUg2DO5/LbfszCQCu+SUnTHwInGnpISmqAb2qxclNBMQa8qJUm3XSbWfE6kZ5TAsepmClNA+6ULb0JgIUH4+3nSIj40S4U4izYk1HquziZwIpQYiNJOC6J6a90bif147050rP2dxmmmI6eShTsaxTvCoNhwxCVTzgSGESmb+immPSEK1KbdoSnDnV14kjbOya/jdealyPa2jgA7RETpBLrpEFXSLqqiOKHpEz+gNvVtP1ov1YX1NRpesaeYA/YH1/QM1xaaa</latexit><latexit sha1_base64="MYc6dDzA2MtQ2M7qibuRx/P11MM=">AAACKXicbVDLSgMxFM34rPU16tJNsAgupMyIosuiG5dV+oLOMGQyt21oMjMkGaEM/R03/oobBUXd+iOmD7C2Hgg5nHMPyT1hypnSjvNpLS2vrK6tFzaKm1vbO7v23n5DJZmkUKcJT2QrJAo4i6GumebQSiUQEXJohv2bkd98AKlYEtf0IAVfkG7MOowSbaTArjjlC+8096TANWgMPQ5KKSawCHJPMx6BuUg2DO5/LbfszCQCu+SUnTHwInGnpISmqAb2qxclNBMQa8qJUm3XSbWfE6kZ5TAsepmClNA+6ULb0JgIUH4+3nSIj40S4U4izYk1HquziZwIpQYiNJOC6J6a90bif147050rP2dxmmmI6eShTsaxTvCoNhwxCVTzgSGESmb+immPSEK1KbdoSnDnV14kjbOya/jdealyPa2jgA7RETpBLrpEFXSLqqiOKHpEz+gNvVtP1ov1YX1NRpesaeYA/YH1/QM1xaaa</latexit><latexit sha1_base64="MYc6dDzA2MtQ2M7qibuRx/P11MM=">AAACKXicbVDLSgMxFM34rPU16tJNsAgupMyIosuiG5dV+oLOMGQyt21oMjMkGaEM/R03/oobBUXd+iOmD7C2Hgg5nHMPyT1hypnSjvNpLS2vrK6tFzaKm1vbO7v23n5DJZmkUKcJT2QrJAo4i6GumebQSiUQEXJohv2bkd98AKlYEtf0IAVfkG7MOowSbaTArjjlC+8096TANWgMPQ5KKSawCHJPMx6BuUg2DO5/LbfszCQCu+SUnTHwInGnpISmqAb2qxclNBMQa8qJUm3XSbWfE6kZ5TAsepmClNA+6ULb0JgIUH4+3nSIj40S4U4izYk1HquziZwIpQYiNJOC6J6a90bif147050rP2dxmmmI6eShTsaxTvCoNhwxCVTzgSGESmb+immPSEK1KbdoSnDnV14kjbOya/jdealyPa2jgA7RETpBLrpEFXSLqqiOKHpEz+gNvVtP1ov1YX1NRpesaeYA/YH1/QM1xaaa</latexit><latexit sha1_base64="MYc6dDzA2MtQ2M7qibuRx/P11MM=">AAACKXicbVDLSgMxFM34rPU16tJNsAgupMyIosuiG5dV+oLOMGQyt21oMjMkGaEM/R03/oobBUXd+iOmD7C2Hgg5nHMPyT1hypnSjvNpLS2vrK6tFzaKm1vbO7v23n5DJZmkUKcJT2QrJAo4i6GumebQSiUQEXJohv2bkd98AKlYEtf0IAVfkG7MOowSbaTArjjlC+8096TANWgMPQ5KKSawCHJPMx6BuUg2DO5/LbfszCQCu+SUnTHwInGnpISmqAb2qxclNBMQa8qJUm3XSbWfE6kZ5TAsepmClNA+6ULb0JgIUH4+3nSIj40S4U4izYk1HquziZwIpQYiNJOC6J6a90bif147050rP2dxmmmI6eShTsaxTvCoNhwxCVTzgSGESmb+immPSEK1KbdoSnDnV14kjbOya/jdealyPa2jgA7RETpBLrpEFXSLqqiOKHpEz+gNvVtP1ov1YX1NRpesaeYA/YH1/QM1xaaa</latexit>

Intriguingly…..
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SUSY model parameters
ANITA events provide assumed stau energy, 
immediately give stau lifetime -> stau mass

0.5TeV . m⌧̃R . 1.0TeV
<latexit sha1_base64="MYc6dDzA2MtQ2M7qibuRx/P11MM=">AAACKXicbVDLSgMxFM34rPU16tJNsAgupMyIosuiG5dV+oLOMGQyt21oMjMkGaEM/R03/oobBUXd+iOmD7C2Hgg5nHMPyT1hypnSjvNpLS2vrK6tFzaKm1vbO7v23n5DJZmkUKcJT2QrJAo4i6GumebQSiUQEXJohv2bkd98AKlYEtf0IAVfkG7MOowSbaTArjjlC+8096TANWgMPQ5KKSawCHJPMx6BuUg2DO5/LbfszCQCu+SUnTHwInGnpISmqAb2qxclNBMQa8qJUm3XSbWfE6kZ5TAsepmClNA+6ULb0JgIUH4+3nSIj40S4U4izYk1HquziZwIpQYiNJOC6J6a90bif147050rP2dxmmmI6eShTsaxTvCoNhwxCVTzgSGESmb+immPSEK1KbdoSnDnV14kjbOya/jdealyPa2jgA7RETpBLrpEFXSLqqiOKHpEz+gNvVtP1ov1YX1NRpesaeYA/YH1/QM1xaaa</latexit><latexit sha1_base64="MYc6dDzA2MtQ2M7qibuRx/P11MM=">AAACKXicbVDLSgMxFM34rPU16tJNsAgupMyIosuiG5dV+oLOMGQyt21oMjMkGaEM/R03/oobBUXd+iOmD7C2Hgg5nHMPyT1hypnSjvNpLS2vrK6tFzaKm1vbO7v23n5DJZmkUKcJT2QrJAo4i6GumebQSiUQEXJohv2bkd98AKlYEtf0IAVfkG7MOowSbaTArjjlC+8096TANWgMPQ5KKSawCHJPMx6BuUg2DO5/LbfszCQCu+SUnTHwInGnpISmqAb2qxclNBMQa8qJUm3XSbWfE6kZ5TAsepmClNA+6ULb0JgIUH4+3nSIj40S4U4izYk1HquziZwIpQYiNJOC6J6a90bif147050rP2dxmmmI6eShTsaxTvCoNhwxCVTzgSGESmb+immPSEK1KbdoSnDnV14kjbOya/jdealyPa2jgA7RETpBLrpEFXSLqqiOKHpEz+gNvVtP1ov1YX1NRpesaeYA/YH1/QM1xaaa</latexit><latexit sha1_base64="MYc6dDzA2MtQ2M7qibuRx/P11MM=">AAACKXicbVDLSgMxFM34rPU16tJNsAgupMyIosuiG5dV+oLOMGQyt21oMjMkGaEM/R03/oobBUXd+iOmD7C2Hgg5nHMPyT1hypnSjvNpLS2vrK6tFzaKm1vbO7v23n5DJZmkUKcJT2QrJAo4i6GumebQSiUQEXJohv2bkd98AKlYEtf0IAVfkG7MOowSbaTArjjlC+8096TANWgMPQ5KKSawCHJPMx6BuUg2DO5/LbfszCQCu+SUnTHwInGnpISmqAb2qxclNBMQa8qJUm3XSbWfE6kZ5TAsepmClNA+6ULb0JgIUH4+3nSIj40S4U4izYk1HquziZwIpQYiNJOC6J6a90bif147050rP2dxmmmI6eShTsaxTvCoNhwxCVTzgSGESmb+immPSEK1KbdoSnDnV14kjbOya/jdealyPa2jgA7RETpBLrpEFXSLqqiOKHpEz+gNvVtP1ov1YX1NRpesaeYA/YH1/QM1xaaa</latexit><latexit sha1_base64="MYc6dDzA2MtQ2M7qibuRx/P11MM=">AAACKXicbVDLSgMxFM34rPU16tJNsAgupMyIosuiG5dV+oLOMGQyt21oMjMkGaEM/R03/oobBUXd+iOmD7C2Hgg5nHMPyT1hypnSjvNpLS2vrK6tFzaKm1vbO7v23n5DJZmkUKcJT2QrJAo4i6GumebQSiUQEXJohv2bkd98AKlYEtf0IAVfkG7MOowSbaTArjjlC+8096TANWgMPQ5KKSawCHJPMx6BuUg2DO5/LbfszCQCu+SUnTHwInGnpISmqAb2qxclNBMQa8qJUm3XSbWfE6kZ5TAsepmClNA+6ULb0JgIUH4+3nSIj40S4U4izYk1HquziZwIpQYiNJOC6J6a90bif147050rP2dxmmmI6eShTsaxTvCoNhwxCVTzgSGESmb+immPSEK1KbdoSnDnV14kjbOya/jdealyPa2jgA7RETpBLrpEFXSLqqiOKHpEz+gNvVtP1ov1YX1NRpesaeYA/YH1/QM1xaaa</latexit>

Intriguingly…..
……2016 search for stable 
charged particles 
 (more data exists)
https://cds.cern.ch/record/2205281
(CMS published results: 1609.08382)
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SUSY model parameters
ANITA events provide assumed stau energy, 
immediately give stau lifetime -> stau mass

0.5TeV . m⌧̃R . 1.0TeV
<latexit sha1_base64="MYc6dDzA2MtQ2M7qibuRx/P11MM=">AAACKXicbVDLSgMxFM34rPU16tJNsAgupMyIosuiG5dV+oLOMGQyt21oMjMkGaEM/R03/oobBUXd+iOmD7C2Hgg5nHMPyT1hypnSjvNpLS2vrK6tFzaKm1vbO7v23n5DJZmkUKcJT2QrJAo4i6GumebQSiUQEXJohv2bkd98AKlYEtf0IAVfkG7MOowSbaTArjjlC+8096TANWgMPQ5KKSawCHJPMx6BuUg2DO5/LbfszCQCu+SUnTHwInGnpISmqAb2qxclNBMQa8qJUm3XSbWfE6kZ5TAsepmClNA+6ULb0JgIUH4+3nSIj40S4U4izYk1HquziZwIpQYiNJOC6J6a90bif147050rP2dxmmmI6eShTsaxTvCoNhwxCVTzgSGESmb+immPSEK1KbdoSnDnV14kjbOya/jdealyPa2jgA7RETpBLrpEFXSLqqiOKHpEz+gNvVtP1ov1YX1NRpesaeYA/YH1/QM1xaaa</latexit><latexit sha1_base64="MYc6dDzA2MtQ2M7qibuRx/P11MM=">AAACKXicbVDLSgMxFM34rPU16tJNsAgupMyIosuiG5dV+oLOMGQyt21oMjMkGaEM/R03/oobBUXd+iOmD7C2Hgg5nHMPyT1hypnSjvNpLS2vrK6tFzaKm1vbO7v23n5DJZmkUKcJT2QrJAo4i6GumebQSiUQEXJohv2bkd98AKlYEtf0IAVfkG7MOowSbaTArjjlC+8096TANWgMPQ5KKSawCHJPMx6BuUg2DO5/LbfszCQCu+SUnTHwInGnpISmqAb2qxclNBMQa8qJUm3XSbWfE6kZ5TAsepmClNA+6ULb0JgIUH4+3nSIj40S4U4izYk1HquziZwIpQYiNJOC6J6a90bif147050rP2dxmmmI6eShTsaxTvCoNhwxCVTzgSGESmb+immPSEK1KbdoSnDnV14kjbOya/jdealyPa2jgA7RETpBLrpEFXSLqqiOKHpEz+gNvVtP1ov1YX1NRpesaeYA/YH1/QM1xaaa</latexit><latexit sha1_base64="MYc6dDzA2MtQ2M7qibuRx/P11MM=">AAACKXicbVDLSgMxFM34rPU16tJNsAgupMyIosuiG5dV+oLOMGQyt21oMjMkGaEM/R03/oobBUXd+iOmD7C2Hgg5nHMPyT1hypnSjvNpLS2vrK6tFzaKm1vbO7v23n5DJZmkUKcJT2QrJAo4i6GumebQSiUQEXJohv2bkd98AKlYEtf0IAVfkG7MOowSbaTArjjlC+8096TANWgMPQ5KKSawCHJPMx6BuUg2DO5/LbfszCQCu+SUnTHwInGnpISmqAb2qxclNBMQa8qJUm3XSbWfE6kZ5TAsepmClNA+6ULb0JgIUH4+3nSIj40S4U4izYk1HquziZwIpQYiNJOC6J6a90bif147050rP2dxmmmI6eShTsaxTvCoNhwxCVTzgSGESmb+immPSEK1KbdoSnDnV14kjbOya/jdealyPa2jgA7RETpBLrpEFXSLqqiOKHpEz+gNvVtP1ov1YX1NRpesaeYA/YH1/QM1xaaa</latexit><latexit sha1_base64="MYc6dDzA2MtQ2M7qibuRx/P11MM=">AAACKXicbVDLSgMxFM34rPU16tJNsAgupMyIosuiG5dV+oLOMGQyt21oMjMkGaEM/R03/oobBUXd+iOmD7C2Hgg5nHMPyT1hypnSjvNpLS2vrK6tFzaKm1vbO7v23n5DJZmkUKcJT2QrJAo4i6GumebQSiUQEXJohv2bkd98AKlYEtf0IAVfkG7MOowSbaTArjjlC+8096TANWgMPQ5KKSawCHJPMx6BuUg2DO5/LbfszCQCu+SUnTHwInGnpISmqAb2qxclNBMQa8qJUm3XSbWfE6kZ5TAsepmClNA+6ULb0JgIUH4+3nSIj40S4U4izYk1HquziZwIpQYiNJOC6J6a90bif147050rP2dxmmmI6eShTsaxTvCoNhwxCVTzgSGESmb+immPSEK1KbdoSnDnV14kjbOya/jdealyPa2jgA7RETpBLrpEFXSLqqiOKHpEz+gNvVtP1ov1YX1NRpesaeYA/YH1/QM1xaaa</latexit>

Then,  
• SUSY breaking scale: 

• gravitino mass:

⇠ 107 GeV
<latexit sha1_base64="uR2OWhmm9RVMT4xPwlbFCxyhDis=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIkJdFl3osoK9QBPLZHrSDp1JwsxEqKH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJJwp7TjfVmFpeWV1rbhe2tjc2t6xd/eaKk4lhQaNeSzbAVHAWQQNzTSHdiKBiIBDKxheTeqtB5CKxdGdHiXgC9KPWMgo0cbq2geeYgK7zn3VO808KfA1NMddu+xUnKnwIrg5lFGuetf+8noxTQVEmnKiVMd1Eu1nRGpGOYxLXqogIXRI+tAxGBEBys+m14/xsXF6OIyleZHGU/f3REaEUiMRmE5B9EDN1ybmf7VOqsMLP2NRkmqI6GxRmHKsYzyJAveYBKr5yAChkplbMR0QSag2gZVMCO78lxeheVZxDd+el2uXeRxFdIiO0AlyURXV0A2qowai6BE9o1f0Zj1ZL9a79TFrLVj5zD76I+vzB6NIlAs=</latexit><latexit sha1_base64="uR2OWhmm9RVMT4xPwlbFCxyhDis=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIkJdFl3osoK9QBPLZHrSDp1JwsxEqKH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJJwp7TjfVmFpeWV1rbhe2tjc2t6xd/eaKk4lhQaNeSzbAVHAWQQNzTSHdiKBiIBDKxheTeqtB5CKxdGdHiXgC9KPWMgo0cbq2geeYgK7zn3VO808KfA1NMddu+xUnKnwIrg5lFGuetf+8noxTQVEmnKiVMd1Eu1nRGpGOYxLXqogIXRI+tAxGBEBys+m14/xsXF6OIyleZHGU/f3REaEUiMRmE5B9EDN1ybmf7VOqsMLP2NRkmqI6GxRmHKsYzyJAveYBKr5yAChkplbMR0QSag2gZVMCO78lxeheVZxDd+el2uXeRxFdIiO0AlyURXV0A2qowai6BE9o1f0Zj1ZL9a79TFrLVj5zD76I+vzB6NIlAs=</latexit><latexit sha1_base64="uR2OWhmm9RVMT4xPwlbFCxyhDis=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIkJdFl3osoK9QBPLZHrSDp1JwsxEqKH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJJwp7TjfVmFpeWV1rbhe2tjc2t6xd/eaKk4lhQaNeSzbAVHAWQQNzTSHdiKBiIBDKxheTeqtB5CKxdGdHiXgC9KPWMgo0cbq2geeYgK7zn3VO808KfA1NMddu+xUnKnwIrg5lFGuetf+8noxTQVEmnKiVMd1Eu1nRGpGOYxLXqogIXRI+tAxGBEBys+m14/xsXF6OIyleZHGU/f3REaEUiMRmE5B9EDN1ybmf7VOqsMLP2NRkmqI6GxRmHKsYzyJAveYBKr5yAChkplbMR0QSag2gZVMCO78lxeheVZxDd+el2uXeRxFdIiO0AlyURXV0A2qowai6BE9o1f0Zj1ZL9a79TFrLVj5zD76I+vzB6NIlAs=</latexit><latexit sha1_base64="uR2OWhmm9RVMT4xPwlbFCxyhDis=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIkJdFl3osoK9QBPLZHrSDp1JwsxEqKH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJJwp7TjfVmFpeWV1rbhe2tjc2t6xd/eaKk4lhQaNeSzbAVHAWQQNzTSHdiKBiIBDKxheTeqtB5CKxdGdHiXgC9KPWMgo0cbq2geeYgK7zn3VO808KfA1NMddu+xUnKnwIrg5lFGuetf+8noxTQVEmnKiVMd1Eu1nRGpGOYxLXqogIXRI+tAxGBEBys+m14/xsXF6OIyleZHGU/f3REaEUiMRmE5B9EDN1ybmf7VOqsMLP2NRkmqI6GxRmHKsYzyJAveYBKr5yAChkplbMR0QSag2gZVMCO78lxeheVZxDd+el2uXeRxFdIiO0AlyURXV0A2qowai6BE9o1f0Zj1ZL9a79TFrLVj5zD76I+vzB6NIlAs=</latexit>

⇠ 25 keV
<latexit sha1_base64="154WO+ljTbdK5AK5apiMtsZ/yFw=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSFEWXRTcuK9gLNKFMpift0JkkzEzEEvIqblwo4tYXcefbOG2z0NYfBj7+cw7nzB8knCntON9WaW19Y3OrvF3Z2d3bP7APqx0Vp5JCm8Y8lr2AKOAsgrZmmkMvkUBEwKEbTG5n9e4jSMXi6EFPE/AFGUUsZJRoYw3sqqeYwI1L7zzzpMAT6OQDu+bUnbnwKrgF1FCh1sD+8oYxTQVEmnKiVN91Eu1nRGpGOeQVL1WQEDohI+gbjIgA5Wfz23N8apwhDmNpXqTx3P09kRGh1FQEplMQPVbLtZn5X62f6vDaz1iUpBoiulgUphzrGM+CwEMmgWo+NUCoZOZWTMdEEqpNXBUTgrv85VXoNOqu4fuLWvOmiKOMjtEJOkMuukJNdIdaqI0oekLP6BW9Wbn1Yr1bH4vWklXMHKE/sj5/AKxfk4w=</latexit><latexit sha1_base64="154WO+ljTbdK5AK5apiMtsZ/yFw=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSFEWXRTcuK9gLNKFMpift0JkkzEzEEvIqblwo4tYXcefbOG2z0NYfBj7+cw7nzB8knCntON9WaW19Y3OrvF3Z2d3bP7APqx0Vp5JCm8Y8lr2AKOAsgrZmmkMvkUBEwKEbTG5n9e4jSMXi6EFPE/AFGUUsZJRoYw3sqqeYwI1L7zzzpMAT6OQDu+bUnbnwKrgF1FCh1sD+8oYxTQVEmnKiVN91Eu1nRGpGOeQVL1WQEDohI+gbjIgA5Wfz23N8apwhDmNpXqTx3P09kRGh1FQEplMQPVbLtZn5X62f6vDaz1iUpBoiulgUphzrGM+CwEMmgWo+NUCoZOZWTMdEEqpNXBUTgrv85VXoNOqu4fuLWvOmiKOMjtEJOkMuukJNdIdaqI0oekLP6BW9Wbn1Yr1bH4vWklXMHKE/sj5/AKxfk4w=</latexit><latexit sha1_base64="154WO+ljTbdK5AK5apiMtsZ/yFw=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSFEWXRTcuK9gLNKFMpift0JkkzEzEEvIqblwo4tYXcefbOG2z0NYfBj7+cw7nzB8knCntON9WaW19Y3OrvF3Z2d3bP7APqx0Vp5JCm8Y8lr2AKOAsgrZmmkMvkUBEwKEbTG5n9e4jSMXi6EFPE/AFGUUsZJRoYw3sqqeYwI1L7zzzpMAT6OQDu+bUnbnwKrgF1FCh1sD+8oYxTQVEmnKiVN91Eu1nRGpGOeQVL1WQEDohI+gbjIgA5Wfz23N8apwhDmNpXqTx3P09kRGh1FQEplMQPVbLtZn5X62f6vDaz1iUpBoiulgUphzrGM+CwEMmgWo+NUCoZOZWTMdEEqpNXBUTgrv85VXoNOqu4fuLWvOmiKOMjtEJOkMuukJNdIdaqI0oekLP6BW9Wbn1Yr1bH4vWklXMHKE/sj5/AKxfk4w=</latexit><latexit sha1_base64="154WO+ljTbdK5AK5apiMtsZ/yFw=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSFEWXRTcuK9gLNKFMpift0JkkzEzEEvIqblwo4tYXcefbOG2z0NYfBj7+cw7nzB8knCntON9WaW19Y3OrvF3Z2d3bP7APqx0Vp5JCm8Y8lr2AKOAsgrZmmkMvkUBEwKEbTG5n9e4jSMXi6EFPE/AFGUUsZJRoYw3sqqeYwI1L7zzzpMAT6OQDu+bUnbnwKrgF1FCh1sD+8oYxTQVEmnKiVN91Eu1nRGpGOeQVL1WQEDohI+gbjIgA5Wfz23N8apwhDmNpXqTx3P09kRGh1FQEplMQPVbLtZn5X62f6vDaz1iUpBoiulgUphzrGM+CwEMmgWo+NUCoZOZWTMdEEqpNXBUTgrv85VXoNOqu4fuLWvOmiKOMjtEJOkMuukJNdIdaqI0oekLP6BW9Wbn1Yr1bH4vWklXMHKE/sj5/AKxfk4w=</latexit>

(cosmologically disfavored)

eg, Albuquerque, Burdman, Chacko,  
hep-ph/0312197

But, this scenario seems unlikely to predict 
observed rate (and zenith angle distribution)
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General challenges for this 
type of explanation

Ando, Beacom, Profumo, Rainwater 
0711.2908
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incoming neutrinos

X = column depth
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incoming neutrinos

X = column depth

produce the new particle

propagation: lose neutrinos, staus lose energy



S. Shandera, NuTheories, PITT PACC, 7 Nov 2018

What else has been tried?
• Sterile neutrinos (Cherry, Shoemaker, 1802.01611; Huang,

1804.05362) 
• Decaying dark matter inside the earth 

• R-parity violating SUSY model, EeV gravitino DM 
(Dudas et al, 1805.07342) (but rate is too low) 

• minimal extension of SM by 3 RH neutrinos (“CPT 
universe”) (Anchordoqui et al, 1803.11554) 

• CR shower is bino-initiated (RPV SUSY) (Collins et al, 
1810.08479) 



S. Shandera, NuTheories, PITT PACC, 7 Nov 2018

Explaining the zenith angle 
distribution?

• Anisotropic/transient neutrino fluxes 
• Unexpected distribution of new particle matter 
inside the earth 

• ???
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An additional challenge/opportunity: 
What should IceCube see?

• IceCube sees no anomalies 
• Exposure is 1-60 times ANITA (depending on scenario)

But, IceCube could have taus masquerading as muons…

0.07EeV
<latexit sha1_base64="I/jCNzZCmPljjImOTJJNrQstoa0=">AAAB+XicbZDLSgMxFIYzXmu9jbp0EyyCCykzItRlUQSXFewFOkPJpGfa0CQzJJlCGfomblwo4tY3cefbmLaz0NYfAh//OYdz8kcpZ9p43reztr6xubVd2inv7u0fHLpHxy2dZIpCkyY8UZ2IaOBMQtMww6GTKiAi4tCORnezensMSrNEPplJCqEgA8liRomxVs91vapXCy5xHiiB76E17bkVa82FV8EvoIIKNXruV9BPaCZAGsqJ1l3fS02YE2UY5TAtB5mGlNARGUDXoiQCdJjPL5/ic+v0cZwo+6TBc/f3RE6E1hMR2U5BzFAv12bmf7VuZuKbMGcyzQxIulgUZxybBM9iwH2mgBo+sUCoYvZWTIdEEWpsWGUbgr/85VVoXVV9y4/XlfptEUcJnaIzdIF8VEN19IAaqIkoGqNn9IrenNx5cd6dj0XrmlPMnKA/cj5/ACSvkgs=</latexit><latexit sha1_base64="I/jCNzZCmPljjImOTJJNrQstoa0=">AAAB+XicbZDLSgMxFIYzXmu9jbp0EyyCCykzItRlUQSXFewFOkPJpGfa0CQzJJlCGfomblwo4tY3cefbmLaz0NYfAh//OYdz8kcpZ9p43reztr6xubVd2inv7u0fHLpHxy2dZIpCkyY8UZ2IaOBMQtMww6GTKiAi4tCORnezensMSrNEPplJCqEgA8liRomxVs91vapXCy5xHiiB76E17bkVa82FV8EvoIIKNXruV9BPaCZAGsqJ1l3fS02YE2UY5TAtB5mGlNARGUDXoiQCdJjPL5/ic+v0cZwo+6TBc/f3RE6E1hMR2U5BzFAv12bmf7VuZuKbMGcyzQxIulgUZxybBM9iwH2mgBo+sUCoYvZWTIdEEWpsWGUbgr/85VVoXVV9y4/XlfptEUcJnaIzdIF8VEN19IAaqIkoGqNn9IrenNx5cd6dj0XrmlPMnKA/cj5/ACSvkgs=</latexit><latexit sha1_base64="I/jCNzZCmPljjImOTJJNrQstoa0=">AAAB+XicbZDLSgMxFIYzXmu9jbp0EyyCCykzItRlUQSXFewFOkPJpGfa0CQzJJlCGfomblwo4tY3cefbmLaz0NYfAh//OYdz8kcpZ9p43reztr6xubVd2inv7u0fHLpHxy2dZIpCkyY8UZ2IaOBMQtMww6GTKiAi4tCORnezensMSrNEPplJCqEgA8liRomxVs91vapXCy5xHiiB76E17bkVa82FV8EvoIIKNXruV9BPaCZAGsqJ1l3fS02YE2UY5TAtB5mGlNARGUDXoiQCdJjPL5/ic+v0cZwo+6TBc/f3RE6E1hMR2U5BzFAv12bmf7VuZuKbMGcyzQxIulgUZxybBM9iwH2mgBo+sUCoYvZWTIdEEWpsWGUbgr/85VVoXVV9y4/XlfptEUcJnaIzdIF8VEN19IAaqIkoGqNn9IrenNx5cd6dj0XrmlPMnKA/cj5/ACSvkgs=</latexit><latexit sha1_base64="I/jCNzZCmPljjImOTJJNrQstoa0=">AAAB+XicbZDLSgMxFIYzXmu9jbp0EyyCCykzItRlUQSXFewFOkPJpGfa0CQzJJlCGfomblwo4tY3cefbmLaz0NYfAh//OYdz8kcpZ9p43reztr6xubVd2inv7u0fHLpHxy2dZIpCkyY8UZ2IaOBMQtMww6GTKiAi4tCORnezensMSrNEPplJCqEgA8liRomxVs91vapXCy5xHiiB76E17bkVa82FV8EvoIIKNXruV9BPaCZAGsqJ1l3fS02YE2UY5TAtB5mGlNARGUDXoiQCdJjPL5/ic+v0cZwo+6TBc/f3RE6E1hMR2U5BzFAv12bmf7VuZuKbMGcyzQxIulgUZxybBM9iwH2mgBo+sUCoYvZWTIdEEWpsWGUbgr/85VVoXVV9y4/XlfptEUcJnaIzdIF8VEN19IAaqIkoGqNn9IrenNx5cd6dj0XrmlPMnKA/cj5/ACSvkgs=</latexit>

…although with energy a bit low for ANITA stau:

(Kistler, Laha, 1605.08781)
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Conclusions…
More data exists already: ANITA, LHC, IceCube, 
Auger

Going beyond our old workhorse BSM ideas:

How can we best exploit this data for new, paradigm 
shifting, constraints on BSM physics?


