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New Physics from 
UHE cosmic ray event

•  Ultra-high E cosmic rays events : up to 400 TeV in CME. 
 (It is the only way to reach above 10 TeV now.)


•  Studying high E new physics event at ground detector        
 arrays is important.



New Physics from 
UHE cosmic ray event

•  Ultra-high E cosmic rays events : up to 400 TeV in CME. 
 (It is the only way to reach above 10 TeV now.)


•  Studying high E new physics event at ground detector        
 arrays is important.

• Above 10 TeV, there are some High multiplicity process 
possibilities:


• (B+L)-violating electroweak sphaleron process


• BH production in TeV (or higher)-scale gravity models



High multiplicity NP 
cross section
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depend on

new physics 

example.

• UHE neutrino-nucleon collision cross section



Sphaleron cross section

•NP case : Electroweak sphaleron
[ Klinkhamer and Manton, 1984 ] 
[ Rubakov and Shaposhnikov, 1987, 1996 ]  
[ Ringwald et al., 1990 ]
[ Tye and Wong, 2015, 2017 ]
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Microscopic BH cross section
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•NP case : Microscopic BH in TeV-scale gravity
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UHE neutrino cross section
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Event rate at ground arrays

One guaranteed source

: GZK neutrinos

SM or NP
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SM CC/NC air-shower  
at Auger observatory

GZK n HFermiLAT, best-fitL
GZK n HFermiLAT, 90% CL upperL
GZK n HFermiLAT, 90% CL lowerL
GZK n HYoshida, m=4, Zmax=4, g=2L

GZK n HKotera, FRII, Emax=316 EeVL
IceCube H2008-2014L
Auger H2004-2013L
Auger North HexpectedL
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Auger North 

10 yrs 


(Expected)

dN

d
ln

E
sh

<latexit sha1_base64="wbdnhv6/CYqQRd8L1tKf6eZzh0E=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KKoN6KIniSCsYWmhA2m027dHcTdjdCCTl48a948aDi1T/hzX/jts1BWx8MPN6bYWZemDKqtON8W5Wl5ZXVtep6bWNza3vH3t27V0kmMXFxwhLZC5EijAriaqoZ6aWSIB4y0g1HlxO/+0Ckoom40+OU+BwNBI0pRtpIgV33YolwHt0UeQQ9JuBVkHuSQzUsisBuOE1nCrhIWiVpgBKdwP7yogRnnAiNGVKq33JS7edIaooZKWpepkiK8AgNSN9QgThRfj59ooCHRolgnEhTQsOp+nsiR1ypMQ9NJ0d6qOa9ifif1890fObnVKSZJgLPFsUZgzqBk0RgRCXBmo0NQVhScyvEQ2RS0Sa3mgmhNf/yInGPm+dN5/ak0b4o06iCOjgAR6AFTkEbXIMOcAEGj+AZvII368l6sd6tj1lrxSpn9sEfWJ8/59eX0g==</latexit><latexit sha1_base64="wbdnhv6/CYqQRd8L1tKf6eZzh0E=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KKoN6KIniSCsYWmhA2m027dHcTdjdCCTl48a948aDi1T/hzX/jts1BWx8MPN6bYWZemDKqtON8W5Wl5ZXVtep6bWNza3vH3t27V0kmMXFxwhLZC5EijAriaqoZ6aWSIB4y0g1HlxO/+0Ckoom40+OU+BwNBI0pRtpIgV33YolwHt0UeQQ9JuBVkHuSQzUsisBuOE1nCrhIWiVpgBKdwP7yogRnnAiNGVKq33JS7edIaooZKWpepkiK8AgNSN9QgThRfj59ooCHRolgnEhTQsOp+nsiR1ypMQ9NJ0d6qOa9ifif1890fObnVKSZJgLPFsUZgzqBk0RgRCXBmo0NQVhScyvEQ2RS0Sa3mgmhNf/yInGPm+dN5/ak0b4o06iCOjgAR6AFTkEbXIMOcAEGj+AZvII368l6sd6tj1lrxSpn9sEfWJ8/59eX0g==</latexit><latexit sha1_base64="wbdnhv6/CYqQRd8L1tKf6eZzh0E=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KKoN6KIniSCsYWmhA2m027dHcTdjdCCTl48a948aDi1T/hzX/jts1BWx8MPN6bYWZemDKqtON8W5Wl5ZXVtep6bWNza3vH3t27V0kmMXFxwhLZC5EijAriaqoZ6aWSIB4y0g1HlxO/+0Ckoom40+OU+BwNBI0pRtpIgV33YolwHt0UeQQ9JuBVkHuSQzUsisBuOE1nCrhIWiVpgBKdwP7yogRnnAiNGVKq33JS7edIaooZKWpepkiK8AgNSN9QgThRfj59ooCHRolgnEhTQsOp+nsiR1ypMQ9NJ0d6qOa9ifif1890fObnVKSZJgLPFsUZgzqBk0RgRCXBmo0NQVhScyvEQ2RS0Sa3mgmhNf/yInGPm+dN5/ak0b4o06iCOjgAR6AFTkEbXIMOcAEGj+AZvII368l6sd6tj1lrxSpn9sEfWJ8/59eX0g==</latexit>

No direct detection of UHE    -induced,

highly inclined air-shower yet.

⌫
<latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit><latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit><latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit>



New Physics air-shower  
with various GZK      flux assumptions

NP event rate bounds :  Auger 9yrs search 
                                       Auger North 10yrs  

p  10�1
<latexit sha1_base64="pS1XPyq790ctSIGeZNsrFFjenPc=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxItk1JuqN6MUjJq6QwEJmh16YMPtwZlZDNvyHFw9qvPox3vwbB9iDgpV0UqnqTneXnwiutG1/W4Wl5ZXVteJ6aWNza3unvLt3r+JUMnRZLGLZ9KlCwSN0NdcCm4lEGvoCG/7weuI3HlEqHkd3epSgF9J+xAPOqDZSJyFtgQ/EsTvZiTPulit21Z6CLBInJxXIUe+Wv9q9mKUhRpoJqlTLsRPtZVRqzgSOS+1UYULZkPaxZWhEQ1ReNr16TI6M0iNBLE1FmkzV3xMZDZUahb7pDKkeqHlvIv7ntVIdXHgZj5JUY8Rmi4JUEB2TSQSkxyUyLUaGUCa5uZWwAZWUaRNUyYTgzL+8SNzT6mXVvj2r1K7yNIpwAIdwDA6cQw1uoA4uMJDwDK/wZj1ZL9a79TFrLVj5zD78gfX5Az4EkTw=</latexit><latexit sha1_base64="pS1XPyq790ctSIGeZNsrFFjenPc=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxItk1JuqN6MUjJq6QwEJmh16YMPtwZlZDNvyHFw9qvPox3vwbB9iDgpV0UqnqTneXnwiutG1/W4Wl5ZXVteJ6aWNza3unvLt3r+JUMnRZLGLZ9KlCwSN0NdcCm4lEGvoCG/7weuI3HlEqHkd3epSgF9J+xAPOqDZSJyFtgQ/EsTvZiTPulit21Z6CLBInJxXIUe+Wv9q9mKUhRpoJqlTLsRPtZVRqzgSOS+1UYULZkPaxZWhEQ1ReNr16TI6M0iNBLE1FmkzV3xMZDZUahb7pDKkeqHlvIv7ntVIdXHgZj5JUY8Rmi4JUEB2TSQSkxyUyLUaGUCa5uZWwAZWUaRNUyYTgzL+8SNzT6mXVvj2r1K7yNIpwAIdwDA6cQw1uoA4uMJDwDK/wZj1ZL9a79TFrLVj5zD78gfX5Az4EkTw=</latexit><latexit sha1_base64="pS1XPyq790ctSIGeZNsrFFjenPc=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxItk1JuqN6MUjJq6QwEJmh16YMPtwZlZDNvyHFw9qvPox3vwbB9iDgpV0UqnqTneXnwiutG1/W4Wl5ZXVteJ6aWNza3unvLt3r+JUMnRZLGLZ9KlCwSN0NdcCm4lEGvoCG/7weuI3HlEqHkd3epSgF9J+xAPOqDZSJyFtgQ/EsTvZiTPulit21Z6CLBInJxXIUe+Wv9q9mKUhRpoJqlTLsRPtZVRqzgSOS+1UYULZkPaxZWhEQ1ReNr16TI6M0iNBLE1FmkzV3xMZDZUahb7pDKkeqHlvIv7ntVIdXHgZj5JUY8Rmi4JUEB2TSQSkxyUyLUaGUCa5uZWwAZWUaRNUyYTgzL+8SNzT6mXVvj2r1K7yNIpwAIdwDA6cQw1uoA4uMJDwDK/wZj1ZL9a79TFrLVj5zD78gfX5Az4EkTw=</latexit>

GZK n HFermiLAT, best-fitL
GZK n HFermiLAT, 90% CL upperL
GZK n HFermiLAT, 90% CL lowerL
GZK n HYoshida, m=4, Zmax=4, g=2L

GZK n HKotera, FRII, Emax=316 EeVL
IceCube H2008-2014L
Auger H2004-2013L
Auger North HexpectedL
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sh

<latexit sha1_base64="wbdnhv6/CYqQRd8L1tKf6eZzh0E=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KKoN6KIniSCsYWmhA2m027dHcTdjdCCTl48a948aDi1T/hzX/jts1BWx8MPN6bYWZemDKqtON8W5Wl5ZXVtep6bWNza3vH3t27V0kmMXFxwhLZC5EijAriaqoZ6aWSIB4y0g1HlxO/+0Ckoom40+OU+BwNBI0pRtpIgV33YolwHt0UeQQ9JuBVkHuSQzUsisBuOE1nCrhIWiVpgBKdwP7yogRnnAiNGVKq33JS7edIaooZKWpepkiK8AgNSN9QgThRfj59ooCHRolgnEhTQsOp+nsiR1ypMQ9NJ0d6qOa9ifif1890fObnVKSZJgLPFsUZgzqBk0RgRCXBmo0NQVhScyvEQ2RS0Sa3mgmhNf/yInGPm+dN5/ak0b4o06iCOjgAR6AFTkEbXIMOcAEGj+AZvII368l6sd6tj1lrxSpn9sEfWJ8/59eX0g==</latexit><latexit sha1_base64="wbdnhv6/CYqQRd8L1tKf6eZzh0E=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KKoN6KIniSCsYWmhA2m027dHcTdjdCCTl48a948aDi1T/hzX/jts1BWx8MPN6bYWZemDKqtON8W5Wl5ZXVtep6bWNza3vH3t27V0kmMXFxwhLZC5EijAriaqoZ6aWSIB4y0g1HlxO/+0Ckoom40+OU+BwNBI0pRtpIgV33YolwHt0UeQQ9JuBVkHuSQzUsisBuOE1nCrhIWiVpgBKdwP7yogRnnAiNGVKq33JS7edIaooZKWpepkiK8AgNSN9QgThRfj59ooCHRolgnEhTQsOp+nsiR1ypMQ9NJ0d6qOa9ifif1890fObnVKSZJgLPFsUZgzqBk0RgRCXBmo0NQVhScyvEQ2RS0Sa3mgmhNf/yInGPm+dN5/ak0b4o06iCOjgAR6AFTkEbXIMOcAEGj+AZvII368l6sd6tj1lrxSpn9sEfWJ8/59eX0g==</latexit><latexit sha1_base64="wbdnhv6/CYqQRd8L1tKf6eZzh0E=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KKoN6KIniSCsYWmhA2m027dHcTdjdCCTl48a948aDi1T/hzX/jts1BWx8MPN6bYWZemDKqtON8W5Wl5ZXVtep6bWNza3vH3t27V0kmMXFxwhLZC5EijAriaqoZ6aWSIB4y0g1HlxO/+0Ckoom40+OU+BwNBI0pRtpIgV33YolwHt0UeQQ9JuBVkHuSQzUsisBuOE1nCrhIWiVpgBKdwP7yogRnnAiNGVKq33JS7edIaooZKWpepkiK8AgNSN9QgThRfj59ooCHRolgnEhTQsOp+nsiR1ypMQ9NJ0d6qOa9ifif1890fObnVKSZJgLPFsUZgzqBk0RgRCXBmo0NQVhScyvEQ2RS0Sa3mgmhNf/yInGPm+dN5/ak0b4o06iCOjgAR6AFTkEbXIMOcAEGj+AZvII368l6sd6tj1lrxSpn9sEfWJ8/59eX0g==</latexit>

EW Sph, ESph = 9.0 TeV, p = 0.3
<latexit sha1_base64="+ULVPXSlNB5v4bfccGkK1LWTJ44=">AAACIXicbVDLSgMxFM34rPVVdekmWAQXUqYqaBdCUQouK/YFnVIy6W0bmnmQ3BHL0G9x46+4caHSnfgzptMutPVA4OScc0nucUMpNNr2l7W0vLK6tp7aSG9ube/sZvb2azqIFIcqD2SgGi7TIIUPVRQooREqYJ4roe4Obid+/RGUFoFfwWEILY/1fNEVnKGR2pmCg/CEcalOH8L+6JQ6tNSOHeUlV3pNCzmbTiO0ArUkEBrZzp23M1k7ZyegiyQ/I1kyQ7mdGTudgEce+Mgl07qZt0NsxUyh4BJGaSfSEDI+YD1oGuozD3QrTlYc0WOjdGg3UOb4SBP190TMPK2HnmuSHsO+nvcm4n9eM8LuVSsWfhgh+Hz6UDeSFAM66Yt2hAKOcmgI40qYv1LeZ4pxNK2mTQn5+ZUXSfUsZ3q8v8gWb2ZtpMghOSInJE8uSZHckTKpEk6eySt5Jx/Wi/VmfVrjaXTJms0ckD+wvn8AB+ugZA==</latexit><latexit sha1_base64="+ULVPXSlNB5v4bfccGkK1LWTJ44=">AAACIXicbVDLSgMxFM34rPVVdekmWAQXUqYqaBdCUQouK/YFnVIy6W0bmnmQ3BHL0G9x46+4caHSnfgzptMutPVA4OScc0nucUMpNNr2l7W0vLK6tp7aSG9ube/sZvb2azqIFIcqD2SgGi7TIIUPVRQooREqYJ4roe4Obid+/RGUFoFfwWEILY/1fNEVnKGR2pmCg/CEcalOH8L+6JQ6tNSOHeUlV3pNCzmbTiO0ArUkEBrZzp23M1k7ZyegiyQ/I1kyQ7mdGTudgEce+Mgl07qZt0NsxUyh4BJGaSfSEDI+YD1oGuozD3QrTlYc0WOjdGg3UOb4SBP190TMPK2HnmuSHsO+nvcm4n9eM8LuVSsWfhgh+Hz6UDeSFAM66Yt2hAKOcmgI40qYv1LeZ4pxNK2mTQn5+ZUXSfUsZ3q8v8gWb2ZtpMghOSInJE8uSZHckTKpEk6eySt5Jx/Wi/VmfVrjaXTJms0ckD+wvn8AB+ugZA==</latexit><latexit sha1_base64="+ULVPXSlNB5v4bfccGkK1LWTJ44=">AAACIXicbVDLSgMxFM34rPVVdekmWAQXUqYqaBdCUQouK/YFnVIy6W0bmnmQ3BHL0G9x46+4caHSnfgzptMutPVA4OScc0nucUMpNNr2l7W0vLK6tp7aSG9ube/sZvb2azqIFIcqD2SgGi7TIIUPVRQooREqYJ4roe4Obid+/RGUFoFfwWEILY/1fNEVnKGR2pmCg/CEcalOH8L+6JQ6tNSOHeUlV3pNCzmbTiO0ArUkEBrZzp23M1k7ZyegiyQ/I1kyQ7mdGTudgEce+Mgl07qZt0NsxUyh4BJGaSfSEDI+YD1oGuozD3QrTlYc0WOjdGg3UOb4SBP190TMPK2HnmuSHsO+nvcm4n9eM8LuVSsWfhgh+Hz6UDeSFAM66Yt2hAKOcmgI40qYv1LeZ4pxNK2mTQn5+ZUXSfUsZ3q8v8gWb2ZtpMghOSInJE8uSZHckTKpEk6eySt5Jx/Wi/VmfVrjaXTJms0ckD+wvn8AB+ugZA==</latexit>

Esh [GeV]
<latexit sha1_base64="AwrDKcwV1tI4duukY2XaHzHTvpM=">AAACAXicbVDLSgNBEJyNrxhfUU/iZTAInsJGBPUWFNFjBPOA7LLMTjrJkNkHM71iWIIXf8WLBxWv/oU3/8ZJsgdNLGgoqrrp7vJjKTTa9reVW1hcWl7JrxbW1jc2t4rbOw0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0B5djv3kPSosovMNhDG7AeqHoCs7QSF5x78pLHRVQ3R9Rh7YdhAdMr6Excr1iyS7bE9B5UslIiWSoecUvpxPxJIAQuWRatyt2jG7KFAouYVRwEg0x4wPWg7ahIQtAu+nkhRE9NEqHdiNlKkQ6UX9PpCzQehj4pjNg2Nez3lj8z2sn2D1zUxHGCULIp4u6iaQY0XEetCMUcJRDQxhXwtxKeZ8pxtGkVjAhVGZfnif14/J52b49KVUvsjTyZJ8ckCNSIaekSm5IjdQJJ4/kmbySN+vJerHerY9pa87KZnbJH1ifP/m7lrk=</latexit><latexit sha1_base64="AwrDKcwV1tI4duukY2XaHzHTvpM=">AAACAXicbVDLSgNBEJyNrxhfUU/iZTAInsJGBPUWFNFjBPOA7LLMTjrJkNkHM71iWIIXf8WLBxWv/oU3/8ZJsgdNLGgoqrrp7vJjKTTa9reVW1hcWl7JrxbW1jc2t4rbOw0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0B5djv3kPSosovMNhDG7AeqHoCs7QSF5x78pLHRVQ3R9Rh7YdhAdMr6Excr1iyS7bE9B5UslIiWSoecUvpxPxJIAQuWRatyt2jG7KFAouYVRwEg0x4wPWg7ahIQtAu+nkhRE9NEqHdiNlKkQ6UX9PpCzQehj4pjNg2Nez3lj8z2sn2D1zUxHGCULIp4u6iaQY0XEetCMUcJRDQxhXwtxKeZ8pxtGkVjAhVGZfnif14/J52b49KVUvsjTyZJ8ckCNSIaekSm5IjdQJJ4/kmbySN+vJerHerY9pa87KZnbJH1ifP/m7lrk=</latexit><latexit sha1_base64="AwrDKcwV1tI4duukY2XaHzHTvpM=">AAACAXicbVDLSgNBEJyNrxhfUU/iZTAInsJGBPUWFNFjBPOA7LLMTjrJkNkHM71iWIIXf8WLBxWv/oU3/8ZJsgdNLGgoqrrp7vJjKTTa9reVW1hcWl7JrxbW1jc2t4rbOw0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0B5djv3kPSosovMNhDG7AeqHoCs7QSF5x78pLHRVQ3R9Rh7YdhAdMr6Excr1iyS7bE9B5UslIiWSoecUvpxPxJIAQuWRatyt2jG7KFAouYVRwEg0x4wPWg7ahIQtAu+nkhRE9NEqHdiNlKkQ6UX9PpCzQehj4pjNg2Nez3lj8z2sn2D1zUxHGCULIp4u6iaQY0XEetCMUcJRDQxhXwtxKeZ8pxtGkVjAhVGZfnif14/J52b49KVUvsjTyZJ8ckCNSIaekSm5IjdQJJ4/kmbySN+vJerHerY9pa87KZnbJH1ifP/m7lrk=</latexit>

⌫
<latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit><latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit><latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit>



No expectation to observe blackhole air-shower

with                                          in near future.(MD,Mmin) � (4, 6) TeV

<latexit sha1_base64="RhB9Heg1KXtw3+dWWrdRyfDjAew=">AAACE3icbZBNSwMxEIazflu/qh69BItQUcpWxI+bqAcvgoJthbaUbDqtoUl2TWbFsuyP8OJf8eJBxasXb/4b09qDtr4QeHhnhsm8QSSFRd//8sbGJyanpmdmM3PzC4tL2eWVsg1jw6HEQxma64BZkEJDCQVKuI4MMBVIqASdk169cgfGilBfYTeCumJtLVqCM3RWI7uVP28kNaPoabrdIyV0uklrbbil+d3tPYcI95jQKyinjWzOL/h90VEoDiBHBrpoZD9rzZDHCjRyyaytFv0I6wkzKLiENFOLLUSMd1gbqg41U2DrSf+olG44p0lboXFPI+27vycSpqztqsB1KoY3drjWM/+rVWNsHdQToaMYQfOfRa1YUgxpLyHaFAY4yq4Dxo1wf6X8hhnG0eWYcSEUh08ehdJO4bDgX+7mjo4HacyQNbJO8qRI9skROSMXpEQ4eSBP5IW8eo/es/fmvf+0jnmDmVXyR97HN8V0nFg=</latexit><latexit sha1_base64="RhB9Heg1KXtw3+dWWrdRyfDjAew=">AAACE3icbZBNSwMxEIazflu/qh69BItQUcpWxI+bqAcvgoJthbaUbDqtoUl2TWbFsuyP8OJf8eJBxasXb/4b09qDtr4QeHhnhsm8QSSFRd//8sbGJyanpmdmM3PzC4tL2eWVsg1jw6HEQxma64BZkEJDCQVKuI4MMBVIqASdk169cgfGilBfYTeCumJtLVqCM3RWI7uVP28kNaPoabrdIyV0uklrbbil+d3tPYcI95jQKyinjWzOL/h90VEoDiBHBrpoZD9rzZDHCjRyyaytFv0I6wkzKLiENFOLLUSMd1gbqg41U2DrSf+olG44p0lboXFPI+27vycSpqztqsB1KoY3drjWM/+rVWNsHdQToaMYQfOfRa1YUgxpLyHaFAY4yq4Dxo1wf6X8hhnG0eWYcSEUh08ehdJO4bDgX+7mjo4HacyQNbJO8qRI9skROSMXpEQ4eSBP5IW8eo/es/fmvf+0jnmDmVXyR97HN8V0nFg=</latexit><latexit sha1_base64="RhB9Heg1KXtw3+dWWrdRyfDjAew=">AAACE3icbZBNSwMxEIazflu/qh69BItQUcpWxI+bqAcvgoJthbaUbDqtoUl2TWbFsuyP8OJf8eJBxasXb/4b09qDtr4QeHhnhsm8QSSFRd//8sbGJyanpmdmM3PzC4tL2eWVsg1jw6HEQxma64BZkEJDCQVKuI4MMBVIqASdk169cgfGilBfYTeCumJtLVqCM3RWI7uVP28kNaPoabrdIyV0uklrbbil+d3tPYcI95jQKyinjWzOL/h90VEoDiBHBrpoZD9rzZDHCjRyyaytFv0I6wkzKLiENFOLLUSMd1gbqg41U2DrSf+olG44p0lboXFPI+27vycSpqztqsB1KoY3drjWM/+rVWNsHdQToaMYQfOfRa1YUgxpLyHaFAY4yq4Dxo1wf6X8hhnG0eWYcSEUh08ehdJO4bDgX+7mjo4HacyQNbJO8qRI9skROSMXpEQ4eSBP5IW8eo/es/fmvf+0jnmDmVXyR97HN8V0nFg=</latexit>

GZK n, EWSph ESph = 9.0 TeV, p=0.3

GZK n, BH HMD, MminL = H4, 6L TeV
GZK n, BH HMD, MminL = H5, 8L TeV

IceCube H2008-2014, 6yr dataL
Auger H2004-2013, 9 yr dataL
Auger North, expected
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<latexit sha1_base64="wbdnhv6/CYqQRd8L1tKf6eZzh0E=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KKoN6KIniSCsYWmhA2m027dHcTdjdCCTl48a948aDi1T/hzX/jts1BWx8MPN6bYWZemDKqtON8W5Wl5ZXVtep6bWNza3vH3t27V0kmMXFxwhLZC5EijAriaqoZ6aWSIB4y0g1HlxO/+0Ckoom40+OU+BwNBI0pRtpIgV33YolwHt0UeQQ9JuBVkHuSQzUsisBuOE1nCrhIWiVpgBKdwP7yogRnnAiNGVKq33JS7edIaooZKWpepkiK8AgNSN9QgThRfj59ooCHRolgnEhTQsOp+nsiR1ypMQ9NJ0d6qOa9ifif1890fObnVKSZJgLPFsUZgzqBk0RgRCXBmo0NQVhScyvEQ2RS0Sa3mgmhNf/yInGPm+dN5/ak0b4o06iCOjgAR6AFTkEbXIMOcAEGj+AZvII368l6sd6tj1lrxSpn9sEfWJ8/59eX0g==</latexit><latexit sha1_base64="wbdnhv6/CYqQRd8L1tKf6eZzh0E=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KKoN6KIniSCsYWmhA2m027dHcTdjdCCTl48a948aDi1T/hzX/jts1BWx8MPN6bYWZemDKqtON8W5Wl5ZXVtep6bWNza3vH3t27V0kmMXFxwhLZC5EijAriaqoZ6aWSIB4y0g1HlxO/+0Ckoom40+OU+BwNBI0pRtpIgV33YolwHt0UeQQ9JuBVkHuSQzUsisBuOE1nCrhIWiVpgBKdwP7yogRnnAiNGVKq33JS7edIaooZKWpepkiK8AgNSN9QgThRfj59ooCHRolgnEhTQsOp+nsiR1ypMQ9NJ0d6qOa9ifif1890fObnVKSZJgLPFsUZgzqBk0RgRCXBmo0NQVhScyvEQ2RS0Sa3mgmhNf/yInGPm+dN5/ak0b4o06iCOjgAR6AFTkEbXIMOcAEGj+AZvII368l6sd6tj1lrxSpn9sEfWJ8/59eX0g==</latexit><latexit sha1_base64="wbdnhv6/CYqQRd8L1tKf6eZzh0E=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KKoN6KIniSCsYWmhA2m027dHcTdjdCCTl48a948aDi1T/hzX/jts1BWx8MPN6bYWZemDKqtON8W5Wl5ZXVtep6bWNza3vH3t27V0kmMXFxwhLZC5EijAriaqoZ6aWSIB4y0g1HlxO/+0Ckoom40+OU+BwNBI0pRtpIgV33YolwHt0UeQQ9JuBVkHuSQzUsisBuOE1nCrhIWiVpgBKdwP7yogRnnAiNGVKq33JS7edIaooZKWpepkiK8AgNSN9QgThRfj59ooCHRolgnEhTQsOp+nsiR1ypMQ9NJ0d6qOa9ifif1890fObnVKSZJgLPFsUZgzqBk0RgRCXBmo0NQVhScyvEQ2RS0Sa3mgmhNf/yInGPm+dN5/ak0b4o06iCOjgAR6AFTkEbXIMOcAEGj+AZvII368l6sd6tj1lrxSpn9sEfWJ8/59eX0g==</latexit>

Esh [GeV]
<latexit sha1_base64="AwrDKcwV1tI4duukY2XaHzHTvpM=">AAACAXicbVDLSgNBEJyNrxhfUU/iZTAInsJGBPUWFNFjBPOA7LLMTjrJkNkHM71iWIIXf8WLBxWv/oU3/8ZJsgdNLGgoqrrp7vJjKTTa9reVW1hcWl7JrxbW1jc2t4rbOw0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0B5djv3kPSosovMNhDG7AeqHoCs7QSF5x78pLHRVQ3R9Rh7YdhAdMr6Excr1iyS7bE9B5UslIiWSoecUvpxPxJIAQuWRatyt2jG7KFAouYVRwEg0x4wPWg7ahIQtAu+nkhRE9NEqHdiNlKkQ6UX9PpCzQehj4pjNg2Nez3lj8z2sn2D1zUxHGCULIp4u6iaQY0XEetCMUcJRDQxhXwtxKeZ8pxtGkVjAhVGZfnif14/J52b49KVUvsjTyZJ8ckCNSIaekSm5IjdQJJ4/kmbySN+vJerHerY9pa87KZnbJH1ifP/m7lrk=</latexit><latexit sha1_base64="AwrDKcwV1tI4duukY2XaHzHTvpM=">AAACAXicbVDLSgNBEJyNrxhfUU/iZTAInsJGBPUWFNFjBPOA7LLMTjrJkNkHM71iWIIXf8WLBxWv/oU3/8ZJsgdNLGgoqrrp7vJjKTTa9reVW1hcWl7JrxbW1jc2t4rbOw0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0B5djv3kPSosovMNhDG7AeqHoCs7QSF5x78pLHRVQ3R9Rh7YdhAdMr6Excr1iyS7bE9B5UslIiWSoecUvpxPxJIAQuWRatyt2jG7KFAouYVRwEg0x4wPWg7ahIQtAu+nkhRE9NEqHdiNlKkQ6UX9PpCzQehj4pjNg2Nez3lj8z2sn2D1zUxHGCULIp4u6iaQY0XEetCMUcJRDQxhXwtxKeZ8pxtGkVjAhVGZfnif14/J52b49KVUvsjTyZJ8ckCNSIaekSm5IjdQJJ4/kmbySN+vJerHerY9pa87KZnbJH1ifP/m7lrk=</latexit><latexit sha1_base64="AwrDKcwV1tI4duukY2XaHzHTvpM=">AAACAXicbVDLSgNBEJyNrxhfUU/iZTAInsJGBPUWFNFjBPOA7LLMTjrJkNkHM71iWIIXf8WLBxWv/oU3/8ZJsgdNLGgoqrrp7vJjKTTa9reVW1hcWl7JrxbW1jc2t4rbOw0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0B5djv3kPSosovMNhDG7AeqHoCs7QSF5x78pLHRVQ3R9Rh7YdhAdMr6Excr1iyS7bE9B5UslIiWSoecUvpxPxJIAQuWRatyt2jG7KFAouYVRwEg0x4wPWg7ahIQtAu+nkhRE9NEqHdiNlKkQ6UX9PpCzQehj4pjNg2Nez3lj8z2sn2D1zUxHGCULIp4u6iaQY0XEetCMUcJRDQxhXwtxKeZ8pxtGkVjAhVGZfnif14/J52b49KVUvsjTyZJ8ckCNSIaekSm5IjdQJJ4/kmbySN+vJerHerY9pa87KZnbJH1ifP/m7lrk=</latexit>

Auger 

9 yrs

Auger North 

10 yrs 


(Expected)

EW Sph, ESph = 9.0 TeV, p = 0.3
<latexit sha1_base64="l/ZAu08HUufLlHcw53clOT06ByM=">AAACIXicdVDLSgMxFM34tr5GXboJFsGFlKkK2oUgiuCyYscKnaFk0lsbmnmQ3BHL0G9x46+4caHiTvwZ02mFWvRA4NxzziXJCRIpNDrOpzU1PTM7N7+wWFhaXllds9c3bnScKg4uj2WsbgOmQYoIXBQo4TZRwMJAQj3ong/8+j0oLeKohr0E/JDdRaItOEMjNe2Kh/CA2UWdXied/h716EUz81SYj/SEVkoOHUZoDW7yQGJkp3TQtIvlkpPDjJPkxyqSEapN+8NrxTwNIUIumdaNspOgnzGFgkvoF7xUQ8J4l91Bw9CIhaD9LP9in+4YpUXbsTInQpqr4xsZC7XuhYFJhgw7etIbiH95jRTbx34moiRFiPjwonYqKcZ00BdtCQUcZc8QxpUwb6W8wxTjaFotjJfwP3H3S6bHq8Pi6dmojQWyRbbJLimTI3JKLkmVuISTR/JMXsmb9WS9WO/WxzA6ZY12NskvWF/fCWqgZQ==</latexit><latexit sha1_base64="l/ZAu08HUufLlHcw53clOT06ByM=">AAACIXicdVDLSgMxFM34tr5GXboJFsGFlKkK2oUgiuCyYscKnaFk0lsbmnmQ3BHL0G9x46+4caHiTvwZ02mFWvRA4NxzziXJCRIpNDrOpzU1PTM7N7+wWFhaXllds9c3bnScKg4uj2WsbgOmQYoIXBQo4TZRwMJAQj3ong/8+j0oLeKohr0E/JDdRaItOEMjNe2Kh/CA2UWdXied/h716EUz81SYj/SEVkoOHUZoDW7yQGJkp3TQtIvlkpPDjJPkxyqSEapN+8NrxTwNIUIumdaNspOgnzGFgkvoF7xUQ8J4l91Bw9CIhaD9LP9in+4YpUXbsTInQpqr4xsZC7XuhYFJhgw7etIbiH95jRTbx34moiRFiPjwonYqKcZ00BdtCQUcZc8QxpUwb6W8wxTjaFotjJfwP3H3S6bHq8Pi6dmojQWyRbbJLimTI3JKLkmVuISTR/JMXsmb9WS9WO/WxzA6ZY12NskvWF/fCWqgZQ==</latexit><latexit sha1_base64="l/ZAu08HUufLlHcw53clOT06ByM=">AAACIXicdVDLSgMxFM34tr5GXboJFsGFlKkK2oUgiuCyYscKnaFk0lsbmnmQ3BHL0G9x46+4caHiTvwZ02mFWvRA4NxzziXJCRIpNDrOpzU1PTM7N7+wWFhaXllds9c3bnScKg4uj2WsbgOmQYoIXBQo4TZRwMJAQj3ong/8+j0oLeKohr0E/JDdRaItOEMjNe2Kh/CA2UWdXied/h716EUz81SYj/SEVkoOHUZoDW7yQGJkp3TQtIvlkpPDjJPkxyqSEapN+8NrxTwNIUIumdaNspOgnzGFgkvoF7xUQ8J4l91Bw9CIhaD9LP9in+4YpUXbsTInQpqr4xsZC7XuhYFJhgw7etIbiH95jRTbx34moiRFiPjwonYqKcZ00BdtCQUcZc8QxpUwb6W8wxTjaFotjJfwP3H3S6bHq8Pi6dmojQWyRbbJLimTI3JKLkmVuISTR/JMXsmb9WS9WO/WxzA6ZY12NskvWF/fCWqgZQ==</latexit>

BH, MD = 4 TeV, Mmin = 6 TeV
<latexit sha1_base64="bYtvAFNmSIUMB2PKnZGC1vPdtbk=">AAACJHicbZDLSgMxFIYz3q23qks3wSK4kDIV8QIKpbroRqjQ1kKnlEx6qqGZzJCcEcvQl3Hjq7hxYcWFG5/FtB3E24HAz/efw8n5/UgKg6777kxNz8zOzS8sZpaWV1bXsusbdRPGmkONhzLUDZ8ZkEJBDQVKaEQaWOBLuPZ75yP/+g60EaGqYj+CVsBulOgKztCidvbUQ7jHpFQe7FGPXrYv6Bk9oBNIq1BPceIFQg2sd/jda2dzbt4dF/0Shd8iR9KqtLNDrxPyOACFXDJjmgU3wlbCNAouYZDxYgMR4z12A00rFQvAtJLxlQO6Y0mHdkNtn0I6pt8nEhYY0w982xkwvDW/vRH8z2vG2D1uJUJFMYLik0XdWFIM6Sgy2hEaOMq+FYxrYf9K+S3TjKMNNmND+HPyX1Hbz5/k3auDXLGUprFAtsg22SUFckSKpEwqpEY4eSBP5IUMnUfn2Xl13iatU046s0l+lPPxCYutonI=</latexit><latexit sha1_base64="bYtvAFNmSIUMB2PKnZGC1vPdtbk=">AAACJHicbZDLSgMxFIYz3q23qks3wSK4kDIV8QIKpbroRqjQ1kKnlEx6qqGZzJCcEcvQl3Hjq7hxYcWFG5/FtB3E24HAz/efw8n5/UgKg6777kxNz8zOzS8sZpaWV1bXsusbdRPGmkONhzLUDZ8ZkEJBDQVKaEQaWOBLuPZ75yP/+g60EaGqYj+CVsBulOgKztCidvbUQ7jHpFQe7FGPXrYv6Bk9oBNIq1BPceIFQg2sd/jda2dzbt4dF/0Shd8iR9KqtLNDrxPyOACFXDJjmgU3wlbCNAouYZDxYgMR4z12A00rFQvAtJLxlQO6Y0mHdkNtn0I6pt8nEhYY0w982xkwvDW/vRH8z2vG2D1uJUJFMYLik0XdWFIM6Sgy2hEaOMq+FYxrYf9K+S3TjKMNNmND+HPyX1Hbz5/k3auDXLGUprFAtsg22SUFckSKpEwqpEY4eSBP5IUMnUfn2Xl13iatU046s0l+lPPxCYutonI=</latexit><latexit sha1_base64="bYtvAFNmSIUMB2PKnZGC1vPdtbk=">AAACJHicbZDLSgMxFIYz3q23qks3wSK4kDIV8QIKpbroRqjQ1kKnlEx6qqGZzJCcEcvQl3Hjq7hxYcWFG5/FtB3E24HAz/efw8n5/UgKg6777kxNz8zOzS8sZpaWV1bXsusbdRPGmkONhzLUDZ8ZkEJBDQVKaEQaWOBLuPZ75yP/+g60EaGqYj+CVsBulOgKztCidvbUQ7jHpFQe7FGPXrYv6Bk9oBNIq1BPceIFQg2sd/jda2dzbt4dF/0Shd8iR9KqtLNDrxPyOACFXDJjmgU3wlbCNAouYZDxYgMR4z12A00rFQvAtJLxlQO6Y0mHdkNtn0I6pt8nEhYY0w982xkwvDW/vRH8z2vG2D1uJUJFMYLik0XdWFIM6Sgy2hEaOMq+FYxrYf9K+S3TjKMNNmND+HPyX1Hbz5/k3auDXLGUprFAtsg22SUFckSKpEwqpEY4eSBP5IUMnUfn2Xl13iatU046s0l+lPPxCYutonI=</latexit>

BH, MD = 5 TeV, Mmin = 8 TeV
<latexit sha1_base64="1hDv1EE1vGnGtijeRZdq4bgHyp0="></latexit><latexit sha1_base64="1hDv1EE1vGnGtijeRZdq4bgHyp0="></latexit><latexit sha1_base64="1hDv1EE1vGnGtijeRZdq4bgHyp0="></latexit>

BH vs. Sphaleron 
on air-shower detector array



Extensive air shower  
in the atmosphere

• Air shower cascades in the atmosphere are described 
in terms of

Atmospheric

Interaction Depth X =

Z
xf

x0

⇢(x) dx
<latexit sha1_base64="WbA7C2WLmfHXSsNFe8NInaG1Vq4=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoVUlipFSMCAVMHCWCRCKzUhchynteo4ke2gVlF2Fn6FhQEQK1/Axt/gthmg5Uj36uice2Xf4yeMSmVZ30ZpaXllda28XtnY3NreMXf37mScCkxsHLNYdH0kCaOc2IoqRrqJICjyGen4w6uJ33kgQtKY36pxQtwI9TkNKUZKS55Z7cIL6FCuvGzkWfm97mEOHTGIYX10BB0YjDyzZjWsKeAiaRakBgq0PfPLCWKcRoQrzJCUvaaVKDdDQlHMSF5xUkkShIeoT3qachQR6WbTW3J4qJUAhrHQxRWcqr83MhRJOY58PRkhNZDz3kT8z+ulKjxzM8qTVBGOZw+FKYMqhpNgYEAFwYqNNUFYUP1XiAdIIKx0fBUdQnP+5EViHzfOG9bNSa11WaRRBgegCuqgCU5BC1yDNrABBo/gGbyCN+PJeDHejY/ZaMkodvbBHxifPyEJmWU=</latexit><latexit sha1_base64="WbA7C2WLmfHXSsNFe8NInaG1Vq4=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoVUlipFSMCAVMHCWCRCKzUhchynteo4ke2gVlF2Fn6FhQEQK1/Axt/gthmg5Uj36uice2Xf4yeMSmVZ30ZpaXllda28XtnY3NreMXf37mScCkxsHLNYdH0kCaOc2IoqRrqJICjyGen4w6uJ33kgQtKY36pxQtwI9TkNKUZKS55Z7cIL6FCuvGzkWfm97mEOHTGIYX10BB0YjDyzZjWsKeAiaRakBgq0PfPLCWKcRoQrzJCUvaaVKDdDQlHMSF5xUkkShIeoT3qachQR6WbTW3J4qJUAhrHQxRWcqr83MhRJOY58PRkhNZDz3kT8z+ulKjxzM8qTVBGOZw+FKYMqhpNgYEAFwYqNNUFYUP1XiAdIIKx0fBUdQnP+5EViHzfOG9bNSa11WaRRBgegCuqgCU5BC1yDNrABBo/gGbyCN+PJeDHejY/ZaMkodvbBHxifPyEJmWU=</latexit><latexit sha1_base64="WbA7C2WLmfHXSsNFe8NInaG1Vq4=">AAACCnicbVC7TsMwFHXKq5RXgJHFaoVUlipFSMCAVMHCWCRCKzUhchynteo4ke2gVlF2Fn6FhQEQK1/Axt/gthmg5Uj36uice2Xf4yeMSmVZ30ZpaXllda28XtnY3NreMXf37mScCkxsHLNYdH0kCaOc2IoqRrqJICjyGen4w6uJ33kgQtKY36pxQtwI9TkNKUZKS55Z7cIL6FCuvGzkWfm97mEOHTGIYX10BB0YjDyzZjWsKeAiaRakBgq0PfPLCWKcRoQrzJCUvaaVKDdDQlHMSF5xUkkShIeoT3qachQR6WbTW3J4qJUAhrHQxRWcqr83MhRJOY58PRkhNZDz3kT8z+ulKjxzM8qTVBGOZw+FKYMqhpNgYEAFwYqNNUFYUP1XiAdIIKx0fBUdQnP+5EViHzfOG9bNSa11WaRRBgegCuqgCU5BC1yDNrABBo/gGbyCN+PJeDHejY/ZaMkodvbBHxifPyEJmWU=</latexit>
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<latexit sha1_base64="ESrm3PfOrNh7JQpb5RKNAP+ZGas="></latexit><latexit sha1_base64="ESrm3PfOrNh7JQpb5RKNAP+ZGas="></latexit><latexit sha1_base64="ESrm3PfOrNh7JQpb5RKNAP+ZGas="></latexit>

[ L. Anchordoqui et al, 2004] 
[ E. J. Ahn et al., 2005] 
[ M.Spannowsky et al., 2016]

• The Gaisser-Hillas function  
for the fitting

• In the longitudinal distribution, Sphaleron and BH air-showers  
are very similar to heavy-nuclei showers 
(smaller           than proton QCD case)X

max

<latexit sha1_base64="Zi+oYHyx2PWZc2w+Ja0eP3cS8mA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGBtoQ9lsN+3S3U26uxFL6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gQSeZItQnCU9UEGFNOZPUN8xwGqSKYhFx2oqGN1O/9UiVZom8N+OUhgL3JYsZwcZKQdDNOwI/TbrVmlt3Z0DLxCtIDQo0u9WvTi8hmaDSEI61bntuasIcK8MIp5NKJ9M0xWSI+7RtqcSC6jCf3TtBJ1bpoThRtqRBM/X3RI6F1mMR2U6BzUAvelPxP6+dmfgyzJlMM0MlmS+KM45MgqbPox5TlBg+tgQTxeytiAywwsTYiCo2BG/x5WXin9Wv6u7dea1xXaRRhiM4hlPw4AIacAtN8IEAh2d4hTdn5Lw4787HvLXkFDOH8AfO5w+v/I/u</latexit><latexit sha1_base64="Zi+oYHyx2PWZc2w+Ja0eP3cS8mA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGBtoQ9lsN+3S3U26uxFL6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gQSeZItQnCU9UEGFNOZPUN8xwGqSKYhFx2oqGN1O/9UiVZom8N+OUhgL3JYsZwcZKQdDNOwI/TbrVmlt3Z0DLxCtIDQo0u9WvTi8hmaDSEI61bntuasIcK8MIp5NKJ9M0xWSI+7RtqcSC6jCf3TtBJ1bpoThRtqRBM/X3RI6F1mMR2U6BzUAvelPxP6+dmfgyzJlMM0MlmS+KM45MgqbPox5TlBg+tgQTxeytiAywwsTYiCo2BG/x5WXin9Wv6u7dea1xXaRRhiM4hlPw4AIacAtN8IEAh2d4hTdn5Lw4787HvLXkFDOH8AfO5w+v/I/u</latexit><latexit sha1_base64="Zi+oYHyx2PWZc2w+Ja0eP3cS8mA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGBtoQ9lsN+3S3U26uxFL6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gQSeZItQnCU9UEGFNOZPUN8xwGqSKYhFx2oqGN1O/9UiVZom8N+OUhgL3JYsZwcZKQdDNOwI/TbrVmlt3Z0DLxCtIDQo0u9WvTi8hmaDSEI61bntuasIcK8MIp5NKJ9M0xWSI+7RtqcSC6jCf3TtBJ1bpoThRtqRBM/X3RI6F1mMR2U6BzUAvelPxP6+dmfgyzJlMM0MlmS+KM45MgqbPox5TlBg+tgQTxeytiAywwsTYiCo2BG/x5WXin9Wv6u7dea1xXaRRhiM4hlPw4AIacAtN8IEAh2d4hTdn5Lw4787HvLXkFDOH8AfO5w+v/I/u</latexit>

X
max

<latexit sha1_base64="Zi+oYHyx2PWZc2w+Ja0eP3cS8mA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGBtoQ9lsN+3S3U26uxFL6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gQSeZItQnCU9UEGFNOZPUN8xwGqSKYhFx2oqGN1O/9UiVZom8N+OUhgL3JYsZwcZKQdDNOwI/TbrVmlt3Z0DLxCtIDQo0u9WvTi8hmaDSEI61bntuasIcK8MIp5NKJ9M0xWSI+7RtqcSC6jCf3TtBJ1bpoThRtqRBM/X3RI6F1mMR2U6BzUAvelPxP6+dmfgyzJlMM0MlmS+KM45MgqbPox5TlBg+tgQTxeytiAywwsTYiCo2BG/x5WXin9Wv6u7dea1xXaRRhiM4hlPw4AIacAtN8IEAh2d4hTdn5Lw4787HvLXkFDOH8AfO5w+v/I/u</latexit><latexit sha1_base64="Zi+oYHyx2PWZc2w+Ja0eP3cS8mA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGBtoQ9lsN+3S3U26uxFL6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gQSeZItQnCU9UEGFNOZPUN8xwGqSKYhFx2oqGN1O/9UiVZom8N+OUhgL3JYsZwcZKQdDNOwI/TbrVmlt3Z0DLxCtIDQo0u9WvTi8hmaDSEI61bntuasIcK8MIp5NKJ9M0xWSI+7RtqcSC6jCf3TtBJ1bpoThRtqRBM/X3RI6F1mMR2U6BzUAvelPxP6+dmfgyzJlMM0MlmS+KM45MgqbPox5TlBg+tgQTxeytiAywwsTYiCo2BG/x5WXin9Wv6u7dea1xXaRRhiM4hlPw4AIacAtN8IEAh2d4hTdn5Lw4787HvLXkFDOH8AfO5w+v/I/u</latexit><latexit sha1_base64="Zi+oYHyx2PWZc2w+Ja0eP3cS8mA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGBtoQ9lsN+3S3U26uxFL6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gQSeZItQnCU9UEGFNOZPUN8xwGqSKYhFx2oqGN1O/9UiVZom8N+OUhgL3JYsZwcZKQdDNOwI/TbrVmlt3Z0DLxCtIDQo0u9WvTi8hmaDSEI61bntuasIcK8MIp5NKJ9M0xWSI+7RtqcSC6jCf3TtBJ1bpoThRtqRBM/X3RI6F1mMR2U6BzUAvelPxP6+dmfgyzJlMM0MlmS+KM45MgqbPox5TlBg+tgQTxeytiAywwsTYiCo2BG/x5WXin9Wv6u7dea1xXaRRhiM4hlPw4AIacAtN8IEAh2d4hTdn5Lw4787HvLXkFDOH8AfO5w+v/I/u</latexit>
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Rµ =
Nµ±

Nref
=

Nµ±

1.2⇥ 107
<latexit sha1_base64="TlLyfW9yZmcJvXSvzHPZfie5xxM="></latexit><latexit sha1_base64="TlLyfW9yZmcJvXSvzHPZfie5xxM="></latexit><latexit sha1_base64="TlLyfW9yZmcJvXSvzHPZfie5xxM="></latexit>

µ
<latexit sha1_base64="1KbiY2HBUQlvSL11sL5bMxpq/6Y=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMjO7zEMISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoSFJearaMdaUM0lDwwyn7UxRLGJOW/HoZuq3nqjSLJUPZpzRSOCBZAkj2Djpvitsr1rz6/4MaJkEBalBgWav+tXtp8QKKg3hWOtO4GcmyrEyjHA6qXStphkmIzygHUclFlRH+ezUCTpxSh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuSyyhnMrOGSjJflFiOTIqmf6M+U5QYPnYEE8XcrYgMscLEuHQqLoRg8eVlEp7Vr+r+3XmtcV2kUYYjOIZTCOACGnALTQiBwACe4RXePO69eO/ex7y15BUzh/AH3ucPypuNqQ==</latexit><latexit sha1_base64="1KbiY2HBUQlvSL11sL5bMxpq/6Y=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMjO7zEMISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoSFJearaMdaUM0lDwwyn7UxRLGJOW/HoZuq3nqjSLJUPZpzRSOCBZAkj2Djpvitsr1rz6/4MaJkEBalBgWav+tXtp8QKKg3hWOtO4GcmyrEyjHA6qXStphkmIzygHUclFlRH+ezUCTpxSh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuSyyhnMrOGSjJflFiOTIqmf6M+U5QYPnYEE8XcrYgMscLEuHQqLoRg8eVlEp7Vr+r+3XmtcV2kUYYjOIZTCOACGnALTQiBwACe4RXePO69eO/ex7y15BUzh/AH3ucPypuNqQ==</latexit><latexit sha1_base64="1KbiY2HBUQlvSL11sL5bMxpq/6Y=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMjO7zEMISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoSFJearaMdaUM0lDwwyn7UxRLGJOW/HoZuq3nqjSLJUPZpzRSOCBZAkj2Djpvitsr1rz6/4MaJkEBalBgWav+tXtp8QKKg3hWOtO4GcmyrEyjHA6qXStphkmIzygHUclFlRH+ezUCTpxSh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuSyyhnMrOGSjJflFiOTIqmf6M+U5QYPnYEE8XcrYgMscLEuHQqLoRg8eVlEp7Vr+r+3XmtcV2kUYYjOIZTCOACGnALTQiBwACe4RXePO69eO/ex7y15BUzh/AH3ucPypuNqQ==</latexit>

• 174 selected events in 9-yrs data set with

Eµ± > 0.3 GeV
<latexit sha1_base64="N7P2xRHTYYLKpkFKePuDY8eX/0A=">AAACBXicbVDLSgNBEJz1GeMr6lGEwSB4ChsV1IsERfQYwTwgG8PspJMMmdldZnrFsOTkxV/x4kHFq//gzb9x8jhoYkFDUdVNd5cfSWHQdb+dmdm5+YXF1FJ6eWV1bT2zsVk2Yaw5lHgoQ131mQEpAiihQAnVSANTvoSK370Y+JV70EaEwS32Iqgr1g5ES3CGVmpkdi4biafiOy9SfXpG3dwh9RAeMKFXUO43Mlk35w5Bp0l+TLJkjGIj8+U1Qx4rCJBLZkwt70ZYT5hGwSX0015sIGK8y9pQszRgCkw9Gb7Rp3tWadJWqG0FSIfq74mEKWN6yredimHHTHoD8T+vFmPrpJ6IIIoRAj5a1IolxZAOMqFNoYGj7FnCuBb2Vso7TDOONrm0DSE/+fI0KR3kTnPuzVG2cD5OI0W2yS7ZJ3lyTArkmhRJiXDySJ7JK3lznpwX5935GLXOOOOZLfIHzucPlnSXew==</latexit><latexit sha1_base64="N7P2xRHTYYLKpkFKePuDY8eX/0A=">AAACBXicbVDLSgNBEJz1GeMr6lGEwSB4ChsV1IsERfQYwTwgG8PspJMMmdldZnrFsOTkxV/x4kHFq//gzb9x8jhoYkFDUdVNd5cfSWHQdb+dmdm5+YXF1FJ6eWV1bT2zsVk2Yaw5lHgoQ131mQEpAiihQAnVSANTvoSK370Y+JV70EaEwS32Iqgr1g5ES3CGVmpkdi4biafiOy9SfXpG3dwh9RAeMKFXUO43Mlk35w5Bp0l+TLJkjGIj8+U1Qx4rCJBLZkwt70ZYT5hGwSX0015sIGK8y9pQszRgCkw9Gb7Rp3tWadJWqG0FSIfq74mEKWN6yredimHHTHoD8T+vFmPrpJ6IIIoRAj5a1IolxZAOMqFNoYGj7FnCuBb2Vso7TDOONrm0DSE/+fI0KR3kTnPuzVG2cD5OI0W2yS7ZJ3lyTArkmhRJiXDySJ7JK3lznpwX5935GLXOOOOZLfIHzucPlnSXew==</latexit><latexit sha1_base64="N7P2xRHTYYLKpkFKePuDY8eX/0A=">AAACBXicbVDLSgNBEJz1GeMr6lGEwSB4ChsV1IsERfQYwTwgG8PspJMMmdldZnrFsOTkxV/x4kHFq//gzb9x8jhoYkFDUdVNd5cfSWHQdb+dmdm5+YXF1FJ6eWV1bT2zsVk2Yaw5lHgoQ131mQEpAiihQAnVSANTvoSK370Y+JV70EaEwS32Iqgr1g5ES3CGVmpkdi4biafiOy9SfXpG3dwh9RAeMKFXUO43Mlk35w5Bp0l+TLJkjGIj8+U1Qx4rCJBLZkwt70ZYT5hGwSX0015sIGK8y9pQszRgCkw9Gb7Rp3tWadJWqG0FSIfq74mEKWN6yredimHHTHoD8T+vFmPrpJ6IIIoRAj5a1IolxZAOMqFNoYGj7FnCuBb2Vso7TDOONrm0DSE/+fI0KR3kTnPuzVG2cD5OI0W2yS7ZJ3lyTArkmhRJiXDySJ7JK3lznpwX5935GLXOOOOZLfIHzucPlnSXew==</latexit>

ECR � 109 GeV
<latexit sha1_base64="UvXJI84CTRjyHGTY6BuG96/YxsE=">AAACCHicbVDJSgNBEO2JW4xb1KOXxiB4CjMiaG7BIHqMYhbIxNDTqSRNeha7a8Qw5OrFX/HiQcWrn+DNv7GzHDTxQcHjvSqq6nmRFBpt+9tKLSwuLa+kVzNr6xubW9ntnaoOY8WhwkMZqrrHNEgRQAUFSqhHCpjvSah5/dLIr92D0iIMbnAQQdNn3UB0BGdopFaWnrcSV/m0dD2kbhfuqGPfFqiL8IAJvYDqsJXN2Xl7DDpPnCnJkSnKreyX2w557EOAXDKtG44dYTNhCgWXMMy4sYaI8T7rQsPQgPmgm8n4kyE9MEqbdkJlKkA6Vn9PJMzXeuB7ptNn2NOz3kj8z2vE2DltJiKIYoSATxZ1YkkxpKNYaFso4CgHhjCuhLmV8h5TjKMJL2NCcGZfnieVo3whb18d54pn0zTSZI/sk0PikBNSJJekTCqEk0fyTF7Jm/VkvVjv1sekNWVNZ3bJH1ifP201mHY=</latexit><latexit sha1_base64="UvXJI84CTRjyHGTY6BuG96/YxsE=">AAACCHicbVDJSgNBEO2JW4xb1KOXxiB4CjMiaG7BIHqMYhbIxNDTqSRNeha7a8Qw5OrFX/HiQcWrn+DNv7GzHDTxQcHjvSqq6nmRFBpt+9tKLSwuLa+kVzNr6xubW9ntnaoOY8WhwkMZqrrHNEgRQAUFSqhHCpjvSah5/dLIr92D0iIMbnAQQdNn3UB0BGdopFaWnrcSV/m0dD2kbhfuqGPfFqiL8IAJvYDqsJXN2Xl7DDpPnCnJkSnKreyX2w557EOAXDKtG44dYTNhCgWXMMy4sYaI8T7rQsPQgPmgm8n4kyE9MEqbdkJlKkA6Vn9PJMzXeuB7ptNn2NOz3kj8z2vE2DltJiKIYoSATxZ1YkkxpKNYaFso4CgHhjCuhLmV8h5TjKMJL2NCcGZfnieVo3whb18d54pn0zTSZI/sk0PikBNSJJekTCqEk0fyTF7Jm/VkvVjv1sekNWVNZ3bJH1ifP201mHY=</latexit><latexit sha1_base64="UvXJI84CTRjyHGTY6BuG96/YxsE=">AAACCHicbVDJSgNBEO2JW4xb1KOXxiB4CjMiaG7BIHqMYhbIxNDTqSRNeha7a8Qw5OrFX/HiQcWrn+DNv7GzHDTxQcHjvSqq6nmRFBpt+9tKLSwuLa+kVzNr6xubW9ntnaoOY8WhwkMZqrrHNEgRQAUFSqhHCpjvSah5/dLIr92D0iIMbnAQQdNn3UB0BGdopFaWnrcSV/m0dD2kbhfuqGPfFqiL8IAJvYDqsJXN2Xl7DDpPnCnJkSnKreyX2w557EOAXDKtG44dYTNhCgWXMMy4sYaI8T7rQsPQgPmgm8n4kyE9MEqbdkJlKkA6Vn9PJMzXeuB7ptNn2NOz3kj8z2vE2DltJiKIYoSATxZ1YkkxpKNYaFso4CgHhjCuhLmV8h5TjKMJL2NCcGZfnieVo3whb18d54pn0zTSZI/sk0PikBNSJJekTCqEk0fyTF7Jm/VkvVjv1sekNWVNZ3bJH1ifP201mHY=</latexit>•                           for each muons and                              

62� < ✓zenith < 80�
<latexit sha1_base64="qJrOZBU8jh1icRytln8/QX4rzBY=">AAACGXicbVBNS8NAFNz4bf2qevSyWARPJRHRCh6KXjwqWBWaGjbb13Zxswm7L2IN/R1e/CtePKh41JP/xk0NotWBhWFmHm/fhIkUBl33wxkbn5icmp6ZLc3NLywulZdXzkycag4NHstYX4TMgBQKGihQwkWigUWhhPPw6jD3z69BGxGrU+wn0IpYV4mO4AytFJS9na3LzOdC8wHdpz72AFmQ+Qg3mN2CEtgb5EbN/U4F5YpbdYegf4lXkAopcByU3/x2zNMIFHLJjGl6boKtjGkUXMKg5KcGEsavWBealioWgWllw9MGdMMqbdqJtX0K6VD9OZGxyJh+FNpkxLBnRr1c/M9rptiptTKhkhRB8a9FnVRSjGneE20LDRxl3xLGtbB/pbzHNONo2yzZErzRk/+SxlZ1r+qebFfqB0UbM2SNrJNN4pFdUidH5Jg0CCd35IE8kWfn3nl0XpzXr+iYU8yskl9w3j8B+JWgag==</latexit><latexit sha1_base64="qJrOZBU8jh1icRytln8/QX4rzBY=">AAACGXicbVBNS8NAFNz4bf2qevSyWARPJRHRCh6KXjwqWBWaGjbb13Zxswm7L2IN/R1e/CtePKh41JP/xk0NotWBhWFmHm/fhIkUBl33wxkbn5icmp6ZLc3NLywulZdXzkycag4NHstYX4TMgBQKGihQwkWigUWhhPPw6jD3z69BGxGrU+wn0IpYV4mO4AytFJS9na3LzOdC8wHdpz72AFmQ+Qg3mN2CEtgb5EbN/U4F5YpbdYegf4lXkAopcByU3/x2zNMIFHLJjGl6boKtjGkUXMKg5KcGEsavWBealioWgWllw9MGdMMqbdqJtX0K6VD9OZGxyJh+FNpkxLBnRr1c/M9rptiptTKhkhRB8a9FnVRSjGneE20LDRxl3xLGtbB/pbzHNONo2yzZErzRk/+SxlZ1r+qebFfqB0UbM2SNrJNN4pFdUidH5Jg0CCd35IE8kWfn3nl0XpzXr+iYU8yskl9w3j8B+JWgag==</latexit><latexit sha1_base64="qJrOZBU8jh1icRytln8/QX4rzBY=">AAACGXicbVBNS8NAFNz4bf2qevSyWARPJRHRCh6KXjwqWBWaGjbb13Zxswm7L2IN/R1e/CtePKh41JP/xk0NotWBhWFmHm/fhIkUBl33wxkbn5icmp6ZLc3NLywulZdXzkycag4NHstYX4TMgBQKGihQwkWigUWhhPPw6jD3z69BGxGrU+wn0IpYV4mO4AytFJS9na3LzOdC8wHdpz72AFmQ+Qg3mN2CEtgb5EbN/U4F5YpbdYegf4lXkAopcByU3/x2zNMIFHLJjGl6boKtjGkUXMKg5KcGEsavWBealioWgWllw9MGdMMqbdqJtX0K6VD9OZGxyJh+FNpkxLBnRr1c/M9rptiptTKhkhRB8a9FnVRSjGneE20LDRxl3xLGtbB/pbzHNONo2yzZErzRk/+SxlZ1r+qebFfqB0UbM2SNrJNN4pFdUidH5Jg0CCd35IE8kWfn3nl0XpzXr+iYU8yskl9w3j8B+JWgag==</latexit>

✓avg.zenith = 67�
<latexit sha1_base64="2PtB8GQfgviJ9InBzsGv3AMV5qE=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiuSiLiYyEU3bisYFVoY5hMb9vBySTM3Ig15Dvc+CtuXKi41JV/47TNwteBC2fOuZe594SJFAZd99OZmJyanpktzZXnFxaXlisrq+cmTjWHJo9lrC9DZkAKBU0UKOEy0cCiUMJFeH089C9uQBsRqzMcJOBHrKdEV3CGVgoqXhv7gCzI2gi3mN2BEtjP86vizW56tTynh3R3z0pcaJ4Hlapbc0egf4lXkCop0Agq7+1OzNMIFHLJjGl5boJ+xjQKLiEvt1MDCePXrActSxWLwPjZ6LScblqlQ7uxtqWQjtTvExmLjBlEoe2MGPbNb28o/ue1Uuzu+5lQSYqg+PijbiopxnSYE+0IDRzlwBLGtbC7Ut5nmnG0aZZtCN7vk/+S5nbtoOae7lTrR0UaJbJONsgW8cgeqZMT0iBNwsk9eSTP5MV5cJ6cV+dt3DrhFDNr5Aecjy+DXKH0</latexit><latexit sha1_base64="2PtB8GQfgviJ9InBzsGv3AMV5qE=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiuSiLiYyEU3bisYFVoY5hMb9vBySTM3Ig15Dvc+CtuXKi41JV/47TNwteBC2fOuZe594SJFAZd99OZmJyanpktzZXnFxaXlisrq+cmTjWHJo9lrC9DZkAKBU0UKOEy0cCiUMJFeH089C9uQBsRqzMcJOBHrKdEV3CGVgoqXhv7gCzI2gi3mN2BEtjP86vizW56tTynh3R3z0pcaJ4Hlapbc0egf4lXkCop0Agq7+1OzNMIFHLJjGl5boJ+xjQKLiEvt1MDCePXrActSxWLwPjZ6LScblqlQ7uxtqWQjtTvExmLjBlEoe2MGPbNb28o/ue1Uuzu+5lQSYqg+PijbiopxnSYE+0IDRzlwBLGtbC7Ut5nmnG0aZZtCN7vk/+S5nbtoOae7lTrR0UaJbJONsgW8cgeqZMT0iBNwsk9eSTP5MV5cJ6cV+dt3DrhFDNr5Aecjy+DXKH0</latexit><latexit sha1_base64="2PtB8GQfgviJ9InBzsGv3AMV5qE=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiuSiLiYyEU3bisYFVoY5hMb9vBySTM3Ig15Dvc+CtuXKi41JV/47TNwteBC2fOuZe594SJFAZd99OZmJyanpktzZXnFxaXlisrq+cmTjWHJo9lrC9DZkAKBU0UKOEy0cCiUMJFeH089C9uQBsRqzMcJOBHrKdEV3CGVgoqXhv7gCzI2gi3mN2BEtjP86vizW56tTynh3R3z0pcaJ4Hlapbc0egf4lXkCop0Agq7+1OzNMIFHLJjGl5boJ+xjQKLiEvt1MDCePXrActSxWLwPjZ6LScblqlQ7uxtqWQjtTvExmLjBlEoe2MGPbNb28o/ue1Uuzu+5lQSYqg+PijbiopxnSYE+0IDRzlwBLGtbC7Ut5nmnG0aZZtCN7vk/+S5nbtoOae7lTrR0UaJbJONsgW8cgeqZMT0iBNwsk9eSTP5MV5cJ6cV+dt3DrhFDNr5Aecjy+DXKH0</latexit>

•                                 and                       (highly inclined)            

hRµi =
Z X

max

0
P (X,�NP) Rµ(X) dX

<latexit sha1_base64="E8LO9ymnDEWbLM67OkxZtB7kTcU="></latexit><latexit sha1_base64="E8LO9ymnDEWbLM67OkxZtB7kTcU="></latexit><latexit sha1_base64="E8LO9ymnDEWbLM67OkxZtB7kTcU="></latexit>

• Normalized muon number 
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Eµ± > 10.0 GeV
<latexit sha1_base64="naqaUsE0qCebIbIJFDTutS8oETM=">AAACBnicbVBNS8NAEN34bf2KehRksQieSiKCehFRRI8VjBWaWjbbqS7dTcLuRCwhNy/+FS8eVLz6G7z5b9x+HLT6YODx3gwz86JUCoOe9+WMjU9MTk3PzJbm5hcWl9zllUuTZJpDwBOZ6KuIGZAihgAFSrhKNTAVSahFneOeX7sDbUQSX2A3hYZiN7FoC87QSk13/aSZhyq7DlNV0APqexWPhgj3mNNTuCyabtkqfdC/xB+SMhmi2nQ/w1bCMwUxcsmMqfteio2caRRcQlEKMwMp4x12A3VLY6bANPL+HwXdtEqLthNtK0baV39O5EwZ01WR7VQMb82o1xP/8+oZtvcauYjTDCHmg0XtTFJMaC8U2hIaOMquJYxrYW+l/JZpxtFGV7Ih+KMv/yXBdmW/4p3vlA+PhmnMkDWyQbaIT3bJITkjVRIQTh7IE3khr86j8+y8Oe+D1jFnOLNKfsH5+AYI8Zez</latexit><latexit sha1_base64="naqaUsE0qCebIbIJFDTutS8oETM=">AAACBnicbVBNS8NAEN34bf2KehRksQieSiKCehFRRI8VjBWaWjbbqS7dTcLuRCwhNy/+FS8eVLz6G7z5b9x+HLT6YODx3gwz86JUCoOe9+WMjU9MTk3PzJbm5hcWl9zllUuTZJpDwBOZ6KuIGZAihgAFSrhKNTAVSahFneOeX7sDbUQSX2A3hYZiN7FoC87QSk13/aSZhyq7DlNV0APqexWPhgj3mNNTuCyabtkqfdC/xB+SMhmi2nQ/w1bCMwUxcsmMqfteio2caRRcQlEKMwMp4x12A3VLY6bANPL+HwXdtEqLthNtK0baV39O5EwZ01WR7VQMb82o1xP/8+oZtvcauYjTDCHmg0XtTFJMaC8U2hIaOMquJYxrYW+l/JZpxtFGV7Ih+KMv/yXBdmW/4p3vlA+PhmnMkDWyQbaIT3bJITkjVRIQTh7IE3khr86j8+y8Oe+D1jFnOLNKfsH5+AYI8Zez</latexit><latexit sha1_base64="naqaUsE0qCebIbIJFDTutS8oETM=">AAACBnicbVBNS8NAEN34bf2KehRksQieSiKCehFRRI8VjBWaWjbbqS7dTcLuRCwhNy/+FS8eVLz6G7z5b9x+HLT6YODx3gwz86JUCoOe9+WMjU9MTk3PzJbm5hcWl9zllUuTZJpDwBOZ6KuIGZAihgAFSrhKNTAVSahFneOeX7sDbUQSX2A3hYZiN7FoC87QSk13/aSZhyq7DlNV0APqexWPhgj3mNNTuCyabtkqfdC/xB+SMhmi2nQ/w1bCMwUxcsmMqfteio2caRRcQlEKMwMp4x12A3VLY6bANPL+HwXdtEqLthNtK0baV39O5EwZ01WR7VQMb82o1xP/8+oZtvcauYjTDCHmg0XtTFJMaC8U2hIaOMquJYxrYW+l/JZpxtFGV7Ih+KMv/yXBdmW/4p3vlA+PhmnMkDWyQbaIT3bJITkjVRIQTh7IE3khr86j8+y8Oe+D1jFnOLNKfsH5+AYI8Zez</latexit>

✓zenith < 30�
<latexit sha1_base64="Pd5eI3+kCJazsY4JO4mqnLJzC0o=">AAACCHicbVA9SwNBEN3zM8avqKXNYhCswkUFFSyCNpYRjAnkzmNvM0mW7O0du3NCPNLa+FdsLFRs/Ql2/hs3H4UmPhh4vDfDzLwwkcKg6347c/MLi0vLuZX86tr6xmZha/vWxKnmUOOxjHUjZAakUFBDgRIaiQYWhRLqYe9y6NfvQRsRqxvsJ+BHrKNEW3CGVgoK1MMuIAsyT0f0AZTA7oCe0yP3LvO40HwQFIpuyR2BzpLyhBTJBNWg8OW1Yp5GoJBLZkyz7CboZ0yj4BIGeS81kDDeYx1oWqpYBMbPRp8M6L5VWrQda1sK6Uj9PZGxyJh+FNrOiGHXTHtD8T+vmWL71M+ESlIExceL2qmkGNNhLLQlNHCUfUsY18LeSnmXacbRhpe3IZSnX54ltcPSWcm9Pi5WLiZp5Mgu2SMHpExOSIVckSqpEU4eyTN5JW/Ok/PivDsf49Y5ZzKzQ/7A+fwBUXiZpg==</latexit><latexit sha1_base64="Pd5eI3+kCJazsY4JO4mqnLJzC0o=">AAACCHicbVA9SwNBEN3zM8avqKXNYhCswkUFFSyCNpYRjAnkzmNvM0mW7O0du3NCPNLa+FdsLFRs/Ql2/hs3H4UmPhh4vDfDzLwwkcKg6347c/MLi0vLuZX86tr6xmZha/vWxKnmUOOxjHUjZAakUFBDgRIaiQYWhRLqYe9y6NfvQRsRqxvsJ+BHrKNEW3CGVgoK1MMuIAsyT0f0AZTA7oCe0yP3LvO40HwQFIpuyR2BzpLyhBTJBNWg8OW1Yp5GoJBLZkyz7CboZ0yj4BIGeS81kDDeYx1oWqpYBMbPRp8M6L5VWrQda1sK6Uj9PZGxyJh+FNrOiGHXTHtD8T+vmWL71M+ESlIExceL2qmkGNNhLLQlNHCUfUsY18LeSnmXacbRhpe3IZSnX54ltcPSWcm9Pi5WLiZp5Mgu2SMHpExOSIVckSqpEU4eyTN5JW/Ok/PivDsf49Y5ZzKzQ/7A+fwBUXiZpg==</latexit><latexit sha1_base64="Pd5eI3+kCJazsY4JO4mqnLJzC0o=">AAACCHicbVA9SwNBEN3zM8avqKXNYhCswkUFFSyCNpYRjAnkzmNvM0mW7O0du3NCPNLa+FdsLFRs/Ql2/hs3H4UmPhh4vDfDzLwwkcKg6347c/MLi0vLuZX86tr6xmZha/vWxKnmUOOxjHUjZAakUFBDgRIaiQYWhRLqYe9y6NfvQRsRqxvsJ+BHrKNEW3CGVgoK1MMuIAsyT0f0AZTA7oCe0yP3LvO40HwQFIpuyR2BzpLyhBTJBNWg8OW1Yp5GoJBLZkyz7CboZ0yj4BIGeS81kDDeYx1oWqpYBMbPRp8M6L5VWrQda1sK6Uj9PZGxyJh+FNrOiGHXTHtD8T+vmWL71M+ESlIExceL2qmkGNNhLLQlNHCUfUsY18LeSnmXacbRhpe3IZSnX54ltcPSWcm9Pi5WLiZp5Mgu2SMHpExOSIVckSqpEU4eyTN5JW/Ok/PivDsf49Y5ZzKzQ/7A+fwBUXiZpg==</latexit>

No muon excess for

   -excess in other CR obs.µ
<latexit sha1_base64="1KbiY2HBUQlvSL11sL5bMxpq/6Y=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMjO7zEMISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoSFJearaMdaUM0lDwwyn7UxRLGJOW/HoZuq3nqjSLJUPZpzRSOCBZAkj2Djpvitsr1rz6/4MaJkEBalBgWav+tXtp8QKKg3hWOtO4GcmyrEyjH A6qXStphkmIzygHUclFlRH+ezUCTpxSh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuSyyhnMrOGSjJflFiOTIqmf6M+U5QYPnYEE8XcrYgMscLEuHQqLoRg8eVlEp7Vr+r+3XmtcV2kUYYjOIZTCOACGnALTQiBwACe4RXePO69eO/ex7y15BUzh/AH3ucPypuNqQ==</latexit><latexit sha1_base64="1KbiY2HBUQlvSL11sL5bMxpq/6Y=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMjO7zEMISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoSFJearaMdaUM0lDwwyn7UxRLGJOW/HoZuq3nqjSLJUPZpzRSOCBZAkj2Djpvitsr1rz6/4MaJkEBalBgWav+tXtp8QKKg3hWOtO4GcmyrEyjH A6qXStphkmIzygHUclFlRH+ezUCTpxSh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuSyyhnMrOGSjJflFiOTIqmf6M+U5QYPnYEE8XcrYgMscLEuHQqLoRg8eVlEp7Vr+r+3XmtcV2kUYYjOIZTCOACGnALTQiBwACe4RXePO69eO/ex7y15BUzh/AH3ucPypuNqQ==</latexit><latexit sha1_base64="1KbiY2HBUQlvSL11sL5bMxpq/6Y=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMjO7zEMISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoSFJearaMdaUM0lDwwyn7UxRLGJOW/HoZuq3nqjSLJUPZpzRSOCBZAkj2Djpvitsr1rz6/4MaJkEBalBgWav+tXtp8QKKg3hWOtO4GcmyrEyjH A6qXStphkmIzygHUclFlRH+ezUCTpxSh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuSyyhnMrOGSjJflFiOTIqmf6M+U5QYPnYEE8XcrYgMscLEuHQqLoRg8eVlEp7Vr+r+3XmtcV2kUYYjOIZTCOACGnALTQiBwACe4RXePO69eO/ex7y15BUzh/AH3ucPypuNqQ==</latexit>

ECR < 5⇥ 108 GeV
<latexit sha1_base64="7XUlAUtcR1IU4zu4WCJnDwvj7C4=">AAACE3icbVDLSgNBEJz1bXytevQyGARBCLuiGMFDUESPUUwiZGOYnXR0cPbBTK8Ylv0IL/6KFw8qXr1482+cJHvQaEFDUdVNd5cfS6HRcb6ssfGJyanpmdnC3PzC4pK9vFLXUaI41HgkI3XpMw1ShFBDgRIuYwUs8CU0/Nujvt+4A6VFFF5gL4ZWwK5D0RWcoZHa9tZxO/UQ7jE9Os8yekB3qYciAE1d5yotZ3Ro0hOoZ2276JScAehf4uakSHJU2/an14l4EkCIXDKtm64TYytlCgWXkBW8REPM+C27hqahITN7W+ngqYxuGKVDu5EyFSIdqD8nUhZo3Qt80xkwvNGjXl/8z2sm2C23UhHGCULIh4u6iaQY0X5CtCMUcJQ9QxhXwtxK+Q1TjKPJsWBCcEdf/ktq26X9knO2U6wc5mnMkDWyTjaJS/ZIhZySKqkRTh7IE3khr9aj9Wy9We/D1jErn1klv2B9fAMeeZ0v</latexit><latexit sha1_base64="7XUlAUtcR1IU4zu4WCJnDwvj7C4=">AAACE3icbVDLSgNBEJz1bXytevQyGARBCLuiGMFDUESPUUwiZGOYnXR0cPbBTK8Ylv0IL/6KFw8qXr1482+cJHvQaEFDUdVNd5cfS6HRcb6ssfGJyanpmdnC3PzC4pK9vFLXUaI41HgkI3XpMw1ShFBDgRIuYwUs8CU0/Nujvt+4A6VFFF5gL4ZWwK5D0RWcoZHa9tZxO/UQ7jE9Os8yekB3qYciAE1d5yotZ3Ro0hOoZ2276JScAehf4uakSHJU2/an14l4EkCIXDKtm64TYytlCgWXkBW8REPM+C27hqahITN7W+ngqYxuGKVDu5EyFSIdqD8nUhZo3Qt80xkwvNGjXl/8z2sm2C23UhHGCULIh4u6iaQY0X5CtCMUcJQ9QxhXwtxK+Q1TjKPJsWBCcEdf/ktq26X9knO2U6wc5mnMkDWyTjaJS/ZIhZySKqkRTh7IE3khr9aj9Wy9We/D1jErn1klv2B9fAMeeZ0v</latexit><latexit sha1_base64="7XUlAUtcR1IU4zu4WCJnDwvj7C4=">AAACE3icbVDLSgNBEJz1bXytevQyGARBCLuiGMFDUESPUUwiZGOYnXR0cPbBTK8Ylv0IL/6KFw8qXr1482+cJHvQaEFDUdVNd5cfS6HRcb6ssfGJyanpmdnC3PzC4pK9vFLXUaI41HgkI3XpMw1ShFBDgRIuYwUs8CU0/Nujvt+4A6VFFF5gL4ZWwK5D0RWcoZHa9tZxO/UQ7jE9Os8yekB3qYciAE1d5yotZ3Ro0hOoZ2276JScAehf4uakSHJU2/an14l4EkCIXDKtm64TYytlCgWXkBW8REPM+C27hqahITN7W+ngqYxuGKVDu5EyFSIdqD8nUhZo3Qt80xkwvNGjXl/8z2sm2C23UhHGCULIh4u6iaQY0X5CtCMUcJQ9QxhXwtxK+Q1TjKPJsWBCcEdf/ktq26X9knO2U6wc5mnMkDWyTjaJS/ZIhZySKqkRTh7IE3khr9aj9Wy9We/D1jErn1klv2B9fAMeeZ0v</latexit>

Low E CR

No muon excess

Muon  
excess

Energetic µ
<latexit sha1_base64="gjJyg3PmznQ7wbnZnIIhVFWKeUc=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgasiIr+6KblxWtLbQDiWTZtrQJDMkGaEM/QQ3LlTc+kfu/BvTx0KrBy4czrmXe++JUsGNxfjLKywtr6yuFddLG5tb2zvl3b0Hk2SasgZNRKJbETFMcMUallvBWqlmREaCNaPh9cRvPjJteKLu7ShloSR9xWNOiXXSXUdm3XIF+2c4qJ4HCPt4ChQskgrMUe+WPzu9hGaSKUsFMaYd4NSGOdGWU8HGpU5mWErokPRZ21FFJDNhPj11jI6c0kNxol0pi6bqz4mcSGNGMnKdktiBWfQm4n9eO7PxZZhzlWaWKTpbFGcC2QRN/kY9rhm1YuQIoZq7WxEdEE2odemUXAh/Xv5LGid+1ce3p5Xa1TyNIhzAIRxDABdQgxuoQwMo9OEJXuDVE96z9+a9z1oL3nxmH37B+/gG7IyNwA==</latexit><latexit sha1_base64="gjJyg3PmznQ7wbnZnIIhVFWKeUc=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgasiIr+6KblxWtLbQDiWTZtrQJDMkGaEM/QQ3LlTc+kfu/BvTx0KrBy4czrmXe++JUsGNxfjLKywtr6yuFddLG5tb2zvl3b0Hk2SasgZNRKJbETFMcMUallvBWqlmREaCNaPh9cRvPjJteKLu7ShloSR9xWNOiXXSXUdm3XIF+2c4qJ4HCPt4ChQskgrMUe+WPzu9hGaSKUsFMaYd4NSGOdGWU8HGpU5mWErokPRZ21FFJDNhPj11jI6c0kNxol0pi6bqz4mcSGNGMnKdktiBWfQm4n9eO7PxZZhzlWaWKTpbFGcC2QRN/kY9rhm1YuQIoZq7WxEdEE2odemUXAh/Xv5LGid+1ce3p5Xa1TyNIhzAIRxDABdQgxuoQwMo9OEJXuDVE96z9+a9z1oL3nxmH37B+/gG7IyNwA==</latexit><latexit sha1_base64="gjJyg3PmznQ7wbnZnIIhVFWKeUc=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgasiIr+6KblxWtLbQDiWTZtrQJDMkGaEM/QQ3LlTc+kfu/BvTx0KrBy4czrmXe++JUsGNxfjLKywtr6yuFddLG5tb2zvl3b0Hk2SasgZNRKJbETFMcMUallvBWqlmREaCNaPh9cRvPjJteKLu7ShloSR9xWNOiXXSXUdm3XIF+2c4qJ4HCPt4ChQskgrMUe+WPzu9hGaSKUsFMaYd4NSGOdGWU8HGpU5mWErokPRZ21FFJDNhPj11jI6c0kNxol0pi6bqz4mcSGNGMnKdktiBWfQm4n9eO7PxZZhzlWaWKTpbFGcC2QRN/kY9rhm1YuQIoZq7WxEdEE2odemUXAh/Xv5LGid+1ce3p5Xa1TyNIhzAIRxDABdQgxuoQwMo9OEJXuDVE96z9+a9z1oL3nxmH37B+/gG7IyNwA==</latexit>

Vertical air-showers

⇠<latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit><latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit><latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit>



NP interpretation of    -excess 

- PYTHIA8  
  for hadronization 
 
- CORSIKA 7.57  
  for cascade

iron QCD

proton QCD

Auger excess

1019 eV
<latexit sha1_base64="pYEwey2cC/5Atfpb4LH/jRDglT4=">AAAB+nicbVDLSgNBEJz1GeMrxqOXwSB4CrsiaG5BLx4juEkgWcPspDcZMvtgplcSlv0VLx5UvPol3vwbJ4+DJhY0FFXddHf5iRQabfvbWlvf2NzaLuwUd/f2Dw5LR+WmjlPFweWxjFXbZxqkiMBFgRLaiQIW+hJa/uh26reeQGkRRw84ScAL2SASgeAMjdQrlR37MXNqOe0ijDGj0Mx7pYpdtWegq8RZkApZoNErfXX7MU9DiJBLpnXHsRP0MqZQcAl5sZtqSBgfsQF0DI1YCNrLZrfn9MwofRrEylSEdKb+nshYqPUk9E1nyHCol72p+J/XSTG49jIRJSlCxOeLglRSjOk0CNoXCjjKiSGMK2FupXzIFONo4iqaEJzll1eJe1GtVe37y0r9ZpFGgZyQU3JOHHJF6uSONIhLOBmTZ/JK3qzcerHerY9565q1mDkmf2B9/gAeMpNn</latexit><latexit sha1_base64="pYEwey2cC/5Atfpb4LH/jRDglT4=">AAAB+nicbVDLSgNBEJz1GeMrxqOXwSB4CrsiaG5BLx4juEkgWcPspDcZMvtgplcSlv0VLx5UvPol3vwbJ4+DJhY0FFXddHf5iRQabfvbWlvf2NzaLuwUd/f2Dw5LR+WmjlPFweWxjFXbZxqkiMBFgRLaiQIW+hJa/uh26reeQGkRRw84ScAL2SASgeAMjdQrlR37MXNqOe0ijDGj0Mx7pYpdtWegq8RZkApZoNErfXX7MU9DiJBLpnXHsRP0MqZQcAl5sZtqSBgfsQF0DI1YCNrLZrfn9MwofRrEylSEdKb+nshYqPUk9E1nyHCol72p+J/XSTG49jIRJSlCxOeLglRSjOk0CNoXCjjKiSGMK2FupXzIFONo4iqaEJzll1eJe1GtVe37y0r9ZpFGgZyQU3JOHHJF6uSONIhLOBmTZ/JK3qzcerHerY9565q1mDkmf2B9/gAeMpNn</latexit><latexit sha1_base64="pYEwey2cC/5Atfpb4LH/jRDglT4=">AAAB+nicbVDLSgNBEJz1GeMrxqOXwSB4CrsiaG5BLx4juEkgWcPspDcZMvtgplcSlv0VLx5UvPol3vwbJ4+DJhY0FFXddHf5iRQabfvbWlvf2NzaLuwUd/f2Dw5LR+WmjlPFweWxjFXbZxqkiMBFgRLaiQIW+hJa/uh26reeQGkRRw84ScAL2SASgeAMjdQrlR37MXNqOe0ijDGj0Mx7pYpdtWegq8RZkApZoNErfXX7MU9DiJBLpnXHsRP0MqZQcAl5sZtqSBgfsQF0DI1YCNrLZrfn9MwofRrEylSEdKb+nshYqPUk9E1nyHCol72p+J/XSTG49jIRJSlCxOeLglRSjOk0CNoXCjjKiSGMK2FupXzIFONo4iqaEJzll1eJe1GtVe37y0r9ZpFGgZyQU3JOHHJF6uSONIhLOBmTZ/JK3qzcerHerY9565q1mDkmf2B9/gAeMpNn</latexit>

4⇥ 1019 eV
<latexit sha1_base64="X3j1CQwxo5FMj6e6Pm4WTd6cnH4=">AAACA3icbVC7SgNBFJ2NrxhfUcs0g0GwCrsiaLqgjWUENwkkMcxO7iZDZh/M3BXDsoWNv2JjoWLrT9j5N04ehSYeGDj3nHu5c48XS6HRtr+t3Mrq2vpGfrOwtb2zu1fcP2joKFEcXB7JSLU8pkGKEFwUKKEVK2CBJ6Hpja4mfvMelBZReIvjGLoBG4TCF5yhkXrF0hntoAhAU8e+S51qZkp4wJRCI+sVy3bFnoIuE2dOymSOeq/41elHPAkgRC6Z1m3HjrGbMoWCS8gKnURDzPiIDaBtaMjM3m46PSKjx0bpUz9S5oVIp+rviZQFWo8Dz3QGDId60ZuI/3ntBP2LbirCOEEI+WyRn0iKEZ0kQvtCAUc5NoRxJcxfKR8yxTia3AomBGfx5GXinlaqFfvmrFy7nKeRJyVyRE6IQ85JjVyTOnEJJ4/kmbySN+vJerHerY9Za86azxySP7A+fwAhBpaz</latexit><latexit sha1_base64="X3j1CQwxo5FMj6e6Pm4WTd6cnH4=">AAACA3icbVC7SgNBFJ2NrxhfUcs0g0GwCrsiaLqgjWUENwkkMcxO7iZDZh/M3BXDsoWNv2JjoWLrT9j5N04ehSYeGDj3nHu5c48XS6HRtr+t3Mrq2vpGfrOwtb2zu1fcP2joKFEcXB7JSLU8pkGKEFwUKKEVK2CBJ6Hpja4mfvMelBZReIvjGLoBG4TCF5yhkXrF0hntoAhAU8e+S51qZkp4wJRCI+sVy3bFnoIuE2dOymSOeq/41elHPAkgRC6Z1m3HjrGbMoWCS8gKnURDzPiIDaBtaMjM3m46PSKjx0bpUz9S5oVIp+rviZQFWo8Dz3QGDId60ZuI/3ntBP2LbirCOEEI+WyRn0iKEZ0kQvtCAUc5NoRxJcxfKR8yxTia3AomBGfx5GXinlaqFfvmrFy7nKeRJyVyRE6IQ85JjVyTOnEJJ4/kmbySN+vJerHerY9Za86azxySP7A+fwAhBpaz</latexit><latexit sha1_base64="X3j1CQwxo5FMj6e6Pm4WTd6cnH4=">AAACA3icbVC7SgNBFJ2NrxhfUcs0g0GwCrsiaLqgjWUENwkkMcxO7iZDZh/M3BXDsoWNv2JjoWLrT9j5N04ehSYeGDj3nHu5c48XS6HRtr+t3Mrq2vpGfrOwtb2zu1fcP2joKFEcXB7JSLU8pkGKEFwUKKEVK2CBJ6Hpja4mfvMelBZReIvjGLoBG4TCF5yhkXrF0hntoAhAU8e+S51qZkp4wJRCI+sVy3bFnoIuE2dOymSOeq/41elHPAkgRC6Z1m3HjrGbMoWCS8gKnURDzPiIDaBtaMjM3m46PSKjx0bpUz9S5oVIp+rviZQFWo8Dz3QGDId60ZuI/3ntBP2LbirCOEEI+WyRn0iKEZ0kQvtCAUc5NoRxJcxfKR8yxTia3AomBGfx5GXinlaqFfvmrFy7nKeRJyVyRE6IQ85JjVyTOnEJJ4/kmbySN+vJerHerY9Za86azxySP7A+fwAhBpaz</latexit>

L
o
g

1
0

R
µ

E
C
R
/1
0

1
9
e
V

<latexit sha1_base64="lOBvzF/W1DZPzEMV5lwgjyyGeNQ="></latexit><latexit sha1_base64="lOBvzF/W1DZPzEMV5lwgjyyGeNQ="></latexit><latexit sha1_base64="lOBvzF/W1DZPzEMV5lwgjyyGeNQ="></latexit>

µ
<latexit sha1_base64="1KbiY2HBUQlvSL11sL5bMxpq/6Y=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMjO7zEMISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoSFJearaMdaUM0lDwwyn7UxRLGJOW/HoZuq3nqjSLJUPZpzRSOCBZAkj2Djpvitsr1rz6/4MaJkEBalBgWav+tXtp8QKKg3hWOtO4GcmyrEyjHA6qXStphkmIzygHUclFlRH+ezUCTpxSh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuSyyhnMrOGSjJflFiOTIqmf6M+U5QYPnYEE8XcrYgMscLEuHQqLoRg8eVlEp7Vr+r+3XmtcV2kUYYjOIZTCOACGnALTQiBwACe4RXePO69eO/ex7y15BUzh/AH3ucPypuNqQ==</latexit><latexit sha1_base64="1KbiY2HBUQlvSL11sL5bMxpq/6Y=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMjO7zEMISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoSFJearaMdaUM0lDwwyn7UxRLGJOW/HoZuq3nqjSLJUPZpzRSOCBZAkj2Djpvitsr1rz6/4MaJkEBalBgWav+tXtp8QKKg3hWOtO4GcmyrEyjHA6qXStphkmIzygHUclFlRH+ezUCTpxSh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuSyyhnMrOGSjJflFiOTIqmf6M+U5QYPnYEE8XcrYgMscLEuHQqLoRg8eVlEp7Vr+r+3XmtcV2kUYYjOIZTCOACGnALTQiBwACe4RXePO69eO/ex7y15BUzh/AH3ucPypuNqQ==</latexit><latexit sha1_base64="1KbiY2HBUQlvSL11sL5bMxpq/6Y=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGdE0gWcLsZDYZMjO7zEMISz7BiwcVr/6RN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoSFJearaMdaUM0lDwwyn7UxRLGJOW/HoZuq3nqjSLJUPZpzRSOCBZAkj2Djpvitsr1rz6/4MaJkEBalBgWav+tXtp8QKKg3hWOtO4GcmyrEyjHA6qXStphkmIzygHUclFlRH+ezUCTpxSh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuSyyhnMrOGSjJflFiOTIqmf6M+U5QYPnYEE8XcrYgMscLEuHQqLoRg8eVlEp7Vr+r+3XmtcV2kUYYjOIZTCOACGnALTQiBwACe4RXePO69eO/ex7y15BUzh/AH3ucPypuNqQ==</latexit>

Only highly deep air-showers can contribute  
to the recent muon excess.

For EW Sph with                          , assuming 100% Sph eventsp ⇠ O(1� 10�1)
<latexit sha1_base64="F3SUgjK2BMKb9kAa992pqFlHnlA=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEemhJRFBvRS/erGBsoYlls920SzebsLsRSsjRi3/FiwcVr/4Fb/4bN20O2vpg4PHeDDPz/JhRqSzr2ygtLC4tr5RXK2vrG5tb5vbOnYwSgYmDIxaJjo8kYZQTR1HFSCcWBIU+I21/dJn77QciJI34rRrHxAvRgNOAYqS01DP3Y+hKGkI3RGqIEUuvs5oN69C27tO6nR31zKrVsCaA88QuSBUUaPXML7cf4SQkXGGGpOzaVqy8FAlFMSNZxU0kiREeoQHpaspRSKSXTh7J4KFW+jCIhC6u4ET9PZGiUMpx6OvO/F456+Xif143UcGZl1IeJ4pwPF0UJAyqCOapwD4VBCs21gRhQfWtEA+RQFjp7Co6BHv25XniHDfOG9bNSbV5UaRRBnvgANSADU5BE1yBFnAABo/gGbyCN+PJeDHejY9pa8koZnbBHxifP+0fl4o=</latexit><latexit sha1_base64="F3SUgjK2BMKb9kAa992pqFlHnlA=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEemhJRFBvRS/erGBsoYlls920SzebsLsRSsjRi3/FiwcVr/4Fb/4bN20O2vpg4PHeDDPz/JhRqSzr2ygtLC4tr5RXK2vrG5tb5vbOnYwSgYmDIxaJjo8kYZQTR1HFSCcWBIU+I21/dJn77QciJI34rRrHxAvRgNOAYqS01DP3Y+hKGkI3RGqIEUuvs5oN69C27tO6nR31zKrVsCaA88QuSBUUaPXML7cf4SQkXGGGpOzaVqy8FAlFMSNZxU0kiREeoQHpaspRSKSXTh7J4KFW+jCIhC6u4ET9PZGiUMpx6OvO/F456+Xif143UcGZl1IeJ4pwPF0UJAyqCOapwD4VBCs21gRhQfWtEA+RQFjp7Co6BHv25XniHDfOG9bNSbV5UaRRBnvgANSADU5BE1yBFnAABo/gGbyCN+PJeDHejY9pa8koZnbBHxifP+0fl4o=</latexit><latexit sha1_base64="F3SUgjK2BMKb9kAa992pqFlHnlA=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEemhJRFBvRS/erGBsoYlls920SzebsLsRSsjRi3/FiwcVr/4Fb/4bN20O2vpg4PHeDDPz/JhRqSzr2ygtLC4tr5RXK2vrG5tb5vbOnYwSgYmDIxaJjo8kYZQTR1HFSCcWBIU+I21/dJn77QciJI34rRrHxAvRgNOAYqS01DP3Y+hKGkI3RGqIEUuvs5oN69C27tO6nR31zKrVsCaA88QuSBUUaPXML7cf4SQkXGGGpOzaVqy8FAlFMSNZxU0kiREeoQHpaspRSKSXTh7J4KFW+jCIhC6u4ET9PZGiUMpx6OvO/F456+Xif143UcGZl1IeJ4pwPF0UJAyqCOapwD4VBCs21gRhQfWtEA+RQFjp7Co6BHv25XniHDfOG9bNSbV5UaRRBnvgANSADU5BE1yBFnAABo/gGbyCN+PJeDHejY9pa8koZnbBHxifP+0fl4o=</latexit>

ECM = 150 TeV
<latexit sha1_base64="ZGzctR1bhXRQfoOwQOVs4GZ2r90=">AAACBHicbVDJSgNBEO2JW4xb1KMeGoPgKcyIoh6EYBC8CBGyQRJCT6eSNOlZ6K4RwzAXL/6KFw8qXv0Ib/6NneWgiQ8KHu9VUVXPDaXQaNvfVmphcWl5Jb2aWVvf2NzKbu9UdRApDhUeyEDVXaZBCh8qKFBCPVTAPFdCzR0UR37tHpQWgV/GYQgtj/V80RWcoZHa2f3rdtxUHi3eJvSSOqc2bSI8YEzLUE3a2Zydt8eg88SZkhyZotTOfjU7AY888JFLpnXDsUNsxUyh4BKSTDPSEDI+YD1oGOozD3QrHn+R0EOjdGg3UKZ8pGP190TMPK2Hnms6PYZ9PeuNxP+8RoTd81Ys/DBC8PlkUTeSFAM6ioR2hAKOcmgI40qYWynvM8U4muAyJgRn9uV5UjnOX+Ttu5Nc4WqaRprskQNyRBxyRgrkhpRIhXDySJ7JK3mznqwX6936mLSmrOnMLvkD6/MHFACWmA==</latexit><latexit sha1_base64="ZGzctR1bhXRQfoOwQOVs4GZ2r90=">AAACBHicbVDJSgNBEO2JW4xb1KMeGoPgKcyIoh6EYBC8CBGyQRJCT6eSNOlZ6K4RwzAXL/6KFw8qXv0Ib/6NneWgiQ8KHu9VUVXPDaXQaNvfVmphcWl5Jb2aWVvf2NzKbu9UdRApDhUeyEDVXaZBCh8qKFBCPVTAPFdCzR0UR37tHpQWgV/GYQgtj/V80RWcoZHa2f3rdtxUHi3eJvSSOqc2bSI8YEzLUE3a2Zydt8eg88SZkhyZotTOfjU7AY888JFLpnXDsUNsxUyh4BKSTDPSEDI+YD1oGOozD3QrHn+R0EOjdGg3UKZ8pGP190TMPK2Hnms6PYZ9PeuNxP+8RoTd81Ys/DBC8PlkUTeSFAM6ioR2hAKOcmgI40qYWynvM8U4muAyJgRn9uV5UjnOX+Ttu5Nc4WqaRprskQNyRBxyRgrkhpRIhXDySJ7JK3mznqwX6936mLSmrOnMLvkD6/MHFACWmA==</latexit><latexit sha1_base64="ZGzctR1bhXRQfoOwQOVs4GZ2r90=">AAACBHicbVDJSgNBEO2JW4xb1KMeGoPgKcyIoh6EYBC8CBGyQRJCT6eSNOlZ6K4RwzAXL/6KFw8qXv0Ib/6NneWgiQ8KHu9VUVXPDaXQaNvfVmphcWl5Jb2aWVvf2NzKbu9UdRApDhUeyEDVXaZBCh8qKFBCPVTAPFdCzR0UR37tHpQWgV/GYQgtj/V80RWcoZHa2f3rdtxUHi3eJvSSOqc2bSI8YEzLUE3a2Zydt8eg88SZkhyZotTOfjU7AY888JFLpnXDsUNsxUyh4BKSTDPSEDI+YD1oGOozD3QrHn+R0EOjdGg3UKZ8pGP190TMPK2Hnms6PYZ9PeuNxP+8RoTd81Ys/DBC8PlkUTeSFAM6ioR2hAKOcmgI40qYWynvM8U4muAyJgRn9uV5UjnOX+Ttu5Nc4WqaRprskQNyRBxyRgrkhpRIhXDySJ7JK3mznqwX6936mLSmrOnMLvkD6/MHFACWmA==</latexit>



Conclusion
• Sphaleron air-shower event rate can be tested as 

(Auger 9yrs search)
(Auger North 10yrs, expected)

GZK n HFermiLAT, best-fitL
GZK n HFermiLAT, 90% CL upperL
GZK n HFermiLAT, 90% CL lowerL
GZK n HYoshida, m=4, Zmax=4, g=2L

GZK n HKotera, FRII, Emax=316 EeVL
IceCube H2008-2014L
Auger H2004-2013L
Auger North HexpectedL
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(Expected)

• High multiplicity NP (Sphaleron and BH) does not provide a 
good fit to the recent Auger muon excess, except highly  
deep air-shower cases.

• With the stringent bounds 
from pp collider search, 
Microscopic BH induced 
UHE air-showers are not 
expected in near future.

p  O(1� 10�1)
<latexit sha1_base64="OTyHBOv1msAHSUGhjgCb5xV0KZY=">AAACBnicbVBNS8NAEN34WetX1KMgi0Woh5ZEBPVW9OLNCsYWmlg22027dLOJuxuhhNy8+Fe8eFDx6m/w5r9x0+agrQ8GHu/NMDPPjxmVyrK+jbn5hcWl5dJKeXVtfWPT3Nq+lVEiMHFwxCLR9pEkjHLiKKoYaceCoNBnpOUPL3K/9UCEpBG/UaOYeCHqcxpQjJSWuuZeDF1G7qEbIjXAiKVXWdWuQdu6S2t2dtg1K1bdGgPOErsgFVCg2TW/3F6Ek5BwhRmSsmNbsfJSJBTFjGRlN5EkRniI+qSjKUchkV46/iODB1rpwSASuriCY/X3RIpCKUehrzvzc+W0l4v/eZ1EBadeSnmcKMLxZFGQMKgimIcCe1QQrNhIE4QF1bdCPEACYaWjK+sQ7OmXZ4lzVD+rW9fHlcZ5kUYJ7IJ9UAU2OAENcAmawAEYPIJn8ArejCfjxXg3Piatc0YxswP+wPj8AYPJl1k=</latexit><latexit sha1_base64="OTyHBOv1msAHSUGhjgCb5xV0KZY=">AAACBnicbVBNS8NAEN34WetX1KMgi0Woh5ZEBPVW9OLNCsYWmlg22027dLOJuxuhhNy8+Fe8eFDx6m/w5r9x0+agrQ8GHu/NMDPPjxmVyrK+jbn5hcWl5dJKeXVtfWPT3Nq+lVEiMHFwxCLR9pEkjHLiKKoYaceCoNBnpOUPL3K/9UCEpBG/UaOYeCHqcxpQjJSWuuZeDF1G7qEbIjXAiKVXWdWuQdu6S2t2dtg1K1bdGgPOErsgFVCg2TW/3F6Ek5BwhRmSsmNbsfJSJBTFjGRlN5EkRniI+qSjKUchkV46/iODB1rpwSASuriCY/X3RIpCKUehrzvzc+W0l4v/eZ1EBadeSnmcKMLxZFGQMKgimIcCe1QQrNhIE4QF1bdCPEACYaWjK+sQ7OmXZ4lzVD+rW9fHlcZ5kUYJ7IJ9UAU2OAENcAmawAEYPIJn8ArejCfjxXg3Piatc0YxswP+wPj8AYPJl1k=</latexit><latexit sha1_base64="OTyHBOv1msAHSUGhjgCb5xV0KZY=">AAACBnicbVBNS8NAEN34WetX1KMgi0Woh5ZEBPVW9OLNCsYWmlg22027dLOJuxuhhNy8+Fe8eFDx6m/w5r9x0+agrQ8GHu/NMDPPjxmVyrK+jbn5hcWl5dJKeXVtfWPT3Nq+lVEiMHFwxCLR9pEkjHLiKKoYaceCoNBnpOUPL3K/9UCEpBG/UaOYeCHqcxpQjJSWuuZeDF1G7qEbIjXAiKVXWdWuQdu6S2t2dtg1K1bdGgPOErsgFVCg2TW/3F6Ek5BwhRmSsmNbsfJSJBTFjGRlN5EkRniI+qSjKUchkV46/iODB1rpwSASuriCY/X3RIpCKUehrzvzc+W0l4v/eZ1EBadeSnmcKMLxZFGQMKgimIcCe1QQrNhIE4QF1bdCPEACYaWjK+sQ7OmXZ4lzVD+rW9fHlcZ5kUYJ7IJ9UAU2OAENcAmawAEYPIJn8ArejCfjxXg3Piatc0YxswP+wPj8AYPJl1k=</latexit>

p  O(10�1 � 10�2)
<latexit sha1_base64="kA3HTuswv+37AEIqtLTblSx6oaQ=">AAACDXicbZC7TsMwFIadcivlFmBksagqlaFVUiEBWwULG0UitFITKsd1WqvOBdtBqqI8AQuvwsIAiJWdjbfBSTNAyy9Z+vSfc+RzfjdiVEjD+NZKS8srq2vl9crG5tb2jr67dyvCmGNi4ZCFvOciQRgNiCWpZKQXcYJ8l5GuO7nI6t0HwgUNgxs5jYjjo1FAPYqRVNZAr0XQZuQe2j6SY4xYcpXWTeMuaZgpbMCcWunRQK8aTSMXXASzgCoo1BnoX/YwxLFPAokZEqJvGpF0EsQlxYykFTsWJEJ4gkakrzBAPhFOkp+TwppyhtALuXqBhLn7eyJBvhBT31Wd2dZivpaZ/9X6sfROnYQGUSxJgGcfeTGDMoRZNnBIOcGSTRUgzKnaFeIx4ghLlWBFhWDOn7wIVqt51jSuj6vt8yKNMjgAh6AOTHAC2uASdIAFMHgEz+AVvGlP2ov2rn3MWktaMbMP/kj7/AHi0Jmk</latexit><latexit sha1_base64="kA3HTuswv+37AEIqtLTblSx6oaQ=">AAACDXicbZC7TsMwFIadcivlFmBksagqlaFVUiEBWwULG0UitFITKsd1WqvOBdtBqqI8AQuvwsIAiJWdjbfBSTNAyy9Z+vSfc+RzfjdiVEjD+NZKS8srq2vl9crG5tb2jr67dyvCmGNi4ZCFvOciQRgNiCWpZKQXcYJ8l5GuO7nI6t0HwgUNgxs5jYjjo1FAPYqRVNZAr0XQZuQe2j6SY4xYcpXWTeMuaZgpbMCcWunRQK8aTSMXXASzgCoo1BnoX/YwxLFPAokZEqJvGpF0EsQlxYykFTsWJEJ4gkakrzBAPhFOkp+TwppyhtALuXqBhLn7eyJBvhBT31Wd2dZivpaZ/9X6sfROnYQGUSxJgGcfeTGDMoRZNnBIOcGSTRUgzKnaFeIx4ghLlWBFhWDOn7wIVqt51jSuj6vt8yKNMjgAh6AOTHAC2uASdIAFMHgEz+AVvGlP2ov2rn3MWktaMbMP/kj7/AHi0Jmk</latexit><latexit sha1_base64="kA3HTuswv+37AEIqtLTblSx6oaQ=">AAACDXicbZC7TsMwFIadcivlFmBksagqlaFVUiEBWwULG0UitFITKsd1WqvOBdtBqqI8AQuvwsIAiJWdjbfBSTNAyy9Z+vSfc+RzfjdiVEjD+NZKS8srq2vl9crG5tb2jr67dyvCmGNi4ZCFvOciQRgNiCWpZKQXcYJ8l5GuO7nI6t0HwgUNgxs5jYjjo1FAPYqRVNZAr0XQZuQe2j6SY4xYcpXWTeMuaZgpbMCcWunRQK8aTSMXXASzgCoo1BnoX/YwxLFPAokZEqJvGpF0EsQlxYykFTsWJEJ4gkakrzBAPhFOkp+TwppyhtALuXqBhLn7eyJBvhBT31Wd2dZivpaZ/9X6sfROnYQGUSxJgGcfeTGDMoRZNnBIOcGSTRUgzKnaFeIx4ghLlWBFhWDOn7wIVqt51jSuj6vt8yKNMjgAh6AOTHAC2uASdIAFMHgEz+AVvGlP2ov2rn3MWktaMbMP/kj7/AHi0Jmk</latexit>


