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Multi-messenger era

• Photon detectors in different electromagnetic spectrum: INTEGRAL, 
FERMI-LAT, HESS, SKA and etc

• Cosmic ray: AMS-02, AUGER, VOYAGER, etc

• Gravitational Wave (GW) detectors: LIGO, VIRGO, etc

• Neutrino Telescopes: ICECUBE, ANTARES, KM3NET, ANITA
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Unprecedented opportunity 

Explore cosmos as well as exotic properties of  particles

We crave for anomalies.
ANITA has provided us with anomalies.



ANITA

ANtarctic Impulse Transient Antenna (ANITA)

Radio detectors

Flying over an altitude of  37 km



Slides by Jiwoo Nam for ANITA collaboration, ICRC 2017



Two anomalous events

• A

ANITA collaboration,
PRL 121 (2018), no 16, 161102

Extensive Air Shower
(EAS)

ANITA collaboration, PRL 117 (2017) 071101



Event characteristics

• Zenith angles:  

• Chord sizes:              5800 km            and       7300 km

• Energies                        



Gandhi et al,
Astropart phys 5
(1996) 81-110



Mean free path for neutrino

• The mean free path in mantle for neutrinos of  energy of  EeV

500-800 km << chord size                     Neutrinos will be absorbed.

The probability of  neutrinos passing the Earth  is ~            .

Neutrino recreation
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See however, Cumming et al, arXiv:1910.00992



Bounds from AUGER and ICECUBE

ICECUBE collaboration, 
arXiv: 1908.08060

Transient source

See also, Safa, Pizzuto, Arguelles, Halzen,
Hussain, Kheirandish, Vandenbroucke,
JCAP 01 (2020) 012
arXiv: 1909.10487 



Explanation within standard model
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Explanation within standard model

• Shoemaker et al. The Antarctic Subsurface as a possible explanation, Annals 
Glaciol. 61 (2020) 81, 92-98 arXiv:1905.02846

• Sub-surface reflection               no phase inversion

(subsurface layers and firn density inversions)

• Could be tested by radar surveying  the Antarctic region



Another explanation within standard model

• Coherent transition radiation (CTR) Geomagnetically induced current

From downward going cosmic ray

K. D. de Vries and S. Prohira, PRL 123 (2019) 091102



Beyond SM explanations

For a review, see Anchordoqui et al, “The pros and cons of  beyond standard 
model interpretations of  ANITA events, arXiv:1907.06308

Three classes of  models
1) Messenger lives inside the Earth

2) Originate from the neutrino-nucleon collisions inside the Earth

3) Messenger comes from cosmological distances.



Our scenario

Electrons in the Earth

Very high energy coming from cosmos

A. Esmaili and YF, JCAP 12 (2019) 017 
B. arXiv:1909.07995



Probability of  producing tau neutrino or tau

The total decay rate of         including the time dilation

Branching ratio Survival probability of  Interaction probability



For constant density



Energy of  final neutrinos

Electrons in the Earth

Very high energy coming from cosmos E⌫ ⇠ M2 �M1

M1

EN1
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Scattering and decay



New gauge interaction



LEP bounds
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<latexit sha1_base64="tIrUpTtUgxBJQS7GiiDjejf6b2o=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEsigi6LblxWsA9s0jKZ3rRDZ5IwMxFK6caNv+LGhSJu/Qd3/o2TNgutHhg4nHMvd84JEs6Udpwvq7CwuLS8Ulwtra1vbG7Z2zsNFaeSQp3GPJatgCjgLIK6ZppDK5FARMChGQyvMr95D1KxOLrVowR8QfoRCxkl2khdex86Jxg6x9jTMfb6RAiC7zpeIpmAUtcuOxVnCvyXuDkpoxy1rv3p9WKaCog05USptusk2h8TqRnlMCl5qYKE0CHpQ9vQiAhQ/niaYoIPjdLDYSzNizSeqj83xkQoNRKBmRRED9S8l4n/ee1Uhxf+mEVJqiGis0NhyrFJnFWCe0wC1XxkCKGSmb9iOiCSUG2Ky0pw5yP/JY3TiutU3JuzcvUyr6OI9tABOkIuOkdVdI1qqI4oekBP6AW9Wo/Ws/Vmvc9GC1a+s4t+wfr4BgCplvo=</latexit><latexit sha1_base64="tIrUpTtUgxBJQS7GiiDjejf6b2o=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEsigi6LblxWsA9s0jKZ3rRDZ5IwMxFK6caNv+LGhSJu/Qd3/o2TNgutHhg4nHMvd84JEs6Udpwvq7CwuLS8Ulwtra1vbG7Z2zsNFaeSQp3GPJatgCjgLIK6ZppDK5FARMChGQyvMr95D1KxOLrVowR8QfoRCxkl2khdex86Jxg6x9jTMfb6RAiC7zpeIpmAUtcuOxVnCvyXuDkpoxy1rv3p9WKaCog05USptusk2h8TqRnlMCl5qYKE0CHpQ9vQiAhQ/niaYoIPjdLDYSzNizSeqj83xkQoNRKBmRRED9S8l4n/ee1Uhxf+mEVJqiGis0NhyrFJnFWCe0wC1XxkCKGSmb9iOiCSUG2Ky0pw5yP/JY3TiutU3JuzcvUyr6OI9tABOkIuOkdVdI1qqI4oekBP6AW9Wo/Ws/Vmvc9GC1a+s4t+wfr4BgCplvo=</latexit><latexit sha1_base64="tIrUpTtUgxBJQS7GiiDjejf6b2o=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEsigi6LblxWsA9s0jKZ3rRDZ5IwMxFK6caNv+LGhSJu/Qd3/o2TNgutHhg4nHMvd84JEs6Udpwvq7CwuLS8Ulwtra1vbG7Z2zsNFaeSQp3GPJatgCjgLIK6ZppDK5FARMChGQyvMr95D1KxOLrVowR8QfoRCxkl2khdex86Jxg6x9jTMfb6RAiC7zpeIpmAUtcuOxVnCvyXuDkpoxy1rv3p9WKaCog05USptusk2h8TqRnlMCl5qYKE0CHpQ9vQiAhQ/niaYoIPjdLDYSzNizSeqj83xkQoNRKBmRRED9S8l4n/ee1Uhxf+mEVJqiGis0NhyrFJnFWCe0wC1XxkCKGSmb9iOiCSUG2Ky0pw5yP/JY3TiutU3JuzcvUyr6OI9tABOkIuOkdVdI1qqI4oekBP6AW9Wo/Ws/Vmvc9GC1a+s4t+wfr4BgCplvo=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Bwt0PRYGtLrwbiEsGyZqf41bLQo=">AAAB+nicbVA9SwNBFHznZ4xRT1stFoMgiOHORkvBxjKC+cBcEvY275Ilu3fH7p4QQhob/4qNhSL+EDv/jXtJCk0cWBhm3uPtTJgKro3nfTsrq2vrG5uFreJ2aWd3z90v1XWSKYY1lohENUOqUfAYa4Ybgc1UIZWhwEY4vMn9xiMqzZP43oxSbEvaj3nEGTVW6rpH2Dkn2DkjgUlI0KdSUvLQCVLFJRa7btmreFOQZeLPSRnmqHbdr6CXsExibJigWrd8LzXtMVWGM4GTYpBpTCkb0j62LI2pRN0eT1NMyIlVeiRKlH2xIVP198aYSq1HMrSTkpqBXvRy8T+vlZnoqj3mcZoZjNnsUJQJYhPnlZAeV8iMGFlCmeL2r4QNqKLM2OLyEvzFyMukflHxvYp/50EBDuEYTsGHS7iGW6hCDRg8wQu8wbvz7Lw6H7O6Vpx5bwfwB87nD4NAlYo=</latexit><latexit sha1_base64="Bwt0PRYGtLrwbiEsGyZqf41bLQo=">AAAB+nicbVA9SwNBFHznZ4xRT1stFoMgiOHORkvBxjKC+cBcEvY275Ilu3fH7p4QQhob/4qNhSL+EDv/jXtJCk0cWBhm3uPtTJgKro3nfTsrq2vrG5uFreJ2aWd3z90v1XWSKYY1lohENUOqUfAYa4Ybgc1UIZWhwEY4vMn9xiMqzZP43oxSbEvaj3nEGTVW6rpH2Dkn2DkjgUlI0KdSUvLQCVLFJRa7btmreFOQZeLPSRnmqHbdr6CXsExibJigWrd8LzXtMVWGM4GTYpBpTCkb0j62LI2pRN0eT1NMyIlVeiRKlH2xIVP198aYSq1HMrSTkpqBXvRy8T+vlZnoqj3mcZoZjNnsUJQJYhPnlZAeV8iMGFlCmeL2r4QNqKLM2OLyEvzFyMukflHxvYp/50EBDuEYTsGHS7iGW6hCDRg8wQu8wbvz7Lw6H7O6Vpx5bwfwB87nD4NAlYo=</latexit><latexit sha1_base64="vFcCNjMrSbEXy0d0RTcuphCqQtc=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEviRpdFNy4r2Ac2aZlMb9qhM0mYmQgldOPGX3HjQhG3/oM7/8ZJ24W2Hhg4nHMvd84JEs6Udpxvq7C0vLK6VlwvbWxube/Yu3sNFaeSQp3GPJatgCjgLIK6ZppDK5FARMChGQyvc7/5AFKxOLrTowR8QfoRCxkl2khd+xA6Zxg6p9jTMfb6RAiC7zteIpmAUtcuOxVnArxI3BkpoxlqXfvL68U0FRBpyolSbddJtJ8RqRnlMC55qYKE0CHpQ9vQiAhQfjZJMcbHRunhMJbmRRpP1N8bGRFKjURgJgXRAzXv5eJ/XjvV4aWfsShJNUR0eihMOTaJ80pwj0mgmo8MIVQy81dMB0QSqk1xeQnufORF0jivuE7FvXXK1atZHUV0gI7QCXLRBaqiG1RDdUTRI3pGr+jNerJerHfrYzpasGY7++gPrM8f/1qW9g==</latexit><latexit sha1_base64="tIrUpTtUgxBJQS7GiiDjejf6b2o=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEsigi6LblxWsA9s0jKZ3rRDZ5IwMxFK6caNv+LGhSJu/Qd3/o2TNgutHhg4nHMvd84JEs6Udpwvq7CwuLS8Ulwtra1vbG7Z2zsNFaeSQp3GPJatgCjgLIK6ZppDK5FARMChGQyvMr95D1KxOLrVowR8QfoRCxkl2khdex86Jxg6x9jTMfb6RAiC7zpeIpmAUtcuOxVnCvyXuDkpoxy1rv3p9WKaCog05USptusk2h8TqRnlMCl5qYKE0CHpQ9vQiAhQ/niaYoIPjdLDYSzNizSeqj83xkQoNRKBmRRED9S8l4n/ee1Uhxf+mEVJqiGis0NhyrFJnFWCe0wC1XxkCKGSmb9iOiCSUG2Ky0pw5yP/JY3TiutU3JuzcvUyr6OI9tABOkIuOkdVdI1qqI4oekBP6AW9Wo/Ws/Vmvc9GC1a+s4t+wfr4BgCplvo=</latexit><latexit sha1_base64="tIrUpTtUgxBJQS7GiiDjejf6b2o=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEsigi6LblxWsA9s0jKZ3rRDZ5IwMxFK6caNv+LGhSJu/Qd3/o2TNgutHhg4nHMvd84JEs6Udpwvq7CwuLS8Ulwtra1vbG7Z2zsNFaeSQp3GPJatgCjgLIK6ZppDK5FARMChGQyvMr95D1KxOLrVowR8QfoRCxkl2khdex86Jxg6x9jTMfb6RAiC7zpeIpmAUtcuOxVnCvyXuDkpoxy1rv3p9WKaCog05USptusk2h8TqRnlMCl5qYKE0CHpQ9vQiAhQ/niaYoIPjdLDYSzNizSeqj83xkQoNRKBmRRED9S8l4n/ee1Uhxf+mEVJqiGis0NhyrFJnFWCe0wC1XxkCKGSmb9iOiCSUG2Ky0pw5yP/JY3TiutU3JuzcvUyr6OI9tABOkIuOkdVdI1qqI4oekBP6AW9Wo/Ws/Vmvc9GC1a+s4t+wfr4BgCplvo=</latexit><latexit sha1_base64="tIrUpTtUgxBJQS7GiiDjejf6b2o=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEsigi6LblxWsA9s0jKZ3rRDZ5IwMxFK6caNv+LGhSJu/Qd3/o2TNgutHhg4nHMvd84JEs6Udpwvq7CwuLS8Ulwtra1vbG7Z2zsNFaeSQp3GPJatgCjgLIK6ZppDK5FARMChGQyvMr95D1KxOLrVowR8QfoRCxkl2khdex86Jxg6x9jTMfb6RAiC7zpeIpmAUtcuOxVnCvyXuDkpoxy1rv3p9WKaCog05USptusk2h8TqRnlMCl5qYKE0CHpQ9vQiAhQ/niaYoIPjdLDYSzNizSeqj83xkQoNRKBmRRED9S8l4n/ee1Uhxf+mEVJqiGis0NhyrFJnFWCe0wC1XxkCKGSmb9iOiCSUG2Ky0pw5yP/JY3TiutU3JuzcvUyr6OI9tABOkIuOkdVdI1qqI4oekBP6AW9Wo/Ws/Vmvc9GC1a+s4t+wfr4BgCplvo=</latexit><latexit sha1_base64="tIrUpTtUgxBJQS7GiiDjejf6b2o=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEsigi6LblxWsA9s0jKZ3rRDZ5IwMxFK6caNv+LGhSJu/Qd3/o2TNgutHhg4nHMvd84JEs6Udpwvq7CwuLS8Ulwtra1vbG7Z2zsNFaeSQp3GPJatgCjgLIK6ZppDK5FARMChGQyvMr95D1KxOLrVowR8QfoRCxkl2khdex86Jxg6x9jTMfb6RAiC7zpeIpmAUtcuOxVnCvyXuDkpoxy1rv3p9WKaCog05USptusk2h8TqRnlMCl5qYKE0CHpQ9vQiAhQ/niaYoIPjdLDYSzNizSeqj83xkQoNRKBmRRED9S8l4n/ee1Uhxf+mEVJqiGis0NhyrFJnFWCe0wC1XxkCKGSmb9iOiCSUG2Ky0pw5yP/JY3TiutU3JuzcvUyr6OI9tABOkIuOkdVdI1qqI4oekBP6AW9Wo/Ws/Vmvc9GC1a+s4t+wfr4BgCplvo=</latexit><latexit sha1_base64="tIrUpTtUgxBJQS7GiiDjejf6b2o=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEsigi6LblxWsA9s0jKZ3rRDZ5IwMxFK6caNv+LGhSJu/Qd3/o2TNgutHhg4nHMvd84JEs6Udpwvq7CwuLS8Ulwtra1vbG7Z2zsNFaeSQp3GPJatgCjgLIK6ZppDK5FARMChGQyvMr95D1KxOLrVowR8QfoRCxkl2khdex86Jxg6x9jTMfb6RAiC7zpeIpmAUtcuOxVnCvyXuDkpoxy1rv3p9WKaCog05USptusk2h8TqRnlMCl5qYKE0CHpQ9vQiAhQ/niaYoIPjdLDYSzNizSeqj83xkQoNRKBmRRED9S8l4n/ee1Uhxf+mEVJqiGis0NhyrFJnFWCe0wC1XxkCKGSmb9iOiCSUG2Ky0pw5yP/JY3TiutU3JuzcvUyr6OI9tABOkIuOkdVdI1qqI4oekBP6AW9Wo/Ws/Vmvc9GC1a+s4t+wfr4BgCplvo=</latexit><latexit sha1_base64="tIrUpTtUgxBJQS7GiiDjejf6b2o=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEsigi6LblxWsA9s0jKZ3rRDZ5IwMxFK6caNv+LGhSJu/Qd3/o2TNgutHhg4nHMvd84JEs6Udpwvq7CwuLS8Ulwtra1vbG7Z2zsNFaeSQp3GPJatgCjgLIK6ZppDK5FARMChGQyvMr95D1KxOLrVowR8QfoRCxkl2khdex86Jxg6x9jTMfb6RAiC7zpeIpmAUtcuOxVnCvyXuDkpoxy1rv3p9WKaCog05USptusk2h8TqRnlMCl5qYKE0CHpQ9vQiAhQ/niaYoIPjdLDYSzNizSeqj83xkQoNRKBmRRED9S8l4n/ee1Uhxf+mEVJqiGis0NhyrFJnFWCe0wC1XxkCKGSmb9iOiCSUG2Ky0pw5yP/JY3TiutU3JuzcvUyr6OI9tABOkIuOkdVdI1qqI4oekBP6AW9Wo/Ws/Vmvc9GC1a+s4t+wfr4BgCplvo=</latexit>
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Saturating LEP bounds



Decay rate of   

For  given         and           ,           can be fixed by tuning                       . 
ge�⌧

mZ0
<latexit sha1_base64="Ly/+7O9fpL5zb45HcEFbCs8uIMU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4sSQi6LLoxmUF+8Amhsn0ph06k4SZiVBClm78FTcuFHHrJ7jzb5w+Ftp64MLhnHu5954w5Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7epkkxSaNCEJ7IdEgWcxdDQTHNopxKICDm0wsHVyG89gFQsiW/1MAVfkF7MIkaJNlJgH3iRJDTvBTmceJpkRZGLIL+791LJBBRFYFecqjMGnifulFTQFPXA/vK6Cc0ExJpyolTHdVLt50RqRjkUZS9TkBI6ID3oGBoTAcrPx48U+MgoXRwl0lSs8Vj9PZETodRQhKZTEN1Xs95I/M/rZDq68HMWp5mGmE4WRRnHOsGjVHCXSaCaDw0hVDJzK6Z9YpLRJruyCcGdfXmeNE+rrlN1b84qtctpHCW0jw7RMXLROaqha1RHDUTRI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/LdeatA==</latexit><latexit sha1_base64="Ly/+7O9fpL5zb45HcEFbCs8uIMU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4sSQi6LLoxmUF+8Amhsn0ph06k4SZiVBClm78FTcuFHHrJ7jzb5w+Ftp64MLhnHu5954w5Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7epkkxSaNCEJ7IdEgWcxdDQTHNopxKICDm0wsHVyG89gFQsiW/1MAVfkF7MIkaJNlJgH3iRJDTvBTmceJpkRZGLIL+791LJBBRFYFecqjMGnifulFTQFPXA/vK6Cc0ExJpyolTHdVLt50RqRjkUZS9TkBI6ID3oGBoTAcrPx48U+MgoXRwl0lSs8Vj9PZETodRQhKZTEN1Xs95I/M/rZDq68HMWp5mGmE4WRRnHOsGjVHCXSaCaDw0hVDJzK6Z9YpLRJruyCcGdfXmeNE+rrlN1b84qtctpHCW0jw7RMXLROaqha1RHDUTRI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/LdeatA==</latexit><latexit sha1_base64="Ly/+7O9fpL5zb45HcEFbCs8uIMU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4sSQi6LLoxmUF+8Amhsn0ph06k4SZiVBClm78FTcuFHHrJ7jzb5w+Ftp64MLhnHu5954w5Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7epkkxSaNCEJ7IdEgWcxdDQTHNopxKICDm0wsHVyG89gFQsiW/1MAVfkF7MIkaJNlJgH3iRJDTvBTmceJpkRZGLIL+791LJBBRFYFecqjMGnifulFTQFPXA/vK6Cc0ExJpyolTHdVLt50RqRjkUZS9TkBI6ID3oGBoTAcrPx48U+MgoXRwl0lSs8Vj9PZETodRQhKZTEN1Xs95I/M/rZDq68HMWp5mGmE4WRRnHOsGjVHCXSaCaDw0hVDJzK6Z9YpLRJruyCcGdfXmeNE+rrlN1b84qtctpHCW0jw7RMXLROaqha1RHDUTRI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/LdeatA==</latexit><latexit sha1_base64="Ly/+7O9fpL5zb45HcEFbCs8uIMU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4sSQi6LLoxmUF+8Amhsn0ph06k4SZiVBClm78FTcuFHHrJ7jzb5w+Ftp64MLhnHu5954w5Uxpx/m2FhaXlldWS2vl9Y3NrW17Z7epkkxSaNCEJ7IdEgWcxdDQTHNopxKICDm0wsHVyG89gFQsiW/1MAVfkF7MIkaJNlJgH3iRJDTvBTmceJpkRZGLIL+791LJBBRFYFecqjMGnifulFTQFPXA/vK6Cc0ExJpyolTHdVLt50RqRjkUZS9TkBI6ID3oGBoTAcrPx48U+MgoXRwl0lSs8Vj9PZETodRQhKZTEN1Xs95I/M/rZDq68HMWp5mGmE4WRRnHOsGjVHCXSaCaDw0hVDJzK6Z9YpLRJruyCcGdfXmeNE+rrlN1b84qtctpHCW0jw7RMXLROaqha1RHDUTRI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/LdeatA==</latexit>

�tot
<latexit sha1_base64="kDI98xA3nkwybaArpN/RFdyBbOw=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegBz1GMA/ILmF2MpsMmccy0yuEJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp4Jb8P1vr7S2vrG5Vd6u7Ozu7R9UD4/aVmeGshbVQptuTCwTXLEWcBCsmxpGZCxYJx7fzvzOEzOWa/UIk5RFkgwVTzgl4KQwvCNSkn4OGqb9as2v+3PgVRIUpIYKNPvVr3CgaSaZAiqItb3ATyHKiQFOBZtWwsyylNAxGbKeo4pIZqN8fvMUnzllgBNtXCnAc/X3RE6ktRMZu05JYGSXvZn4n9fLILmOcq7SDJiii0VJJjBoPAsAD7hhFMTEEUINd7diOiKGUHAxVVwIwfLLq6R9UQ/8evBwWWvcFHGU0Qk6RecoQFeoge5RE7UQRSl6Rq/ozcu8F+/d+1i0lrxi5hj9gff5A1ePkd8=</latexit><latexit sha1_base64="kDI98xA3nkwybaArpN/RFdyBbOw=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegBz1GMA/ILmF2MpsMmccy0yuEJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp4Jb8P1vr7S2vrG5Vd6u7Ozu7R9UD4/aVmeGshbVQptuTCwTXLEWcBCsmxpGZCxYJx7fzvzOEzOWa/UIk5RFkgwVTzgl4KQwvCNSkn4OGqb9as2v+3PgVRIUpIYKNPvVr3CgaSaZAiqItb3ATyHKiQFOBZtWwsyylNAxGbKeo4pIZqN8fvMUnzllgBNtXCnAc/X3RE6ktRMZu05JYGSXvZn4n9fLILmOcq7SDJiii0VJJjBoPAsAD7hhFMTEEUINd7diOiKGUHAxVVwIwfLLq6R9UQ/8evBwWWvcFHGU0Qk6RecoQFeoge5RE7UQRSl6Rq/ozcu8F+/d+1i0lrxi5hj9gff5A1ePkd8=</latexit><latexit sha1_base64="kDI98xA3nkwybaArpN/RFdyBbOw=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegBz1GMA/ILmF2MpsMmccy0yuEJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp4Jb8P1vr7S2vrG5Vd6u7Ozu7R9UD4/aVmeGshbVQptuTCwTXLEWcBCsmxpGZCxYJx7fzvzOEzOWa/UIk5RFkgwVTzgl4KQwvCNSkn4OGqb9as2v+3PgVRIUpIYKNPvVr3CgaSaZAiqItb3ATyHKiQFOBZtWwsyylNAxGbKeo4pIZqN8fvMUnzllgBNtXCnAc/X3RE6ktRMZu05JYGSXvZn4n9fLILmOcq7SDJiii0VJJjBoPAsAD7hhFMTEEUINd7diOiKGUHAxVVwIwfLLq6R9UQ/8evBwWWvcFHGU0Qk6RecoQFeoge5RE7UQRSl6Rq/ozcu8F+/d+1i0lrxi5hj9gff5A1ePkd8=</latexit><latexit sha1_base64="kDI98xA3nkwybaArpN/RFdyBbOw=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegBz1GMA/ILmF2MpsMmccy0yuEJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vp4Jb8P1vr7S2vrG5Vd6u7Ozu7R9UD4/aVmeGshbVQptuTCwTXLEWcBCsmxpGZCxYJx7fzvzOEzOWa/UIk5RFkgwVTzgl4KQwvCNSkn4OGqb9as2v+3PgVRIUpIYKNPvVr3CgaSaZAiqItb3ATyHKiQFOBZtWwsyylNAxGbKeo4pIZqN8fvMUnzllgBNtXCnAc/X3RE6ktRMZu05JYGSXvZn4n9fLILmOcq7SDJiii0VJJjBoPAsAD7hhFMTEEUINd7diOiKGUHAxVVwIwfLLq6R9UQ/8evBwWWvcFHGU0Qk6RecoQFeoge5RE7UQRSl6Rq/ozcu8F+/d+1i0lrxi5hj9gff5A1ePkd8=</latexit>

(M2 �M1)
<latexit sha1_base64="uNsKEjkXDKr2po5ZLdGg1dpBfYg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YuXQgX7Ie2yZNNsG5pklyQrlNJf4cWDIl79Od78N6btHrT1wcDjvRlm5oUJZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w9HtzG8/UaVZLB/MOKG+wAPJIkawsdJjuR5UL+qBdx4US27FnQOtEi8jJcjQCIpfvX5MUkGlIRxr3fXcxPgTrAwjnE4LvVTTBJMRHtCupRILqv3J/OApOrNKH0WxsiUNmqu/JyZYaD0Woe0U2Az1sjcT//O6qYmu/QmTSWqoJItFUcqRidHse9RnihLDx5Zgopi9FZEhVpgYm1HBhuAtv7xKWtWK51a8+8tS7SaLIw8ncApl8OAKanAHDWgCAQHP8ApvjnJenHfnY9Gac7KZY/gD5/MHv2qPDQ==</latexit><latexit sha1_base64="uNsKEjkXDKr2po5ZLdGg1dpBfYg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YuXQgX7Ie2yZNNsG5pklyQrlNJf4cWDIl79Od78N6btHrT1wcDjvRlm5oUJZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w9HtzG8/UaVZLB/MOKG+wAPJIkawsdJjuR5UL+qBdx4US27FnQOtEi8jJcjQCIpfvX5MUkGlIRxr3fXcxPgTrAwjnE4LvVTTBJMRHtCupRILqv3J/OApOrNKH0WxsiUNmqu/JyZYaD0Woe0U2Az1sjcT//O6qYmu/QmTSWqoJItFUcqRidHse9RnihLDx5Zgopi9FZEhVpgYm1HBhuAtv7xKWtWK51a8+8tS7SaLIw8ncApl8OAKanAHDWgCAQHP8ApvjnJenHfnY9Gac7KZY/gD5/MHv2qPDQ==</latexit><latexit sha1_base64="uNsKEjkXDKr2po5ZLdGg1dpBfYg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YuXQgX7Ie2yZNNsG5pklyQrlNJf4cWDIl79Od78N6btHrT1wcDjvRlm5oUJZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w9HtzG8/UaVZLB/MOKG+wAPJIkawsdJjuR5UL+qBdx4US27FnQOtEi8jJcjQCIpfvX5MUkGlIRxr3fXcxPgTrAwjnE4LvVTTBJMRHtCupRILqv3J/OApOrNKH0WxsiUNmqu/JyZYaD0Woe0U2Az1sjcT//O6qYmu/QmTSWqoJItFUcqRidHse9RnihLDx5Zgopi9FZEhVpgYm1HBhuAtv7xKWtWK51a8+8tS7SaLIw8ncApl8OAKanAHDWgCAQHP8ApvjnJenHfnY9Gac7KZY/gD5/MHv2qPDQ==</latexit><latexit sha1_base64="uNsKEjkXDKr2po5ZLdGg1dpBfYg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YuXQgX7Ie2yZNNsG5pklyQrlNJf4cWDIl79Od78N6btHrT1wcDjvRlm5oUJZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w9HtzG8/UaVZLB/MOKG+wAPJIkawsdJjuR5UL+qBdx4US27FnQOtEi8jJcjQCIpfvX5MUkGlIRxr3fXcxPgTrAwjnE4LvVTTBJMRHtCupRILqv3J/OApOrNKH0WxsiUNmqu/JyZYaD0Woe0U2Az1sjcT//O6qYmu/QmTSWqoJItFUcqRidHse9RnihLDx5Zgopi9FZEhVpgYm1HBhuAtv7xKWtWK51a8+8tS7SaLIw8ncApl8OAKanAHDWgCAQHP8ApvjnJenHfnY9Gac7KZY/gD5/MHv2qPDQ==</latexit>

N2
<latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit>

gN
<latexit sha1_base64="F9cg8feDJnmHaXyTJaA8UUY0ivE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaG2hDWWz3aRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnYAaLoXiLRQoeSfVnMaB5O1gdD31209cG5GoBxyn3I9ppEQoGEUr3Uf923615tbdGcgy8QpSgwLNfvWrN0hYFnOFTFJjup6bop9TjYJJPqn0MsNTykY04l1LFY258fPZqRNyYpUBCRNtSyGZqb8nchobM44D2xlTHJpFbyr+53UzDC/9XKg0Q67YfFGYSYIJmf5NBkJzhnJsCWVa2FsJG1JNGdp0KjYEb/HlZfJ4Vvfcund3XmtcFXGU4QiO4RQ8uIAG3EATWsAggmd4hTdHOi/Ou/Mxby05xcwh/IHz+QMdvo2s</latexit><latexit sha1_base64="F9cg8feDJnmHaXyTJaA8UUY0ivE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaG2hDWWz3aRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnYAaLoXiLRQoeSfVnMaB5O1gdD31209cG5GoBxyn3I9ppEQoGEUr3Uf923615tbdGcgy8QpSgwLNfvWrN0hYFnOFTFJjup6bop9TjYJJPqn0MsNTykY04l1LFY258fPZqRNyYpUBCRNtSyGZqb8nchobM44D2xlTHJpFbyr+53UzDC/9XKg0Q67YfFGYSYIJmf5NBkJzhnJsCWVa2FsJG1JNGdp0KjYEb/HlZfJ4Vvfcund3XmtcFXGU4QiO4RQ8uIAG3EATWsAggmd4hTdHOi/Ou/Mxby05xcwh/IHz+QMdvo2s</latexit><latexit sha1_base64="F9cg8feDJnmHaXyTJaA8UUY0ivE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaG2hDWWz3aRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnYAaLoXiLRQoeSfVnMaB5O1gdD31209cG5GoBxyn3I9ppEQoGEUr3Uf923615tbdGcgy8QpSgwLNfvWrN0hYFnOFTFJjup6bop9TjYJJPqn0MsNTykY04l1LFY258fPZqRNyYpUBCRNtSyGZqb8nchobM44D2xlTHJpFbyr+53UzDC/9XKg0Q67YfFGYSYIJmf5NBkJzhnJsCWVa2FsJG1JNGdp0KjYEb/HlZfJ4Vvfcund3XmtcFXGU4QiO4RQ8uIAG3EATWsAggmd4hTdHOi/Ou/Mxby05xcwh/IHz+QMdvo2s</latexit><latexit sha1_base64="F9cg8feDJnmHaXyTJaA8UUY0ivE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaG2hDWWz3aRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnYAaLoXiLRQoeSfVnMaB5O1gdD31209cG5GoBxyn3I9ppEQoGEUr3Uf923615tbdGcgy8QpSgwLNfvWrN0hYFnOFTFJjup6bop9TjYJJPqn0MsNTykY04l1LFY258fPZqRNyYpUBCRNtSyGZqb8nchobM44D2xlTHJpFbyr+53UzDC/9XKg0Q67YfFGYSYIJmf5NBkJzhnJsCWVa2FsJG1JNGdp0KjYEb/HlZfJ4Vvfcund3XmtcFXGU4QiO4RQ8uIAG3EATWsAggmd4hTdHOi/Ou/Mxby05xcwh/IHz+QMdvo2s</latexit>



The stability of

Z2 symmetry
<latexit sha1_base64="f5l5/BJcJccaaNnuduzN2wIoTKg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmKoMuiG5cV7APbECbTSTt0JgkzEyGE9lfcuFDErR/izr9x2mahrQcGDufcyz1zgoQzpR3n2yptbG5t75R3K3v7B4dH9vFJR8WpJLRNYh7LXoAV5Syibc00p71EUiwCTrvB5Hbud5+oVCyOHnSWUE/gUcRCRrA2km9XH/0GmuUDKZDKhKBaZlPfrjl1ZwG0TtyC1KBAy7e/BsOYpIJGmnCsVN91Eu3lWGpGOJ1WBqmiCSYTPKJ9QyMsqPLyRfgpOjfKEIWxNC/SaKH+3sixUCZaYCYF1mO16s3F/7x+qsNrL2dRkmoakeWhMOVIx2jeBBoySYnmmSGYSGayIjLGEhNt+qqYEtzVL6+TTqPuOnX3/rLWvCnqKMMpnMEFuHAFTbiDFrSBQAbP8Apv1sx6sd6tj+VoySp2qvAH1ucPtm+Uzw==</latexit><latexit sha1_base64="f5l5/BJcJccaaNnuduzN2wIoTKg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmKoMuiG5cV7APbECbTSTt0JgkzEyGE9lfcuFDErR/izr9x2mahrQcGDufcyz1zgoQzpR3n2yptbG5t75R3K3v7B4dH9vFJR8WpJLRNYh7LXoAV5Syibc00p71EUiwCTrvB5Hbud5+oVCyOHnSWUE/gUcRCRrA2km9XH/0GmuUDKZDKhKBaZlPfrjl1ZwG0TtyC1KBAy7e/BsOYpIJGmnCsVN91Eu3lWGpGOJ1WBqmiCSYTPKJ9QyMsqPLyRfgpOjfKEIWxNC/SaKH+3sixUCZaYCYF1mO16s3F/7x+qsNrL2dRkmoakeWhMOVIx2jeBBoySYnmmSGYSGayIjLGEhNt+qqYEtzVL6+TTqPuOnX3/rLWvCnqKMMpnMEFuHAFTbiDFrSBQAbP8Apv1sx6sd6tj+VoySp2qvAH1ucPtm+Uzw==</latexit><latexit sha1_base64="f5l5/BJcJccaaNnuduzN2wIoTKg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmKoMuiG5cV7APbECbTSTt0JgkzEyGE9lfcuFDErR/izr9x2mahrQcGDufcyz1zgoQzpR3n2yptbG5t75R3K3v7B4dH9vFJR8WpJLRNYh7LXoAV5Syibc00p71EUiwCTrvB5Hbud5+oVCyOHnSWUE/gUcRCRrA2km9XH/0GmuUDKZDKhKBaZlPfrjl1ZwG0TtyC1KBAy7e/BsOYpIJGmnCsVN91Eu3lWGpGOJ1WBqmiCSYTPKJ9QyMsqPLyRfgpOjfKEIWxNC/SaKH+3sixUCZaYCYF1mO16s3F/7x+qsNrL2dRkmoakeWhMOVIx2jeBBoySYnmmSGYSGayIjLGEhNt+qqYEtzVL6+TTqPuOnX3/rLWvCnqKMMpnMEFuHAFTbiDFrSBQAbP8Apv1sx6sd6tj+VoySp2qvAH1ucPtm+Uzw==</latexit><latexit sha1_base64="f5l5/BJcJccaaNnuduzN2wIoTKg=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmKoMuiG5cV7APbECbTSTt0JgkzEyGE9lfcuFDErR/izr9x2mahrQcGDufcyz1zgoQzpR3n2yptbG5t75R3K3v7B4dH9vFJR8WpJLRNYh7LXoAV5Syibc00p71EUiwCTrvB5Hbud5+oVCyOHnSWUE/gUcRCRrA2km9XH/0GmuUDKZDKhKBaZlPfrjl1ZwG0TtyC1KBAy7e/BsOYpIJGmnCsVN91Eu3lWGpGOJ1WBqmiCSYTPKJ9QyMsqPLyRfgpOjfKEIWxNC/SaKH+3sixUCZaYCYF1mO16s3F/7x+qsNrL2dRkmoakeWhMOVIx2jeBBoySYnmmSGYSGayIjLGEhNt+qqYEtzVL6+TTqPuOnX3/rLWvCnqKMMpnMEFuHAFTbiDFrSBQAbP8Apv1sx6sd6tj+VoySp2qvAH1ucPtm+Uzw==</latexit>

N1 ! �N1 N2 ! �N2 SM ! SM
<latexit sha1_base64="gyHMtf14LBcZLGGRQ0bIgthThmY=">AAACGHicbZDLSsNAFIYnXmu9RV26GSyCG2tSBF0W3bhpqdReoA1hMp20QyeTMDMRSqhv4cZXceNCEbfd+TZO0iy09YeBj/+cw5nzexGjUlnWt7Gyura+sVnYKm7v7O7tmweHbRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl449u03nkkQtKQP6hJRJwADTn1KUZKW655UXdt2FchPE8BPmnBuluZWxllVrOWOc2aa5asspUJLoOdQwnkarjmrD8IcRwQrjBDUvZsK1JOgoSimJFpsR9LEiE8RkPS08hRQKSTZIdN4al2BtAPhX5cwcz9PZGgQMpJ4OnOAKmRXKyl5n+1Xqz8ayehPIoV4Xi+yI8Z1DemKcEBFQQrNtGAsKD6rxCPkEBY6SyLOgR78eRlaFfKtlW27y9L1Zs8jgI4BifgDNjgClTBHWiAFsDgGbyCd/BhvBhvxqfxNW9dMfKZI/BHxuwHM0ecwg==</latexit><latexit sha1_base64="gyHMtf14LBcZLGGRQ0bIgthThmY=">AAACGHicbZDLSsNAFIYnXmu9RV26GSyCG2tSBF0W3bhpqdReoA1hMp20QyeTMDMRSqhv4cZXceNCEbfd+TZO0iy09YeBj/+cw5nzexGjUlnWt7Gyura+sVnYKm7v7O7tmweHbRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl449u03nkkQtKQP6hJRJwADTn1KUZKW655UXdt2FchPE8BPmnBuluZWxllVrOWOc2aa5asspUJLoOdQwnkarjmrD8IcRwQrjBDUvZsK1JOgoSimJFpsR9LEiE8RkPS08hRQKSTZIdN4al2BtAPhX5cwcz9PZGgQMpJ4OnOAKmRXKyl5n+1Xqz8ayehPIoV4Xi+yI8Z1DemKcEBFQQrNtGAsKD6rxCPkEBY6SyLOgR78eRlaFfKtlW27y9L1Zs8jgI4BifgDNjgClTBHWiAFsDgGbyCd/BhvBhvxqfxNW9dMfKZI/BHxuwHM0ecwg==</latexit><latexit sha1_base64="gyHMtf14LBcZLGGRQ0bIgthThmY=">AAACGHicbZDLSsNAFIYnXmu9RV26GSyCG2tSBF0W3bhpqdReoA1hMp20QyeTMDMRSqhv4cZXceNCEbfd+TZO0iy09YeBj/+cw5nzexGjUlnWt7Gyura+sVnYKm7v7O7tmweHbRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl449u03nkkQtKQP6hJRJwADTn1KUZKW655UXdt2FchPE8BPmnBuluZWxllVrOWOc2aa5asspUJLoOdQwnkarjmrD8IcRwQrjBDUvZsK1JOgoSimJFpsR9LEiE8RkPS08hRQKSTZIdN4al2BtAPhX5cwcz9PZGgQMpJ4OnOAKmRXKyl5n+1Xqz8ayehPIoV4Xi+yI8Z1DemKcEBFQQrNtGAsKD6rxCPkEBY6SyLOgR78eRlaFfKtlW27y9L1Zs8jgI4BifgDNjgClTBHWiAFsDgGbyCd/BhvBhvxqfxNW9dMfKZI/BHxuwHM0ecwg==</latexit><latexit sha1_base64="gyHMtf14LBcZLGGRQ0bIgthThmY=">AAACGHicbZDLSsNAFIYnXmu9RV26GSyCG2tSBF0W3bhpqdReoA1hMp20QyeTMDMRSqhv4cZXceNCEbfd+TZO0iy09YeBj/+cw5nzexGjUlnWt7Gyura+sVnYKm7v7O7tmweHbRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl449u03nkkQtKQP6hJRJwADTn1KUZKW655UXdt2FchPE8BPmnBuluZWxllVrOWOc2aa5asspUJLoOdQwnkarjmrD8IcRwQrjBDUvZsK1JOgoSimJFpsR9LEiE8RkPS08hRQKSTZIdN4al2BtAPhX5cwcz9PZGgQMpJ4OnOAKmRXKyl5n+1Xqz8ayehPIoV4Xi+yI8Z1DemKcEBFQQrNtGAsKD6rxCPkEBY6SyLOgR78eRlaFfKtlW27y9L1Zs8jgI4BifgDNjgClTBHWiAFsDgGbyCd/BhvBhvxqfxNW9dMfKZI/BHxuwHM0ecwg==</latexit>

Lightest  one is stable and travels long distances



in early universe 

A proper dark matter component



How to obtain

Within

Le � L⌧
<latexit sha1_base64="VSMc0DWttiFHWsPANG5NpSWSvzE=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhBsDHciaBm0sUgRwXxgchx7m7lkyd7esbsnhJB/YWOhiK3/xs5/4ya5QhMfDDzem2FmXpgKro3rfjsrq2vrG5uFreL2zu7efungsKmTTDFssEQkqh1SjYJLbBhuBLZThTQOBbbC4e3Ubz2h0jyRD2aUoh/TvuQRZ9RY6bEW4Hkt6BqaBaWyW3FnIMvEy0kZctSD0le3l7AsRmmYoFp3PDc1/pgqw5nASbGbaUwpG9I+diyVNEbtj2cXT8ipVXokSpQtachM/T0xprHWozi0nTE1A73oTcX/vE5momt/zGWaGZRsvijKBDEJmb5PelwhM2JkCWWK21sJG1BFmbEhFW0I3uLLy6R5UfHcind/Wa7e5HEU4BhO4Aw8uIIq3EEdGsBAwjO8wpujnRfn3fmYt644+cwR/IHz+QPvAZBs</latexit><latexit sha1_base64="VSMc0DWttiFHWsPANG5NpSWSvzE=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhBsDHciaBm0sUgRwXxgchx7m7lkyd7esbsnhJB/YWOhiK3/xs5/4ya5QhMfDDzem2FmXpgKro3rfjsrq2vrG5uFreL2zu7efungsKmTTDFssEQkqh1SjYJLbBhuBLZThTQOBbbC4e3Ubz2h0jyRD2aUoh/TvuQRZ9RY6bEW4Hkt6BqaBaWyW3FnIMvEy0kZctSD0le3l7AsRmmYoFp3PDc1/pgqw5nASbGbaUwpG9I+diyVNEbtj2cXT8ipVXokSpQtachM/T0xprHWozi0nTE1A73oTcX/vE5momt/zGWaGZRsvijKBDEJmb5PelwhM2JkCWWK21sJG1BFmbEhFW0I3uLLy6R5UfHcind/Wa7e5HEU4BhO4Aw8uIIq3EEdGsBAwjO8wpujnRfn3fmYt644+cwR/IHz+QPvAZBs</latexit><latexit sha1_base64="VSMc0DWttiFHWsPANG5NpSWSvzE=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhBsDHciaBm0sUgRwXxgchx7m7lkyd7esbsnhJB/YWOhiK3/xs5/4ya5QhMfDDzem2FmXpgKro3rfjsrq2vrG5uFreL2zu7efungsKmTTDFssEQkqh1SjYJLbBhuBLZThTQOBbbC4e3Ubz2h0jyRD2aUoh/TvuQRZ9RY6bEW4Hkt6BqaBaWyW3FnIMvEy0kZctSD0le3l7AsRmmYoFp3PDc1/pgqw5nASbGbaUwpG9I+diyVNEbtj2cXT8ipVXokSpQtachM/T0xprHWozi0nTE1A73oTcX/vE5momt/zGWaGZRsvijKBDEJmb5PelwhM2JkCWWK21sJG1BFmbEhFW0I3uLLy6R5UfHcind/Wa7e5HEU4BhO4Aw8uIIq3EEdGsBAwjO8wpujnRfn3fmYt644+cwR/IHz+QPvAZBs</latexit><latexit sha1_base64="VSMc0DWttiFHWsPANG5NpSWSvzE=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhBsDHciaBm0sUgRwXxgchx7m7lkyd7esbsnhJB/YWOhiK3/xs5/4ya5QhMfDDzem2FmXpgKro3rfjsrq2vrG5uFreL2zu7efungsKmTTDFssEQkqh1SjYJLbBhuBLZThTQOBbbC4e3Ubz2h0jyRD2aUoh/TvuQRZ9RY6bEW4Hkt6BqaBaWyW3FnIMvEy0kZctSD0le3l7AsRmmYoFp3PDc1/pgqw5nASbGbaUwpG9I+diyVNEbtj2cXT8ipVXokSpQtachM/T0xprHWozi0nTE1A73oTcX/vE5momt/zGWaGZRsvijKBDEJmb5PelwhM2JkCWWK21sJG1BFmbEhFW0I3uLLy6R5UfHcind/Wa7e5HEU4BhO4Aw8uIIq3EEdGsBAwjO8wpujnRfn3fmYt644+cwR/IHz+QPvAZBs</latexit>



The               model

• Two Weyl fermions with opposite U(1) charges 

Le � L⌧
<latexit sha1_base64="VSMc0DWttiFHWsPANG5NpSWSvzE=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhBsDHciaBm0sUgRwXxgchx7m7lkyd7esbsnhJB/YWOhiK3/xs5/4ya5QhMfDDzem2FmXpgKro3rfjsrq2vrG5uFreL2zu7efungsKmTTDFssEQkqh1SjYJLbBhuBLZThTQOBbbC4e3Ubz2h0jyRD2aUoh/TvuQRZ9RY6bEW4Hkt6BqaBaWyW3FnIMvEy0kZctSD0le3l7AsRmmYoFp3PDc1/pgqw5nASbGbaUwpG9I+diyVNEbtj2cXT8ipVXokSpQtachM/T0xprHWozi0nTE1A73oTcX/vE5momt/zGWaGZRsvijKBDEJmb5PelwhM2JkCWWK21sJG1BFmbEhFW0I3uLLy6R5UfHcind/Wa7e5HEU4BhO4Aw8uIIq3EEdGsBAwjO8wpujnRfn3fmYt644+cwR/IHz+QPvAZBs</latexit><latexit sha1_base64="VSMc0DWttiFHWsPANG5NpSWSvzE=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhBsDHciaBm0sUgRwXxgchx7m7lkyd7esbsnhJB/YWOhiK3/xs5/4ya5QhMfDDzem2FmXpgKro3rfjsrq2vrG5uFreL2zu7efungsKmTTDFssEQkqh1SjYJLbBhuBLZThTQOBbbC4e3Ubz2h0jyRD2aUoh/TvuQRZ9RY6bEW4Hkt6BqaBaWyW3FnIMvEy0kZctSD0le3l7AsRmmYoFp3PDc1/pgqw5nASbGbaUwpG9I+diyVNEbtj2cXT8ipVXokSpQtachM/T0xprHWozi0nTE1A73oTcX/vE5momt/zGWaGZRsvijKBDEJmb5PelwhM2JkCWWK21sJG1BFmbEhFW0I3uLLy6R5UfHcind/Wa7e5HEU4BhO4Aw8uIIq3EEdGsBAwjO8wpujnRfn3fmYt644+cwR/IHz+QPvAZBs</latexit><latexit sha1_base64="VSMc0DWttiFHWsPANG5NpSWSvzE=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhBsDHciaBm0sUgRwXxgchx7m7lkyd7esbsnhJB/YWOhiK3/xs5/4ya5QhMfDDzem2FmXpgKro3rfjsrq2vrG5uFreL2zu7efungsKmTTDFssEQkqh1SjYJLbBhuBLZThTQOBbbC4e3Ubz2h0jyRD2aUoh/TvuQRZ9RY6bEW4Hkt6BqaBaWyW3FnIMvEy0kZctSD0le3l7AsRmmYoFp3PDc1/pgqw5nASbGbaUwpG9I+diyVNEbtj2cXT8ipVXokSpQtachM/T0xprHWozi0nTE1A73oTcX/vE5momt/zGWaGZRsvijKBDEJmb5PelwhM2JkCWWK21sJG1BFmbEhFW0I3uLLy6R5UfHcind/Wa7e5HEU4BhO4Aw8uIIq3EEdGsBAwjO8wpujnRfn3fmYt644+cwR/IHz+QPvAZBs</latexit><latexit sha1_base64="VSMc0DWttiFHWsPANG5NpSWSvzE=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhBsDHciaBm0sUgRwXxgchx7m7lkyd7esbsnhJB/YWOhiK3/xs5/4ya5QhMfDDzem2FmXpgKro3rfjsrq2vrG5uFreL2zu7efungsKmTTDFssEQkqh1SjYJLbBhuBLZThTQOBbbC4e3Ubz2h0jyRD2aUoh/TvuQRZ9RY6bEW4Hkt6BqaBaWyW3FnIMvEy0kZctSD0le3l7AsRmmYoFp3PDc1/pgqw5nASbGbaUwpG9I+diyVNEbtj2cXT8ipVXokSpQtachM/T0xprHWozi0nTE1A73oTcX/vE5momt/zGWaGZRsvijKBDEJmb5PelwhM2JkCWWK21sJG1BFmbEhFW0I3uLLy6R5UfHcind/Wa7e5HEU4BhO4Aw8uIIq3EEdGsBAwjO8wpujnRfn3fmYt644+cwR/IHz+QPvAZBs</latexit>

Anomaly cancelation



Mass terms

c =

✓
0 1
�1 0

◆

<latexit sha1_base64="ZlCIaE4ibMWFpBBrEpnFZA2LAuY=">AAACJnicbZBNSwMxEIaz9avWr6pHL8Gi1INlVwS9FIpePCrYKnRLyaazbWg2uySzYln6a7z4V7x4UES8+VNMPwStDgQe3neGzLxBIoVB1/1wcnPzC4tL+eXCyura+kZxc6th4lRzqPNYxvo2YAakUFBHgRJuEw0sCiTcBP3zkX9zB9qIWF3jIIFWxLpKhIIztFK7WOVVX0KIZeoH0BUqixhqcT+k1KX71KM+1/TQs+hSH1Tn2/a16PbwoF0suRV3XPQveFMokWldtosvfifmaQQKuWTGND03wVbGNAouYVjwUwMJ433WhaZFxSIwrWx85pDuWaVDw1jbp5CO1Z8TGYuMGUSB7bRr9sysNxL/85ophqetTKgkRVB88lGYSooxHWVGO0IDRzmwwLgWdlfKe0wzjjbZgg3Bmz35LzSOKp5b8a6OS7WzaRx5skN2SZl45ITUyAW5JHXCyQN5Ii/k1Xl0np03533SmnOmM9vkVzmfX0w4ozk=</latexit><latexit sha1_base64="ZlCIaE4ibMWFpBBrEpnFZA2LAuY=">AAACJnicbZBNSwMxEIaz9avWr6pHL8Gi1INlVwS9FIpePCrYKnRLyaazbWg2uySzYln6a7z4V7x4UES8+VNMPwStDgQe3neGzLxBIoVB1/1wcnPzC4tL+eXCyura+kZxc6th4lRzqPNYxvo2YAakUFBHgRJuEw0sCiTcBP3zkX9zB9qIWF3jIIFWxLpKhIIztFK7WOVVX0KIZeoH0BUqixhqcT+k1KX71KM+1/TQs+hSH1Tn2/a16PbwoF0suRV3XPQveFMokWldtosvfifmaQQKuWTGND03wVbGNAouYVjwUwMJ433WhaZFxSIwrWx85pDuWaVDw1jbp5CO1Z8TGYuMGUSB7bRr9sysNxL/85ophqetTKgkRVB88lGYSooxHWVGO0IDRzmwwLgWdlfKe0wzjjbZgg3Bmz35LzSOKp5b8a6OS7WzaRx5skN2SZl45ITUyAW5JHXCyQN5Ii/k1Xl0np03533SmnOmM9vkVzmfX0w4ozk=</latexit><latexit sha1_base64="ZlCIaE4ibMWFpBBrEpnFZA2LAuY=">AAACJnicbZBNSwMxEIaz9avWr6pHL8Gi1INlVwS9FIpePCrYKnRLyaazbWg2uySzYln6a7z4V7x4UES8+VNMPwStDgQe3neGzLxBIoVB1/1wcnPzC4tL+eXCyura+kZxc6th4lRzqPNYxvo2YAakUFBHgRJuEw0sCiTcBP3zkX9zB9qIWF3jIIFWxLpKhIIztFK7WOVVX0KIZeoH0BUqixhqcT+k1KX71KM+1/TQs+hSH1Tn2/a16PbwoF0suRV3XPQveFMokWldtosvfifmaQQKuWTGND03wVbGNAouYVjwUwMJ433WhaZFxSIwrWx85pDuWaVDw1jbp5CO1Z8TGYuMGUSB7bRr9sysNxL/85ophqetTKgkRVB88lGYSooxHWVGO0IDRzmwwLgWdlfKe0wzjjbZgg3Bmz35LzSOKp5b8a6OS7WzaRx5skN2SZl45ITUyAW5JHXCyQN5Ii/k1Xl0np03533SmnOmM9vkVzmfX0w4ozk=</latexit><latexit sha1_base64="ZlCIaE4ibMWFpBBrEpnFZA2LAuY=">AAACJnicbZBNSwMxEIaz9avWr6pHL8Gi1INlVwS9FIpePCrYKnRLyaazbWg2uySzYln6a7z4V7x4UES8+VNMPwStDgQe3neGzLxBIoVB1/1wcnPzC4tL+eXCyura+kZxc6th4lRzqPNYxvo2YAakUFBHgRJuEw0sCiTcBP3zkX9zB9qIWF3jIIFWxLpKhIIztFK7WOVVX0KIZeoH0BUqixhqcT+k1KX71KM+1/TQs+hSH1Tn2/a16PbwoF0suRV3XPQveFMokWldtosvfifmaQQKuWTGND03wVbGNAouYVjwUwMJ433WhaZFxSIwrWx85pDuWaVDw1jbp5CO1Z8TGYuMGUSB7bRr9sysNxL/85ophqetTKgkRVB88lGYSooxHWVGO0IDRzmwwLgWdlfKe0wzjjbZgg3Bmz35LzSOKp5b8a6OS7WzaRx5skN2SZl45ITUyAW5JHXCyQN5Ii/k1Xl0np03533SmnOmM9vkVzmfX0w4ozk=</latexit>



Quasi-degeneracy

It is natural to have 

m ⌧ |Y h�i|
<latexit sha1_base64="YaMGWfzYWwflZAx8YxSF+WKvpAs=">AAACBnicbVDLSsNAFL3xWesr6lKEwSK4KokIuiy6cVnBPqQJZTKdtEMnkzAzEUralRt/xY0LRdz6De78G6dpFtp64MKZc+5l7j1BwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8Hweuq3HqhULBZ3epRQP8J9wUJGsDZS1z6KPM7R+B55HIs+p8irDxjyZP4Yd+2KU3VyoEXiFqQCBepd+8vrxSSNqNCEY6U6rpNoP8NSM8LppOyliiaYDHGfdgwVOKLKz/IzJujEKD0UxtKU0ChXf09kOFJqFAWmM8J6oOa9qfif10l1eOlnTCSppoLMPgpTjnSMppmgHpOUaD4yBBPJzK6IDLDERJvkyiYEd/7kRdI8q7pO1b09r9SuijhKcAjHcAouXEANbqAODSDwCM/wCm/Wk/VivVsfs9Ylq5g5gD+wPn8ATjeYYA==</latexit><latexit sha1_base64="YaMGWfzYWwflZAx8YxSF+WKvpAs=">AAACBnicbVDLSsNAFL3xWesr6lKEwSK4KokIuiy6cVnBPqQJZTKdtEMnkzAzEUralRt/xY0LRdz6De78G6dpFtp64MKZc+5l7j1BwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8Hweuq3HqhULBZ3epRQP8J9wUJGsDZS1z6KPM7R+B55HIs+p8irDxjyZP4Yd+2KU3VyoEXiFqQCBepd+8vrxSSNqNCEY6U6rpNoP8NSM8LppOyliiaYDHGfdgwVOKLKz/IzJujEKD0UxtKU0ChXf09kOFJqFAWmM8J6oOa9qfif10l1eOlnTCSppoLMPgpTjnSMppmgHpOUaD4yBBPJzK6IDLDERJvkyiYEd/7kRdI8q7pO1b09r9SuijhKcAjHcAouXEANbqAODSDwCM/wCm/Wk/VivVsfs9Ylq5g5gD+wPn8ATjeYYA==</latexit><latexit sha1_base64="YaMGWfzYWwflZAx8YxSF+WKvpAs=">AAACBnicbVDLSsNAFL3xWesr6lKEwSK4KokIuiy6cVnBPqQJZTKdtEMnkzAzEUralRt/xY0LRdz6De78G6dpFtp64MKZc+5l7j1BwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8Hweuq3HqhULBZ3epRQP8J9wUJGsDZS1z6KPM7R+B55HIs+p8irDxjyZP4Yd+2KU3VyoEXiFqQCBepd+8vrxSSNqNCEY6U6rpNoP8NSM8LppOyliiaYDHGfdgwVOKLKz/IzJujEKD0UxtKU0ChXf09kOFJqFAWmM8J6oOa9qfif10l1eOlnTCSppoLMPgpTjnSMppmgHpOUaD4yBBPJzK6IDLDERJvkyiYEd/7kRdI8q7pO1b09r9SuijhKcAjHcAouXEANbqAODSDwCM/wCm/Wk/VivVsfs9Ylq5g5gD+wPn8ATjeYYA==</latexit><latexit sha1_base64="YaMGWfzYWwflZAx8YxSF+WKvpAs=">AAACBnicbVDLSsNAFL3xWesr6lKEwSK4KokIuiy6cVnBPqQJZTKdtEMnkzAzEUralRt/xY0LRdz6De78G6dpFtp64MKZc+5l7j1BwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8Hweuq3HqhULBZ3epRQP8J9wUJGsDZS1z6KPM7R+B55HIs+p8irDxjyZP4Yd+2KU3VyoEXiFqQCBepd+8vrxSSNqNCEY6U6rpNoP8NSM8LppOyliiaYDHGfdgwVOKLKz/IzJujEKD0UxtKU0ChXf09kOFJqFAWmM8J6oOa9qfif10l1eOlnTCSppoLMPgpTjnSMppmgHpOUaD4yBBPJzK6IDLDERJvkyiYEd/7kRdI8q7pO1b09r9SuijhKcAjHcAouXEANbqAODSDwCM/wCm/Wk/VivVsfs9Ylq5g5gD+wPn8ATjeYYA==</latexit> Or m � |Y h�i|

<latexit sha1_base64="pcf/v7f6pfZtwNWdxeXFWMfeWh4=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXRbduKxgH9KEMpnepkMnkzAzEUralRt/xY0LRdz6De78G6dpFtp64MKZc+5l7j1BwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPrqd96AKlYLO70KAE/IqFgfUaJNlLXPoq8MMTje+xxIkIO2KsPGPZk/hh37YpTdXLgReIWpIIK1Lv2l9eLaRqB0JQTpTquk2g/I1IzymFS9lIFCaFDEkLHUEEiUH6WnzHBJ0bp4X4sTQmNc/X3REYipUZRYDojogdq3puK/3mdVPcv/YyJJNUg6OyjfsqxjvE0E9xjEqjmI0MIlczsiumASEK1Sa5sQnDnT14kzbOq61Td2/NK7aqIo4QO0TE6RS66QDV0g+qogSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDPhCYVg==</latexit><latexit sha1_base64="pcf/v7f6pfZtwNWdxeXFWMfeWh4=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXRbduKxgH9KEMpnepkMnkzAzEUralRt/xY0LRdz6De78G6dpFtp64MKZc+5l7j1BwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPrqd96AKlYLO70KAE/IqFgfUaJNlLXPoq8MMTje+xxIkIO2KsPGPZk/hh37YpTdXLgReIWpIIK1Lv2l9eLaRqB0JQTpTquk2g/I1IzymFS9lIFCaFDEkLHUEEiUH6WnzHBJ0bp4X4sTQmNc/X3REYipUZRYDojogdq3puK/3mdVPcv/YyJJNUg6OyjfsqxjvE0E9xjEqjmI0MIlczsiumASEK1Sa5sQnDnT14kzbOq61Td2/NK7aqIo4QO0TE6RS66QDV0g+qogSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDPhCYVg==</latexit><latexit sha1_base64="pcf/v7f6pfZtwNWdxeXFWMfeWh4=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXRbduKxgH9KEMpnepkMnkzAzEUralRt/xY0LRdz6De78G6dpFtp64MKZc+5l7j1BwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPrqd96AKlYLO70KAE/IqFgfUaJNlLXPoq8MMTje+xxIkIO2KsPGPZk/hh37YpTdXLgReIWpIIK1Lv2l9eLaRqB0JQTpTquk2g/I1IzymFS9lIFCaFDEkLHUEEiUH6WnzHBJ0bp4X4sTQmNc/X3REYipUZRYDojogdq3puK/3mdVPcv/YyJJNUg6OyjfsqxjvE0E9xjEqjmI0MIlczsiumASEK1Sa5sQnDnT14kzbOq61Td2/NK7aqIo4QO0TE6RS66QDV0g+qogSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDPhCYVg==</latexit><latexit sha1_base64="pcf/v7f6pfZtwNWdxeXFWMfeWh4=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQEXRbduKxgH9KEMpnepkMnkzAzEUralRt/xY0LRdz6De78G6dpFtp64MKZc+5l7j1BwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPrqd96AKlYLO70KAE/IqFgfUaJNlLXPoq8MMTje+xxIkIO2KsPGPZk/hh37YpTdXLgReIWpIIK1Lv2l9eLaRqB0JQTpTquk2g/I1IzymFS9lIFCaFDEkLHUEEiUH6WnzHBJ0bp4X4sTQmNc/X3REYipUZRYDojogdq3puK/3mdVPcv/YyJJNUg6OyjfsqxjvE0E9xjEqjmI0MIlczsiumASEK1Sa5sQnDnT14kzbOq61Td2/NK7aqIo4QO0TE6RS66QDV0g+qogSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDPhCYVg==</latexit>



Typical values giving rise to large P

ge�⌧

mZ0
⇠ 7⇥ 10�4GeV�1

<latexit sha1_base64="rkzYIj73I3gWYVJyu0FQFyEVOcQ="></latexit><latexit sha1_base64="rkzYIj73I3gWYVJyu0FQFyEVOcQ="></latexit><latexit sha1_base64="rkzYIj73I3gWYVJyu0FQFyEVOcQ="></latexit><latexit sha1_base64="rkzYIj73I3gWYVJyu0FQFyEVOcQ="></latexit>

gN ⇠ 3
<latexit sha1_base64="BFN4X1JBcsmTIUcrrj+m6MTc+LI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF08SwTwkWcLsZDYZMo9lZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRzdRvPVFtmJIPdpzQUOCBZDEj2DrpcdC76xom0HmvXPGr/gxomQQ5qUCOeq/81e0rkgoqLeHYmE7gJzbMsLaMcDopdVNDE0xGeEA7jkosqAmz2cETdOKUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZp+j/pMU2L52BFMNHO3IjLEGhPrMiq5EILFl5dJ86wa+NXg/qJSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDA62P4A==</latexit><latexit sha1_base64="BFN4X1JBcsmTIUcrrj+m6MTc+LI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF08SwTwkWcLsZDYZMo9lZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRzdRvPVFtmJIPdpzQUOCBZDEj2DrpcdC76xom0HmvXPGr/gxomQQ5qUCOeq/81e0rkgoqLeHYmE7gJzbMsLaMcDopdVNDE0xGeEA7jkosqAmz2cETdOKUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZp+j/pMU2L52BFMNHO3IjLEGhPrMiq5EILFl5dJ86wa+NXg/qJSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDA62P4A==</latexit><latexit sha1_base64="BFN4X1JBcsmTIUcrrj+m6MTc+LI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF08SwTwkWcLsZDYZMo9lZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRzdRvPVFtmJIPdpzQUOCBZDEj2DrpcdC76xom0HmvXPGr/gxomQQ5qUCOeq/81e0rkgoqLeHYmE7gJzbMsLaMcDopdVNDE0xGeEA7jkosqAmz2cETdOKUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZp+j/pMU2L52BFMNHO3IjLEGhPrMiq5EILFl5dJ86wa+NXg/qJSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDA62P4A==</latexit><latexit sha1_base64="BFN4X1JBcsmTIUcrrj+m6MTc+LI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF08SwTwkWcLsZDYZMo9lZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRzdRvPVFtmJIPdpzQUOCBZDEj2DrpcdC76xom0HmvXPGr/gxomQQ5qUCOeq/81e0rkgoqLeHYmE7gJzbMsLaMcDopdVNDE0xGeEA7jkosqAmz2cETdOKUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZp+j/pMU2L52BFMNHO3IjLEGhPrMiq5EILFl5dJ86wa+NXg/qJSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDA62P4A==</latexit>

M2 ' M1 ⇠ 10 GeV
<latexit sha1_base64="aBojCDmQhhhfhRsi387r22j+h4Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXJWkCLosutCNUMFeoAllMj1th84kcWYilFCXbnwVNy4UcesbuPNtnLRZaOsPAx//OYcz5w9izpR2nG+rsLS8srpWXC9tbG5t79i7e00VJZJCg0Y8ku2AKOAshIZmmkM7lkBEwKEVjC6yeusepGJReKvHMfiCDELWZ5RoY3VtfN2teooJuDPkZoRdBz+knhT4EpoT3LXLTsWZCi+Cm0MZ5ap37S+vF9FEQKgpJ0p1XCfWfkqkZpTDpOQlCmJCR2QAHYMhEaD8dHrJBB8Zp4f7kTQv1Hjq/p5IiVBqLALTKYgeqvlaZv5X6yS6f+anLIwTDSGdLeonHOsIZ7HgHpNANR8bIFQy81dMh0QSqk14JROCO3/yIjSrFdepuDcn5dp5HkcRHaBDdIxcdIpq6ArVUQNR9Iie0St6s56sF+vd+pi1Fqx8Zh/9kfX5A816mHo=</latexit><latexit sha1_base64="aBojCDmQhhhfhRsi387r22j+h4Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXJWkCLosutCNUMFeoAllMj1th84kcWYilFCXbnwVNy4UcesbuPNtnLRZaOsPAx//OYcz5w9izpR2nG+rsLS8srpWXC9tbG5t79i7e00VJZJCg0Y8ku2AKOAshIZmmkM7lkBEwKEVjC6yeusepGJReKvHMfiCDELWZ5RoY3VtfN2teooJuDPkZoRdBz+knhT4EpoT3LXLTsWZCi+Cm0MZ5ap37S+vF9FEQKgpJ0p1XCfWfkqkZpTDpOQlCmJCR2QAHYMhEaD8dHrJBB8Zp4f7kTQv1Hjq/p5IiVBqLALTKYgeqvlaZv5X6yS6f+anLIwTDSGdLeonHOsIZ7HgHpNANR8bIFQy81dMh0QSqk14JROCO3/yIjSrFdepuDcn5dp5HkcRHaBDdIxcdIpq6ArVUQNR9Iie0St6s56sF+vd+pi1Fqx8Zh/9kfX5A816mHo=</latexit><latexit sha1_base64="aBojCDmQhhhfhRsi387r22j+h4Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXJWkCLosutCNUMFeoAllMj1th84kcWYilFCXbnwVNy4UcesbuPNtnLRZaOsPAx//OYcz5w9izpR2nG+rsLS8srpWXC9tbG5t79i7e00VJZJCg0Y8ku2AKOAshIZmmkM7lkBEwKEVjC6yeusepGJReKvHMfiCDELWZ5RoY3VtfN2teooJuDPkZoRdBz+knhT4EpoT3LXLTsWZCi+Cm0MZ5ap37S+vF9FEQKgpJ0p1XCfWfkqkZpTDpOQlCmJCR2QAHYMhEaD8dHrJBB8Zp4f7kTQv1Hjq/p5IiVBqLALTKYgeqvlaZv5X6yS6f+anLIwTDSGdLeonHOsIZ7HgHpNANR8bIFQy81dMh0QSqk14JROCO3/yIjSrFdepuDcn5dp5HkcRHaBDdIxcdIpq6ArVUQNR9Iie0St6s56sF+vd+pi1Fqx8Zh/9kfX5A816mHo=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="9An3mRZ+z+zQBgl+AgE3GlbbDGM=">AAAB/nicbZBLSwMxFIXv1FetVUe3boJFcFVmutGl4EI3QgX7gHYYMultG5rMjElGKENduvGvuHGhiD/Dnf/G9LHQ1gOBj3MSbu6JUsG18bxvp7C2vrG5Vdwu7ZR39/bdg3JTJ5li2GCJSFQ7ohoFj7FhuBHYThVSGQlsRaPLad56QKV5Et+ZcYqBpIOY9zmjxlqhS27CWldzifeW/CkR3yOPeVdJcoXNCQndilf1ZiKr4C+gAgvVQ/er20tYJjE2TFCtO76XmiCnynAmcFLqZhpTykZ0gB2LMZWog3y2yYScWKdH+omyJzZk5v5+kVOp9VhG9qakZqiXs6n5X9bJTP88yHmcZgZjNh/UzwQxCZnWQnpcITNibIEyxe1fCRtSRZmx5ZVsCf7yyqvQrFV9r+rfelCEIziGU/DhDC7gGurQAAZP8AJv8O48O6/Ox7yugrPo7RD+yPn8AUBYlwY=</latexit><latexit sha1_base64="9An3mRZ+z+zQBgl+AgE3GlbbDGM=">AAAB/nicbZBLSwMxFIXv1FetVUe3boJFcFVmutGl4EI3QgX7gHYYMultG5rMjElGKENduvGvuHGhiD/Dnf/G9LHQ1gOBj3MSbu6JUsG18bxvp7C2vrG5Vdwu7ZR39/bdg3JTJ5li2GCJSFQ7ohoFj7FhuBHYThVSGQlsRaPLad56QKV5Et+ZcYqBpIOY9zmjxlqhS27CWldzifeW/CkR3yOPeVdJcoXNCQndilf1ZiKr4C+gAgvVQ/er20tYJjE2TFCtO76XmiCnynAmcFLqZhpTykZ0gB2LMZWog3y2yYScWKdH+omyJzZk5v5+kVOp9VhG9qakZqiXs6n5X9bJTP88yHmcZgZjNh/UzwQxCZnWQnpcITNibIEyxe1fCRtSRZmx5ZVsCf7yyqvQrFV9r+rfelCEIziGU/DhDC7gGurQAAZP8AJv8O48O6/Ox7yugrPo7RD+yPn8AUBYlwY=</latexit><latexit sha1_base64="xXMVNnKuli4G0Zqvdus5kKC7wbQ=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSU5V0gbGCARakItGL1FSR4560Vu0k2A5SFZWRhVdhYQAhVt6AjbfBaTNAyy9Z+vSfc3R8/iDhTGnH+baWlldW19ZLG+XNre2dXXtvv6XiVFJo0pjHshMQBZxF0NRMc+gkEogIOLSD0UVeb9+DVCyObvU4gZ4gg4iFjBJtLN/G137NU0zAnSE3J+w6+CHzpMCX0Jpg3644VWcqvAhuARVUqOHbX14/pqmASFNOlOq6TqJ7GZGaUQ6TspcqSAgdkQF0DUZEgOpl00sm+Ng4fRzG0rxI46n7eyIjQqmxCEynIHqo5mu5+V+tm+rwrJexKEk1RHS2KEw51jHOY8F9JoFqPjZAqGTmr5gOiSRUm/DKJgR3/uRFaNWqrlN1b5xK/byIo4QO0RE6QS46RXV0hRqoiSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2R9fkDzDqYdg==</latexit><latexit sha1_base64="aBojCDmQhhhfhRsi387r22j+h4Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXJWkCLosutCNUMFeoAllMj1th84kcWYilFCXbnwVNy4UcesbuPNtnLRZaOsPAx//OYcz5w9izpR2nG+rsLS8srpWXC9tbG5t79i7e00VJZJCg0Y8ku2AKOAshIZmmkM7lkBEwKEVjC6yeusepGJReKvHMfiCDELWZ5RoY3VtfN2teooJuDPkZoRdBz+knhT4EpoT3LXLTsWZCi+Cm0MZ5ap37S+vF9FEQKgpJ0p1XCfWfkqkZpTDpOQlCmJCR2QAHYMhEaD8dHrJBB8Zp4f7kTQv1Hjq/p5IiVBqLALTKYgeqvlaZv5X6yS6f+anLIwTDSGdLeonHOsIZ7HgHpNANR8bIFQy81dMh0QSqk14JROCO3/yIjSrFdepuDcn5dp5HkcRHaBDdIxcdIpq6ArVUQNR9Iie0St6s56sF+vd+pi1Fqx8Zh/9kfX5A816mHo=</latexit><latexit sha1_base64="aBojCDmQhhhfhRsi387r22j+h4Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXJWkCLosutCNUMFeoAllMj1th84kcWYilFCXbnwVNy4UcesbuPNtnLRZaOsPAx//OYcz5w9izpR2nG+rsLS8srpWXC9tbG5t79i7e00VJZJCg0Y8ku2AKOAshIZmmkM7lkBEwKEVjC6yeusepGJReKvHMfiCDELWZ5RoY3VtfN2teooJuDPkZoRdBz+knhT4EpoT3LXLTsWZCi+Cm0MZ5ap37S+vF9FEQKgpJ0p1XCfWfkqkZpTDpOQlCmJCR2QAHYMhEaD8dHrJBB8Zp4f7kTQv1Hjq/p5IiVBqLALTKYgeqvlaZv5X6yS6f+anLIwTDSGdLeonHOsIZ7HgHpNANR8bIFQy81dMh0QSqk14JROCO3/yIjSrFdepuDcn5dp5HkcRHaBDdIxcdIpq6ArVUQNR9Iie0St6s56sF+vd+pi1Fqx8Zh/9kfX5A816mHo=</latexit><latexit sha1_base64="aBojCDmQhhhfhRsi387r22j+h4Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXJWkCLosutCNUMFeoAllMj1th84kcWYilFCXbnwVNy4UcesbuPNtnLRZaOsPAx//OYcz5w9izpR2nG+rsLS8srpWXC9tbG5t79i7e00VJZJCg0Y8ku2AKOAshIZmmkM7lkBEwKEVjC6yeusepGJReKvHMfiCDELWZ5RoY3VtfN2teooJuDPkZoRdBz+knhT4EpoT3LXLTsWZCi+Cm0MZ5ap37S+vF9FEQKgpJ0p1XCfWfkqkZpTDpOQlCmJCR2QAHYMhEaD8dHrJBB8Zp4f7kTQv1Hjq/p5IiVBqLALTKYgeqvlaZv5X6yS6f+anLIwTDSGdLeonHOsIZ7HgHpNANR8bIFQy81dMh0QSqk14JROCO3/yIjSrFdepuDcn5dp5HkcRHaBDdIxcdIpq6ArVUQNR9Iie0St6s56sF+vd+pi1Fqx8Zh/9kfX5A816mHo=</latexit><latexit sha1_base64="aBojCDmQhhhfhRsi387r22j+h4Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXJWkCLosutCNUMFeoAllMj1th84kcWYilFCXbnwVNy4UcesbuPNtnLRZaOsPAx//OYcz5w9izpR2nG+rsLS8srpWXC9tbG5t79i7e00VJZJCg0Y8ku2AKOAshIZmmkM7lkBEwKEVjC6yeusepGJReKvHMfiCDELWZ5RoY3VtfN2teooJuDPkZoRdBz+knhT4EpoT3LXLTsWZCi+Cm0MZ5ap37S+vF9FEQKgpJ0p1XCfWfkqkZpTDpOQlCmJCR2QAHYMhEaD8dHrJBB8Zp4f7kTQv1Hjq/p5IiVBqLALTKYgeqvlaZv5X6yS6f+anLIwTDSGdLeonHOsIZ7HgHpNANR8bIFQy81dMh0QSqk14JROCO3/yIjSrFdepuDcn5dp5HkcRHaBDdIxcdIpq6ArVUQNR9Iie0St6s56sF+vd+pi1Fqx8Zh/9kfX5A816mHo=</latexit><latexit sha1_base64="aBojCDmQhhhfhRsi387r22j+h4Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXJWkCLosutCNUMFeoAllMj1th84kcWYilFCXbnwVNy4UcesbuPNtnLRZaOsPAx//OYcz5w9izpR2nG+rsLS8srpWXC9tbG5t79i7e00VJZJCg0Y8ku2AKOAshIZmmkM7lkBEwKEVjC6yeusepGJReKvHMfiCDELWZ5RoY3VtfN2teooJuDPkZoRdBz+knhT4EpoT3LXLTsWZCi+Cm0MZ5ap37S+vF9FEQKgpJ0p1XCfWfkqkZpTDpOQlCmJCR2QAHYMhEaD8dHrJBB8Zp4f7kTQv1Hjq/p5IiVBqLALTKYgeqvlaZv5X6yS6f+anLIwTDSGdLeonHOsIZ7HgHpNANR8bIFQy81dMh0QSqk14JROCO3/yIjSrFdepuDcn5dp5HkcRHaBDdIxcdIpq6ArVUQNR9Iie0St6s56sF+vd+pi1Fqx8Zh/9kfX5A816mHo=</latexit><latexit sha1_base64="aBojCDmQhhhfhRsi387r22j+h4Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXJWkCLosutCNUMFeoAllMj1th84kcWYilFCXbnwVNy4UcesbuPNtnLRZaOsPAx//OYcz5w9izpR2nG+rsLS8srpWXC9tbG5t79i7e00VJZJCg0Y8ku2AKOAshIZmmkM7lkBEwKEVjC6yeusepGJReKvHMfiCDELWZ5RoY3VtfN2teooJuDPkZoRdBz+knhT4EpoT3LXLTsWZCi+Cm0MZ5ap37S+vF9FEQKgpJ0p1XCfWfkqkZpTDpOQlCmJCR2QAHYMhEaD8dHrJBB8Zp4f7kTQv1Hjq/p5IiVBqLALTKYgeqvlaZv5X6yS6f+anLIwTDSGdLeonHOsIZ7HgHpNANR8bIFQy81dMh0QSqk14JROCO3/yIjSrFdepuDcn5dp5HkcRHaBDdIxcdIpq6ArVUQNR9Iie0St6s56sF+vd+pi1Fqx8Zh/9kfX5A816mHo=</latexit>

M2 �M1 ⇠ GeV
10 GeV

M2<latexit sha1_base64="Q6u5D2t76kPsMjO7gDj0b+mF88M=">AAACGXicbVDLSgMxFM3UV62vUZdugkVwY8kUQZdFF7opVLAP6JQhk2ba0GRmSDJCGcbPcOOvuHGhiEtd+Tem7SDaeiBwOOdcbu7xY86URujLKiwtr6yuFddLG5tb2zv27l5LRYkktEkiHsmOjxXlLKRNzTSnnVhSLHxO2/7ocuK376hULApv9TimPYEHIQsYwdpIno3qXvUE1j3HVUzA1JUCXtFWBt1AYpI66P5HylITzaBnl1EFTQEXiZOTMsjR8OwPtx+RRNBQE46V6joo1r0US80Ip1nJTRSNMRnhAe0aGmJBVS+dXpbBI6P0YRBJ80INp+rviRQLpcbCN0mB9VDNexPxP6+b6OC8l7IwTjQNyWxRkHCoIzipCfaZpETzsSGYSGb+CskQm060KbNkSnDmT14krWrFQRXn5rRcu8jrKIIDcAiOgQPOQA1cgwZoAgIewBN4Aa/Wo/VsvVnvs2jBymf2wR9Yn9+6D57n</latexit><latexit sha1_base64="Q6u5D2t76kPsMjO7gDj0b+mF88M=">AAACGXicbVDLSgMxFM3UV62vUZdugkVwY8kUQZdFF7opVLAP6JQhk2ba0GRmSDJCGcbPcOOvuHGhiEtd+Tem7SDaeiBwOOdcbu7xY86URujLKiwtr6yuFddLG5tb2zv27l5LRYkktEkiHsmOjxXlLKRNzTSnnVhSLHxO2/7ocuK376hULApv9TimPYEHIQsYwdpIno3qXvUE1j3HVUzA1JUCXtFWBt1AYpI66P5HylITzaBnl1EFTQEXiZOTMsjR8OwPtx+RRNBQE46V6joo1r0US80Ip1nJTRSNMRnhAe0aGmJBVS+dXpbBI6P0YRBJ80INp+rviRQLpcbCN0mB9VDNexPxP6+b6OC8l7IwTjQNyWxRkHCoIzipCfaZpETzsSGYSGb+CskQm060KbNkSnDmT14krWrFQRXn5rRcu8jrKIIDcAiOgQPOQA1cgwZoAgIewBN4Aa/Wo/VsvVnvs2jBymf2wR9Yn9+6D57n</latexit><latexit sha1_base64="Q6u5D2t76kPsMjO7gDj0b+mF88M=">AAACGXicbVDLSgMxFM3UV62vUZdugkVwY8kUQZdFF7opVLAP6JQhk2ba0GRmSDJCGcbPcOOvuHGhiEtd+Tem7SDaeiBwOOdcbu7xY86URujLKiwtr6yuFddLG5tb2zv27l5LRYkktEkiHsmOjxXlLKRNzTSnnVhSLHxO2/7ocuK376hULApv9TimPYEHIQsYwdpIno3qXvUE1j3HVUzA1JUCXtFWBt1AYpI66P5HylITzaBnl1EFTQEXiZOTMsjR8OwPtx+RRNBQE46V6joo1r0US80Ip1nJTRSNMRnhAe0aGmJBVS+dXpbBI6P0YRBJ80INp+rviRQLpcbCN0mB9VDNexPxP6+b6OC8l7IwTjQNyWxRkHCoIzipCfaZpETzsSGYSGb+CskQm060KbNkSnDmT14krWrFQRXn5rRcu8jrKIIDcAiOgQPOQA1cgwZoAgIewBN4Aa/Wo/VsvVnvs2jBymf2wR9Yn9+6D57n</latexit><latexit sha1_base64="Q6u5D2t76kPsMjO7gDj0b+mF88M=">AAACGXicbVDLSgMxFM3UV62vUZdugkVwY8kUQZdFF7opVLAP6JQhk2ba0GRmSDJCGcbPcOOvuHGhiEtd+Tem7SDaeiBwOOdcbu7xY86URujLKiwtr6yuFddLG5tb2zv27l5LRYkktEkiHsmOjxXlLKRNzTSnnVhSLHxO2/7ocuK376hULApv9TimPYEHIQsYwdpIno3qXvUE1j3HVUzA1JUCXtFWBt1AYpI66P5HylITzaBnl1EFTQEXiZOTMsjR8OwPtx+RRNBQE46V6joo1r0US80Ip1nJTRSNMRnhAe0aGmJBVS+dXpbBI6P0YRBJ80INp+rviRQLpcbCN0mB9VDNexPxP6+b6OC8l7IwTjQNyWxRkHCoIzipCfaZpETzsSGYSGb+CskQm060KbNkSnDmT14krWrFQRXn5rRcu8jrKIIDcAiOgQPOQA1cgwZoAgIewBN4Aa/Wo/VsvVnvs2jBymf2wR9Yn9+6D57n</latexit>

�tot ⇠ ⌧�1
⌫ ⇠ (500 km)�1

<latexit sha1_base64="D7ff3eVgmnXfKuO+VYe4FaKVnac=">AAACIXicbVBNS8NAEN34bf2qevSyWAQ9WBJR9Ch60KOCVaGpYbLd6tLdTdidCCXEn+LFv+LFgyK9iX/GbdqDXw8GHu/NMDMvTqWw6Psf3tj4xOTU9MxsZW5+YXGpurxyaZPMMN5giUzMdQyWS6F5AwVKfp0aDiqW/CruHg/8q3turEj0BfZS3lJwq0VHMEAnRdWD8ASUgijHBIvQCkVDhCwKdXaTbwcFLaXNPd+nD3loFO2qYqt0omrNr/sl6F8SjEiNjHAWVfthO2GZ4hqZBGubgZ9iKweDgkleVMLM8hRYF25501ENittWXn5Y0A2ntGknMa400lL9PpGDsranYtepAO/sb28g/uc1M+wctHKh0wy5ZsNFnUxSTOggLtoWhjOUPUeAGeFupewODDB0oVZcCMHvl/+Sy5164NeD893a4dEojhmyRtbJJgnIPjkkp+SMNAgjj+SZvJI378l78d69/rB1zBvNrJIf8D6/ACCNos0=</latexit><latexit sha1_base64="D7ff3eVgmnXfKuO+VYe4FaKVnac=">AAACIXicbVBNS8NAEN34bf2qevSyWAQ9WBJR9Ch60KOCVaGpYbLd6tLdTdidCCXEn+LFv+LFgyK9iX/GbdqDXw8GHu/NMDMvTqWw6Psf3tj4xOTU9MxsZW5+YXGpurxyaZPMMN5giUzMdQyWS6F5AwVKfp0aDiqW/CruHg/8q3turEj0BfZS3lJwq0VHMEAnRdWD8ASUgijHBIvQCkVDhCwKdXaTbwcFLaXNPd+nD3loFO2qYqt0omrNr/sl6F8SjEiNjHAWVfthO2GZ4hqZBGubgZ9iKweDgkleVMLM8hRYF25501ENittWXn5Y0A2ntGknMa400lL9PpGDsranYtepAO/sb28g/uc1M+wctHKh0wy5ZsNFnUxSTOggLtoWhjOUPUeAGeFupewODDB0oVZcCMHvl/+Sy5164NeD893a4dEojhmyRtbJJgnIPjkkp+SMNAgjj+SZvJI378l78d69/rB1zBvNrJIf8D6/ACCNos0=</latexit><latexit sha1_base64="D7ff3eVgmnXfKuO+VYe4FaKVnac=">AAACIXicbVBNS8NAEN34bf2qevSyWAQ9WBJR9Ch60KOCVaGpYbLd6tLdTdidCCXEn+LFv+LFgyK9iX/GbdqDXw8GHu/NMDMvTqWw6Psf3tj4xOTU9MxsZW5+YXGpurxyaZPMMN5giUzMdQyWS6F5AwVKfp0aDiqW/CruHg/8q3turEj0BfZS3lJwq0VHMEAnRdWD8ASUgijHBIvQCkVDhCwKdXaTbwcFLaXNPd+nD3loFO2qYqt0omrNr/sl6F8SjEiNjHAWVfthO2GZ4hqZBGubgZ9iKweDgkleVMLM8hRYF25501ENittWXn5Y0A2ntGknMa400lL9PpGDsranYtepAO/sb28g/uc1M+wctHKh0wy5ZsNFnUxSTOggLtoWhjOUPUeAGeFupewODDB0oVZcCMHvl/+Sy5164NeD893a4dEojhmyRtbJJgnIPjkkp+SMNAgjj+SZvJI378l78d69/rB1zBvNrJIf8D6/ACCNos0=</latexit><latexit sha1_base64="D7ff3eVgmnXfKuO+VYe4FaKVnac=">AAACIXicbVBNS8NAEN34bf2qevSyWAQ9WBJR9Ch60KOCVaGpYbLd6tLdTdidCCXEn+LFv+LFgyK9iX/GbdqDXw8GHu/NMDMvTqWw6Psf3tj4xOTU9MxsZW5+YXGpurxyaZPMMN5giUzMdQyWS6F5AwVKfp0aDiqW/CruHg/8q3turEj0BfZS3lJwq0VHMEAnRdWD8ASUgijHBIvQCkVDhCwKdXaTbwcFLaXNPd+nD3loFO2qYqt0omrNr/sl6F8SjEiNjHAWVfthO2GZ4hqZBGubgZ9iKweDgkleVMLM8hRYF25501ENittWXn5Y0A2ntGknMa400lL9PpGDsranYtepAO/sb28g/uc1M+wctHKh0wy5ZsNFnUxSTOggLtoWhjOUPUeAGeFupewODDB0oVZcCMHvl/+Sy5164NeD893a4dEojhmyRtbJJgnIPjkkp+SMNAgjj+SZvJI378l78d69/rB1zBvNrJIf8D6/ACCNos0=</latexit>

� ⇠ L�1
<latexit sha1_base64="e1bg3E9hWJysKIMVV3XPd1lji4I=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCG8uMCLosunHhooJ9QFtLJs20oUlmSDJiGeZX3LhQxK0/4s6/MW1noa0HLvdwzr3k5gQxZ9p43rdTWFldW98obpa2tnd299z9clNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHw99VuPVGkWyXsziWlP4KFkISPYWKnvlruaDQVGtgl0+5Ce+lnfrXhVbwa0TPycVCBHve9+dQcRSQSVhnCsdcf3YtNLsTKMcJqVuommMSZjPKQdSyUWVPfS2e0ZOrbKAIWRsiUNmqm/N1IstJ6IwE4KbEZ60ZuK/3mdxISXvZTJODFUkvlDYcKRidA0CDRgihLDJ5Zgopi9FZERVpgYG1fJhuAvfnmZNM+qvlf1784rtas8jiIcwhGcgA8XUIMbqEMDCDzBM7zCm5M5L8678zEfLTj5zgH8gfP5A+m7k7E=</latexit><latexit sha1_base64="e1bg3E9hWJysKIMVV3XPd1lji4I=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCG8uMCLosunHhooJ9QFtLJs20oUlmSDJiGeZX3LhQxK0/4s6/MW1noa0HLvdwzr3k5gQxZ9p43rdTWFldW98obpa2tnd299z9clNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHw99VuPVGkWyXsziWlP4KFkISPYWKnvlruaDQVGtgl0+5Ce+lnfrXhVbwa0TPycVCBHve9+dQcRSQSVhnCsdcf3YtNLsTKMcJqVuommMSZjPKQdSyUWVPfS2e0ZOrbKAIWRsiUNmqm/N1IstJ6IwE4KbEZ60ZuK/3mdxISXvZTJODFUkvlDYcKRidA0CDRgihLDJ5Zgopi9FZERVpgYG1fJhuAvfnmZNM+qvlf1784rtas8jiIcwhGcgA8XUIMbqEMDCDzBM7zCm5M5L8678zEfLTj5zgH8gfP5A+m7k7E=</latexit><latexit sha1_base64="e1bg3E9hWJysKIMVV3XPd1lji4I=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCG8uMCLosunHhooJ9QFtLJs20oUlmSDJiGeZX3LhQxK0/4s6/MW1noa0HLvdwzr3k5gQxZ9p43rdTWFldW98obpa2tnd299z9clNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHw99VuPVGkWyXsziWlP4KFkISPYWKnvlruaDQVGtgl0+5Ce+lnfrXhVbwa0TPycVCBHve9+dQcRSQSVhnCsdcf3YtNLsTKMcJqVuommMSZjPKQdSyUWVPfS2e0ZOrbKAIWRsiUNmqm/N1IstJ6IwE4KbEZ60ZuK/3mdxISXvZTJODFUkvlDYcKRidA0CDRgihLDJ5Zgopi9FZERVpgYG1fJhuAvfnmZNM+qvlf1784rtas8jiIcwhGcgA8XUIMbqEMDCDzBM7zCm5M5L8678zEfLTj5zgH8gfP5A+m7k7E=</latexit><latexit sha1_base64="e1bg3E9hWJysKIMVV3XPd1lji4I=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCG8uMCLosunHhooJ9QFtLJs20oUlmSDJiGeZX3LhQxK0/4s6/MW1noa0HLvdwzr3k5gQxZ9p43rdTWFldW98obpa2tnd299z9clNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHw99VuPVGkWyXsziWlP4KFkISPYWKnvlruaDQVGtgl0+5Ce+lnfrXhVbwa0TPycVCBHve9+dQcRSQSVhnCsdcf3YtNLsTKMcJqVuommMSZjPKQdSyUWVPfS2e0ZOrbKAIWRsiUNmqm/N1IstJ6IwE4KbEZ60ZuK/3mdxISXvZTJODFUkvlDYcKRidA0CDRgihLDJ5Zgopi9FZERVpgYG1fJhuAvfnmZNM+qvlf1784rtas8jiIcwhGcgA8XUIMbqEMDCDzBM7zCm5M5L8678zEfLTj5zgH8gfP5A+m7k7E=</latexit>



Prediction for the ILC

In 1/3 of  cases:

In 1/3 of  cases:

In 1/3 of  cases:

Z 0 ! N1N̄2, N2N̄1
<latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="pjrtynhW0KLUlsqRAP4xO6p2aGQ=">AAACBXicbVDLSgMxFL3js9aqo1s3wSK6kDLpRpeCG1elgn1gZxwyadqGZjJDkhHK0E9w46+4caGIv+DOvzF9CNp6IHDuObkk50Sp4Np43pezsrq2vrFZ2Cpul3Z299z9UlMnmaKsQRORqHZENBNcsobhRrB2qhiJI8Fa0fBq4rcemNI8kbdmlLIgJn3Je5wSY6XQPbm791PFY4Z8k6BaiP2IqLw2Dqtndqr+TDh0y17FmwItEzwnZZijHrqffjehWcykoYJo3cFeaoKcKMOpYOOin2mWEjokfdaxVJKY6SCfBhqjY6t0US9R9kiDpurvjZzEWo/iyN6MiRnoRW8i/ud1MtO7CHIu08wwSWcP9TKBbPZJO6jLFaNGjCwhVHH7V0QHRBFqbIdFWwJejLxMmtUK9ir4xoMCHMIRnAKGc7iEa6hDAyg8wjO8wpvz5Lw477O6Vpx5bwfwB87HNwOcmj4=</latexit><latexit sha1_base64="pjrtynhW0KLUlsqRAP4xO6p2aGQ=">AAACBXicbVDLSgMxFL3js9aqo1s3wSK6kDLpRpeCG1elgn1gZxwyadqGZjJDkhHK0E9w46+4caGIv+DOvzF9CNp6IHDuObkk50Sp4Np43pezsrq2vrFZ2Cpul3Z299z9UlMnmaKsQRORqHZENBNcsobhRrB2qhiJI8Fa0fBq4rcemNI8kbdmlLIgJn3Je5wSY6XQPbm791PFY4Z8k6BaiP2IqLw2Dqtndqr+TDh0y17FmwItEzwnZZijHrqffjehWcykoYJo3cFeaoKcKMOpYOOin2mWEjokfdaxVJKY6SCfBhqjY6t0US9R9kiDpurvjZzEWo/iyN6MiRnoRW8i/ud1MtO7CHIu08wwSWcP9TKBbPZJO6jLFaNGjCwhVHH7V0QHRBFqbIdFWwJejLxMmtUK9ir4xoMCHMIRnAKGc7iEa6hDAyg8wjO8wpvz5Lw477O6Vpx5bwfwB87HNwOcmj4=</latexit><latexit sha1_base64="3Q6DEPgFsA3nzRVK/Nj0etnHIfo=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwoCruAmMFC1NVJPoQTYgc12mt2klkO0hV1E9g4VdYGECIlZGNv8FtgwQtR7J07jn36vqeIOFMacf5sgpLyyura8X10sbm1vaOvbvXUnEqCW2SmMeyE2BFOYtoUzPNaSeRFIuA03YwvJz47XsqFYujGz1KqCdwP2IhI1gbybePb+/cRDJBoatjWPeRG2CZ1cd+9dRU1Z8K+XbZqThTwEWCclIGORq+/en2YpIKGmnCsVJd5CTay7DUjHA6LrmpogkmQ9ynXUMjLKjysulBY3hklB4MY2lepOFU/T2RYaHUSASmU2A9UPPeRPzP66Y6PPcyFiWpphGZLQpTDs3tk3Rgj0lKNB8Zgolk5q+QDLDERJsMSyYENH/yImlVK8ipoGunXLvI4yiCA3AITgACZ6AGrkADNAEBD+AJvIBX69F6tt6s91lrwcpn9sEfWB/fsfGbtQ==</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit>

N2 ! N1⌫e⌫̄e, N1⌫⌧ ⌫̄⌧
<latexit sha1_base64="wDgXilQTlGWyBmtI/ubG9akFhW4=">AAACH3icbZBNS8MwGMfT+TbnW9Wjl+AQPMhoh6jHoRdPY4J7gbWUNEu3sDQtSSqMsm/ixa/ixYMi4m3fxrQrQzf/EPjl/zwPyfP3Y0alsqyZUVpb39jcKm9Xdnb39g/Mw6OOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3xXVbvPhEhacQf1SQmboiGnAYUI6Utz7xqenXoqAg2PRs6PPEIdHwkcrpYmI5CycLPLp5ZtWpWLrgKdgFVUKjlmd/OIMJJSLjCDEnZt61YuSkSimJGphUnkSRGeIyGpK+Ro5BIN833m8Iz7QxgEAl9uIK5+3siRaGUk9DXnSFSI7lcy8z/av1EBTduSnmcKMLx/KEgYVDnkYUFB1QQrNhEA8KC6r9CPEICYaUjregQ7OWVV6FTr9lWzX64rDZuizjK4AScgnNgg2vQAPegBdoAg2fwCt7Bh/FivBmfxte8tWQUM8fgj4zZD1oKoV0=</latexit><latexit sha1_base64="wDgXilQTlGWyBmtI/ubG9akFhW4=">AAACH3icbZBNS8MwGMfT+TbnW9Wjl+AQPMhoh6jHoRdPY4J7gbWUNEu3sDQtSSqMsm/ixa/ixYMi4m3fxrQrQzf/EPjl/zwPyfP3Y0alsqyZUVpb39jcKm9Xdnb39g/Mw6OOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3xXVbvPhEhacQf1SQmboiGnAYUI6Utz7xqenXoqAg2PRs6PPEIdHwkcrpYmI5CycLPLp5ZtWpWLrgKdgFVUKjlmd/OIMJJSLjCDEnZt61YuSkSimJGphUnkSRGeIyGpK+Ro5BIN833m8Iz7QxgEAl9uIK5+3siRaGUk9DXnSFSI7lcy8z/av1EBTduSnmcKMLx/KEgYVDnkYUFB1QQrNhEA8KC6r9CPEICYaUjregQ7OWVV6FTr9lWzX64rDZuizjK4AScgnNgg2vQAPegBdoAg2fwCt7Bh/FivBmfxte8tWQUM8fgj4zZD1oKoV0=</latexit><latexit sha1_base64="wDgXilQTlGWyBmtI/ubG9akFhW4=">AAACH3icbZBNS8MwGMfT+TbnW9Wjl+AQPMhoh6jHoRdPY4J7gbWUNEu3sDQtSSqMsm/ixa/ixYMi4m3fxrQrQzf/EPjl/zwPyfP3Y0alsqyZUVpb39jcKm9Xdnb39g/Mw6OOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3xXVbvPhEhacQf1SQmboiGnAYUI6Utz7xqenXoqAg2PRs6PPEIdHwkcrpYmI5CycLPLp5ZtWpWLrgKdgFVUKjlmd/OIMJJSLjCDEnZt61YuSkSimJGphUnkSRGeIyGpK+Ro5BIN833m8Iz7QxgEAl9uIK5+3siRaGUk9DXnSFSI7lcy8z/av1EBTduSnmcKMLx/KEgYVDnkYUFB1QQrNhEA8KC6r9CPEICYaUjregQ7OWVV6FTr9lWzX64rDZuizjK4AScgnNgg2vQAPegBdoAg2fwCt7Bh/FivBmfxte8tWQUM8fgj4zZD1oKoV0=</latexit><latexit sha1_base64="wDgXilQTlGWyBmtI/ubG9akFhW4=">AAACH3icbZBNS8MwGMfT+TbnW9Wjl+AQPMhoh6jHoRdPY4J7gbWUNEu3sDQtSSqMsm/ixa/ixYMi4m3fxrQrQzf/EPjl/zwPyfP3Y0alsqyZUVpb39jcKm9Xdnb39g/Mw6OOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3xXVbvPhEhacQf1SQmboiGnAYUI6Utz7xqenXoqAg2PRs6PPEIdHwkcrpYmI5CycLPLp5ZtWpWLrgKdgFVUKjlmd/OIMJJSLjCDEnZt61YuSkSimJGphUnkSRGeIyGpK+Ro5BIN833m8Iz7QxgEAl9uIK5+3siRaGUk9DXnSFSI7lcy8z/av1EBTduSnmcKMLx/KEgYVDnkYUFB1QQrNhEA8KC6r9CPEICYaUjregQ7OWVV6FTr9lWzX64rDZuizjK4AScgnNgg2vQAPegBdoAg2fwCt7Bh/FivBmfxte8tWQUM8fgj4zZD1oKoV0=</latexit>

N2 ! N1⌧ ⌧̄
<latexit sha1_base64="1zwnANt8mMiqW38SOIpTF4+wPNQ=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXJWkCLosunFVKtgLNCFMptN26GQSZiZCCQU3voobF4q49SXc+TZO2iy09YeBj/+cw5nzhwlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnktAWiXksuyFWlDNBW5ppTruJpDgKOe2E45u83nmgUrFY3OtJQv0IDwUbMIK1sQL7uBHUkKdjhBqBawCnyAuxzCGwK07VmQktg1tABQo1A/vL68ckjajQhGOleq6TaD/DUjPC6bTspYommIzxkPYMChxR5WezG6bozDh9NIileUKjmft7IsORUpMoNJ0R1iO1WMvN/2q9VA+u/IyJJNVUkPmiQcqRuTkPBPWZpETziQFMJDN/RWSEJSbaxFY2IbiLJy9Du1Z1nap7d1GpXxdxlOAETuEcXLiEOtxCE1pA4BGe4RXerCfrxXq3PuatK1YxcwR/ZH3+AH8rlig=</latexit><latexit sha1_base64="1zwnANt8mMiqW38SOIpTF4+wPNQ=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXJWkCLosunFVKtgLNCFMptN26GQSZiZCCQU3voobF4q49SXc+TZO2iy09YeBj/+cw5nzhwlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnktAWiXksuyFWlDNBW5ppTruJpDgKOe2E45u83nmgUrFY3OtJQv0IDwUbMIK1sQL7uBHUkKdjhBqBawCnyAuxzCGwK07VmQktg1tABQo1A/vL68ckjajQhGOleq6TaD/DUjPC6bTspYommIzxkPYMChxR5WezG6bozDh9NIileUKjmft7IsORUpMoNJ0R1iO1WMvN/2q9VA+u/IyJJNVUkPmiQcqRuTkPBPWZpETziQFMJDN/RWSEJSbaxFY2IbiLJy9Du1Z1nap7d1GpXxdxlOAETuEcXLiEOtxCE1pA4BGe4RXerCfrxXq3PuatK1YxcwR/ZH3+AH8rlig=</latexit><latexit sha1_base64="1zwnANt8mMiqW38SOIpTF4+wPNQ=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXJWkCLosunFVKtgLNCFMptN26GQSZiZCCQU3voobF4q49SXc+TZO2iy09YeBj/+cw5nzhwlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnktAWiXksuyFWlDNBW5ppTruJpDgKOe2E45u83nmgUrFY3OtJQv0IDwUbMIK1sQL7uBHUkKdjhBqBawCnyAuxzCGwK07VmQktg1tABQo1A/vL68ckjajQhGOleq6TaD/DUjPC6bTspYommIzxkPYMChxR5WezG6bozDh9NIileUKjmft7IsORUpMoNJ0R1iO1WMvN/2q9VA+u/IyJJNVUkPmiQcqRuTkPBPWZpETziQFMJDN/RWSEJSbaxFY2IbiLJy9Du1Z1nap7d1GpXxdxlOAETuEcXLiEOtxCE1pA4BGe4RXerCfrxXq3PuatK1YxcwR/ZH3+AH8rlig=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="qRB9zLn71rYlF6dDPHq0YCc0kHM=">AAAB+HicbZBLSwMxFIXv+Ky16uhSN8EiuCoz3ehScOOqVLAP6AzDnTTThmYeJBmhDAU3/hU3LhTxl7jz35hpu9DWC4GPcxJuzgkzwZV2nG9rY3Nre2e3slfdrx0cHtnHta5Kc0lZh6Yilf0QFRM8YR3NtWD9TDKMQ8F64eS29HuPTCqeJg96mjE/xlHCI05RGymwT1tBk3g6JaQVuAYwJ16IsoTArjsNZz5kHdwl1GE57cD+8oYpzWOWaCpQqYHrZNovUGpOBZtVvVyxDOkER2xgMMGYKb+YZ5iRC6MMSZRKcxJN5urvFwXGSk3j0NyMUY/VqleK/3mDXEfXfsGTLNcsoYtFUS6IyVwWQoZcMqrF1ABSyc1fCR2jRKpNbVVTgrsaeR26zYbrNNx7BypwBudwCS5cwQ3cQRs6QOEJXuAN3q1n69X6WNS1YS17O4E/Y33+AAp7lLo=</latexit><latexit sha1_base64="qRB9zLn71rYlF6dDPHq0YCc0kHM=">AAAB+HicbZBLSwMxFIXv+Ky16uhSN8EiuCoz3ehScOOqVLAP6AzDnTTThmYeJBmhDAU3/hU3LhTxl7jz35hpu9DWC4GPcxJuzgkzwZV2nG9rY3Nre2e3slfdrx0cHtnHta5Kc0lZh6Yilf0QFRM8YR3NtWD9TDKMQ8F64eS29HuPTCqeJg96mjE/xlHCI05RGymwT1tBk3g6JaQVuAYwJ16IsoTArjsNZz5kHdwl1GE57cD+8oYpzWOWaCpQqYHrZNovUGpOBZtVvVyxDOkER2xgMMGYKb+YZ5iRC6MMSZRKcxJN5urvFwXGSk3j0NyMUY/VqleK/3mDXEfXfsGTLNcsoYtFUS6IyVwWQoZcMqrF1ABSyc1fCR2jRKpNbVVTgrsaeR26zYbrNNx7BypwBudwCS5cwQ3cQRs6QOEJXuAN3q1n69X6WNS1YS17O4E/Y33+AAp7lLo=</latexit><latexit sha1_base64="erOFJOGyzxbqXgncwjmNwnQ6qMY=">AAACA3icbZDLSsNAFIZP6q3WW9SdbgaL4Kok3eiy6MZVqWAv0IQwmU7aoZNJmJkIpRTc+CpuXCji1pdw59s4abPQ1h8GPv5zDmfOH6acKe0431ZpbX1jc6u8XdnZ3ds/sA+POirJJKFtkvBE9kKsKGeCtjXTnPZSSXEcctoNxzd5vftApWKJuNeTlPoxHgoWMYK1sQL7pBnUkacThJqBawBnyAuxzCGwq07NmQutgltAFQq1AvvLGyQki6nQhGOl+q6Tan+KpWaE01nFyxRNMRnjIe0bFDimyp/Ob5ihc+MMUJRI84RGc/f3xBTHSk3i0HTGWI/Uci03/6v1Mx1d+VMm0kxTQRaLoowjc3MeCBowSYnmEwOYSGb+isgIS0y0ia1iQnCXT16FTr3mOjX3zqk2ros4ynAKZ3ABLlxCA26hBW0g8AjP8Apv1pP1Yr1bH4vWklXMHMMfWZ8/feuWJA==</latexit><latexit sha1_base64="1zwnANt8mMiqW38SOIpTF4+wPNQ=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXJWkCLosunFVKtgLNCFMptN26GQSZiZCCQU3voobF4q49SXc+TZO2iy09YeBj/+cw5nzhwlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnktAWiXksuyFWlDNBW5ppTruJpDgKOe2E45u83nmgUrFY3OtJQv0IDwUbMIK1sQL7uBHUkKdjhBqBawCnyAuxzCGwK07VmQktg1tABQo1A/vL68ckjajQhGOleq6TaD/DUjPC6bTspYommIzxkPYMChxR5WezG6bozDh9NIileUKjmft7IsORUpMoNJ0R1iO1WMvN/2q9VA+u/IyJJNVUkPmiQcqRuTkPBPWZpETziQFMJDN/RWSEJSbaxFY2IbiLJy9Du1Z1nap7d1GpXxdxlOAETuEcXLiEOtxCE1pA4BGe4RXerCfrxXq3PuatK1YxcwR/ZH3+AH8rlig=</latexit><latexit sha1_base64="1zwnANt8mMiqW38SOIpTF4+wPNQ=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXJWkCLosunFVKtgLNCFMptN26GQSZiZCCQU3voobF4q49SXc+TZO2iy09YeBj/+cw5nzhwlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnktAWiXksuyFWlDNBW5ppTruJpDgKOe2E45u83nmgUrFY3OtJQv0IDwUbMIK1sQL7uBHUkKdjhBqBawCnyAuxzCGwK07VmQktg1tABQo1A/vL68ckjajQhGOleq6TaD/DUjPC6bTspYommIzxkPYMChxR5WezG6bozDh9NIileUKjmft7IsORUpMoNJ0R1iO1WMvN/2q9VA+u/IyJJNVUkPmiQcqRuTkPBPWZpETziQFMJDN/RWSEJSbaxFY2IbiLJy9Du1Z1nap7d1GpXxdxlOAETuEcXLiEOtxCE1pA4BGe4RXerCfrxXq3PuatK1YxcwR/ZH3+AH8rlig=</latexit><latexit sha1_base64="1zwnANt8mMiqW38SOIpTF4+wPNQ=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXJWkCLosunFVKtgLNCFMptN26GQSZiZCCQU3voobF4q49SXc+TZO2iy09YeBj/+cw5nzhwlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnktAWiXksuyFWlDNBW5ppTruJpDgKOe2E45u83nmgUrFY3OtJQv0IDwUbMIK1sQL7uBHUkKdjhBqBawCnyAuxzCGwK07VmQktg1tABQo1A/vL68ckjajQhGOleq6TaD/DUjPC6bTspYommIzxkPYMChxR5WezG6bozDh9NIileUKjmft7IsORUpMoNJ0R1iO1WMvN/2q9VA+u/IyJJNVUkPmiQcqRuTkPBPWZpETziQFMJDN/RWSEJSbaxFY2IbiLJy9Du1Z1nap7d1GpXxdxlOAETuEcXLiEOtxCE1pA4BGe4RXerCfrxXq3PuatK1YxcwR/ZH3+AH8rlig=</latexit><latexit sha1_base64="1zwnANt8mMiqW38SOIpTF4+wPNQ=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXJWkCLosunFVKtgLNCFMptN26GQSZiZCCQU3voobF4q49SXc+TZO2iy09YeBj/+cw5nzhwlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnktAWiXksuyFWlDNBW5ppTruJpDgKOe2E45u83nmgUrFY3OtJQv0IDwUbMIK1sQL7uBHUkKdjhBqBawCnyAuxzCGwK07VmQktg1tABQo1A/vL68ckjajQhGOleq6TaD/DUjPC6bTspYommIzxkPYMChxR5WezG6bozDh9NIileUKjmft7IsORUpMoNJ0R1iO1WMvN/2q9VA+u/IyJJNVUkPmiQcqRuTkPBPWZpETziQFMJDN/RWSEJSbaxFY2IbiLJy9Du1Z1nap7d1GpXxdxlOAETuEcXLiEOtxCE1pA4BGe4RXerCfrxXq3PuatK1YxcwR/ZH3+AH8rlig=</latexit><latexit sha1_base64="1zwnANt8mMiqW38SOIpTF4+wPNQ=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXJWkCLosunFVKtgLNCFMptN26GQSZiZCCQU3voobF4q49SXc+TZO2iy09YeBj/+cw5nzhwlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnktAWiXksuyFWlDNBW5ppTruJpDgKOe2E45u83nmgUrFY3OtJQv0IDwUbMIK1sQL7uBHUkKdjhBqBawCnyAuxzCGwK07VmQktg1tABQo1A/vL68ckjajQhGOleq6TaD/DUjPC6bTspYommIzxkPYMChxR5WezG6bozDh9NIileUKjmft7IsORUpMoNJ0R1iO1WMvN/2q9VA+u/IyJJNVUkPmiQcqRuTkPBPWZpETziQFMJDN/RWSEJSbaxFY2IbiLJy9Du1Z1nap7d1GpXxdxlOAETuEcXLiEOtxCE1pA4BGe4RXerCfrxXq3PuatK1YxcwR/ZH3+AH8rlig=</latexit><latexit sha1_base64="1zwnANt8mMiqW38SOIpTF4+wPNQ=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXJWkCLosunFVKtgLNCFMptN26GQSZiZCCQU3voobF4q49SXc+TZO2iy09YeBj/+cw5nzhwlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnktAWiXksuyFWlDNBW5ppTruJpDgKOe2E45u83nmgUrFY3OtJQv0IDwUbMIK1sQL7uBHUkKdjhBqBawCnyAuxzCGwK07VmQktg1tABQo1A/vL68ckjajQhGOleq6TaD/DUjPC6bTspYommIzxkPYMChxR5WezG6bozDh9NIileUKjmft7IsORUpMoNJ0R1iO1WMvN/2q9VA+u/IyJJNVUkPmiQcqRuTkPBPWZpETziQFMJDN/RWSEJSbaxFY2IbiLJy9Du1Z1nap7d1GpXxdxlOAETuEcXLiEOtxCE1pA4BGe4RXerCfrxXq3PuatK1YxcwR/ZH3+AH8rlig=</latexit>

N2 ! N1e
�e+

<latexit sha1_base64="8RuMMbWOmOIPmIBwPoh1GIs1iq4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgiCUpgi6LblyVCvYBbRom05t26OTBzEQIof6KGxeKuPVD3Pk3TtsstPXAhcM593LvPV7MmVSW9W0U1tY3NreK26Wd3b39A/PwqC2jRFBo0YhHousRCZyF0FJMcejGAkjgceh4k9uZ33kEIVkUPqg0Bicgo5D5jBKlJdcsN9wa7qsI44ZrYxhcwODcNStW1ZoDrxI7JxWUo+maX/1hRJMAQkU5kbJnW7FyMiIUoxympX4iISZ0QkbQ0zQkAUgnmx8/xadaGWI/ErpChefq74mMBFKmgac7A6LGctmbif95vUT5107GwjhRENLFIj/hWD87SwIPmQCqeKoJoYLpWzEdE0Go0nmVdAj28surpF2r2lbVvr+s1G/yOIroGJ2gM2SjK1RHd6iJWoiiFD2jV/RmPBkvxrvxsWgtGPlMGf2B8fkDj0mSww==</latexit><latexit sha1_base64="8RuMMbWOmOIPmIBwPoh1GIs1iq4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgiCUpgi6LblyVCvYBbRom05t26OTBzEQIof6KGxeKuPVD3Pk3TtsstPXAhcM593LvPV7MmVSW9W0U1tY3NreK26Wd3b39A/PwqC2jRFBo0YhHousRCZyF0FJMcejGAkjgceh4k9uZ33kEIVkUPqg0Bicgo5D5jBKlJdcsN9wa7qsI44ZrYxhcwODcNStW1ZoDrxI7JxWUo+maX/1hRJMAQkU5kbJnW7FyMiIUoxympX4iISZ0QkbQ0zQkAUgnmx8/xadaGWI/ErpChefq74mMBFKmgac7A6LGctmbif95vUT5107GwjhRENLFIj/hWD87SwIPmQCqeKoJoYLpWzEdE0Go0nmVdAj28surpF2r2lbVvr+s1G/yOIroGJ2gM2SjK1RHd6iJWoiiFD2jV/RmPBkvxrvxsWgtGPlMGf2B8fkDj0mSww==</latexit><latexit sha1_base64="8RuMMbWOmOIPmIBwPoh1GIs1iq4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgiCUpgi6LblyVCvYBbRom05t26OTBzEQIof6KGxeKuPVD3Pk3TtsstPXAhcM593LvPV7MmVSW9W0U1tY3NreK26Wd3b39A/PwqC2jRFBo0YhHousRCZyF0FJMcejGAkjgceh4k9uZ33kEIVkUPqg0Bicgo5D5jBKlJdcsN9wa7qsI44ZrYxhcwODcNStW1ZoDrxI7JxWUo+maX/1hRJMAQkU5kbJnW7FyMiIUoxympX4iISZ0QkbQ0zQkAUgnmx8/xadaGWI/ErpChefq74mMBFKmgac7A6LGctmbif95vUT5107GwjhRENLFIj/hWD87SwIPmQCqeKoJoYLpWzEdE0Go0nmVdAj28surpF2r2lbVvr+s1G/yOIroGJ2gM2SjK1RHd6iJWoiiFD2jV/RmPBkvxrvxsWgtGPlMGf2B8fkDj0mSww==</latexit><latexit sha1_base64="8RuMMbWOmOIPmIBwPoh1GIs1iq4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgiCUpgi6LblyVCvYBbRom05t26OTBzEQIof6KGxeKuPVD3Pk3TtsstPXAhcM593LvPV7MmVSW9W0U1tY3NreK26Wd3b39A/PwqC2jRFBo0YhHousRCZyF0FJMcejGAkjgceh4k9uZ33kEIVkUPqg0Bicgo5D5jBKlJdcsN9wa7qsI44ZrYxhcwODcNStW1ZoDrxI7JxWUo+maX/1hRJMAQkU5kbJnW7FyMiIUoxympX4iISZ0QkbQ0zQkAUgnmx8/xadaGWI/ErpChefq74mMBFKmgac7A6LGctmbif95vUT5107GwjhRENLFIj/hWD87SwIPmQCqeKoJoYLpWzEdE0Go0nmVdAj28surpF2r2lbVvr+s1G/yOIroGJ2gM2SjK1RHd6iJWoiiFD2jV/RmPBkvxrvxsWgtGPlMGf2B8fkDj0mSww==</latexit>

M2 �M1 > 2m⌧
<latexit sha1_base64="CFgRoyRjRruACHYh9ek52M6Whmk=">AAAB+XicbVBNSwMxEJ31s9avVY9egkXwYtktgp6k6MVLoYL9gHZZsmnahibZJckWytJ/4sWDIl79J978N6btHrT1wcDjvRlm5kUJZ9p43reztr6xubVd2Cnu7u0fHLpHx00dp4rQBol5rNoR1pQzSRuGGU7biaJYRJy2otH9zG+NqdIslk9mktBA4IFkfUawsVLourWwclkL/VtUEWHX4DR0S17ZmwOtEj8nJchRD92vbi8mqaDSEI617vheYoIMK8MIp9NiN9U0wWSEB7RjqcSC6iCbXz5F51bpoX6sbEmD5urviQwLrScisp0Cm6Fe9mbif14nNf2bIGMySQ2VZLGon3JkYjSLAfWYosTwiSWYKGZvRWSIFSbGhlW0IfjLL6+SZqXse2X/8apUvcvjKMApnMEF+HANVXiAOjSAwBie4RXenMx5cd6dj0XrmpPPnMAfOJ8/ZqiSNQ==</latexit><latexit sha1_base64="CFgRoyRjRruACHYh9ek52M6Whmk=">AAAB+XicbVBNSwMxEJ31s9avVY9egkXwYtktgp6k6MVLoYL9gHZZsmnahibZJckWytJ/4sWDIl79J978N6btHrT1wcDjvRlm5kUJZ9p43reztr6xubVd2Cnu7u0fHLpHx00dp4rQBol5rNoR1pQzSRuGGU7biaJYRJy2otH9zG+NqdIslk9mktBA4IFkfUawsVLourWwclkL/VtUEWHX4DR0S17ZmwOtEj8nJchRD92vbi8mqaDSEI617vheYoIMK8MIp9NiN9U0wWSEB7RjqcSC6iCbXz5F51bpoX6sbEmD5urviQwLrScisp0Cm6Fe9mbif14nNf2bIGMySQ2VZLGon3JkYjSLAfWYosTwiSWYKGZvRWSIFSbGhlW0IfjLL6+SZqXse2X/8apUvcvjKMApnMEF+HANVXiAOjSAwBie4RXenMx5cd6dj0XrmpPPnMAfOJ8/ZqiSNQ==</latexit><latexit sha1_base64="CFgRoyRjRruACHYh9ek52M6Whmk=">AAAB+XicbVBNSwMxEJ31s9avVY9egkXwYtktgp6k6MVLoYL9gHZZsmnahibZJckWytJ/4sWDIl79J978N6btHrT1wcDjvRlm5kUJZ9p43reztr6xubVd2Cnu7u0fHLpHx00dp4rQBol5rNoR1pQzSRuGGU7biaJYRJy2otH9zG+NqdIslk9mktBA4IFkfUawsVLourWwclkL/VtUEWHX4DR0S17ZmwOtEj8nJchRD92vbi8mqaDSEI617vheYoIMK8MIp9NiN9U0wWSEB7RjqcSC6iCbXz5F51bpoX6sbEmD5urviQwLrScisp0Cm6Fe9mbif14nNf2bIGMySQ2VZLGon3JkYjSLAfWYosTwiSWYKGZvRWSIFSbGhlW0IfjLL6+SZqXse2X/8apUvcvjKMApnMEF+HANVXiAOjSAwBie4RXenMx5cd6dj0XrmpPPnMAfOJ8/ZqiSNQ==</latexit><latexit sha1_base64="CFgRoyRjRruACHYh9ek52M6Whmk=">AAAB+XicbVBNSwMxEJ31s9avVY9egkXwYtktgp6k6MVLoYL9gHZZsmnahibZJckWytJ/4sWDIl79J978N6btHrT1wcDjvRlm5kUJZ9p43reztr6xubVd2Cnu7u0fHLpHx00dp4rQBol5rNoR1pQzSRuGGU7biaJYRJy2otH9zG+NqdIslk9mktBA4IFkfUawsVLourWwclkL/VtUEWHX4DR0S17ZmwOtEj8nJchRD92vbi8mqaDSEI617vheYoIMK8MIp9NiN9U0wWSEB7RjqcSC6iCbXz5F51bpoX6sbEmD5urviQwLrScisp0Cm6Fe9mbif14nNf2bIGMySQ2VZLGon3JkYjSLAfWYosTwiSWYKGZvRWSIFSbGhlW0IfjLL6+SZqXse2X/8apUvcvjKMApnMEF+HANVXiAOjSAwBie4RXenMx5cd6dj0XrmpPPnMAfOJ8/ZqiSNQ==</latexit>



Non-Standard Interactions

5 times improvement is required.

Agarwalla, Borexino collaboration, 1905.03512; Choubey and Ohlsson, 1410.0410



c⌧N2 = 42 km
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AUGER sensitivity



Cherry and Shoemaker, PRD99 (2019) 63016

ICECUBE data taking ~ 8 years

ANITA data taking~ 1 month



Cherry and Shoemaker, PRD99 (2019) 63016





Summary and conclusions

• 2 anomalous ANITA events 
• Our scenario:

• Our model:                      with       to be discovered by ILC

• Bonus: A candidate for dark matter

Le � L⌧
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Z 0
<latexit sha1_base64="9GkOjspQEJa1EHCINbkqQZDZ/+8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BE2DDcC24lCKgOBrWB0PfVbT6g0j6M7M07Ql3QQ8ZAzaqzUvn/oJopL7JUrbtWdgSwTLycVyFHvlb+6/ZilEiPDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LE0ohK1n83unZATq/RJGCtbkSEz9fdERqXWYxnYTknNUC96U/E/r5Oa8NLPeJSkBiM2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3pu1bs9r9Su8jiKcATHcAoeXEANbqAODWAg4Ble4c15dF6cd+dj3lpw8plD+APn8wcUKI/7</latexit><latexit sha1_base64="9GkOjspQEJa1EHCINbkqQZDZ/+8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BE2DDcC24lCKgOBrWB0PfVbT6g0j6M7M07Ql3QQ8ZAzaqzUvn/oJopL7JUrbtWdgSwTLycVyFHvlb+6/ZilEiPDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LE0ohK1n83unZATq/RJGCtbkSEz9fdERqXWYxnYTknNUC96U/E/r5Oa8NLPeJSkBiM2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3pu1bs9r9Su8jiKcATHcAoeXEANbqAODWAg4Ble4c15dF6cd+dj3lpw8plD+APn8wcUKI/7</latexit><latexit sha1_base64="9GkOjspQEJa1EHCINbkqQZDZ/+8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BE2DDcC24lCKgOBrWB0PfVbT6g0j6M7M07Ql3QQ8ZAzaqzUvn/oJopL7JUrbtWdgSwTLycVyFHvlb+6/ZilEiPDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LE0ohK1n83unZATq/RJGCtbkSEz9fdERqXWYxnYTknNUC96U/E/r5Oa8NLPeJSkBiM2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3pu1bs9r9Su8jiKcATHcAoeXEANbqAODWAg4Ble4c15dF6cd+dj3lpw8plD+APn8wcUKI/7</latexit><latexit sha1_base64="9GkOjspQEJa1EHCINbkqQZDZ/+8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BE2DDcC24lCKgOBrWB0PfVbT6g0j6M7M07Ql3QQ8ZAzaqzUvn/oJopL7JUrbtWdgSwTLycVyFHvlb+6/ZilEiPDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LE0ohK1n83unZATq/RJGCtbkSEz9fdERqXWYxnYTknNUC96U/E/r5Oa8NLPeJSkBiM2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3pu1bs9r9Su8jiKcATHcAoeXEANbqAODWAg4Ble4c15dF6cd+dj3lpw8plD+APn8wcUKI/7</latexit>



Backup



Exposure and Flux

• ANITA exposure: 

• Incident       flux

2.7 km2 yr sr
<latexit sha1_base64="k5lNuo6Hm5zjPEcQzYL9DTk59pw=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSU5RUSGWsYGEsEr1Ibagc12mt2k5kO0hRFEYWXoWFAYRYeQM23ga3yQAtv2Tp03/O0fH5g5hRpV3321pZXVvf2KxsVbd3dvf27YPDjooSiUkbRyySvQApwqggbU01I71YEsQDRrrB9GpW794TqWgkbnUaE5+jsaAhxUgba2jDutN4yAaSwynP7+oFpjIvQMl8aNdcx50LLoNXQg2Uag3tr8EowgknQmOGlOp7bqz9DElNMSN5dZAoEiM8RWPSNygQJ8rP5pfk8NQ4IxhG0jyh4dz9PZEhrlTKA9PJkZ6oxdrM/K/WT3R44WdUxIkmAheLwoRBHcFZLHBEJcGapQYQltT8FeIJkghrE17VhOAtnrwMnbrjuY53c15rXpZxVMAxOAFnwAMN0ATXoAXaAINH8AxewZv1ZL1Y79ZH0bpilTNH4I+szx9vDpot</latexit><latexit sha1_base64="k5lNuo6Hm5zjPEcQzYL9DTk59pw=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSU5RUSGWsYGEsEr1Ibagc12mt2k5kO0hRFEYWXoWFAYRYeQM23ga3yQAtv2Tp03/O0fH5g5hRpV3321pZXVvf2KxsVbd3dvf27YPDjooSiUkbRyySvQApwqggbU01I71YEsQDRrrB9GpW794TqWgkbnUaE5+jsaAhxUgba2jDutN4yAaSwynP7+oFpjIvQMl8aNdcx50LLoNXQg2Uag3tr8EowgknQmOGlOp7bqz9DElNMSN5dZAoEiM8RWPSNygQJ8rP5pfk8NQ4IxhG0jyh4dz9PZEhrlTKA9PJkZ6oxdrM/K/WT3R44WdUxIkmAheLwoRBHcFZLHBEJcGapQYQltT8FeIJkghrE17VhOAtnrwMnbrjuY53c15rXpZxVMAxOAFnwAMN0ATXoAXaAINH8AxewZv1ZL1Y79ZH0bpilTNH4I+szx9vDpot</latexit><latexit sha1_base64="k5lNuo6Hm5zjPEcQzYL9DTk59pw=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSU5RUSGWsYGEsEr1Ibagc12mt2k5kO0hRFEYWXoWFAYRYeQM23ga3yQAtv2Tp03/O0fH5g5hRpV3321pZXVvf2KxsVbd3dvf27YPDjooSiUkbRyySvQApwqggbU01I71YEsQDRrrB9GpW794TqWgkbnUaE5+jsaAhxUgba2jDutN4yAaSwynP7+oFpjIvQMl8aNdcx50LLoNXQg2Uag3tr8EowgknQmOGlOp7bqz9DElNMSN5dZAoEiM8RWPSNygQJ8rP5pfk8NQ4IxhG0jyh4dz9PZEhrlTKA9PJkZ6oxdrM/K/WT3R44WdUxIkmAheLwoRBHcFZLHBEJcGapQYQltT8FeIJkghrE17VhOAtnrwMnbrjuY53c15rXpZxVMAxOAFnwAMN0ATXoAXaAINH8AxewZv1ZL1Y79ZH0bpilTNH4I+szx9vDpot</latexit><latexit sha1_base64="k5lNuo6Hm5zjPEcQzYL9DTk59pw=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSU5RUSGWsYGEsEr1Ibagc12mt2k5kO0hRFEYWXoWFAYRYeQM23ga3yQAtv2Tp03/O0fH5g5hRpV3321pZXVvf2KxsVbd3dvf27YPDjooSiUkbRyySvQApwqggbU01I71YEsQDRrrB9GpW794TqWgkbnUaE5+jsaAhxUgba2jDutN4yAaSwynP7+oFpjIvQMl8aNdcx50LLoNXQg2Uag3tr8EowgknQmOGlOp7bqz9DElNMSN5dZAoEiM8RWPSNygQJ8rP5pfk8NQ4IxhG0jyh4dz9PZEhrlTKA9PJkZ6oxdrM/K/WT3R44WdUxIkmAheLwoRBHcFZLHBEJcGapQYQltT8FeIJkghrE17VhOAtnrwMnbrjuY53c15rXpZxVMAxOAFnwAMN0ATXoAXaAINH8AxewZv1ZL1Y79ZH0bpilTNH4I+szx9vDpot</latexit>

N1
<latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit>

' 40 km�2yr�1sr�1
<latexit sha1_base64="lXQA4OSloQXn77EdQobG8L4dYnw=">AAACHXicbVDLSsNAFJ34rPUVdelmsAhuLEkp6LLoxmUF+4Amlsl00g6dSeLMRAghfogbf8WNC0VcuBH/xkmahbZeGDiPe7lzjxcxKpVlfRtLyyura+uVjerm1vbOrrm335VhLDDp4JCFou8hSRgNSEdRxUg/EgRxj5GeN73M/d49EZKGwY1KIuJyNA6oTzFSWhqaTUdSTu5g04IPqSM4nPLsNj1tZLBgiciZXTJZsqFZs+pWUXAR2CWogbLaQ/PTGYU45iRQmCEpB7YVKTdFQlHMSFZ1YkkihKdoTAYaBogT6abFdRk81soI+qHQL1CwUH9PpIhLmXBPd3KkJnLey8X/vEGs/HM3pUEUKxLg2SI/ZlCFMI8KjqggWLFEA4QF1X+FeIIEwkoHWtUh2PMnL4Juo25bdfu6WWtdlHFUwCE4AifABmegBa5AG3QABo/gGbyCN+PJeDHejY9Z65JRzhyAP2V8/QAcAaFO</latexit><latexit sha1_base64="lXQA4OSloQXn77EdQobG8L4dYnw=">AAACHXicbVDLSsNAFJ34rPUVdelmsAhuLEkp6LLoxmUF+4Amlsl00g6dSeLMRAghfogbf8WNC0VcuBH/xkmahbZeGDiPe7lzjxcxKpVlfRtLyyura+uVjerm1vbOrrm335VhLDDp4JCFou8hSRgNSEdRxUg/EgRxj5GeN73M/d49EZKGwY1KIuJyNA6oTzFSWhqaTUdSTu5g04IPqSM4nPLsNj1tZLBgiciZXTJZsqFZs+pWUXAR2CWogbLaQ/PTGYU45iRQmCEpB7YVKTdFQlHMSFZ1YkkihKdoTAYaBogT6abFdRk81soI+qHQL1CwUH9PpIhLmXBPd3KkJnLey8X/vEGs/HM3pUEUKxLg2SI/ZlCFMI8KjqggWLFEA4QF1X+FeIIEwkoHWtUh2PMnL4Juo25bdfu6WWtdlHFUwCE4AifABmegBa5AG3QABo/gGbyCN+PJeDHejY9Z65JRzhyAP2V8/QAcAaFO</latexit><latexit sha1_base64="lXQA4OSloQXn77EdQobG8L4dYnw=">AAACHXicbVDLSsNAFJ34rPUVdelmsAhuLEkp6LLoxmUF+4Amlsl00g6dSeLMRAghfogbf8WNC0VcuBH/xkmahbZeGDiPe7lzjxcxKpVlfRtLyyura+uVjerm1vbOrrm335VhLDDp4JCFou8hSRgNSEdRxUg/EgRxj5GeN73M/d49EZKGwY1KIuJyNA6oTzFSWhqaTUdSTu5g04IPqSM4nPLsNj1tZLBgiciZXTJZsqFZs+pWUXAR2CWogbLaQ/PTGYU45iRQmCEpB7YVKTdFQlHMSFZ1YkkihKdoTAYaBogT6abFdRk81soI+qHQL1CwUH9PpIhLmXBPd3KkJnLey8X/vEGs/HM3pUEUKxLg2SI/ZlCFMI8KjqggWLFEA4QF1X+FeIIEwkoHWtUh2PMnL4Juo25bdfu6WWtdlHFUwCE4AifABmegBa5AG3QABo/gGbyCN+PJeDHejY9Z65JRzhyAP2V8/QAcAaFO</latexit><latexit sha1_base64="lXQA4OSloQXn77EdQobG8L4dYnw=">AAACHXicbVDLSsNAFJ34rPUVdelmsAhuLEkp6LLoxmUF+4Amlsl00g6dSeLMRAghfogbf8WNC0VcuBH/xkmahbZeGDiPe7lzjxcxKpVlfRtLyyura+uVjerm1vbOrrm335VhLDDp4JCFou8hSRgNSEdRxUg/EgRxj5GeN73M/d49EZKGwY1KIuJyNA6oTzFSWhqaTUdSTu5g04IPqSM4nPLsNj1tZLBgiciZXTJZsqFZs+pWUXAR2CWogbLaQ/PTGYU45iRQmCEpB7YVKTdFQlHMSFZ1YkkihKdoTAYaBogT6abFdRk81soI+qHQL1CwUH9PpIhLmXBPd3KkJnLey8X/vEGs/HM3pUEUKxLg2SI/ZlCFMI8KjqggWLFEA4QF1X+FeIIEwkoHWtUh2PMnL4Juo25bdfu6WWtdlHFUwCE4AifABmegBa5AG3QABo/gGbyCN+PJeDHejY9Z65JRzhyAP2V8/QAcAaFO</latexit>

40⇥ 2.7⇥ 0.012 ⇠ 1
<latexit sha1_base64="+pGelSsUWYaZdAzeC863Yv/vTbI=">AAACB3icbVDLSgMxFM34rPU16lKQYBFcDZNSqMuiG5cV7AM6Q8mkmTY0yQxJRihDd278FTcuFHHrL7jzb0zbWWjrgcC559zLzT1Rypk2vv/trK1vbG5tl3bKu3v7B4fu0XFbJ5kitEUSnqhuhDXlTNKWYYbTbqooFhGnnWh8M/M7D1Rplsh7M0lpKPBQspgRbKzUd89qfmCYoBpWvXrBfM9H1UAzAVHfrdhqDrhKUEEqoECz734Fg4RkgkpDONa6h/zUhDlWhhFOp+Ug0zTFZIyHtGepxHZhmM/vmMILqwxgnCj7pIFz9fdEjoXWExHZToHNSC97M/E/r5eZ+CrMmUwzQyVZLIozDk0CZ6HAAVOUGD6xBBPF7F8hGWGFibHRlW0IaPnkVdKuesj30F2t0rgu4iiBU3AOLgECddAAt6AJWoCAR/AMXsGb8+S8OO/Ox6J1zSlmTsAfOJ8/Nf6W9Q==</latexit><latexit sha1_base64="+pGelSsUWYaZdAzeC863Yv/vTbI=">AAACB3icbVDLSgMxFM34rPU16lKQYBFcDZNSqMuiG5cV7AM6Q8mkmTY0yQxJRihDd278FTcuFHHrL7jzb0zbWWjrgcC559zLzT1Rypk2vv/trK1vbG5tl3bKu3v7B4fu0XFbJ5kitEUSnqhuhDXlTNKWYYbTbqooFhGnnWh8M/M7D1Rplsh7M0lpKPBQspgRbKzUd89qfmCYoBpWvXrBfM9H1UAzAVHfrdhqDrhKUEEqoECz734Fg4RkgkpDONa6h/zUhDlWhhFOp+Ug0zTFZIyHtGepxHZhmM/vmMILqwxgnCj7pIFz9fdEjoXWExHZToHNSC97M/E/r5eZ+CrMmUwzQyVZLIozDk0CZ6HAAVOUGD6xBBPF7F8hGWGFibHRlW0IaPnkVdKuesj30F2t0rgu4iiBU3AOLgECddAAt6AJWoCAR/AMXsGb8+S8OO/Ox6J1zSlmTsAfOJ8/Nf6W9Q==</latexit><latexit sha1_base64="+pGelSsUWYaZdAzeC863Yv/vTbI=">AAACB3icbVDLSgMxFM34rPU16lKQYBFcDZNSqMuiG5cV7AM6Q8mkmTY0yQxJRihDd278FTcuFHHrL7jzb0zbWWjrgcC559zLzT1Rypk2vv/trK1vbG5tl3bKu3v7B4fu0XFbJ5kitEUSnqhuhDXlTNKWYYbTbqooFhGnnWh8M/M7D1Rplsh7M0lpKPBQspgRbKzUd89qfmCYoBpWvXrBfM9H1UAzAVHfrdhqDrhKUEEqoECz734Fg4RkgkpDONa6h/zUhDlWhhFOp+Ug0zTFZIyHtGepxHZhmM/vmMILqwxgnCj7pIFz9fdEjoXWExHZToHNSC97M/E/r5eZ+CrMmUwzQyVZLIozDk0CZ6HAAVOUGD6xBBPF7F8hGWGFibHRlW0IaPnkVdKuesj30F2t0rgu4iiBU3AOLgECddAAt6AJWoCAR/AMXsGb8+S8OO/Ox6J1zSlmTsAfOJ8/Nf6W9Q==</latexit><latexit sha1_base64="+pGelSsUWYaZdAzeC863Yv/vTbI=">AAACB3icbVDLSgMxFM34rPU16lKQYBFcDZNSqMuiG5cV7AM6Q8mkmTY0yQxJRihDd278FTcuFHHrL7jzb0zbWWjrgcC559zLzT1Rypk2vv/trK1vbG5tl3bKu3v7B4fu0XFbJ5kitEUSnqhuhDXlTNKWYYbTbqooFhGnnWh8M/M7D1Rplsh7M0lpKPBQspgRbKzUd89qfmCYoBpWvXrBfM9H1UAzAVHfrdhqDrhKUEEqoECz734Fg4RkgkpDONa6h/zUhDlWhhFOp+Ug0zTFZIyHtGepxHZhmM/vmMILqwxgnCj7pIFz9fdEjoXWExHZToHNSC97M/E/r5eZ+CrMmUwzQyVZLIozDk0CZ6HAAVOUGD6xBBPF7F8hGWGFibHRlW0IaPnkVdKuesj30F2t0rgu4iiBU3AOLgECddAAt6AJWoCAR/AMXsGb8+S8OO/Ox6J1zSlmTsAfOJ8/Nf6W9Q==</latexit>



Some possible signature at LHC



Some nice ideas 

• I. Esteban et al, Reflection of  radio pulse produced by axion-photon 
conversion in ionosphere, arXiv:1905.10372;

• Cherry and Shoemaker, A sterile neutrino origin

for the upward directed cosmic ray shower detected by

ANITA, PRD99 (2019) 063016



Other possibilities to gauge

Maybe light Z’



Displaced vertex

Z 0 ! N1N̄2, N2N̄1
<latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="pjrtynhW0KLUlsqRAP4xO6p2aGQ=">AAACBXicbVDLSgMxFL3js9aqo1s3wSK6kDLpRpeCG1elgn1gZxwyadqGZjJDkhHK0E9w46+4caGIv+DOvzF9CNp6IHDuObkk50Sp4Np43pezsrq2vrFZ2Cpul3Z299z9UlMnmaKsQRORqHZENBNcsobhRrB2qhiJI8Fa0fBq4rcemNI8kbdmlLIgJn3Je5wSY6XQPbm791PFY4Z8k6BaiP2IqLw2Dqtndqr+TDh0y17FmwItEzwnZZijHrqffjehWcykoYJo3cFeaoKcKMOpYOOin2mWEjokfdaxVJKY6SCfBhqjY6t0US9R9kiDpurvjZzEWo/iyN6MiRnoRW8i/ud1MtO7CHIu08wwSWcP9TKBbPZJO6jLFaNGjCwhVHH7V0QHRBFqbIdFWwJejLxMmtUK9ir4xoMCHMIRnAKGc7iEa6hDAyg8wjO8wpvz5Lw477O6Vpx5bwfwB87HNwOcmj4=</latexit><latexit sha1_base64="pjrtynhW0KLUlsqRAP4xO6p2aGQ=">AAACBXicbVDLSgMxFL3js9aqo1s3wSK6kDLpRpeCG1elgn1gZxwyadqGZjJDkhHK0E9w46+4caGIv+DOvzF9CNp6IHDuObkk50Sp4Np43pezsrq2vrFZ2Cpul3Z299z9UlMnmaKsQRORqHZENBNcsobhRrB2qhiJI8Fa0fBq4rcemNI8kbdmlLIgJn3Je5wSY6XQPbm791PFY4Z8k6BaiP2IqLw2Dqtndqr+TDh0y17FmwItEzwnZZijHrqffjehWcykoYJo3cFeaoKcKMOpYOOin2mWEjokfdaxVJKY6SCfBhqjY6t0US9R9kiDpurvjZzEWo/iyN6MiRnoRW8i/ud1MtO7CHIu08wwSWcP9TKBbPZJO6jLFaNGjCwhVHH7V0QHRBFqbIdFWwJejLxMmtUK9ir4xoMCHMIRnAKGc7iEa6hDAyg8wjO8wpvz5Lw477O6Vpx5bwfwB87HNwOcmj4=</latexit><latexit sha1_base64="3Q6DEPgFsA3nzRVK/Nj0etnHIfo=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwoCruAmMFC1NVJPoQTYgc12mt2klkO0hV1E9g4VdYGECIlZGNv8FtgwQtR7J07jn36vqeIOFMacf5sgpLyyura8X10sbm1vaOvbvXUnEqCW2SmMeyE2BFOYtoUzPNaSeRFIuA03YwvJz47XsqFYujGz1KqCdwP2IhI1gbybePb+/cRDJBoatjWPeRG2CZ1cd+9dRU1Z8K+XbZqThTwEWCclIGORq+/en2YpIKGmnCsVJd5CTay7DUjHA6LrmpogkmQ9ynXUMjLKjysulBY3hklB4MY2lepOFU/T2RYaHUSASmU2A9UPPeRPzP66Y6PPcyFiWpphGZLQpTDs3tk3Rgj0lKNB8Zgolk5q+QDLDERJsMSyYENH/yImlVK8ipoGunXLvI4yiCA3AITgACZ6AGrkADNAEBD+AJvIBX69F6tt6s91lrwcpn9sEfWB/fsfGbtQ==</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit><latexit sha1_base64="d94zoF8cLbaQZBkfVNzD8Te5vSE=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupEyKoMuiG1elgn1gZxwyaaYNzWSGJCOUoZ/gxl9x40IRty7d+Tem7QjaeiBw7jn3cnNPkHCmtON8WQuLS8srq4W14vrG5ta2vbPbVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwuBz7rXsqFYvFjR4m1ItwT7CQEayN5NtHt3duIllEoatjWPORG2CZ1UZ+5cRUlZ8K+XbJKTsTwHmCclICOeq+/el2Y5JGVGjCsVId5CTay7DUjHA6KrqpogkmA9yjHUMFjqjysslBI3holC4MY2me0HCi/p7IcKTUMApMZ4R1X816Y/E/r5Pq8NzLmEhSTQWZLgpTDs3t43Rgl0lKNB8agolk5q+Q9LHERJsMiyYENHvyPGlWysgpo+vTUvUij6MA9sEBOAYInIEquAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BrMxm7k=</latexit>

N2 ! N1e
�e+

<latexit sha1_base64="8RuMMbWOmOIPmIBwPoh1GIs1iq4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgiCUpgi6LblyVCvYBbRom05t26OTBzEQIof6KGxeKuPVD3Pk3TtsstPXAhcM593LvPV7MmVSW9W0U1tY3NreK26Wd3b39A/PwqC2jRFBo0YhHousRCZyF0FJMcejGAkjgceh4k9uZ33kEIVkUPqg0Bicgo5D5jBKlJdcsN9wa7qsI44ZrYxhcwODcNStW1ZoDrxI7JxWUo+maX/1hRJMAQkU5kbJnW7FyMiIUoxympX4iISZ0QkbQ0zQkAUgnmx8/xadaGWI/ErpChefq74mMBFKmgac7A6LGctmbif95vUT5107GwjhRENLFIj/hWD87SwIPmQCqeKoJoYLpWzEdE0Go0nmVdAj28surpF2r2lbVvr+s1G/yOIroGJ2gM2SjK1RHd6iJWoiiFD2jV/RmPBkvxrvxsWgtGPlMGf2B8fkDj0mSww==</latexit><latexit sha1_base64="8RuMMbWOmOIPmIBwPoh1GIs1iq4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgiCUpgi6LblyVCvYBbRom05t26OTBzEQIof6KGxeKuPVD3Pk3TtsstPXAhcM593LvPV7MmVSW9W0U1tY3NreK26Wd3b39A/PwqC2jRFBo0YhHousRCZyF0FJMcejGAkjgceh4k9uZ33kEIVkUPqg0Bicgo5D5jBKlJdcsN9wa7qsI44ZrYxhcwODcNStW1ZoDrxI7JxWUo+maX/1hRJMAQkU5kbJnW7FyMiIUoxympX4iISZ0QkbQ0zQkAUgnmx8/xadaGWI/ErpChefq74mMBFKmgac7A6LGctmbif95vUT5107GwjhRENLFIj/hWD87SwIPmQCqeKoJoYLpWzEdE0Go0nmVdAj28surpF2r2lbVvr+s1G/yOIroGJ2gM2SjK1RHd6iJWoiiFD2jV/RmPBkvxrvxsWgtGPlMGf2B8fkDj0mSww==</latexit><latexit sha1_base64="8RuMMbWOmOIPmIBwPoh1GIs1iq4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgiCUpgi6LblyVCvYBbRom05t26OTBzEQIof6KGxeKuPVD3Pk3TtsstPXAhcM593LvPV7MmVSW9W0U1tY3NreK26Wd3b39A/PwqC2jRFBo0YhHousRCZyF0FJMcejGAkjgceh4k9uZ33kEIVkUPqg0Bicgo5D5jBKlJdcsN9wa7qsI44ZrYxhcwODcNStW1ZoDrxI7JxWUo+maX/1hRJMAQkU5kbJnW7FyMiIUoxympX4iISZ0QkbQ0zQkAUgnmx8/xadaGWI/ErpChefq74mMBFKmgac7A6LGctmbif95vUT5107GwjhRENLFIj/hWD87SwIPmQCqeKoJoYLpWzEdE0Go0nmVdAj28surpF2r2lbVvr+s1G/yOIroGJ2gM2SjK1RHd6iJWoiiFD2jV/RmPBkvxrvxsWgtGPlMGf2B8fkDj0mSww==</latexit><latexit sha1_base64="8RuMMbWOmOIPmIBwPoh1GIs1iq4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgiCUpgi6LblyVCvYBbRom05t26OTBzEQIof6KGxeKuPVD3Pk3TtsstPXAhcM593LvPV7MmVSW9W0U1tY3NreK26Wd3b39A/PwqC2jRFBo0YhHousRCZyF0FJMcejGAkjgceh4k9uZ33kEIVkUPqg0Bicgo5D5jBKlJdcsN9wa7qsI44ZrYxhcwODcNStW1ZoDrxI7JxWUo+maX/1hRJMAQkU5kbJnW7FyMiIUoxympX4iISZ0QkbQ0zQkAUgnmx8/xadaGWI/ErpChefq74mMBFKmgac7A6LGctmbif95vUT5107GwjhRENLFIj/hWD87SwIPmQCqeKoJoYLpWzEdE0Go0nmVdAj28surpF2r2lbVvr+s1G/yOIroGJ2gM2SjK1RHd6iJWoiiFD2jV/RmPBkvxrvxsWgtGPlMGf2B8fkDj0mSww==</latexit>

The displacement is given by 

Ee� ⇠ Ee+ ⇠ s+m2
Z0

8
p
s

(1� M1

M2
)

<latexit sha1_base64="aFPXg1bezkQI8GfuAf4WnkLBTdQ="></latexit><latexit sha1_base64="aFPXg1bezkQI8GfuAf4WnkLBTdQ="></latexit><latexit sha1_base64="aFPXg1bezkQI8GfuAf4WnkLBTdQ="></latexit><latexit sha1_base64="aFPXg1bezkQI8GfuAf4WnkLBTdQ="></latexit>

Ee� ⇠ Ee+ ⇠ 6 GeV
<latexit sha1_base64="Ok0sYvP41spOcWRDZ8UuPyvzEGA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbAKglhmRNRlUUSXFewF2jpk0jNtaDIzJBmhDOMDuPFV3LhQxK17d76N6bQLrf4Q+PKfc0jO70WcKW3bX1ZuZnZufiG/WFhaXlldK65v1FUYSwo1GvJQNj2igLMAapppDs1IAhEeh4Y3OB/VG3cgFQuDGz2MoCNIL2A+o0Qbyy3uXLgJ3B6kbcUEzng/xdnl+D5pS4EvoZ66xZJdtjPhv+BMoIQmqrrFz3Y3pLGAQFNOlGo5dqQ7CZGaUQ5poR0riAgdkB60DAZEgOok2TYp3jVOF/uhNCfQOHN/TiREKDUUnukURPfVdG1k/ldrxdo/7SQsiGINAR0/5Mcc6xCPosFdJoFqPjRAqGTmr5j2iSRUmwALJgRneuW/UD8sO3bZuT4qVc4mceTRFtpGe8hBJ6iCrlAV1RBFD+gJvaBX69F6tt6s93FrzprMbKJfsj6+Afyrmtw=</latexit><latexit sha1_base64="Ok0sYvP41spOcWRDZ8UuPyvzEGA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbAKglhmRNRlUUSXFewF2jpk0jNtaDIzJBmhDOMDuPFV3LhQxK17d76N6bQLrf4Q+PKfc0jO70WcKW3bX1ZuZnZufiG/WFhaXlldK65v1FUYSwo1GvJQNj2igLMAapppDs1IAhEeh4Y3OB/VG3cgFQuDGz2MoCNIL2A+o0Qbyy3uXLgJ3B6kbcUEzng/xdnl+D5pS4EvoZ66xZJdtjPhv+BMoIQmqrrFz3Y3pLGAQFNOlGo5dqQ7CZGaUQ5poR0riAgdkB60DAZEgOok2TYp3jVOF/uhNCfQOHN/TiREKDUUnukURPfVdG1k/ldrxdo/7SQsiGINAR0/5Mcc6xCPosFdJoFqPjRAqGTmr5j2iSRUmwALJgRneuW/UD8sO3bZuT4qVc4mceTRFtpGe8hBJ6iCrlAV1RBFD+gJvaBX69F6tt6s93FrzprMbKJfsj6+Afyrmtw=</latexit><latexit sha1_base64="Ok0sYvP41spOcWRDZ8UuPyvzEGA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbAKglhmRNRlUUSXFewF2jpk0jNtaDIzJBmhDOMDuPFV3LhQxK17d76N6bQLrf4Q+PKfc0jO70WcKW3bX1ZuZnZufiG/WFhaXlldK65v1FUYSwo1GvJQNj2igLMAapppDs1IAhEeh4Y3OB/VG3cgFQuDGz2MoCNIL2A+o0Qbyy3uXLgJ3B6kbcUEzng/xdnl+D5pS4EvoZ66xZJdtjPhv+BMoIQmqrrFz3Y3pLGAQFNOlGo5dqQ7CZGaUQ5poR0riAgdkB60DAZEgOok2TYp3jVOF/uhNCfQOHN/TiREKDUUnukURPfVdG1k/ldrxdo/7SQsiGINAR0/5Mcc6xCPosFdJoFqPjRAqGTmr5j2iSRUmwALJgRneuW/UD8sO3bZuT4qVc4mceTRFtpGe8hBJ6iCrlAV1RBFD+gJvaBX69F6tt6s93FrzprMbKJfsj6+Afyrmtw=</latexit><latexit sha1_base64="Ok0sYvP41spOcWRDZ8UuPyvzEGA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbAKglhmRNRlUUSXFewF2jpk0jNtaDIzJBmhDOMDuPFV3LhQxK17d76N6bQLrf4Q+PKfc0jO70WcKW3bX1ZuZnZufiG/WFhaXlldK65v1FUYSwo1GvJQNj2igLMAapppDs1IAhEeh4Y3OB/VG3cgFQuDGz2MoCNIL2A+o0Qbyy3uXLgJ3B6kbcUEzng/xdnl+D5pS4EvoZ66xZJdtjPhv+BMoIQmqrrFz3Y3pLGAQFNOlGo5dqQ7CZGaUQ5poR0riAgdkB60DAZEgOok2TYp3jVOF/uhNCfQOHN/TiREKDUUnukURPfVdG1k/ldrxdo/7SQsiGINAR0/5Mcc6xCPosFdJoFqPjRAqGTmr5j2iSRUmwALJgRneuW/UD8sO3bZuT4qVc4mceTRFtpGe8hBJ6iCrlAV1RBFD+gJvaBX69F6tt6s93FrzprMbKJfsj6+Afyrmtw=</latexit>





Waveform and polarity
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Possible mechanism for       production

• Very heavy dark matter

N1
<latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit>

Similar fluxes for           and           .N1
<latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit>

N2
<latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit> N2 ! N1⌫e⌫̄e, N1⌫⌧ ⌫̄⌧ , N1⌧ ⌧̄

<latexit sha1_base64="fnHx0ukG4zD8crbGCYaz1hP+jk4=">AAACLnicbZBdS8MwFIbT+TXnV9VLb4JD8GKMdgh6ORTBqzHBfcBaSpqlW1ialiQVxtgv8sa/oheCinjrzzDtOtHNAyEP73sOyXn9mFGpLOvVKKysrq1vFDdLW9s7u3vm/kFbRonApIUjFomujyRhlJOWooqRbiwICn1GOv7oKvU790RIGvE7NY6JG6IBpwHFSGnJM68bXs1REWx4NnR44hHHRyKDCvwRHYWSuZ5yJTPmor49s2xVrazgMtg5lEFeTc98dvoRTkLCFWZIyp5txcqdIKEoZmRachJJYoRHaEB6GjkKiXQn2bpTeKKVPgwioQ9XMFN/T0xQKOU49HVniNRQLnqp+J/XS1Rw4U4ojxNFOJ49FCQM6nzS7GCfCoIVG2tAWFD9V4iHSCCsdMIlHYK9uPIytGtV26rat2fl+mUeRxEcgWNwCmxwDurgBjRBC2DwAJ7AG3g3Ho0X48P4nLUWjHzmEPwp4+sbnY2nug==</latexit><latexit sha1_base64="fnHx0ukG4zD8crbGCYaz1hP+jk4=">AAACLnicbZBdS8MwFIbT+TXnV9VLb4JD8GKMdgh6ORTBqzHBfcBaSpqlW1ialiQVxtgv8sa/oheCinjrzzDtOtHNAyEP73sOyXn9mFGpLOvVKKysrq1vFDdLW9s7u3vm/kFbRonApIUjFomujyRhlJOWooqRbiwICn1GOv7oKvU790RIGvE7NY6JG6IBpwHFSGnJM68bXs1REWx4NnR44hHHRyKDCvwRHYWSuZ5yJTPmor49s2xVrazgMtg5lEFeTc98dvoRTkLCFWZIyp5txcqdIKEoZmRachJJYoRHaEB6GjkKiXQn2bpTeKKVPgwioQ9XMFN/T0xQKOU49HVniNRQLnqp+J/XS1Rw4U4ojxNFOJ49FCQM6nzS7GCfCoIVG2tAWFD9V4iHSCCsdMIlHYK9uPIytGtV26rat2fl+mUeRxEcgWNwCmxwDurgBjRBC2DwAJ7AG3g3Ho0X48P4nLUWjHzmEPwp4+sbnY2nug==</latexit><latexit sha1_base64="fnHx0ukG4zD8crbGCYaz1hP+jk4=">AAACLnicbZBdS8MwFIbT+TXnV9VLb4JD8GKMdgh6ORTBqzHBfcBaSpqlW1ialiQVxtgv8sa/oheCinjrzzDtOtHNAyEP73sOyXn9mFGpLOvVKKysrq1vFDdLW9s7u3vm/kFbRonApIUjFomujyRhlJOWooqRbiwICn1GOv7oKvU790RIGvE7NY6JG6IBpwHFSGnJM68bXs1REWx4NnR44hHHRyKDCvwRHYWSuZ5yJTPmor49s2xVrazgMtg5lEFeTc98dvoRTkLCFWZIyp5txcqdIKEoZmRachJJYoRHaEB6GjkKiXQn2bpTeKKVPgwioQ9XMFN/T0xQKOU49HVniNRQLnqp+J/XS1Rw4U4ojxNFOJ49FCQM6nzS7GCfCoIVG2tAWFD9V4iHSCCsdMIlHYK9uPIytGtV26rat2fl+mUeRxEcgWNwCmxwDurgBjRBC2DwAJ7AG3g3Ho0X48P4nLUWjHzmEPwp4+sbnY2nug==</latexit><latexit sha1_base64="fnHx0ukG4zD8crbGCYaz1hP+jk4=">AAACLnicbZBdS8MwFIbT+TXnV9VLb4JD8GKMdgh6ORTBqzHBfcBaSpqlW1ialiQVxtgv8sa/oheCinjrzzDtOtHNAyEP73sOyXn9mFGpLOvVKKysrq1vFDdLW9s7u3vm/kFbRonApIUjFomujyRhlJOWooqRbiwICn1GOv7oKvU790RIGvE7NY6JG6IBpwHFSGnJM68bXs1REWx4NnR44hHHRyKDCvwRHYWSuZ5yJTPmor49s2xVrazgMtg5lEFeTc98dvoRTkLCFWZIyp5txcqdIKEoZmRachJJYoRHaEB6GjkKiXQn2bpTeKKVPgwioQ9XMFN/T0xQKOU49HVniNRQLnqp+J/XS1Rw4U4ojxNFOJ49FCQM6nzS7GCfCoIVG2tAWFD9V4iHSCCsdMIlHYK9uPIytGtV26rat2fl+mUeRxEcgWNwCmxwDurgBjRBC2DwAJ7AG3g3Ho0X48P4nLUWjHzmEPwp4+sbnY2nug==</latexit>



Transient source

�(⌫e + nucleus ! e+ Z 0 +X) ⇠
g2e�⌧

16⇡2
�(⌫e + nucleus ! e+X)

<latexit sha1_base64="sE8G594StY0k7ZmHIgzHVvA4LN8="></latexit><latexit sha1_base64="sE8G594StY0k7ZmHIgzHVvA4LN8="></latexit><latexit sha1_base64="sE8G594StY0k7ZmHIgzHVvA4LN8="></latexit><latexit sha1_base64="sE8G594StY0k7ZmHIgzHVvA4LN8="></latexit>

Z 0 ! N1N̄2, N2N̄1
<latexit sha1_base64="kPcC3hNQHQY51Fr2/VL7SHG3CeI=">AAACCXicbVDLSgMxFM3UV62vUZdugkV0IWVSBF0W3bgqFewDO8OQSTNtaCYzJBmhDN268VfcuFDErX/gzr8xbUfQ1gOBc8+5l5t7goQzpR3nyyosLa+srhXXSxubW9s79u5eS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB8Grit++pVCwWt3qUUC/CfcFCRrA2km/Du2NXx7DuIzfAMquP/eqpqao/FfLtslNxpoCLBOWkDHI0fPvT7cUkjajQhGOlushJtJdhqRnhdFxyU0UTTIa4T7uGChxR5WXTS8bwyCg9GMbSPKHhVP09keFIqVEUmM4I64Ga9ybif1431eGFlzGRpJoKMlsUphya2yexwB6TlGg+MgQTycxfIRlgiYk24ZVMCGj+5EXSqlaQU0E3Z+XaZR5HERyAQ3ACEDgHNXANGqAJCHgAT+AFvFqP1rP1Zr3PWgtWPrMP/sD6+AYIs5ij</latexit><latexit sha1_base64="kPcC3hNQHQY51Fr2/VL7SHG3CeI=">AAACCXicbVDLSgMxFM3UV62vUZdugkV0IWVSBF0W3bgqFewDO8OQSTNtaCYzJBmhDN268VfcuFDErX/gzr8xbUfQ1gOBc8+5l5t7goQzpR3nyyosLa+srhXXSxubW9s79u5eS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB8Grit++pVCwWt3qUUC/CfcFCRrA2km/Du2NXx7DuIzfAMquP/eqpqao/FfLtslNxpoCLBOWkDHI0fPvT7cUkjajQhGOlushJtJdhqRnhdFxyU0UTTIa4T7uGChxR5WXTS8bwyCg9GMbSPKHhVP09keFIqVEUmM4I64Ga9ybif1431eGFlzGRpJoKMlsUphya2yexwB6TlGg+MgQTycxfIRlgiYk24ZVMCGj+5EXSqlaQU0E3Z+XaZR5HERyAQ3ACEDgHNXANGqAJCHgAT+AFvFqP1rP1Zr3PWgtWPrMP/sD6+AYIs5ij</latexit><latexit sha1_base64="kPcC3hNQHQY51Fr2/VL7SHG3CeI=">AAACCXicbVDLSgMxFM3UV62vUZdugkV0IWVSBF0W3bgqFewDO8OQSTNtaCYzJBmhDN268VfcuFDErX/gzr8xbUfQ1gOBc8+5l5t7goQzpR3nyyosLa+srhXXSxubW9s79u5eS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB8Grit++pVCwWt3qUUC/CfcFCRrA2km/Du2NXx7DuIzfAMquP/eqpqao/FfLtslNxpoCLBOWkDHI0fPvT7cUkjajQhGOlushJtJdhqRnhdFxyU0UTTIa4T7uGChxR5WXTS8bwyCg9GMbSPKHhVP09keFIqVEUmM4I64Ga9ybif1431eGFlzGRpJoKMlsUphya2yexwB6TlGg+MgQTycxfIRlgiYk24ZVMCGj+5EXSqlaQU0E3Z+XaZR5HERyAQ3ACEDgHNXANGqAJCHgAT+AFvFqP1rP1Zr3PWgtWPrMP/sD6+AYIs5ij</latexit><latexit sha1_base64="kPcC3hNQHQY51Fr2/VL7SHG3CeI=">AAACCXicbVDLSgMxFM3UV62vUZdugkV0IWVSBF0W3bgqFewDO8OQSTNtaCYzJBmhDN268VfcuFDErX/gzr8xbUfQ1gOBc8+5l5t7goQzpR3nyyosLa+srhXXSxubW9s79u5eS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB8Grit++pVCwWt3qUUC/CfcFCRrA2km/Du2NXx7DuIzfAMquP/eqpqao/FfLtslNxpoCLBOWkDHI0fPvT7cUkjajQhGOlushJtJdhqRnhdFxyU0UTTIa4T7uGChxR5WXTS8bwyCg9GMbSPKHhVP09keFIqVEUmM4I64Ga9ybif1431eGFlzGRpJoKMlsUphya2yexwB6TlGg+MgQTycxfIRlgiYk24ZVMCGj+5EXSqlaQU0E3Z+XaZR5HERyAQ3ACEDgHNXANGqAJCHgAT+AFvFqP1rP1Zr3PWgtWPrMP/sD6+AYIs5ij</latexit>



Downward or Upward

Optical Cherenkov instrument
EUSO-SPB2 (balloon-based) next run

PUEO (balloon-based) , 2010.02892

POEMMA (satelite based) proposed

Cumming et al., arXiv:1910.00992



Gandhi et al,
Astropart phys 5
(1996) 81-110



s = m2 +m2
⌫ + 2mE⌫

<latexit sha1_base64="i3eeU9Hz7GwhrDoKIB0uJeGQUMU=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5WawCIJQZoqgG6EogssK9gLtOGTSTBuaZIYkI5Sh4Ku4caGIW5/DnW9j2s5CWw+EfPz/OeTkDxNGlXbdb6uwtLyyulZcL21sbm3v2Lt7TRWnEpMGjlks2yFShFFBGppqRtqJJIiHjLTC4fXEbz0SqWgs7vUoIT5HfUEjipE2UmAfqEv+UD3lQVek5q7ymwkFdtmtuNNyFsHLoQx51QP7q9uLccqJ0JghpTqem2g/Q1JTzMi41E0VSRAeoj7pGBSIE+Vn0/XHzrFRek4US3OEdqbq74kMcaVGPDSdHOmBmvcm4n9eJ9XRhZ9RkaSaCDx7KEqZo2NnkoXTo5JgzUYGEJbU7OrgAZIIa5NYyYTgzX95EZrViudWvLuzcu0qj6MIh3AEJ+DBOdTgFurQAAwZPMMrvFlP1ov1bn3MWgtWPrMPf8r6/AGfipSd</latexit><latexit sha1_base64="i3eeU9Hz7GwhrDoKIB0uJeGQUMU=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5WawCIJQZoqgG6EogssK9gLtOGTSTBuaZIYkI5Sh4Ku4caGIW5/DnW9j2s5CWw+EfPz/OeTkDxNGlXbdb6uwtLyyulZcL21sbm3v2Lt7TRWnEpMGjlks2yFShFFBGppqRtqJJIiHjLTC4fXEbz0SqWgs7vUoIT5HfUEjipE2UmAfqEv+UD3lQVek5q7ymwkFdtmtuNNyFsHLoQx51QP7q9uLccqJ0JghpTqem2g/Q1JTzMi41E0VSRAeoj7pGBSIE+Vn0/XHzrFRek4US3OEdqbq74kMcaVGPDSdHOmBmvcm4n9eJ9XRhZ9RkaSaCDx7KEqZo2NnkoXTo5JgzUYGEJbU7OrgAZIIa5NYyYTgzX95EZrViudWvLuzcu0qj6MIh3AEJ+DBOdTgFurQAAwZPMMrvFlP1ov1bn3MWgtWPrMPf8r6/AGfipSd</latexit><latexit sha1_base64="i3eeU9Hz7GwhrDoKIB0uJeGQUMU=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5WawCIJQZoqgG6EogssK9gLtOGTSTBuaZIYkI5Sh4Ku4caGIW5/DnW9j2s5CWw+EfPz/OeTkDxNGlXbdb6uwtLyyulZcL21sbm3v2Lt7TRWnEpMGjlks2yFShFFBGppqRtqJJIiHjLTC4fXEbz0SqWgs7vUoIT5HfUEjipE2UmAfqEv+UD3lQVek5q7ymwkFdtmtuNNyFsHLoQx51QP7q9uLccqJ0JghpTqem2g/Q1JTzMi41E0VSRAeoj7pGBSIE+Vn0/XHzrFRek4US3OEdqbq74kMcaVGPDSdHOmBmvcm4n9eJ9XRhZ9RkaSaCDx7KEqZo2NnkoXTo5JgzUYGEJbU7OrgAZIIa5NYyYTgzX95EZrViudWvLuzcu0qj6MIh3AEJ+DBOdTgFurQAAwZPMMrvFlP1ov1bn3MWgtWPrMPf8r6/AGfipSd</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="g1Dx51Oz+V/8yMsf/8IeG1Jbnew=">AAAB83icbZBNS8MwHMb/nW9zTq2CJy/BIQjCaHfRiyCI4HGCe4GtljRLt7AkLUkqjDLwq3jxoIjfxZvfxnTbQTcfCPnxPAn554lSzrTxvG+ntLa+sblV3q7sVHf39t2DalsnmSK0RRKeqG6ENeVM0pZhhtNuqigWEaedaHxT5J0nqjRL5IOZpDQQeChZzAg21grdI30lHhvnIuzLzO4NcVtQ6Na8ujcTWgV/ATVYqBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz6LEguogn40/RafWGaA4UXZJg2bu7xs5FlpPRGRPCmxGejkrzP+yXmbiyyBnMs0MlWT+UJxxZBJUdIEGTFFi+MQCJorZWREZYYWJsY1VbAn+8pdXod2o+17dv/egDMdwAmfgwwVcwx00oQUEcniBN3h3np1X52NeV8lZ9HYIf+R8/gA67ZM0</latexit><latexit sha1_base64="g1Dx51Oz+V/8yMsf/8IeG1Jbnew=">AAAB83icbZBNS8MwHMb/nW9zTq2CJy/BIQjCaHfRiyCI4HGCe4GtljRLt7AkLUkqjDLwq3jxoIjfxZvfxnTbQTcfCPnxPAn554lSzrTxvG+ntLa+sblV3q7sVHf39t2DalsnmSK0RRKeqG6ENeVM0pZhhtNuqigWEaedaHxT5J0nqjRL5IOZpDQQeChZzAg21grdI30lHhvnIuzLzO4NcVtQ6Na8ujcTWgV/ATVYqBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz6LEguogn40/RafWGaA4UXZJg2bu7xs5FlpPRGRPCmxGejkrzP+yXmbiyyBnMs0MlWT+UJxxZBJUdIEGTFFi+MQCJorZWREZYYWJsY1VbAn+8pdXod2o+17dv/egDMdwAmfgwwVcwx00oQUEcniBN3h3np1X52NeV8lZ9HYIf+R8/gA67ZM0</latexit><latexit sha1_base64="wgJr7VV/kleoRifyFunSFa3Avf4=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN8EiCEJJutGNUBTBZQV7gTaGyXTSDp2ZhJmJUELBV3HjQhG3Poc738ZJm4W2Hhjm4//PYc78YcKo0q77bS0tr6yurZc2yptb2zu79t5+S8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1wdJ377UciFY3FvR4nxOdoIGhEMdJGCuxDdckfamc86InU3DV+k1NgV9yqOy1nEbwCKlBUI7C/ev0Yp5wIjRlSquu5ifYzJDXFjEzKvVSRBOERGpCuQYE4UX42XX/inBil70SxNEdoZ6r+nsgQV2rMQ9PJkR6qeS8X//O6qY4u/IyKJNVE4NlDUcocHTt5Fk6fSoI1GxtAWFKzq4OHSCKsTWJlE4I3/+VFaNWqnlv17txK/aqIowRHcAyn4ME51OEWGtAEDBk8wyu8WU/Wi/Vufcxal6xi5gD+lPX5A55KlJk=</latexit><latexit sha1_base64="i3eeU9Hz7GwhrDoKIB0uJeGQUMU=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5WawCIJQZoqgG6EogssK9gLtOGTSTBuaZIYkI5Sh4Ku4caGIW5/DnW9j2s5CWw+EfPz/OeTkDxNGlXbdb6uwtLyyulZcL21sbm3v2Lt7TRWnEpMGjlks2yFShFFBGppqRtqJJIiHjLTC4fXEbz0SqWgs7vUoIT5HfUEjipE2UmAfqEv+UD3lQVek5q7ymwkFdtmtuNNyFsHLoQx51QP7q9uLccqJ0JghpTqem2g/Q1JTzMi41E0VSRAeoj7pGBSIE+Vn0/XHzrFRek4US3OEdqbq74kMcaVGPDSdHOmBmvcm4n9eJ9XRhZ9RkaSaCDx7KEqZo2NnkoXTo5JgzUYGEJbU7OrgAZIIa5NYyYTgzX95EZrViudWvLuzcu0qj6MIh3AEJ+DBOdTgFurQAAwZPMMrvFlP1ov1bn3MWgtWPrMPf8r6/AGfipSd</latexit><latexit sha1_base64="i3eeU9Hz7GwhrDoKIB0uJeGQUMU=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5WawCIJQZoqgG6EogssK9gLtOGTSTBuaZIYkI5Sh4Ku4caGIW5/DnW9j2s5CWw+EfPz/OeTkDxNGlXbdb6uwtLyyulZcL21sbm3v2Lt7TRWnEpMGjlks2yFShFFBGppqRtqJJIiHjLTC4fXEbz0SqWgs7vUoIT5HfUEjipE2UmAfqEv+UD3lQVek5q7ymwkFdtmtuNNyFsHLoQx51QP7q9uLccqJ0JghpTqem2g/Q1JTzMi41E0VSRAeoj7pGBSIE+Vn0/XHzrFRek4US3OEdqbq74kMcaVGPDSdHOmBmvcm4n9eJ9XRhZ9RkaSaCDx7KEqZo2NnkoXTo5JgzUYGEJbU7OrgAZIIa5NYyYTgzX95EZrViudWvLuzcu0qj6MIh3AEJ+DBOdTgFurQAAwZPMMrvFlP1ov1bn3MWgtWPrMPf8r6/AGfipSd</latexit><latexit sha1_base64="i3eeU9Hz7GwhrDoKIB0uJeGQUMU=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5WawCIJQZoqgG6EogssK9gLtOGTSTBuaZIYkI5Sh4Ku4caGIW5/DnW9j2s5CWw+EfPz/OeTkDxNGlXbdb6uwtLyyulZcL21sbm3v2Lt7TRWnEpMGjlks2yFShFFBGppqRtqJJIiHjLTC4fXEbz0SqWgs7vUoIT5HfUEjipE2UmAfqEv+UD3lQVek5q7ymwkFdtmtuNNyFsHLoQx51QP7q9uLccqJ0JghpTqem2g/Q1JTzMi41E0VSRAeoj7pGBSIE+Vn0/XHzrFRek4US3OEdqbq74kMcaVGPDSdHOmBmvcm4n9eJ9XRhZ9RkaSaCDx7KEqZo2NnkoXTo5JgzUYGEJbU7OrgAZIIa5NYyYTgzX95EZrViudWvLuzcu0qj6MIh3AEJ+DBOdTgFurQAAwZPMMrvFlP1ov1bn3MWgtWPrMPf8r6/AGfipSd</latexit><latexit sha1_base64="i3eeU9Hz7GwhrDoKIB0uJeGQUMU=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5WawCIJQZoqgG6EogssK9gLtOGTSTBuaZIYkI5Sh4Ku4caGIW5/DnW9j2s5CWw+EfPz/OeTkDxNGlXbdb6uwtLyyulZcL21sbm3v2Lt7TRWnEpMGjlks2yFShFFBGppqRtqJJIiHjLTC4fXEbz0SqWgs7vUoIT5HfUEjipE2UmAfqEv+UD3lQVek5q7ymwkFdtmtuNNyFsHLoQx51QP7q9uLccqJ0JghpTqem2g/Q1JTzMi41E0VSRAeoj7pGBSIE+Vn0/XHzrFRek4US3OEdqbq74kMcaVGPDSdHOmBmvcm4n9eJ9XRhZ9RkaSaCDx7KEqZo2NnkoXTo5JgzUYGEJbU7OrgAZIIa5NYyYTgzX95EZrViudWvLuzcu0qj6MIh3AEJ+DBOdTgFurQAAwZPMMrvFlP1ov1bn3MWgtWPrMPf8r6/AGfipSd</latexit><latexit sha1_base64="i3eeU9Hz7GwhrDoKIB0uJeGQUMU=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5WawCIJQZoqgG6EogssK9gLtOGTSTBuaZIYkI5Sh4Ku4caGIW5/DnW9j2s5CWw+EfPz/OeTkDxNGlXbdb6uwtLyyulZcL21sbm3v2Lt7TRWnEpMGjlks2yFShFFBGppqRtqJJIiHjLTC4fXEbz0SqWgs7vUoIT5HfUEjipE2UmAfqEv+UD3lQVek5q7ymwkFdtmtuNNyFsHLoQx51QP7q9uLccqJ0JghpTqem2g/Q1JTzMi41E0VSRAeoj7pGBSIE+Vn0/XHzrFRek4US3OEdqbq74kMcaVGPDSdHOmBmvcm4n9eJ9XRhZ9RkaSaCDx7KEqZo2NnkoXTo5JgzUYGEJbU7OrgAZIIa5NYyYTgzX95EZrViudWvLuzcu0qj6MIh3AEJ+DBOdTgFurQAAwZPMMrvFlP1ov1bn3MWgtWPrMPf8r6/AGfipSd</latexit><latexit sha1_base64="i3eeU9Hz7GwhrDoKIB0uJeGQUMU=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5WawCIJQZoqgG6EogssK9gLtOGTSTBuaZIYkI5Sh4Ku4caGIW5/DnW9j2s5CWw+EfPz/OeTkDxNGlXbdb6uwtLyyulZcL21sbm3v2Lt7TRWnEpMGjlks2yFShFFBGppqRtqJJIiHjLTC4fXEbz0SqWgs7vUoIT5HfUEjipE2UmAfqEv+UD3lQVek5q7ymwkFdtmtuNNyFsHLoQx51QP7q9uLccqJ0JghpTqem2g/Q1JTzMi41E0VSRAeoj7pGBSIE+Vn0/XHzrFRek4US3OEdqbq74kMcaVGPDSdHOmBmvcm4n9eJ9XRhZ9RkaSaCDx7KEqZo2NnkoXTo5JgzUYGEJbU7OrgAZIIa5NYyYTgzX95EZrViudWvLuzcu0qj6MIh3AEJ+DBOdTgFurQAAwZPMMrvFlP1ov1bn3MWgtWPrMPf8r6/AGfipSd</latexit>

m E⌫
<latexit sha1_base64="D9QW0thgsKUCwkrmfweDQc2yw6g=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgUwWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cTfagiQUNRVU33V1Rwpmxvv/trayurW9slrbK2zu7e/uVg8OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrf5H77iWrDlHywk4SGAg8lixnB1kmt235PpuV+perX/BnQMgkKUoUCjX7lqzdQJBVUWsKxMd3AT2yYYW0Z4XRa7qWGJpiM8ZB2HZVYUBNms2un6NQpAxQr7UpaNFN/T2RYGDMRkesU2I7MopeL/3nd1MZXYcZkkloqyXxRnHJkFcpfRwOmKbF84ggmmrlbERlhjYl1AeUhBIsvL5PWeS3wa8H9RbV+XcRRgmM4gTMI4BLqcAcNaAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8A2XyOow==</latexit><latexit sha1_base64="D9QW0thgsKUCwkrmfweDQc2yw6g=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgUwWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cTfagiQUNRVU33V1Rwpmxvv/trayurW9slrbK2zu7e/uVg8OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrf5H77iWrDlHywk4SGAg8lixnB1kmt235PpuV+perX/BnQMgkKUoUCjX7lqzdQJBVUWsKxMd3AT2yYYW0Z4XRa7qWGJpiM8ZB2HZVYUBNms2un6NQpAxQr7UpaNFN/T2RYGDMRkesU2I7MopeL/3nd1MZXYcZkkloqyXxRnHJkFcpfRwOmKbF84ggmmrlbERlhjYl1AeUhBIsvL5PWeS3wa8H9RbV+XcRRgmM4gTMI4BLqcAcNaAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8A2XyOow==</latexit><latexit sha1_base64="D9QW0thgsKUCwkrmfweDQc2yw6g=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgUwWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cTfagiQUNRVU33V1Rwpmxvv/trayurW9slrbK2zu7e/uVg8OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrf5H77iWrDlHywk4SGAg8lixnB1kmt235PpuV+perX/BnQMgkKUoUCjX7lqzdQJBVUWsKxMd3AT2yYYW0Z4XRa7qWGJpiM8ZB2HZVYUBNms2un6NQpAxQr7UpaNFN/T2RYGDMRkesU2I7MopeL/3nd1MZXYcZkkloqyXxRnHJkFcpfRwOmKbF84ggmmrlbERlhjYl1AeUhBIsvL5PWeS3wa8H9RbV+XcRRgmM4gTMI4BLqcAcNaAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8A2XyOow==</latexit><latexit sha1_base64="D9QW0thgsKUCwkrmfweDQc2yw6g=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgUwWME84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cTfagiQUNRVU33V1Rwpmxvv/trayurW9slrbK2zu7e/uVg8OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrf5H77iWrDlHywk4SGAg8lixnB1kmt235PpuV+perX/BnQMgkKUoUCjX7lqzdQJBVUWsKxMd3AT2yYYW0Z4XRa7qWGJpiM8ZB2HZVYUBNms2un6NQpAxQr7UpaNFN/T2RYGDMRkesU2I7MopeL/3nd1MZXYcZkkloqyXxRnHJkFcpfRwOmKbF84ggmmrlbERlhjYl1AeUhBIsvL5PWeS3wa8H9RbV+XcRRgmM4gTMI4BLqcAcNaAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8A2XyOow==</latexit>

E⌫ = 0.6 EeV
<latexit sha1_base64="6yua3KblkBodfxYVmS9W/PDup50=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1ItQlILHCvYD2lg22027dLMJuxulhPo7vHhQxKv/xZv/xk2bg7Y+GHi8N8PMPD/mTGnH+bYKS8srq2vF9dLG5tb2Tnl3r6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Sd+a0HKhWLxJ0ex9QL8UCwgBGsjXRf63VFcunYZ0812iz1yhXHdqZAi8TNSQVy1Hvlr24/IklIhSYcK9VxnVh7KZaaEU4npW6iaIzJCA9ox1CBQ6q8dHr1BB0ZpY+CSJoSGk3V3xMpDpUah77pDLEeqnkvE//zOokOLryUiTjRVJDZoiDhSEcoiwD1maRE87EhmEhmbkVkiCUm2gSVheDOv7xImie269ju7WmlepXHUYQDOIRjcOEcqnADdWgAAQnP8Apv1qP1Yr1bH7PWgpXP7MMfWJ8/mYSRQg==</latexit><latexit sha1_base64="6yua3KblkBodfxYVmS9W/PDup50=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1ItQlILHCvYD2lg22027dLMJuxulhPo7vHhQxKv/xZv/xk2bg7Y+GHi8N8PMPD/mTGnH+bYKS8srq2vF9dLG5tb2Tnl3r6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Sd+a0HKhWLxJ0ex9QL8UCwgBGsjXRf63VFcunYZ0812iz1yhXHdqZAi8TNSQVy1Hvlr24/IklIhSYcK9VxnVh7KZaaEU4npW6iaIzJCA9ox1CBQ6q8dHr1BB0ZpY+CSJoSGk3V3xMpDpUah77pDLEeqnkvE//zOokOLryUiTjRVJDZoiDhSEcoiwD1maRE87EhmEhmbkVkiCUm2gSVheDOv7xImie269ju7WmlepXHUYQDOIRjcOEcqnADdWgAAQnP8Apv1qP1Yr1bH7PWgpXP7MMfWJ8/mYSRQg==</latexit><latexit sha1_base64="6yua3KblkBodfxYVmS9W/PDup50=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1ItQlILHCvYD2lg22027dLMJuxulhPo7vHhQxKv/xZv/xk2bg7Y+GHi8N8PMPD/mTGnH+bYKS8srq2vF9dLG5tb2Tnl3r6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Sd+a0HKhWLxJ0ex9QL8UCwgBGsjXRf63VFcunYZ0812iz1yhXHdqZAi8TNSQVy1Hvlr24/IklIhSYcK9VxnVh7KZaaEU4npW6iaIzJCA9ox1CBQ6q8dHr1BB0ZpY+CSJoSGk3V3xMpDpUah77pDLEeqnkvE//zOokOLryUiTjRVJDZoiDhSEcoiwD1maRE87EhmEhmbkVkiCUm2gSVheDOv7xImie269ju7WmlepXHUYQDOIRjcOEcqnADdWgAAQnP8Apv1qP1Yr1bH7PWgpXP7MMfWJ8/mYSRQg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="e7/ArJO8K7fNE/YRQnV0mJGKCYw=">AAAB6nicbZDNSgMxFIXv1L9aq1a3bgaL4GrIuFA3giAFlxXsD7RjyaR32tBMZkgySin1Ody4UMQHcufbmGm70NYDgY9zEu7NCVPBtSHk2ymsrW9sbhW3Szvl3b39ykG5qZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLRTZ63HlFpnsh7M04xiOlA8ogzaqz1UOt1ZXZFvPPnGjZLvUqVeGQmdxX8BVRhoXqv8tXtJyyLURomqNYdn6QmmFBlOBM4LXUzjSllIzrAjkVJY9TBZLb11D2xTt+NEmWPNO7M/f1iQmOtx3Fob8bUDPVylpv/ZZ3MRJfBhMs0MyjZfFCUCdckbl6B2+cKmRFjC5Qpbnd12ZAqyowtKi/BX/7yKjTPPJ94/h2BIhzBMZyCDxdwDbdQhwYwUPACb/DuPDmvzse8roKz6O0Q/sj5/AFYMo/i</latexit><latexit sha1_base64="e7/ArJO8K7fNE/YRQnV0mJGKCYw=">AAAB6nicbZDNSgMxFIXv1L9aq1a3bgaL4GrIuFA3giAFlxXsD7RjyaR32tBMZkgySin1Ody4UMQHcufbmGm70NYDgY9zEu7NCVPBtSHk2ymsrW9sbhW3Szvl3b39ykG5qZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLRTZ63HlFpnsh7M04xiOlA8ogzaqz1UOt1ZXZFvPPnGjZLvUqVeGQmdxX8BVRhoXqv8tXtJyyLURomqNYdn6QmmFBlOBM4LXUzjSllIzrAjkVJY9TBZLb11D2xTt+NEmWPNO7M/f1iQmOtx3Fob8bUDPVylpv/ZZ3MRJfBhMs0MyjZfFCUCdckbl6B2+cKmRFjC5Qpbnd12ZAqyowtKi/BX/7yKjTPPJ94/h2BIhzBMZyCDxdwDbdQhwYwUPACb/DuPDmvzse8roKz6O0Q/sj5/AFYMo/i</latexit><latexit sha1_base64="EEJKaEZ8auNyL+l7MaoiRV3zijQ=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4WrIe1ItQlILHCvYD2rVk02wbms0uSVYpS/0dXjwo4tX/4s1/Y7btQVsfDDzem2FmXpAIrg3G387S8srq2npho7i5tb2zW9rbb+g4VZTVaSxi1QqIZoJLVjfcCNZKFCNRIFgzGF7nfvOBKc1jeWdGCfMj0pc85JQYK91Xux2ZXmL37KnKGsVuqYxdPAFaJN6MlGGGWrf01enFNI2YNFQQrdseToyfEWU4FWxc7KSaJYQOSZ+1LZUkYtrPJleP0bFVeiiMlS1p0ET9PZGRSOtRFNjOiJiBnvdy8T+vnZrwws+4TFLDJJ0uClOBTIzyCFCPK0aNGFlCqOL2VkQHRBFqbFB5CN78y4ukcep62PVucblyNYujAIdwBCfgwTlU4AZqUAcKCp7hFd6cR+fFeXc+pq1LzmzmAP7A+fwBmESRPg==</latexit><latexit sha1_base64="6yua3KblkBodfxYVmS9W/PDup50=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1ItQlILHCvYD2lg22027dLMJuxulhPo7vHhQxKv/xZv/xk2bg7Y+GHi8N8PMPD/mTGnH+bYKS8srq2vF9dLG5tb2Tnl3r6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Sd+a0HKhWLxJ0ex9QL8UCwgBGsjXRf63VFcunYZ0812iz1yhXHdqZAi8TNSQVy1Hvlr24/IklIhSYcK9VxnVh7KZaaEU4npW6iaIzJCA9ox1CBQ6q8dHr1BB0ZpY+CSJoSGk3V3xMpDpUah77pDLEeqnkvE//zOokOLryUiTjRVJDZoiDhSEcoiwD1maRE87EhmEhmbkVkiCUm2gSVheDOv7xImie269ju7WmlepXHUYQDOIRjcOEcqnADdWgAAQnP8Apv1qP1Yr1bH7PWgpXP7MMfWJ8/mYSRQg==</latexit><latexit sha1_base64="6yua3KblkBodfxYVmS9W/PDup50=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1ItQlILHCvYD2lg22027dLMJuxulhPo7vHhQxKv/xZv/xk2bg7Y+GHi8N8PMPD/mTGnH+bYKS8srq2vF9dLG5tb2Tnl3r6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Sd+a0HKhWLxJ0ex9QL8UCwgBGsjXRf63VFcunYZ0812iz1yhXHdqZAi8TNSQVy1Hvlr24/IklIhSYcK9VxnVh7KZaaEU4npW6iaIzJCA9ox1CBQ6q8dHr1BB0ZpY+CSJoSGk3V3xMpDpUah77pDLEeqnkvE//zOokOLryUiTjRVJDZoiDhSEcoiwD1maRE87EhmEhmbkVkiCUm2gSVheDOv7xImie269ju7WmlepXHUYQDOIRjcOEcqnADdWgAAQnP8Apv1qP1Yr1bH7PWgpXP7MMfWJ8/mYSRQg==</latexit><latexit sha1_base64="6yua3KblkBodfxYVmS9W/PDup50=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1ItQlILHCvYD2lg22027dLMJuxulhPo7vHhQxKv/xZv/xk2bg7Y+GHi8N8PMPD/mTGnH+bYKS8srq2vF9dLG5tb2Tnl3r6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Sd+a0HKhWLxJ0ex9QL8UCwgBGsjXRf63VFcunYZ0812iz1yhXHdqZAi8TNSQVy1Hvlr24/IklIhSYcK9VxnVh7KZaaEU4npW6iaIzJCA9ox1CBQ6q8dHr1BB0ZpY+CSJoSGk3V3xMpDpUah77pDLEeqnkvE//zOokOLryUiTjRVJDZoiDhSEcoiwD1maRE87EhmEhmbkVkiCUm2gSVheDOv7xImie269ju7WmlepXHUYQDOIRjcOEcqnADdWgAAQnP8Apv1qP1Yr1bH7PWgpXP7MMfWJ8/mYSRQg==</latexit><latexit sha1_base64="6yua3KblkBodfxYVmS9W/PDup50=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1ItQlILHCvYD2lg22027dLMJuxulhPo7vHhQxKv/xZv/xk2bg7Y+GHi8N8PMPD/mTGnH+bYKS8srq2vF9dLG5tb2Tnl3r6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Sd+a0HKhWLxJ0ex9QL8UCwgBGsjXRf63VFcunYZ0812iz1yhXHdqZAi8TNSQVy1Hvlr24/IklIhSYcK9VxnVh7KZaaEU4npW6iaIzJCA9ox1CBQ6q8dHr1BB0ZpY+CSJoSGk3V3xMpDpUah77pDLEeqnkvE//zOokOLryUiTjRVJDZoiDhSEcoiwD1maRE87EhmEhmbkVkiCUm2gSVheDOv7xImie269ju7WmlepXHUYQDOIRjcOEcqnADdWgAAQnP8Apv1qP1Yr1bH7PWgpXP7MMfWJ8/mYSRQg==</latexit><latexit sha1_base64="6yua3KblkBodfxYVmS9W/PDup50=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1ItQlILHCvYD2lg22027dLMJuxulhPo7vHhQxKv/xZv/xk2bg7Y+GHi8N8PMPD/mTGnH+bYKS8srq2vF9dLG5tb2Tnl3r6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Sd+a0HKhWLxJ0ex9QL8UCwgBGsjXRf63VFcunYZ0812iz1yhXHdqZAi8TNSQVy1Hvlr24/IklIhSYcK9VxnVh7KZaaEU4npW6iaIzJCA9ox1CBQ6q8dHr1BB0ZpY+CSJoSGk3V3xMpDpUah77pDLEeqnkvE//zOokOLryUiTjRVJDZoiDhSEcoiwD1maRE87EhmEhmbkVkiCUm2gSVheDOv7xImie269ju7WmlepXHUYQDOIRjcOEcqnADdWgAAQnP8Apv1qP1Yr1bH7PWgpXP7MMfWJ8/mYSRQg==</latexit><latexit sha1_base64="6yua3KblkBodfxYVmS9W/PDup50=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1ItQlILHCvYD2lg22027dLMJuxulhPo7vHhQxKv/xZv/xk2bg7Y+GHi8N8PMPD/mTGnH+bYKS8srq2vF9dLG5tb2Tnl3r6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Sd+a0HKhWLxJ0ex9QL8UCwgBGsjXRf63VFcunYZ0812iz1yhXHdqZAi8TNSQVy1Hvlr24/IklIhSYcK9VxnVh7KZaaEU4npW6iaIzJCA9ox1CBQ6q8dHr1BB0ZpY+CSJoSGk3V3xMpDpUah77pDLEeqnkvE//zOokOLryUiTjRVJDZoiDhSEcoiwD1maRE87EhmEhmbkVkiCUm2gSVheDOv7xImie269ju7WmlepXHUYQDOIRjcOEcqnADdWgAAQnP8Apv1qP1Yr1bH7PWgpXP7MMfWJ8/mYSRQg==</latexit> m = me

p
s ⇠ TeV � mZ

<latexit sha1_base64="m6otGyZIWVl68aeV89d4jkQf57w=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSiKCboSiG5cV+sImlMn0Nh06k8SZiVBCu3fjr7hxoYhbP8Cdf+OkzUJbDwwczjmXO/f4MWdK2/a3tbS8srq2Xtgobm5t7+yW9vabKkokhQaNeCTbPlHAWQgNzTSHdiyBCJ9Dyx9eZ37rAaRiUVjXoxg8QYKQ9Rkl2kjdUllcii7gyWSCXXUvdarGhjCB69B0gwCL7l3RpOyKPQVeJE5OyihHrVv6cnsRTQSEmnKiVMexY+2lRGpGOYyLbqIgJnRIAugYGhIBykunx4zxsVF6uB9J80KNp+rviZQIpUbCN0lB9EDNe5n4n9dJdP/CS1kYJxpCOlvUTzjWEc6awT0mgWo+MoRQycxfMR0QSag2/WUlOPMnL5LmacWxK87tWbl6lddRQIfoCJ0gB52jKrpBNdRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gCGRJqd</latexit><latexit sha1_base64="m6otGyZIWVl68aeV89d4jkQf57w=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSiKCboSiG5cV+sImlMn0Nh06k8SZiVBCu3fjr7hxoYhbP8Cdf+OkzUJbDwwczjmXO/f4MWdK2/a3tbS8srq2Xtgobm5t7+yW9vabKkokhQaNeCTbPlHAWQgNzTSHdiyBCJ9Dyx9eZ37rAaRiUVjXoxg8QYKQ9Rkl2kjdUllcii7gyWSCXXUvdarGhjCB69B0gwCL7l3RpOyKPQVeJE5OyihHrVv6cnsRTQSEmnKiVMexY+2lRGpGOYyLbqIgJnRIAugYGhIBykunx4zxsVF6uB9J80KNp+rviZQIpUbCN0lB9EDNe5n4n9dJdP/CS1kYJxpCOlvUTzjWEc6awT0mgWo+MoRQycxfMR0QSag2/WUlOPMnL5LmacWxK87tWbl6lddRQIfoCJ0gB52jKrpBNdRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gCGRJqd</latexit><latexit sha1_base64="m6otGyZIWVl68aeV89d4jkQf57w=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSiKCboSiG5cV+sImlMn0Nh06k8SZiVBCu3fjr7hxoYhbP8Cdf+OkzUJbDwwczjmXO/f4MWdK2/a3tbS8srq2Xtgobm5t7+yW9vabKkokhQaNeCTbPlHAWQgNzTSHdiyBCJ9Dyx9eZ37rAaRiUVjXoxg8QYKQ9Rkl2kjdUllcii7gyWSCXXUvdarGhjCB69B0gwCL7l3RpOyKPQVeJE5OyihHrVv6cnsRTQSEmnKiVMexY+2lRGpGOYyLbqIgJnRIAugYGhIBykunx4zxsVF6uB9J80KNp+rviZQIpUbCN0lB9EDNe5n4n9dJdP/CS1kYJxpCOlvUTzjWEc6awT0mgWo+MoRQycxfMR0QSag2/WUlOPMnL5LmacWxK87tWbl6lddRQIfoCJ0gB52jKrpBNdRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gCGRJqd</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="kANW+zdDNeOSjrwZvC3bk7POyA4=">AAACAXicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG90IghuXFfqHnTJk0ts2NJkZk4xQhnbvxldx40IRX8Kdb2Om7UJbDwQ+zrkhuSdMBNfGdb+dtfWNza3twk5xt7S3f1A+LDV1nCqGDRaLWLVDqlHwCBuGG4HtRCGVocBWOLrJ89YjKs3jqG7GCXYlHUS8zxk11grKFXklAyTT6ZT4+kGZTE8scEnq2PQHAyKD+6KdcqvuTGQVvAVUYKFaUP7yezFLJUaGCap1x3MT082oMpwJnBT9VGNC2YgOsGMxohJ1N5stMyGn1umRfqzsiQyZub9vZFRqPZahnZTUDPVylpv/ZZ3U9C+7GY+S1GDE5g/1U0FMTPJmSI8rZEaMLVCmuP0rYUOqKDO2v7wEb3nlVWieVz236t25UIBjOIEz8OACruEWatAABk/wAm/w7jw7r87HvK41Z9HbEfyR8/kD4hyZJg==</latexit><latexit sha1_base64="kANW+zdDNeOSjrwZvC3bk7POyA4=">AAACAXicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG90IghuXFfqHnTJk0ts2NJkZk4xQhnbvxldx40IRX8Kdb2Om7UJbDwQ+zrkhuSdMBNfGdb+dtfWNza3twk5xt7S3f1A+LDV1nCqGDRaLWLVDqlHwCBuGG4HtRCGVocBWOLrJ89YjKs3jqG7GCXYlHUS8zxk11grKFXklAyTT6ZT4+kGZTE8scEnq2PQHAyKD+6KdcqvuTGQVvAVUYKFaUP7yezFLJUaGCap1x3MT082oMpwJnBT9VGNC2YgOsGMxohJ1N5stMyGn1umRfqzsiQyZub9vZFRqPZahnZTUDPVylpv/ZZ3U9C+7GY+S1GDE5g/1U0FMTPJmSI8rZEaMLVCmuP0rYUOqKDO2v7wEb3nlVWieVz236t25UIBjOIEz8OACruEWatAABk/wAm/w7jw7r87HvK41Z9HbEfyR8/kD4hyZJg==</latexit><latexit sha1_base64="N3Eti0Auml6iZK9TQp0Xm5Hsom0=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhIWWJAqWBiL1Jdooshxb1urdhJsB6mK2p2FX2FhACFWPoCNv8FpM0DLkSwdnXOuru8JYs6Utu1vq7Cyura+UdwsbW3v7O6V9w9aKkokhSaNeCQ7AVHAWQhNzTSHTiyBiIBDOxhdZ377AaRiUdjQ4xg8QQYh6zNKtJH8ckVcCh/wdDrFrrqXOlUTQ5jADWi5gwEW/l3JpOyqPQNeJk5OKihH3S9/ub2IJgJCTTlRquvYsfZSIjWjHCYlN1EQEzoiA+gaGhIByktnx0zwiVF6uB9J80KNZ+rviZQIpcYiMElB9FAtepn4n9dNdP/CS1kYJxpCOl/UTzjWEc6awT0mgWo+NoRQycxfMR0SSag2/WUlOIsnL5PWWdWxq86tXald5XUU0RE6RqfIQeeohm5QHTURRY/oGb2iN+vJerHerY95tGDlM4foD6zPH4UEmpk=</latexit><latexit sha1_base64="m6otGyZIWVl68aeV89d4jkQf57w=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSiKCboSiG5cV+sImlMn0Nh06k8SZiVBCu3fjr7hxoYhbP8Cdf+OkzUJbDwwczjmXO/f4MWdK2/a3tbS8srq2Xtgobm5t7+yW9vabKkokhQaNeCTbPlHAWQgNzTSHdiyBCJ9Dyx9eZ37rAaRiUVjXoxg8QYKQ9Rkl2kjdUllcii7gyWSCXXUvdarGhjCB69B0gwCL7l3RpOyKPQVeJE5OyihHrVv6cnsRTQSEmnKiVMexY+2lRGpGOYyLbqIgJnRIAugYGhIBykunx4zxsVF6uB9J80KNp+rviZQIpUbCN0lB9EDNe5n4n9dJdP/CS1kYJxpCOlvUTzjWEc6awT0mgWo+MoRQycxfMR0QSag2/WUlOPMnL5LmacWxK87tWbl6lddRQIfoCJ0gB52jKrpBNdRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gCGRJqd</latexit><latexit sha1_base64="m6otGyZIWVl68aeV89d4jkQf57w=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSiKCboSiG5cV+sImlMn0Nh06k8SZiVBCu3fjr7hxoYhbP8Cdf+OkzUJbDwwczjmXO/f4MWdK2/a3tbS8srq2Xtgobm5t7+yW9vabKkokhQaNeCTbPlHAWQgNzTSHdiyBCJ9Dyx9eZ37rAaRiUVjXoxg8QYKQ9Rkl2kjdUllcii7gyWSCXXUvdarGhjCB69B0gwCL7l3RpOyKPQVeJE5OyihHrVv6cnsRTQSEmnKiVMexY+2lRGpGOYyLbqIgJnRIAugYGhIBykunx4zxsVF6uB9J80KNp+rviZQIpUbCN0lB9EDNe5n4n9dJdP/CS1kYJxpCOlvUTzjWEc6awT0mgWo+MoRQycxfMR0QSag2/WUlOPMnL5LmacWxK87tWbl6lddRQIfoCJ0gB52jKrpBNdRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gCGRJqd</latexit><latexit sha1_base64="m6otGyZIWVl68aeV89d4jkQf57w=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSiKCboSiG5cV+sImlMn0Nh06k8SZiVBCu3fjr7hxoYhbP8Cdf+OkzUJbDwwczjmXO/f4MWdK2/a3tbS8srq2Xtgobm5t7+yW9vabKkokhQaNeCTbPlHAWQgNzTSHdiyBCJ9Dyx9eZ37rAaRiUVjXoxg8QYKQ9Rkl2kjdUllcii7gyWSCXXUvdarGhjCB69B0gwCL7l3RpOyKPQVeJE5OyihHrVv6cnsRTQSEmnKiVMexY+2lRGpGOYyLbqIgJnRIAugYGhIBykunx4zxsVF6uB9J80KNp+rviZQIpUbCN0lB9EDNe5n4n9dJdP/CS1kYJxpCOlvUTzjWEc6awT0mgWo+MoRQycxfMR0QSag2/WUlOPMnL5LmacWxK87tWbl6lddRQIfoCJ0gB52jKrpBNdRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gCGRJqd</latexit><latexit sha1_base64="m6otGyZIWVl68aeV89d4jkQf57w=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSiKCboSiG5cV+sImlMn0Nh06k8SZiVBCu3fjr7hxoYhbP8Cdf+OkzUJbDwwczjmXO/f4MWdK2/a3tbS8srq2Xtgobm5t7+yW9vabKkokhQaNeCTbPlHAWQgNzTSHdiyBCJ9Dyx9eZ37rAaRiUVjXoxg8QYKQ9Rkl2kjdUllcii7gyWSCXXUvdarGhjCB69B0gwCL7l3RpOyKPQVeJE5OyihHrVv6cnsRTQSEmnKiVMexY+2lRGpGOYyLbqIgJnRIAugYGhIBykunx4zxsVF6uB9J80KNp+rviZQIpUbCN0lB9EDNe5n4n9dJdP/CS1kYJxpCOlvUTzjWEc6awT0mgWo+MoRQycxfMR0QSag2/WUlOPMnL5LmacWxK87tWbl6lddRQIfoCJ0gB52jKrpBNdRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gCGRJqd</latexit><latexit sha1_base64="m6otGyZIWVl68aeV89d4jkQf57w=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSiKCboSiG5cV+sImlMn0Nh06k8SZiVBCu3fjr7hxoYhbP8Cdf+OkzUJbDwwczjmXO/f4MWdK2/a3tbS8srq2Xtgobm5t7+yW9vabKkokhQaNeCTbPlHAWQgNzTSHdiyBCJ9Dyx9eZ37rAaRiUVjXoxg8QYKQ9Rkl2kjdUllcii7gyWSCXXUvdarGhjCB69B0gwCL7l3RpOyKPQVeJE5OyihHrVv6cnsRTQSEmnKiVMexY+2lRGpGOYyLbqIgJnRIAugYGhIBykunx4zxsVF6uB9J80KNp+rviZQIpUbCN0lB9EDNe5n4n9dJdP/CS1kYJxpCOlvUTzjWEc6awT0mgWo+MoRQycxfMR0QSag2/WUlOPMnL5LmacWxK87tWbl6lddRQIfoCJ0gB52jKrpBNdRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gCGRJqd</latexit><latexit sha1_base64="m6otGyZIWVl68aeV89d4jkQf57w=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSiKCboSiG5cV+sImlMn0Nh06k8SZiVBCu3fjr7hxoYhbP8Cdf+OkzUJbDwwczjmXO/f4MWdK2/a3tbS8srq2Xtgobm5t7+yW9vabKkokhQaNeCTbPlHAWQgNzTSHdiyBCJ9Dyx9eZ37rAaRiUVjXoxg8QYKQ9Rkl2kjdUllcii7gyWSCXXUvdarGhjCB69B0gwCL7l3RpOyKPQVeJE5OyihHrVv6cnsRTQSEmnKiVMexY+2lRGpGOYyLbqIgJnRIAugYGhIBykunx4zxsVF6uB9J80KNp+rviZQIpUbCN0lB9EDNe5n4n9dJdP/CS1kYJxpCOlvUTzjWEc6awT0mgWo+MoRQycxfMR0QSag2/WUlOPMnL5LmacWxK87tWbl6lddRQIfoCJ0gB52jKrpBNdRAFD2iZ/SK3qwn68V6tz5m0SUrnzlAf2B9/gCGRJqd</latexit>

For partons
p
s ⇠

p
2xmpE⌫

<latexit sha1_base64="QEvRXX/41/uIe4C/lGN6bK3b6e8=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYIuiyK4LKCfUBbSibNtKFJZkzuiGWYD3Djr7hxoYhbP8Cdf2OmnYW2HgicnHMuyT1+JLgB1/12lpZXVtfWCxvFza3tnd3S3n7ThLGmrEFDEeq2TwwTXLEGcBCsHWlGpC9Yyx9fZn7rnmnDQ3ULk4j1JBkqHnBKwEr9Uhl3zZ2GxKSWcJnfqvhB9iN81e+qOC3alFtxp8CLxMtJGeWo90tf3UFIY8kUUEGM6XhuBL2EaOBUsLTYjQ2LCB2TIetYqohkppdMl0nxsVUGOAi1PQrwVP09kRBpzET6NikJjMy8l4n/eZ0YgvNewlUUA1N09lAQCwwhzprBA64ZBTGxhFDN7V8xHRFNKNj+shK8+ZUXSbNa8dyKd3Narl3kdRTQITpCJ8hDZ6iGrlEdNRBFj+gZvaI358l5cd6dj1l0yclnDtAfOJ8/04ua0A==</latexit><latexit sha1_base64="QEvRXX/41/uIe4C/lGN6bK3b6e8=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYIuiyK4LKCfUBbSibNtKFJZkzuiGWYD3Djr7hxoYhbP8Cdf2OmnYW2HgicnHMuyT1+JLgB1/12lpZXVtfWCxvFza3tnd3S3n7ThLGmrEFDEeq2TwwTXLEGcBCsHWlGpC9Yyx9fZn7rnmnDQ3ULk4j1JBkqHnBKwEr9Uhl3zZ2GxKSWcJnfqvhB9iN81e+qOC3alFtxp8CLxMtJGeWo90tf3UFIY8kUUEGM6XhuBL2EaOBUsLTYjQ2LCB2TIetYqohkppdMl0nxsVUGOAi1PQrwVP09kRBpzET6NikJjMy8l4n/eZ0YgvNewlUUA1N09lAQCwwhzprBA64ZBTGxhFDN7V8xHRFNKNj+shK8+ZUXSbNa8dyKd3Narl3kdRTQITpCJ8hDZ6iGrlEdNRBFj+gZvaI358l5cd6dj1l0yclnDtAfOJ8/04ua0A==</latexit><latexit sha1_base64="QEvRXX/41/uIe4C/lGN6bK3b6e8=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYIuiyK4LKCfUBbSibNtKFJZkzuiGWYD3Djr7hxoYhbP8Cdf2OmnYW2HgicnHMuyT1+JLgB1/12lpZXVtfWCxvFza3tnd3S3n7ThLGmrEFDEeq2TwwTXLEGcBCsHWlGpC9Yyx9fZn7rnmnDQ3ULk4j1JBkqHnBKwEr9Uhl3zZ2GxKSWcJnfqvhB9iN81e+qOC3alFtxp8CLxMtJGeWo90tf3UFIY8kUUEGM6XhuBL2EaOBUsLTYjQ2LCB2TIetYqohkppdMl0nxsVUGOAi1PQrwVP09kRBpzET6NikJjMy8l4n/eZ0YgvNewlUUA1N09lAQCwwhzprBA64ZBTGxhFDN7V8xHRFNKNj+shK8+ZUXSbNa8dyKd3Narl3kdRTQITpCJ8hDZ6iGrlEdNRBFj+gZvaI358l5cd6dj1l0yclnDtAfOJ8/04ua0A==</latexit><latexit sha1_base64="QEvRXX/41/uIe4C/lGN6bK3b6e8=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYIuiyK4LKCfUBbSibNtKFJZkzuiGWYD3Djr7hxoYhbP8Cdf2OmnYW2HgicnHMuyT1+JLgB1/12lpZXVtfWCxvFza3tnd3S3n7ThLGmrEFDEeq2TwwTXLEGcBCsHWlGpC9Yyx9fZn7rnmnDQ3ULk4j1JBkqHnBKwEr9Uhl3zZ2GxKSWcJnfqvhB9iN81e+qOC3alFtxp8CLxMtJGeWo90tf3UFIY8kUUEGM6XhuBL2EaOBUsLTYjQ2LCB2TIetYqohkppdMl0nxsVUGOAi1PQrwVP09kRBpzET6NikJjMy8l4n/eZ0YgvNewlUUA1N09lAQCwwhzprBA64ZBTGxhFDN7V8xHRFNKNj+shK8+ZUXSbNa8dyKd3Narl3kdRTQITpCJ8hDZ6iGrlEdNRBFj+gZvaI358l5cd6dj1l0yclnDtAfOJ8/04ua0A==</latexit>
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s
<latexit sha1_base64="7mqRzkrsjBPuaw1Oe1d0Z1qp7zA=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsyIoMuiG5cV7AM6Q8mkmTY0mYQkI5RhFm78FTcuFHHrR7jzb8y0s9DWA4HDOfdyc04kGdXG876dytr6xuZWdbu2s7u3f+AeHnW1SBUmHSyYUP0IacJoQjqGGkb6UhHEI0Z60fSm8HsPRGkqknszkyTkaJzQmGJkrDR064GmY45gIJWQRsAgVghnfp7pvDZ0G17TmwOuEr8kDVCiPXS/gpHAKSeJwQxpPfA9acIMKUMxI3ktSDWRCE/RmAwsTRAnOszmIXJ4apURjIWyLzFwrv7eyBDXesYjO8mRmehlrxD/8wapia/CjCYyNSTBi0NxyqBNWzQCR1QRbNjMEoQVtX+FeIJsDcb2VpTgL0deJd3zpu81/buLRuu6rKMK6uAEnAEfXIIWuAVt0AEYPIJn8ArenCfnxXl3PhajFafcOQZ/4Hz+AID6l/w=</latexit><latexit sha1_base64="7mqRzkrsjBPuaw1Oe1d0Z1qp7zA=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsyIoMuiG5cV7AM6Q8mkmTY0mYQkI5RhFm78FTcuFHHrR7jzb8y0s9DWA4HDOfdyc04kGdXG876dytr6xuZWdbu2s7u3f+AeHnW1SBUmHSyYUP0IacJoQjqGGkb6UhHEI0Z60fSm8HsPRGkqknszkyTkaJzQmGJkrDR064GmY45gIJWQRsAgVghnfp7pvDZ0G17TmwOuEr8kDVCiPXS/gpHAKSeJwQxpPfA9acIMKUMxI3ktSDWRCE/RmAwsTRAnOszmIXJ4apURjIWyLzFwrv7eyBDXesYjO8mRmehlrxD/8wapia/CjCYyNSTBi0NxyqBNWzQCR1QRbNjMEoQVtX+FeIJsDcb2VpTgL0deJd3zpu81/buLRuu6rKMK6uAEnAEfXIIWuAVt0AEYPIJn8ArenCfnxXl3PhajFafcOQZ/4Hz+AID6l/w=</latexit><latexit sha1_base64="7mqRzkrsjBPuaw1Oe1d0Z1qp7zA=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsyIoMuiG5cV7AM6Q8mkmTY0mYQkI5RhFm78FTcuFHHrR7jzb8y0s9DWA4HDOfdyc04kGdXG876dytr6xuZWdbu2s7u3f+AeHnW1SBUmHSyYUP0IacJoQjqGGkb6UhHEI0Z60fSm8HsPRGkqknszkyTkaJzQmGJkrDR064GmY45gIJWQRsAgVghnfp7pvDZ0G17TmwOuEr8kDVCiPXS/gpHAKSeJwQxpPfA9acIMKUMxI3ktSDWRCE/RmAwsTRAnOszmIXJ4apURjIWyLzFwrv7eyBDXesYjO8mRmehlrxD/8wapia/CjCYyNSTBi0NxyqBNWzQCR1QRbNjMEoQVtX+FeIJsDcb2VpTgL0deJd3zpu81/buLRuu6rKMK6uAEnAEfXIIWuAVt0AEYPIJn8ArenCfnxXl3PhajFafcOQZ/4Hz+AID6l/w=</latexit><latexit sha1_base64="7mqRzkrsjBPuaw1Oe1d0Z1qp7zA=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsyIoMuiG5cV7AM6Q8mkmTY0mYQkI5RhFm78FTcuFHHrR7jzb8y0s9DWA4HDOfdyc04kGdXG876dytr6xuZWdbu2s7u3f+AeHnW1SBUmHSyYUP0IacJoQjqGGkb6UhHEI0Z60fSm8HsPRGkqknszkyTkaJzQmGJkrDR064GmY45gIJWQRsAgVghnfp7pvDZ0G17TmwOuEr8kDVCiPXS/gpHAKSeJwQxpPfA9acIMKUMxI3ktSDWRCE/RmAwsTRAnOszmIXJ4apURjIWyLzFwrv7eyBDXesYjO8mRmehlrxD/8wapia/CjCYyNSTBi0NxyqBNWzQCR1QRbNjMEoQVtX+FeIJsDcb2VpTgL0deJd3zpu81/buLRuu6rKMK6uAEnAEfXIIWuAVt0AEYPIJn8ArenCfnxXl3PhajFafcOQZ/4Hz+AID6l/w=</latexit>
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