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neutrino masses most easily explained by 
introducing right-handed neutrinos

SuperKamiokande [1] & DeepCore [2] 

probed the same parameter range

NOMAD & CHORUS [3] tested     

analyse atmospheric neutrino 
disappearance at IceCube in 

average-out regime for 
sterile oscillations (L/E>>1): 

Results @ 90% C.L.

through vacuum oscillations
appearance from

but for

IceCube bounds on sterile neutrinos 
   above 10 eV

in collaboration with M. Blennow, E. Fernandez-
Martinez, J. Hernandez-Garcia, J. Salvado

arxiv: 1803.02362, submitted to EPJC

with the approximations:
free normalisation of events, leading 
order in sterile mixing angles, neglect

decoupled,

�m2
31
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muon neutrino disappearance probability:

 - 1-year IceCube disfavours 

non-zero sterile mixing at

- in strong tension with 
NOMAD & CHORUS results 

 - forecasted 8 years of 

IceCube data can improve 
over current  constraints 

and  is sufficient to either 
confirm present preference 
or exclude it with a high 

significance

around 2 
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⌫⌧
<latexit sha1_base64="l7fMW5pB3pGUgjH9G2aKVdauiNs=">AAAB73icdVBNS8NAEN34WetX1aOXxSJ4KokWWm8FLx4r2A9oQ9lsN+3SzSbuzgol9E948aCIV/+ON/+NmzSCij4YeLw3w8y8IBFcg+t+OCura+sbm6Wt8vbO7t5+5eCwq2OjKOvQWMSqHxDNBJesAxwE6yeKkSgQrBfMrjK/d8+U5rG8hXnC/IhMJA85JWCl/lCa0RCIGVWqbs3NgTNycZmTRt1tNJvYK6wqKtAeVd6H45iaiEmggmg98NwE/JQo4FSwRXloNEsInZEJG1gqScS0n+b3LvCpVcY4jJUtCThXv0+kJNJ6HgW2MyIw1b+9TPzLGxgIm37KZWKASbpcFBqBIcbZ83jMFaMg5pYQqri9FdMpUYSCjahsQ/j6FP9Puuc1z615N/Vqq17EUULH6ASdIQ81UAtdozbqIIoEekBP6Nm5cx6dF+d12briFDNH6Aect09uf5Au</latexit><latexit sha1_base64="l7fMW5pB3pGUgjH9G2aKVdauiNs=">AAAB73icdVBNS8NAEN34WetX1aOXxSJ4KokWWm8FLx4r2A9oQ9lsN+3SzSbuzgol9E948aCIV/+ON/+NmzSCij4YeLw3w8y8IBFcg+t+OCura+sbm6Wt8vbO7t5+5eCwq2OjKOvQWMSqHxDNBJesAxwE6yeKkSgQrBfMrjK/d8+U5rG8hXnC/IhMJA85JWCl/lCa0RCIGVWqbs3NgTNycZmTRt1tNJvYK6wqKtAeVd6H45iaiEmggmg98NwE/JQo4FSwRXloNEsInZEJG1gqScS0n+b3LvCpVcY4jJUtCThXv0+kJNJ6HgW2MyIw1b+9TPzLGxgIm37KZWKASbpcFBqBIcbZ83jMFaMg5pYQqri9FdMpUYSCjahsQ/j6FP9Puuc1z615N/Vqq17EUULH6ASdIQ81UAtdozbqIIoEekBP6Nm5cx6dF+d12briFDNH6Aect09uf5Au</latexit><latexit sha1_base64="l7fMW5pB3pGUgjH9G2aKVdauiNs=">AAAB73icdVBNS8NAEN34WetX1aOXxSJ4KokWWm8FLx4r2A9oQ9lsN+3SzSbuzgol9E948aCIV/+ON/+NmzSCij4YeLw3w8y8IBFcg+t+OCura+sbm6Wt8vbO7t5+5eCwq2OjKOvQWMSqHxDNBJesAxwE6yeKkSgQrBfMrjK/d8+U5rG8hXnC/IhMJA85JWCl/lCa0RCIGVWqbs3NgTNycZmTRt1tNJvYK6wqKtAeVd6H45iaiEmggmg98NwE/JQo4FSwRXloNEsInZEJG1gqScS0n+b3LvCpVcY4jJUtCThXv0+kJNJ6HgW2MyIw1b+9TPzLGxgIm37KZWKASbpcFBqBIcbZ83jMFaMg5pYQqri9FdMpUYSCjahsQ/j6FP9Puuc1z615N/Vqq17EUULH6ASdIQ81UAtdozbqIIoEekBP6Nm5cx6dF+d12briFDNH6Aect09uf5Au</latexit><latexit sha1_base64="l7fMW5pB3pGUgjH9G2aKVdauiNs=">AAAB73icdVBNS8NAEN34WetX1aOXxSJ4KokWWm8FLx4r2A9oQ9lsN+3SzSbuzgol9E948aCIV/+ON/+NmzSCij4YeLw3w8y8IBFcg+t+OCura+sbm6Wt8vbO7t5+5eCwq2OjKOvQWMSqHxDNBJesAxwE6yeKkSgQrBfMrjK/d8+U5rG8hXnC/IhMJA85JWCl/lCa0RCIGVWqbs3NgTNycZmTRt1tNJvYK6wqKtAeVd6H45iaiEmggmg98NwE/JQo4FSwRXloNEsInZEJG1gqScS0n+b3LvCpVcY4jJUtCThXv0+kJNJ6HgW2MyIw1b+9TPzLGxgIm37KZWKASbpcFBqBIcbZ83jMFaMg5pYQqri9FdMpUYSCjahsQ/j6FP9Puuc1z615N/Vqq17EUULH6ASdIQ81UAtdozbqIIoEekBP6Nm5cx6dF+d12briFDNH6Aect09uf5Au</latexit>

�m2 > 0.1 eV2
<latexit sha1_base64="J5YO6gQQwYN48nTAKnZMYJ3O0pk=">AAACA3icdVDJSgNBEO2JW4xb1JteGoPgKczEQOJFAnrwGMEskI2eTiVp0rPQXSOGIeLFX/HiQRGv/oQ3/8bOIqjog4LHe1VU1XNDKTTa9oeVWFhcWl5JrqbW1jc2t9LbO1UdRIpDhQcyUHWXaZDChwoKlFAPFTDPlVBzh2cTv3YNSovAv8JRCC2P9X3RE5yhkTrpveY5SGTUa+dO7axz20S4wRiq43auk87YWXsKOiHHJ1NSyNuFYpE6cytD5ih30u/NbsAjD3zkkmndcOwQWzFTKLiEcaoZaQgZH7I+NAz1mQe6FU9/GNNDo3RpL1CmfKRT9ftEzDytR55rOj2GA/3bm4h/eY0Ie8VWLPwwQvD5bFEvkhQDOgmEdoUCjnJkCONKmFspHzDFOJrYUiaEr0/p/6Sayzomvct8ppSfx5Ek++SAHBGHFEiJXJAyqRBO7sgDeSLP1r31aL1Yr7PWhDWf2SU/YL19ArEfluE=</latexit><latexit sha1_base64="J5YO6gQQwYN48nTAKnZMYJ3O0pk=">AAACA3icdVDJSgNBEO2JW4xb1JteGoPgKczEQOJFAnrwGMEskI2eTiVp0rPQXSOGIeLFX/HiQRGv/oQ3/8bOIqjog4LHe1VU1XNDKTTa9oeVWFhcWl5JrqbW1jc2t9LbO1UdRIpDhQcyUHWXaZDChwoKlFAPFTDPlVBzh2cTv3YNSovAv8JRCC2P9X3RE5yhkTrpveY5SGTUa+dO7axz20S4wRiq43auk87YWXsKOiHHJ1NSyNuFYpE6cytD5ih30u/NbsAjD3zkkmndcOwQWzFTKLiEcaoZaQgZH7I+NAz1mQe6FU9/GNNDo3RpL1CmfKRT9ftEzDytR55rOj2GA/3bm4h/eY0Ie8VWLPwwQvD5bFEvkhQDOgmEdoUCjnJkCONKmFspHzDFOJrYUiaEr0/p/6Sayzomvct8ppSfx5Ek++SAHBGHFEiJXJAyqRBO7sgDeSLP1r31aL1Yr7PWhDWf2SU/YL19ArEfluE=</latexit><latexit sha1_base64="J5YO6gQQwYN48nTAKnZMYJ3O0pk=">AAACA3icdVDJSgNBEO2JW4xb1JteGoPgKczEQOJFAnrwGMEskI2eTiVp0rPQXSOGIeLFX/HiQRGv/oQ3/8bOIqjog4LHe1VU1XNDKTTa9oeVWFhcWl5JrqbW1jc2t9LbO1UdRIpDhQcyUHWXaZDChwoKlFAPFTDPlVBzh2cTv3YNSovAv8JRCC2P9X3RE5yhkTrpveY5SGTUa+dO7axz20S4wRiq43auk87YWXsKOiHHJ1NSyNuFYpE6cytD5ih30u/NbsAjD3zkkmndcOwQWzFTKLiEcaoZaQgZH7I+NAz1mQe6FU9/GNNDo3RpL1CmfKRT9ftEzDytR55rOj2GA/3bm4h/eY0Ie8VWLPwwQvD5bFEvkhQDOgmEdoUCjnJkCONKmFspHzDFOJrYUiaEr0/p/6Sayzomvct8ppSfx5Ek++SAHBGHFEiJXJAyqRBO7sgDeSLP1r31aL1Yr7PWhDWf2SU/YL19ArEfluE=</latexit><latexit sha1_base64="J5YO6gQQwYN48nTAKnZMYJ3O0pk=">AAACA3icdVDJSgNBEO2JW4xb1JteGoPgKczEQOJFAnrwGMEskI2eTiVp0rPQXSOGIeLFX/HiQRGv/oQ3/8bOIqjog4LHe1VU1XNDKTTa9oeVWFhcWl5JrqbW1jc2t9LbO1UdRIpDhQcyUHWXaZDChwoKlFAPFTDPlVBzh2cTv3YNSovAv8JRCC2P9X3RE5yhkTrpveY5SGTUa+dO7axz20S4wRiq43auk87YWXsKOiHHJ1NSyNuFYpE6cytD5ih30u/NbsAjD3zkkmndcOwQWzFTKLiEcaoZaQgZH7I+NAz1mQe6FU9/GNNDo3RpL1CmfKRT9ftEzDytR55rOj2GA/3bm4h/eY0Ie8VWLPwwQvD5bFEvkhQDOgmEdoUCjnJkCONKmFspHzDFOJrYUiaEr0/p/6Sayzomvct8ppSfx5Ek++SAHBGHFEiJXJAyqRBO7sgDeSLP1r31aL1Yr7PWhDWf2SU/YL19ArEfluE=</latexit>

- nuissance parameters: uncertainty in the pion-kaon ratio of initial flux 
=0.05), DOM efficiency, overall flux normalization (prior: 

- 1 energy bin, 40 bins for zenith angle 
�⇡/k

<latexit sha1_base64="aD2KYNIczg3LdHyNLjZVMraYXGE=">AAAB9XicdVBNS8NAEJ34WetX1aOXxSJ4qokWWm8FLx4r2A9oYtlsN+3SzSbsbpQS+j+8eFDEq//Fm//GTRpBRR8MPN6bYWaeH3OmtG1/WEvLK6tr66WN8ubW9s5uZW+/q6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epn5vTsqFYvEjZ7F1AvxWLCAEayNdOsqNg7xMHVjdjqdDytVu2bnQBk5v8hJo243mk3kFFYVCrSHlXd3FJEkpEITjpUaOHasvRRLzQin87KbKBpjMsVjOjBU4JAqL82vnqNjo4xQEElTQqNc/T6R4lCpWeibzhDrifrtZeJf3iDRQdNLmYgTTQVZLAoSjnSEsgjQiElKNJ8Zgolk5lZEJlhiok1QZRPC16fof9I9qzl2zbmuV1v1Io4SHMIRnIADDWjBFbShAwQkPMATPFv31qP1Yr0uWpesYuYAfsB6+wTliJK5</latexit><latexit sha1_base64="aD2KYNIczg3LdHyNLjZVMraYXGE=">AAAB9XicdVBNS8NAEJ34WetX1aOXxSJ4qokWWm8FLx4r2A9oYtlsN+3SzSbsbpQS+j+8eFDEq//Fm//GTRpBRR8MPN6bYWaeH3OmtG1/WEvLK6tr66WN8ubW9s5uZW+/q6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epn5vTsqFYvEjZ7F1AvxWLCAEayNdOsqNg7xMHVjdjqdDytVu2bnQBk5v8hJo243mk3kFFYVCrSHlXd3FJEkpEITjpUaOHasvRRLzQin87KbKBpjMsVjOjBU4JAqL82vnqNjo4xQEElTQqNc/T6R4lCpWeibzhDrifrtZeJf3iDRQdNLmYgTTQVZLAoSjnSEsgjQiElKNJ8Zgolk5lZEJlhiok1QZRPC16fof9I9qzl2zbmuV1v1Io4SHMIRnIADDWjBFbShAwQkPMATPFv31qP1Yr0uWpesYuYAfsB6+wTliJK5</latexit><latexit sha1_base64="aD2KYNIczg3LdHyNLjZVMraYXGE=">AAAB9XicdVBNS8NAEJ34WetX1aOXxSJ4qokWWm8FLx4r2A9oYtlsN+3SzSbsbpQS+j+8eFDEq//Fm//GTRpBRR8MPN6bYWaeH3OmtG1/WEvLK6tr66WN8ubW9s5uZW+/q6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epn5vTsqFYvEjZ7F1AvxWLCAEayNdOsqNg7xMHVjdjqdDytVu2bnQBk5v8hJo243mk3kFFYVCrSHlXd3FJEkpEITjpUaOHasvRRLzQin87KbKBpjMsVjOjBU4JAqL82vnqNjo4xQEElTQqNc/T6R4lCpWeibzhDrifrtZeJf3iDRQdNLmYgTTQVZLAoSjnSEsgjQiElKNJ8Zgolk5lZEJlhiok1QZRPC16fof9I9qzl2zbmuV1v1Io4SHMIRnIADDWjBFbShAwQkPMATPFv31qP1Yr0uWpesYuYAfsB6+wTliJK5</latexit><latexit sha1_base64="aD2KYNIczg3LdHyNLjZVMraYXGE=">AAAB9XicdVBNS8NAEJ34WetX1aOXxSJ4qokWWm8FLx4r2A9oYtlsN+3SzSbsbpQS+j+8eFDEq//Fm//GTRpBRR8MPN6bYWaeH3OmtG1/WEvLK6tr66WN8ubW9s5uZW+/q6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/epn5vTsqFYvEjZ7F1AvxWLCAEayNdOsqNg7xMHVjdjqdDytVu2bnQBk5v8hJo243mk3kFFYVCrSHlXd3FJEkpEITjpUaOHasvRRLzQin87KbKBpjMsVjOjBU4JAqL82vnqNjo4xQEElTQqNc/T6R4lCpWeibzhDrifrtZeJf3iDRQdNLmYgTTQVZLAoSjnSEsgjQiElKNJ8Zgolk5lZEJlhiok1QZRPC16fof9I9qzl2zbmuV1v1Io4SHMIRnIADDWjBFbShAwQkPMATPFv31qP1Yr0uWpesYuYAfsB6+wTliJK5</latexit>

- neutrino propagation  simulated with nuSQuIDS 

[1] Phys. Rev. D bf 91 (2015) 052019, arXiv:1410.2008 [hep-ex], [2] Phys. Rev. D 95 (2017) no.11, 112002, 
arXiv:1702.05160 [hep-ex], [3] Nucl. Phys. B bf 611 (2001) 3,hep-ex/0106102

first time this region of parameter space is 
probed with IceCube data

- neutrino  flux  computed  with  the  analytic  air  shower  code  using   cosmic  
ray flux from HondaGaisser model with Gaissser-Hillas H3a correction with
the hadronic model QGSJET II-04


