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Decades of experimental results have uncovered two unexpected facts:

“Normal” “Inverted”
m2

3
<latexit sha1_base64="LXUxnS/si2xdyjGOccp35H2JYx4=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwFfLS1l3RjcsKpi20sUymk3boZBJmJkIJ/QY3LhRx6we582+ctBVU9MCFwzn3cu89YcqoVJb1YZRWVtfWN8qbla3tnd296v5BWyaZwMTHCUtEN0SSMMqJr6hipJsKguKQkU44uSr8zj0Rkib8Vk1TEsRoxGlEMVJa8uOBe+cMqjXLtL1z58KDlunYZ3WrIK5db3gutE1rjhpYojWovveHCc5iwhVmSMqebaUqyJFQFDMyq/QzSVKEJ2hEeppyFBMZ5PNjZ/BEK0MYJUIXV3Cufp/IUSzlNA51Z4zUWP72CvEvr5epqBHklKeZIhwvFkUZgyqBxedwSAXBik01QVhQfSvEYyQQVjqfig7h61P4P2k7pu2azo1Xa14u4yiDI3AMToEN6qAJrkEL+AADCh7AE3g2uPFovBivi9aSsZw5BD9gvH0CjGyOhg==</latexit>

m2
3

<latexit sha1_base64="LXUxnS/si2xdyjGOccp35H2JYx4=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwFfLS1l3RjcsKpi20sUymk3boZBJmJkIJ/QY3LhRx6we582+ctBVU9MCFwzn3cu89YcqoVJb1YZRWVtfWN8qbla3tnd296v5BWyaZwMTHCUtEN0SSMMqJr6hipJsKguKQkU44uSr8zj0Rkib8Vk1TEsRoxGlEMVJa8uOBe+cMqjXLtL1z58KDlunYZ3WrIK5db3gutE1rjhpYojWovveHCc5iwhVmSMqebaUqyJFQFDMyq/QzSVKEJ2hEeppyFBMZ5PNjZ/BEK0MYJUIXV3Cufp/IUSzlNA51Z4zUWP72CvEvr5epqBHklKeZIhwvFkUZgyqBxedwSAXBik01QVhQfSvEYyQQVjqfig7h61P4P2k7pu2azo1Xa14u4yiDI3AMToEN6qAJrkEL+AADCh7AE3g2uPFovBivi9aSsZw5BD9gvH0CjGyOhg==</latexit>

m2
1

<latexit sha1_base64="6q3ONQS+ZILV0hKCKzi1NKKFFiA=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU8im0dZb0YvHCqYttLFstpt26WYTdjdCKf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0w5U9pxPqzCyura+kZxs7S1vbO7V94/aKkkk4T6JOGJ7IRYUc4E9TXTnHZSSXEcctoOx1e5376nUrFE3OpJSoMYDwWLGMHaSH7cR3duv1xxbOSduxcedGwXndWcnFRRre5VIbKdOSpgiWa//N4bJCSLqdCEY6W6yEl1MMVSM8LprNTLFE0xGeMh7RoqcExVMJ0fO4MnRhnAKJGmhIZz9fvEFMdKTeLQdMZYj9RvLxf/8rqZjurBlIk001SQxaIo41AnMP8cDpikRPOJIZhIZm6FZIQlJtrkUzIhfH0K/yct10ZV273xKo3LZRxFcASOwSlAoAYa4Bo0gQ8IYOABPIFnS1iP1ov1umgtWMuZQ/AD1tsniWCOhA==</latexit>

m2
1

<latexit sha1_base64="6q3ONQS+ZILV0hKCKzi1NKKFFiA=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU8im0dZb0YvHCqYttLFstpt26WYTdjdCKf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0w5U9pxPqzCyura+kZxs7S1vbO7V94/aKkkk4T6JOGJ7IRYUc4E9TXTnHZSSXEcctoOx1e5376nUrFE3OpJSoMYDwWLGMHaSH7cR3duv1xxbOSduxcedGwXndWcnFRRre5VIbKdOSpgiWa//N4bJCSLqdCEY6W6yEl1MMVSM8LprNTLFE0xGeMh7RoqcExVMJ0fO4MnRhnAKJGmhIZz9fvEFMdKTeLQdMZYj9RvLxf/8rqZjurBlIk001SQxaIo41AnMP8cDpikRPOJIZhIZm6FZIQlJtrkUzIhfH0K/yct10ZV273xKo3LZRxFcASOwSlAoAYa4Bo0gQ8IYOABPIFnS1iP1ov1umgtWMuZQ/AD1tsniWCOhA==</latexit>

m2
2

<latexit sha1_base64="R7r/ZRnmeHbtytc5wVhI/DnL5EQ=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSaOut6MVjBdMW2lg22027dHcTdjdCKf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0oZVdpxPqzCyura+kZxs7S1vbO7V94/aKkkk5gEOGGJ7ERIEUYFCTTVjHRSSRCPGGlH46vcb98TqWgibvUkJSFHQ0FjipE2UsD73p3XL1cc2/XPvQsfOrbnntWcnFTdWt2vQtd25qiAJZr98ntvkOCME6ExQ0p1XSfV4RRJTTEjs1IvUyRFeIyGpGuoQJyocDo/dgZPjDKAcSJNCQ3n6veJKeJKTXhkOjnSI/Xby8W/vG6m43o4pSLNNBF4sSjOGNQJzD+HAyoJ1mxiCMKSmlshHiGJsDb5lEwIX5/C/0nLs92q7d34lcblMo4iOALH4BS4oAYa4Bo0QQAwoOABPIFnS1iP1ov1umgtWMuZQ/AD1tsniuaOhQ==</latexit>

m2
2

<latexit sha1_base64="R7r/ZRnmeHbtytc5wVhI/DnL5EQ=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSaOut6MVjBdMW2lg22027dHcTdjdCKf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0oZVdpxPqzCyura+kZxs7S1vbO7V94/aKkkk5gEOGGJ7ERIEUYFCTTVjHRSSRCPGGlH46vcb98TqWgibvUkJSFHQ0FjipE2UsD73p3XL1cc2/XPvQsfOrbnntWcnFTdWt2vQtd25qiAJZr98ntvkOCME6ExQ0p1XSfV4RRJTTEjs1IvUyRFeIyGpGuoQJyocDo/dgZPjDKAcSJNCQ3n6veJKeJKTXhkOjnSI/Xby8W/vG6m43o4pSLNNBF4sSjOGNQJzD+HAyoJ1mxiCMKSmlshHiGJsDb5lEwIX5/C/0nLs92q7d34lcblMo4iOALH4BS4oAYa4Bo0QQAwoOABPIFnS1iP1ov1umgtWMuZQ/AD1tsniuaOhQ==</latexit>

Neutrino Oscillations: nonzero mass-squared splittings between mass 
eigenstates — at least two of these states must have mass. The SM, as 
formulated, does not include massive neutrinos.
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see, e.g., [2205.02195]

At the same time, the scale of these masses is 
extremely small — no direct evidence of masses 
above the eV scale in laboratory or cosmological 
probes.

Di Valentino et al, [2106.15267]

https://arxiv.org/abs/2205.02195
https://arxiv.org/abs/2106.15267
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Pαβ ≈ sin2 (2θαβ) sin2 ( Δm2L
4Eν )

Pαα ≈ 1 − sin2 (2θαα) sin2 ( Δm2L
4Eν )

Survival/Disappearance Probability

Appearance Probability

(  : function of mixing matrix elements  )θαβ Uαi

More on three-flavor oscillation physics? 
Kendall (Monday), Patrick (Monday)

https://indico.cern.ch/event/1358339/contributions/5796083/
https://indico.cern.ch/event/1358339/contributions/5897108/
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More on three-flavor oscillation physics? 
Kendall (Monday), Patrick (Monday)

(from Kendall’s talk Monday)

https://indico.cern.ch/event/1358339/contributions/5796083/
https://indico.cern.ch/event/1358339/contributions/5897108/
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⇡0

Earth

Decay Volume

Neutrino Detector

                of meters
<latexit sha1_base64="qrz6l/iLi1MeivIY0pQeEseab60=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclkaIui27cWcE+oAllMp20Q2cmYWYilJCNv+LGhSJu/Qx3/o2TNgttPXDhcM693HtPEDOqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqCiRmLRxxCLZC5AijArS1lQz0oslQTxgpBtMbnK/+0ikopF40NOY+ByNBA0pRtpIA/vI40iPMWLpXVZzHSf1JIcqOxvYVafuzACXiVuQKijQGthf3jDCCSdCY4aU6rtOrP0USU0xI1nFSxSJEZ6gEekbKhAnyk9nD2Tw1ChDGEbSlNBwpv6eSBFXasoD05mfqxa9XPzP6yc6vPJTKuJEE4Hni8KEQR3BPA04pJJgzaaGICypuRXiMZIIa5NZxYTgLr68TDrndfei3rhvVJvXRRxlcAxOQA244BI0wS1ogTbAIAPP4BW8WU/Wi/VufcxbS1Yxcwj+wPr8AZBPlb8=</latexit>

O(100s)

(with apologies to the experimental & accelerator physicists in the audience)
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<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Decay Volume

Neutrino Detector

<latexit sha1_base64="h8M03Gwxx1d10fcw4Q0k3wWdOgc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMqulOqx6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd3XKo2bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3yrjnw=</latexit>

µ+

<latexit sha1_base64="PtjeDH9CQjHbUm38RJXFqxDqBV8=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6atM10W3bisYB/QGUomTdvQJDMkGaEM/Qg3LhRx6/e4829MH4KKHrhwOOde7r0nTjnTBqEPZ219Y3Nru7BT3N3bPzgsHR23dZIpQlsk4YnqxlhTziRtGWY47aaKYhFz2okn13O/c0+VZom8M9OURgKPJBsygo2VOqHM+qHI+qUycisIeX4VIte/rFeDwJKqXw8qNei5aIEyWKHZL72Hg4RkgkpDONa656HURDlWhhFOZ8Uw0zTFZIJHtGepxILqKF+cO4PnVhnAYaJsSQMX6veJHAutpyK2nQKbsf7tzcW/vF5mhvUoZzLNDJVkuWiYcWgSOP8dDpiixPCpJZgoZm+FZIwVJsYmVLQhfH0K/yftiuv5bu22Vm5creIogFNwBi6ABwLQADegCVqAgAl4AE/g2UmdR+fFeV22rjmrmRPwA87bJ98Sj/M=</latexit>⌫µ

<latexit sha1_base64="hRAYcPUClPWvLkicJHbnUy8OlVc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeiF48VTFtoY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88bxbKrsVdwayTLyclCFHvVv66vRilkYoDRNU67bnJibIqDKcCZwUO6nGhLIRHWDbUkkj1EE2O3ZCTq3SI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/RhuAtvrxMGhcV77JSva+Wazd5HAU4hhM4Aw+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWFSefOYI/cD5/AG74jnM=</latexit>

⇡+

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

<latexit sha1_base64="kHoaiv+iPZwjenERC5jVTRs9v04=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mHGMfkgHkvc5o8ZK9/h41i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaN87J3Ua7cVUrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4A5wCNjw==</latexit>

e+

<latexit sha1_base64="GlR+J+mRu5UfMrCSwpYineYLg9w=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwFZLa1mZXdOOygn1AG8pketMOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM/9zj1IxWJxp6cJ+BEZCRYySrSRWn2RDmBQLDm2Vy+X3Qp27LLnXnhVQ2oVr+rUsGs7C5TQCs1B8b0/jGkagdCUE6V6rpNoPyNSM8phVuinChJCJ2QEPUMFiUD52eLYGT4zyhCHsTQlNF6o3ycyEik1jQLTGRE9Vr+9ufiX10t1WPczJpJUg6DLRWHKsY7x/HM8ZBKo5lNDCJXM3IrpmEhCtcmnYEL4+hT/T9pl263ZldtKqXG1iiOPTtApOkcuukQNdIOaqIUoYugBPaFnS1iP1ov1umzNWauZY/QD1tsnUqWPDQ==</latexit>⌫e

                of meters
<latexit sha1_base64="qrz6l/iLi1MeivIY0pQeEseab60=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclkaIui27cWcE+oAllMp20Q2cmYWYilJCNv+LGhSJu/Qx3/o2TNgttPXDhcM693HtPEDOqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqCiRmLRxxCLZC5AijArS1lQz0oslQTxgpBtMbnK/+0ikopF40NOY+ByNBA0pRtpIA/vI40iPMWLpXVZzHSf1JIcqOxvYVafuzACXiVuQKijQGthf3jDCCSdCY4aU6rtOrP0USU0xI1nFSxSJEZ6gEekbKhAnyk9nD2Tw1ChDGEbSlNBwpv6eSBFXasoD05mfqxa9XPzP6yc6vPJTKuJEE4Hni8KEQR3BPA04pJJgzaaGICypuRXiMZIIa5NZxYTgLr68TDrndfei3rhvVJvXRRxlcAxOQA244BI0wS1ogTbAIAPP4BW8WU/Wi/VufcxbS1Yxcwj+wPr8AZBPlb8=</latexit>

O(100s)

(with apologies to the experimental & accelerator physicists in the audience)
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<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Decay Volume

Neutrino Detector

<latexit sha1_base64="h8M03Gwxx1d10fcw4Q0k3wWdOgc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMqulOqx6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd3XKo2bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3yrjnw=</latexit>

µ+

<latexit sha1_base64="PtjeDH9CQjHbUm38RJXFqxDqBV8=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6atM10W3bisYB/QGUomTdvQJDMkGaEM/Qg3LhRx6/e4829MH4KKHrhwOOde7r0nTjnTBqEPZ219Y3Nru7BT3N3bPzgsHR23dZIpQlsk4YnqxlhTziRtGWY47aaKYhFz2okn13O/c0+VZom8M9OURgKPJBsygo2VOqHM+qHI+qUycisIeX4VIte/rFeDwJKqXw8qNei5aIEyWKHZL72Hg4RkgkpDONa656HURDlWhhFOZ8Uw0zTFZIJHtGepxILqKF+cO4PnVhnAYaJsSQMX6veJHAutpyK2nQKbsf7tzcW/vF5mhvUoZzLNDJVkuWiYcWgSOP8dDpiixPCpJZgoZm+FZIwVJsYmVLQhfH0K/yftiuv5bu22Vm5creIogFNwBi6ABwLQADegCVqAgAl4AE/g2UmdR+fFeV22rjmrmRPwA87bJ98Sj/M=</latexit>⌫µ

<latexit sha1_base64="hRAYcPUClPWvLkicJHbnUy8OlVc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeiF48VTFtoY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88bxbKrsVdwayTLyclCFHvVv66vRilkYoDRNU67bnJibIqDKcCZwUO6nGhLIRHWDbUkkj1EE2O3ZCTq3SI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/RhuAtvrxMGhcV77JSva+Wazd5HAU4hhM4Aw+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWFSefOYI/cD5/AG74jnM=</latexit>

⇡+

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

<latexit sha1_base64="kHoaiv+iPZwjenERC5jVTRs9v04=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mHGMfkgHkvc5o8ZK9/h41i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaN87J3Ua7cVUrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4A5wCNjw==</latexit>

e+

<latexit sha1_base64="GlR+J+mRu5UfMrCSwpYineYLg9w=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwFZLa1mZXdOOygn1AG8pketMOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM/9zj1IxWJxp6cJ+BEZCRYySrSRWn2RDmBQLDm2Vy+X3Qp27LLnXnhVQ2oVr+rUsGs7C5TQCs1B8b0/jGkagdCUE6V6rpNoPyNSM8phVuinChJCJ2QEPUMFiUD52eLYGT4zyhCHsTQlNF6o3ycyEik1jQLTGRE9Vr+9ufiX10t1WPczJpJUg6DLRWHKsY7x/HM8ZBKo5lNDCJXM3IrpmEhCtcmnYEL4+hT/T9pl263ZldtKqXG1iiOPTtApOkcuukQNdIOaqIUoYugBPaFnS1iP1ov1umzNWauZY/QD1tsnUqWPDQ==</latexit>⌫e

<latexit sha1_base64="PtjeDH9CQjHbUm38RJXFqxDqBV8=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6atM10W3bisYB/QGUomTdvQJDMkGaEM/Qg3LhRx6/e4829MH4KKHrhwOOde7r0nTjnTBqEPZ219Y3Nru7BT3N3bPzgsHR23dZIpQlsk4YnqxlhTziRtGWY47aaKYhFz2okn13O/c0+VZom8M9OURgKPJBsygo2VOqHM+qHI+qUycisIeX4VIte/rFeDwJKqXw8qNei5aIEyWKHZL72Hg4RkgkpDONa656HURDlWhhFOZ8Uw0zTFZIJHtGepxILqKF+cO4PnVhnAYaJsSQMX6veJHAutpyK2nQKbsf7tzcW/vF5mhvUoZzLNDJVkuWiYcWgSOP8dDpiixPCpJZgoZm+FZIwVJsYmVLQhfH0K/yftiuv5bu22Vm5creIogFNwBi6ABwLQADegCVqAgAl4AE/g2UmdR+fFeV22rjmrmRPwA87bJ98Sj/M=</latexit>⌫µ
<latexit sha1_base64="sG5c0l++XU1JzL8xEhnWxnskL6g=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwY0jamnRZdOOygmmFNpbJdNIOnZmEmYlQQr/BjQtF3PpB7vwbpw9BRQ9cOJxzL/feE6WMKu04H1ZhZXVtfaO4Wdra3tndK+8ftFWSSUwCnLBE3kZIEUYFCTTVjNymkiAeMdKJxpczv3NPpKKJuNGTlIQcDQWNKUbaSEGPZ3dn/XLFsauO43o16NjeeaPm+4bUvIZfrUPXduaogCVa/fJ7b5DgjBOhMUNKdV0n1WGOpKaYkWmplymSIjxGQ9I1VCBOVJjPj53CE6MMYJxIU0LDufp9IkdcqQmPTCdHeqR+ezPxL6+b6bgR5lSkmSYCLxbFGYM6gbPP4YBKgjWbGIKwpOZWiEdIIqxNPiUTwten8H/SrtquZ9ev65XmxTKOIjgCx+AUuMAHTXAFWiAAGFDwAJ7AsyWsR+vFel20FqzlzCH4AevtE+/pjsw=</latexit>

µ�

<latexit sha1_base64="Y7u7foiVrIO7tkBB0Wag7rcIhZ8=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZCUHMLevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEanX6x5NjlarXquOQ3cW1njhIsUe8X33qDmKUhRpoJqlTXdRLtZVRqzgROC71UYULZmA6xa2hEQ1ReNj90Sk6MMiBBLE1FmszVrxMZDZWahL7pDKkeqZ/eTPzL66Y6uPAyHiWpxogtFgWpIDoms6/JgEtkWkwMoUxycythIyop0yabggnh81PyP2mVbffMrjQqpdrlMo48HMExnIIL51CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QA7J40/</latexit>

X

                of meters
<latexit sha1_base64="qrz6l/iLi1MeivIY0pQeEseab60=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclkaIui27cWcE+oAllMp20Q2cmYWYilJCNv+LGhSJu/Qx3/o2TNgttPXDhcM693HtPEDOqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqCiRmLRxxCLZC5AijArS1lQz0oslQTxgpBtMbnK/+0ikopF40NOY+ByNBA0pRtpIA/vI40iPMWLpXVZzHSf1JIcqOxvYVafuzACXiVuQKijQGthf3jDCCSdCY4aU6rtOrP0USU0xI1nFSxSJEZ6gEekbKhAnyk9nD2Tw1ChDGEbSlNBwpv6eSBFXasoD05mfqxa9XPzP6yc6vPJTKuJEE4Hni8KEQR3BPA04pJJgzaaGICypuRXiMZIIa5NZxYTgLr68TDrndfei3rhvVJvXRRxlcAxOQA244BI0wS1ogTbAIAPP4BW8WU/Wi/VufcxbS1Yxcwj+wPr8AZBPlb8=</latexit>

O(100s)

(with apologies to the experimental & accelerator physicists in the audience)
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Magnetic Focusing Horns

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Decay Volume

Neutrino Detector

<latexit sha1_base64="h8M03Gwxx1d10fcw4Q0k3wWdOgc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMqulOqx6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd3XKo2bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3yrjnw=</latexit>

µ+

<latexit sha1_base64="PtjeDH9CQjHbUm38RJXFqxDqBV8=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6atM10W3bisYB/QGUomTdvQJDMkGaEM/Qg3LhRx6/e4829MH4KKHrhwOOde7r0nTjnTBqEPZ219Y3Nru7BT3N3bPzgsHR23dZIpQlsk4YnqxlhTziRtGWY47aaKYhFz2okn13O/c0+VZom8M9OURgKPJBsygo2VOqHM+qHI+qUycisIeX4VIte/rFeDwJKqXw8qNei5aIEyWKHZL72Hg4RkgkpDONa656HURDlWhhFOZ8Uw0zTFZIJHtGepxILqKF+cO4PnVhnAYaJsSQMX6veJHAutpyK2nQKbsf7tzcW/vF5mhvUoZzLNDJVkuWiYcWgSOP8dDpiixPCpJZgoZm+FZIwVJsYmVLQhfH0K/yftiuv5bu22Vm5creIogFNwBi6ABwLQADegCVqAgAl4AE/g2UmdR+fFeV22rjmrmRPwA87bJ98Sj/M=</latexit>⌫µ

<latexit sha1_base64="hRAYcPUClPWvLkicJHbnUy8OlVc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeiF48VTFtoY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88bxbKrsVdwayTLyclCFHvVv66vRilkYoDRNU67bnJibIqDKcCZwUO6nGhLIRHWDbUkkj1EE2O3ZCTq3SI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/RhuAtvrxMGhcV77JSva+Wazd5HAU4hhM4Aw+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWFSefOYI/cD5/AG74jnM=</latexit>

⇡+

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

<latexit sha1_base64="kHoaiv+iPZwjenERC5jVTRs9v04=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mHGMfkgHkvc5o8ZK9/h41i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaN87J3Ua7cVUrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4A5wCNjw==</latexit>

e+

<latexit sha1_base64="GlR+J+mRu5UfMrCSwpYineYLg9w=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwFZLa1mZXdOOygn1AG8pketMOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM/9zj1IxWJxp6cJ+BEZCRYySrSRWn2RDmBQLDm2Vy+X3Qp27LLnXnhVQ2oVr+rUsGs7C5TQCs1B8b0/jGkagdCUE6V6rpNoPyNSM8phVuinChJCJ2QEPUMFiUD52eLYGT4zyhCHsTQlNF6o3ycyEik1jQLTGRE9Vr+9ufiX10t1WPczJpJUg6DLRWHKsY7x/HM8ZBKo5lNDCJXM3IrpmEhCtcmnYEL4+hT/T9pl263ZldtKqXG1iiOPTtApOkcuukQNdIOaqIUoYugBPaFnS1iP1ov1umzNWauZY/QD1tsnUqWPDQ==</latexit>⌫e

<latexit sha1_base64="PtjeDH9CQjHbUm38RJXFqxDqBV8=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6atM10W3bisYB/QGUomTdvQJDMkGaEM/Qg3LhRx6/e4829MH4KKHrhwOOde7r0nTjnTBqEPZ219Y3Nru7BT3N3bPzgsHR23dZIpQlsk4YnqxlhTziRtGWY47aaKYhFz2okn13O/c0+VZom8M9OURgKPJBsygo2VOqHM+qHI+qUycisIeX4VIte/rFeDwJKqXw8qNei5aIEyWKHZL72Hg4RkgkpDONa656HURDlWhhFOZ8Uw0zTFZIJHtGepxILqKF+cO4PnVhnAYaJsSQMX6veJHAutpyK2nQKbsf7tzcW/vF5mhvUoZzLNDJVkuWiYcWgSOP8dDpiixPCpJZgoZm+FZIwVJsYmVLQhfH0K/yftiuv5bu22Vm5creIogFNwBi6ABwLQADegCVqAgAl4AE/g2UmdR+fFeV22rjmrmRPwA87bJ98Sj/M=</latexit>⌫µ
<latexit sha1_base64="sG5c0l++XU1JzL8xEhnWxnskL6g=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwY0jamnRZdOOygmmFNpbJdNIOnZmEmYlQQr/BjQtF3PpB7vwbpw9BRQ9cOJxzL/feE6WMKu04H1ZhZXVtfaO4Wdra3tndK+8ftFWSSUwCnLBE3kZIEUYFCTTVjNymkiAeMdKJxpczv3NPpKKJuNGTlIQcDQWNKUbaSEGPZ3dn/XLFsauO43o16NjeeaPm+4bUvIZfrUPXduaogCVa/fJ7b5DgjBOhMUNKdV0n1WGOpKaYkWmplymSIjxGQ9I1VCBOVJjPj53CE6MMYJxIU0LDufp9IkdcqQmPTCdHeqR+ezPxL6+b6bgR5lSkmSYCLxbFGYM6gbPP4YBKgjWbGIKwpOZWiEdIIqxNPiUTwten8H/SrtquZ9ev65XmxTKOIjgCx+AUuMAHTXAFWiAAGFDwAJ7AsyWsR+vFel20FqzlzCH4AevtE+/pjsw=</latexit>

µ�

<latexit sha1_base64="Y7u7foiVrIO7tkBB0Wag7rcIhZ8=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZCUHMLevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEanX6x5NjlarXquOQ3cW1njhIsUe8X33qDmKUhRpoJqlTXdRLtZVRqzgROC71UYULZmA6xa2hEQ1ReNj90Sk6MMiBBLE1FmszVrxMZDZWahL7pDKkeqZ/eTPzL66Y6uPAyHiWpxogtFgWpIDoms6/JgEtkWkwMoUxycythIyop0yabggnh81PyP2mVbffMrjQqpdrlMo48HMExnIIL51CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QA7J40/</latexit>

X

<latexit sha1_base64="Y7u7foiVrIO7tkBB0Wag7rcIhZ8=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZCUHMLevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEanX6x5NjlarXquOQ3cW1njhIsUe8X33qDmKUhRpoJqlTXdRLtZVRqzgROC71UYULZmA6xa2hEQ1ReNj90Sk6MMiBBLE1FmszVrxMZDZWahL7pDKkeqZ/eTPzL66Y6uPAyHiWpxogtFgWpIDoms6/JgEtkWkwMoUxycythIyop0yabggnh81PyP2mVbffMrjQqpdrlMo48HMExnIIL51CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QA7J40/</latexit>

X

<latexit sha1_base64="BAFRR+aF7c8SEYycFbTBtGxK9D4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU3bmL2FvTiMaKJgWQNs5PZZMjsg5lZISz5BC8eFPHqF3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tLyyupZfL2xsbm3vFHf3WjJOBaFNEvNYtH0sKWcRbSqmOG0nguLQ5/TWH11M/dt7KiSLoxs1TqgX4kHEAkaw0tI1vTvpFUuW6dbKZdtBlll27VO3oknVcStWFdmmNUMJFmj0iu/dfkzSkEaKcCxlx7YS5WVYKEY4nRS6qaQJJiM8oB1NIxxS6WWzUyfoSCt9FMRCV6TQTP0+keFQynHo684Qq6H87U3Fv7xOqoKal7EoSRWNyHxRkHKkYjT9G/WZoETxsSaYCKZvRWSIBSZKp1PQIXx9iv4nrbJpV03nyinVzxdx5OEADuEYbDiDOlxCA5pAYAAP8ATPBjcejRfjdd6aMxYz+/ADxtsnZQ6N5g==</latexit>

e�<latexit sha1_base64="GlR+J+mRu5UfMrCSwpYineYLg9w=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwFZLa1mZXdOOygn1AG8pketMOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM/9zj1IxWJxp6cJ+BEZCRYySrSRWn2RDmBQLDm2Vy+X3Qp27LLnXnhVQ2oVr+rUsGs7C5TQCs1B8b0/jGkagdCUE6V6rpNoPyNSM8phVuinChJCJ2QEPUMFiUD52eLYGT4zyhCHsTQlNF6o3ycyEik1jQLTGRE9Vr+9ufiX10t1WPczJpJUg6DLRWHKsY7x/HM8ZBKo5lNDCJXM3IrpmEhCtcmnYEL4+hT/T9pl263ZldtKqXG1iiOPTtApOkcuukQNdIOaqIUoYugBPaFnS1iP1ov1umzNWauZY/QD1tsnUqWPDQ==</latexit>⌫e

                of meters
<latexit sha1_base64="qrz6l/iLi1MeivIY0pQeEseab60=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclkaIui27cWcE+oAllMp20Q2cmYWYilJCNv+LGhSJu/Qx3/o2TNgttPXDhcM693HtPEDOqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqCiRmLRxxCLZC5AijArS1lQz0oslQTxgpBtMbnK/+0ikopF40NOY+ByNBA0pRtpIA/vI40iPMWLpXVZzHSf1JIcqOxvYVafuzACXiVuQKijQGthf3jDCCSdCY4aU6rtOrP0USU0xI1nFSxSJEZ6gEekbKhAnyk9nD2Tw1ChDGEbSlNBwpv6eSBFXasoD05mfqxa9XPzP6yc6vPJTKuJEE4Hni8KEQR3BPA04pJJgzaaGICypuRXiMZIIa5NZxYTgLr68TDrndfei3rhvVJvXRRxlcAxOQA244BI0wS1ogTbAIAPP4BW8WU/Wi/VufcxbS1Yxcwj+wPr8AZBPlb8=</latexit>

O(100s)

(with apologies to the experimental & accelerator physicists in the audience)
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7

Near Detector

Measure “zero-distance” rates at near detector….



Oscillations from Accelerator Neutrinos

7

Near Detector

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

Measure “zero-distance” rates at near detector….



Oscillations from Accelerator Neutrinos

7

Near Detector

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="UVrr7XBv+YUIdTkYCqaYPyl+F24="></latexit>

RND
e (E⌫) ⌧

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

Measure “zero-distance” rates at near detector….



<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

Oscillations from Accelerator Neutrinos

7

Near Detector

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="UVrr7XBv+YUIdTkYCqaYPyl+F24="></latexit>

RND
e (E⌫) ⌧

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

Measure “zero-distance” rates at near detector….



<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

Oscillations from Accelerator Neutrinos

7

Near Detector

Far Detector

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="UVrr7XBv+YUIdTkYCqaYPyl+F24="></latexit>

RND
e (E⌫) ⌧

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

Measure “zero-distance” rates at near detector….



<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

Oscillations from Accelerator Neutrinos

7

Near Detector

Far Detector

(not to scale)

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="UVrr7XBv+YUIdTkYCqaYPyl+F24="></latexit>

RND
e (E⌫) ⌧

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

Measure “zero-distance” rates at near detector….



<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

Oscillations from Accelerator Neutrinos

7

Near Detector

Far Detector

(not to scale)

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="UVrr7XBv+YUIdTkYCqaYPyl+F24="></latexit>

RND
e (E⌫) ⌧

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="lc5aDmbwUhqMXPgWj3XikbpBCN0="></latexit>

P (⌫µ ! ⌫µ) ⇡ RFD
µ /RND

µ

Measure “zero-distance” rates at near detector….



<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

Oscillations from Accelerator Neutrinos

7

Near Detector

Far Detector

(not to scale)

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="UVrr7XBv+YUIdTkYCqaYPyl+F24="></latexit>

RND
e (E⌫) ⌧

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="lc5aDmbwUhqMXPgWj3XikbpBCN0="></latexit>

P (⌫µ ! ⌫µ) ⇡ RFD
µ /RND

µ

<latexit sha1_base64="vmj1jqDGWRaEGnq3URKXuxtRxF0="></latexit>

P (⌫µ ! ⌫e) ⇡ RFD
e

<latexit sha1_base64="fPqIsjzVuxgyF0kNNnfeL4ZIubA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxhLuGqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftErltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AHqDjLw=</latexit>

/
<latexit sha1_base64="uaAp3tmWS5GgzeXch0UrLN8GnSM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZKavnZFXbiSKvYBTSyT6bQdOpOEmUmhhP6JGxeKuPVP3Pk3Th+Cih64cDjnXu69J4gZlcq2P4zMyura+kZ2M7e1vbO7Z+4fNGWUCEwaOGKRaAdIEkZD0lBUMdKOBUE8YKQVjC5mfmtMhKRReKcmMfE5GoS0TzFSWuqa5m039XgyvU89weH15bRr5m3LKZedogttq2S7lUJZk0K1WD2rQsey58iDJepd893rRTjhJFSYISk7jh0rP0VCUczINOclksQIj9CAdDQNESfST+eXT+GJVnqwHwldoYJz9ftEiriUEx7oTo7UUP72ZuJfXidR/Yqf0jBOFAnxYlE/YVBFcBYD7FFBsGITTRAWVN8K8RAJhJUOK6dD+PoU/k+aBcspWe6Nm6+dL+PIgiNwDE6BA8qgBq5AHTQABmPwAJ7As5Eaj8aL8bpozRjLmUPwA8bbJ93Mk9c=</latexit>

RND
µ

Measure “zero-distance” rates at near detector….



<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

Oscillations from Accelerator Neutrinos

7

Near Detector

Far Detector

(not to scale)

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="UVrr7XBv+YUIdTkYCqaYPyl+F24="></latexit>

RND
e (E⌫) ⌧

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="lc5aDmbwUhqMXPgWj3XikbpBCN0="></latexit>

P (⌫µ ! ⌫µ) ⇡ RFD
µ /RND

µ

<latexit sha1_base64="vmj1jqDGWRaEGnq3URKXuxtRxF0="></latexit>

P (⌫µ ! ⌫e) ⇡ RFD
e

<latexit sha1_base64="fPqIsjzVuxgyF0kNNnfeL4ZIubA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxhLuGqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftErltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AHqDjLw=</latexit>

/
<latexit sha1_base64="uaAp3tmWS5GgzeXch0UrLN8GnSM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZKavnZFXbiSKvYBTSyT6bQdOpOEmUmhhP6JGxeKuPVP3Pk3Th+Cih64cDjnXu69J4gZlcq2P4zMyura+kZ2M7e1vbO7Z+4fNGWUCEwaOGKRaAdIEkZD0lBUMdKOBUE8YKQVjC5mfmtMhKRReKcmMfE5GoS0TzFSWuqa5m039XgyvU89weH15bRr5m3LKZedogttq2S7lUJZk0K1WD2rQsey58iDJepd893rRTjhJFSYISk7jh0rP0VCUczINOclksQIj9CAdDQNESfST+eXT+GJVnqwHwldoYJz9ftEiriUEx7oTo7UUP72ZuJfXidR/Yqf0jBOFAnxYlE/YVBFcBYD7FFBsGITTRAWVN8K8RAJhJUOK6dD+PoU/k+aBcspWe6Nm6+dL+PIgiNwDE6BA8qgBq5AHTQABmPwAJ7As5Eaj8aL8bpozRjLmUPwA8bbJ93Mk9c=</latexit>

RND
µ

Measure “zero-distance” rates at near detector….

…compare against far-detector rates to determine oscillation probabilities



Measurements with Long-Baseline Neutrinos

8

All Current Data

Current Disappearance

What do we know now? What do we 
hope to learn in the next ~decade?

Example: how much CP violation is there in the 
lepton sector? Similar to area of CKM triangle(s) 

in the quark sector

Ellis, KJK, Li [2004.13719]

https://arxiv.org/abs/2004.13719


Measurements with Long-Baseline Neutrinos

8

Disappearance
Appearance
Joint Fit
Future:

All Current Data

What do we know now? What do we 
hope to learn in the next ~decade?

Example: how much CP violation is there in the 
lepton sector? Similar to area of CKM triangle(s) 

in the quark sector

Ellis, KJK, Li [2004.13719]
(future  DUNE, Hyper-Kamiokande, JUNO, IceCube Gen-2)⊃

https://arxiv.org/abs/2004.13719


New      Physics
9

<latexit sha1_base64="dRUzvHQX2YwLF3nSj9UX21E61Jk=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadnVqMkt6MVjRBMDyRJmJ7PJkJnZZWZWCEs+wYsHRbz6Rd78GycPwWdBQ1HVTXdXmHCmjee9O7mFxaXllfxqYW19Y3OruL3T1HGqCG2QmMeqFWJNOZO0YZjhtJUoikXI6W04vJj4t3dUaRbLGzNKaCBwX7KIEWysdN2RabdY8tzqyXGlUkW/ie96U5Rgjnq3+NbpxSQVVBrCsdZt30tMkGFlGOF0XOikmiaYDHGfti2VWFAdZNNTx+jAKj0UxcqWNGiqfp3IsNB6JELbKbAZ6J/eRPzLa6cmqgQZk0lqqCSzRVHKkYnR5G/UY4oSw0eWYKKYvRWRAVaYGJtOwYbw+Sn6nzSPXP/ULV+VS7XzeRx52IN9OAQfzqAGl1CHBhDowz08wpPDnQfn2XmZteac+cwufIPz+gEYJo5e</latexit>⌫



<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

Deviations from Three-neutrino Expectation?

10

Near Detector

Far Detector

(not to scale)

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="UVrr7XBv+YUIdTkYCqaYPyl+F24="></latexit>

RND
e (E⌫) ⌧

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="lc5aDmbwUhqMXPgWj3XikbpBCN0="></latexit>

P (⌫µ ! ⌫µ) ⇡ RFD
µ /RND

µ

<latexit sha1_base64="vmj1jqDGWRaEGnq3URKXuxtRxF0="></latexit>

P (⌫µ ! ⌫e) ⇡ RFD
e

<latexit sha1_base64="fPqIsjzVuxgyF0kNNnfeL4ZIubA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxhLuGqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftErltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AHqDjLw=</latexit>

/
<latexit sha1_base64="uaAp3tmWS5GgzeXch0UrLN8GnSM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZKavnZFXbiSKvYBTSyT6bQdOpOEmUmhhP6JGxeKuPVP3Pk3Th+Cih64cDjnXu69J4gZlcq2P4zMyura+kZ2M7e1vbO7Z+4fNGWUCEwaOGKRaAdIEkZD0lBUMdKOBUE8YKQVjC5mfmtMhKRReKcmMfE5GoS0TzFSWuqa5m039XgyvU89weH15bRr5m3LKZedogttq2S7lUJZk0K1WD2rQsey58iDJepd893rRTjhJFSYISk7jh0rP0VCUczINOclksQIj9CAdDQNESfST+eXT+GJVnqwHwldoYJz9ftEiriUEx7oTo7UUP72ZuJfXidR/Yqf0jBOFAnxYlE/YVBFcBYD7FFBsGITTRAWVN8K8RAJhJUOK6dD+PoU/k+aBcspWe6Nm6+dL+PIgiNwDE6BA8qgBq5AHTQABmPwAJ7As5Eaj8aL8bpozRjLmUPwA8bbJ93Mk9c=</latexit>

RND
µ



<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

Deviations from Three-neutrino Expectation?

10

Near Detector

Far Detector

(not to scale)

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="UVrr7XBv+YUIdTkYCqaYPyl+F24="></latexit>

RND
e (E⌫) ⌧

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="lc5aDmbwUhqMXPgWj3XikbpBCN0="></latexit>

P (⌫µ ! ⌫µ) ⇡ RFD
µ /RND

µ

<latexit sha1_base64="vmj1jqDGWRaEGnq3URKXuxtRxF0="></latexit>

P (⌫µ ! ⌫e) ⇡ RFD
e

<latexit sha1_base64="fPqIsjzVuxgyF0kNNnfeL4ZIubA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxhLuGqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftErltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AHqDjLw=</latexit>

/
<latexit sha1_base64="uaAp3tmWS5GgzeXch0UrLN8GnSM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZKavnZFXbiSKvYBTSyT6bQdOpOEmUmhhP6JGxeKuPVP3Pk3Th+Cih64cDjnXu69J4gZlcq2P4zMyura+kZ2M7e1vbO7Z+4fNGWUCEwaOGKRaAdIEkZD0lBUMdKOBUE8YKQVjC5mfmtMhKRReKcmMfE5GoS0TzFSWuqa5m039XgyvU89weH15bRr5m3LKZedogttq2S7lUJZk0K1WD2rQsey58iDJepd893rRTjhJFSYISk7jh0rP0VCUczINOclksQIj9CAdDQNESfST+eXT+GJVnqwHwldoYJz9ftEiriUEx7oTo7UUP72ZuJfXidR/Yqf0jBOFAnxYlE/YVBFcBYD7FFBsGITTRAWVN8K8RAJhJUOK6dD+PoU/k+aBcspWe6Nm6+dL+PIgiNwDE6BA8qgBq5AHTQABmPwAJ7As5Eaj8aL8bpozRjLmUPwA8bbJ93Mk9c=</latexit>

RND
µ

<latexit sha1_base64="PtjeDH9CQjHbUm38RJXFqxDqBV8=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6atM10W3bisYB/QGUomTdvQJDMkGaEM/Qg3LhRx6/e4829MH4KKHrhwOOde7r0nTjnTBqEPZ219Y3Nru7BT3N3bPzgsHR23dZIpQlsk4YnqxlhTziRtGWY47aaKYhFz2okn13O/c0+VZom8M9OURgKPJBsygo2VOqHM+qHI+qUycisIeX4VIte/rFeDwJKqXw8qNei5aIEyWKHZL72Hg4RkgkpDONa656HURDlWhhFOZ8Uw0zTFZIJHtGepxILqKF+cO4PnVhnAYaJsSQMX6veJHAutpyK2nQKbsf7tzcW/vF5mhvUoZzLNDJVkuWiYcWgSOP8dDpiixPCpJZgoZm+FZIwVJsYmVLQhfH0K/yftiuv5bu22Vm5creIogFNwBi6ABwLQADegCVqAgAl4AE/g2UmdR+fFeV22rjmrmRPwA87bJ98Sj/M=</latexit>⌫µ

<latexit sha1_base64="mXTTqJLVGzQHkYptyoikscqKUlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzd+M8w==</latexit>

f
<latexit sha1_base64="mXTTqJLVGzQHkYptyoikscqKUlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzd+M8w==</latexit>

f

<latexit sha1_base64="XCV9QeGaYcQiXKOoU8koMzw0bAc=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxtNnlJdyIXjxiIo8IhPQOszBhdnYzM2tCNvyFFw8a49W/8ebfOMAeFK2kk0pVd7q7vIgzpR3ny8psbG5t72R3c3v7B4dH+eOTtgpjSWiLhDyUXQ8U5UzQlmaa024kKQQepx1verPwO49UKhaKez2L6CCAsWA+I6CN9NAX8bAPPJrAMF9w7HqpWizWsWNXSqVKqWaIswR2U1JAKZrD/Gd/FJI4oEITDkr1XCfSgwSkZoTTea4fKxoBmcKY9gwVEFA1SJYXz/GFUUbYD6UpofFS/TmRQKDULPBMZwB6ota9hfif14u1XxskTESxpoKsFvkxxzrEi/fxiElKNJ8ZAkQycysmE5BAtAkpZ0Jw11/+S9pF263a5btyoXGdxpFFZ+gcXSIXXaEGukVN1EIECfSEXtCrpaxn6816X7VmrHTmFP2C9fEN9vSRIQ==</latexit>⌫↵



<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

Deviations from Three-neutrino Expectation?

10

Near Detector

Far Detector

(not to scale)

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="UVrr7XBv+YUIdTkYCqaYPyl+F24="></latexit>

RND
e (E⌫) ⌧

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="lc5aDmbwUhqMXPgWj3XikbpBCN0="></latexit>

P (⌫µ ! ⌫µ) ⇡ RFD
µ /RND

µ

<latexit sha1_base64="vmj1jqDGWRaEGnq3URKXuxtRxF0="></latexit>

P (⌫µ ! ⌫e) ⇡ RFD
e

<latexit sha1_base64="fPqIsjzVuxgyF0kNNnfeL4ZIubA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxhLuGqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftErltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AHqDjLw=</latexit>

/
<latexit sha1_base64="uaAp3tmWS5GgzeXch0UrLN8GnSM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZKavnZFXbiSKvYBTSyT6bQdOpOEmUmhhP6JGxeKuPVP3Pk3Th+Cih64cDjnXu69J4gZlcq2P4zMyura+kZ2M7e1vbO7Z+4fNGWUCEwaOGKRaAdIEkZD0lBUMdKOBUE8YKQVjC5mfmtMhKRReKcmMfE5GoS0TzFSWuqa5m039XgyvU89weH15bRr5m3LKZedogttq2S7lUJZk0K1WD2rQsey58iDJepd893rRTjhJFSYISk7jh0rP0VCUczINOclksQIj9CAdDQNESfST+eXT+GJVnqwHwldoYJz9ftEiriUEx7oTo7UUP72ZuJfXidR/Yqf0jBOFAnxYlE/YVBFcBYD7FFBsGITTRAWVN8K8RAJhJUOK6dD+PoU/k+aBcspWe6Nm6+dL+PIgiNwDE6BA8qgBq5AHTQABmPwAJ7As5Eaj8aL8bpozRjLmUPwA8bbJ93Mk9c=</latexit>

RND
µ

<latexit sha1_base64="kbGvJk0lEKpv2vDfzUJYTbEdoq0=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZI2prqy6MZlBfuANpTJdNIOnZmEmYlQQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5gwqrTjfFiFldW19Y3iZmlre2d3r7x/0FZxKjFp4ZjFshsiRRgVpKWpZqSbSIJ4yEgnnFznfueeSEVjcaenCQk4GgkaUYx0LvGBdzkoVxzb9eqO40PHrrqeX6saUnPPPP8CurYzRwUs0RyU3/vDGKecCI0ZUqrnOokOMiQ1xYzMSv1UkQThCRqRnqECcaKCbH7rDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8Xqqj8yCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvGUTAhfn8L/Sbtqu77t3XqVxtUyjiI4AsfgFLigDhrgBjRBC2AwBg/gCTxb3Hq0XqzXRWvBWs4cgh+w3j4B4/WOKg==</latexit>

m4?

<latexit sha1_base64="PtjeDH9CQjHbUm38RJXFqxDqBV8=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6atM10W3bisYB/QGUomTdvQJDMkGaEM/Qg3LhRx6/e4829MH4KKHrhwOOde7r0nTjnTBqEPZ219Y3Nru7BT3N3bPzgsHR23dZIpQlsk4YnqxlhTziRtGWY47aaKYhFz2okn13O/c0+VZom8M9OURgKPJBsygo2VOqHM+qHI+qUycisIeX4VIte/rFeDwJKqXw8qNei5aIEyWKHZL72Hg4RkgkpDONa656HURDlWhhFOZ8Uw0zTFZIJHtGepxILqKF+cO4PnVhnAYaJsSQMX6veJHAutpyK2nQKbsf7tzcW/vF5mhvUoZzLNDJVkuWiYcWgSOP8dDpiixPCpJZgoZm+FZIwVJsYmVLQhfH0K/yftiuv5bu22Vm5creIogFNwBi6ABwLQADegCVqAgAl4AE/g2UmdR+fFeV22rjmrmRPwA87bJ98Sj/M=</latexit>⌫µ

<latexit sha1_base64="mXTTqJLVGzQHkYptyoikscqKUlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzd+M8w==</latexit>

f
<latexit sha1_base64="mXTTqJLVGzQHkYptyoikscqKUlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzd+M8w==</latexit>

f

<latexit sha1_base64="XCV9QeGaYcQiXKOoU8koMzw0bAc=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxtNnlJdyIXjxiIo8IhPQOszBhdnYzM2tCNvyFFw8a49W/8ebfOMAeFK2kk0pVd7q7vIgzpR3ny8psbG5t72R3c3v7B4dH+eOTtgpjSWiLhDyUXQ8U5UzQlmaa024kKQQepx1verPwO49UKhaKez2L6CCAsWA+I6CN9NAX8bAPPJrAMF9w7HqpWizWsWNXSqVKqWaIswR2U1JAKZrD/Gd/FJI4oEITDkr1XCfSgwSkZoTTea4fKxoBmcKY9gwVEFA1SJYXz/GFUUbYD6UpofFS/TmRQKDULPBMZwB6ota9hfif14u1XxskTESxpoKsFvkxxzrEi/fxiElKNJ8ZAkQycysmE5BAtAkpZ0Jw11/+S9pF263a5btyoXGdxpFFZ+gcXSIXXaEGukVN1EIECfSEXtCrpaxn6816X7VmrHTmFP2C9fEN9vSRIQ==</latexit>⌫↵



<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

Deviations from Three-neutrino Expectation?

10

Near Detector

Far Detector

(not to scale)

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="UVrr7XBv+YUIdTkYCqaYPyl+F24="></latexit>

RND
e (E⌫) ⌧

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="lc5aDmbwUhqMXPgWj3XikbpBCN0="></latexit>

P (⌫µ ! ⌫µ) ⇡ RFD
µ /RND

µ

<latexit sha1_base64="vmj1jqDGWRaEGnq3URKXuxtRxF0="></latexit>

P (⌫µ ! ⌫e) ⇡ RFD
e

<latexit sha1_base64="fPqIsjzVuxgyF0kNNnfeL4ZIubA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxhLuGqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftErltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AHqDjLw=</latexit>

/
<latexit sha1_base64="uaAp3tmWS5GgzeXch0UrLN8GnSM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZKavnZFXbiSKvYBTSyT6bQdOpOEmUmhhP6JGxeKuPVP3Pk3Th+Cih64cDjnXu69J4gZlcq2P4zMyura+kZ2M7e1vbO7Z+4fNGWUCEwaOGKRaAdIEkZD0lBUMdKOBUE8YKQVjC5mfmtMhKRReKcmMfE5GoS0TzFSWuqa5m039XgyvU89weH15bRr5m3LKZedogttq2S7lUJZk0K1WD2rQsey58iDJepd893rRTjhJFSYISk7jh0rP0VCUczINOclksQIj9CAdDQNESfST+eXT+GJVnqwHwldoYJz9ftEiriUEx7oTo7UUP72ZuJfXidR/Yqf0jBOFAnxYlE/YVBFcBYD7FFBsGITTRAWVN8K8RAJhJUOK6dD+PoU/k+aBcspWe6Nm6+dL+PIgiNwDE6BA8qgBq5AHTQABmPwAJ7As5Eaj8aL8bpozRjLmUPwA8bbJ93Mk9c=</latexit>

RND
µ

<latexit sha1_base64="kbGvJk0lEKpv2vDfzUJYTbEdoq0=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZI2prqy6MZlBfuANpTJdNIOnZmEmYlQQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5gwqrTjfFiFldW19Y3iZmlre2d3r7x/0FZxKjFp4ZjFshsiRRgVpKWpZqSbSIJ4yEgnnFznfueeSEVjcaenCQk4GgkaUYx0LvGBdzkoVxzb9eqO40PHrrqeX6saUnPPPP8CurYzRwUs0RyU3/vDGKecCI0ZUqrnOokOMiQ1xYzMSv1UkQThCRqRnqECcaKCbH7rDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8Xqqj8yCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvGUTAhfn8L/Sbtqu77t3XqVxtUyjiI4AsfgFLigDhrgBjRBC2AwBg/gCTxb3Hq0XqzXRWvBWs4cgh+w3j4B4/WOKg==</latexit>

m4?

<latexit sha1_base64="PtjeDH9CQjHbUm38RJXFqxDqBV8=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6atM10W3bisYB/QGUomTdvQJDMkGaEM/Qg3LhRx6/e4829MH4KKHrhwOOde7r0nTjnTBqEPZ219Y3Nru7BT3N3bPzgsHR23dZIpQlsk4YnqxlhTziRtGWY47aaKYhFz2okn13O/c0+VZom8M9OURgKPJBsygo2VOqHM+qHI+qUycisIeX4VIte/rFeDwJKqXw8qNei5aIEyWKHZL72Hg4RkgkpDONa656HURDlWhhFOZ8Uw0zTFZIJHtGepxILqKF+cO4PnVhnAYaJsSQMX6veJHAutpyK2nQKbsf7tzcW/vF5mhvUoZzLNDJVkuWiYcWgSOP8dDpiixPCpJZgoZm+FZIwVJsYmVLQhfH0K/yftiuv5bu22Vm5creIogFNwBi6ABwLQADegCVqAgAl4AE/g2UmdR+fFeV22rjmrmRPwA87bJ98Sj/M=</latexit>⌫µ

<latexit sha1_base64="mXTTqJLVGzQHkYptyoikscqKUlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzd+M8w==</latexit>

f
<latexit sha1_base64="mXTTqJLVGzQHkYptyoikscqKUlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzd+M8w==</latexit>

f

<latexit sha1_base64="XCV9QeGaYcQiXKOoU8koMzw0bAc=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxtNnlJdyIXjxiIo8IhPQOszBhdnYzM2tCNvyFFw8a49W/8ebfOMAeFK2kk0pVd7q7vIgzpR3ny8psbG5t72R3c3v7B4dH+eOTtgpjSWiLhDyUXQ8U5UzQlmaa024kKQQepx1verPwO49UKhaKez2L6CCAsWA+I6CN9NAX8bAPPJrAMF9w7HqpWizWsWNXSqVKqWaIswR2U1JAKZrD/Gd/FJI4oEITDkr1XCfSgwSkZoTTea4fKxoBmcKY9gwVEFA1SJYXz/GFUUbYD6UpofFS/TmRQKDULPBMZwB6ota9hfif14u1XxskTESxpoKsFvkxxzrEi/fxiElKNJ8ZAkQycysmE5BAtAkpZ0Jw11/+S9pF263a5btyoXGdxpFFZ+gcXSIXXaEGukVN1EIECfSEXtCrpaxn6816X7VmrHTmFP2C9fEN9vSRIQ==</latexit>⌫↵
NSI effects can be searched for in scattering as well, for 

instance in FASER  with LHC-produced neutrinos!


(see Zahra’s talk Tuesday and Falkowski et al [2105.12136])

ν

https://indico.cern.ch/event/1358339/contributions/5899963/
https://arxiv.org/abs/2105.12136


Deviations at Near Detector?
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Near Detector

Far Detector

(not to scale)

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="UVrr7XBv+YUIdTkYCqaYPyl+F24="></latexit>

RND
e (E⌫) ⌧

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="lc5aDmbwUhqMXPgWj3XikbpBCN0="></latexit>

P (⌫µ ! ⌫µ) ⇡ RFD
µ /RND

µ

<latexit sha1_base64="vmj1jqDGWRaEGnq3URKXuxtRxF0="></latexit>

P (⌫µ ! ⌫e) ⇡ RFD
e

<latexit sha1_base64="fPqIsjzVuxgyF0kNNnfeL4ZIubA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxhLuGqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftErltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AHqDjLw=</latexit>

/
<latexit sha1_base64="uaAp3tmWS5GgzeXch0UrLN8GnSM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZKavnZFXbiSKvYBTSyT6bQdOpOEmUmhhP6JGxeKuPVP3Pk3Th+Cih64cDjnXu69J4gZlcq2P4zMyura+kZ2M7e1vbO7Z+4fNGWUCEwaOGKRaAdIEkZD0lBUMdKOBUE8YKQVjC5mfmtMhKRReKcmMfE5GoS0TzFSWuqa5m039XgyvU89weH15bRr5m3LKZedogttq2S7lUJZk0K1WD2rQsey58iDJepd893rRTjhJFSYISk7jh0rP0VCUczINOclksQIj9CAdDQNESfST+eXT+GJVnqwHwldoYJz9ftEiriUEx7oTo7UUP72ZuJfXidR/Yqf0jBOFAnxYlE/YVBFcBYD7FFBsGITTRAWVN8K8RAJhJUOK6dD+PoU/k+aBcspWe6Nm6+dL+PIgiNwDE6BA8qgBq5AHTQABmPwAJ7As5Eaj8aL8bpozRjLmUPwA8bbJ93Mk9c=</latexit>

RND
µ



Deviations at Near Detector?
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Near Detector

Far Detector

(not to scale)

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="UVrr7XBv+YUIdTkYCqaYPyl+F24="></latexit>

RND
e (E⌫) ⌧

<latexit sha1_base64="Awm0SQggi7RJZKADHBW45k0my5M=">AAACAHicdVDLSsNAFJ34tr6qLly4GSxC3YSkrU2X4gNciYrVQlPDZDppB2cmYWYilJCNv+LGhSJu/Qx3/o3TWkFFD1w4nHMv994TJowq7Tjv1sTk1PTM7Nx8YWFxaXmluLp2qeJUYtLEMYtlK0SKMCpIU1PNSCuRBPGQkavw5mDoX90SqWgsLvQgIR2OeoJGFCNtpKC4cR5kPk/z68yXHJ4c5uWjwBfpTlAsOXbFcdx6FTp2fbdR9TxDqvWGV6lB13ZGKIExToPim9+NccqJ0Jghpdquk+hOhqSmmJG84KeKJAjfoB5pGyoQJ6qTjR7I4bZRujCKpSmh4Uj9PpEhrtSAh6aTI91Xv72h+JfXTnXU6GRUJKkmAn8uilIGdQyHacAulQRrNjAEYUnNrRD3kURYm8wKJoSvT+H/5LJiu3W7dlYr7e2P45gDm2ALlIELPLAHjsEpaAIMcnAPHsGTdWc9WM/Wy2frhDWeWQc/YL1+AFovlkY=</latexit>

RND
µ (E⌫)

<latexit sha1_base64="lc5aDmbwUhqMXPgWj3XikbpBCN0="></latexit>

P (⌫µ ! ⌫µ) ⇡ RFD
µ /RND

µ

<latexit sha1_base64="vmj1jqDGWRaEGnq3URKXuxtRxF0="></latexit>

P (⌫µ ! ⌫e) ⇡ RFD
e

<latexit sha1_base64="fPqIsjzVuxgyF0kNNnfeL4ZIubA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxhLuGqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftErltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AHqDjLw=</latexit>

/
<latexit sha1_base64="uaAp3tmWS5GgzeXch0UrLN8GnSM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZKavnZFXbiSKvYBTSyT6bQdOpOEmUmhhP6JGxeKuPVP3Pk3Th+Cih64cDjnXu69J4gZlcq2P4zMyura+kZ2M7e1vbO7Z+4fNGWUCEwaOGKRaAdIEkZD0lBUMdKOBUE8YKQVjC5mfmtMhKRReKcmMfE5GoS0TzFSWuqa5m039XgyvU89weH15bRr5m3LKZedogttq2S7lUJZk0K1WD2rQsey58iDJepd893rRTjhJFSYISk7jh0rP0VCUczINOclksQIj9CAdDQNESfST+eXT+GJVnqwHwldoYJz9ftEiriUEx7oTo7UUP72ZuJfXidR/Yqf0jBOFAnxYlE/YVBFcBYD7FFBsGITTRAWVN8K8RAJhJUOK6dD+PoU/k+aBcspWe6Nm6+dL+PIgiNwDE6BA8qgBq5AHTQABmPwAJ7As5Eaj8aL8bpozRjLmUPwA8bbJ93Mk9c=</latexit>

RND
µ

For instance, if this condition is not met? Could 
this be evidence of BSM physics?



Liquid Scintillator Neutrino Detector (LSND)
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<latexit sha1_base64="8hzrb/xQ5QJeGtPdkmM2DklC9I0=">AAACDXicdVDLSgMxFM3UV62vUZduglVwNczUPqYri25cVrAP6Awlk6ZtaCYzJBmhlP6AG3/FjQtF3Lp359+YaStY0QOBwzn3cnNOEDMqlW1/GpmV1bX1jexmbmt7Z3fP3D9oyigRmDRwxCLRDpAkjHLSUFQx0o4FQWHASCsYXaV+644ISSN+q8Yx8UM04LRPMVJa6ponXqTtdNvjSdcLE+ipCC6J5KJr5m3LLlcKrgttq1RyqqWCJtWqW3TPoWPZM+TBAvWu+eH1IpyEhCvMkJQdx46VP0FCUczINOclksQIj9CAdDTlKCTSn8zSTOGpVnqwHwn9uIIz9efGBIVSjsNAT4ZIDeVvLxX/8jqJ6rv+hPI4UYTj+aF+wqAOnFYDe1QQrNhYE4QF1X+FeIgEwkoXmNMlfCeF/5NmwXLKVvGmmK9dLurIgiNwDM6AAyqgBq5BHTQABvfgETyDF+PBeDJejbf5aMZY7ByCJRjvX6x6nJw=</latexit>

⌫µ ! ⌫e?



Liquid Scintillator Neutrino Detector (LSND)

12

Neutrinos (mostly) from pion/muon decay-at-rest — O(30) MeV, roughly 50 meter baseline length.


Observed excess — 
<latexit sha1_base64="IcxcB8i1x7mXbTT8VD+rMszo7ks="></latexit>

87.9± 22.4± 6.0 �! P (⌫µ ! ⌫e) ⇡ 2.6⇥ 10�3

<latexit sha1_base64="8hzrb/xQ5QJeGtPdkmM2DklC9I0=">AAACDXicdVDLSgMxFM3UV62vUZduglVwNczUPqYri25cVrAP6Awlk6ZtaCYzJBmhlP6AG3/FjQtF3Lp359+YaStY0QOBwzn3cnNOEDMqlW1/GpmV1bX1jexmbmt7Z3fP3D9oyigRmDRwxCLRDpAkjHLSUFQx0o4FQWHASCsYXaV+644ISSN+q8Yx8UM04LRPMVJa6ponXqTtdNvjSdcLE+ipCC6J5KJr5m3LLlcKrgttq1RyqqWCJtWqW3TPoWPZM+TBAvWu+eH1IpyEhCvMkJQdx46VP0FCUczINOclksQIj9CAdDTlKCTSn8zSTOGpVnqwHwn9uIIz9efGBIVSjsNAT4ZIDeVvLxX/8jqJ6rv+hPI4UYTj+aF+wqAOnFYDe1QQrNhYE4QF1X+FeIgEwkoXmNMlfCeF/5NmwXLKVvGmmK9dLurIgiNwDM6AAyqgBq5BHTQABvfgETyDF+PBeDJejbf5aMZY7ByCJRjvX6x6nJw=</latexit>

⌫µ ! ⌫e?



MiniBooNE

13

Designed to test the LSND anomaly — very different L, E, but similar L/E



MiniBooNE

13

Designed to test the LSND anomaly — very different L, E, but similar L/E



MiniBooNE

13

Designed to test the LSND anomaly — very different L, E, but similar L/E

<latexit sha1_base64="12CnfvALxRC0bFyEccyOq6cbais="></latexit>

⌫µ ! ⌫e AND ⌫µ ! ⌫e?

MiniBooNE Collab., [2006.16883]

https://arxiv.org/abs/2006.16883
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<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Decay Volume

Neutrino Detector

<latexit sha1_base64="h8M03Gwxx1d10fcw4Q0k3wWdOgc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMqulOqx6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd3XKo2bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3yrjnw=</latexit>

µ+

<latexit sha1_base64="PtjeDH9CQjHbUm38RJXFqxDqBV8=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6atM10W3bisYB/QGUomTdvQJDMkGaEM/Qg3LhRx6/e4829MH4KKHrhwOOde7r0nTjnTBqEPZ219Y3Nru7BT3N3bPzgsHR23dZIpQlsk4YnqxlhTziRtGWY47aaKYhFz2okn13O/c0+VZom8M9OURgKPJBsygo2VOqHM+qHI+qUycisIeX4VIte/rFeDwJKqXw8qNei5aIEyWKHZL72Hg4RkgkpDONa656HURDlWhhFOZ8Uw0zTFZIJHtGepxILqKF+cO4PnVhnAYaJsSQMX6veJHAutpyK2nQKbsf7tzcW/vF5mhvUoZzLNDJVkuWiYcWgSOP8dDpiixPCpJZgoZm+FZIwVJsYmVLQhfH0K/yftiuv5bu22Vm5creIogFNwBi6ABwLQADegCVqAgAl4AE/g2UmdR+fFeV22rjmrmRPwA87bJ98Sj/M=</latexit>⌫µ

<latexit sha1_base64="hRAYcPUClPWvLkicJHbnUy8OlVc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeiF48VTFtoY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88bxbKrsVdwayTLyclCFHvVv66vRilkYoDRNU67bnJibIqDKcCZwUO6nGhLIRHWDbUkkj1EE2O3ZCTq3SI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/RhuAtvrxMGhcV77JSva+Wazd5HAU4hhM4Aw+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWFSefOYI/cD5/AG74jnM=</latexit>

⇡+

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

<latexit sha1_base64="kHoaiv+iPZwjenERC5jVTRs9v04=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mHGMfkgHkvc5o8ZK9/h41i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaN87J3Ua7cVUrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4A5wCNjw==</latexit>

e+

<latexit sha1_base64="GlR+J+mRu5UfMrCSwpYineYLg9w=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwFZLa1mZXdOOygn1AG8pketMOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM/9zj1IxWJxp6cJ+BEZCRYySrSRWn2RDmBQLDm2Vy+X3Qp27LLnXnhVQ2oVr+rUsGs7C5TQCs1B8b0/jGkagdCUE6V6rpNoPyNSM8phVuinChJCJ2QEPUMFiUD52eLYGT4zyhCHsTQlNF6o3ycyEik1jQLTGRE9Vr+9ufiX10t1WPczJpJUg6DLRWHKsY7x/HM8ZBKo5lNDCJXM3IrpmEhCtcmnYEL4+hT/T9pl263ZldtKqXG1iiOPTtApOkcuukQNdIOaqIUoYugBPaFnS1iP1ov1umzNWauZY/QD1tsnUqWPDQ==</latexit>⌫e

                of meters
<latexit sha1_base64="qrz6l/iLi1MeivIY0pQeEseab60=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclkaIui27cWcE+oAllMp20Q2cmYWYilJCNv+LGhSJu/Qx3/o2TNgttPXDhcM693HtPEDOqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqCiRmLRxxCLZC5AijArS1lQz0oslQTxgpBtMbnK/+0ikopF40NOY+ByNBA0pRtpIA/vI40iPMWLpXVZzHSf1JIcqOxvYVafuzACXiVuQKijQGthf3jDCCSdCY4aU6rtOrP0USU0xI1nFSxSJEZ6gEekbKhAnyk9nD2Tw1ChDGEbSlNBwpv6eSBFXasoD05mfqxa9XPzP6yc6vPJTKuJEE4Hni8KEQR3BPA04pJJgzaaGICypuRXiMZIIa5NZxYTgLr68TDrndfei3rhvVJvXRRxlcAxOQA244BI0wS1ogTbAIAPP4BW8WU/Wi/VufcxbS1Yxcwj+wPr8AZBPlb8=</latexit>

O(100s)
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<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Decay Volume

Neutrino Detector

<latexit sha1_base64="h8M03Gwxx1d10fcw4Q0k3wWdOgc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMqulOqx6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd3XKo2bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3yrjnw=</latexit>

µ+

<latexit sha1_base64="PtjeDH9CQjHbUm38RJXFqxDqBV8=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6atM10W3bisYB/QGUomTdvQJDMkGaEM/Qg3LhRx6/e4829MH4KKHrhwOOde7r0nTjnTBqEPZ219Y3Nru7BT3N3bPzgsHR23dZIpQlsk4YnqxlhTziRtGWY47aaKYhFz2okn13O/c0+VZom8M9OURgKPJBsygo2VOqHM+qHI+qUycisIeX4VIte/rFeDwJKqXw8qNei5aIEyWKHZL72Hg4RkgkpDONa656HURDlWhhFOZ8Uw0zTFZIJHtGepxILqKF+cO4PnVhnAYaJsSQMX6veJHAutpyK2nQKbsf7tzcW/vF5mhvUoZzLNDJVkuWiYcWgSOP8dDpiixPCpJZgoZm+FZIwVJsYmVLQhfH0K/yftiuv5bu22Vm5creIogFNwBi6ABwLQADegCVqAgAl4AE/g2UmdR+fFeV22rjmrmRPwA87bJ98Sj/M=</latexit>⌫µ

<latexit sha1_base64="hRAYcPUClPWvLkicJHbnUy8OlVc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeiF48VTFtoY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88bxbKrsVdwayTLyclCFHvVv66vRilkYoDRNU67bnJibIqDKcCZwUO6nGhLIRHWDbUkkj1EE2O3ZCTq3SI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/RhuAtvrxMGhcV77JSva+Wazd5HAU4hhM4Aw+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWFSefOYI/cD5/AG74jnM=</latexit>

⇡+

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

<latexit sha1_base64="kHoaiv+iPZwjenERC5jVTRs9v04=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mHGMfkgHkvc5o8ZK9/h41i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaN87J3Ua7cVUrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4A5wCNjw==</latexit>

e+

<latexit sha1_base64="GlR+J+mRu5UfMrCSwpYineYLg9w=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwFZLa1mZXdOOygn1AG8pketMOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM/9zj1IxWJxp6cJ+BEZCRYySrSRWn2RDmBQLDm2Vy+X3Qp27LLnXnhVQ2oVr+rUsGs7C5TQCs1B8b0/jGkagdCUE6V6rpNoPyNSM8phVuinChJCJ2QEPUMFiUD52eLYGT4zyhCHsTQlNF6o3ycyEik1jQLTGRE9Vr+9ufiX10t1WPczJpJUg6DLRWHKsY7x/HM8ZBKo5lNDCJXM3IrpmEhCtcmnYEL4+hT/T9pl263ZldtKqXG1iiOPTtApOkcuukQNdIOaqIUoYugBPaFnS1iP1ov1umzNWauZY/QD1tsnUqWPDQ==</latexit>⌫e

                of meters
<latexit sha1_base64="qrz6l/iLi1MeivIY0pQeEseab60=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclkaIui27cWcE+oAllMp20Q2cmYWYilJCNv+LGhSJu/Qx3/o2TNgttPXDhcM693HtPEDOqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqCiRmLRxxCLZC5AijArS1lQz0oslQTxgpBtMbnK/+0ikopF40NOY+ByNBA0pRtpIA/vI40iPMWLpXVZzHSf1JIcqOxvYVafuzACXiVuQKijQGthf3jDCCSdCY4aU6rtOrP0USU0xI1nFSxSJEZ6gEekbKhAnyk9nD2Tw1ChDGEbSlNBwpv6eSBFXasoD05mfqxa9XPzP6yc6vPJTKuJEE4Hni8KEQR3BPA04pJJgzaaGICypuRXiMZIIa5NZxYTgLr68TDrndfei3rhvVJvXRRxlcAxOQA244BI0wS1ogTbAIAPP4BW8WU/Wi/VufcxbS1Yxcwj+wPr8AZBPlb8=</latexit>

O(100s)

New neutrino physics: modify /  propagation in this regimeνe νμ <latexit sha1_base64="rVeDns2J+eA/T0Im+KbQ9IZcWjg=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GhIdOrMsunFZwT6gHUomzbShmcyQZIQy9CPcuFDErd/jzr8xfQgqeuDC4Zx7ufeeKBNcG4Q+nNLa+sbmVnm7srO7t39QPTxq6zRXlLVoKlLVjYhmgkvWMtwI1s0UI0kkWCeaXM/9zj1TmqfyzkwzFiZkJHnMKTFW6vRFpAhlg2oNucjzcOBD5F76AcKBJXXfwz6G2EUL1MAKzUH1vT9MaZ4waaggWvcwykxYEGU4FWxW6eeaZYROyIj1LJUkYTosFufO4JlVhjBOlS1p4EL9PlGQROtpEtnOhJix/u3Nxb+8Xm7iICy4zHLDJF0uinMBTQrnv8MhV4waMbWEUMXtrZCOiQ3A2IQqNoSvT+H/pH3h4rrr3Xq1xtUqjjI4AafgHGDggwa4AU3QAhRMwAN4As9O5jw6L87rsrXkrGaOwQ84b5+7Oo/b</latexit>

{



14

Ta
rg

etProton Beam

Magnetic Focusing Horns

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Decay Volume

Neutrino Detector

<latexit sha1_base64="h8M03Gwxx1d10fcw4Q0k3wWdOgc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMqulOqx6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd3XKo2bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3yrjnw=</latexit>

µ+

<latexit sha1_base64="PtjeDH9CQjHbUm38RJXFqxDqBV8=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6atM10W3bisYB/QGUomTdvQJDMkGaEM/Qg3LhRx6/e4829MH4KKHrhwOOde7r0nTjnTBqEPZ219Y3Nru7BT3N3bPzgsHR23dZIpQlsk4YnqxlhTziRtGWY47aaKYhFz2okn13O/c0+VZom8M9OURgKPJBsygo2VOqHM+qHI+qUycisIeX4VIte/rFeDwJKqXw8qNei5aIEyWKHZL72Hg4RkgkpDONa656HURDlWhhFOZ8Uw0zTFZIJHtGepxILqKF+cO4PnVhnAYaJsSQMX6veJHAutpyK2nQKbsf7tzcW/vF5mhvUoZzLNDJVkuWiYcWgSOP8dDpiixPCpJZgoZm+FZIwVJsYmVLQhfH0K/yftiuv5bu22Vm5creIogFNwBi6ABwLQADegCVqAgAl4AE/g2UmdR+fFeV22rjmrmRPwA87bJ98Sj/M=</latexit>⌫µ

<latexit sha1_base64="hRAYcPUClPWvLkicJHbnUy8OlVc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeiF48VTFtoY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88bxbKrsVdwayTLyclCFHvVv66vRilkYoDRNU67bnJibIqDKcCZwUO6nGhLIRHWDbUkkj1EE2O3ZCTq3SI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/RhuAtvrxMGhcV77JSva+Wazd5HAU4hhM4Aw+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWFSefOYI/cD5/AG74jnM=</latexit>

⇡+

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

<latexit sha1_base64="kHoaiv+iPZwjenERC5jVTRs9v04=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mHGMfkgHkvc5o8ZK9/h41i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaN87J3Ua7cVUrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4A5wCNjw==</latexit>

e+

<latexit sha1_base64="GlR+J+mRu5UfMrCSwpYineYLg9w=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwFZLa1mZXdOOygn1AG8pketMOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCRLOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM/9zj1IxWJxp6cJ+BEZCRYySrSRWn2RDmBQLDm2Vy+X3Qp27LLnXnhVQ2oVr+rUsGs7C5TQCs1B8b0/jGkagdCUE6V6rpNoPyNSM8phVuinChJCJ2QEPUMFiUD52eLYGT4zyhCHsTQlNF6o3ycyEik1jQLTGRE9Vr+9ufiX10t1WPczJpJUg6DLRWHKsY7x/HM8ZBKo5lNDCJXM3IrpmEhCtcmnYEL4+hT/T9pl263ZldtKqXG1iiOPTtApOkcuukQNdIOaqIUoYugBPaFnS1iP1ov1umzNWauZY/QD1tsnUqWPDQ==</latexit>⌫e

                of meters
<latexit sha1_base64="qrz6l/iLi1MeivIY0pQeEseab60=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclkaIui27cWcE+oAllMp20Q2cmYWYilJCNv+LGhSJu/Qx3/o2TNgttPXDhcM693HtPEDOqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqCiRmLRxxCLZC5AijArS1lQz0oslQTxgpBtMbnK/+0ikopF40NOY+ByNBA0pRtpIA/vI40iPMWLpXVZzHSf1JIcqOxvYVafuzACXiVuQKijQGthf3jDCCSdCY4aU6rtOrP0USU0xI1nFSxSJEZ6gEekbKhAnyk9nD2Tw1ChDGEbSlNBwpv6eSBFXasoD05mfqxa9XPzP6yc6vPJTKuJEE4Hni8KEQR3BPA04pJJgzaaGICypuRXiMZIIa5NZxYTgLr68TDrndfei3rhvVJvXRRxlcAxOQA244BI0wS1ogTbAIAPP4BW8WU/Wi/VufcxbS1Yxcwj+wPr8AZBPlb8=</latexit>

O(100s)

New neutrino physics: modify /  propagation in this regimeνe νμ <latexit sha1_base64="rVeDns2J+eA/T0Im+KbQ9IZcWjg=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GhIdOrMsunFZwT6gHUomzbShmcyQZIQy9CPcuFDErd/jzr8xfQgqeuDC4Zx7ufeeKBNcG4Q+nNLa+sbmVnm7srO7t39QPTxq6zRXlLVoKlLVjYhmgkvWMtwI1s0UI0kkWCeaXM/9zj1TmqfyzkwzFiZkJHnMKTFW6vRFpAhlg2oNucjzcOBD5F76AcKBJXXfwz6G2EUL1MAKzUH1vT9MaZ4waaggWvcwykxYEGU4FWxW6eeaZYROyIj1LJUkYTosFufO4JlVhjBOlS1p4EL9PlGQROtpEtnOhJix/u3Nxb+8Xm7iICy4zHLDJF0uinMBTQrnv8MhV4waMbWEUMXtrZCOiQ3A2IQqNoSvT+H/pH3h4rrr3Xq1xtUqjjI4AafgHGDggwa4AU3QAhRMwAN4As9O5jw6L87rsrXkrGaOwQ84b5+7Oo/b</latexit>

{
Pαβ ≈ sin2 (2θαβ) sin2 ( Δm2L

4Eν ) New mass scale Δm2 ≫ Δm2
SM

<latexit sha1_base64="kbGvJk0lEKpv2vDfzUJYTbEdoq0=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZI2prqy6MZlBfuANpTJdNIOnZmEmYlQQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5gwqrTjfFiFldW19Y3iZmlre2d3r7x/0FZxKjFp4ZjFshsiRRgVpKWpZqSbSIJ4yEgnnFznfueeSEVjcaenCQk4GgkaUYx0LvGBdzkoVxzb9eqO40PHrrqeX6saUnPPPP8CurYzRwUs0RyU3/vDGKecCI0ZUqrnOokOMiQ1xYzMSv1UkQThCRqRnqECcaKCbH7rDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8Xqqj8yCjIkk1EXixKEoZ1DHMH4dDKgnWbGoIwpKaWyEeI4mwNvGUTAhfn8L/Sbtqu77t3XqVxtUyjiI4AsfgFLigDhrgBjRBC2AwBg/gCTxb3Hq0XqzXRWvBWs4cgh+w3j4B4/WOKg==</latexit>

m4?



Fourth-neutrino interpretation

15

MiniBooNE Collab., [2006.16883]

If coming from oscillations, the results from LSND and 
MiniBooNE require a new mass eigenstate around the eV 
scale.


Combined with the observed invisible width of the Z-boson 
(LEP), any additional light neutrino(s) must be sterile — gauge 
singlets.

https://arxiv.org/abs/2006.16883


Fourth-neutrino interpretation

15

MiniBooNE Collab., [2006.16883]

If coming from oscillations, the results from LSND and 
MiniBooNE require a new mass eigenstate around the eV 
scale.


Combined with the observed invisible width of the Z-boson 
(LEP), any additional light neutrino(s) must be sterile — gauge 
singlets.

Is this 3+1 scenario compatible with global data?

https://arxiv.org/abs/2006.16883


Fourth-neutrino interpretation

15

MiniBooNE Collab., [2006.16883]

If coming from oscillations, the results from LSND and 
MiniBooNE require a new mass eigenstate around the eV 
scale.


Combined with the observed invisible width of the Z-boson 
(LEP), any additional light neutrino(s) must be sterile — gauge 
singlets.

Is this 3+1 scenario compatible with global data?
(in loving memory)

https://arxiv.org/abs/2006.16883
https://inspirehep.net/literature/24148


The Challenge of MiniBooNE
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Cherenkov signatures in 
MiniBooNE are unable to 

distinguish between photons, 
electrons, and multiple-electron 

signatures.

Snowmass review on short-baseline anomalies and potential solutions: [2203.07323]

https://arxiv.org/abs/2203.07323


Decaying Sterile Neutrinos?

17

[1911.01427]

See also de Gouvêa et al [1911.01447]
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Preliminary

(IceCube [2405.08070] and Philip’s talk Wednesday)

https://arxiv.org/abs/2405.08070
https://indico.cern.ch/event/1358339/contributions/5899348/
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Preliminary

(IceCube [2405.08070] and Philip’s talk Wednesday)

Complementarity between MicroBooNE @ FNAL and IceCube @ South Pole!

https://arxiv.org/abs/2405.08070
https://indico.cern.ch/event/1358339/contributions/5899348/


New Neutrino Interactions
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Back to our Detector
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can lead to novel signatures in 
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Back to our Detector

Unexpected neutrino-scattering 
can lead to novel signatures in 
the detector. Are we prepared 
to search for these?

“Dark neutrinos” are a possible solution 
to the MiniBooNE low-energy excess 
(since to MiniBooNE, overlapping 
electron pairs look like a single electron)

Bertuzzo et al [1807.09877] 
Ballett et al [1808.02915]
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How do we simulate such BSM?
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DarkNews Generator
Abdullahi et al [2207.04137]

DarkNews — purpose-built tool for upscattering-type signatures. 

https://github.com/mhostert/DarkNews-generator
https://arxiv.org/abs/2207.04137


How do we simulate such BSM?

21

DarkNews Generator
Abdullahi et al [2207.04137]

DarkNews — purpose-built tool for upscattering-type signatures. 

Abdullahi et al [2308.02543]

Enables dedicated analyses 
of MiniBooNE and future 
explorations for SBN, etc.

https://github.com/mhostert/DarkNews-generator
https://arxiv.org/abs/2207.04137
https://arxiv.org/abs/2308.02543


Isaacson et al [2205.06378]Another approach?

22

(courtesy Will Jay)

Factorizability + Modularity!

Interfaces well with NuHepMC event record format, Gardiner et al [2310.13211]

https://arxiv.org/abs/2205.06378
https://indico.nevis.columbia.edu/event/6/contributions/9/
https://arxiv.org/abs/2310.13211


Isaacson et al [2205.06378]Another approach?

22

(courtesy Will Jay)

Factorizability + Modularity!

Interfaces well with NuHepMC event record format, Gardiner et al [2310.13211]

Complementary model searches with the LHC — Herwig et al [2310.13042]

https://arxiv.org/abs/2205.06378
https://indico.nevis.columbia.edu/event/6/contributions/9/
https://arxiv.org/abs/2310.13211
https://arxiv.org/abs/2310.13042


New      Physics
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(from Kathryn’s talk Tuesday)

Models in 
mind

https://indico.cern.ch/event/1358339/contributions/5796087/


What else could be lurking in the beam?

25

Ta
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etProton Beam

Magnetic Focusing Horns
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⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Decay Volume

Neutrino Detector

Production of new states in tandem with the neutrino beam

(commonality with accelerator searches discussed in Elliot’s talk Wednesday)

https://indico.cern.ch/event/1358339/contributions/5796092/
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<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Decay Volume

Neutrino Detector

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0

<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0
<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

Production of new states in tandem with the neutrino beam

(commonality with accelerator searches discussed in Elliot’s talk Wednesday)

https://indico.cern.ch/event/1358339/contributions/5796092/
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<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Decay Volume

Neutrino Detector

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0

<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0
<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>� <latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

<latexit sha1_base64="BAFRR+aF7c8SEYycFbTBtGxK9D4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU3bmL2FvTiMaKJgWQNs5PZZMjsg5lZISz5BC8eFPHqF3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tLyyupZfL2xsbm3vFHf3WjJOBaFNEvNYtH0sKWcRbSqmOG0nguLQ5/TWH11M/dt7KiSLoxs1TqgX4kHEAkaw0tI1vTvpFUuW6dbKZdtBlll27VO3oknVcStWFdmmNUMJFmj0iu/dfkzSkEaKcCxlx7YS5WVYKEY4nRS6qaQJJiM8oB1NIxxS6WWzUyfoSCt9FMRCV6TQTP0+keFQynHo684Qq6H87U3Fv7xOqoKal7EoSRWNyHxRkHKkYjT9G/WZoETxsSaYCKZvRWSIBSZKp1PQIXx9iv4nrbJpV03nyinVzxdx5OEADuEYbDiDOlxCA5pAYAAP8ATPBjcejRfjdd6aMxYz+/ADxtsnZQ6N5g==</latexit>

e�
<latexit sha1_base64="BAFRR+aF7c8SEYycFbTBtGxK9D4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU3bmL2FvTiMaKJgWQNs5PZZMjsg5lZISz5BC8eFPHqF3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tLyyupZfL2xsbm3vFHf3WjJOBaFNEvNYtH0sKWcRbSqmOG0nguLQ5/TWH11M/dt7KiSLoxs1TqgX4kHEAkaw0tI1vTvpFUuW6dbKZdtBlll27VO3oknVcStWFdmmNUMJFmj0iu/dfkzSkEaKcCxlx7YS5WVYKEY4nRS6qaQJJiM8oB1NIxxS6WWzUyfoSCt9FMRCV6TQTP0+keFQynHo684Qq6H87U3Fv7xOqoKal7EoSRWNyHxRkHKkYjT9G/WZoETxsSaYCKZvRWSIBSZKp1PQIXx9iv4nrbJpV03nyinVzxdx5OEADuEYbDiDOlxCA5pAYAAP8ATPBjcejRfjdd6aMxYz+/ADxtsnZQ6N5g==</latexit>

e�
Production of new states in tandem with the neutrino beam

(commonality with accelerator searches discussed in Elliot’s talk Wednesday)

https://indico.cern.ch/event/1358339/contributions/5796092/


What else could be lurking in the beam?
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<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Decay Volume

Neutrino Detector

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0
<latexit sha1_base64="h8M03Gwxx1d10fcw4Q0k3wWdOgc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMqulOqx6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd3XKo2bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3yrjnw=</latexit>

µ+
<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+
<latexit sha1_base64="q52H8oEtrB5DrMm+JQNP43IrF9A=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjJtnemy6MaVtGAf0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTTK7mfueeSsVicaunCfUjPBIsZARrIzVvBsUSsssIOW4FItu9qFU8z5CKW/PKVejYaIESWKExKL73hzFJIyo04VipnoMS7WdYakY4nRX6qaIJJhM8oj1DBY6o8rPFoTN4ZpQhDGNpSmi4UL9PZDhSahoFpjPCeqx+e3PxL6+X6rDmZ0wkqaaCLBeFKYc6hvOv4ZBJSjSfGoKJZOZWSMZYYqJNNgUTwten8H/SLtuOa1eb1VL9chVHHpyAU3AOHOCBOrgGDdACBFDwAJ7As3VnPVov1uuyNWetZo7BD1hvnxnEjSk=</latexit>

N

<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0
<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>� <latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

<latexit sha1_base64="BAFRR+aF7c8SEYycFbTBtGxK9D4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU3bmL2FvTiMaKJgWQNs5PZZMjsg5lZISz5BC8eFPHqF3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tLyyupZfL2xsbm3vFHf3WjJOBaFNEvNYtH0sKWcRbSqmOG0nguLQ5/TWH11M/dt7KiSLoxs1TqgX4kHEAkaw0tI1vTvpFUuW6dbKZdtBlll27VO3oknVcStWFdmmNUMJFmj0iu/dfkzSkEaKcCxlx7YS5WVYKEY4nRS6qaQJJiM8oB1NIxxS6WWzUyfoSCt9FMRCV6TQTP0+keFQynHo684Qq6H87U3Fv7xOqoKal7EoSRWNyHxRkHKkYjT9G/WZoETxsSaYCKZvRWSIBSZKp1PQIXx9iv4nrbJpV03nyinVzxdx5OEADuEYbDiDOlxCA5pAYAAP8ATPBjcejRfjdd6aMxYz+/ADxtsnZQ6N5g==</latexit>

e�
<latexit sha1_base64="BAFRR+aF7c8SEYycFbTBtGxK9D4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU3bmL2FvTiMaKJgWQNs5PZZMjsg5lZISz5BC8eFPHqF3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tLyyupZfL2xsbm3vFHf3WjJOBaFNEvNYtH0sKWcRbSqmOG0nguLQ5/TWH11M/dt7KiSLoxs1TqgX4kHEAkaw0tI1vTvpFUuW6dbKZdtBlll27VO3oknVcStWFdmmNUMJFmj0iu/dfkzSkEaKcCxlx7YS5WVYKEY4nRS6qaQJJiM8oB1NIxxS6WWzUyfoSCt9FMRCV6TQTP0+keFQynHo684Qq6H87U3Fv7xOqoKal7EoSRWNyHxRkHKkYjT9G/WZoETxsSaYCKZvRWSIBSZKp1PQIXx9iv4nrbJpV03nyinVzxdx5OEADuEYbDiDOlxCA5pAYAAP8ATPBjcejRfjdd6aMxYz+/ADxtsnZQ6N5g==</latexit>

e�
Production of new states in tandem with the neutrino beam

(commonality with accelerator searches discussed in Elliot’s talk Wednesday)

https://indico.cern.ch/event/1358339/contributions/5796092/


What else could be lurking in the beam?

25

Ta
rg

etProton Beam

Magnetic Focusing Horns

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Decay Volume

Neutrino Detector

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0
<latexit sha1_base64="h8M03Gwxx1d10fcw4Q0k3wWdOgc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMqulOqx6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd3XKo2bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3yrjnw=</latexit>

µ+
<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+
<latexit sha1_base64="q52H8oEtrB5DrMm+JQNP43IrF9A=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjJtnemy6MaVtGAf0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTTK7mfueeSsVicaunCfUjPBIsZARrIzVvBsUSsssIOW4FItu9qFU8z5CKW/PKVejYaIESWKExKL73hzFJIyo04VipnoMS7WdYakY4nRX6qaIJJhM8oj1DBY6o8rPFoTN4ZpQhDGNpSmi4UL9PZDhSahoFpjPCeqx+e3PxL6+X6rDmZ0wkqaaCLBeFKYc6hvOv4ZBJSjSfGoKJZOZWSMZYYqJNNgUTwten8H/SLtuOa1eb1VL9chVHHpyAU3AOHOCBOrgGDdACBFDwAJ7As3VnPVov1uuyNWetZo7BD1hvnxnEjSk=</latexit>

N

<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0
<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

<latexit sha1_base64="3/4YisKq/bnccaEY7EkdQlpA6Eg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6l/jNs=</latexit>

N
<latexit sha1_base64="ZdwZZRY4yltDKU6D4D7eibOERsM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBh0Y3g</latexit>⌫

<latexit sha1_base64="sG5c0l++XU1JzL8xEhnWxnskL6g=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwY0jamnRZdOOygmmFNpbJdNIOnZmEmYlQQr/BjQtF3PpB7vwbpw9BRQ9cOJxzL/feE6WMKu04H1ZhZXVtfaO4Wdra3tndK+8ftFWSSUwCnLBE3kZIEUYFCTTVjNymkiAeMdKJxpczv3NPpKKJuNGTlIQcDQWNKUbaSEGPZ3dn/XLFsauO43o16NjeeaPm+4bUvIZfrUPXduaogCVa/fJ7b5DgjBOhMUNKdV0n1WGOpKaYkWmplymSIjxGQ9I1VCBOVJjPj53CE6MMYJxIU0LDufp9IkdcqQmPTCdHeqR+ezPxL6+b6bgR5lSkmSYCLxbFGYM6gbPP4YBKgjWbGIKwpOZWiEdIIqxNPiUTwten8H/SrtquZ9ev65XmxTKOIjgCx+AUuMAHTXAFWiAAGFDwAJ7AsyWsR+vFel20FqzlzCH4AevtE+/pjsw=</latexit>

µ�
<latexit sha1_base64="xqAhB8KAiecbc3wtjpul1S5jVpg=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0UQhJC0Nemy6MZlBdMKbSyT6aQdOjMJMxOhhH6DGxeKuPWD3Pk3Th+Cih64cDjnXu69J0oZVdpxPqzCyura+kZxs7S1vbO7V94/aKskk5gEOGGJvI2QIowKEmiqGblNJUE8YqQTjS9nfueeSEUTcaMnKQk5GgoaU4y0kYIez+7O+uWKY1cdx/Vq0LG980bN9w2peQ2/Woeu7cxRAUu0+uX33iDBGSdCY4aU6rpOqsMcSU0xI9NSL1MkRXiMhqRrqECcqDCfHzuFJ0YZwDiRpoSGc/X7RI64UhMemU6O9Ej99mbiX14303EjzKlIM00EXiyKMwZ1AmefwwGVBGs2MQRhSc2tEI+QRFibfEomhK9P4f+kXbVdz65f1yvNi2UcRXAEjsEpcIEPmuAKtEAAMKDgATyBZ0tYj9aL9bpoLVjLmUPwA9bbJ+zhjso=</latexit>

µ+

<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>� <latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

<latexit sha1_base64="BAFRR+aF7c8SEYycFbTBtGxK9D4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU3bmL2FvTiMaKJgWQNs5PZZMjsg5lZISz5BC8eFPHqF3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tLyyupZfL2xsbm3vFHf3WjJOBaFNEvNYtH0sKWcRbSqmOG0nguLQ5/TWH11M/dt7KiSLoxs1TqgX4kHEAkaw0tI1vTvpFUuW6dbKZdtBlll27VO3oknVcStWFdmmNUMJFmj0iu/dfkzSkEaKcCxlx7YS5WVYKEY4nRS6qaQJJiM8oB1NIxxS6WWzUyfoSCt9FMRCV6TQTP0+keFQynHo684Qq6H87U3Fv7xOqoKal7EoSRWNyHxRkHKkYjT9G/WZoETxsSaYCKZvRWSIBSZKp1PQIXx9iv4nrbJpV03nyinVzxdx5OEADuEYbDiDOlxCA5pAYAAP8ATPBjcejRfjdd6aMxYz+/ADxtsnZQ6N5g==</latexit>

e�
<latexit sha1_base64="BAFRR+aF7c8SEYycFbTBtGxK9D4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU3bmL2FvTiMaKJgWQNs5PZZMjsg5lZISz5BC8eFPHqF3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tLyyupZfL2xsbm3vFHf3WjJOBaFNEvNYtH0sKWcRbSqmOG0nguLQ5/TWH11M/dt7KiSLoxs1TqgX4kHEAkaw0tI1vTvpFUuW6dbKZdtBlll27VO3oknVcStWFdmmNUMJFmj0iu/dfkzSkEaKcCxlx7YS5WVYKEY4nRS6qaQJJiM8oB1NIxxS6WWzUyfoSCt9FMRCV6TQTP0+keFQynHo684Qq6H87U3Fv7xOqoKal7EoSRWNyHxRkHKkYjT9G/WZoETxsSaYCKZvRWSIBSZKp1PQIXx9iv4nrbJpV03nyinVzxdx5OEADuEYbDiDOlxCA5pAYAAP8ATPBjcejRfjdd6aMxYz+/ADxtsnZQ6N5g==</latexit>

e�
Production of new states in tandem with the neutrino beam

(commonality with accelerator searches discussed in Elliot’s talk Wednesday)

https://indico.cern.ch/event/1358339/contributions/5796092/


What else could be lurking in the beam?

25

Ta
rg

etProton Beam

Magnetic Focusing Horns

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Decay Volume

Neutrino Detector

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0
<latexit sha1_base64="h8M03Gwxx1d10fcw4Q0k3wWdOgc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMqulOqx6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd3XKo2bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3yrjnw=</latexit>

µ+
<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+
<latexit sha1_base64="q52H8oEtrB5DrMm+JQNP43IrF9A=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjJtnemy6MaVtGAf0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTTK7mfueeSsVicaunCfUjPBIsZARrIzVvBsUSsssIOW4FItu9qFU8z5CKW/PKVejYaIESWKExKL73hzFJIyo04VipnoMS7WdYakY4nRX6qaIJJhM8oj1DBY6o8rPFoTN4ZpQhDGNpSmi4UL9PZDhSahoFpjPCeqx+e3PxL6+X6rDmZ0wkqaaCLBeFKYc6hvOv4ZBJSjSfGoKJZOZWSMZYYqJNNgUTwten8H/SLtuOa1eb1VL9chVHHpyAU3AOHOCBOrgGDdACBFDwAJ7As3VnPVov1uuyNWetZo7BD1hvnxnEjSk=</latexit>

N

<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0
<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

<latexit sha1_base64="3/4YisKq/bnccaEY7EkdQlpA6Eg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6l/jNs=</latexit>

N
<latexit sha1_base64="ZdwZZRY4yltDKU6D4D7eibOERsM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBh0Y3g</latexit>⌫

<latexit sha1_base64="sG5c0l++XU1JzL8xEhnWxnskL6g=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwY0jamnRZdOOygmmFNpbJdNIOnZmEmYlQQr/BjQtF3PpB7vwbpw9BRQ9cOJxzL/feE6WMKu04H1ZhZXVtfaO4Wdra3tndK+8ftFWSSUwCnLBE3kZIEUYFCTTVjNymkiAeMdKJxpczv3NPpKKJuNGTlIQcDQWNKUbaSEGPZ3dn/XLFsauO43o16NjeeaPm+4bUvIZfrUPXduaogCVa/fJ7b5DgjBOhMUNKdV0n1WGOpKaYkWmplymSIjxGQ9I1VCBOVJjPj53CE6MMYJxIU0LDufp9IkdcqQmPTCdHeqR+ezPxL6+b6bgR5lSkmSYCLxbFGYM6gbPP4YBKgjWbGIKwpOZWiEdIIqxNPiUTwten8H/SrtquZ9ev65XmxTKOIjgCx+AUuMAHTXAFWiAAGFDwAJ7AsyWsR+vFel20FqzlzCH4AevtE+/pjsw=</latexit>

µ�
<latexit sha1_base64="xqAhB8KAiecbc3wtjpul1S5jVpg=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0UQhJC0Nemy6MZlBdMKbSyT6aQdOjMJMxOhhH6DGxeKuPWD3Pk3Th+Cih64cDjnXu69J0oZVdpxPqzCyura+kZxs7S1vbO7V94/aKskk5gEOGGJvI2QIowKEmiqGblNJUE8YqQTjS9nfueeSEUTcaMnKQk5GgoaU4y0kYIez+7O+uWKY1cdx/Vq0LG980bN9w2peQ2/Woeu7cxRAUu0+uX33iDBGSdCY4aU6rpOqsMcSU0xI9NSL1MkRXiMhqRrqECcqDCfHzuFJ0YZwDiRpoSGc/X7RI64UhMemU6O9Ej99mbiX14303EjzKlIM00EXiyKMwZ1AmefwwGVBGs2MQRhSc2tEI+QRFibfEomhK9P4f+kXbVdz65f1yvNi2UcRXAEjsEpcIEPmuAKtEAAMKDgATyBZ0tYj9aL9bpoLVjLmUPwA9bbJ+zhjso=</latexit>

µ+

<latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>� <latexit sha1_base64="lsJbgzmpmpNTsMgOk+eNwPFyyTM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6z3nho1Fq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACqI47</latexit>�

<latexit sha1_base64="BAFRR+aF7c8SEYycFbTBtGxK9D4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU3bmL2FvTiMaKJgWQNs5PZZMjsg5lZISz5BC8eFPHqF3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tLyyupZfL2xsbm3vFHf3WjJOBaFNEvNYtH0sKWcRbSqmOG0nguLQ5/TWH11M/dt7KiSLoxs1TqgX4kHEAkaw0tI1vTvpFUuW6dbKZdtBlll27VO3oknVcStWFdmmNUMJFmj0iu/dfkzSkEaKcCxlx7YS5WVYKEY4nRS6qaQJJiM8oB1NIxxS6WWzUyfoSCt9FMRCV6TQTP0+keFQynHo684Qq6H87U3Fv7xOqoKal7EoSRWNyHxRkHKkYjT9G/WZoETxsSaYCKZvRWSIBSZKp1PQIXx9iv4nrbJpV03nyinVzxdx5OEADuEYbDiDOlxCA5pAYAAP8ATPBjcejRfjdd6aMxYz+/ADxtsnZQ6N5g==</latexit>

e�
<latexit sha1_base64="BAFRR+aF7c8SEYycFbTBtGxK9D4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU3bmL2FvTiMaKJgWQNs5PZZMjsg5lZISz5BC8eFPHqF3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tLyyupZfL2xsbm3vFHf3WjJOBaFNEvNYtH0sKWcRbSqmOG0nguLQ5/TWH11M/dt7KiSLoxs1TqgX4kHEAkaw0tI1vTvpFUuW6dbKZdtBlll27VO3oknVcStWFdmmNUMJFmj0iu/dfkzSkEaKcCxlx7YS5WVYKEY4nRS6qaQJJiM8oB1NIxxS6WWzUyfoSCt9FMRCV6TQTP0+keFQynHo684Qq6H87U3Fv7xOqoKal7EoSRWNyHxRkHKkYjT9G/WZoETxsSaYCKZvRWSIBSZKp1PQIXx9iv4nrbJpV03nyinVzxdx5OEADuEYbDiDOlxCA5pAYAAP8ATPBjcejRfjdd6aMxYz+/ADxtsnZQ6N5g==</latexit>

e�
Production of new states in tandem with the neutrino beam

(commonality with accelerator searches discussed in Elliot’s talk Wednesday)

Generically, interested in one/both of 

•Signal that predicts characteristically different spectrum from neutrino interactions

•Signal that is impossible/rare with SM effects

https://indico.cern.ch/event/1358339/contributions/5796092/


Complementarity of Neutrino Detectors
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Decay Signal  Volume
<latexit sha1_base64="qUYN9dBt2q/RD26XshAKNkv5GM0=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6ZMW7srunFZwT6gHUomzbShmSQkGaGUfoQbF4q49Xvc+TemD0FFD1w4nHMv994TK86MRejDW1vf2Nzazu3kd/f2Dw4LR8ctIzNNaJNILnUnxoZyJmjTMstpR2mK05jTdjy+nvvte6oNk+LOThSNUjwULGEEWye1e0pLZWW/UEQ+qlTCMIDIL5dLQa3qSM0BhTDw0QJFsEKjX3jvDSTJUios4diYboCUjaZYW0Y4neV7maEKkzEe0q6jAqfURNPFuTN47pQBTKR2JSxcqN8npjg1ZpLGrjPFdmR+e3PxL6+b2eQymjKhMksFWS5KMg6thPPf4YBpSiyfOIKJZu5WSEZYY2JdQnkXwten8H/SKvlBxQ9vw2L9ahVHDpyCM3ABAlAFdXADGqAJCBiDB/AEnj3lPXov3uuydc1bzZyAH/DePgEnf5Aj</latexit>/

Neutrino Scattering Backgrounds  Mass<latexit sha1_base64="qUYN9dBt2q/RD26XshAKNkv5GM0=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6ZMW7srunFZwT6gHUomzbShmSQkGaGUfoQbF4q49Xvc+TemD0FFD1w4nHMv994TK86MRejDW1vf2Nzazu3kd/f2Dw4LR8ctIzNNaJNILnUnxoZyJmjTMstpR2mK05jTdjy+nvvte6oNk+LOThSNUjwULGEEWye1e0pLZWW/UEQ+qlTCMIDIL5dLQa3qSM0BhTDw0QJFsEKjX3jvDSTJUios4diYboCUjaZYW0Y4neV7maEKkzEe0q6jAqfURNPFuTN47pQBTKR2JSxcqN8npjg1ZpLGrjPFdmR+e3PxL6+b2eQymjKhMksFWS5KMg6thPPf4YBpSiyfOIKJZu5WSEZYY2JdQnkXwten8H/SKvlBxQ9vw2L9ahVHDpyCM3ABAlAFdXADGqAJCBiDB/AEnj3lPXov3uuydc1bzZyAH/DePgEnf5Aj</latexit>/
Gaseous Detectors (DUNE MCND — PhaseII)

Liquid Detectors (MicroBooNE, SBND, ICARUS, etc.)

χ

χ
e−

Large mass for rare-particle scattering

Excellent particle ID, energy resolution, etc.



Complementarity of Neutrino Detectors
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Decay Signal  Volume
<latexit sha1_base64="qUYN9dBt2q/RD26XshAKNkv5GM0=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6ZMW7srunFZwT6gHUomzbShmSQkGaGUfoQbF4q49Xvc+TemD0FFD1w4nHMv994TK86MRejDW1vf2Nzazu3kd/f2Dw4LR8ctIzNNaJNILnUnxoZyJmjTMstpR2mK05jTdjy+nvvte6oNk+LOThSNUjwULGEEWye1e0pLZWW/UEQ+qlTCMIDIL5dLQa3qSM0BhTDw0QJFsEKjX3jvDSTJUios4diYboCUjaZYW0Y4neV7maEKkzEe0q6jAqfURNPFuTN47pQBTKR2JSxcqN8npjg1ZpLGrjPFdmR+e3PxL6+b2eQymjKhMksFWS5KMg6thPPf4YBpSiyfOIKJZu5WSEZYY2JdQnkXwten8H/SKvlBxQ9vw2L9ahVHDpyCM3ABAlAFdXADGqAJCBiDB/AEnj3lPXov3uuydc1bzZyAH/DePgEnf5Aj</latexit>/

Neutrino Scattering Backgrounds  Mass<latexit sha1_base64="qUYN9dBt2q/RD26XshAKNkv5GM0=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ6ZMW7srunFZwT6gHUomzbShmSQkGaGUfoQbF4q49Xvc+TemD0FFD1w4nHMv994TK86MRejDW1vf2Nzazu3kd/f2Dw4LR8ctIzNNaJNILnUnxoZyJmjTMstpR2mK05jTdjy+nvvte6oNk+LOThSNUjwULGEEWye1e0pLZWW/UEQ+qlTCMIDIL5dLQa3qSM0BhTDw0QJFsEKjX3jvDSTJUios4diYboCUjaZYW0Y4neV7maEKkzEe0q6jAqfURNPFuTN47pQBTKR2JSxcqN8npjg1ZpLGrjPFdmR+e3PxL6+b2eQymjKhMksFWS5KMg6thPPf4YBpSiyfOIKJZu5WSEZYY2JdQnkXwten8H/SKvlBxQ9vw2L9ahVHDpyCM3ABAlAFdXADGqAJCBiDB/AEnj3lPXov3uuydc1bzZyAH/DePgEnf5Aj</latexit>/
Gaseous Detectors (DUNE MCND — PhaseII)

Liquid Detectors (MicroBooNE, SBND, ICARUS, etc.)

χ

χ
e−

Large mass for rare-particle scattering

Excellent particle ID, energy resolution, etc.
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Ta
rg

etProton Beam

Magnetic Focusing Horns

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Decay Volume

Neutrino Detector

<latexit sha1_base64="h8M03Gwxx1d10fcw4Q0k3wWdOgc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMqulOqx6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd3XKo2bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3yrjnw=</latexit>

µ+
<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+
<latexit sha1_base64="q52H8oEtrB5DrMm+JQNP43IrF9A=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjJtnemy6MaVtGAf0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTTK7mfueeSsVicaunCfUjPBIsZARrIzVvBsUSsssIOW4FItu9qFU8z5CKW/PKVejYaIESWKExKL73hzFJIyo04VipnoMS7WdYakY4nRX6qaIJJhM8oj1DBY6o8rPFoTN4ZpQhDGNpSmi4UL9PZDhSahoFpjPCeqx+e3PxL6+X6rDmZ0wkqaaCLBeFKYc6hvOv4ZBJSjSfGoKJZOZWSMZYYqJNNgUTwten8H/SLtuOa1eb1VL9chVHHpyAU3AOHOCBOrgGDdACBFDwAJ7As3VnPVov1uuyNWetZo7BD1hvnxnEjSk=</latexit>

N
<latexit sha1_base64="3/4YisKq/bnccaEY7EkdQlpA6Eg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6l/jNs=</latexit>

N
<latexit sha1_base64="ZdwZZRY4yltDKU6D4D7eibOERsM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBh0Y3g</latexit>⌫

<latexit sha1_base64="sG5c0l++XU1JzL8xEhnWxnskL6g=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwY0jamnRZdOOygmmFNpbJdNIOnZmEmYlQQr/BjQtF3PpB7vwbpw9BRQ9cOJxzL/feE6WMKu04H1ZhZXVtfaO4Wdra3tndK+8ftFWSSUwCnLBE3kZIEUYFCTTVjNymkiAeMdKJxpczv3NPpKKJuNGTlIQcDQWNKUbaSEGPZ3dn/XLFsauO43o16NjeeaPm+4bUvIZfrUPXduaogCVa/fJ7b5DgjBOhMUNKdV0n1WGOpKaYkWmplymSIjxGQ9I1VCBOVJjPj53CE6MMYJxIU0LDufp9IkdcqQmPTCdHeqR+ezPxL6+b6bgR5lSkmSYCLxbFGYM6gbPP4YBKgjWbGIKwpOZWiEdIIqxNPiUTwten8H/SrtquZ9ev65XmxTKOIjgCx+AUuMAHTXAFWiAAGFDwAJ7AsyWsR+vFel20FqzlzCH4AevtE+/pjsw=</latexit>

µ�
<latexit sha1_base64="xqAhB8KAiecbc3wtjpul1S5jVpg=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0UQhJC0Nemy6MZlBdMKbSyT6aQdOjMJMxOhhH6DGxeKuPWD3Pk3Th+Cih64cDjnXu69J0oZVdpxPqzCyura+kZxs7S1vbO7V94/aKskk5gEOGGJvI2QIowKEmiqGblNJUE8YqQTjS9nfueeSEUTcaMnKQk5GgoaU4y0kYIez+7O+uWKY1cdx/Vq0LG980bN9w2peQ2/Woeu7cxRAUu0+uX33iDBGSdCY4aU6rpOqsMcSU0xI9NSL1MkRXiMhqRrqECcqDCfHzuFJ0YZwDiRpoSGc/X7RI64UhMemU6O9Ej99mbiX14303EjzKlIM00EXiyKMwZ1AmefwwGVBGs2MQRhSc2tEI+QRFibfEomhK9P4f+kXbVdz65f1yvNi2UcRXAEjsEpcIEPmuAKtEAAMKDgATyBZ0tYj9aL9bpoLVjLmUPwA9bbJ+zhjso=</latexit>

µ+

Case study — heavy neutral leptons in the DUNE beam.



HNLs in the DUNE Beam

From pions

From kaons

From D/Ds

Berryman, de Gouvêa, Fox, Kayser, KJK, Raaf [1912.07622]

Operating with a 120 GeV 
proton beam, DUNE will 
produce a bevy of SM 
mesons.


Fluxes simulated assuming 5 
years of operation in neutrino 
mode.


Includes acceptance efficiency 
— detector is 5 m in diameter 
at a distance of 579 m.

28

https://arxiv.org/abs/1912.07622


HNLs in the DUNE Beam

From pions

From kaons

From D/Ds

Berryman, de Gouvêa, Fox, Kayser, KJK, Raaf [1912.07622]

Operating with a 120 GeV 
proton beam, DUNE will 
produce a bevy of SM 
mesons.


Fluxes simulated assuming 5 
years of operation in neutrino 
mode.


Includes acceptance efficiency 
— detector is 5 m in diameter 
at a distance of 579 m.

How do HNLs decay — into what states and how rapidly? It depends! See Alec’s talk Tuesday

28

https://arxiv.org/abs/1912.07622
https://indico.cern.ch/event/1358339/contributions/5899322/


LLP @ DUNE — Heavy Neutral Leptons

29

Berryman, de Gouvêa, Fox, Kayser, KJK, Raaf [1912.07622]

More on HNLs at DUNE? Ballett et al [1905.00284],  Coloma et al [2007.03701], Breitbach et al [2102.03383]

https://arxiv.org/abs/1912.07622
https://arxiv.org/abs/1905.00284
https://arxiv.org/abs/2007.03701
https://arxiv.org/abs/2102.03383


New ( ) Physics!ν

30



New ( ) Physics!ν

30

🍾



LNV in a (Heavy) Neutrino Beam

31

Is the new particle a 
Dirac or Majorana 

Fermion?

Do the new particle’s 
interactions preserve or 
violate Lepton Number 

conservation?

Let’s imagine that one of these facilities discovers a novel signal and 
the analysis points to it as a heavy neutral lepton. Follow-up studies 

will naturally ensue:



LNV in a (Heavy) Neutrino Beam

31

Is the new particle a 
Dirac or Majorana 

Fermion?

Do the new particle’s 
interactions preserve or 
violate Lepton Number 

conservation?

K+
<latexit sha1_base64="+I9N9tUB1RN9WnwEWp3FnUj+1ME=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY9BL4KXiOYByRpmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdb2dpeWV1bT23kd/c2t7ZLezt102UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33ji2ohIPeAo5n5I+0r0BKNopfvbx9NOoeiW3CnIIvEyUoQM1U7hq92NWBJyhUxSY1qeG6OfUo2CST7OtxPDY8qGtM9blioacuOn01PH5NgqXdKLtC2FZKr+nkhpaMwoDGxnSHFg5r2J+J/XSrB36adCxQlyxWaLeokkGJHJ36QrNGcoR5ZQpoW9lbAB1ZShTSdvQ/DmX14k9XLJOyuV786LlassjhwcwhGcgAcXUIEbqEINGPThGV7hzZHOi/PufMxal5xs5gD+wPn8Ab3EjXA=</latexit>

µ+
<latexit sha1_base64="eXmArG8M11yGrrg/S98n/vlJb7A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slq1qlev1u4vK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3sLjnc=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

Heavy Neutrino Source

Let’s imagine that one of these facilities discovers a novel signal and 
the analysis points to it as a heavy neutral lepton. Follow-up studies 

will naturally ensue:
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Is the new particle a 
Dirac or Majorana 

Fermion?

Do the new particle’s 
interactions preserve or 
violate Lepton Number 

conservation?

K+
<latexit sha1_base64="+I9N9tUB1RN9WnwEWp3FnUj+1ME=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY9BL4KXiOYByRpmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdb2dpeWV1bT23kd/c2t7ZLezt102UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33ji2ohIPeAo5n5I+0r0BKNopfvbx9NOoeiW3CnIIvEyUoQM1U7hq92NWBJyhUxSY1qeG6OfUo2CST7OtxPDY8qGtM9blioacuOn01PH5NgqXdKLtC2FZKr+nkhpaMwoDGxnSHFg5r2J+J/XSrB36adCxQlyxWaLeokkGJHJ36QrNGcoR5ZQpoW9lbAB1ZShTSdvQ/DmX14k9XLJOyuV786LlassjhwcwhGcgAcXUIEbqEINGPThGV7hzZHOi/PufMxal5xs5gD+wPn8Ab3EjXA=</latexit>

µ+
<latexit sha1_base64="eXmArG8M11yGrrg/S98n/vlJb7A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slq1qlev1u4vK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3sLjnc=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

Heavy Neutrino Source

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

µ�
<latexit sha1_base64="v5PwCCHTSLU5QiS/tRYTsPddY3M=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbILJnokevGIiQsksJJu6UJD2920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hYye+J9PGiX664VXcOtEq8nFQgR7Nf/uoNYpIKKg3hWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvmxU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9jkaMEWJ4RNLMFHM3orICCtMjM2nZEPwll9eJa1a1atXa/eXlcZNHkcRTuAUzsGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD34Tjnk=</latexit>

⇡+
<latexit sha1_base64="bBhuqlD1Iyq8e60NwYHWQfizqNU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+cS1EYl6wFHKg5j2lYgEo2glv5OKx/NuqexW3BnIMvFyUoYc9W7pq9NLWBZzhUxSY9qem2IwphoFk3xS7GSGp5QNaZ+3LVU05iYYz46dkFOr9EiUaFsKyUz9PTGmsTGjOLSdMcWBWfSm4n9eO8PoOhgLlWbIFZsvijJJMCHTz0lPaM5QjiyhTAt7K2EDqilDm0/RhuAtvrxMGtWKd1Gp3l+Wazd5HAU4hhM4Aw+uoAZ3UAcfGAh4hld4c5Tz4rw7H/PWFSefOYI/cD5/AG1Yjm4=</latexit>

Heavy Neutrino Decay

Let’s imagine that one of these facilities discovers a novel signal and 
the analysis points to it as a heavy neutral lepton. Follow-up studies 

will naturally ensue:
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Is the new particle a 
Dirac or Majorana 

Fermion?

Do the new particle’s 
interactions preserve or 
violate Lepton Number 

conservation?

K+
<latexit sha1_base64="+I9N9tUB1RN9WnwEWp3FnUj+1ME=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY9BL4KXiOYByRpmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdb2dpeWV1bT23kd/c2t7ZLezt102UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33ji2ohIPeAo5n5I+0r0BKNopfvbx9NOoeiW3CnIIvEyUoQM1U7hq92NWBJyhUxSY1qeG6OfUo2CST7OtxPDY8qGtM9blioacuOn01PH5NgqXdKLtC2FZKr+nkhpaMwoDGxnSHFg5r2J+J/XSrB36adCxQlyxWaLeokkGJHJ36QrNGcoR5ZQpoW9lbAB1ZShTSdvQ/DmX14k9XLJOyuV786LlassjhwcwhGcgAcXUIEbqEINGPThGV7hzZHOi/PufMxal5xs5gD+wPn8Ab3EjXA=</latexit>

µ+
<latexit sha1_base64="eXmArG8M11yGrrg/S98n/vlJb7A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slq1qlev1u4vK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3sLjnc=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

Heavy Neutrino Source

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

µ�
<latexit sha1_base64="v5PwCCHTSLU5QiS/tRYTsPddY3M=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbILJnokevGIiQsksJJu6UJD2920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hYye+J9PGiX664VXcOtEq8nFQgR7Nf/uoNYpIKKg3hWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvmxU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9jkaMEWJ4RNLMFHM3orICCtMjM2nZEPwll9eJa1a1atXa/eXlcZNHkcRTuAUzsGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD34Tjnk=</latexit>

⇡+
<latexit sha1_base64="bBhuqlD1Iyq8e60NwYHWQfizqNU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+cS1EYl6wFHKg5j2lYgEo2glv5OKx/NuqexW3BnIMvFyUoYc9W7pq9NLWBZzhUxSY9qem2IwphoFk3xS7GSGp5QNaZ+3LVU05iYYz46dkFOr9EiUaFsKyUz9PTGmsTGjOLSdMcWBWfSm4n9eO8PoOhgLlWbIFZsvijJJMCHTz0lPaM5QjiyhTAt7K2EDqilDm0/RhuAtvrxMGtWKd1Gp3l+Wazd5HAU4hhM4Aw+uoAZ3UAcfGAh4hld4c5Tz4rw7H/PWFSefOYI/cD5/AG1Yjm4=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

⇡�
<latexit sha1_base64="aVjOWdz1oEkSyByrleNoVJ7XGBc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cKpi20sWy2m3bpZhN2J0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYMEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bD26nffOLaiEQ94CjlQUz7SkSCUbSS30nF43m3VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0HYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6hU7y/LtZs8jgIcwwmcgQdXUIM7qIMPDAQ8wyu8Ocp5cd6dj3nripPPHMEfOJ8/cGCOcA==</latexit>

µ+
<latexit sha1_base64="eXmArG8M11yGrrg/S98n/vlJb7A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slq1qlev1u4vK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3sLjnc=</latexit>

Heavy Neutrino Decay

•Do these two chains occur 
with equal probability?

Let’s imagine that one of these facilities discovers a novel signal and 
the analysis points to it as a heavy neutral lepton. Follow-up studies 

will naturally ensue:
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Is the new particle a 
Dirac or Majorana 

Fermion?

Do the new particle’s 
interactions preserve or 
violate Lepton Number 

conservation?

K+
<latexit sha1_base64="+I9N9tUB1RN9WnwEWp3FnUj+1ME=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY9BL4KXiOYByRpmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdb2dpeWV1bT23kd/c2t7ZLezt102UaMZrLJKRbgbUcCkUr6FAyZux5jQMJG8Ew+uJ33ji2ohIPeAo5n5I+0r0BKNopfvbx9NOoeiW3CnIIvEyUoQM1U7hq92NWBJyhUxSY1qeG6OfUo2CST7OtxPDY8qGtM9blioacuOn01PH5NgqXdKLtC2FZKr+nkhpaMwoDGxnSHFg5r2J+J/XSrB36adCxQlyxWaLeokkGJHJ36QrNGcoR5ZQpoW9lbAB1ZShTSdvQ/DmX14k9XLJOyuV786LlassjhwcwhGcgAcXUIEbqEINGPThGV7hzZHOi/PufMxal5xs5gD+wPn8Ab3EjXA=</latexit>

µ+
<latexit sha1_base64="eXmArG8M11yGrrg/S98n/vlJb7A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slq1qlev1u4vK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3sLjnc=</latexit>

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

Heavy Neutrino Source

N
<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

µ�
<latexit sha1_base64="v5PwCCHTSLU5QiS/tRYTsPddY3M=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbILJnokevGIiQsksJJu6UJD2920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hYye+J9PGiX664VXcOtEq8nFQgR7Nf/uoNYpIKKg3hWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvmxU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9jkaMEWJ4RNLMFHM3orICCtMjM2nZEPwll9eJa1a1atXa/eXlcZNHkcRTuAUzsGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD34Tjnk=</latexit>
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Heavy Neutrino Decay

•Do these two chains occur 
with equal probability?

Let’s imagine that one of these facilities discovers a novel signal and 
the analysis points to it as a heavy neutral lepton. Follow-up studies 

will naturally ensue:
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Is the new particle a 
Dirac or Majorana 

Fermion?

Do the new particle’s 
interactions preserve or 
violate Lepton Number 

conservation?
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Heavy Neutrino Decay

•Do these two chains occur 
with equal probability?

Let’s imagine that one of these facilities discovers a novel signal and 
the analysis points to it as a heavy neutral lepton. Follow-up studies 

will naturally ensue:

Magnetic field and particle-identification of the DUNE “more capable” 
Near Detector (Phase-II) critical for addressing this question!
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Expected Beam Purity
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Next-Generation Prospects

34

Berryman, de Gouvêa, Fox, Kayser, KJK, Raaf [1912.07622]

https://arxiv.org/abs/1912.07622
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Discovery capability in 
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Next-Generation Prospects

34

Berryman, de Gouvêa, Fox, Kayser, KJK, Raaf [1912.07622]

Discovery capability in 
DUNE-ND

Dirac vs. Majorana separation 
capability with DUNE MCND

https://arxiv.org/abs/1912.07622
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Thank you!
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Sterile Neutrinos & Cosmology

38

A new, eV-scale massive fermion that 
mixes (even with small mixing angles) 
with the SM neutrinos will be 
thermalized in the early universe. 
Cosmological probes (precision 
measurements of Big-Bang 
Nucleosynthesis and the Cosmic 
Microwave Background) are highly 
sensitive to the number of relativistic 
species.

Gariazzo et al, [1905.11290]

https://arxiv.org/abs/1905.11290


Consequences of Invoking a light (sterile) Neutrino

39

• Add in a new (fourth) neutrino mass eigenstate with a significantly larger mass 
than the three “light” ones. This extends the Leptonic mixing matrix to 4x4 
instead of 3x3.
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• Electron-neutrino appearance is driven by a product of the new matrix 
elements. Each of these being non-zero predicts electron-neutrino and muon-
neutrino disappearance at the same neutrino energy/distance.

<latexit sha1_base64="03ErPsSRUk4ZLfcDUUlXM0Tdceo="></latexit>

sin2 (2✓µe) ⌘ 4 |Ue4|2 |Uµ4|2



The SBN Programme

40

(Courtesy of Ivan Esteban)

Liquid Argon Time Projection Chambers — “Colored Bubble Chambers”



MicroBooNE Photon Analysis

41

MicroBooNE disfavors the                     
explanation of the MiniBooNE anomaly at 
94.8% CL.

MicroBooNE Collaboration, [2110.00409]
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MicroBooNE Electron Analyses

42

“Inclusive” “CCQE”

“Pionless”

[2110.13978] [2110.14080] [2110.14065]

https://arxiv.org/abs/2110.13978
https://arxiv.org/abs/2110.14080
https://arxiv.org/abs/2110.14065
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42

“Inclusive” “CCQE”

“Pionless”

[2110.13978] [2110.14080] [2110.14065]

Discussion of all Results [2110.14054]

https://arxiv.org/abs/2110.13978
https://arxiv.org/abs/2110.14080
https://arxiv.org/abs/2110.14065
https://arxiv.org/abs/2110.14054
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“Inclusive” [2110.13978]

“CCQE” [2110.14080]

• Large electron-neutrino and muon-neutrino 
(not shown) samples.


• Large (expected) excess from muon-neutrino 
to electron-neutrino oscillation

• Very pure sample, low background 
expectations.


• Expected excess from muon-neutrino to 
electron-neutrino oscillation is (relatively) large

https://arxiv.org/abs/2110.13978
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Argüelles, KJK, et al, [2111.10359]

https://arxiv.org/abs/2111.10359


MicroBooNE and Sterile Neutrinos

44

<latexit sha1_base64="TOe53jmjrahPZLaTOjjVMmSBJ7E="></latexit>

P (⌫µ ! ⌫e) = sin2 (2✓µe) sin
2

✓
�m2

41L

4E⌫

◆

Argüelles, KJK, et al, [2111.10359]

https://arxiv.org/abs/2111.10359


Complete 3+1 Neutrino Framework

45

<latexit sha1_base64="TOe53jmjrahPZLaTOjjVMmSBJ7E="></latexit>

P (⌫µ ! ⌫e) = sin2 (2✓µe) sin
2

✓
�m2

41L

4E⌫

◆



Complete 3+1 Neutrino Framework

45

<latexit sha1_base64="wUIXgZb6njoYzWKMa8HXQMJv81s="></latexit>

P (⌫µ ! ⌫e) = 4|Uµ4|2|Ue4|2 sin2
✓
�m2

41L

4E⌫

◆



Complete 3+1 Neutrino Framework

45

<latexit sha1_base64="wUIXgZb6njoYzWKMa8HXQMJv81s="></latexit>

P (⌫µ ! ⌫e) = 4|Uµ4|2|Ue4|2 sin2
✓
�m2

41L

4E⌫

◆

Anomalous appearance requires disappearance!
<latexit sha1_base64="jcBuhl6WJZKnQrWB7o5WfkoGbAY="></latexit>

P (⌫µ ! ⌫µ) = 4|Uµ4|2
�
1� |Uµ4|2

�
sin2

✓
�m2

41L

4E⌫

◆ <latexit sha1_base64="2881V2FAqWhSsIox3Ny3Z8NqneM="></latexit>

P (⌫e ! ⌫e) = 4|Ue4|2
�
1� |Ue4|2

�
sin2

✓
�m2

41L

4E⌫

◆



Complete 3+1 Neutrino Framework

45

<latexit sha1_base64="wUIXgZb6njoYzWKMa8HXQMJv81s="></latexit>

P (⌫µ ! ⌫e) = 4|Uµ4|2|Ue4|2 sin2
✓
�m2

41L

4E⌫

◆

Anomalous appearance requires disappearance!
<latexit sha1_base64="jcBuhl6WJZKnQrWB7o5WfkoGbAY="></latexit>

P (⌫µ ! ⌫µ) = 4|Uµ4|2
�
1� |Uµ4|2

�
sin2

✓
�m2

41L

4E⌫

◆ <latexit sha1_base64="2881V2FAqWhSsIox3Ny3Z8NqneM="></latexit>

P (⌫e ! ⌫e) = 4|Ue4|2
�
1� |Ue4|2

�
sin2

✓
�m2

41L

4E⌫

◆

MicroBooNE, [2110.13978]

https://arxiv.org/abs/2110.13978


Four-Flavor Results
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Official MicroBooNE: [2210.10216]
Argüelles et al, [2111.10359]

https://arxiv.org/abs/2210.10216
https://arxiv.org/abs/2111.10359


Four-Flavor Results
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Official MicroBooNE: [2210.10216]
Argüelles et al, [2111.10359]

https://arxiv.org/abs/2210.10216
https://arxiv.org/abs/2111.10359


“Nonstandard” BSM Production?

Ta
rg

etProton Beam

Magnetic Focusing Horns

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Neutrino Detector

What about new states produced in the target?

Target



“Nonstandard” BSM Production?

Ta
rg

etProton Beam

Magnetic Focusing Horns

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Neutrino Detector

What about new states produced in the target?

Target



“Nonstandard” BSM Production?

Ta
rg

etProton Beam

Magnetic Focusing Horns

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Neutrino Detector

What about new states produced in the target?

Target

e−, Z



“Nonstandard” BSM Production?

Ta
rg

etProton Beam

Magnetic Focusing Horns

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Earth

Neutrino Detector

What about new states produced in the target?

Target

e−, Z
γ

e±



“Nonstandard” BSM Production?

Ta
rg

etProton Beam

Magnetic Focusing Horns

<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘
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What about new states produced in the target?

Target

Every Hadronic/Electromagnetic interaction in the target is a potential for BSM production!
many interactions = many opportunities for production

e−, Z
γ

e±



The big challenge: kinematics
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Detector

We are (often) interested in detectors in the ~forward region that have a small solid angle with respect to the incident beam.


Any small effect in directionality of BSM production can have a profound effect.

We want to

(a)Generate sample SM showers, and

(b)Resample those SM vertices to produce BSM states, tracking kinematics precisely.



SM vs. BSM Bremsstrahlung
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SM vs. BSM Bremsstrahlung
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Z Z

e± e±

V

Z Z

(mV ≈ 30 MeV)

Comparing the two — big issue is kinematical distributions of outgoing particles



Introducing PETITE
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γ

e±

PETITE allows for rapid simulation of EM cascades in thick targets that 
can be processed for determination of BSM flux predictions 

 
Includes SM effects for energy loss, multiple Coulomb scattering, as well 
as hard scattering processes. Compares extremely well against dedicated 

tools (e.g. GEANT-4) and analytic results (Tsai/Whitis ‘66)
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Blinov, Fox, KJK, Machado, Plestid [2401.06843]

 https://github.com/kjkellyphys/PETITE

https://journals.aps.org/pr/abstract/10.1103/PhysRev.149.1248
https://arxiv.org/abs/2401.06843
https://github.com/kjkellyphys/PETITE


Care with Kinematics
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Trying to turn daughter photons into daughter dark 
photons is tricky because of different kinematics. This has 
a significant impact, especially for very forward detectors.

Blinov, Fox, KJK, Machado, Plestid [2401.06843]

https://arxiv.org/abs/2401.06843


Yields from PETITE
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Blinov et al [2401.06843]

https://arxiv.org/abs/2401.06843


Yields from PETITE
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Blinov et al [2401.06843]

Blinov et al [2401.06843]

https://arxiv.org/abs/2401.06843
https://arxiv.org/abs/2401.06843
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Model Predictions
Higgs Portal Scalar

Heavy Neutral Lepton

Model-Independent LLP Search Results
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Batell, H
uang, KJK, [2304.11189]

https://arxiv.org/abs/2304.11189

