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https://arxiv.org/abs/1907.08311


BSM Prospects with Neutrino Experiments
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Argüelles et al, [1912.09486]

Millicharged Particles

Harnik et al, [1902.03246] 
See also Magill et al, [1806.03310]

MiniBooNE-DM Collaboration, [1807.06137]
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⇡+
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µ+
<latexit sha1_base64="eXmArG8M11yGrrg/S98n/vlJb7A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slq1qlev1u4vK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3sLjnc=</latexit>

⇡+
<latexit sha1_base64="Pn8OQUUpcFeIhuwxqIB8OEJvl0o=">AAAB7HicbZDLSgMxFIbPeK3jrerSTbAIglBm6kI3YtGNywpOW2jHkknTNjSTCUlGKEOfwY0LRVwJvop7N+LbmF4W2vpD4OP/zyHnnEhypo3nfTsLi0vLK6u5NXd9Y3NrO7+zW9VJqggNSMITVY+wppwJGhhmOK1LRXEccVqL+lejvHZPlWaJuDUDScMYdwXrMIKNtYKmZHfHrXzBK3pjoXnwp1C4+HDP5duXW2nlP5vthKQxFYZwrHXD96QJM6wMI5wO3WaqqcSkj7u0YVHgmOowGw87RIfWaaNOouwTBo3d3x0ZjrUexJGtjLHp6dlsZP6XNVLTOQszJmRqqCCTjzopRyZBo81RmylKDB9YwEQxOysiPawwMfY+rj2CP7vyPFRLRf+kWLrxCuVLmCgH+3AAR+DDKZThGioQAAEGD/AEz45wHp0X53VSuuBMe/bgj5z3H8zfkas=</latexit>

N
<latexit sha1_base64="POWSqR0d1EaeCwyLHgwMNxEECA0=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdWGgjBm2sJAFzgWQJs5OzyZjZCzOzQgh5AhsLRWz1YextxLdxcik08YeBj/8/hznn+IngSjvOt5VZWl5ZXcuu2xubW9s7ud29mopTybDKYhHLhk8VCh5hVXMtsJFIpKEvsO73r8Z5/R6l4nF0qwcJeiHtRjzgjGpjVW7aubxTcCYii+DOIH/xYZ8n7192uZ37bHViloYYaSaoUk3XSbQ3pFJzJnBkt1KFCWV92sWmwYiGqLzhZNAROTJOhwSxNC/SZOL+7hjSUKlB6JvKkOqems/G5n9ZM9XBmTfkUZJqjNj0oyAVRMdkvDXpcIlMi4EByiQ3sxLWo5IybW5jmyO48ysvQq1YcE8KxYqTL13CVFk4gEM4BhdOoQTXUIYqMEB4gCd4tu6sR+vFep2WZqxZzz78kfX2Awd1kBM=</latexit>
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Berryman et al, [1912.07622]

Dark Matter annihilation into Neutrinos

Sub-GeV Dark Matter

See also M. Toups’s talk (Wednesday)

https://arxiv.org/abs/1912.09486
https://arxiv.org/abs/1902.03246
https://arxiv.org/abs/1806.03310
https://arxiv.org/abs/1807.06137
https://arxiv.org/abs/1912.07622
https://indico.fnal.gov/event/46020/contributions/202741/attachments/137930/172330/Toups_NF9_Workshop_120220.pdf


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

⇡+
<latexit sha1_base64="Pn8OQUUpcFeIhuwxqIB8OEJvl0o=">AAAB7HicbZDLSgMxFIbPeK3jrerSTbAIglBm6kI3YtGNywpOW2jHkknTNjSTCUlGKEOfwY0LRVwJvop7N+LbmF4W2vpD4OP/zyHnnEhypo3nfTsLi0vLK6u5NXd9Y3NrO7+zW9VJqggNSMITVY+wppwJGhhmOK1LRXEccVqL+lejvHZPlWaJuDUDScMYdwXrMIKNtYKmZHfHrXzBK3pjoXnwp1C4+HDP5duXW2nlP5vthKQxFYZwrHXD96QJM6wMI5wO3WaqqcSkj7u0YVHgmOowGw87RIfWaaNOouwTBo3d3x0ZjrUexJGtjLHp6dlsZP6XNVLTOQszJmRqqCCTjzopRyZBo81RmylKDB9YwEQxOysiPawwMfY+rj2CP7vyPFRLRf+kWLrxCuVLmCgH+3AAR+DDKZThGioQAAEGD/AEz45wHp0X53VSuuBMe/bgj5z3H8zfkas=</latexit> ⌫µ

<latexit sha1_base64="COukwJ0+r0oemB43zZN3CepiJrQ=">AAAB7nicbVC7SgNBFL3rMyY+opY2i1GwCrux0DJoYxnBPCC7hNnJbDJkZnaZRyAs+QgbC0Vs/QJ/wD+w80O0dvIoNPHAhcM593LvPVHKqNKe9+msrK6tb2zmtvKF7Z3dveL+QUMlRmJSxwlLZCtCijAqSF1TzUgrlQTxiJFmNLie+M0hkYom4k6PUhJy1BM0phhpKzUDYToBN51iySt7U7jLxJ+TUvXk6+19WPiudYofQTfBhhOhMUNKtX0v1WGGpKaYkXE+MIqkCA9Qj7QtFYgTFWbTc8fuqVW6bpxIW0K7U/X3RIa4UiMe2U6OdF8tehPxP69tdHwZZlSkRhOBZ4tiw1yduJPf3S6VBGs2sgRhSe2tLu4jibC2CeVtCP7iy8ukUSn75+XKrU3jCmbIwREcwxn4cAFVuIEa1AHDAO7hEZ6c1Hlwnp2XWeuKM585hD9wXn8ALwyT5Q==</latexit>

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

⇡+
<latexit sha1_base64="Pn8OQUUpcFeIhuwxqIB8OEJvl0o=">AAAB7HicbZDLSgMxFIbPeK3jrerSTbAIglBm6kI3YtGNywpOW2jHkknTNjSTCUlGKEOfwY0LRVwJvop7N+LbmF4W2vpD4OP/zyHnnEhypo3nfTsLi0vLK6u5NXd9Y3NrO7+zW9VJqggNSMITVY+wppwJGhhmOK1LRXEccVqL+lejvHZPlWaJuDUDScMYdwXrMIKNtYKmZHfHrXzBK3pjoXnwp1C4+HDP5duXW2nlP5vthKQxFYZwrHXD96QJM6wMI5wO3WaqqcSkj7u0YVHgmOowGw87RIfWaaNOouwTBo3d3x0ZjrUexJGtjLHp6dlsZP6XNVLTOQszJmRqqCCTjzopRyZBo81RmylKDB9YwEQxOysiPawwMfY+rj2CP7vyPFRLRf+kWLrxCuVLmCgH+3AAR+DDKZThGioQAAEGD/AEz45wHp0X53VSuuBMe/bgj5z3H8zfkas=</latexit>

N
<latexit sha1_base64="POWSqR0d1EaeCwyLHgwMNxEECA0=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdWGgjBm2sJAFzgWQJs5OzyZjZCzOzQgh5AhsLRWz1YextxLdxcik08YeBj/8/hznn+IngSjvOt5VZWl5ZXcuu2xubW9s7ud29mopTybDKYhHLhk8VCh5hVXMtsJFIpKEvsO73r8Z5/R6l4nF0qwcJeiHtRjzgjGpjVW7aubxTcCYii+DOIH/xYZ8n7192uZ37bHViloYYaSaoUk3XSbQ3pFJzJnBkt1KFCWV92sWmwYiGqLzhZNAROTJOhwSxNC/SZOL+7hjSUKlB6JvKkOqems/G5n9ZM9XBmTfkUZJqjNj0oyAVRMdkvDXpcIlMi4EByiQ3sxLWo5IybW5jmyO48ysvQq1YcE8KxYqTL13CVFk4gEM4BhdOoQTXUIYqMEB4gCd4tu6sR+vFep2WZqxZzz78kfX2Awd1kBM=</latexit>

✤ High-intensity proton beams (1021 or so protons on target per year), can produce 
copious amounts of SM mesons.

✤ Long-lived, charged particles can be focused/defocused by magnetic horns.
✤ Next-generation detectors can perform beam-dump style searches simultaneously 

with neutrino operation due to excellent particle identification, etc.

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

https://arxiv.org/abs/1912.07622


Example: Heavy Neutral Leptons
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From pions

From kaons

From D/Ds

⇡± ! µ±N
<latexit sha1_base64="UM/p45chFm1kiobE1l/t4A3QBbM=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBIvgaphpR1t3RTeupIJ9QKeWTJq2oclMSDJCGQr+ihsXirj1O9z5N6bTCip64MLhnHu5955QMKq0635YC4tLyyurubX8+sbm1ra9s9tQcSIxqeOYxbIVIkUYjUhdU81IS0iCeMhIMxxdTP3mHZGKxtGNHgvS4WgQ0T7FSBupa+8Hgt4GgsNAxzDgScavunbBdTz/tHjmQ9cpeidld0pKXrnil6DnuBkKYI5a134PejFOOIk0ZkiptucK3UmR1BQzMskHiSIC4REakLahEeJEddLs/Ak8MkoP9mNpKtIwU79PpIgrNeah6eRID9Vvbyr+5bUT3a90UhqJRJMIzxb1EwbNq9MsYI9KgjUbG4KwpOZWiIdIIqxNYnkTwten8H/SKDpeySle+4Xq+TyOHDgAh+AYeKAMquAS1EAdYJCCB/AEnq1769F6sV5nrQvWfGYP/ID19gm2F5VW</latexit>

K± ! µ±N
<latexit sha1_base64="K01enU5GBX1xz2iHC8a50iKbH0w=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgKiRptXVXdCMIUsE+oIllMp20Q2eSMDMRQqi/4saFIm79EHf+jdOHoKIHLhzOuZd77/FjRqWyrA8jt7S8srqWXy9sbG5t7xR399oySgQmLRyxSHR9JAmjIWkpqhjpxoIg7jPS8cfnU79zR4SkUXij0ph4HA1DGlCMlJb6xdLlrRtz6KoIujyZ8at+sWyZdvXEOa1Cy3Ts45o1JRW7Vq9WoG1aM5TBAs1+8d0dRDjhJFSYISl7thUrL0NCUczIpOAmksQIj9GQ9DQNESfSy2bHT+ChVgYwiISuUMGZ+n0iQ1zKlPu6kyM1kr+9qfiX10tUUPcyGsaJIiGeLwoSBvWr0yTggAqCFUs1QVhQfSvEIyQQVjqvgg7h61P4P2k7pl0xnetquXG2iCMP9sEBOAI2qIEGuABN0AIYpOABPIFn4954NF6M13lrzljMlMAPGG+f92WUWA==</latexit>

K± ! ⇡0µ±N
<latexit sha1_base64="uL8wA2jiDM1H1xJnqtvIPtlN3RY=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXA0z09HWXdGNIEgF+4BOWzJppg1NZoYkI5RSN/6KGxeKuPUv3Pk3pg9BRQ8EDufcy805QcKoVLb9YWQWFpeWV7KrubX1jc0tc3unJuNUYFLFMYtFI0CSMBqRqqKKkUYiCOIBI/VgcD7x67dESBpHN2qYkBZHvYiGFCOlpY65d9n2Ew59FUM/oW3b5+lUuOqYedtyvBP31IO25TrHRXtCCk6x5BWgY9lT5MEclY757ndjnHISKcyQlE3HTlRrhISimJFxzk8lSRAeoB5pahohTmRrNE0whoda6cIwFvpFCk7V7xsjxKUc8kBPcqT68rc3Ef/ymqkKS60RjZJUkQjPDoUpgzrvpA7YpYJgxYaaICyo/ivEfSQQVrq0nC7hKyn8n9RcyylY7rWXL5/N68iCfXAAjoADiqAMLkAFVAEGd+ABPIFn4954NF6M19loxpjv7IIfMN4+AYG0lk0=</latexit>

D± ! ⇡0µ±N
<latexit sha1_base64="JdFeA0LEXuKHHuQOD7hy9DpcxGw=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXA0z09HWXVEXrqSCfUCnLZk004YmM0OSEUqpG3/FjQtF3PoX7vwb04egogcCh3Pu5eacIGFUKtv+MDILi0vLK9nV3Nr6xuaWub1Tk3EqMKnimMWiESBJGI1IVVHFSCMRBPGAkXowOJ/49VsiJI2jGzVMSIujXkRDipHSUsfcu2j7CYe+iqGf0Lbt83QqXHXMvG053ol76kHbcp3joj0hBadY8grQsewp8mCOSsd897sxTjmJFGZIyqZjJ6o1QkJRzMg456eSJAgPUI80NY0QJ7I1miYYw0OtdGEYC/0iBafq940R4lIOeaAnOVJ9+dubiH95zVSFpdaIRkmqSIRnh8KUQZ13UgfsUkGwYkNNEBZU/xXiPhIIK11aTpfwlRT+T2qu5RQs99rLl8/mdWTBPjgAR8ABRVAGl6ACqgCDO/AAnsCzcW88Gi/G62w0Y8x3dsEPGG+fdneWRg==</latexit>

D±
(s) ! µ±N

<latexit sha1_base64="FUESSjzobju1cKSVFZC9b/2jppU=">AAACAHicdVDLSsNAFJ3UV62vqgsXbgaLUDchaautu6IuXEkF+4Amhsl02g6dScLMRCihG3/FjQtF3PoZ7vwbJ20FFT1w4XDOvdx7jx8xKpVlfRiZhcWl5ZXsam5tfWNzK7+905JhLDBp4pCFouMjSRgNSFNRxUgnEgRxn5G2PzpP/fYdEZKGwY0aR8TlaBDQPsVIacnL7114SVEeTW6diDsqdHicMnjl5QuWaVdOSqcVaJkl+7hqpaRsV2uVMrRNa4oCmKPh5d+dXohjTgKFGZKya1uRchMkFMWMTHJOLEmE8AgNSFfTAHEi3WT6wAQeaqUH+6HQFSg4Vb9PJIhLOea+7uRIDeVvLxX/8rqx6tfchAZRrEiAZ4v6MYMqhGkasEcFwYqNNUFYUH0rxEMkEFY6s5wO4etT+D9plUy7bJauK4X62TyOLNgHB6AIbFAFdXAJGqAJMJiAB/AEno1749F4MV5nrRljPrMLfsB4+wRx/JZU</latexit>

Production Modes 
Considered:

Flux at Near Detector, 5 years of Operation



Decay Signature in Near Detector
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✤ Heavy Neutrinos travel to the 
Gaseous Argon near detector 
and have some probability of 
decaying within.

✤ Several final states are 
“difficult” for neutrino 
interactions to mimic, for 
example,

N ! ⌫`+� `
�
↵

<latexit sha1_base64="e7J7cZvWoXMTky9s+/yUn8XAXNQ=">AAACDXicbVA9SwNBFNyLXzF+RS0tXIyCIMY7LbQM2lhJBGOEXDzebV7Mkr29Y3dPCME/YONfSWOhiIWNvZ2lrb/CTWKhxoGF2Zn32J0JE8G1cd13JzM2PjE5lZ3OzczOzS/kF5fOdZwqhhUWi1hdhKBRcIkVw43Ai0QhRKHAatg+6vvVa1Sax/LMdBKsR3AleZMzMFYK8usn1Dcx9WVKfRTicivwQzQwvGwHPoikBUG+4BbdAego8b5JobTzsbr90vssB/k3vxGzNEJpmACta56bmHoXlOFM4E3OTzUmwNpwhTVLJUSo691Bmhu6YZUGbcbKHmnoQP250YVI604U2skITEv/9frif14tNc2DepfLJDUo2fChZiqozd+vhja4QmZExxJgitu/UtYCBczYAnO2BO9v5FFyvlv09oq7p7aNQzJElqyQNbJJPLJPSuSYlEmFMHJLeuSBPDp3zr3z5DwPRzPO984y+QXn9QsXwZ61</latexit>

N ! `±↵⇡
⌥

<latexit sha1_base64="sxJeHzeLrX8q460ZlW3VlnascCY=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQVZmpi7osunElFewDOtMhk6ZtaDITkoxQhq7c+A9+gRsXirh169ad6MeYPhbaeiBwOOdebs4JBaNKO86nlVlaXlldy67nNja3tnfs3b26ihOJSQ3HLJbNECnCaERqmmpGmkISxENGGuHgfOw3bohUNI6u9VAQn6NeRLsUI22kwD68hJ6OoUcYCzzERB+1PcGhJ2jb4yKw807RmQAuEndG8pWjwvdX+f2+GtgfXifGCSeRxgwp1XIdof0USU0xI6OclygiEB6gHmkZGiFOlJ9OYozgsVE6sBtL8yINJ+rvjRRxpYY8NJMc6b6a98bif14r0d1TP6WRSDSJ8PRQN2HQBB93AjtUEqzZ0BCEJTV/hbiPJMLaNJczJbjzkRdJvVR0T4qlK9PGGZgiCw7AESgAF5RBBVyAKqgBDG7BA3gCz9ad9Wi9WK/T0Yw129kHf2C9/QCfMJxT</latexit>
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Existing Constraints: Muon-Coupled HNL
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DUNE Sensitivity: Muon-Coupled HNL
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Berrym
an, de G

ouvêa, Fox, K
ayser, K

JK
, Raaf, [1912.07622]

https://arxiv.org/abs/1912.07622


DUNE Sensitivity, All Couplings

 10Berryman, de Gouvêa, Fox, Kayser, KJK, Raaf, [1912.07622]

https://arxiv.org/abs/1912.07622


Non-Focused Scenario: Dark Photons
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Dark Photons at Beam Dumps
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Berryman, de Gouvêa, Fox, Kayser, KJK, Raaf, [1912.07622]

✤ Assume a new, massive vector boson that mixes with the Standard Model photon. It 
can be relatively long-lived, potentially long enough to travel from the DUNE target 
to the near detector hall.

Production Detection

https://arxiv.org/abs/1912.07622


Signal vs. Background
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✤ Dominant background will come from neutral current pion production, 
where the pion decays into two photons, one is missed, and the other is 
misidentified as an electron.

✤ Identification of low-energy recoils, and understanding of photon/electron 
discrimination is critical for reducing this background

A0 ! µ+µ�/hadrons
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✤ Backgrounds here will be mostly from charged-current single pion production, 
where the muon-pion system can be misidentified a pair of either muons or pions.

✤ Again, rejecting hadronic activity (none present in signal) will help greatly here.



Decaying Dark Photon Sensitivity

 14Berryman, de Gouvêa, Fox, Kayser, KJK, Raaf, [1912.07622]

https://arxiv.org/abs/1912.07622


Summary
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✤ Neutrino facilities have incredible capabilities for searches for non-
neutrino BSM physics. Lately, near detector facilities are gaining 
more and more interest thanks to the high-intensity beams.

✤ With precision detectors, we can perform highly-sensitive searches 
without compromising the neutrino-related missions of these 
experiments.

✤ DUNE, in particular, will be able to improve on existing limits for — 
or, potentially discover — several well-motivated models, like those 
of Heavy Neutral Leptons and Dark Photons.

Thank you!


