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What this talk is

• Impressive interplay between dark-matter experiments 
and neutrino experiments 

- What can we learn about one sector from the 
other’s facilities?

https://www.symmetrymagazine.org/article/the-hidden-neutrino?language_content_entity=und
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What this talk is not

• A discussion of whether neutrinos may serve as the 
observed dark matter in the universe 

• An exploration of whether neutrinos and dark matter 
have nontrivial “BSM” interactions 

(see Graciela's talk from yesterday)

https://www.symmetrymagazine.org/article/is-the-neutrino-its-own-antiparticle?language_content_entity=und
https://indico.global/event/15740/contributions/155624/


4LZ collab. CERN/ProtoDUNE

https://lz.lbl.gov/photos/
https://www.symmetrymagazine.org/article/protodune-in-pictures?language_content_entity=und


Dark-Matter Facilities for 
Neutrino Physics



Enter: The Neutrino Floor
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For certain dark-matter masses, 
neutrino scattering with specific 

incoming energies looks 
practically identical
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Not a floor, but a fog…

7https://github.com/cajohare/NeutrinoFog + [2109.03116]
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https://arxiv.org/abs/2109.03116
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7https://github.com/cajohare/NeutrinoFog + [2109.03116]

• We can navigate beyond the neutrino “floor,” 

• In doing so, we can learn more about different 
neutrino sources 

• Can we also learn about neutrino properties?

http://www.apple.com
https://arxiv.org/abs/2109.03116


Amazing progress on this front!

8

Plots from LZ Collaboration: [2512.08065] 

See also PandaX-4T: [2407.10892], 
XENONnT: [2408.02877], [2604.06002]

Direct-detection experiments have dived into the 
fog, specifically that sourced by 8B solar neutrinos

(see also the LZ and PandaX talks from earlier this week)

https://arxiv.org/abs/2512.08065
https://arxiv.org/abs/2407.10892
https://arxiv.org/abs/2408.02877
https://arxiv.org/2604.06002
https://indico.global/event/15740/contributions/155575/
https://indico.global/event/15740/contributions/155597/


Leveraging for neutrino/BSM physics



Standard Model Prediction for Neutrinos
• In the SM, solar electron-neutrinos oscillate into muon/tau-neutrinos, depending 

on energy, mixing parameters, etc. 

• CEvNS is (nearly) flavor-blind, governed by neutral-current scattering

10
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Modified flux 
at detector?

(see Janina’s talk from Monday)

https://arxiv.org/abs/2011.05960
https://indico.global/event/15740/contributions/155565/
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11De Romeri et al: [2603.00554]

https://arxiv.org/abs/2603.00554
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~tens-of-MeV masses: competitive with other 
CEvNS approaches, dedicated experiments, etc.

low masses: world-leading laboratory 
measurements from elastic electron scattering

https://arxiv.org/abs/2603.00554
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• Steriles can lead to an 
overall disappearance 
effect in CEvNS from solar 
neutrinos. 

• Key limitations: statistics 
and overall systematics 
budget. 

• Muon/Tau-neutrino 
components of solar 
neutrino flux allow for 
novel search with CEvNS.

KJK, Mishra, Strigari: [2605.22935]

Unexplored by any 
current method

https://arxiv.org/abs/2605.22935
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• With continued 
improvement, direct-
detection experiments are 
probing the solar-neutrino 
portion of the Fog 

• We’re already learning 
about neutrino properties 
from this, and more is on 
the way.

ν



Neutrino Facilities for 
Dark-Matter Physics
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If we move beyond the standard approaches/models, 
can neutrino facilities offer new insights?



Large volumes…
• Neutrino detectors with large volumes/low thresholds offer a complementary 

mechanism of looking for dark matter interactions. 

• Often less sensitive than dedicated experiments to “standard WIMPs,” but new 
techniques/model scenarios allow neutrino facilities to stand out.

16
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Leane & Beacom: [2503.09685] 
See also Santos-Olmsted et al [2512.13779]

JUNO low-threshold + electron 
scattering + annual modulation

https://arxiv.org/abs/2503.09685
https://arxiv.org/abs/2512.13779
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Neutrino Detectors as Indirect-Detection Facilities 
• If relic DM in the galaxy today can annihilate to neutrinos, then large-volume 

detectors are the best observatories. 

• Neutrino energy ~ inherited from DM mass: which experiment is best depends on the 
DM mass of interest.

17
Argüelles et al: [1912.09486] 
See also Olivares-Del Campo et al [1711.05283]

https://arxiv.org/abs/1912.09486
https://arxiv.org/abs/1711.05283


Large-volume Far Detectors

Intense Beams at Near Detectors



Near-Detector Facilities as New-Physics Machines

• Simultaneous with neutrino-beam operation, many new states 
(stable/metastable) can be produced, leaving striking 
signatures in nearby detectors.
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µ+
<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+
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<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>
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<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
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<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>�
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<latexit sha1_base64="BAFRR+aF7c8SEYycFbTBtGxK9D4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU3bmL2FvTiMaKJgWQNs5PZZMjsg5lZISz5BC8eFPHqF3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tLyyupZfL2xsbm3vFHf3WjJOBaFNEvNYtH0sKWcRbSqmOG0nguLQ5/TWH11M/dt7KiSLoxs1TqgX4kHEAkaw0tI1vTvpFUuW6dbKZdtBlll27VO3oknVcStWFdmmNUMJFmj0iu/dfkzSkEaKcCxlx7YS5WVYKEY4nRS6qaQJJiM8oB1NIxxS6WWzUyfoSCt9FMRCV6TQTP0+keFQynHo684Qq6H87U3Fv7xOqoKal7EoSRWNyHxRkHKkYjT9G/WZoETxsSaYCKZvRWSIBSZKp1PQIXx9iv4nrbJpV03nyinVzxdx5OEADuEYbDiDOlxCA5pAYAAP8ATPBjcejRfjdd6aMxYz+/ADxtsnZQ6N5g==</latexit>

e�

More on Heavy Neutral Leptons from Renata’s talk next 19

https://indico.global/event/15740/contributions/155631/


Near-Detector Facilities as New-Physics Machines

• Simultaneous with neutrino-beam operation, many new states 
(stable/metastable) can be produced, leaving striking 
signatures in nearby detectors.

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>
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More on Heavy Neutral Leptons from Renata’s talk next 19

References on DM production in neutrino 
beams (incomplete list, my apologies!): 

deNiverville et al [1107.4580], 
Coloma et al [1512.03852], 
De Romeri/KJK/Machado [1903.10505], 
Breitbach et al [2102.03383]

Complementary neutrino and BSM production in collider 
environments — see Tomoko’s talk later this session.

https://indico.global/event/15740/contributions/155631/
https://arxiv.org/abs/1107.4580
https://arxiv.org/abs/1512.03852
https://arxiv.org/abs/1903.10505
https://arxiv.org/abs/2102.03383
https://indico.global/event/15740/contributions/155632/


Near-Detector Facilities as New-Physics Machines

• Simultaneous with neutrino-beam operation, many new states 
(stable/metastable) can be produced, leaving striking 
signatures in nearby detectors.
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<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>
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<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>
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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>
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<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>
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<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>
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<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>
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<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>
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<latexit sha1_base64="BAFRR+aF7c8SEYycFbTBtGxK9D4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU3bmL2FvTiMaKJgWQNs5PZZMjsg5lZISz5BC8eFPHqF3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tLyyupZfL2xsbm3vFHf3WjJOBaFNEvNYtH0sKWcRbSqmOG0nguLQ5/TWH11M/dt7KiSLoxs1TqgX4kHEAkaw0tI1vTvpFUuW6dbKZdtBlll27VO3oknVcStWFdmmNUMJFmj0iu/dfkzSkEaKcCxlx7YS5WVYKEY4nRS6qaQJJiM8oB1NIxxS6WWzUyfoSCt9FMRCV6TQTP0+keFQynHo684Qq6H87U3Fv7xOqoKal7EoSRWNyHxRkHKkYjT9G/WZoETxsSaYCKZvRWSIBSZKp1PQIXx9iv4nrbJpV03nyinVzxdx5OEADuEYbDiDOlxCA5pAYAAP8ATPBjcejRfjdd6aMxYz+/ADxtsnZQ6N5g==</latexit>
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The challenge…
• Just as CEvNS could mimic WIMP dark-matter scattering, elastic DM/electron 

scattering can be mimicked by neutrino/electron scattering!

20

<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>�
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Using this sample for BSM searches introduces 
complications: flux uncertainty? Background 
contributions from different parent mesons?

How can we reduce backgrounds? Kinematics?



Off-axis measurements to the rescue
• Leverage DUNE-PRISM: neutrino rate vs. off-axis angle has 

substantial differences vs. DM signal
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https://arxiv.org/abs/2102.03383
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Sensitivity Attainable?
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De Romeri/KJK/Machado [1903.10505]

https://arxiv.org/abs/1903.10505
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Airoldi et al in prep.

• Can we apply these strategies in detectors now? Yes! NOvA, ICARUS, SBND, …
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ω

• Large neutrino detectors 
offer novel ways to look 
for DM via direct & 
indirect approaches. 

• Intense beams & precision 
near-detector facilities 
allow for copious BSM 
searches, including for 
dark sectors.



Takeaways
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• Current dark-matter experiments are 
already probing the neutrino fog, and 
next-generation ones will delve even 
deeper. Let’s utilize this to understand 
neutrino sources & properties. 

• Breadth of detection technologies allows 
for many novel searches in neutrino 
detectors (large and small). Let’s 
understand the possibilities and 
maximize our chances of discovery.


