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Who am I?
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Website link1, link2

My interests: 

• Neutrino phenomenology (earth-based 
experiments, solar/atmospheric/astrophysical 
detections)


• Searches for beyond-the-SM physics at these/
other facilities


• Cosmology, especially the impact of neutrinos/
light new physics on cosmological evolution


• …

https://kjkellyphys.github.io/
https://artsci.tamu.edu/physics-astronomy/contact/profiles/kevin-kelly.html
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• …

Disclaimer: I will try to give a broad overview of BSM searches 
relevant for NuSTEC folks. It will be biased towards the 

facilities/scenarios that interest me ! 

Want more examples? Ask! (During the talk, in the breaks, etc.) 
I have plenty of literature references/ideas not in these slides

Second Disclaimer: I (likely) prepared way too much 
material for two lectures. Take a look at what I didn’t 

cover if you’re interested and don’t hesitate to reach out 
to me later to discuss futher!

https://kjkellyphys.github.io/
https://artsci.tamu.edu/physics-astronomy/contact/profiles/kevin-kelly.html


Define “SM”
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SM topics beyond these lectures
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How to search for BSM?
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Scenario 1: 
Little-to-no expected SM Background

8



Case Study
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Explicit Model — Dark Photons
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Explicit Model — Dark Higgs Bosons
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Explicit Model — Heavy Neutral Leptons
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Accelerator Neutrinos 101
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<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>
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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="kHoaiv+iPZwjenERC5jVTRs9v04=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mHGMfkgHkvc5o8ZK9/h41i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaN87J3Ua7cVUrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4A5wCNjw==</latexit>
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<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>
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<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)



Long-lived particle searches
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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>
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Back-of-the-envelope Sensitivity
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DUNE Sensitivity pt 1 Berryman, de Gouvêa, Fox, Kayser, KJK, Raaf [1912.07622]

https://arxiv.org/abs/1912.07622


DUNE Sensitivity pt 2

17

Other HNLs at DUNE Studies? 

Ballett et al [1905.00284],  
Coloma et al [2007.03701],  
Breitbach et al [2102.03383]...

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

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


Impact of Backgrounds on LLP Searches

18

Depends significantly on your search of interest

Case 1) Long-lived HNL decaying into a muon and a pion

Case 2) Dark photon/Higgs decaying into an electron/positron pair



Case 1 — HNL to muon/pion

19



Timing Distributions
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MicroBooNE collab. [1911.10545]

https://arxiv.org/abs/1911.10545


Case 2 — DP/DH to electron/positron
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Dimuon event distributions

(dimuon pair transverse momentum) (dimuon pair opening angle)

Coloma et al [2309.06492]

22

https://arxiv.org/abs/2309.06492


Dimuon event distributions

(dimuon pair transverse momentum) (dimuon pair opening angle)

Coloma et al [2309.06492]
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https://arxiv.org/abs/2309.06492


23

Dielectron Distribution Coloma et al [2309.06492]

https://arxiv.org/abs/2309.06492
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https://arxiv.org/abs/2309.06492


Scenario 2: 
Theoretically Clean SM Background
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From Ryan’s second 
lecture (Thursday 6th June)

26

SM CE NS rate depends on:ν



Challenge(s) associated with CE NSν

27Freedman, 1973

https://inspirehep.net/files/8199cd89bec809315db441ab1d4b0184


Successes with COHERENT
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COHERENT collab., [1708.01294]

https://arxiv.org/abs/1708.01294


Successes with COHERENT pt. 2
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COHERENT collab., [2003.10630]
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https://arxiv.org/abs/2003.10630


Going BSM with CE NSν

30

e.g. Cadeddu et al, [2008.05022]

https://arxiv.org/abs/2008.05022


Effect on Differential Cross Sections

31Cadeddu et al, [2008.05022]

https://arxiv.org/abs/2008.05022


Effect on CE NS Event Ratesν

32Cadeddu et al, [2008.05022]

https://arxiv.org/abs/2008.05022


Most “intriguing” BSM U(1) — Lμ − Lτ
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COHERENT and Lμ − Lτ

34Cadeddu et al, [2008.05022]

https://arxiv.org/abs/2008.05022


Beauty of Complementarity
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Aside: Broad thinking re: U(1)Lμ−Lτ
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Escudero* et al, [1901.02010]

https://arxiv.org/abs/1901.02010


Scenario 2 pt. 2
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Back to our Simple “Dark Photon” U(1)
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…plus one more ingredient



Impact in Neutrino Facilities?
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Advantages of Light DM in Neutrino Beam
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Problems of Light DM in Neutrino Beam!
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Why is this an existential problem?



Aside: ES vs.  CCQEνe νe
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Consider the following two processes:
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De Romero, KJK, Machado [1903.10505]

https://arxiv.org/abs/1903.10505


DM Signal vs. Neutrino Background

44

0 5 10 15 20
electron energy [GeV]

101

102

103

104

ev
en

ts
/

G
eV

/
5.

5
£

10
2
1
p
ot

/
68

t

elastic ∫–e°

neutrino-mode, on-axis

0 5 10 15 20
electron energy [GeV]

oÆ-axis (18 m)

0 5 10 15 20
electron energy [GeV]

mA0 = 3m¡

oÆ-axis (30 m)

mA0 = 6 MeV ≤4ÆD = 10-19

mA0 = 60 MeV ≤4ÆD = 10-16

mA0 = 0.6 GeV ≤4ÆD = 10-11

Breitbach et al [2102.03383]

https://arxiv.org/abs/2102.03383


Why go off-axis?
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On- vs. off-axis
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