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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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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


• …

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
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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
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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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                of meters
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O(100s)

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



Long-lived particle searches
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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
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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
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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
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Case 1 — HNL to muon/pion
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Timing Distributions
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MicroBooNE collab. [1911.10545]

Take a
Hit on

Signal Efficiency

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]
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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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GENIE Now

GIBU

https://arxiv.org/abs/2309.06492
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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)
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SM CE NS rate depends on:ν
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Challenge(s) associated with CE NSν

27Freedman, 1973
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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
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e.g. Cadeddu et al, [2008.05022]
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https://arxiv.org/abs/2008.05022


Effect on Differential Cross Sections

31Cadeddu et al, [2008.05022]
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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

