New-Physics Searches at
Beam Dump Experiments

Kevin Kelly, Fermilab # Fermilab

NF09 Workshop, 3rd Dec., 2020



Outline

+ Types of BSM Searches with Neutrino Experiments

* Neutrino Experiments as Beam Dumps

+ Heavy Neutral Leptons

+ Dark Photon Searches



BSM with Neutrino Experiments
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BSM Prospects with Neutrino Experiments
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Neutrino Experiments as Beam Dump Facilities
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+ High-intensity proton beams (102! 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.


https://arxiv.org/abs/1912.07622

Fxample: Heavy Neutral Leptons

Production Modes

Considered:

Flux at Near Detector, 5 years of Operation
Neutrino Mode
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Decay Signature in Near Detector
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+ Several final states are
“ditficult” for neutrino
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Existing Constraints: Muon-Coupled HNI.
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DUNE Sensitivity: Muon-Coupled HNT.
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DUNE Sensitivity, All Couplings
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Non-Focused Scenario: Dark Photons




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

Dark Photons at Beam Dumps

+* 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.

Kinetically—Mixed Dark Photon
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Production Detection
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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

/ o
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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.
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Decaying Dark Photon Sensitivity

1078

10—10

10—12

b 10714

101

10—18

102
103

102

Kinetically—Mixed
Dark Photon

10~1 1
M A’ [GeV]

10

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

14


https://arxiv.org/abs/1912.07622

Summary

* 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.
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