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1. Overview of ProtoDUNE-VD 3. CERN SPS T2 Beamline
 Full-scale prototype of the first DUNE Far Detector module, validation of detector R&D, calibration, * The T2 primary target/wobbling station receives the 400 GeV/c proton beam from the CERN Super
reconstruction, and analysis techniques before DUNE operations. Proton Synchrotron (SPS) and uses target, magnet, and collimation elements to produce and select
 Test-beam data provide precise detector-response measurements using known particle species: secondary beams.
Electrons, Pions, Kaons and Protons at specific momenta (0.5-8 GeV/c) allow for direct measurement * (Generates an intense flux of mesons and muons in a beam-dump environment that can enable studies
of track-length vs. deposited energy, charge recombination and dE/dx based PIDs. of Heavy Neutral Fermions (HNFs) and other hidden-sector particles [2], alongside the ProtoDUNE-
« Unique opportunity to search for BSM physics, and previous studies have characterized both the VD test-beam program. |
underlying mechanism and the associated phenomenology [1, 2]. B
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gt o el L 4. Trigger Development and Analysis Progress
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% ik R _" &5 i  ADCSimple trigger selects events with large deposited charge in a short (about 0.2 ms) time window.
E=2 e + » Optimize the ADC threshold to maximize HNF (N — u~7*) and neutrino signal efficiency while sup-
pressing cosmic backgrounds.
Collected Charge [ADC] NP02 Trigger Efficiency: HNLs vs Nu + Cosmic 100 .
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* Full-streaming: 2 top CRPs + 2 bottom CRPs. Cathode in the middle hanging from the top CRPs. - eakGiFrvy |
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« 8 full-streaming Photon Detection modules on the cathode and 8 self-triggering modules on the walls. = - o DUNE: Work In Progress |
 Future Xenon doping calibration by bottom PMTs. N N e e i
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2. Opportunities for New Physics ; :
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* Automated reconstruction and event-selection frameworks under development for future DUNE anal-
yses aim to classify high-energy neutrino interactions and potential HNF/BSM signatures, with current
iterations showing adaptable performance capabillities [4].

» A Heavy Neutral Fermion (HNF) can be produced either via meson decays (e.g., K* — ¢*N) [1], via
the Drell-Yan process (e.g., Z> — NN), or through muon bremsstrahlung where a high-energy muon
radiates a dark boson that subsequently decays into a fermion pair (u — u¢,$ — NN) [3].

Key Decay Channels of HNFs:

“K*/m™  Determine the lifeti f HNF
N —- ¢~ K" /x etermine the lifetime o S. 5 Reference
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