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Off-Axis Neutrino Detectors

Interesting to look for HNLs off-axis
% signal remains sizeable
* packground from SM v significantly reduced
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Example: DUNE Near Detectors
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Example: DUNE Near Detectors

On-Axis Beam Monitor (“SAND”)

0 CH> — neutrino interactions on free protons
" (no nuclear physics)
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HNL Decay
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\ Breitbach et al. 2021
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https://arxiv.org/abs/1905.00284
https://arxiv.org/abs/2102.03383

HNL Decay

Breitbach et al. 2021
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Off-Axis Neutrino Detectors

Interesting to look for HNLs off-axis

% signal remains sizeable
* packground from SM v significantly reduced
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Off-Axis Neutrino Detectors

Interesting to look for HNLs off-axis

% signal remains sizeable
* packground from SM v significantly reduced

% put cuts (especially angle w.r.t. beam axis)
very efficient at suppressing BG, too
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HNL Events Rates — Signal vs. Background
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https://arxiv.org/abs/2102.03383

HNLs: Importance of ND-GAr

Abdullahi et al. 2022
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https://arxiv.org/abs/2203.08039

HNL Backgrounds: Key Points

* [ow-density detector (ike ND-GAr) IS beneficial

* off-axis: better S/B ratio, but less statistics
wb HNL sensitivity relatively independent of PRISM run strategy

* for well-understood detectors, backgrounds can

be brought under control
(thanks to very different kinematic distributions)

Q
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HNLs: DUNE Sensitivities
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HNLs: DUNE Sensitivities
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HNLs: DUNE Sensitivities
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HNLs: Sensitivities
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HNLs: Sensitivities
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Towards T2HK

Upgraded ND-280 Movable WC Detector
(2.2 tons = 4.2 tons) (sub-kton, 1-4° off-axis)

CERN-SPSC-P357

“4n” detector

]

S ‘ ’TOFHAFPC \ ‘

bearn =P SuperFGD —
. N\ HA-TPC / .

cf. DUNE: 0-3.5° off-axis

ND-LAr: 67 tons, ~100 m3 — liquid, large BG for HNLs
ND-GAr: 1ton, ~100 m3 - gaseous, low BG for HNLs

from a talk by Thorsten Lux
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https://indico.phys.vt.edu/event/34/contributions/593/attachments/548/673/ND280Upgr_tlux_fv.pdf

HNLs: Sensitivities
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HNLs: Sensitivities

Muon coupling dominance: Uj: Ui:Uf =0:1:0
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Summary

Muon coupling dominance: Uz: Ui:Uﬁ =0:1:0
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Theorist’s Wish List

*  (Collaborations: make results accessible to theorists

*  Funding Agencies: take BSM program seriously

* Everyone: find common name for sterile v/ RH v/ HNL / NHL
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Simulation / Analysis Pipeline

(Z HNL Production

O DUNE beam line simulation
m remove neutrinos, re-decay parent mesons to HNLs

O simple estimates for charm decay
(not included in DUNE simulation)

M HNL Decay
A Backgrounds: from GENIE

IZfsim nle £ smearing and particle mis-ID; no charge |D

Ballett Boschi Pascoli
arxiv:1905.00284

A angular cut 8 < My / (E1+ E»)
[ 2-dimensional binning in E; and Ez
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Simulation / Analysis Pipeline

(Z HNL Production

O DUNE beam line simulation
m remove neutrinos, re-decay parent mesons to HNLs

O simple estimates for charm decay
(not included in DUNE simulation)

A HNL Decay

A Backgrounds: from GENIE

mple £ smHNLMass particle 40 energy
,, - ,. of HNL decay products Jszcg élli

mean angle (8 )<(M vV CE1+ Eo)
of HNL decay products & = S
w.rt beam axis @' binningin £1 and k2
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Simulation / Analysis Pipeline

(Z HNL Production

O DUNE beam line simulation
m remove neutrinos, re-decay parent mesons to HNLs

O simple estimates for charm decay
(not included in DUNE simulation)

M HNL Decay
A Backgrounds: from GENIE

IZfsim nle £ smearing and particle mis-ID; no charge |D

Ballett Boschi Pascoli
arxiv:1905.00284

A angular cut 8 < My / (E1+ E»)

M 2-dimensional binning in E1 and Ez | etficient BG suppression
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HNL Event Rates

Breitbach et al. 2021
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(Zoff—axis: iImproved signal-to-background ratio,
especially in 2D plane

M but cuts (especially on angle w.r.t. beam axis) very
efficient at suppressing backgrounds, too.
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HNLs: Interplay of Decay Channels

Breitbach et al. 2021
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HNLs: Sensitivities

Tau coupling dominance: Uz:Ui:Uf =0:0:1
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HNLs: DUNE Sensitivities
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HNLs: DUNE Sensitivities
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