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Final Search for Short-Baseline Neutrino Oscillations with
the PROSPECT-1I Detector at HFIR

Manoa Andriamirado

Illinois Institute of Technology
On behalf of the PROSPECT Collaboration
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e Antineutrino flux deficit could be explained by the oscillation of

active antineutrinos into sterile states.
e Portal to Physics Beyond the Standard Model.
e Other anomalies point to the existence of sterile neutrino:
LSND /MiniBoone, and the gallium anomaly.

 Recent result from the Neutrino-4 experiment claimed a non-
zero oscillation. Phys. Rev. D 104, 032003 .

The PROSPECT Experiment

The Precision Reactor Oscillation and SPECTrum experiment is a
reactor antineutrino experiment, designed to search for sterile
neutrino oscillation and measure *°U antineutrino spectrum.
e On-surface deployment :
with minimal overburden. l

e 85 MW compact Higly
Enriched Uranium reactor.

Antineutrino >
Detector

e Detector covers baseline of

7-9 m from the reactor core.
e Detector is filled with 4-ton

of °Li-doped PSD-capable

liquid scintillator.
 Antineutrino detection via

Inverse Beta Decay (IBD).

> PMT

119 cm
The ingress of liquid scintillator into PMTs led to the failure of

some PMTs, resulting previous results to be dominated by
statistical uncertainty.

Multi-period analysis

e 96 days of data taking from March 5 to October 6, 2018.
o Split the data into 5 periods to recover IBD statistics:
e Apply Single-Ended Event Reconstruction (SEER) to further
reduce backgrounds.
e Total IBD count: 61,029 with 3.9 of S/B ratio.
e Used this optimized dataset for antineutrino spectrum

measurement at PROSPECT, Phys. Rev. Lett. 131, 021802.
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Analysis strategy

e Search for spectral
distortion at each baseline of
the detector.

e Perform a shape analysis
which remove the reactor
model dependency.

e Quantify the agreement
between data and prediction
with a y? statistical test.

e Combined Neyman-

Pearson test to minimize

bias from

bins.
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in PROSECT can be
visualized by grouping its IBD data into bins of common L/E..

 Ratios expected due to oscillations at the PROSPECT data and
Neutrino-4 best-fit points are also depicted.

« No obvious sign of short-baseline oscillation from PROSPECT
IBD’s dataset.
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« New optimized data set from PROSPECT is compatible with

Neutrino-4 experiment is ruled out at more than 5o.

short-baseline oscillation from the

e Exclude all phase-space for Am? below 10 eV? suggested by the

recently strengthened Gallium Anomaly.
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Measurements of Pion and Muon Nuclear Capture at
Rest on Argon In the LArIAT Test Beam Experiment

ILLINOIS INSTITUTEﬁ&;}' Miguel Angel Hernandez Morquecho®. Bryce Littlejohn' on behalf of the LArlIAT Collaboration
OF TECHNOLOGY mhernandezmorquecho@hawk.iit.edu
Department of Physics, lllinois Institute of Technology FERMILAB-POSTER-24-0087-V.
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This is difficult using standard track-based dE/dx
methods due to the similar masses and energy
deposition profiles in argon.

LArIAT LArTPC detector [1].
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Muon capture at rest Pion capture at rest TOF vs reconstructed momentum [1].
Process Process

Muon and Pion selection

® Reconstruction of gammas from nuclear capture (Blips)
can help with this!

o
o

Initial precuts on beam momentum, Bragg peak, start
and end positions of the primary particle.

Using beam momentum and track stopping point
inside of the TPC we separate stopping muons from
stoping pions.
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With a MC sample of 500k (G4 QGSP_Bert_HP Physics
list) events a final selection of
2132 muon captured-at-rest events (79% purity)
3931 pion captured-at-rest events (76% purity)
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Unusual topologies = /n*n~ for BSM. Gammas produced by

30

260 280 300 320 340 360 380 400
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Motivation Event Trajectory
Goal: Identify neutron induced proton and pion production in the SFGD prototype to -Apply linear fit using linear regression
understand and improve the neutron energy reconstruction «Interpolation used to determine positions alona the fit
. . . Detector *Develop the path of the charged particle
The neutron kinematics Is one of the missing U pHep Jeap
piece for (anti) neutrino energy reconstruction N . ) . S ok
but currently no accessible to long-baseline — ' 7 GO
experiments [1] . | @ observation prototype
Neutron detection and Kinetic reconstruction '_:j 2 s
capabilities were studied exposing a SFGD hadrons . I -
prototype detector to a neutron beam at LANL![2 Drawing of a (anti) neutrino interaction ) N
" . Linear fit 3,
vertex % 56
26 \3/ 7 % 9 &
) > h ‘ % [cm)

1,700 m below sea level

PID for proton or pion event

205 km Using a simulated neutron sample traveling trough the SFGD prototype detector:

incoming neutron (mom)

A novel 3D-project scintillator detector, called super fine-
grained detector (SFGD) L3I

detectorat 90m ™
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BeamCenter(Y) = 4.422cm 12000

1000(

» Fully active plastic scintillator tracker in the upgraded — /L (.j o | —— o
near detector of T2K. g e i . o
» ~2M plastic scintillators cubes of 1cm3 ‘| | — 3  seamcanirg =sssoen
- Photons read out through wavelength shifting (WLS) . [ ——

=
3%
~

fibers and detected by Multimode Pixel Photon
Counters (MPPC)

Fully active volume
*Fast timing: single fiber of ~0.9 ns timing resolution
Fine granularity: spatial resolution ~3 mm

X [cm]

» To identify the type of the particle (proton and pion), the distance between
consecutive positions (X,y,z) is calculated, along with the difference in their p.e.

30

*High light yield: Each read out of ~ 52 PE/MeV ,,  Neutroninduced proton event **  Neutron induced pion event
28 34 /
oxe /
N i ?)/bselrvation 32 /
% 26 - N Vi
Two SFGD prototypes with plastic scintillators cubes 25 2% Vi

4

@/ Voxel
26 % observation
2% : vertex@

of 1cm X 1cm X 1cm cube size were assembled:

« SFGD prototype of size 24 x 8 x 48 cm

- - 7 A 20
« US-Japan prototype (US-JP) (size 8 x 8 x 32 cm) : ,© =i .
*/ Q g }/ © J-‘?
- <, 10 N % &
Both prototypes were exposed to a neutron beam in / @ ; o« " ; ’ 2
2 - 0

LANL in for about two months (December 2019 and
December 2020) [2]

Neutron induced proton (simulation) Neutron induced pion (simulation)
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SFGD prototype Preliminary
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Event Reconstruction and Selection
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The following Particle Identification (PID) study will be done considering only SFGD
prototype.
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Event Reconstruction: 1500
*The event requires more than 3 hits with PE > 20 1000

*The voxels (hits in 3D space) are defined by the three 2D-view matching
of time-clustered hits (ZX, XY, and ZY) o Deeoles,

*Using DBSCAN to group voxels into clusters coor R et o) R .

lenght [cm]

Conclusion
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3D View

« A preliminary PID based on dE/dl has been developed

* The tools are currently under validation using simulated neutron samples for the SFGD
Event Selection: prototype. Preliminary results are promising

 All the lessons learned could be helpful for T2K SFGD near detector

2% -5 -0 -5

*Event with one spatial cluster (single cluster)
*Event with more than three voxels in single cluster
*Primary vertex (earliest voxel in z-axis) must be contained inside of detector volume

Full event interaction should be contained In the detector volume Ar(]:_knowlle_dged: 4 by th S D s Offi
-Reject events with poor linearity This work is supported by the U.S. Department of Energy ice

of Science (DE-SC0023026 ).
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3D View

incoming neutron (mom)

Entries
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