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Motivation

1EZ;

Solar-v
v + e — v + e (Elastic Scattering)

Scintillation
light (isotropic)

Recoil electron

e correlates with the
w0 incoming neutrino
=8 (recoil e7)

direction.

V (from Sun) e

v'ldentify the solar direction (known source)
v" Suppress isotopic radioactive background
v" Improve signal significance

Directional information uniquely
identifies the solar neutrino signal.
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Geo-v
Ve + p = et + n (Inverse Beta Decay)
v + e — v + e (Elastic Scattering)

Reject solar-neutrino background

v

v’ Separate different neutrino sources (crust
/ mantle)

v"Improve geoneutrino flux precision

Directional reconstruction helps
isolate geo-neutrino candidates.
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Ovpp Decay

(Neutrinoless Double-Beta Decay)

ovBp

v' Two-electron topology information
v' Powerful background discrimination

Direction and topology enhance
signal identification.
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Motivation

Cherenkov Light Scintillator Light

Carry Directional Information High Light Yield
Good Directional Resolution Good Energy Resolution

Good Vertex Position Resolution

( J
|

Cherenkov Liquid Scintillator Detector:
Slowing down S-light to separate two kinds of light
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Experimental Setup: Detector Overview
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Experimental Setup: Detector Overview
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Experimental Setup: Americium—Beryllium (AmBe) Calibration Source
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Data Analysis: Event Selection

Delayed Energy Spectrum Selection: Prompt Energy Spectrum Selection.
o Fiducial Volume Cut: <500 mm o FiducialVolume Cut: <500 mm
o Double coincidence within 1000 ps o Double coincidence within 500 ps
o Promptenergy € [3.8,5.1] MeV o Delayed energy € [1.7, 2.7] MeV
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Reconstruct events selected
L. . , L within the red box
= Distinct monoenergetic peak & characteric ~200us lifetime = Clear 4.438 MeV y signal
= Low accidental coincidence background = High accidental coincidence background
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Data Analysis: Readout and Waveform Analysis

PMT Gain spectrum
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(estimated by waveform deconvolution) = = =N = = y
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Data Analysis: Readout and Waveform Analysis (MC Check for PE Counts&Times) ff ? P d fé’

Tsinghua University
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= PE count estimation error < 0.5 PE, with most events concentrated around zero.
= PE time estimation error<0.34 ns.
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Data Analysis: Reconstruction Algorithm
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Data Analysis: Reconstruction Algorithm

PE Term PETime Term
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Data Analysis: Direction Definition
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Vector from Source to Vertex
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Direction Definition in DATA:

vector from the source position to the event’s
reconstructed position.

(SNO+ also used this method)
arXiv:1812.03355
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Data Analysis: Directional Reconstruction Results
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= (Cleardirectional dependence is observed, with good DATA-MC agreement.
= Prompt-signal region shows better directional reconstruction performance than the Delayed-signal region.
= ‘Angular resolutionis evaluated using the Real True Direction for center-emitted y events in simulation:

Delayed-signal (@2.2MeV y) Prompt-signal (@4.4MeV y)

Angular resolution (68.3% containment angle) 67° 43°
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Summary

[ Novel Cherenkov liquid scintillator detectors enable event direction reconstruction.
Requirements:
o Long Scintillation photons Time Constant
o High Sampling Rate electronics
o Low PMT Transit Time Spread
 Self-developed waveform analysis and event reconstruction algorithms perform well in
simulation.
U First demonstration of MeV event-by-event direction reconstruction in a liquid
scintillator detector.
 Calibration source events are selected from data. Good DATA-MC agreement is

achieved.
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