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Water-Phase Calibration & Reconstruction

The water phase [6] served as a baseline characterization of Eos using a well-understood optical medium. Data were collected using radioactive and optical sour-
ces. Key outcomes:

Motivation

Hybrid optical detectors are an emerging next-generation technology that separates Cherenkov
and scintillation light, leveraging the strengths of both:

B: Cherenkov, R: Scintillation

Utilizing laserball data, measurement of PMT response (timing delays from per-PMT time-residual fits, charge from bench-top measurements rescaled to data,
pulse shape from per-pulse Gaussian fits) and trigger efficiency (fraction of events with global trigger-sum peak above 100 mV, evaluated as a function of Nhit)

 Tuning of dichroicon optical model with laserball data, scanning wavelength across deployment heights

Development of position and direction reconstruction algorithms (two likelihood fitters, one ML), tuned and validated using thorium (vertex) and directional (angle)
source data

High light yield Event-by-event directionality

Low energy threshold Massive scalability
Pulse-shape PID Topological PID

Physics opportunities [1]:

* Precision long-baseline oscillation measurements
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ogies. Eos will be used to explore the full phase space of performance, from low-% water-based
liquid scintillators (WbLS) to pure liquid scintillators, including both slow and ultra-fast options,
as part of its data-taking program.

First Results from the WbLS Phase

Cherenkov and scintillation light separation is achieved via novel capabilities:
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A benchtop-based model [7] serves as the baseline, tuned in situ to match the data.

TS

T (VT

» e - , : = Central-axis 0.02
o Bf sl;ci:l:li-rl;g | - zz'lﬁgmf:‘fw"ce This work lays the foundation for next-generation hybrid LS detectors such as Theia [1], bringing the full hybrid-
| @ J detection physics program to reality.
4-ton acrylic inner ' = h 0.00 . . . . . |
vessel (IV) , ' -~ 0.35 . -2 0 2 4 6 8 10
. | (23X Dichroicon Preliminary Strontium source 0.030 - Preliminary | Time-residuals (ns)
. > T deployment 0.30 - Data Thorium source
Water buffer region .
' N —t— Baseline Model| 0.025 - —— Data
0251 ii) —— Tuned Model —— Baseline Model
” 2 8 0.020 Tuned Model Credit: BNL
Triggering AN E 0.20 E _ - 3 B )
el V\,’, \‘\‘ Mestﬁ!eilndner D ‘ :) "'I m WbLS WDLLS ==
! / £ 015 —— Scaled absorption length £ o0t . * |
inner shield \\_,/ Of 7 m at 370 Nnim
Vyl‘ 010 i 0.010
R"’”“‘* L] UVT Acrylic Scaled total light vield of
0 — o 170 photons/MeV llh,“\
Rear Ele=ctronics 0.00 T | | | T | B 0.000 | T | . . . . =
16 18 20 22 24 26 28 30 32 30 40 50 60 70 80 90 100
Cables Prompt NHit NHit
References
Ackn owledgements 1] M. Askins et al., Eur. Phys. J. C 80, 416 (2020) 5] Michael Wurm, https://indico.kps.or.kr/event/30/contributions/903/ (2022)
Supported by the U.S. Department of Energy under Contract DE-AC02-05CH11231. Funded by the 2 R. Carr et al., Phys. Rev. Applied 10, 024014 (2018) 6 S. Arora et al. (Eos Collaboration), arXiv:2606.10234 (2026)
National Nuclear Security Administration, Office of Defense Nuclear Nonproliferation Research and 3] T. Anderson et al. (Eos Collaboration), JINST 18 P02009 (2023) 7] J. Caravaca et al., Eur. Phys. J. C 80, 867 (2020)
Development (DNN R&D). 4] T. Kaptanoglu et al., Phys. Rev. D 101, 072002 (2019)



https://indico.kps.or.kr/event/30/contributions/903/
mailto:englezos@berkeley.edu

