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Timing
Fast photodetectors

Slow scintillators
Fast digitization / readout

ANNIE: High-energy beam neutrino event recon. (first neutrino 
detection with Gd-water in 2020), fast-timing with LAPPDs (first 
detection in 2022),  neutrino detection with WbLS (SANDI [12], 
2023) (see posters 481, 518, and 553 for more details)

EOS: Advanced hybrid technology and recon. demonstration [11]
(see poster #487 for details)

BNL 1-tonne: WbLS stability and recirculation [13]

BNL 30-tonne: WbLS optics and stability at large-scales [14]

BUTTON: Underground deployment, low background testing [15]

NuDot: Liquid scintillator development, 0νββ loading [16] 

Wavelength
Dichroicons & filtering

Red-sensitive PMTs

Topology
Water-based scint. (WbLS)
Pixelization 
Advanced reconstruction
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ANNIE
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NuDot

THEIA [1] is a 25 - 100 ktonne scintillation-based neutrino 
experiment, ideally situated as the DUNE 4th far detector. THEIA 
will use modern technology to distinguish Cherenkov and 
scintillation light to unlock a broad physics program. These 
advances include novel scintillators, fast photodetectors, spectral 
sorting with dichroicons, and advanced reconstruction methods. 

Oscillation physics: δcp and the neutrino 
mass hierarchy (comparable sensitvity to DUNE 
LAr detector) 

Solar neutrinos: CNO [2], 8B transition region

Geoneutrinos: U/Th ratio, radiogenic heat

Supernova neutrinos: DSNB and supernova 
burst as a high-statistics (νe) counterpart to 
DUNE, Hyper-K, & JUNO

0νββ: Using Te or Xe-loaded scintillator

Other topics: nucleon decay, sterile neutrinos, 
exotic dark matter, etc. 

THEIA will leverage advanced reconstruction 
methods [9] that utilize both the Cherenkov 
and scintillation light in order to:

1. Reconstruct direction with resolution similar 
to a water Cherenkov detector 

2. Maintain excellent vertex and energy 
resolution, and the low thresholds typical of a 
liquid scintillator detector

3. Combine both signals to improve 
background rejection with particle ID [6, 10]

 

THEIA simulations 
(RAT-PAC & Chroma)

Projected 0νββ 
sensitivity 

[1] THEIA Collaboration, EPJC 80:416 (2020)
[3] T. Kaptanoglu et al., EPJC 82:2 (2022)
[5] H. Th. J Steiger, arXiv:2405.01100 (2024)
[7] M. Yeh et al., NIM A 660:51 (2011)
[9] P. Eller, NIM A 1048 (2023)
[11] EOS Collaboration, JINST 18:02 (2023)
[13] X. Xiang et al., arXiv:2403.13231
[15] L. Kneale, IoP HEPP & APP (2023) 

[2] R. Bonventre, et al., EPJC 78:435 (2018) 
[4] J. Caravaca et al., PRC 95 (2017)
[6] S. Naugle et al., in preperation
[8] T. Kaptanoglu et al., PRD 101 (2020)
[10] E. J. Callaghan et al., PRC 83 (2023)
[12] ANNIE collaboration, JINST 19 (2024)
[14] R. Svoboda, TAUP (2023)
[16] J. Gruszko, JINST 14 (2019)

see poster #578 for details

596

Acknowledgements:
With thanks to the EOS, BNL 30-ton, ANNIE and BUTTON teams, 
and the agencies who support these efforts.  The author was 
supported by DOE-OHEP and DOE-NNSA-DNN-R&D. EOS Collaboration

α/β/γ PID with dichroicons Ch/Sc separation in THEIAα/β PID with WbLS in Eos

=


