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Project objective: Enhance neutrino detection capabilities for fundamental science and nonproliferation
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The ratio of the two signals can provide

• Cherenkov cone gives directionality
• Minimum energy threshold

• Extremely high light yield
• High efficiency for detection
• Particle-dependent response

Whole > Ʃ parts:
Can use ratio of signals       Improved background reduction 

Short 
wavelengths 
absorbed by 
acrylic
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Fundamental Science: Theia in DUNE

• 25kT Theia module competitive with 
10kT LAr TPC for CPV
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• NuTools: 2021 study (Department of Nuclear Nonproliferation [DNN] R&D) 
“exploring practical roles for neutrinos in nuclear energy and security”

• DNN invested in demonstration of reactor monitoring with (anti)neutrinos

• LBNL’ s focus is enhancing capabilities of such a detector
• Greater standoff
• Reduce scale
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Detector Size
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Dichroicon
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Dichroicon



•  1.8m (6’) diameter ultraviolet-transmitting 
acrylic inner vessel (IV) with dished end caps

• IV has ~ 4T water capacity
• 3.3m (11’) tall, 2.75m (9’) diameter stainless steel 

outer vessel (OV)
• Buffer between OV and IV will be filled with ultra 

pure water
• Detector will be placed on seismic plate base
• 72 muon veto panels surround OV (144 PMTs)

Detector Design – Tanks 
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Outer vessel (OV) lowered onto 
seismic anchorage base plates

Inner vessel (IV)
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• Each PMT is tested for QA and improved simulation

• PMTs placed in assembly system for mounting to support 

structure

PMT Overview
R14688-100 8” PMT
• Next generation of R5912 (Daya 

Bay)
• ~1 ns transit time spread

• 2-3x better than R5912
• Potted and cabled by Hamamatsu
• Eos will be the first to use these

Dichroicon
• Made from dichroic filters
• Separates Cherenkov (long 

wavelength) from scintillation 
light (short wavelength)

• Eos will have 12 dichroicons on 
bottom array

• 8” Cherenkov PMT
• 10” scintillation PMT
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Readout

17 CAEN V1730 waveform digitizers

• PMT HV power: CAEN SY4527

• 17 CAEN V1730 waveform digitizers

• DAQ server reading out digitizers over optical fiber

• 16 custom-designed High Voltage Splitter and Summer

• (Up to) 3 custom-designed Central Analog Summing Boards

• 1 custom digital trigger system
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Calibration Sources

Deployment
• Sources deployed in central port in tank lid
• Motorized column
• Source holder on motorized rotary joint

Directional β Source Design

Calibration Overview
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Reactor Analysis Tool – Plus Additional Codes

Software Framework and Reconstruction

RAT-PAC 2
• Shared software framework
• Integration of years of software advancement

• Braidwood
• RAT[SNO+]
• RAT-WATCHMAN
• RAT-THEIA

• Compatible with latest software
• C++17
• Geant-4 11+
• ROOT 6+

• Waveform digitization modeling
• Cosmic ray shower simulation through CRY framework
• Machine learning compatible data format

• Tensorflow fully integrated
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Milestones (per Life Cycle Plan)

Detector lid with top PMT array and 
IV lowered onto assembly stand
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os

Possible site for Eos deployment

Possible Future Deployment: Eos @ SNS (ORNL)
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Eos

fundamental science and nonproliferation

fundamental science and nonproliferation
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Thanks to Gabriel Orebi 
Gann, Hans Steiger, Joe 
Saba, Tanner Kaptanoglu, 
Richie Bonventre, Logan 
Lebanowski, and Marc 
Bergevin for slides, figures, 
and plots
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Reactor discovery & exclusion
Ability to monitor ν sources at large standoff distance

Demonstrate potential for cost-saving surface deployment
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Fundamental Science: DSNB with Theia
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• Custom separate deionized (DI) water 
systems for IV and OV

• Air-cooled chiller for OV water ~10° C
• Custom designed liquid scintillator 

(LS) injection system
• Plan to fill IV with DI water, then 

incremental fractions of Water-based 
Liquid Scintillator (WbLS), and finally 
100% LS

Detector Design – Liquid Handling
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• Motorized central axis column with 
source holder

• Calibration column will be deployed 
through central port in tank lid

• Source holder is on motorized rotary 
joint for azimuthal freedom

Detector Design – Calibration Deployment
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20 mm
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Reactor Analysis Tool – Plus Additional Codes
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• Integration of years of software advancement 

(Braidwood, RAT [SNO+], RAT-THEIA, RAT-

WATCHMAN) into open-source public package 

• Compatibility with latest software: C++17, Geant-4 

11+, Root 6+

• Conversion to shared library

• New feature: waveform digitization modeling for 

simulated data

• Interface with external software: Cosmic Ray Shower 

simulation framework CRY now fully integrated

• New Machine Learning compatible data format

• Tensorflow now fully integrated
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Eos
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