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Neutrino/dark matter detector matrix
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Designing a large-scale neutrino detector
Depending on the source intensity at the location of interest, the detector 
can be massive/large -> statistics is critical in neutrino detection.

Installing large-scale detectors in liquid phase could be easier and likely 
cheaper.

The most straightforward material is water but a high particle detection 
threshold presents.

Optical detector with photomultiplier as the sensor was commonly used, 
thus the reliability was thoroughly proved.
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Operating/funded 10 kt scale OPTICAL neutrino detector  

Super-K (22.5 kt)                                          JUNO (20 kt)

Target at different energy range

• Excellent 
Transparency
• Directionality
• Particle ID
• Cheap
• Potential for large 
Isotopic Loading

• No access to 
physics below the
Cherenkov threshold
• Low light yield

• High light yield
• Low energy 
threshold
• Good energy and 
position resolutions
• Can be 
radiologically very 
clean

• Costy
• High absorption
• Limited 
directionality
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Welcome to the world of Benzene

RENO

Daya Bay

Double Chooz
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Welcome to the world of Benzene

RENO

Daya Bay

Double Chooz

PoS ICHEP2020 (2021) 177

Phys.Rev.D 105 (2022) 11, L111101
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Next-generation: Combining water and LS
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Next-generation: Combining water and LS
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Attenuation length includes 
scattering and absorption

Short scattering length           Short absorption length
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BNL demonstrators
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1ton                     30ton

Acrylic tank
PMT coupled 
to the tank

Stainless 
steel tank
PMT inside 
the tank
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BNL 30ton demonstrator
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Running for 3 years

The 1-ton detector was starting running at the same 
year I joined BNL.

Historically, driven by the direct comparison 
between WbLS and Water detector for the DUNE 
fourth FD module, BNL has three questions in mind.

They are all answered at 10-ton level:

- What is the scintillation light yield at all?
- Is this whole thing stable?
- Is it clear to get the water performance? 

arXiv 1911.03501, Cited by 230 to date

CPNR workshop@SeoulGuang Yang (BNL) 13



Liquid stability
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Scintillation light yield

For 1.0% WbLS, the intrinsic scintillation light 
yield is measured as 87.3 ph/MeV and the 
re-emission light yield as 12.0 ph/MeV.
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Liquid transparency
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What else happening - Eos
Low-energy performance demonstration

- Energy, angular and position resolution
- Cherenkov/Scintillation separation 

through wavelength and timing

50% photo coverage
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What else happening - ANNIE

Get the high-energy neutrinos 

- Cherenkov/scintillation 
separation with timing

- Neutron tagging with Gd
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What else happening - BUTTON and XLZD
BUTTON 30ton mass in Boulby mine

- 15.5 miles away reactor neutrinos
- MeV neutrino detection with 

neutron tagging

Potential veto material for XLZD

(in Europe, not with DOE yet)
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Getting mature for physics discovery

Let’s recap the situation:

We have built demonstrators at 10-ton scales aiming to cover:

- Optical stability, scintillation yield and transparency. All seem decent. Done.
- Low-energy particle reconstruction performance demonstration. Ongoing.
- GeV neutrino detection demonstration. Ongoing.
- MeV neutrino detection demonstration. Ongoing.

We need to find real physics discoveries with this brilliant technology as it gets 
mature. Korea can do things!
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Getting mature for physics discovery
A large-scale WbLS scientific station deep underground would do all low-energy 
physics including reactor, geo, reactor, solar, and in particular double beta decay.

https://physics.berkeley.edu/physics-opportunities-large-liquid-scintillator-detectors
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From Michi Wurm
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Possible WbLS in Korea 
Three phases:

1. Reactor neutrinos
2. Solar + Supernova + Geoneutrinos
3. Double beta decay

Why Korea:

- RENO: two instrumented 16-t detectors and their halls, idle since 
March 2023, at the most intense reactor-ν̄e site available 
anywhere.

- Yemilab: the 20 m × 20 m pit at 2,700 m.w.e. is excavated
- Hanul: 24.8 GWth at 65 km, the strongest reactor source next to 

any deep laboratory (JUNO: 26.6 GWth at 52.5 km).
- CAU and CNU already collaborators the BNL 1-ton and 30-ton
- RENO, NEOS and JSNS² give Korea deep reactor-ν̄e expertise.
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Phase 1 - reactor demonstration

Even better with higher photo coverage
16 t Gd-WbLS at RENO near hall => 1,200 IBD/day

CPNR workshop@SeoulGuang Yang (BNL) 23

IBD /ton/day(100% eff.) LS fraction (%)

D
et

ec
te

d 
P

E
/M

eV



Phase 2 - large-scale detector deep underground
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Yemilab pit: 20 m x 20 m 
100 m of rock (2,700 m.w.e.)

40% photocoverage: ~3,000 x 20’’ PMTs

Yemilab sits near Δm2
21 maximum of Hanul
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IBD in 3kt fiducial Geo-nue in 3kt B8 solar nue above 3 MeV 
recoil in 2 kt

Supernova at 10 kpc in 4 kt (950 
IBD + 390 vp and 45 ve)



Phase 3 - Double beta decay

Extend the reach (10 % WbLS, ≥90 % coverage → σ/E ≈ 6 % at 3 % natTe; core 0.65–1 kt):     
T½ ≈ 6–7×10²⁶ yr in 5 yr and ≈ 8–10×10²⁶ yr in 10 yr, i.e. mββ ≈ 13–80 meV. 

Reaching 2–3×10²⁷ yr (mββ 7–33 meV) needs a Te-LS balloon inside the WbLS.
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Dreamline

Some time axis
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Summary
WbLS is moving from a novel technology to something that bring scientific 
results.

BNL has proved that WbLS can be useful for neutrino detection through:

- Light yield, stability and Clarity. It will perform better than water while opening 
a whole new window for low-energy detection.

BNL and partners are working on various demonstrations.

- Particular with MeV and GeV neutrino detection, Cherenkov/Scintillation 
separation and n-Gd tagging.

It is great opportunity to work something out in Korea!
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Backup

Gomez-Cadenas et al
Riv. Nuovo Cim. 46, 619–692 
(2023).
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Backup
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Backup
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Backup
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