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This is not milk

This is a particle detector
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Tokai-2-Kamioka (T2K)

T2K near detector can’t cover the same 
phase space.
T2K near detector can’t reconstruct final 
states with neutrons.

295 km baselineFD: Water Cherenkov 
detector

ND: Magnetized system

J PARC beam

All requires good near detector



3D array of optically isolated scintillator cubes 

- Cube size and material can vary. 

3D readout with 3 WLS fibers passing through each cube 
and connected to MPPCs (multi-pixel photon counters)
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Plastic 3D-projection scintillator detector 
 

Fully active!
Single fiber 0.9 ns timing 
resolution: Fast timing!
1-cm-scale size: 
Fine granularity!
>50 PE/MeV each 
readout: High light yield!
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https://iopscience.iop.org/article/10.1088/1748-0221/13/02/P02006


Those plastic prototypes running at BNL

4

SuperFGD prototype used for T2K upgrade

8 cm

24 cm
48 cm

1cm cube

Fully 
calibrated

Data

Data Data

CPAD 2026



192 cm
184 cm

56 cm
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A Path Forward: The 3D-Projection 
"Tracking Calorimeter": A possible 
solution is a detector that is 
simultaneously a tracker and a 
calorimeter. This approach unifies these 
functions within a scalable, single, fully 
active, homogeneous volume.

Scaling-up novel calorimeter
Make it opaque liquid for large-scale tunable 
detector 

Make it water-based for low-cost while 
preserving performance

Make it metal loaded to tune radiation length

Fiber 3D-projection readout
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1ton water-based 
liquid scintillator

30ton water-based 
liquid scintillator

We put the pixels in the liquid: granularity 
from chemistry, not machining
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Scattering length handling

 

Short scattering length                     Short absorption length                      Long sct./abs. length
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Opaque (Water-based) Liquid Scintillator at BNL

- Produced for LiquidO at BNL 
- Rested for 1 year
- The optical response is 

stable.
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arXiv:2503.02541 

Used in LiquidO

Richard Rosero
(BNL Chemistry)

Made it 30% brighter than DYB
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https://arxiv.org/abs/2503.02541


Built twice - P1 taught us (no metal loading)

P1 P2

9CPAD 2026



Built twice - P1 taught us (no metal loading)

In the next slides, I will show the results 
mixing P1 and P2. 
The liquid itself is the same. 
The optical coupling is different. 
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The liquid tracks muons in 3D
P1 Data P2 Data

P2 collected significantly more light than P1.
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Light yield measurement
- Not too far from plastic

Accumulated a few days of cosmic muons

Track fit for muon length in each voxel volume

p.
e.

p.
e.

p.
e.

Top view
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Beam test at NASA Space Radiation Lab (NSRL)

Target

Magnet

Magnet (0.5 T)
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50-500 MeV protons imaged in 3D
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P1 
Data

P1 
Data
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Light confinement > 90% in single voxel
Cosmic muon data

Proton data

Proton data vs MC

We engineered for mm, we 
measured mm.
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Response time 
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First-time indicates the light 
scattering time

Average time dominated by the 
fiber and scintillation time

Data

Accumulated light for OL3D

Faster fiber 
and 
scintillator 
are available!

MC

MC

2 mm 

Arriving time 
(resolution) very 
preciseCPAD 2026



Summary
We put the pixels in the liquid: granularity 
from chemistry, not machining
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- OL3D chemistry at BNL; optically 
stable > 1 year

- 3D fiber readout works in liquid + 
50-1000 MeV protons in 3D

- Light confined: < 2 cm;    
> 90% within 1 cm 

- Timing limited by fiber; can have faster 
scintillator and fiber

- > 20 wt% Pb loading synthesized

- 2 papers + JINST readout 
benchmarks

- Jan 5 2027: NSRL multi-module 
beam run

- 2 liquid modules + CsI with 0.5 T

- First metal-loading module in 
beam

- Aim for a good energy estimator

- Try for pion decay for absolute 
calibration

- Meter-scale detector 
demonstration

- X0 tuning demonstration

- Pumpable liquid test

- Maintainable and refillable test 

- Calorimetry for neutrino, Kaon 
and Pion experiments, 
Colliders and other areas
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Some useful references
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arXiv: 2605.10683

To be published

arXiv: 2607.14290Neutron detection with 3D-projection
Benefit of 3D-projection

OL3D prototype performance



Zoom-out the picture

Liquid scintillator

Opaque 
-> tracking calorimeter

Transparent 
-> Large-scale multi-purpose labs

Praveen Kumar Next!
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Backups
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3D-projection scintillator detector 

3D projection scintillator tracker Surrounding tracking system

~ 0.4 m

Neutron candidates: 
looking for the first 
isolated object in time

Measure 
distance 
and time

This volume can be 
magnetized to measure 
the track momentum

Measure energy 
deposit of the track 
in this volumeProvide T0 

and X0
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Plastic 3D-projection detector performance

JINST 15 P12003

Light Yield
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Other results

arXiv: 2605.10683

To be published
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Next run in January 2027

Target

Magnet

Liquid 3D   KOTO CsI

No-metal    metal-loaded (10%)

Two clear goals

Measure the full proton energy for 
the first energy estimate

Try to capture some pion decays 
(absolute calibration) 

OL3D MC

OL3D MC
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OL3D-1           OL3D-2          CsI

OL3D-1           OL3D-2          CsI
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Longer-term plan
Resolved the mechanical design issues with small-scale 
prototype including leaking, optical coupling and liquid 
filling.

Now suffer from the small volume, particularly the fiducial. 

In order to measure more fundamental detector 
performance such as radiation length measurement, good 
PID, angular and energy resolution measurements etc., a 
significantly larger detector is needed.

For longer planning, we can do several moderate modules 
and combine them to perform more significant physics 
measurements.

OL3D MC 1 GeV electron
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0% Pb loading                                30% Pb loading
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Preliminary success in developing liquid scintillator synthesis techniques for loading high                           
concentrations (>10 wt.%) of heavy metallic elements

- Organometallic complex synthesized by a ligand exchange process

Efforts are ongoing to characterize the material properties, scintillation response, chemical stability etc.

Heavy metal loading
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Sasmit Gokhale
(BNL Chemistry)
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