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Water-based liquid scintillators (WbLS)

Increased ratio of Cherenkov light to 

otherwise dominant fraction of scintillation

Slow organic scintillators

Characteristic fluorescence times 

intentionally retarded so that separation via 

timing using fast photosensors possible

Hybrid Neutrino Detector THEIA

Separation of Cherenkov radiation from 

scintillation light to gain directional 

information of incident particles in a large 

volume detector (up to 100 kilotons)

Evaluate pulse shape discrimination (PSD) capabilities of slow organic 

and water-based liquid scintillators to identify neutrino events from 

neutron-induced background events by characterization of scintillation 

time profiles after excitation by gammas and neutrons
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Selection of neutron data by time-of-flight information
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Background events

Enhanced sensitivity to broad physics program: 

solar neutrinos, (diffuse) supernova neutrinos, 

neutrinoless double beta decay

(by isotope loading of scintillator)…
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Start signal

Coincidence of Ch. 0 & Ch. 1

~ 30 cm (~ 1 ns)

Aperture

Light-tight aluminum box
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Neutron/Gammas 

bunches

≤ 3.9 MeV

Pulsed proton beam

from 3.5 MeV to 5.5 MeV 

in steps of 0.5 MeV

Copper beam dump

~ 10 µm to ~ 40 µm 

thin Lithium targets

Air cooler

Stop signal

Single photon

detection in Ch. 2

~ 3 % of total events

Time-of-flight distance

~ 1.30 m 

CN Van de Graaff accelerator

at INFN Legnaro

+ NIM-based analog trigger logic

Ensure selection of

single photo electrons

Separation of time profiles for

recoil protons

and 

recoil electrons

Potential to perform 

pulse shape discrimination

(PSD)

Late pulse bump visible due to fast LS

WbLS

New window in low and high energy neutrino physics

Together with Cherenkov & 

scintillation separation

Slow LS
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Additional solvent DIN retards decay, 

improves PSD and light yield

Slow LS


