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Main Neutrino Interactions in Scintillator
 p + ܍തܞ → ܖ ൅ ܖ	;ା܍ ൅ ܘ → ܌ ൅ 	

 vതe + 12C → eା ൅ 12B → 12C൅ eି ൅ vതe 

 vୣ + 12C → eି ൅12N → 12C൅ eା ൅vୣ

 v୶ + 12C → v୶
	 ൅12C*	12C൅	

 v୶ ൅ eି	v୶ ൅ eି

 v୶ ൅ p v୶ ൅ p

KamLAND

Daya Bay

SNO+

NoVA Borexino

 Excellent detection medium for neutrinos in MeV range
 Different LS combinations to meet the needs of various physics
 Profound physics applications in Solar-, Geo-, Reactor-, Supernova-Neutrinos,

Neutrino Oscillation, Proton Decay
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Others

Isotope-doped Liquid Scintillator
for Neutrino Physics and Other Applications
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• A new detection medium, bridging scintillator and water
• Tunable scintillation light from ~pure water to ~organic
• A novel technology for loading various isotopes
• Cherenkov transition

•  overlaps with scintillator energy-transfers will be 
absorbed and re-emitted to give isotropic light.

•  emits at >400nm will propagate through the 
detector (directionality).

A 50-m WbLS SK-like detector (100ph/MeV)
• Tk+= 90MeV 
• 20% coverage with 25% QE photocathode
• Deep underground >3000 m.w.e.
• Fast decay at 12ns

Water-based Liquid Scintillator 
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• A New metal-doped technology using water-
base Liquid Scintillator principal (e.g. 
PROSPECT,  SNO+, beam-therapy, calorimetry 
etc.)

• Suitable for ~most metallic ions
• less-selective isotope loading
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0ββ
(e.g. SNO+, KamLAND-

Zen)

Accelerator Physics 
(e.g. NOA, T2K, SNS, J-

PARC-E56)

Reactor 
(e.g. Daya Bay, PROSPECT, 

JUNO)

Solar & Geo 
(e.g. LENS, Borexino, 

KamLAND)

Common features 
between detectors

unique requirement for 
individual detector

Liquid Scintillator 
(Metal-loaded & Water-based)

Other 
Applications

(e.g. Nonproliferation, 
source -, LZ) 

Ion-beam therapy
&

TOF-PET scan

Liquid Scintillator Physics
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Common Liquid Scintillators

1-phenyl-1-xylyl-ethane (PXE)

1,2,4-trimethylbenzene (PC)
Di-isopropylnaphthalene (DIN)

Cyclohexylbenzene (PCH)Linear alkylbenzene (LAB)

• Stability, light-yield and optical transparency
• High flashpoint (PXE>DIN>LAB>PCH>PC) and low toxicity
• Most slow decay at tens of ns
• New generation scintillation water
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• Match the best absorption and emission 
overlaps between the scintillation 
solvent, fluors and shifters for non-
radiative transitions

• Most fluors and shifters are fast 
decay at few ns (but not limited to)

Common fluors and shifters

D.L. Horrocks, Applications of Liquid Scintillation Counting, 
Academic Press 1974
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Combination of Scintillator Cocktail
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C. Buck, B. Gramlich and S. Wagner, JINST10 P09007 (2015)
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z
solvent Fluor

fast and slow components
from Ranucci et al.

Scintillation Mechanism

• Stokes shift, timing structure, density and Z are the key parameters that 
determine the responses of detector

wiki

Stokes shift

fast

slow

Birk’s
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Pulse Shape Discrimination

DayaBay

JSNS2

 n

n

• A muon veto alone cannot reduce the 
cosmo/accelerator background for a surface 
detector; Need PSD to distinguish proton 
recoils from electron-like events

• 2D-PSD to distinguish IBD events from cosmogenic
fast neutrons and ambient-related gammas 

• LAB-based scintillator doesn’t have good n-
separation; DIN or other “pseudo” toluene 
scintillators enables an enhanced PSD 
capability
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PROSPECT
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Cherenkov/Scintillation Separation

electrons

neutrons

LSND rejects neutrons by a 
factor of 100 at ¼ Cherenkov 
& ¾ Scintillation light (NIM 
A388, 149, 1997).

Cherenkov is <5% of scintillation 

 Separation of Cherenkov from 
scintillation allows directional cut for 
particle ID, great impacts for future 
particle-physics experiments
• Fast photosensors/electronics
• Ratio of scintillation light in 

Cherenkov
• Slow scintillation time
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Prompt Cherenkov peak

Long scintillation tail
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Fluor Effect
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• Decay time is a function of type and concentration of fuor/shifter (before 
saturation)

• Once the FRET mechanism are completed, adding more fluors reduces the 
light yield due to color and collision quenching

D.L. Horrocks, Applications of Liquid Scintillation Counting, Academic Press 1974
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H.M. O’Keeffe  , E.O’Sullivan, M.C.Chen, NIM A 640 (2011) 119–122

Oxygen quenching slows the decay time, 
gives better PSD; but reduces the light-yield 
(as much as ~15% less)

Quenching Effect



Quenching Parameters
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B. von Krosigk et al:arXiv:1510.00458, submitted to JINST

Variation of decay time 
depends on the incident 
particle
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Metal-doped effect
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• G. Consolati, D. Franco, S. Hans, C. Jollet, A. Meregaglia, S. Perasso, 
A. Tonazzo, and M. Yeh, PRC 88, 065502 (2013)

• S. Perasso,a,1 G. Consolati,b D. Franco,a C. Jollet,c A. Meregaglia,c 
A. Tonazzoa and M. Yeh, JINST, v9, March 2014

Doped metal affects the o-Ps fraction; but not 
its lifetime
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Experiment of Chev/Scin Separation

(C6H6)-C(10-15)H(22-32)

Cepas at Spain

16
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chemically and environmentally friendly; not flammable, 
merely combustible (Class IIIB), Flash Point – 250-280o F 
(120-140 C); Density 0.86 gm/cm3

• Scintillator solvents are relatively slow decay
• LAB is the current favor of several ongoing 

for future-planned experiments
• Good base solvent to test the Cherenkov 

and scintillation separation with partial 
scintillation light and slow decay time

D.L. Horrocks, Applications of Liquid Scintillation Counting, Academic Press 1974
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Small scintillation light and slow 
decay time (LAB td~36.6±2.4 ns) 
enable Cherenkov and scintillation 
separation! 

M. Li, Z. Guo, M. Yeh, Z. Wang, S. Chen: arXiv:1511.09339v1

Demonstration of Chev/Scin Separation

NTU, China



Summary/Futures
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• Scintillator directionality is the key parameter for 
future scintillator experiments

• Cherenkov and scintillation separation can be 
achieved by controlling scintillator doping 
(LAB~36ns).

• Optimizing maximum scintillation light while still 
enabling the Chev/Scin separation

• Fast (ps) photo-detector and electronics
• Slow the scintillation time further: 

Benzocarbazole derivatives (20~30ns), 
Anthracene derivatives (30-40ns), anthrene
derivatives (30 ~60ns), benzofluorene (~65ns), 2-
phenyl naphthalene (~114ns), etc.

• Test light-yield, timing and PSD of scintillation 
cocktail with various types and concentrations of 
fluor and shifter

• 1-ton Water-based Liquid Scintillator prototype
• Direct measurement of Cherenkov from 

scintillation 
• Timing and Quenching measurements

Bis-MSB Perylene

LAPPD
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