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Abstract

The timing and spectral characteristics of four highly efficient, slow 
fluors are presented for liquid scintillator solutions using linear 

alkylbenzene (LAB) as the primary solvent. The mixtures exhibit high 
light yields, but with rise times of several ns or more and  decay 

times on the order of tens of ns. Consequently, such liquid scintillator 
mixtures can be used for effective separation of Cherenkov and 
scintillation components based on timing in large scale liquid 
scintillation detectors. Such a separation, showing high light 
yield and directional information, is demonstrated here on a 

bench-top scale for electrons with energies extending 
below 1 MeV. This could have significant consequences 

for the future development of detectors for a
variety of neutrino  measurements.
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Timing Measurement

The experimental set up for our timing 
measurements can be seen in Figure 1.

1. A 90Sr source produces an electron. 
2. It passes through a scintillating fibre, 

producing light detected by a trigger PMT. 
3. The electron moves into the scintillator.
4. Scintillation light passes through an iris to a 

measurement PMT.

In order to compare directionality, the relative 
positions of the measurement PMT and 90Sr  
source were changed, creating “towards”
and “away” measurements. 

Light Yields

The light yield of each scintillator mixture are 
shown in the table above. These high yields 

are very promising as they are crucial to  
keeping the good energy resolution found 

in scintillator based neutrino 
detection. 
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Electron Energy

The 90 Sr source supports 90 Y, 
which undergoes 𝛽-decay with an 

endpoint of 2.28 MeV. Approximately 
1 MeV is lost travelling through the 
fibre and vial wall, contributing 20-

30% of the Cherenkov signal 
observed. A maximum energy of 
∼1.2 MeV can be deposited in the 

scintillator, meaning typical 
trigger energies are below 

1 MeV. 
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Timing Analysis

The timing profiles created from the single 
photon events used the time between the trigger and 

the detection in the measurement PMT. The timestamps of 
the two PMTs were found using a constant fraction discriminator 
that linearly interpolated between sample points that bound the 

threshold. The measurement PMT used a constant fraction of 40% 
and the trigger PMT used 5%. These were found to provide optimal 

resolution when measuring the Impulse Response Function (IRF) of the 
system using a vial filled with water. This timing profile was then fit to the 

empirical equation below. 

Ai = Fraction of scintillation component, 𝜏i = Decay constant, 𝜏rise = Rise time, 
A’ = Fraction of residual LAB component (A’ << Ai), 𝜏’ = Residual decay constant,

FC = Cherenkov fraction, IRF = System’s Impulse Response Function

Fit Results

The timing model was applied to the time 
profiles of several slow fluors. Decay constants 

and rise times from those fits can be seen in the 
table below. For more fit results follow the QR code.

Figures 2-5 show 
the time profiles of each 
scintillator mixture, with 

the absorption and 
emission spectra included 

in the inset. The Cherenkov 
peak is shown in each 

profile, separate in 
time from the 

scintillation light. 


