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Preliminary study of light yield dependence on LAB liquid

scintillator composition *
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Abstract: Liquid scintillator (LS) will be adopted as the detector material in JUNO (Jiangmen Underground

Neutrino Observatory). The energy resolution requirement of JUNO is 3%, which has never previously been reached.

To achieve this energy resolution, the light yield of liquid scintillator is an important factor. PPO (the fluor) and

bis-MSB (the wavelength shifter) are the two main materials dissolved in LAB. To study the influence of these two

materials on the transmission of scintillation photons in LS, 25 and 12 cm-long quartz vessels were used in a light

yield experiment. LS samples with different concentration of PPO and bis-MSB were tested. At these lengths, the

light yield growth is not obvious when the concentration of PPO is higher than 4 g/L. The influence from bis-MSB

becomes insignificant when its concentration is higher than 8 mg/L. This result could provide some useful suggestions

for the JUNO LS.
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1 Introduction

Liquid scintillator (LS), for its low price and high
light yield, is widely used in neutrino detection. It has
performed well in experiments including KamLAND [1],
CHOOZ [2] and Daya Bay [3].

Liquid scintillator can be a mixture of a solvent, a lit-
tle fluor and very low concentration of wavelength shifter.
For example, the liquid scintillator used in the Daya
Bay Neutrino Experiment consists of linear alkyl benzene
(LAB) as the solvent, 3 g/L 2,5-diphenyloxazole (PPO)
as the fluor, and 15 mg/L p-bis-(o-methylstyryl)-benzene
(bis-MSB) as the wavelength shifter [4].

In a LS detector, a reactor neutrino signal begins with
an inverse β-decay reaction, emitting a positron. The
positron then annihilates with an electron into two 0.511

MeV γs. The γs transfer energy to two electrons through
Compton scattering. The Compton electrons deposited
energy in the LS via ionization. The deposit energy is
then converted into scintillation photons and is collected
by photomultiplier tubes (PMTs). In a LS detector, a
series of γs with a certain energy can finally form scin-
tillation photons with a certain energy spectrum. This
is the light yield of the liquid scintillator [5].

Light yield is very important for scintillator detectors,
especially when the scintillation photons have to travel
a long distance before they reach the PMTs. A higher
light yield means that there is more information from an
event. Since the JUNO (Jiangmen Underground Neu-
trino Observatory) experiment plans to use a 35-meter-
diameter spherical neutrino detector, a liquid scintillator
with high light yield is being searched for.
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In this study of propagation of scintillation photons,
the transmission spectrum and light yield of LS is in-
vestigated with different compositions of LS. Section 2
presents the experimental setup and the results for the
measurement of the transmission spectrum, Section 3
presents the study of relative light yield, and Section 4
draws some conclusions.

2 LS transmission spectrum

2.1 Experimental setup

The principle of this experiment is to measure the
transmission spectrum of LS in cuvettes of different
lengths. LS of various concentrations of PPO and bis-
MSB were tested. In this experiment, seven cuvettes
were used. The lengths of the light path were 1 cm,
2 cm, 4 cm, 6 cm, 7 cm, 8 cm, and 9 cm.

The transmission spectrum measurement system is
composed of three parts: a light source with a continu-
ous spectrum, a cuvette in a cassette, and a spectrome-
ter, as shown in Fig. 1. The light source is a Mikropark
DH-2000-BAL. There are two lamps emitting light of,
respectively, shorter and longer wavelength. The lamp
used in this experiment has a spectrum from 200 nm to
450 nm. The cassette is made of an aluminum frame
and is covered with black paper. The spectrometer is an
Ocean Optics QE65000 [6].

Fig. 1. Transmission spectrum measurement setup.

2.2 Experimental results

In this experiment, the lamp emits a continuous spec-
trum from 200 nm to 450 nm. After the light has trav-
elled through some thickness of LS, the spectrum of
shorter wavelength is absorbed and an absorption edge
appears. (Fig. 2) As the cuvette gets longer, a trend can
be seen that the absorption edge goes to a longer wave-
length while the spectrum strength of the same wave-
length goes down. This means that the light of that wave
length is strongly attenuated in the LS. However, when
the cuvette is longer than a certain length, the absorp-
tion edge stops at a certain position. This means that
when light travels further than that thickness in the LS,

the light, the wavelength of which is shorter than that of
the absorption edge, has largely attenuated.

Three samples of LS with PPO (1.5 g/L, 3 g/L and 5
g/L) and three samples with PPO (3 g/L) and bis-MSB
(5 mg/L, 15 mg/L and 30 mg/L) were tested. The ex-
periment data of samples with 3 g/L PPO and with 3
g/L PPO and 15 mg/L bis-MSB are shown in Fig. 2 and
Fig. 3, respectively. The horizontal axis shows the wave
length. The vertical axis shows the relative spectrum
strength. In each figure, seven curves are shown, repre-
senting the transmission spectrum for different lengths
of LS. Although only two figures are shown here, the re-
sults of the other samples are relatively similar. When
the cuvette is longer than 6 cm, the transmission spec-
trum changes only a little, no matter which sample is
measured. The absorption edge stops at 6 cm, and we
are interested in the light yield farther than that distance
in LS. So two quartz vessels longer than that length were
made for the light yield experiment.

Fig. 2. Transmission spectrum of LS with 3 g/L PPO.

Fig. 3. Transmission spectrum of LS with 3 g/L
PPO and 15 mg/L bis-MSB.
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3 Relative light yield of LS

3.1 Experimental setup

The experimental setup of light yield measurement is
shown in Fig. 4. The radiation source emits a gamma
photon, which scatters with an electron in the LS. The
gamma photon is then scattered into another direction at
random. When the coincidence detector that is set at a
certain direction is hit by the photon, it is triggered and
sends out a trigger signal, so the recoil electron events
with a relative narrow energy distribution can be picked
out, as shown in Fig. 5. The signal is recorded by the
computer after digitalization, and is further processed
by LabView. Two quartz vessels, 25 cm and 12 cm in
height, were used in this experiment as LS containers.
The gamma photons hit near the top of the vessels while
the PMT is set at the bottom. The type of PMT is
xp2020. The digitizer is CAEN DT5751 [7].

The vessels used in the experiment are covered with
an ESR membrane, which can helps the PMT catch more
photons.

Figure 5 shows the light yield spectrum. The vertical
axis is the scintillation events count, and the horizontal
axis is the channel. The relative light yield of LS is the
ratio of the peak position. The peak was fitted with a
Gaussian function. We got a peak position from each
sample.

Fig. 4. Setup of light yield measurement.

Fig. 5. Light yield spectrum.

Figure 6 shows the stability of the light yield mea-
surement system. We used the same plastic scintillator

Fig. 6. System stability measurement.

to monitor the measurement system. Each point in the
curve is the relative light yield of that plastic scintillator,
tested before and after testing a set of LS.

3.2 Experimental results

The light yields of 45 LS samples were measured. The
concentrations of PPO were 1.0, 1.5, 2.0, 2.5, 3.0, 3.5,
4.0, 5.0, and 7.0 g/L. Each concentration of PPO corre-
sponded to five concentrations of bis-MSB: 5, 8, 12, 15,
and 20 mg/L.

The samples were measured twice in different orders.
According to the concentration of bis-MSB, the samples
were first divided into five sets, within which the concen-
tration of PPO rises. All of the samples were measured
in a 25-cm-long quartz vessel. A plastic scintillator was
used to calibrate the whole measurement system. The
plastic scintillator was measured before and after the
measurement of each set. During the whole period, the
electronics was kept powered on. The temperature was
kept around 23 ℃, with a maximum of 23.06 ℃ and a
minimum of 22.68 ℃, so the influence from the temper-
ature distribution can be ignored.

The samples were then measured in another order.
They were divided into nine sets according to the same
concentration of PPO. Within each set, the concentra-
tion of bis-MSB rises. All of the samples were measured
in a 12-cm-long quartz vessel. A plastic scintillator acted
as the calibrator. The temperature was kept around 20
℃, with a maximum of 20.06 ℃ and a minimum of 19.50
℃.

Figure 7 shows the results of the measurement in the
first order. The horizontal axis is the concentration of
PPO, and the vertical axis is the relative light yield. All
of the data was normalized according to Daya Bay LS (3
g/L PPO and 15 mg/L bis-MSB). Five curves are shown
in the plot. Each curve represents the light yield of LS
with the same concentration of bis-MSB.
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Fig. 7. Relative light yield result according to con-
centration of PPO.

Fig. 8. Relative light yield result according to con-
centration of bis-MSB.

Figure 8 shows the results for the second order. The
horizontal axis is the concentration of bis-MSB. Nine
curves are shown in that plot, one for each set of mea-
surements.

In order to ensure the consistency of the results mea-
sured with the two vessels, data from the two mea-
surement orders were then compared. Three curves are
shown in Fig. 9. All of the three curves are from the
same set of samples, with fixed concentration of bis-MSB,
15mg/L. The concentration of PPO rises from 1 g/L to
7 g/L. The squares show the data picked out from each

set in the second measurement order. The circles are
the data measured independently with the 12-cm-long
quartz vessel. The triangles show one of the sets from
the first measurements order. From this figure, it can
be seen that the measurements of the two orders match
well.

Measurements of the two orders both lead to the con-
clusion that light yield growth is not obvious when the
concentration of PPO is higher than 4 g/L. In this ex-
periment, the light yield growth as a function of concen-
tration of bis-MSB becomes insignificant after 8 mg/L.

Fig. 9. A comparison of the results.

4 Summary

Through measurement of the scintillation photon
transmission spectrum, it was found that the transmis-
sion spectrum changes very little after passing the 6 cm
mark in LS.

The light yield, measured with vessels of 20 cm and
10 cm in length, shows no significant growth when the
concentration of PPO is higher than 4 g/L. Compared
with the concentration of Daya Bay LS, 3 g/L PPO and
15 mg/L bis-MSB, concentration of PPO could be raised
a little to 4.0 g/L. However, the influence from the con-
centration of bis-MSB on the light yield seems not to be
significant when it is higher than 8 mg/L. To understand
how bis-MSB influences the light yield in a larger detec-
tor, further research will be done in the Daya Bay AD
detector.
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