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Abstract. Recently, technique of Gadolinium-loaded liquid scintillator (Gd-LS) for reactor neutrino 

oscillation experiments has attracted attention as a monitor of reactor operation and "nuclear Gain (GA)" for 

IAEA safeguards. When the thermal operation power is known, it is, in principle, possible to non-destructively 

measure the ratio of Pu/U in reactor fuel under operation from the reactor neutrino flux. An experimental 

program led by Lawrence Livemore National Laboratory and Sandia National Laboratories in USA has 

already demonstrated feasibility of the reactor monitoring by neutrinos at San Onofre Nuclear Power Station, 

and the Pu monitoring by neutrino detection is recognized as a candidate of novel technology to detect 

undeclared operation of reactor. However, further R&D studies of detector design and materials are still 

necessary to realize compact and mobile detector, which is measurable on ground level for practical use of 

neutrino detector. We constructed a 0.76ton Gd-LS detector, and carried out a reactor neutrino measurement at 

the experimental fast reactor JOYO in 2007. The neutrino detector was set up at 24.3m away from the reactor 

core at the ground level, and we understood the property of the main background; the cosmic-ray induced fast 

neutron, well. Based on the experience, now we are upgrading the detector for the next experiment. The 

detector is a Gd-LS detector with ability of n/γ pulse shape discrimination (PSD), which is expected to have 

high rejection capability for the fast neutron background. We evaluated the PSD ability with the real detector 

with the fast neutron events induced by cosmic muons in our laboratory in Tohoku University. 

 

1. Introduction 
 

1.1 Pu monitoring with reactor neutrino detection  

When the thermal operation power is known, it is, in principle, possible to non-destructively measure the ratio 

of Pu/U in reactor fuel under operation from the reactor neutrino flux. Main component of reactor neutrinos 

come from 
235

U and 
239

Pu fissions and contributions of 
238

U and 
241

Pu is much smaller than those nuclei. Along 

with the burn-up of the core, 
235

U is consumed and 
239

Pu is ’bred’ from 
238

U through neutron absorption and β
-decays. Because 

239
Pu can be used for nuclear explosion, it is an important object of the strict safe guard 

regulations. So that it is important to monitor reactor operation and track the plutonium breeding. International 

Atomic Energy Agency (IAEA) watches reactors in the world with surveillance cameras, reviewing operation 

record, etc. Because it is impossible to hide the neutrinos, it could be a powerful tool to monitor the reactor 

operation, in addition to the traditional monitoring methods [1]. The reactor neutrino monitoring also has 

potential to destructively measure the plutonium amount in the core. Table 1 shows the energy releases and 

expected number of emitted electron type anti-neutrinos (νe) above 1.8MeV per fission. As shown in the Table 

1, 
235

U produces significantly more neutrinos than 
239

Pu. Combining the neutrino flux and thermal power 

generation, there is a possibility to measure Plutonium amount in the core. This is simply depicted by the 

following equation assuming the fuel is made up only from 
235

U and 
239

Pu.  

       

       q235F235 + q239F239 = Pth, (1), 

       ν235F235 + ν239F239 = Nν (2), 
  

where, 235 and 239 represent 
235

U and 
239

Pu, Fx is the fission rate of the nucleus-x in the core, qx is the energy 

release per fission, νx is the expected number of emitted νe’s per fission, and Nν is the total emission rate of νe. 

A small contribution from 
238

U and 
241

Pu are ignored to simplify the calculation. The fission rate of 
239

Pu is 

calculated from those relation and the values of the parameters, and the 
239

Pu amount can be calculated in the 

core. 



 
 

Table 1. Number of νe per fission with the energy above 1.8MeV [2] and energy release per fission for major 

isotopes in nuclear reactors [3]. 

 

Isotope Ν (>1.8MeV) q (MeV) 
235

U 1.92±0.02 201.7±0.6 
238

U 2.38±0.02 205.0±0.9 
239

Pu 1.45±0.02 210.0±0.9 
241

Pu 1.83±0.02 212.4±1.0 

 

An experimental program led by Lawrence Livemore National Laboratory and Sandia National Laboratories 

in USA has already demonstrated feasibility of the reactor monitoring by neutrinos at San Onofre Nuclear 

Power Station, and the Pu monitoring by neutrino detection is recognized as a candidate of novel technology 

to detect undeclared operation of reactor [4]. However, further R&D studies of detector design and materials 

are still necessary to realize compact and mobile detector for practical use of neutrino detector. Considering 

the neutrino interaction cross-section and compact detector size, the detector must be set at a short distance (a 

few tens of meters) from reactor core to accumulate enough statistics for monitoring. In addition, feasibility of 

the measurement above ground is required for the monitor considering limited access to the reactor site and 

keeping the low cost, while the previous measurements of neutrinos were operated at underground to reduce 

cosmic ray muon background (BG). Therefore, the detector must be designed to be able to reduce external 

BGs, e.g. cosmic ray muons and fast neutrons. Then it is also needed to reduce shields for the BGs because of 

keeping the low cost. 

 

1.2 Joyo measurement and the upgraded detector 

We carried out an experimental study of neutrino detection at the experimental fast reactor JOYO [5] using a 

0.76 tons gadolinium (Gd) loaded liquid scintillator detector in 2007. The detector was set up on the ground 

level at 24.3m from the 140MWth JOYO reactor core. As the result, the neutrino candidate rate estimated from 

the measured data was 1.2±1.24(stat)±0.46(syst) /day, while the expected rate estimated from the neutrino 

Monte Carlo simulation (MC) result is 0.49±0.06(stat)±0.048(syst) /day [6], then the S/N ratio was 1/35. 

Although it was not statistically established to identify neutrino signal in the difference of energy spectrum 

between reactor ON and OFF periods because of degradation of the liquid scintillator and much background 

dominated by fast neutron induced by cosmic muon. On the other hand, the background spectrum and our 

experience of data taking near the reactor should be useful information for future R&D of compact reactor 

operation monitor using neutrinos. Based on the experience, now we are upgrading the detector by 

implementing a new Gd-loaded liquid scintillator with n/γ Pulse Shape Discrimination (PSD, See Section 5) 

ability. The detector is expected to be able to reject the fast neutron events efficiently.  

Goals of study with the upgraded detector are shown as follows. 

 

1. Confirm the PSD ability with the real detector size. 

2. Study a possibility of reactor neutrino detection by the detector with the simple structure (less shields and 

without cosmic veto counters) above ground. 

3. Neutrino measurement with the detector from fast breeding reactor MONJU (714MWth).  

 

Now we are carrying out BG measurement above ground in our laboratory in Tohoku University with the 

upgraded detector, and we are evaluating the PSD ability with the fast neutron-rich samples. Usually, the PSD 

ability depends on the detector size, and tends to be lower with a bigger one, and the ability with a volume size 

such as the upgraded detector have not been confirmed yet. So it is very important and useful to confirm the 

PSD ability. We are also carrying out neutrino event selection analytically comparing bneutrino MC data with 

the measured BG data in Tohoku University. The current result is shown in this paper.    

 

2. Detection principle for reactor neutrinos 
 

2.1 Rector neutrinos 

In operating reactors, 
235

U, 
238

U, 
239

Pu and 
241

Pu perform fission reaction after absorbing a neutron. The fission 

products are generally neutron-rich unstable nuclei and perform β-decays until they become stable nuclei. One 

νe is produced in each β-decay. The energy of the reactor neutrinos is around a few MeV. Roughly 6 νe’s are 

produced in a fission reaction along with ∼ 200MeV of energy release, resulting in 6×10
20

νe′s production per 

second in a 3GWth power reactor. 



 
 

2.2 Delayed coincidence technique 

Usually the reactor neutrinos are detected with a liquid scintillator formulated from organic oils. Organic oils 

are abundant in free protons and the reactor νe reacts with the proton through inverse β-decay reaction. 

      

       νe + p → e+ + n (3). 

 

When a target scintillator with Np of number of the protons is set up at L of the distance from a reactor core 

with ftot(Eγ,t) of total emitted neutrino rate, the observed neutrino energy spectrum μ(Eγ,t) is based on 

multiplication of the neutrino rate and the reaction cross section σγp,(Eγ) calculated as follows. 

 

     



(E ,t) 
Np

4L2
f tot(E ,t)p (E ) (4), 

 

where, Eγ is energy of the neutrino and t is time. The energy spectrum is distributed around about 4MeV. 

Energy threshold of the inverse β-decay interaction is 1.8MeV. Assuming that the thermal power is same as 

the MONJU reactor and a distance between the reactor core and the detector is same as the JOYO experiment, 

a rate of the inverse β-decay interactions with the upgraded detector is expected to be 143 events/day (see 

Section 3). 

The detector contains gadolinium-loaded liquid scintillator (Gd-LS), in which neutrino signals are detected 

using delayed coincidence technique (DC). Kinetic energy of a positron emitted by the inverse β-decay 

reaction and γ’s from the annihilation are observed as the prompt signal. Since kinetic energy of neutron 

emitted by the inverse β-decay reaction is small, the neutrino energy can be measured from energy of the 

prompt signal depending on the positron kinetic energy. 

 

     Esignal = Eν − 0.78MeV (4). 

 

The neutron is captured by gadolinium or hydrogen in the Gd-LS mostly after the thermalization, and γ rays 

are emitted with the total energy of 8MeV and 2.2MeV, respectively. Those γ rays are detected as delayed 

signals. In our detector, we expect 76.9% of neutron captures are on 
155

Gd or 
157

Gd, which have more than 105 

times larger thermal neutron capture cross-section than hydrogen [8]. The mean time difference (Δt) between 

the prompt and delayed signals is estimated to be 79.8μsec with the Gd density of 0.025 weight% (w%). The 

background events are strongly suppressed by requiring coincidence of the two signals. 

 

3. Setup 

 
3.1 Detector 

The detector has two layers, which are a neutrino target layer filled with Gd-LS, and a buffer layer filled with 

water. A spherical vessel for the target layer is made of huge glass flask with the diameter of 75cm, the mean 

thickness of 1.0cm and 20cm diameter chimney at the top of the sphere. A spherical vessel for the buffer layer 

is made of UV transparent acrylic ACRYLITE(000) of MITSUBISHI RAYON Inc. with the diameter of 

120cm, the mean thickness of 0.75cm and 30cm diameter chimney at the top of the sphere, which was used in 

JOYO measurement. The liquid scintillator is formulated by diluting the commercial Gd-loaded liquid 

scintillator BC521 (Saint-Gobain) by Pseudocumene (PC). The compositions of the liquid scitillator are, 

95.0w% PC (1,2,4-Trimethylbenzene: C9H12), 5.0w% BC521, and 3g/liter of PPO (2,5-Diphenyloxazole: 

C15H11NO) as a light emitter. Then the Gd density is 0.025 w%. In case of JOYO measurement, the main 

solvent was paraffin oil instead of the PC. The PC has high PSD ability, and can be expected to be stable to 

Gd. But the flash point is low (44 
◦
C), so it is needed to use the PC with the safety. And the PC attacks some 

acryl materials, so the glass flask is used for the target layer because of the tolerance. The scintillation light 

yield was measured to be 74.5% of Anthracene scintillator, which was equivalent to 12500 photons/MeV and 

was improved comparing with 9400 photons/MeV of previous Gd-LS. Properties of Gd-LS used in our 

detector are summarized in Table 2. Figure 2 shows a picture of the detector. 

The scintillation lights from Gd-LS are viewed by 16Hamamatsu R5912 8-inch photomultiplier tubes (PMTs) 

mounted on the surface of the acrylic vessel same as the JOYO detector. Each PMT are covered by a μ-metal 

skirt, which is used for Kamiokande PMT long time ago. The PMT was put in an acrylic housing cylinder and 

the space between PMT surface and acrylic sphere were filled with RTV rubbers (Shin-Etsu Silicones KE103, 

KE1052). The photo-cathode coverage is approximately 10%. In the future, we will increase more 

8Hamamatsu R7081 10-inch PMTs, then the coverage is expected to improve to 19%. 



 
 

Table 2. Properties of gadolinium-loaded liquid scintillator used in our detector. 
Parameter JOYO detector Upgraded detector 

Density (20
◦
C) 0.838g/cm 0.89g/cm 

Volume 904L 199L 

H/C ratio 1.94 1.33 

Number of Protons (H) 6.22×10
28

 1.07×10
28

 

Light yield 9400 photons/MeV 12500 photons/MeV 

Gd concentration 0.05w% 0.025w% 

Neutron capture time 46.4μsec 79.8μsec 

 
3.2 Data acquisition system 

Two Flash ADC modules (CAEN V1721) are used for the data taking, because it is necessary to take 

waveform data of the signals for the PSD analysis. The CAEN V1721 is produced by CAEN company. The 

sampling rate is 500MS/s with the resolution of 8bit. Signal from each PMT was divided into 2 with a linear 

fan-in/out module. The first one is fed into the Flash ADC, by which waveform within 496nsec time window 

is measured. The second signal is used to make a common trigger for the Flash ADC modules, which is made 

from a shaper AMP with the decay time of 180ns based on a sum of all PMT signals. The threshold level for 

the common trigger is set at the equivalent of 1.8MeV. The trigger rate is 306Hz, and the dead time is less 

than 1%.   

 
3.3 Energy calibration and DC performance 

Corrections for PMT responses and energy calibration were carried out putting a 
60

Co γ-ray source inside the 

detector. Figure 3 shows reconstructed energy spectrum from the data taken with 
60

Co γ-ray source at the 

detector center. The energy resolution estimated from the peak at 2.5MeV is 15%/√E(MeV), which was 

improved from the resolution of 20%/√E(MeV) for the JOYO detector.  

 

                     
 
     Fig 2. Picture of the upgraded detector. Fig 3. Reconstructed energy spectrum from data taken 

with 
60

Co γ-ray source at the detector center. 
 

We checked the DC performance of the detector with 
241

Am
9
Be source at the detector center. The 

241
Am

9
Be 

source mainly emits both of 4.44MeV γ-ray and a fast neutron below about 10MeV, which looks like the 

neutrino signals with both of the prompt and delayed signals. Therefore, the 
241

Am
9
Be source is used for the 

check of DC performance. Left and center figures in Figure 4 show the reconstructed energy spectra for 

prompt and delayed signals, respectively. The right figure shows the Δt distributions. The solid lines show the 

measured data and the dashed lines show the MC data. There is a peak around 5MeV in the energy spectrum 

for the prompt signals, which depends on 4.44MeV γ-ray and proton recoiled by fast neutron from the 
241

Am
9
Be source. The energy spectrum for the delayed signals consists of a peak of 2.2MeV depending on γ-

ray from thermal neutron capture on H, and a continuous distribution below about 10MeV depending on total 

8MeV γ-rays from thermal neutron capture on Gd. Because there are some escaped γ-rays from Gd, the 

distribution has no peak around 8MeV. The Δt distribution has the decay time of about 80μsec, which is close 

to the expected time of 79.8μsec. And each distribution for measured data resembles the one for MC data, so it 

is reasonable. The MC simulation is based on Geant4 (version 4.9.0.p1), which toolkit provides a calculation 

of particle tracking in materials [9].    



 
 

  

 
      Fig 4. Delayed Coincidence performance of the detector with 

241
Am

9
Be source at the detector center. Left 

and center figures show the energy spectra for prompt and delayed signals, respectively. Right figure 

shows the Δt distributions. The solid lines show the measured data and the dashed lines show the MC data. 

 

4 Backgrounds 
 

4.1 Backgrounds in the single events 

Major BG sources in this experiment are environmental γ-rays and cosmic-ray muons. The environmental γ-

rays are emitted by radioactive isotopes contaminated in materials. These γ-rays are produced through the 

decay chains of 
238

U and 
232

Th series, and decay of 
40

K. The energy of γ-rays ranges up to 2.6MeV. Cosmic-

ray muons have wide energy range over GeV scale. High-energy muons generate fast neutrons by interactions 

in materials composing this experimental site and the fast neutrons turn out to be the most sever BG in this 

experiment. Most of the BG events produced by muons are excluded by the delayed coincidence technique but 

there are still remaining BGs even after requiring it. Those BG events are further reduced by the data analysis 

as explained in later sections. 

 

4.2 Backgrounds satisfied with neutrino event selection criteria 

The BG events, which satisfy the delayed coincidence condition, are classified into two categories, that is 

accidental and correlated BGs. The accidental BG consists of two independent BG events, which accidentally 

occur within the delayed coincidence time window. The main source of such BG events is environmental γ-

rays followed by cosmic-ray muons. The correlated BGs are caused by continuous physics process. When 

neutrino event selection criteria for the prompt and delayed energies (Eprompt, Edelayed), and Δt are defined as 

3.5<Eprompt<6MeV, 3.5<Edelayed<10MeV and 5<Δt<100μs, the main correlated BG satisfied with the neutrino 

event selection criteria is fast neutrons induced by cosmic ray muons followed by neutron captures on Gd in 

the detector.  

Recoil protons caused by the fast neutron are detected as a prompt like signal, and the γ-rays from the neutron 

capture on Gd are identified as a delayed like signal. Figure 5 shows reconstructed energy spectra for delayed 

signals for the accidental and correlated BGs in measured data at our laboratory in Tohoku University, and 

neutrino MC data satisfied with the neutrino event selection criteria except for the delayed energy cut. Then 

the accidental BG was defined as events with Δt between 1000 and 1100μsec, and the correlated BG is events 

after subtracting the accidental BG from the total BGs. 

In case of the neutrino events, the prompt energy distributes below about 10MeV depending on the neutrino 

energy spectrum with the inverse β decay reactions and energy resolution of the detector. The delayed energy 

distribution has a peak around 2MeV and a shoulder around 8MeV depending on 2.2MeV of γ-ray and total 

8MeV of γ-rays via thermal neutron captures on H and Gd, respectively. The distribution depending on the 

thermal neutron capture on Gd does not make a peak attributed to the γ-rays escaping from the detector. A 

delayed energy distribution for the correlated BG has also the 2MeV peak and the shoulder around 8MeV, so 

shapes for both distributions resemble each other.    

Figure 6 shows a Δt distribution for the correlated BG in the neutrino event selection criteria. By fitting to the 

data with an exponential function, decay time of the Δt distribution is estimated as 84±6μs. It is consistent with 

79. 8μs of the thermal neutron capture time in the error. Combining with resembling the neutrino events in the 

shape for delayed energy distribution, the correlated BG satisfied with the neutrino event selection criteria can 

be identified as the fast neutron events.  

   



 
 

                 
Fig 5. Reconstructed delayed energy spectra for the 

accidental (gray dashed line) and correlated (black 

line) BGs in the measured data at our laboratory with 

neutrino MC data (gray filled area) satisfied with the 

neutrino event selection criteria. 

Fig 6. The Δt distribution for the correlated BG 

satisfied with the neutrino event selection criteria. 

 

5. n/γ Pulse shape discrimination 

 
5.1 PSD 

The PSD method is expected to be very useful for rejecting much fast neutron BG and improving the S/N 

ratio. Usually, decay time constant of scintillation light emission consists of two components, which are the 

fast and slow time components. A ratio of the two components depends on dE/dx of each passing particle in 

the liquid scintillator, so the ratios for electrons emitted by γ-ray and protons recoiled by fast neutron are 

different. Therefore, waveforms for the γ-ray and fast neutron events are also different. Then the fast neutron’s 

waveform has longer tail part than the γ-ray’s one. It is possible to distinguish between γ ray and fast neutron 

events comparing with ratios of total charge (Qtotal) and the tail part charge (Qtail) of the waveforms. Figure 7 

shows correlation between Qtail and Qtotal with data measured by using the real Gd-LS in a 200mL vial and 
252

Cf source, which emits both γ-ray and fast neutron per the fission. Then the Qtail was defined as the tail part 

charge between 20ns and 90ns after time at the maximum pulse height. The plot indicates separation between 

the γ-ray and fast neutron events, and it also indicates that the real Gd-LS has the high PSD ability potentially.   

 

 
       Fig 7. The correlation plot between Qtail and Qtotal measured with the real Gd-LS of a 200mL vial and 

       
252

Cf source. 

 

5.2 Evaluation of PSD ability for the real detector 
We carried out evaluation of the PSD ability for the real detector with the fast neutron-rich samples extracted 

from the measured BG data satisfied with the neutrino event selection criteria. The fast neutron-rich samples 

include multi-neutron events. The multi-neutron event makes three signals by the recoiled protons and two 

thermal neutron captures within a few hundred μs of the Δt. When some fast neutrons are emitted by 

interaction between cosmic muon and materials, it is possibility that two fast neutrons enter the detector at 

same time and make three signals. Then it is also possibility that the thermal neutron capture events make both 

prompt and delayed signals, and it is impossible to reject such events by PSD method. Therefore, the fast 

neutron-rich samples after subtracting the multi-neutron events were used for the evaluation of PSD ability. 



 
 

The multi-neutron events are defined as events have three signals within 200μs of the Δt, then the neutrino 

signal efficiency keeps more than 99% even if the multi neutron subtraction is carried out. On the other hand, 

the accidental BG and thermal neutron capture events were used as the γ-ray event samples (neutrino like 

events) for the evaluation. 

Left plot in Figure 8 shows distributions of the Qtail/Qtotal for the accidental (gray dashed line) and correlated 

(black line) BGs satisfied with the neutrino event selection criteria. The blue line shows the distribution of 

multi neutron events including in prompt signals for the correlated BGs. The red line shows the distribution of 

the first signals satisfied with the multi-neutron event selection criterion. The multi neutron events including in 

the prompt signals are produced by γ-rays emitted by the thermal neutron capture, and the first signals 

satisfied with the multi-neutron event selection criterion are produced by the protons recoiled by the multi- 

neutrons. So it is consistent that the former events (blue line) distributes the same as the accidental BG, and 

the latter events (red line) distributes around bigger values of the Qtail/Qtotal than the former events.    

Right plot in Figure 8 shows distributions of the Qtail/Qtotal for the accidental BG (gray dashed line), thermal 

neutron capture events (red dashed line) and the correlated events after subtracting the multi-neutron events 

(black line) satisfied with the neutrino event selection criteria. It indicates that both two peaks depending on 

the γ-rays and a peak depending on the fast neutron events are splitting each other in the plot. The PSD ability 

for the real detector is expected to reject 90% of the fast neutron events with keeping 76% of the signal 

efficiency with orange cut line in the plot. Figure 9 shows mean waveforms for the accidental BG (gray 

dashed line) and the fast neutron events (black line) satisfied with the neutrino event selection criteria. 

Actually, the plot indicates that the waveform for fast neutron events has longer tail than the one for γ-ray 

events. We could confirm the PSD ability with the real detector size. 

 

    
      Fig. 8. Distributions of ratios of Qtail/Qtotal for the accidental and correlated BGs (left), and the ratio for the 

correlated BG after subtracting the multi neutron events (right) satisfied with the neutrino event selection 

criteria. 

            
Fig 9. The mean waveforms for the accidental (gray) and 

correlated (black) BGs after subtracting the multi neutron 

events satisfied with the neutrino event selection criteria. 

Fig 10. Reactor power versus measurement 

days for observing the neutrino excess with 

the 2σ confidence level. 

6. Possibility of reactor neutrino detection with the real detector 
We estimated possibility of reactor neutrino detection with the real detector with the measured BG data and 

neutrino MC data. Neutrino event selection criteria for the estimation are used as following conditions, 



 
 

3.5<Eprompt<6MeV, 3.5<Edelayed<10MeV, 5<Δt<100μs, ΔPos<25cm, the multi neutron cut, and  

Qtail/Qtotal <0.18, where, ΔPos is distance between reconstructed vertex positions for prompt and delayed 

signals. The vertex position is reconstructed with a ratio of charge for each PMT and solid angle to the PMT 

surface from the vertex. After the neutrino event selections, the remaining BG rate is 157±6 events/day. Then 

the accidental and correlated BG rates are 88±4 and 69±7 events/day, respectively. The neutrino event rate is 

4.5±0.4 events/day with 714MWth (MONJU). Figure 10 shows reactor power versus measurement days for 

observing the neutrino excess with the 2σ confidence level after taking reactor-off data for 30days. The black 

line shows the result with the current detector condition, and the red line shows the result after reducing the 

BG rate to the 1/10 with keeping the signal efficiency by improving the detector condition. To observe the 

neutrinos from MONJU reactor with measurement within a week, we need to reduce the BGs more by 

improving the PSD ability and reducing the environmental γ-ray BG more. We plan to install more 8 10inches 

PMTs and lead shields for the improvements, and it can be expected to reduce the BG rate to the 1/10 with 

keeping the signal efficiency. 

 

7. Conclusion 

We upgraded to the new Gd-LS detector with the PSD ability from previous detector for JOYO measurement. 

We tested the performance for delayed coincidence signals of the upgraded detector with 
241

Am
9
Be source, 

and then we could confirm the delayed coincidence signals close to the MC simulation data. Furthermore, we 

carried out background measurement above ground with the detector at our laboratory in Tohoku University, 

and we evaluated the PSD ability for the real detector with the extracted the fast neutron-rich samples. Then 

we could confirm the ability with the real detector size. It is expected to be able to reject 90% of the fast 

neutron BG with keeping 76% of the signal efficiency. The possibility of reactor neutrino detection with the 

current detector condition was also estimated. We need more improvement to observe neutrinos from MONJU 

reactor, but it was indicated that we could observe neutrinos from a reactor with 3GW of the thermal power 

with current detector condition by measuring for a week. 
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