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• 50-ktons water Cherenkov detector 
located at Kamioka, Japan

• Overburden: 2,700 m.w.e.


• Diameter 39.3 m  Height 41.4 m

• Fiducial volume: 22.5-ktons


• Detector wall is covered by PMTs.

• Inner detector (ID): 11,000 20” PMTs

• Outer detector (OD): 1,800 8” PMTs
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• SK-Gd experiment has been started.

• To improve the neutron detection efficiency and suppress  

the background due to radioactivities and PMT dark noise.

• Gadolinium sulfate (Gd2(SO4)3 8H2O) was dissolved in water.

• Gd mass concentration: ~110 ppm

• Neutron capture efficiency: ~50%


• Major physics motivation: 
The first observation of diffuse supernova neutrino background

⋅

1. Introduction

1.2. SK-Gd experiment

Cosmic-ray muons that enter the Super-Kamiokande detector cause hadronic showers, and the showers can produce radioactive isotopes out of 16O 
via spallation. The produced neutrons and isotopes are major background sources for MeV-scale neutrino analysis and searches for rare events. 
Observations in Super-Kamiokande have been performed using ultra-pure water, and gadolinium was introduced into the water to improve the detection  
efficiency of neutrons and suppress the background due to radioactivities and PMT dark noises. In this study, we analyzed data for about one year after 
the gadolinium loading and measured the cosmogenic neutron production yield. The results will be presented in this poster.

2. Cosmogenic neutron production
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• Cosmic-ray muons flying into SK with a frequency of ~2 Hz.
• The average energy is 258 GeV (calculated with MUSIC).

• Muons induce showers, which break 16O and produce neutrons.
• Neutrons are thermalized and captured on Gd in ~116 μs.
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Neutron event candidates

Search

• Neutrons are searched within 35-535 μs.
• Events in 0-35 μs are not used to remove  

signals from decay-e and PMT after pulse.

Summary • Super-Kamiokande gadolinium (SK-Gd) experiment had been started with Gd dissolved to SK since Aug. 2020.

• The cosmogenic neutron production yield was measured with SK-Gd data from Sep. 2020 to Sep. 2021. 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4. Number of cosmogenic neutrons

• Fitting function

• Neutron capture time follows exponential function.

• Capture time constant is measured to be 116.4  0.3 μs by Am/Be.±

Neutron capture Dead time BG

A exp (−
Δt

116.4 μs ) − B exp (−
Δt
τd ) + CNeutron capture

Dead time Fitting function • Number of neutrons

Nn = ϵ−1 × ∫
535 μs

35 μs
A exp (−

Δt
116.4 μs ) d(Δt)
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p0 p1 p2 p3
301.1 322.0 3.710×10-2 1.478×10-2

• This function reproduces the MC capture time within 
1.5%, between 0.003 to 0.2 [%w,Gd].

Concentration vs Capture Eff. on Gd
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Concentration vs Capture Eff. on Gd

Red Points: Geant4.9.6p04+G4NDL4.2 MC w/ 8BGO
Black line: Approximation function
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• Approximate function to convert from concentration to capture efficiency on Gd.
• The difference of capture efficiency with 8BGO and No BGO was < 1% between 50 to 200 ppm.

Conversion from Gd conc. To Capture Eff.

Parameters:

1.1. Super-Kamiokande (SK)

Nucl. Instrum. Meth. A 501, 418 (2003)
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3. Event selection

Neutron capture events are selected with two variables: N50 and Lt.

• N50: Number of coincidence PMT hits within 50 ns time window

• Lt: Transverse distance between muon track and neutron events
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3.1. Cosmic-ray muon

3.2. Neutron capture event

npνe

e+ γ
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Total 8 MeV

γ

2.2 MeV

Super-Kamiokande V
Run 81366 Sub 3 Event 2769680�
19-06-26:21:09:41

Inner: 9368 hits, 97847 pe

Outer: 35 hits, 234 pe

Trigger: 0x1000000f

D_wall: 1690.0 cm

Evis:   0.0 MeV
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5. Neutron production yield

• Yn : Neutron yield

• Nn : Number of neutrons

• Nμ : Number of muons  

       using for analysis

• Lμ : Muon path length

• ρ : Gd water density

Yn = 
Nμ Lμ ρ

Nn

2.81  0.06 (stat.)  0.18 (syst.) 
(The unit is 10–4 μ–1g–1cm–2.)

± ±

5.1. Definition

5.2. Result

Before SK-Gd

SK-Gd 110 ppm Gd
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