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1. Introduction & Physics  motivations 
◆ Super-Kamiokande detector 
Super-Kamiokande (SK) [1], a 50 kton water Cherenkov detector in Japan, 
observes 8B solar neutrinos with neutrino-electron elastic scattering.  
The fourth phase of SK (SK-IV) began data taking in September in 2008. 
 ◆ Physics target 
The main motivation of solar neutrino 
measurements with SK-IV [2] is to 
observe the MSW effect [3,4] through 
a solar neutrino energy spectrum 
distortion induced by the matter in 
the sun, and through a day/night 
solar neutrino flux asymmetry 
induced by the matter in the Earth. 
 

5. Analysis results & Discussion 

SK is scanning the transition region between vacuum dominated 
oscillations (lower energy solar neutrino) and the matter dominated 
oscillations (higher energy solar neutrino) leading to the distortion. 

◆ Background in solar neutrino analysis 
Background (BG) events in the low energy region are dominated by the beta 
decay of Rn daughters remaining in SK water [6]. This energy region is 
overlapped with that of solar neutrino. 

2. Rn concentration measurement system 
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◆ Purposes of Rn concentration study 
(1)Understand the origin of the BG in SK tank and estimate BG event rate. 
(2)Reduce the Rn concentration in SK, enlarge the fiducial volume. 
(3)Achieve the lower energy threshold and get more low energy solar ν. 

◆ Method 
(1) About 11 L of Rn rich water was produced on May 7th , 2016. 
      - Using 226Ra source, Rn rich gas was bubbling into the SK pure water [9].   
(2) 4L of Rn rich water was injected into the SK tank on May 18th , 18:15 (JST). 
     - Radioactivity : 0.88±0.11 Bq/L → 3.53±0.44 Bq. 
     - Injected position : (x, y, z) = (+35.3, -350.0, ±0.0) cm 

◆ Rn study was carried out to understand the origin of BG event in SK. 
◆ Developed the Rn measurement system. 
    - This system can measure the Rn concentration at ~0.1 mBq/m3 level. 
    - Measured Rn concentration in the center region is 0.34±0.06 mBq/m3. 
◆ Rn injection study was performed.  
    - Conversion factor is obtained, 10 events/day/kton = 0.138±0.026 mBq/m3. 
    - Estimated Rn concentration in the SK water is 0.13±0.04 mBq/m3. 
    - SK achieves sub-mBq/m3 level of Rn concentration in the center region. 
    - We will investigate systematic uncertainties.  

3. Result of Rn measurements 

4. Rn injection study 

◆ Analysis method 
(1)Fitting decay curves to obtain the initial  
    Rn concentration in the 80 L Rn detector. 

◆ Measurement methods [7] 
(1)Extract Rn from SK water 
     with a Rn extraction mixer. 
(2)Dehumidify water vapor 
     with a electrical dehumidifier    
     and copper wool traps. 
(3)Absorb Rn with a cooled 
    activated charcoal  trap (-90℃). 
(4)Desorb Rn by heating the 
    activated charcoal trap (+200℃).  
(5)Measure Rn concentration 
    with a Radon detector [8]. 

Typical 
decay curves 

measured with 
Rn detector (2)Deriving the water Rn concentration taken 

into account for the total amount of flowed 
water/air and the Rn extraction efficiency. 

◆ Continuous measurement 
It turned out that the membrane 
degasifier (MD) system in SK water system 
injected Rn into the supply water. 
→ After bypassing MD system on May 
2014, Rn concentration in the supply 
water became lower [7]. 

6. Summary & Conclusion 

◆ Position dependence 
After bypassing the MD, Rn concentration 
in the SK tank decreased. 
 
Rn con. in the bottom region is higher 
than that of supply water. This situation 
means that some of SK structure supply 
Rn into the water in the SK tank. 
→ SK structure (PMT, FRP and so on)  

More lower 
energy threshold 
More smaller the 
total uncertainty 
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◆ Purpose 
(1) Understand Rn-BG in the 8B solar neutrino analysis. 
(2) Estimate the Rn concentration in the SK ultra-pure water. 

1st hour after injection 

Clear excess can be observed. 

1st day after injection 

Movie of the water circulation is available : http://www-sk.icrr.u-tokyo.ac.jp/~ynakano/rn.gif 
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Decay 
1st day after injection 3rd day after injection 5th day after injection 

“Rn run” – “BG run” 

◆ Conversion factor 
 Comparing the excess of the events with the injected Rn radioactivity, 
 a conversion factor can be obtained. 
  - Applying all solar analysis reduction cuts, observed events are sampled. 
  - After subtracting the BG, the number of the observed excess are counted. 

10 event/day/kton = 0.138±0.026 mBq/m3 (3.5-5.0 MeVkin) 

◆ Estimation of the Rn concentration in the SK pure water. 

10th hour after injection 20th hour after injection 

30th hour after injection 40th hour after injection 50th hour after injection 

Decay 

◆ Discussion 
According to both approaches to know 
the Rn concentration in the center region, we confirmed that SK achieves 
sub-mBq/m3 level of the Rn concentration.  
However, there is a factor ~2 difference between the measurement result 
and the estimated Rn concentration in the center region. 

A current event rate for 3.5-5.0 MeVkin in 
the analysis fiducial volume (8.85kton, 
P3.076) is 9.53±0.06 event/day/kton. 
Using the conversion factor, the Rn 
concentration can be estimated assuming 
all the remaining events are Rn decay.  

0.13±0.04 mBq/m3 (estimated value) 

3.5-5.0 MeVkin 

Red line: Average 

0.34±0.06 mBq/m3 (Center, measured value) 

Blue point: Basically 1 day’s data 

◆ Purpose 
(1) Determine the Rn concentration precisely by sampling SK pure water. 
(2) Understand the position dependence of the Rn concentration. 
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