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YongGwang ( ) : 

16.8 GW (6 reactors)        

   (8 institutions and 40 physicists) 

 

Á Chonnam National University 

Á Dongshin University 

Á GIST 

Á KAIST 

Á Kyungpook National University 

Á Seoul National University 

Á Seoyeong University 

Á Sungkyunkwan University 

RENO Collaboration 

Á Total cost : $10M 

Á Start of project : 2006 

ÁThe first experiment running 
with both near & far detectors 
from  Aug. 2011 

Reactor Experiment for Neutrino Oscillation 



RENO Experimental Set-up 

Far Detector 

Near Detector 

120 m.w.e. 

450 m.w.e. 



New RENO Results 

  ͮPrecise measurement of |Dmee
2 | and q13 

 using ~2200 days 

of data (Aug. 2011 ï Feb 2018) 

ñMeasurement of Reactor Antineutrino Oscillation Amplitude and Frequency 

at RENOò  Ą submitted to PRL (arXiv:1806.00248) 

 ͮIndependent measurement of |Dmee
2 | and q13 with  

   delayed n-H signals 

  ͮMeasurement of absolute reactor neutrino flux and spectrum 

 ͮFuel-composition dependent reactor antineutrino yield Ą  
 ñFuel-composition dependent reactor antineutrino yield and spectrum at  

 RENOò Ą submitted to PRL (arXiv: 1806.00574) 
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Measured Spectra of IBD Prompt Signal  

~2.5% ~2.5% 

Clear excess at 5 MeV 
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RENO 2200 days RENO 2200 days 

In 2014, RENO showed the 5 MeV excess  
comes from reactors.  



Far/Near Shape Analysis 

Energy-dependent disappearance of reactor antineutrinos 
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(  7.6%)   

(  5.2 %)   

sin22ɗ13 = 0.0896 0.0048(stat.) 0.0047(syst.) 

| mee
2| = 2.68 0.12(stat.) 0.07(syst.) ( 10-3 eV2) 

Nmqrcp Npcqclr_rgml Npcagqc kc_qspckclr mdDmee
2  and q13 _r PCLM `w B, F, Jcc &! 347' 

RENO 2200 days 



Results of q13  and |Dm2
ee| 

 

sin22ɗ13 = 0.0896 0.0048(stat.) 0.0047(syst.) 

| mee
2| = 2.68 0.12(stat.) 0.07(syst.) ( 10-3 eV2) 
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RENO 2200 days 



Observed L/E Dependent Oscillation 

P(n e­n e)º1 - sin2 2q 13 sin2 D mee
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RENO 2200 days 



Comparison of q13  and |Dm2
ee|   
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Evolution of Fuel Isotope Fraction 

8 groups of near IBD samples with different 235U isotope fraction 

10 Average fission fraction  

Ὢ : Ὢ : Ὢ : Ὢ = 0.573 : 0.299 : 0.073 : 0.055 



Fuel-Composition Dependent Reactor Neutrino Yield  

Ą 6.7s rejection of identical reactor antineutrino spectra 

between 4 main fuel isotopes 

Observation of fuel(energy)-dependent variation in IBD yield 
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ñ= nnnfs dEEEy )()(

IBD yield per fission 

)( nfE : energy spectrum 

iif
yFy ä=

iF : time averaged fission 

fraction of isotope i 



Reactor Antineutrino Yield per 235U vs. 239Pu Fission  

The best-fit measured yields per fission of 235U (239Pu) 

 Ą 235U: 3.5s deficit relative to Huber-Mueller (H-M) prediction 

     239Pu: 1.2s deficit 
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IBD Yield Variation of 5 MeV Excess Region 

Ratio of IBD yield per fission between ñ5 MeV excess regionò 

and ñtotalò Ą Weak indication of enhanced yield in 5 MeV 

excess region due to 235U isotope fraction increaseé.  
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Correlation of 5 MeV excess with 235U isotope fraction 

(for constant) 

ЎⱵ  = 6.58 (2.6s) 

p-value = 0.010 

(Beginning  
of reactor cycle) 

(End  
of reactor cycle) 
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2.6s indication of 5 MeV excess coming from 235U fuel 

isotope fission !! 

(2.545 +-0.065) % 



Measurement of Absolute Reactor Neutrino Flux 
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Data / Prediction,   RENO 2200 days at near detector 

0.924 +- 0.018 (for Huber + Mueller model) 

0.966 +- 0.019 (for ILL + Vogel model) 

Deficit of observed reactor neutrino fluxes relative to the prediction (Huber + Mueller 

model) indicates an overestimated flux or possible oscillation to sterile neutrinos 

Cross section calculation 
Å Vogel 84 formalism 
Å†= 880.2s (PDG2017) 

RENO Preliminary 

RENO : ◐█ = (5.780 +- 0.113) x 10-43 cm2/fission 
H-M model : ◐█ = (6.227 +- 0.149) x 10-43 cm2/fission 



Unfolded Reactor Antineutrino Spectrum 
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Spectral comparison 

ÁUnfolding using iterative method in RooUnfold 

* MC is normalized to data in the 
region excluding 3.6 < Ep < 6.6 MeV 

Measured spectrum  
vs. H-M prediction 

RENO Preliminary RENO Preliminary 



Motivation: 
 

1. Independent measurement of q13 and  |Dmee
2 |. 

2. Consistency and systematic check on reactor neutrinos. 

n-H IBD Event Vertex Distribution 

target g- catcher 

n-H IBD Analysis| 
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