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RENO Collaboration 

§  Total cost : $10M 
§  Start of project : 2006 
§ The first reactor experiment 

running with both near & far 
detectors from  Aug. 2011 

Reactor Experiment for Neutrino Oscillation 



RENO Experimental Setup 

Far Detector 

Near Detector 
(120	m.w.e.)	

(450	m.w.e.)	

Total	
16.8	GWth	
(	2x1020	νe/GWth)	

Hanbit	Nuclear	Power	Plant	
in	Yonggwang	



§   Data taking began on Aug. 1, 2011 with 
both near and far detectors. 

    (DAQ efficiency : ~95%)

§  A (220 days) : First θ13 result
    [11 Aug, 2011~26 Mar, 2012]
    PRL 108, 191802 (2012)

§  B (403 days) : Improved θ13 result
    [11 Aug, 2011~13 Oct, 2012]
    NuTel 2013, TAUP 2013, WIN 2013

A 

B 

C   

D	(1500	days)	

Now 

§  C (500 days) : First |Δmee
2| result

    Rate+shape analysis (θ13  and |Δmee
2|) 

    [11 Aug, 2011 ~ 21 Jan,2013] 
    PRL 116, 211801 (2016) 
    submitted to PRD (arXiv:1610.04326)

§  D (1500 days) : New results 
    [11 Aug, 2011 ~ Sep, 2015] 

RENO Data-taking Status

Total	2000	days	
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New Results from RENO

sin2(2θ13)	and	|Δmee
2|	spectral	measurements	

Measurement	of	5	MeV	excess		
of	the	reactor	neutrino	spectrum	

We	updated	the	following	measurements	
using	1500	live	days	of	data	(Aug.	2011	~	Sept.	2015).	

Measurement	of	an	absolute	reactor	neutrino	flux	

1.	

2.	

3.	



Sunny	Seo,	SNU	 TAUP	@	Sudbury	2017.07.27	 6	

Reduction of Background Rates & Uncertainties  
à  Allows	precise	measurements	of	sin2(2θ13)	and	|Δmee

2|.		



~2.5 % 

~2.5 % 

Clear excess at 5 MeV 

RENO’s	observaCon	of	
5	MeV	excess	

with	1500	days	data	

Measured Spectra of IBD Prompt Signal 
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All	the	six	
reactors	are	on two	or	three	

reactors	are	off 

5 MeV excess  
has a clear  
correlation 
with reactor  

thermal power ! 

The 5 MeV excess 
comes from reactors! 

8	

Correlation of 5 MeV Excess with Reactor Power 
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235U	fracCon	corresponds	to	freshness	of	reactor	fuel 

Fit	funcCon χ2 

y	=	p0 1.407 
y	=	p0	+	p1*x 0.233 

Δχ2	=	1.174	
P-value	=	0.240 

(Preliminary) 

(Beginning		
of	reactor	cycle)	

(End		
of	reactor	cycle)	 9	

Correlation of 5 MeV Excess with 235U 



RENO	1500	days		
at	near	(411	m) 

Data	/	PredicCon	(Huber	+	Mueller) 

0.946	+-	0.021 

à Deficit of observed reactor neutrino fluxes relative to the prediction  

     (Huber + Mueller model) indicates an overestimated flux  

or possible oscillation to sterile neutrinos 
10	

Short baseline measurement (<100 m) 

Preliminary 

Absolute Reactor Neutrino Flux Measurement 
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Energy-dependent disappearance of reactor antineutrinos 
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Results from Spectral Fit (I) 
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Preliminary result 

Results from Spectral Fit (II) 
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Observed L/E Dependent Oscillation 

Preliminary result 
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1500	days			 Mean Stat. Sys. Precision 

sin2(2θ13) 0.086 +0.006		
-0.006 

+0.005		
-0.005 9	% 

|Δmee
2|	

(x10-3	eV2) 2.61 +0.15		
-0.16 

+0.09		
-0.09 7	% 

500	days			 Mean Stat. Sys. Precision 

sin2(2θ13) 0.082 +0.009		
-0.009 

+0.006		
-0.006 12	% 

|Δmee
2|	

(x10-3	eV2) 2.62 +0.21		
-0.23 

+0.12		
-0.13 10	% 

PRL 116, 211801 (2016), Submitted to PRD (arXiv:1610.04326) 

New results (preliminary) 

à	Systema]c	errors	are	reduced	due	to	background	
reduc]on	and	larger	sta]s]cs	of	control	samples.	

More Precise Measurements



Plan for RENO data taking 

RENO data will be taken until 
early 2019 and it will take 3 
additional years for the data 
analysis.

Sin22θ13 will approach to ~6% 
precision (our design goal). 

2017 2018 2019 2020 2021 

Possible extension of additional 2~3 years

According to our recent study, the 
systematic error of |Δmee

2| is smaller 
than the statistical error. 

RENO: Plan & Prospects 

500	days	
Measured	

1500	days	
Measured	

~2000	days	
Expected	

~3500	days	
Expected	

sin2(2θ13)	 12%	 9%	 ~9%	 6~7%	

|Δm2
ee|	 10%	 7%	 ~7%	 4~5%	

Y2021	Y2015	 Y2017	Y2012	



§   Updated an excess at 5 MeV in reactor neutrino spectrum 

§   sin2(2θ13) and Δmee
2 to ~6% accuracy by using data until early 2019 

§  More precise measurements of θ13 and Δmee
2 energy dependent 

disappearance of reactor neutrinos with 1500 days data 

§   Measured absolute reactor neutrino flux:  R= 0.946±0.021   
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§  Additional 2~3 years of data taking under consideration to improve 
Δmee

2 accuracy 

(Preliminary) 

(Preliminary) 
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RENO Summary
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Thank	you	very	much	
for	your	a`en]on	!	


