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PMT	  

Reactor	  neutrino	  experiment	  
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How	  to	  dis'nguish	  Mass	  Hierarchy?	  

Detect	  the	  sign	  of	  	   (�m2
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The	  informa'on	  of	  mass^2	  difference	  are	  in	  Oscilla'on	  Probabili'es.	  	  



MH	  difference	  in	  	  	  	  	  	  spectrum	  
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Sensi'vity	  



	  	  	  	  	  	  analysis	  �2

The	  theore;cal	  predic;on	  	  	  	  	  	  	  	  	  	  is	  fiBed	  to	  the	  Data,	  
assuming	  NH	  or	  IH.	  
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Effects	  of	  	  　　　　to	  the	  sensi'vity	  
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Effect	  of	  Energy	  Resolu'on	  	  

a	  =	  0	   a	  =	  6%	  

Evergy	  Resolu'on	  	  
affects	  the	  sensi'vity	  	  
significantly.	  
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Expected Energy Resolution 

PMT coverage : 67% (15,000  20” PMTs) 

PMT coverage : 67% (15,000  20” PMTs) 

+ Attenuation length : 25 m 

+ QE : 35% 

J.S.	  Park,	  S.B.	  Kim	  



	  	  Effect	  of	  Energy	  Resolu'on	  2	  
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• 	  Sensi'vity	  is	  reduced	  by	  ~	  40%	  
• 	  Op'mized	  L	  is	  shortened	  by	  ~	  5	  km	  
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Other	  
Limicng	  Factors	  



Mul'-‐reactor	  interference	  

L1	   L2	  

E.	  Ciuffoli,	  J.	  Evslin,	  X.	  Zhang:	  1302.0624	  
Y-‐F.	  Li,	  J.	  Cao,	  Y.	  Wang,	  L.	  Zhan:	  1303.6733	  

Baseline	  difference	  
should	  be	  small.	  

ΔL	  =	  L1	  –	  L2	  	  



Mul'-‐reactor	  interference	  	  

Other	  reactor	  sites	  
influence	  the	  sensi'vity.	  

All	  Reactors	  

16.5GW	  	  
10kton	  5yrs	  
a	  =	  3%,	  b	  =	  0.5%	  

�E
E

=

��
a�
E

�2

+ b2

YongGwang	  only	  

0
1
2
3
4
5
6
7
8
9
10
11

(��2)min



Mul'-‐reactor	  interference	  	  
All	  Reactors	  
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RENO	  site	  

In	  latest	  RENO-‐50	  proposeal:	  	  Site	  changed	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  18	  kton	  detector	  



Energy	  scale	  uncertainty	  
Energy	  scale	  uncertainty	  is	  controlled	  ~	  1%	  for	  RENO	  detector.	  

J.	  Evslin	  et.al.	  
arXiv:	  1308.0591	  

No	  E	  scale	  Unc.	  
Unknown	  E	  scale	  (worst	  case)	  

Effect	  of	  E	  scale	  Uncertainty	  



Schedule	  for	  MH	  determina'on	  
2010	   2030	  2020	  

RENO-‐50	  

DayaBay	  II	  

LBNE	  

LBNO	  
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INO	  

NOvA	  	  （Opera;ng)	  

（Approved)	  

Hyper	  K	  

2015	   2025	  

*	  rough	  es;mate	   2	  sigma	  	  3	  sigma	  4	  sigma	  	  5	  sigma	  



	  	  Summary	  
RENO50-‐like	  Experiment	  for	  MH	  determina=on.	  

With	  16.5GW	  18kton,	  

	  	  	  a	  <	  3%	  	  	  	  	  
	  	  	  	  b	  <	  0.5%	  	  	  

of	  Energy	  Resolu=on	  is	  required	  
>	  2	  ~	  3-‐sigma	  
determina;on	  within	  5	  years.	  	  	  	  	  
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Interference	  among	  reactor	  cores	  significantly	  affects	  	  
the	  sensi;vity.	  

Energy	  Scale	  uncertainty	  should	  be	  controlled	  very	  
Carefully.	  	  

Many	  Efforts	  for	  MH	  determina;on	  have	  started	  !	  


