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Outline 

(1) Physics motivations 
 

a) Neutrino mass hierarchy  

b) Precision measurement of parameters 

c) Search for New Physics  

d) Observatory of astrophysical neutrino sources 

 

(2) Project status 
 

a) Experimental site 

b) R&D program 

c) Collaboration  

d) Schedule 
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Current status 

Unresolved issues: 

Mass hierarchy 

CP-violating phase 

Theta(23) octant 

Are there additional sterile 

neutrino species? 
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Mass hierarchy 

Matter effect: Accelerator, atmospheric, supernova neutrinos 

 

 

 

Vacuum oscillation: reactor neutrinos S. T. Petcov et al., PLB 533, 94 (2002) 
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Spectral information 

How the interference happens? 
Fourier transform to L/E spectrum: 

L/E spectrumΔm2 

spectrum(oscillation frequency)  

J. Learned et. al. hep-ex/0612022 

L. Zhan et. al. 0807.3203 
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Baseline optimization 

 The optimum baseline is required to be at the oscillation 

maximum of          . 

 The control of baseline difference is important to maximize 

the sensitivity.  

Δm2
21 

Y.F Li et al, PRD 88, 013008 (2013) 
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Experimental site 
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Physics Potential 

Nominal assumption: 

20 kton Liquid Scintillator 

 (LS) detector 

3%/sqrt(E) energy resolution 

52-53 km baselines 

36 GW and 6 years 
 

 

MH sensitivity for JUNO:  

3 (Δχ2>10) with the spectral measurement 

4 if including an external Δm2(atm) measurement 

spread of reactor cores; uncertainties from reactor antineutrino flux; the 

energy scale and non-linearity. 

Y.F Li et al, PRD 88, 013008 (2013) 
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Other oscillation probes 

Nominal +shape(1%) +BG +1.0% (EL) +1.0% NL 

sin2 θ12  0.54% 0.60% 0.62% 0.64% 0.67% 

Δm2
21 0.24% 0.27% 0.29% 0.44% 0.59% 

|Δm2
31| 0.27% 0.31% 0.31% 0.35% 0.44% 

New Physics test in low-energy oscillation phenomena:  

light sterile neutrinos 1405.6540 

nonstandard neutrino interactions 1310.5917, 1408.6301 

Lorentz and CPT violation 1409.6970 
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Observatory of astrophysical sources 
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Supernova neutrinos 

 For a SN at 10 kpc, JUNO will register about 5000 events 

from inverse beta decay (IBD), 2000 events from all-flavor 

elastic neutrino-proton scattering (>0.2 MeV). 

 High statistics, different flavors, good energy resolution 

 particle physics:  

  a) neutrino mass scale: 0.7 eV@95% C.L. [10 kpc] 

 astrophysics: 

  b) pre-SN neutrinos: ~ 1000 events/day [0.2 kpc] 
      Many other physics and astro-physics potentials 
       A physics yellow book will be released by end of this year. 
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Detector concept 

Requirements:  

Large detector: 20 kt  LS 

Energy resolution:  

3%/E  1200 p.e./MeV 
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Central detector 
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Veto system 
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High QE PMT 



16    

Liquid scintillator 
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MC studies 
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Civil construction 
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Collaboration Established  
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Schedule  

 

 Civil preparation: 2013-2014 
 

 Civil construction: 2014-2017  
 

 Detector component production: 2016-2017 
 

 PMT production: 2016-2019 
 

 Detector assembly & installation: 2018-2019  
 

 Filling & data taking: 2020 
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Welcome to Kaiping 
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JUNO nominal setup 

 3%/sqrt(E), 300 effective days times 6 years, 80% efficiency 

 both old and new evaluations of ν_bar flux spectrum. 

 Oscillation parameters: recent best-fits 

 Systematics: 

Y.F Li et al, PRD 88, 013008 (2013) 
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The median sensitivity 

(1) The square root of delta_chi_2 is very close the 
median sensitivity. 

(2) It is representative for how well the experiment 
will do. 

(3) 50 % probability of not reaching it, and 50 % 
probability of doing better, not 50 % probability of 
“being wrong“. 
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Global comparison 

Blennow, Coloma, Huber, Schwetz, JHEP 03, 028 (2014) 

 

Note: Bands have dierent meanings:  

JUNO: Energy resolution 3%-3.5% 

PINGU/INO: theta(23) 40º~50º 

LBNE: CP phase (0~2π) 
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Signal and background 
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