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Outline 

13

 Brief history of reactor neutrino physics
 Physics case for a precise  measurement
 Status and plan for the Daya Bay neutrinos

   oscillation experiment
 Relic neutrino with radioactive nuclei? 
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Neutrino News - OPERA Experiment 
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A great puzzle in the 1920’s 

C.D. Ellis and W.A. Wooster,             
Proc. R. Soc. (London) A117, 109 (1927) 

Why is the β-decay energy spectrum not a sharp peak? 

210 210
83 84Bi Po e X−→ + +

Bohr suggested that energy conservation 
is only valid “on average” 
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Fermi wrote down the theory of β-decay in 1933 
(after including neutrino) 

Fermi’s theory agreed perfectly with experiment 

However, neutrinos were not 
detected until 23 years later! 
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Bethe Peierls 

 
 

 
 
 

 

p e nν ++ → +
(Inverse beta decay) 

http://lappweb.in2p3.fr/neutrinos/neutimg/nacteurs/peierls.jpg
http://stwww.weizmann.ac.il/g-junior/matmon/common_tools/scientists/bethe2.jpg
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“I have done something very bad by proposing a 
particle that cannot be detected; it is something 
no theorist should ever do.” 

- Wolfgang Pauli 
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An explosive idea to detect neutrinos 

 

Reines 

The proposal was 
approved, but 

never carried out. 

http://www.google.com/imgres?imgurl=http://www.nndb.com/people/052/000099752/frederick-reines-1.jpg&imgrefurl=http://www.nndb.com/people/052/000099752/&usg=__T1YJtrcEw5bn2iw2-q-fCx_vgY8=&h=300&w=244&sz=17&hl=en&start=3&sig2=A4J1omKEEXxyEuUYpl71Tw&zoom=1&tbnid=_15Ysyz5s7k5rM:&tbnh=116&tbnw=94&ei=MLSXTpbaMYng0QHAn-TIBA&prev=/images%3Fq%3DFrederick%2BReines%26hl%3Den%26sa%3DX%26rls%3Dcom.microsoft:en-us:IE-SearchBox%26rlz%3D1I7GGLC_enUS310%26tbm%3Disch&itbs=1
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A Better Idea 

Reines and Cowan successfully detected neutrinos from 
nuclear reactors using the “inverse neutron beta decay”  

e p e nν ++ → +

Nuclear reactor generates a lot of neutrinos 
continuously ~1020/second Cowan Reines 

http://3.gvt0.com/vi/EPvq4S7fPhc/default.jpg
http://www.google.com/imgres?imgurl=http://www.nndb.com/people/052/000099752/frederick-reines-1.jpg&imgrefurl=http://www.nndb.com/people/052/000099752/&usg=__T1YJtrcEw5bn2iw2-q-fCx_vgY8=&h=300&w=244&sz=17&hl=en&start=3&sig2=A4J1omKEEXxyEuUYpl71Tw&zoom=1&tbnid=_15Ysyz5s7k5rM:&tbnh=116&tbnw=94&ei=MLSXTpbaMYng0QHAn-TIBA&prev=/images%3Fq%3DFrederick%2BReines%26hl%3Den%26sa%3DX%26rls%3Dcom.microsoft:en-us:IE-SearchBox%26rlz%3D1I7GGLC_enUS310%26tbm%3Disch&itbs=1
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“Thanks for message. 
Everything comes to him 
who knows how to wait.” 

Pauli 

14 June, 1956 

“We are happy to inform you 
that we have definitely detected 

neutrinos from fission 
fragments by observing inverse 

beta decay.” 

Reines and Cowan 

Telegram to Pauli 

Reply from Pauli 

Nobel prize 

1995 
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What we have learned from neutrino 
oscillation experiments 
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What we do not know about the neutrinos  

• Are neutrinos their own antiparticles? 
• The exact values of their masses? 
• Existence of other types of neutrinos? 
• Value of the θ13 mixing parameter? 
• Do neutrinos violate fundamental symmetries 

(CP, CPT)? 
• Why are they so light? 
• Do neutrinos travel faster than light?  
• Other unknown neutrino mysteries….. 
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What we know and do not know about 
the neutrinos  
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• What is the νe fraction of ν3? 
(proportional to sin2θ13) 

• Contributions from the CP-phase 
δ to the flavor compositions of 
neutrino mass eigenstates depend 
on sin2θ13)  
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   A measurement of sin22θ13 at the sensitivity level of 
0.01 can rule out at least half of the models! 

• Models based on the 
Grand Unified 
Theories in general 
give relatively large 
θ13 

• Models based on 
leptonic symmetries 
predict small θ13 

A tabulation of predictions of 63 neutrino mass models on sin2θ13 

 
(hep-ph/0608137) 

Why measuring θ13? 
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   After diagonalization, one can determine the mass hierarchy and the 
mixing parameters 

Modeling the Neutrino Mass Matrix 
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Modeling the Neutrino Mass Matrix 
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Why measuring θ13? 
 Leptonic CP violation  

2
12 12 13 13 23 23

2 22
13 2312

( ) ( ) 16

sin sin sin sin
4 4 4

e eP P s c s c s c

m mm L L L
E E E

µ µν ν ν ν

δ

→ − → = − ×

     ∆ ∆∆
    

     

If sin22θ13>0.02-0.03, then LBNE+T2K will have 
good coverage on δCP.  

Reactor experiments set the scale for future 
leptonic CP-violation studies 



19 

 

Caution: value of θ13 depends on 
parametrization of mixing matrix 
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Various possible mixing matrix parametrizations 
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In certain parametrizations θ13 can be rather large 

 

(See Huang, Liu, JCP, Reitner, arXiV:11908.3906) 
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Current knowledge on θ13 
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Measuring θ13 with Reactor Neutrinos 
Search for θ13 in new oscillation experiment 

~1-1.8 km 

> 0.1 km 
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detector 1 detector 2 



24 

Results from Chooz 

 5-ton 0.1% Gd-loaded liquid scintillator 
to detect νe + p → e+ + n 
 

 

 L = 1.05 km 

 D = 300 mwe 

P = 8.4 GWth 

Rate: 
   ~5 evts/day/ton (full power) 
    including 0.2-0.4 bkg/day/ton 

~3000 νe 
candidates 
(included 10% bkg) in 
335 days 

 
Systematic uncertainties 
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• Increase statistics: 
– Use more powerful nuclear reactors 
– Utilize larger target mass, hence larger detectors 

 
• Suppress background: 

– Go deeper underground to gain overburden for reducing cosmogenic 
background  

• Reduce systematic uncertainties: 
– Reactor-related: 

• Optimize baseline for best sensitivity and smaller reactor-related errors 

• Near and far detectors to minimize reactor-related errors 
– Detector-related: 

• Use “Identical” pairs of detectors to do relative measurement 

• Comprehensive program in calibration/monitoring of detectors 

• Interchange near and far detectors (optional) 

How to Reach a Precision of 0.01 in sin22θ13? 
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World of Proposed Reactor Neutrino Experiments 

    
 

 

 Angra, Brazil 

Diablo Canyon, USA 

Braidwood, USA 
Chooz, France Krasnoyasrk, Russia 

Kashiwazaki, Japan 
RENO, Korea  

Daya Bay, China 
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Location of Daya Bay 

 

• 45 km from 
  Shenzhen 
 
• 55 km from 
  Hong Kong 
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Eight Identical detectors in three underground 
sites connected by tunnels 
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Detection of antineutrinos 
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Expected neutrino signals and rates 
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Assembly of Antineutrino Detector (AD) 
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View of the assembled Antineutrino Detector (AD) 
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AD1 and AD2 installed in Hall 1 
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Filling water into Hall 1 

Reconstructed vertices 
during water-filling 
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Filled pool in Hall 1 
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Hall 1 ready for data-taking 
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Hall 1 started data-taking since August 15 
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Comparison between AD1 and AD2 (with Am-C source) 

AD1: Blue; AD2: Red 
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Hall 2 installation started 
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Hall 3 (Far hall) getting ready 
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Current status of Daya Bay 
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Projected sensitivity 
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Backup Slides 
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Expected properties cosmic neutrino background (CNB) versus  
cosmic microwave background (CMB) 

• CNB took a snapshot of the Universe at a much earlier epoch than 
CMB nν  

• Since Δm21
2 = (8.0±0.3) x 10-5 ev2, and |Δm32

2| = (1.9 →3.0) x 10-3 
ev2, at least two of the three neutrinos have masses higher than 10-2 
ev, and these two types of CNB are non-relativistic (β<<1) 

CMB CNB Relation 

Temperature 2.73K 1.9 K               
(1.7 x 10-4 ev) 

Tν/Tγ = (4/11)1/3 

=0.714 
Decouple time 3.8 x 105 years ~ 1 sec 

Density ~ 411 / cm3   ~ 56 / cm3  (per 
flavor, nν = nν-bar ) 

 

nν = (3/22) nγ 

Relic neutrinos and the inverse beta decays 
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           Capture of CNB on radioactive nuclei  

A very old idea: S. Weinberg, 1962 
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   Capture of CNB on radioactive nuclei  (continued) 

3 3

For massless neutrinos, ( ) 0, and we have
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   Capture of CNB on radioactive nuclei  (continued) 
( )=1ev (mass degeneracy of three neutrinos)

=
 Neutrino masses:
 Experimental energy resolution :
 Any local clust
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Lazauskas, Vogel, Volpe, J. Phys. G. 35 (2008) 025001 
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    Capture of CNB on radioactive nuclei  (continued) 
( )=0 ev (for the lightest neutrino, assuming inverted

   mass hierarchy, the other two massive neutrinos are nearly degen
 Neutrino masses: 

 Experimental energy resolut
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M. Blennow, Phys. Rev. D 77 (2008) 113014 
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