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Reactor antineutrino oscillation 

• Reactor as νe source  
– Free and pure 
– No dependence on CP phase or 

matter effect at short baseline 

• Precision measurement of 
θ13 

  at Daya Bay 
– Large thermal power (6x2.9 

GWth) and target mass (8x20 kt) 
– Near/far relative measurement 

to reduce reactor related errors 
– Identically designed multiple 

detectors to verify and reduce 
detector related errors  

– Good shielding and enough 
overburden to reduce 
backgrounds 
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For 4 MeV 
antineutrino  
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The Daya Bay experiment 

Entrance Daya Bay near site 
98m overburden 

Ling Ao near site 
112m overburden 

Far site 
350m overburden 

Multi-detectors 
 2-1-3 configuration

（until July 28, 2012） 
 2-2-4 configuration

（from Oct 19, 2012） 

Ling Ao II Cores 
2x2.9GWth 

Ling Ao Cores 
2x2.9GWth 

Daya Bay Cores 
2x2.9GWth 
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Antineutrino detector 

• Three zones structure: 
– Target: 20 t 0.1% Gd-loaded scintillator 

– γ-catcher: 20 t scintillator 

– Buffer shielding: mineral oil 

• Top and bottom optical reflectors 
double the photon coverage. 

• 192 8’’ PMTs collect ~160 p.e./MeV 
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8 identically designed detectors to 
reduce systematic uncertainties 
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Muon veto system 

• Water Cherenkov 
detector 
– Two layers: inner (> 1.5m) 

and outer (1m) layers 
– Also for shielding 
– 288 8” PMTs in each near 

hall 
– 384 8” PMTs in Far Hall 

• 4-layer RPC modules 
above pool  
– 54 modules in each near hall  
– 81 modules in Far hall 
– 2 telescope modules/hall 
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Timeline of detector installation 

 

2015/3/3 7 



Relative energy scale 

• < 0.2% variation in reconstructed energy between ADs 
• Improved from 0.35% in 2013 which was between 6 detectors. 
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ACU:       60Co, 68Ge, AmC 
Spallation:   nGd, nH 
Gamma:   40K, 208Tl 
Alpha:      212Po, 214Po, 216Po 

6AD 6+8AD 
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Energy non-linearity calibration 

• Two major sources of non-linearity 
– Scintillator response: modeled with Birks’ law and Cherenkov fraction 

– Electronics response: modeled with MC and single channel FADC measurement 

• Combined fit to mono-energetic gamma lines and  12B beta-decay spectrum 

• Validation with 208Th, 214Bi beta-decay spectrum, Michel electron spectrum, 
and scintillator quenching measurement using neutron beams and  Compton 
scattering electrons. 
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• 6AD period (217 days) 
– 2011/12/24 - 2012/07/28  

• 8AD period (404 days) 
– 2012/10/19 - 2013/11/27 

• Past oscillation results 
– θ13, PRL. 108, 171803 (2012) [55 days] 

– θ13, CPC 37, 011001 (2013)  [139 days]  
– θ13 & Δm2

ee, PRL. 112, 061801 (2014) 
[217 days]  

 

• Latest analysis : 
– 6+8 AD combined nGd θ13 analysis [621 

days] 
– 6AD absolute reactor flux and spectrum 

measurement [217 days] 
– 6AD nH θ13 rate analysis, PRD 90, 

071101(R) (2014) [217 days] 
– 6AD light sterile neutrino search, PRL 

113, 141802 (2014) [217 days] 

Analysis data set 
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Antineutrino candidates selection (IBD) 
• Reject PMT flashers 

• Muon veto 
– Water pool muon: reject 0.6 ms 

– AD muon (>20 MeV): reject 1 ms 

– AD shower muon (>20 GeV): reject 1 s 

• Prompt positron: 0.7 MeV < Ep < 12.0 MeV 

• Delayed neutron: 6.0 MeV < Ed < 12.0 MeV 

• Neutron capture time: 1 μs < Δtp-d < 200 μs 

• Multiplicity: isolated candidate pairs 
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IBD rate versus time 
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Over 1 million antineutrino interactions detected! 



Fast neutron background 
with uncertainty 

Background budget 
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Background  Near Far Uncertainty Method Comment  

Accidentals 1.4% 2.3% Negligible Statistically calculated from 
uncorrelated singles 

Same as before 

9Li/8He 0.4% 0.4% ~50% Measured with after-muon events Same as before 

Fast neutron 0.1% 0.1% ~30% Measured from RPC/OWS tagged 
muon events 

Model independent 
measurement 

AmC source 0.03% 0.2% ~50% MC benchmarked with single 
gamma and strong AmC source 

Two sources are taken 
out in Far site ADs 

Alpha-n 0.01% 0.1% ~50% Calculated from measured 
radioactivity 

Same as before 

AD 

IWS 

RPC Array 

Telescop
e RPC 

RPC-only tagged 
OWS tagged 

OWS 
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AmC  source taken out 



Data summary 
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Consistent rate for side-by-side detectors 

6AD period 

8AD period 
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Consistent spectrum for side-by-side detectors 
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EH1 

EH2 

Positron spectrum Neutron capture spectrum 

AD1/AD2  (6+8AD data) 
Expected: 0.982 
Measured: 0.981±0.004 

AD3/AD8  (8AD data) 
Expected: 1.012 
Measured: 1.019±0.004 
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Rate deficit and spectrum distortion 
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AD 5+6 data points are displaced by 
-50m and 50m for visual clarity 

• Near/Far relative 
measurement 

• Observed data highly 
consistent with oscillation 
interpretation 

2015/3/3 



Oscillation results 

• Most precise measurement 
of sin22θ13

 (6%) 
• Most precise measurement 

of Δm2
ee in the electron 

neutrino disappearance 
channel (4%) 
– Consistent with the muon 

neutrino disappearance 
experiments 

– Comparable precision 
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MINOS: PRL, 112, 191801 (2014) 
T2K: PRL, 112, 181801 (2014) 

Publication in preparation 



Absolute reactor flux measurement 

• Measured reactor flux 
(Y and σf) consistent 
between 6 ADs 

• Data/Prediction is 
consistent with 
previous short baseline 
experiments (reactor 
flux anomaly) 
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Publication in preparation 



Absolute spectral shape measurement 

• Absolute spectral shape is NOT 
consistent with the prediction. A 
bump is observed in 4-6 MeV. 
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• Another way to precisely measure 
antineutrino spectrum 
– IBD prompt spectrum  

antineutrino spectrum 
– Beta decay spectrum  antineutrino 

spectrum (Huber, Mueller, ILL) 

 
 
 
 

Unfolding 

 
 
 



Independent θ13 measurement through nH 
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• Key feature  
– High statistics (additional 20 ton 

LS target per AD) 

– Different systematic 
uncertainties from nGd analysis 

• Challenges 
– High accidental background 

• Longer capture time 

• Lower delayed energy 

• Strategy  
– Raise prompt energy cut 

(>1.5MeV) 

– Require prompt to delay 
distance cut (<0.5m) 
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nH analysis result 

• Full 6AD data (217 days) 

• Rate analysis measures  

 

• An independent and 
consistent result with nGd 
analysis 

• Another precise measurement 
of  sin22θ13 

• Spectrum distortion is 
consistent with oscillation 
explanation. 
– Spectral shape analysis in 

progress 

21 

PRD 90, 071101(R) (2014) 
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Search for light sterile neutrino 

• An unique opportunity for 
sterile neutrino searches 
– Sterile neutrino would introduce 

additional oscillation mode. 
– Relative measurement at multiple 

baselines of Daya Bay: EH1 (~350 
m), EH2 (~500 m), EH3 (~1600 m) 

– Region of 10-3 eV2 < Δm2
41 < 0.1 

eV2 explored 
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Excluded 



Sterile neutrino search results 
• Full 6AD data (217 days) 
• No significant signal 

observed, consistent with 3-
flavor neutrino oscillation. 

• Set most stringent limit at 
10-3 eV2 < Δm2

41 < 0.1 eV2 
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Excluded 

PRL 113, 141802 (2014) 



Summary  
• High precision measurement with 621 days of data 

 

 

• The precision of both sin22θ13 and Δm2
ee is expected to be 

further improved to 3% by the end of 2017. 

• Many other analysis carried out 
– Precision measurement of reactor 

     flux and spectrum 

– An independent oscillation  

     analysis using nH captures 

– Search for light sterile neutrino 

• Stay tuned for future results! 
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