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• Reactor as νe source 
– Free and pure

– No dependence on CP phase or 
matter effect at short baseline

• Key features of Daya Bay
– Large thermal power (6x2.9GWth) 

and target mass (8x20 ton)

– 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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Daya Bay Basics
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The Daya Bay Experiment
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Entrance Daya Bay near site
98 m overburden

Ling Ao near site
112 m overburden

Far site
350 m overburden

Multi-detectors
 2-1-3 configuration

（from Dec 24, 2011）
 2-2-4 configuration

（from Oct 19, 2012）
 1-2-4 configuration

（from Jan 26, 2017 )

Ling Ao II Cores
2x2.9 GWth

Ling Ao Cores
2x2.9 GWth

Daya Bay Cores
2x2.9 GWth



Daya Bay Detectors

• Three-zone Antineutrino Detectors

• Water pool + RPC veto  
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NIM A 811, 133 (2016)

NIM A 773, 8 (2015)



Antineutrino Candidates Selection

• Reject PMT flashers

• Muon veto

• 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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Efficiency Uncertainty

Correlated Uncorrelated 

Target protons - 0.92% 0.03%

Flasher cut 99.98% 0.01% 0.01%

Prompt Energy cut 99.8% 0.10% 0.01%

Multiplicity cut - 0.02% 0.01%

Capture time cut 98.7% 0.12% 0.01%

Delayed neutron cut 81.48% 0.74% 0.13%

Live time - 0.002% 0.01%

Combined 80.2% 1.2% 0.13%



Data Set

• Summary of 1958-day data set
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• More than 3.9 million 
antineutrino candidates, > 60% 
increase of statistics compared 
with the previous result

Experiment halls EH1 EH2 EH3

Statistical uncertainty 0.07% 0.08% 0.14%

Background/Signal 1.8% 1.4% 1.9%

∆B/S 0.11% 0.09% 0.12%



Improved Energy-Scale Calibration

• Energy scale is nonlinear due 
to two major sources
– Scintillation quenching + 

Cherenkov light
– Electronics response

• Carried out two key 
measurements
– End of 2015: installation of a 

full FADC readout system in 
EH1-AD1, taking data 
simultaneously with standard 
electronics

– Early 2017: deployment of 60Co 
calibration sources with 
different encapsulating 
materials, to constrain optical 
shadowing effects
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Energy Nonlinearity Model

• Model built by combined fit to 
mono-energetic gamma lines 
and  12B beta-decay spectrum

• Uncertainty reduced to be 
~0.5% from previous ~ 1.0%
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Gamma calibration data

12B beta spectrum



Relative Detection Efficiency

• Achieve a relative detection-efficiency uncertainty of 0.13%
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Relative energy scale uncertainty < 0.2%Neutron capture time difference ±2μs
relative Gd capture fraction
uncertainty < 0.1%



Side-by-side Comparison
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Delayed energy spectrumprompt energy spectrum

EH1

EH2

EH3



Improved 9Li/8He Estimation

• 9Li/8He β-n decay is the dominant background 
produced by cosmogenic muons.

• Uncertainty of 9Li/8He reduced from 50% to 30% by 
new analysis method and larger data sample
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Oscillation Results with 1958 Days

• The measured rate deficit and the spectrum 
distortion are consistent with three-neutrino 
framework.
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Preliminary

Preliminary

Rate-only 𝜒2/ndf = 8.8/6 Rate+shape 𝜒2/ndf = 148/154



Oscillation Results with 1958 Days

• sin22θ13 uncertainty is 3.4% and |∆m2
ee| uncertainty is 2.8%

• Statistical uncertainty contributes 60% for sin22θ13 and 50% 
for |∆m2

ee|
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An Independent Measurement of Oscillation

• Select nH capture events as another tag for antineutrino 
candidates
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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

– Large energy leakage

• Strategy 
– Raise prompt energy cut (> 1.5 MeV)

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



nH Spectrum Measurement

• Clear spectrum distortion 
observed.

• The oscillation analysis 
result will be released soon.
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Details in poster (E_51) by Chao Li



Summary 

• The most precise sin22θ13 measurement in the world

• An independent measurement of oscillation by 
spectral analysis of nH sample will be released soon. 
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Article in 
preparation

• Daya Bay will run until 
2020 and will achieve 
<3% precision on 
sin22θ13



Thanks!
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