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Motivation 
3 

Towards CP Violation in neutrino Physics 
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Need to know θ13 in order to determine δ 

   Size of CP violation dictated by: J = c12s12c23s23c2
13s13sinδ 
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Reactor νe 

•  A pure, intense source of 
low-energy νe: 
–  release ~200 MeV/fission 
–  1 GWth generates 2 × 1020 νe 

per sec 

•  Inverse β-decay reaction 
(IBD) in liquid scintillator: 

 νe + p → e+ + n  
          n captured on H or Gd 
•  Energy of νe: 

Eν ≈  Te+ + 1.8 MeV  
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 νe spectrum 
(no oscillation) 

From Bemporad, Gratta and Vogel 
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Determining θ13 With Reactor νe  

•  Look for disappearance of electron antineutrinos from 
  reactors: 

Large-amplitude 
oscillation due to θ12 

Small-amplitude oscillation 
due to θ13 integrated over E 

near 
detector 

far 
detector 
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•  Perform relative measurement, 
  for a given E : 

sin22θ13 = 0.1 

Correlated errors are cancelled & 
enable precise measurement.  
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Layout of The Experiment 

~300 m 

~90 m 

~100 m L3 
L4 

Ling Ao-II 
NPP   

L1 Ling Ao 
NPP  

L2 

D2 D1 
Daya Bay 

NPP  

EH2 

EH1 

EH3 

• Maximum power = 6 x 2.9 GWth 
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Daya Bay Detectors 

20-t Gd(0.1%)-LS 

20-t liquid scint. 
(gamma catcher) 

37-t mineral 
oil shield         

Automatic Calibration Units 
(LED, 68Ge, Am13C, 60Co) 

> 2.5-m water: 
-  attenuates gamma rays & 

neutrons 
-  Double muon tag: RPCs and  
    Cherenkov counters    

192 PMTs 

σ
E

E
≈

8.5%

E (MeV )



Operation of Daya Bay 
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Date Operation 
24 December 2011 Data taking with 6 ADs 

EH1: 2 ADs 
EH2: 1 AD 
EH3: 3 ADs 

28 July – 19 October 2012 Special calibration runs 
Installation of last 2 ADs 

19 October 2012 Data taking with 8 ADs 
20 Dec 2016 – 26 Jan 2017 Special calibration runs 

EH1 AD1 used for LS studies 
26 January 2017 Data taking with 7 ADs 

EH1: 1 ADs 
EH2: 2 AD 
EH3: 4 ADs 



Recent Improvements To Analyses 
•  Reduced uncertainty in absolute 

energy scale 
–  dedicated calibration using 60Co, 

and n-sources with different 
encapsulating materials 

–  deployed FADC readout in one AD 
–  Uncertainty changed from 1% to 

0.5% 
•  Smaller uncertainty in 9Li/8He 

background 
–  Cut hard on prompt energy to 

enhance 9Li/8He events in the 
time-since-last-muon distribution 

–  decreased from 43% to 27%  
•  Reduced uncertainty in spent 

fuel from 100% to 30% 
–  detailed study of spent-fuel 

history provided by power plant 
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NIM A940 (2019) 230 

IBD 

IBD+9Li/8He  

IBD+9Li/8He+12B  

PRL 121 (2018) 241805 



Prompt-energy Spectrum in 2018	
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1958 days of data  
•  3.5 millions inverse beta 

decay candidates (IBDs) 
were detected in the near 
halls, and 0.5 million IBDs in 
the far hall. 

•  B/S ≤ 2% in all halls 

PRL 121 (2018) 241805 

EH1 EH2 EH3 
Accidental/IBD 1.3% 1.0% 1.3% 

9Li-8He/IBD 0.4% 0.3% 0.3% 
Fast n/IBD 0.1% 0.1% 0.07% 
Am-C/IBD 0.03% 0.02% 0.07% 

13C(α,n)16O/IBD 0.01% 0.01% 0.04% 

Background contributes 
<0.15% to the uncertainty in 
the IBD rate 



Most Precise sin22θ13 & Δm2
ee 	
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1958 days of data  

sin22θ13 = 0.0856 ± 0.0029   
   Δm2

ee = (2.522       ) × 10-3 eV2 +0.068 
-0.070 
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Sterile-active Neutrino Oscillation 
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•  Assume mixing of 3 flavours of active neutrinos with 1 
sterile neutrino.  

•  Survival probability of reactor antineutrino is modified: 
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Introduction
• If exists, Daya Bay would see additional rate and spectral 

distortion from sterile neutrinos
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•  Doubled the data sample by ~2 from the 2016 search 

Daya Bay Only 
1230 days of data  

Preliminary 

Preliminary 

Daya Bay + Updated Bugey-3 
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Reactor νe : Absolute Flux 

•  Improved neutron 
detection efficiency 
–  special calibration run using 

241Am-13C and 241Am-9Be 
neutron sources in all ACUs 
of one AD 

–  refined simulation to match 
the special calibration data 
better 
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Daya Bay agrees with the average of 
the previous measurements: 
R = 0.942 ± 0.009 (exp) ± 0.025 (model) 

Daya Bay (1230 days) : 
R = 0.952 ± 0.014 ± 0.023 

PRD100 (2019) 052004   

Previous Now 
εn (81.83±1.69)% (81.48±0.74)% 

Total          2.1%           1.5% 

•  1.8σ disagreement between 
Daya Bay and prediction 

•  Reactor νe anomaly due to  
–  new physics ? 
–  incomplete theoretical 

understanding ? 



Reactor νe : Energy Spectrum 
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PRL 123 (2019) 111801 

1958 days  
•  Improved measurement 

of the spectral shape 
disagrees with the 
Huber-Mueller prediction 
–  between 0.7 MeV and 8 

MeV by 5.3σ 
–  in the range of 4-6 MeV by 

6.3σ 

•  Excess events in 4-6 MeV 
are correlated with 
reactor power. 

•  The spectral anomaly is 
not consistent with 
sterile-active neutrino 
mixing. 

spectra normalized 
in area  
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Flux Evolution with Fuel Composition 

1230 days, near detectors 

• Reactor νe primarily come from 235U, 239Pu, 238U, and 241Pu. 
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PRL 118 (2017) 251801 

•  7.8% overestimation of 
predicted νe flux from 235U 

•  235U could be the key source 
of the reactor νe anomaly. 



 νe Spectra of 235U and 239Pu 

•  Extract the individual 
spectra of νe ‘s from 235U 
and 239Pu together from 
the temporal evolution of 
the measured prompt 
spectrum as a function of 
the 239Pu fission fraction.  

•  Excess events relative to 
Huber-Muller predictions 
are seen in 4-6 MeV region 
–  4σ significance for 235U  
–  ~1σ only for 239Pu 

•  First measurements of 
such spectra for LEU 
reactors. 
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PRL 123 (2019) 111801 

1958 days  



Summary 
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•  Daya Bay 
•  has acquired the largest sample of reactor 

antineutrinos 
•  provides the most precise measurement of  

     -  sin22θ13 = 0.0856 ± 0.0029 
       Δm2

ee = (2.522       ) × 10-3 eV2 
     -  absolute reactor antineutrino rates and spectra 
•  does not find any evidence of sterile-active neutrino 

mixing 

•  Daya Bay will stop data taking by December of 2020 
•  Precision in sin22θ13 ≈ 0.0025 

- Remains the most precise in the foreseeable future 
•  Precision in Δm2

ee ≈ 0.06 × 10-3 eV2 
 

+0.068 
-0.070 
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Thank You 


