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Outline

• Introduction to Daya Bay experiment

• Detector performance

• Recent results


• Measurement of neutrino oscillation parameters

• Measurement of reactor antineutrino rate and 

spectrum

• Search for sterile neutrinos
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The Daya Bay Experiment
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Reactor Antineutrino Oscillation

Near Site

~ 0.5 km

Far Site

~ 1.5 km

~ 180 km

Survival Probability 
- oscillation amplitude ↔ mixing angles

- oscillation frequency (in L/E) ↔ Δm2


Relative Measurement 
- minimize systematic uncertainties


Effective mass-squared difference 
- Δm2ee ~ Δm213 ~ Δm223

- insensitive for Daya Bay
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Antineutrino Detector (AD)

- Ee+ ~ Ev - 0.8 MeV

- neutron capture time 

~30 µs (0.1% Gd)

- Edelayed ~8 MeV
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Muon Tagging System

2.5 meter thick two-section water 
Cherenkov detector

- tagging cosmic muons

- shielding of gammas and neutrons 

from surrounding materials


RPC

- covers water pool to provide further 

muon tagging
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Daya Bay Experimental Hall

Detectors Inside Water Pool  Water Pool Covered by RPC
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Timeline of Daya Bay Experiment
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Relative Energy Scale

ACU: 60Co, 68Ge, AmC 

Spallation: nGd, nH 
Gamma: 40K, 208Tl 
Alpha: 212Po, 214Po, 215Po 

Spallation Neutrons  
(After Calibrations) 

< 0.2% variation in reconstructed energy between ADs 
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Energy Model

Two major sources of non-linearity

- scintillator response: modeled with 

Birks formula and Cherenkov fraction 
- electronics: modeled with MC and 

single channel FADC measurement


Combined fit with mono-energetic gamma 
peaks and 12B beta-decay spectrum.


Cross-validated with 214Bi, 208Tl beta-decay 
spectrum, Michel electron spectrum and 
standalone bench-top Compton scattering 
measurement.
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Event Selection

Ee+ ~ Ev - 0.8 MeV

~ 30 µs

0.1% Gd

Edelayed ~ 8 MeV

Prompt positron energy: 0.7 < Ep < 12 MeV

Delayed neutron energy: 6 < Ed < 12 MeV

Neutron capture time: 1 < Δt < 200 μsec

- Reject spontaneous PMT light emission

- Select only isolated pairs

- Veto after muon events to suppress 

cosmogenic backgrounds
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Low Background Measurement
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Over 1 million antineutrino interactions !

Strongly correlated with reactor operation conditions. 13



Near v.s Far Comparison

621 days of data


The observed relative rate deficit and 
relative spectrum distortion are 
highly consistent with oscillation 
interpretation
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Results of Oscillation Parameters
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Results of nH Analysis

- 217 days of data (6 detectors)

- rate deficit at far site gives


- sin22θ13 = 0.083 ± 0.018

- independent and consistent 

result with nGd analysis

- spectrum distortion is consistent 

with oscillation interpretation

- spectral analysis in progress …
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Reactor Antineutrinos Measurements

Absolute Rate Spectral Shape

- Measured rate from reactor antineutrinos 
is consistent with previous short baseline 
experiments


- Measured Rate / Prediction

- 0.947 ± 0.022 (Huber + Muller)

- 0.992 ± 0.023  (ILL + Vogel)

- Observed antineutrino spectrum is 
inconsistent with traditional predictions.

Eprompt ~ Ev - 0.8 MeV
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Search for Light Sterile Neutrinos

New oscillation mode from 
a fourth (sterile) neutrino

18



Results of Sterile Neutrino Search
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Summary of Daya Bay Results

- the most precise measurement of sin22θ13 and ∆m2ee

- independent measurement of sin22θ13 with nH capture

- absolute measurement of reactor antineutrino flux


- consistent with previous measurements

- inconsistent with model predictions


- measured reactor antineutrino spectrum

- inconsistent with traditional model predictions

More results are coming, stay tuned.
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Thank you!



Backup 
Previous Reactor Antineutrino Measurements

Bugey-4
ROVNO91

Chooz
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Backup 
Recent Reactor Antineutrino Model Prediction

D.Dwyer, T.Langford

PRL 114, 012502 (2015) 
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