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• The new reactor antineutrino flux measured 

by Daya Bay from 1230 days data is:
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• The dominant uncertainty in the neutron detection efficiency is reduced by 56%.
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Daya Bay experiment

Antineutrino yield[1][2]

⚫ Six commercial reactors
• Pressurized-Water reactor
• Thermal power of each reactor 

is 2.9 GW.

• The neutrino produce is 
~3.5x1021 ҧ𝜈𝑒/s.

• Replace 1/3 (1/4) fuel every 18 
(12) months

⚫ Eight antineutrino detectors (ADs) in three experimental halls (EHs)

𝜎𝑓 = (5.91 ± 0.09) × 10−43𝑐𝑚2/𝑓𝑖𝑠𝑠𝑜𝑛

𝐷𝑎𝑡𝑎

𝑃𝑟𝑒𝑑𝑐𝑖𝑡𝑖𝑜𝑛
= 0.952 ± 0.014(𝑒𝑥𝑝) ± 0.023(𝑚𝑜𝑑𝑒𝑙)

Antineutrino spectrum[3][4]

The most precise measurement of 𝜽𝟏𝟑 with 8 
identically designed antineutrino detectors

⚫ Antineutrinos are detected via inverse beta decay process: 
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High-energy reactor antineutrino study

• HERA is background for DSNB (Diffuse supernova neutrino background) study.

• How many candidates from HERA at Daya Bay?

Isotope U235 U238 Pu239 Pu241

Fission 
fraction

0.564 0.076 0.304 0.056

• Antineutrinos are mainly produced by the beta 
decay of fission products of 235U, 239Pu, 238U, 
241Pu.

• The average fission fraction of 235U, 239Pu, 238U, 
241Pu is :

RPC: muon veto
Water pool: muon veto + shielding from environmental 
radiations (2.5m water)

Fission Fraction
evolution in one 
cycle

Powerful background rejection ! (BG <2% of antineutrino signals)  

Calibration units

PMTs

• The ratio of measured to predicted antineutrino 

yield is found to be:

• Measured IBD yield:

• Predicted IBD yield:

Average fission fraction 

Huber-Mueller model Non-equilibrium effect

Comprehensive neutron calibration  and simulation analysis.

• Measurements taken with strong  Am-C and Am-Be 

neutron sources.

• Automated Calibration Units (ACUs) deploy sources at 

different AD heights along three different along three 

different axes (19 locations total) .

• Benchmarked different neutron capture/scattering models 

with these measurement.

• In all previous papers, we limited the energy range to lower than 8 MeV.

• High energy reactor antineutrino (HERA) are predicted by some theoretical model.

• HERA may help the nuclear physics in reactors.

-

Neutron Detection Efficiency Improvement[1] 
N([x,y]) MeV ≡ No. of events of in [x,y] MeV 

• IBD neutron detection efficiency 𝜀𝑛 and 𝜒2 with 59 calibration points for 5 neutrino 
scattering model combinations (a-e)×4 gamma models (1-4):

• Efficiency is estimated with the best fitting models and consider a shift from all 𝜀𝑛.
• The uncertainty is determined from the spread between models.   

IBD yield per nuclear fission

Sum over 4 
detectors and 6 
reactors 

Detection 
efficiency
𝜀𝑛 × 𝜀𝑜𝑡ℎ𝑒𝑟

Survival probability

Number of fission

Distance to detectorNumber of protons

IBD cross-section

• The total systematic uncertainty is improved by 29%. 

• Data favors 235U as main contributor to reactor 

antineutrino anomaly.

• Equal isotope deficit hypothesis, needed for 

sterile neutrino, is disfavored at 2.8σ. 

• FADC data and new calibration campaign in 2017 help to reduced the 
energy nonlinearity uncertainty. 

• Uncertainties in the absolute energy calibration is reduced to less than 

0.5% from previous 1.0% for visible energies larger than 2MeV.

• Measured spectrum shape is from 1958 days data of Daya Bay.

• The prediction is based on the Huber-Mueller model and normalized to 

the number of measured events. 

• Effects of IBD kinetics, energy leakage, and energy resolution are 

considered.

Observed No. of events Predicted No. of events

𝑖(𝑗) −th energy bin

• The spectral shape disagrees with the Huber-Mueller model at 5.2 𝜎

from 0.7 to 8 MeV.

• An excess in the 4-6 MeV range is observed with 6.3 𝜎 discrepancy.

• The energy spectra of antineutrinos from 235U and 239Pu are extracted 

also.


