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Figure 14.7: Ratio of the observed ‹̄e spectrum to the expectation for no-oscillation versus L0/E

for the KamLAND data. L0 = 180 km is the flux-weighted average reactor baseline. The 3-‹
histogram is the best-fit survival probability curve from the three-flavour unbinned maximum-
likelihood analysis using only the KamLAND data. This figure is taken from [150].

1383 m from the center of an array of six 2.8 GWth reactors. The mass of gadolinium-loaded liquid
scintillator is 16 t per detector. RENO started data taking with both near and far detectors from
August 2011.

All the three reactor neutrino experiments published first results in 2012. First, Double Chooz
reported an indication of reactor electron antineutrino disappearance with the ratio of observed to
expected events of R = 0.944 ± 0.016 ± 0.04, ruling out the no-oscillation hypothesis at the 94.6%
CL [154]. Daya Bay observed R = 0.940 ± 0.011 ± 0.004, corresponding to 5.2‡ significance of
non-zero value of ◊13 [155]. RENO also reported R = 0.920 ± 0.009 ± 0.014, indicating a non-zero
value of ◊13 with a significance of 4.9‡ [156]. These results established non-zero value of ◊13.

In the latest analysis, both Daya Bay [139] and RENO [140] report results constraining mass-
squared di�erence as well as the mixing angle by using both relative ‹̄e rate and energy spectra
information. Double Chooz has reported the first analysis based on both far and near detectors [141]
for the mixing angle, using neutron capture on any elements (primarily gadolinium and hydrogen)
to increase the e�ective target mass. Figure 14.8 shows the energy spectra of the prompt signals
observed in the far detector of three experiments.

In all three experiments as well as in the NEOS experiment [142], an excess of ‹̄e events over
expected energy spectrum have been observed around 5 MeV as mentioned earlier. This excess
is observed in both near and far detectors and scales with the reactor power. Thanks to the
cancellation between the near and far detectors, the neutrino oscillation measurements are not
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