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Í Profile of off-axis beams

Í P(QPÆQe) at SK

ÍP(QPÆQe) at Korea
(L=1000km)
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Figure 1. The energy distributions of reactor antineutrino events after 20GWth·5kt (12% free-
proton weight fraction)·5yrs exposure at the baseline lengths L = 30, 40, 50 and 60 km, in the
top-down order. The blue curves are for NH, while the red ones for IH. The red arrows indicate
the energies at which the difference due to mass hierarchy vanishes.

fraction of its present uncertainty, 0.1× 10−3eV2. The situation only becomes worse with

introducing a finite energy resolution.

The situation changes when the second peak, the n = 2 point in eq. (2.8a), of the mass

hierarchy dependent term appears in the energy range. The mass hierarchy difference can

no longer be absorbed by a shift in |∆m2
31| since the relative phase difference between the

NH and IH oscillations changes across the degeneracy point. There is no way to make

the differences on the both sides compensated, resulting in the distinct mismatch between

the dashed blue curve (for the NH data) and the solid curve (the best-fit under the IH

assumption) as shown in the upper panel of figure 3, where the antineutrino energy is

exactly measured. Once the finite energy resolution is introduced, the phase difference in

the lower energy side of the degeneracy point is significantly smeared out as it oscillates

faster w.r.t. Eν at the low energy, hence it is easier for one oscillation period to be covered by

a sizable Gaussian profile of the detector response function. The remaining difference in the

higher energy side can then be absorbed by a small shift in |∆m2
31|, resulting in an excellent

fit (solid curve) to the NH data (blue dashed curve) in the lower panel of figure 3, shown

for 6%/
√

E/MeV energy resolution. From these result, we can conclude that the physics

potential for mass hierarchy discrimination strongly depends on the energy resolution.

To discuss more qualitatively the parameter shifts which have resulted in the excellent

fits, we plot in figure 4 the pull factors of the five fitting parameters, sin2 2θ12, sin2 2θ13,

∆m2
21, |∆m2

31| and fsys, as functions of the baseline length L. The pull factor of param-

eter Y is defined as
(

Y fit − Y input
)

/δY , and its square contributes to the χ2 function of
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Figure 2. The energy distribution of reactor antineutrinos with baseline length L = 30 km and
20GWth·5kt (12% free-proton weight fraction)·5yrs exposure. Upper: the case with exact Eν

measurement where the dashed blue and dashed red curves are for NH and IH, respectively. The
solid curve shows the best fit of IH assumption to the NH data. The red arrow points out the energy
at which the difference due to mass hierarchy vanishes. Lower: 6/

√
Evis % energy resolution case.
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Figure 3. Same as figure 2 but with baseline length L = 50 km.
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