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1. Introduction

Recently it was pointed out in Ref. [1] that there is a tension between the mass-squared differ-

ence deduced from the solar neutrino observations and the one from the KamLAND experiment,

and that the tension can be resolved by introducing the flavor-dependent neutrino non-standard

interaction (NSI) in neutrino propagation:

L
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. (1.1)

NSI in neutrino propagation modifies the matter potential in neutrino propagation. The atmospheric

neutrino experiments cover a wide range of the neutrino energy and the baseline length of the neu-

trino path, so the oscillation probability involves the three neutrino mass eigenstates. The effective

Hamiltonian in the case of atmospheric neutrino oscillations is given by
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where εαβ ≡ ∑ f=e,u,d;P(N f /Ne)ε
f f P

αβ ≃ ∑P(ε
eeP
αβ + 3εuuP

αβ + 3εddP
αβ ). On the other hand, in the case

of the solar neutrino and KamLAND experiments, the oscillation probability involves only the two

neutrino mass eigenstates to a good approximation, and the effective Hamiltonian in the case of

atmospheric neutrino oscillations is given by
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(1.3)

The dimensionless coefficients ε
f

D and |ε f
N | stand for the effects of NSI and can be expressed in

terms of εαβ and the standard oscillation parameters [1]. In this talk we discuss the possibility to

test the hypothesis in Ref. [1] by atmospheric neutrino observations at HK. This talk is based on

Ref. [2], and the details can be found in Ref. [2].

2. Results and Conclusion

We assume that the Nature is described by the standard three flavor neutrino framework, and

our strategy is to see how significant the non-zero NSI effects can be in the atmospheric neutrino

data at HK. For simplicity we consider the case of f = d, i.e., we assume that NSI affects only d

quarks. This is because the density profiles of u and d quarks are different in the Sun. For each

point in the (εd
D, |εd

N |)-plane, we compute χ2 as a function of all the εαβ parameters as well as the

standard oscillation parameters which affect the atmospheric neutrino oscillation probability, and

marginalize χ2 with respect to these parameters. The allowed region is shown in Fig.1, where the

superscript f = d is dropped: εD,N ≡ εd
D,N . From Fig.1, if there are no non-standard interactions in

nature, then we can conclude that the best fit point of the combined analysis of the solar neutrino

and KamLAND data by Ref. [1] can be excluded at more than 11σ (8σ ) in the case of the normal
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(inverted) hierarchy, while the best fit point of the global analysis in Ref. [1] can be excluded at

5.0σ (1.4σ ) in the case of the normal (inverted) hierarchy.

It is remarkable that the tension, which was found in the low energy neutrino data (Eν ∼
several MeV) of the solar and KamLAND experiments,1 can be tested by the high energy neutrino

data (Eν ∼O(10) GeV) in the future atmospheric neutrino experiments with high statistics through

the matter effect.
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Figure 1: The allowed region in the (εD, |εN |) plane from the HK atmospheric neutrino data for the normal

hierarchy (left panel) and for the inverted hierarchy (right panel). We calculated χ2 for (εD, |εN |) inside the

area surrounded by dotted lines and at the best fit points. The red ( f = d) and black ( f = u) circles indicate the

best fit point from the solar neutrino and KamLAND data [1] for NSI with (εd
D,ε

d
N) = (−0.12,−0.16) (red)

and that for NSI with (εu
D,ε

u
N) = (−0.22,−0.30) (black), respectively. The red and black triangles indicate

the best fit value from the global neutrino oscillation experiments analysis [1] for NSI with (εd
D,ε

d
N) =

(−0.145,−0.036) (red) and that for NSI with (εu
D,ε

u
N) = (−0.140,−0.030) (black), respectively. The dashed

lines are the boundaries of the allowed regions from the global neutrino oscillation experiments analysis. For

reference, we plotted for both the cases with f = u and f = d.
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1See Ref. [3] for the prospect of observation of the same effect by solar neutrinos at HK.
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