
2 Introduction

The now well-accepted picture of neutrino mixing involves three underlying mass states, with
three mixing angles defining the linear superpositions that make up each of the three weak,
or flavor states. The magnitude of the mass-squared splitting between states ⌫1 and ⌫2 is
known from the KamLAND reactor experiment, and the much-larger splitting between the
third, ⌫3 state and the ⌫1�⌫2 pair is known from atmospheric and long-baseline experiments.
However, pure neutrino oscillations are sensitive only to the magnitude of the mass splitting,
not the sign. Defining the ⌫1 state as having the largest admixture of the electron flavor
eigenstate, the sign of the mass splitting between states ⌫2 and ⌫1 is determined to be
positive (�m2

21 > 0) using the pattern of neutrino oscillations through the varying-density
solar medium. However, the corresponding sign of �m2

32 ⇡ �m2
31 remains unknown. That

is, there are two potential orderings, or “hierarchies”, for the neutrino mass states: the so-
called “normal hierarchy”, in which ⌫3 is the heaviest, and the “inverted hierarchy”, in which
⌫3 is the lightest (as shown in Fig. 1).

Figure 1: Pictorial representation of the possible neutrino mass hierarchies. Note: �m2
atm is

equivalent to �m2
32 and �m2

sol is equivalent to �m2
21. [1].

2.1 Status of Neutrino Mixing

The relationship between neutrino flavor {⌫e, ⌫µ, ⌫⌧ } and mass { ⌫1, ⌫2, ⌫3 } eigenstates is
described by the PMNS mass matrix [2, 3]:
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