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Considering Strong Scaling Ansatz (SSA) which predicts Ues = 0 and the inverted mass
hierarchy, we discover the possibility to realize the normal mass hierarchy by introducing
tiny breakings of SSA. In this case, we can automatically reproduce the small mass squared
difference ratio (Am2 /Am2,,, < 1) instead of the suppressed Uez (|Ues| < 1).

1 Introduction

We start with the definition of the PMNS matrix Upy s [1], which gives the transformation of
flavor eigenstate of neutrinos v¢(f = eApAT) into mass eigenstate of neutrinos v;(i = 1A2A3)

3
as vp =y (UPMNS)fi v;. We employ Uppsns determined to be [2]:
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where K = dz'ag( e b2 ¢ifs ), Q= diag( 1 e e ) and 6;; is the v; — v; mixing
angle. Assuming the seesaw model [3], we obtain the flavor neutrino mass matrix as

M, = — ()’ YT Mgy, (2)

through the higgs mechanism, where Y, is a coupling constant of the higgs interaction and (v)
is a vacuum expectation value of the higgs boson. Upy/nys can be transformed from Eq.(1) into
the Particle Data Group (PDG) version [4] by removing additional phases of p and . It should
be noted that observable Dirac CP phase is given by dcp = § 4+ p and Majorana CP phase
is changed into 8] = 81 — p in the case of Upy/ns of the PDG version. The experimental data
[5] shows us atmospheric neutrino mass squared differences Am2,,, = m3 — (m3 + m3) /2, solar

neutrino mass squared differences Amé = m3 — m? and mixing angles as follows:

sin? 013 < 0.016T001, sin? Aoz = 0.466 75072 sin? 015 ~ 0.31270 915,
Am?, ~T.677015 x 107°, Am2 ~ 2.39700% x 1075

3)

Strong Scaling Ansatz (SSA) [6] requires that all ratios of My, /My, are equal as

M,, M M,,
c= _OM:: = —UMZ': = _UMT: (4)
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where o0 = £1. There is an advantage of SSA that the condition of Eq.(4) is invariant under the
renormalization running because its effects can be canceled between numerator and denominator
[6]. Under the condition of Eq.(4), M, and also M = MM, are determined as follows:

a beix —_gb eix A |B| et —_‘TclB‘ et
M) = be'X d —od ., M) = |B| e~ D —oD . 5)
—obix _,d d —o|B| —i —oD D
c € UC c? c e c c?

We, respectively, use x and 1 in Eq.(5) to denote phases of ex and er elements of MV(H and
M) while a,b,d, A, D,c are real. We calculate the eigenvectors of M), which does not
contain the Majorana CP phases, and obtain

cos 6 A sin fe™ ) 0
Ap) =] —sinfz==se" | |\_)=| Tz==cosb N =——=1 o |, (6)
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where tan 0 . Corresponding eigenvalues are given by Ay = % { (D (1 + 1/c2) + A) + w}

c(A_—A)
and A\ = 0, where w = \/{D (1+1/c?) - A}2 +4|B? (1+1/c?). We obtain Uez = 0 if |\) is
assigned to the state of v3. In this case, we also obtain 6 = 614, t23 = o/cA p = 1. This proper-
ties of SSA allow us to reproduce experimental data of Eq.(3) whose best fit values indicate the
smallness of 615 and the small deviation of fs3 from om/4. However, we couldn’t have realized
any hierarchy except for the inverted mass hierarchy [6].

We have discovered the possibility to realize the normal mass hierarchy in the paradigm of
SSA when |)) is assigned to the state of v5. In this proceedings, we call the former case (C1)
and the latter case (C2). In (C2), we obtain 612 = 0 instead of ¢13 = 0 though it should be
improved by introducing tiny breakings of SSA as well as 6 = 613, ta3 = —oc and § = —n. In
the next section, we consider a tiny breaking term to be added to M, in the case of (C2).

2 Effects of breakings of SSA

Breakings of SSA can be defined by adding mass matrix My(f) to MVH) as M, = MIEJF) + MP
where
0 v ob'/c
M) =¢ voood4d" od' /c : (7)
ob/c od/c (d—d")/c?

The parameter € denotes the tiny SSA breaking and tanfo3 abbreviated as to3 is written as
tog = —oc(l — A)/(1+A)in (Cl) and ta3 = 0 (1 — A)/c (1 + A) in (C2), where A is also small
because it induces to break SSA. We neglect the second order of breaking terms of SSA. Using
formulas of [2], we easily compute the masses of neutrinos up to O(e) as

o1, I s
mie 2 x~ Ze?Pq + dy — 21, moe 22 x Ze?Pa + dy + 21, mge 28 x 2ed, (8)
- Qboei(p+x) .
where z; = ZA——1— emzon D (C1),
a1 . 1., L
mie 21 Ze?Pq 4 ed — 29, moe 22 x Ze?Pq + ed + 2o, mae” 2 x 24, 9)
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where zo = ﬁeip%% in (C2). As a result, we observe the new possibility of the
normal mass hierarchy in (C2) though we need the condition of |a| < 1, whereas we are only
allowed to have the inverted mass hierarchy in (C1) as have been already known.

The formulas enable us to readily understand the dependdence of mixing angles on flavor

neutrino masses as

2\/51)0 (aoeix+2doeiix)
C{4(bg+dg)fag} ’ (10)
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for (C1),
tan 201z6 ~ —2/32L ol eﬂx)+2§(+Azb+3m(aoehzd‘)eﬂx)» (11)

N20126=0 s — oI/, wweXt2dge X
ta 9136 g \/_bo c(4dgfag) 5

for (C2), where v is also a small parameter because it obviously breaks SSA. We naturally
obtain the smallness of 013 in (C1), while we need |b0 (aoeix + 2doe_ix)’ < ’4d% — a(2)| for (C2).
Moreover, Dirac CP phase dcp = § + p and Majorana CP phases (1, 82 and (3 are found to
large in both cases. Mass squared differences in (C2) are calculated from Eq.(9) as

Am? ~ 22-R

5 sin 2«9212 ?
Amatm ~ 4d0 v

[(e7"a + 2ed'e’) {ebf + (i + A) eXbo } ], (12)

(a + 4ed’ cos2p).

Therefore, there is another virtue of SSA in (C2) that smallness of the ratio of the mass squared
difference Am?,,,/ Am?D < 1 is automatically satisfied as suggested by experiment because of
the smallness of £, and A, which serve as the SSA breaking parameters.
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