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Abstract. We point out a possible way to settle the issue of the Dirac neutrino mass hierarchy. Constrain-
ing the observed baryon asymmetry to the normal hierarchy mass model within the seesaw framework, we
look for the possible structure of coveted Dirac neutrino masses. We have found the possible structure of the
Dirac neutrino masses to be (λ7, λ2, 1)v in terms of the parameter λ= 0.3, with v as an overall scale factor.
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The canonical seesaw formula [1–3] relates the light left
handed Majorana neutrino mass matrix mLL, the Dirac
neutrino mass matrix mLR and the right handed heavy
Majorana mass matrixMRR in an elegant way:

mLL =−mLRM
−1
RRm

T
LR . (1)

For a specific structure of mLL we can have different
choices of mLR andMRR. The choice of diagonalmLR and
non-diagonal MRR plays an important role in predicting
the neutrino masses and mixings through mLL, whereas
the choice of a non-diagonal mLR and a diagonal MRR
plays a crucial role in the prediction of the baryon asymme-
try [4] via lepton asymmetry [5, 6] produced by the decay of
lightest of the heavy Majorana neutrinoM1.
At present we do not have specific information con-

cerning the structure of the Dirac neutrino mass matri-
ces. Fortunately some grand unified theory such as SO(10)
GUT has predicted the possible structure [7] of mLR =
diag(λm, λn, 1)v in terms of the Wolfenstein parameter λ
(� 0.22), where v is the overall scale factor. The (m,n) pair
can have three variations: (m,n) ≡ (8, 4), (m,n) ≡ (4, 2),
(m,n) ≡ (6, 2) respectively for the up quark, down quark
and charge lepton mass hierarchy.
With its underlying beauty the seesaw formula itself

cannot discriminate the above three choices of the Dirac
neutrino mass hierarchy and the problem persist even in its
non-canonical extension.
To understand the Dirac neutrino masses in the light

of the observed baryon asymmetry we consider the normal
hierarchical mass model [8–10], which corresponds to good
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predictions of neutrino masses, mixings and baryon asym-
metry within a unified framework, and this model is also
stable under radiative corrections in the minimal super-
symmetric standard model. For this model [8–10]

MRR =

⎛
⎝
λ2m−1 λm+n−1 λm−1

λm+n−1 λm+n−2 0
λm−1 0 1

⎞
⎠ v0 ,

−mLL =

⎛
⎝
−λ4 λ λ3

λ 1−λ −1
λ3 −1 1−λ3

⎞
⎠m0 .

The input values are λ = 0.3, m0 = 0.03 eV and v0 =
v2/m0 = 1.01×1015GeV for v = 174GeV. The value of the
parameter λ= 0.3 is within the range [7], i.e., 0.16≤ λ≤
0.37.
The above mLL leads to correct neutrino mass param-

eter and mixing angles: ∆m221 = 9.04×10
−5 eV2, ∆m223 =

3.01×10−3 eV2, tan2 θ12 = 0.55, sin
2 2θ23 = 0.98, sin θ13 =

0.074. These values are almost consistent with recent
data [8–10].
For the normal hierarchical mass structure of Majorana

neutrinos, considering the out of equilibrium and CP -vio-

Table 1. The three right-handed Majorana neu-
trino masses Mj (j = 1, 2, 3) in GeV for different
choices of (m,n) pair

(m,n) M1 M2 M3

(4, 2) 1.16×1012 8.83×1012 1.01×1015

(6, 2) 6.51×1010 7.97×1011 1.01×1015

(7, 2) 1.87×1010 2.39×1011 1.01×1015

(8, 4) 5.27×108 6.45×109 1.01×1015
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Table 2. The values of M1 in GeV, ε1 and Y
SM
B for different choices of the

(m,n) pair

(m,n) (8, 4) (6, 2) (4, 2) (7, 2)

M1 (GeV) 5.27×108 6.51×1010 1.16×1012 1.87×1010

ε1 4.78×10−9 5.9 ×10−7 1 ×10−5 1.7 ×10−7

Y SMB 1.76×10−11 2.17×10−9 3.24×10−8 6.24×10−10

lating decay of the physical Majorana neutrino M1, the
CP asymmetry is expressed as [11–13]

ε1 =
3M1
16πv2

Im
[(
h∗mILLh

†
)
11

]

(hh†)11
, (2)

where h=mLR/v is the 3×3 Yukawa coupling matrix nor-
malised to h33 = 1. Again the electroweak sphaleron inter-
action [5, 6, 14] partly converts the lepton asymmetry to
baryon asymmetry. The baryon asymmetry of the universe
Y SMB which is defined as the ratio of baryon number density
(nB) to photon number density (nγ) in the standard model
(SM) case is expressed in terms of the washout factor κ1
and ε1 as [15]

Y SMB =
nB

nγ
� 0.0216κ1ε1 . (3)

The washout factor κ1 = (2
√
K2+9)−1 for 0<K < 10 is

expressed in terms ofK = m̃
m∗ , where

m̃=
(hh†)11v

2

M1

is the effective neutrino mass and

m∗ =
16π5/2

3
√
5
g∗
1

2

v2

Mpl

is the equilibrium neutrino mass. In the standard model
scenario g∗ = 106.75 is the value of the degree of free-
dom and Mpl = 1.2×1019GeV. Out of equilibrium decay
of M1 is characterised by K < 1. Turning to the baryo-
genesis scenario for the normal hierarchy case, we choose
a basis UR whereM

diag
RR = U

T
RMRRUR = diag(M1,M2,M3)

with real and positive eigenvalues [16]. We transform
mLR = diag(λ

m, λn, 1)v to the UR basis by mLR→m′LR =
mLRUR. In this prime basis the Yukawa coupling becomes
h= (mLRUR)/v.
For the particular choice (m,n) = (7, 2) we

have M1 = 1.87×1010GeV, (hh†)11 � 4.78×10−8,
Im(h∗mLLh

†)11 � 2.21×10−19, m̃� 7.74×10−5 eV,m∗ �
1.08×10−3 eV, K = 0.072 and κ = 0.17. This leads to
ε1 � 1.7×10−7 and Y SMB = 6.24×10−10, exactly within
the experimental bound [17]: Y CMBB = (6.1+0.3−0.2)× 10

−10.
Tables 1 and 2 contain the eigenvalues and results for dif-
ferent choices of the (m,n) pair.

For the hierarchical structure of the heavy Majorana
neutrino massesM1 > 4×108GeV agrees with the famous
Davidson–Ibarra bound [18] . Assuming the normal hier-
archical mass model as a favourable choice of nature we
have found the Dirac neutrino masses to be (λ7, λ2, 1)v
with λ= 0.3 and v as the overall scale factor.
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