
 

Is the magic texture of Majorana neutrinos immanent in Dirac nature?
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Abstract: Magic textures are successful candidates of the correct texture for Majorana neutrinos. In this study, we
demonstrate  that  several  types  of  magic  textures  of  Majorana  neutrinos  are  approximately  immanent  in  the  flavor
mass matrix of Dirac neutrinos. In addition, the normal mass ordering of Dirac neutrino masses is slightly preferable
to inverted mass ordering in the context of magic textures.
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I.  INTRODUCTION

The classification of the statistical nature of neutrinos
as either Majorana or Dirac particles is an unresolved is-
sue in neutrino physics.

The  flavor  neutrino  mass  matrix  of  Majorana-type
neutrinos  is  symmetric.  However,  the  flavor  neutrino
mass  matrix  of  Dirac-type  neutrinos  is  not  symmetric.
Therefore,  the  texture  of  the  Dirac  flavor  neutrino  mass
matrix  has  a  more complicated structure  than that  of  the
Majorana flavor neutrino mass matrix. Moreover, it is rel-
atively  difficult  to  find  symmetry  for  the  Dirac  neutrino
mass  matrix.  Thus,  exploring  the  Majorana  flavor  mass
matrix immanent in the Dirac flavor mass matrix appears
sensible. This immanence provides a clue for solving the
problem of the statistical nature of neutrinos.

In  this  study,  we  focus  on  magic  texture,  which  is  a
known successful texture of the Majorana flavor neutrino
mass matrix [1–8]. Accordingly, we investigate the rela-
tionship between the Dirac flavor neutrino mass and Ma-
jorana flavor neutrino mass matrices.

Several types  of  magic  textures  have  been  repro-
duced  in  the  results  of  neutrino  oscillation  experiments.
The first  discovered traditional magic texture of the Ma-
jorana  flavor  neutrino  mass  matrix  is  parameterized  as
follows [9]:  a b c

b d a+ c−d
c a+ c−d b− c+d

 ← a+b+ c
← a+b+ c
← a+b+ c.

(1)

Z2

(m1,m2,m3)

The  traditional  magic  texture  is  invariant  under 
symmetry. Indeed,  the  traditional  magic  texture  is  inde-
pendent of the neutrino mass eigenvalues  and
is related only to the mixing matrix [10].

The  relationship  between  the  texture  of  the  flavor
neutrino mass matrix for Dirac-type neutrinos and magic
texture  has  been  investigated  in  Ref.  [11]. Here,  we  ex-
plain  the  difference  between  this  previous  study  and  the
current study.  The  previous  study  involved  no  discus-
sions on the magic texture of Majorana neutrinos imman-
ent  in  the  texture  of  the  Dirac  flavor  mass  matrix  [11],
whereas this immanence is the main topic of discussion in
this study. Additionally, although the elements of the Dir-
ac flavor neutrino mass matrix are complex, the elements
of the mass matrix are assumed to be real in Ref. [11]. In
this study,  the  elements  of  the  mass  matrix  are  con-
sidered complex.

µ−τ
An S n

In  addition  to  the  magic  texture,  numerous  possible
textures  of  the  flavor  mass  matrix  for  Majorana-type
neutrinos have  been  proposed  in  the  literature;  these  in-
clude  a  tri-bi  maximal  texture  [9, 12– 14],  texture  zeros
[15– 55],  symmetric  texture  [56– 81],  and  textures
under discrete symmetries, for example,  and  [82].

The  remainder  of  this  paper  is  organized  as  follows:
In Sec. II, we review magic textures of the neutrino mass
matrix for Majorana-type neutrinos. In Sec. III, we estim-
ate  the  magic  textures  of  the  Majorana-type  neutrino
mass  matrix  immanent  in  the  Dirac-type  neutrino  mass
matrix. Section IV provides a summary.
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II.  MAJORANA FLAVOR NEUTRINO MASS
MATRIX AND MAGIC TEXTURES

We review the magic textures of the mass matrix for
Majorana-type neutrinos [1–3].

{S M1,S M2,S M3,S M4,S M5}

Because the Majorana neutrino flavor mass matrix is
symmetric,  the  following  five  independent  sums  exist:

. Schematically,
 

MM =

 a b c
b d e
c e f

 ← S M1
← S M2
← S M3

↗ ↑ ↑ ↑ ↖
S M5 S M1 S M2 S M3 S M4

(2)

where
 

S M1 = a+b+ c, S M2 = b+d+ e, S M3 = c+ e+ f (3)

for the ith raw (ith column), and
 

S M4 = a+d+ f , S M5 = 2c+d, (4)

for diagonal elements.
{S M1,S M2,S M3,S M4,S M5}

5C3 = 10

· · ·

The above five sums, , have
been used to  classify  the  types  of  magic  textures  for  the
Majorana  neutrino  flavor  mass  matrix  [1].  Based  on  the
success of the first discovered magic texture, presented in
Eq. (1), it appears that three of the five sums must be the
same in the Majorana neutrino mass matrix for other ma-
gic  textures.  Under  this  requirement,  we  have 
types of magic textures. These ten textures are referred to
as type M1, type M2, , and type M10, with the follow-
ing definitions1):
 

M1 : S M1 = S M2 = S M3, M2 : S M1 = S M2 = S M4,

M3 : S M1 = S M3 = S M4, M4 : S M2 = S M3 = S M4,

M5 : S M1 = S M2 = S M5, M6 : S M1 = S M3 = S M5,

M7 : S M2 = S M3 = S M5, M8 : S M1 = S M4 = S M5,

M9 : S M2 = S M4 = S M5, M10 : S M3 = S M4 = S M5. (5)

We have the  following ten  types  for  the  flavor  neut-
rino mass matrix:
 

MM1 =

 a b c
b e a+ c− e
c a+ c− e b− c+ e

 , (6)

 

MM2 =

 a b c
b e a+ c− e
c a+ c− e b+ c− e

 , (7)
 

MM3 =

 a b c
b e a− c+ e
c a− c+ e b+ c− e

 , (8)

 

MM4 =

 a b c
b e a− c+ e
c a− c+ e b− c+ e

 , (9)

 

MM5 =

 a b c
b a+b− c −b+2c
c −b+2c i

 , (10)

 

MM6 =

 a b c
b a+b− c f
c f a+b− f

 , (11)

 

MM7 =

 a b c
b e −b+2c
c −b+2c b− c+ e

 , (12)

 

MM8 =

 a b c
b a+b− c f
c f −a+2c

 , (13)

 

MM9 =

 a b c
b e −b+2c
c −b+2c −a+2c

 , (14)

 

MM10 =

 a b c
b e a− c+ e
c a− c+ e −a+2c

 . (15)

According  to  previous  studies  [1–3],  types  M1,  M4,
and  M9  can  be  satisfied  by  observations.  Type  M1  is  a
traditional magic texture, represented in Eq. (1). 

III.  MAGIC TEXTURE FOR MAJORANA NEUT-
RINOS IMMANENT IN THE DIRAC FLAVOR

NEUTRINO MASS MATRIX

This  study  aims  to  investigate  the  relationship
between the Dirac flavor neutrino mass matrix and magic
textures for Majorana-type neutrinos.

Yuta Hyodo, Teruyuki Kitabayashi Chin. Phys. C 47, 043103 (2023)
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We assume that the mass matrix of charged leptons is
diagonal  and real.  In  this  case,  the  Dirac  flavor  neutrino
mass matrix is written as 

MD =

 a b c
d e f
g h i


= diag.(eiϕe ,eiϕµ ,eiϕτ )Udiag.(m1,m2,m3)V†, (16)

ϕe,ϕµ,ϕτ ∈ (−π,π)
m1,m2 m3

where  denote the phases of left-handed
neutrinos; ,  and  denote neutrino  mass  eigen-
states;  and U denotes  the  Pontecorvo-Maki-Nakagawa-
Sakata mixing matrix [83–86]: 

U =

 c12c13 s12c13 s13e−iδ

−s12c23− c12s23s13eiδ c12c23− s12s23s13eiδ s23c13
s12s23− c12c23s13eiδ −c12s23− s12c23s13eiδ c23c13

 ,
(17)

ci j = cosθi j si j = sinθi j i, j θi jwhere ,  ( =1,2,3),  is the  mix-
ing angle, and δ is the Dirac CP-violating phase.

ϕi j ∈ (0,π/2) (i j = 12,23,13)
ωi ∈ (−π,π) i = 1,2, · · · ,5 δV ∈ (−π,π)

The  matrix V is  the  transformation  matrix  of  three
right-handed neutrinos [87],  which can be parameterized
with three rotation angles , six
phases  ( ),  and .  The
matrix V can be written as [87, 88] 

V = diag.(eiω1 ,eiω2 ,eiω3 )Ṽ(ϕi j, δV )diag.(eiω4 ,eiω5 ,1), (18)

where 

Ṽ=

 c̃12c̃13 s̃12c̃13 s̃13e−iδV

−s̃12c̃23− c̃12 s̃23 s̃13eiδV c̃12c̃23− s̃12 s̃23 s̃13eiδV s̃23c̃13
s̃12 s̃23− c̃12c̃23 s̃13eiδV −c̃12 s̃23− s̃12c̃23 s̃13eiδV c̃23c̃13

 .
(19)

c̃i j = cosϕi j s̃i j = sinϕi jHere, , and .

MMi MD

With  the  magic  texture  of  the  Majorana-type  mass
matrix ,  the  Dirac  flavor  neutrino  mass  matrix 
can be decomposed into 

MD = MMi+∆Mi

= MMi+


0 0 0

δ1 0 δMi
1

δ2 δMi
2 δMi

3

 (i = 1,2,3,4,7,9,10),

(20)
 

MD = MM5+∆M5 = MM5+


0 0 0

δ1 δM5
1 δM5

3

δ2 δM5
2 0

 , (21)

and
 

MD = MMi+∆Mi

= MMi+


0 0 0

δ1 δMi
1 0

δ2 δMi
2 δMi

3

 (i = 6,8). (22)

Based on Ref. [89], we define dimensionless paramet-
ers to quantify the strength of the violations of the magic
texture feature as follows:
 

ϵ1 =
d−b
d+b

, ϵ2 =
g− c
g+ c
, (23)

and
 

ϵM1
1 =

f − (a+ c− e)
f + (a+ c− e)

, ϵM1
2 =

h− (a+ c− e)
h+ (a+ c− e)

,

ϵM1
3 =

i− (b− c− e)
i+ (b− c+ e)

, ϵM2
1 =

f − (a+ c− e)
f + (a+ c− e)

,

ϵM2
2 =

h− (a+ c− e)
h+ (a+ c− e)

, ϵM2
3 =

i− (b+ c− e)
i+ (b+ c− e)

,

ϵM3
1 =

f − (a− c+ e)
f + (a− c+ e)

, ϵM3
2 =

h− (a− c+ e)
h+ (a− c+ e)

,

ϵM3
3 =

i− (b+ c− e)
i+ (b+ c− e)

, ϵM4
1 =

f − (a− c+ e)
f + (a− c+ e)

,

ϵM4
2 =

h− (a− c+ e)
h+ (a− c+ e)

, ϵM4
3 =

i− (b− c+ e)
i+ (b− c+ e)

,

ϵM5
1 =

e− (a+b− c)
e+ (a+b− c)

, ϵM5
2 =

h− (−b+2c)
h+ (−b+2c)

,

ϵM5
3 =

f − (a+b− c)
f + (a+b− c)

, ϵM6
1 =

e− (a+b− c)
e+ (a+b− c)

,

ϵM6
2 =

h− f
h+ f

, ϵM6
3 =

i− (a+b− f )
i+ (a+b− f )

,

ϵM7
1 =

f − (−b+2c)
f + (−b+2c)

, ϵM7
2 =

h− (−b+2c)
h+ (−b+2c)

,

ϵM7
3 =

i− (b− c+ e)
i+ (b− c+ e)

, ϵM8
1 =

e− (a+b− c)
e+ (a+b− c)

,

ϵM8
2 =

h− f
h+ f

, ϵM8
3 =

i− (−a+2c)
i+ (−a+2c)

,

ϵM9
1 =

f − (−b+2c)
f + (−b+2c)

, ϵM9
2 =

h− (−b+2c)
h+ (−b+2c)

,

ϵM9
3 =

i− (−a+2c)
i+ (−a+2c)

, ϵM10
1 =

f − (a− c+ e)
f + (a− c+ e)

,

ϵM10
2 =

h− (a− c+ e)
h+ (a− c+ e)

, ϵM10
3 =

i− (−a+2c)
i+ (−a+2c)

. (24)

δi δMi
iUsing Eqs. (23) and (24),  and  can be written as
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δ1 = ϵ1(b+ c), δ2 = ϵ2(g+ c), (25)

and 

δM1
1 = ϵ

M1
1 { f + (a+ c− e)}, δM1

2 = ϵ
M1
2 {h+ (a+ c− e)},

δM1
3 = ϵ

M1
3 {i+ (b− c− e)}, δM2

1 = ϵ
M2
1 { f + (a+ c− e)},

δM2
2 = ϵ

M2
2 {h+ (a+ c− e)}, δM2

3 = ϵ
M2
3 {i+ (b+ c− e)},

δM3
1 = ϵ

M3
1 { f + (a− c+ e)}, δM3

2 = ϵ
M3
2 {h+ (a− c+ e)},

δM3
3 = ϵ

M3
3 {i+ (b+ c− e)}, δM4

1 = ϵ
M4
1 { f + (a− c+ e)},

δM4
2 = ϵ

M4
2 {h+ (a− c+ e)}, δM4

3 = ϵ
M4
3 {i+ (b− c+ e)},

δM5
1 = ϵ

M5
1 {e+ (a+b− c)}, δM5

2 = ϵ
M5
2 {h+ (−b+2c)},

δM5
3 = ϵ

M5
2 { f + (a+b− c)}, δM6

1 = ϵ
M6
1 {e+ (a+b− c)},

δM6
2 = ϵ

M6
2 {h+ f }, δM6

3 = ϵ
M6
3 {i+ (a+b− f )},

δM7
1 = ϵ

M7
1 { f + (−b+2c)}, δM7

2 = ϵ
M7
2 {h+ (−b+2c)},

δM7
3 = ϵ

M7
3 {i+ (b− c+ e)}, δM8

1 = ϵ
M8
1 {e+ (a+b− c)},

δM8
2 = ϵ

M8
2 {h+ f }, δM8

3 = ϵ
M8
3 {i+ (−a+2c)},

δM9
1 = ϵ

M9
1 { f + (−b+2c)}, δM9

2 = ϵ
M9
2 {h+ (−b+2c)},

δM9
3 = ϵ

M9
3 {i+ (−a+2c)}, δM10

1 = ϵM10
1 { f + (a− c+ e)},

δM10
2 = ϵM10

2 {h+ (a− c+ e)}, δM10
3 = ϵM10

3 {i+ (−a+2c)}.
(26)

Moreover, we define 

|ϵ| = |ϵ1|+ |ϵ2|, |ϵMi| = |ϵMi
1 |+ |ϵMi

2 |+ |ϵMi
3 |, (27)

and 

|EMi| = |ϵ |+ |ϵMi|. (28)

|EMi| ≪ 1 ∆Mi MDIf  (in other words,  is small),  is ap-
proximately the same as type Mi magic texture.

∆m2
i j = m2

i −m2
j
m1 < m2 < m3

A global analysis of current data results in the follow-
ing  best-fit  values  for  the  squared  mass  differences

 and the mixing angles for normal mass or-
dering (NO),  [90]: 

∆m2
21

10−5eV2 = 7.42+0.21
−0.20 (6.82 ∼ 8.04),

∆m2
31

10−3eV2 = 2.510+0.027
−0.027 (2.430 ∼ 2.593),

θ12/(◦) = 33.45+0.77
−0.75 (31.27 ∼ 35.87),

θ23/(◦) = 42.1+1.1
−0.9 (39.7 ∼ 50.9),

θ13/(◦) = 8.62+0.12
−0.12 (8.25 ∼ 8.98),

δ/(◦) = 230+36
−25 (144 ∼ 350), (29)

± 1σ
3σ

m3 < m1 < m2

where  denotes  the  region, and the  parentheses  de-
note  the  region.  For  inverted  mass  ordering  (IO),

, we have 

∆m2
21

10−5eV2 = 7.42+0.21
−0.20 (6.82 ∼ 8.04),

∆m2
32

10−3eV2 = −2.490+0.026
−0.028 (−2.574 ∼ −2.410),

θ12/(◦) = 33.45+0.78
−0.75 (31.27 ∼ 35.87),

θ23/(◦) = 49.0+0.9
−1.3 (39.8 ∼ 51.6),

θ13/(◦) = 8.61+0.14
−0.12 (8.24 ∼ 9.02),

δ/(◦) = 278+22
−30 (194 ∼ 345). (30)

Moreover, we have the following constraint: ∑
mi < 0.12−0.69 eV, (31)

from  cosmological  observations  of  cosmic  microwave
background radiation [52, 91–94].

∆m2
i j θi j

3σ
mlightest mlightest = m1

mlightest = m3 0−0.12∑
mi < 0.12 eV

In  our  numerical  calculations,  we  require  that  the
square mass differences , mixing angles , and Dir-
ac CP-violating  phase δ vary  within  the  region,  and
the  lightest  neutrino  mass  (  for  NO
and  for  IO)  varies  within  eV.  We
also require that the constraint  is satisfied.

|ϵ| |ϵ1|, |ϵ2| |ϵMi| |ϵMi
1 |

|ϵMi
2 | |ϵMi

3 | |EMi|min

|EMi|min

Table 1 lists the magnitudes of , , , ,
,  and  for  the  smallest .  The  parameter

sets  for  the  smallest  are  indicated  in  bold  fonts
for the NO and IO cases. In Table 1, we observe the fol-
lowing:
 

|EMi|min●  The  smallest  value  of  is  obtained  in  type
M8 (M1) for NO (IO).
 

|ϵ2|●  in  type  M1  for  IO  is  one  order  of  magnitude
greater than that in type M8 for the NO case.
 

|ϵM8
1 | |ϵM8

3 | |ϵM1
1 |

|ϵM1
3 |

●  and  in the NO case are lower than 
and  in the IO case.
 

|EM8|min
|EM1|min

|ϵn|
|ϵM8

n | |ϵn| |ϵMi8
1 | |ϵM8

3 |
|ϵM8

2 |
τµ

|ϵn| |ϵM1
n |

|ϵ1| |ϵM1
2 | |ϵM1

3 | |ϵ2|

Therefore,  we  can  expect  that  the  flavor  neutrino
mass  matrix  for  Dirac  neutrinos  approximately  obeys
type  M8  (M1)  magic  texture  for  the  NO  (IO)  case.
Moreover,  because  for  NO  is  smaller  than

 for IO, NO is slightly preferable to IO in the con-
text of magic textures. In addition, by comparing  and

 in type M8 for the NO case, , , and  ap-
pear to be lower than ,  suggesting that  the violation
of type M8 magic texture is related to  mixing. Simil-
arly,  by  comparing  and  in  type  M1  for  the  IO
case, , ,  and  appear  to  be  less  than  and

Yuta Hyodo, Teruyuki Kitabayashi Chin. Phys. C 47, 043103 (2023)

043103-4



|ϵ | |ϵ1 |, |ϵ2 | |ϵMi | |ϵMi
1 | |ϵ

Mi
2 | |ϵMi

3 | |EMi |minTable 1.    , , , , , and  for the smallest .

NO type |EMi |min |ϵ | |ϵ1 | |ϵ2 | |ϵMi | |ϵMi
1 | |ϵMi

2 | |ϵMi
3 |

1 0.461 0.207 0.112 0.0953 0.254 0.0753 0.114 0.0642

2 0.613 0.270 0.0850 0.185 0.343 0.0974 0.121 0.125

3 0.648 0.178 0.0830 0.0948 0.471 0.254 0.143 0.0732

4 0.395 0.0960 0.0769 0.0192 0.299 0.147 0.0373 0.115

5 0.726 0.141 0.0843 0.0563 0.586 0.327 0.197 0.0624

6 0.634 0.365 0.123 0.242 0.269 0.167 0.0363 0.0653

7 0.534 0.365 0.123 0.242 0.169 0.0524 0.0180 0.0986

8 0.377 0.147 0.0549 0.0923 0.230 0.0696 0.156 0.00412

9 0.532 0.221 0.0874 0.134 0.311 0.206 0.00777 0.0968

10 0.545 0.220 0.0720 0.148 0.324 0.0577 0.185 0.0818

IO type |EMi |min |ϵ | |ϵ1 | |ϵ2 | |ϵMi | |ϵMi
1 | |ϵMi

2 | |ϵMi
3 |

1 0.386 0.201 0.0940 0.107 0.185 0.108 0.0601 0.0167

2 0.720 0.124 0.0709 0.0532 0.596 0.071 0.0734 0.451

3 0.485 0.141 0.0593 0.0814 0.344 0.196 0.0998 0.0481

4 0.502 0.229 0.139 0.0896 0.273 0.177 0.0311 0.0648

5 0.695 0.363 0.144 0.219 0.332 0.120 0.0873 0.124

6 0.602 0.217 0.146 0.0707 0.386 0.127 0.0574 0.201

7 0.532 0.242 0.0661 0.176 0.290 0.0388 0.0858 0.166

8 0.731 0.397 0.240 0.157 0.334 0.165 0.0153 0.153

9 0.887 0.167 0.0642 0.103 0.720 0.277 0.211 0.232

10 0.815 0.357 0.100 0.257 0.459 0.281 0.0952 0.0823

mi θi j |EMi |minTable 2.    Neutrino parameters  in eV, , and δ for the smallest .

NO type |EMi |min m1 m2 m3 θ12 θ23 θ13 δ

1 0.461 0.00671 0.0110 0.0498 35.5 50.3 8.55 307

2 0.613 0.0238 0.0254 0.0550 35.6 49.8 8.76 163

3 0.648 0.0187 0.0205 0.0531 34.1 47.4 8.84 303

4 0.395 0.0224 0.0240 0.0542 34.0 40.6 8.82 228

5 0.726 0.0236 0.0251 0.0558 32.8 43.5 8.81 300

6 0.634 0.0296 0.0308 0.0575 34.4 46.4 8.65 338

7 0.534 0.0296 0.0308 0.0575 34.4 46.4 8.65 338

8 0.377 0.0178 0.0197 0.0532 33.0 48.1 8.47 288

9 0.532 0.0127 0.0154 0.0514 33.2 48.1 8.62 175

10 0.545 0.0285 0.0297 0.0580 35.3 40.4 8.89 219

IO type |EMi |min m1 m2 m3 θ12 θ23 θ13 δ

1 0.386 0.0513 0.0521 0.0120 35.1 48.5 8.75 218

2 0.720 0.0501 0.0509 0.0121 35.1 51.0 8.98 330

3 0.485 0.0499 0.0506 0.0100 31.8 39.8 8.79 295

4 0.502 0.0493 0.0500 0.000524 34.2 43.6 8.35 194

5 0.695 0.0514 0.0521 0.0146 34.0 41.1 8.41 268

6 0.602 0.0503 0.0510 0.00664 34.9 43.3 8.48 302

7 0.532 0.0509 0.0515 0.0127 34.4 40.3 8.79 198

8 0.731 0.0500 0.0508 0.00930 35.9 42.4 9.01 200

9 0.887 0.0495 0.0503 0.00607 33.0 42.8 8.28 329

10 0.815 0.0518 0.0525 0.0146 33.6 45.0 8.26 306
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|ϵM1
1 |

τe µτ

, suggesting that the violation of type M1 magic tex-
ture is related to the  and  mixings.

{m1,m2,m3,

θ12, θ23, θ13, δ} |EMi|min

θ23 > 45◦ δ > 180◦

θ23

δ ∼ 145◦

Table  2 presents  the  neutrino  parameters 
 for .  Regardless  of  mass  ordering,

we  observe  that  and  are  favorable  in
the  context  of  magic  texture.  A  disagreement  can  be
noted  between  T2K  and  NOvA  [95, 96]. Both  experi-
ments favor the upper octant of . However, NOvA and
T2K report extremely different best fit values of δ for the
NO  case.  In  fact,  was  reported  by  NOvA  [95].

δ ∼ 250◦

δ = 288◦
Meanwhile,  a  value  of  was  reported  by  T2K
[96]. The predicted value  for type M8 is similar
to  the  T2K  best-fit  value.  Therefore,  it  appears  that  the
T2K result is more favorable than the NOvA result in the
context of magic textures.

{mi, θi j, δ} |EM8|(|EM1|)
|EM8|

m1,m2,m3 θi j

|EM8|min

Figure 1 (Fig. 2) presents the dependence of the neut-
rino parameters  on  for the NO (IO)
case.  does  not  correlate  with  the  neutrino  masses

;  mixing  angles ;  and  Dirac CP-violating
phase δ.  Therefore,  the  smallest  values  of  and

mi θi j |EM8 |Fig. 1.    (color online) Dependence of the neutrino parameters  in eV, , and δ on  in the case of NO.
 

mi θi j |EM1 |Fig. 2.    (color online) Dependence of the neutrino parameters  in eV, , and δ on  in the case of IO.
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|EM1|min  are obtained for  very specific  neutrino paramet-
ers. 

IV.  SUMMARY

Magic texture  is  known to be a  successful  texture  of
the flavor neutrino mass matrix for Majorana neutrinos.

In this study, we estimate the relationship between the
Dirac  flavor  neutrino  mass  matrix  and  magic  texture  for

|EM8|min = 0.377 |EM1|min
= 0.386

|EM8|min
|EM8|min

Majorana-type  neutrinos.  Consequently,  we  demonstrate
that several types of magic textures for Majorana neutri-
nos  may be approximately  immanent  in  the  Dirac  flavor
neutrino  mass  matrix.  More  concretely,  in  type  M8  for
NO  ( )  and  type  M1  for  IO  (

), the Dirac mass matrices approximately obey the
magic  texture.  Because  for  NO  is  smaller  than

 for IO, NO is slightly preferable to IO in the con-
text of magic textures.

 

 

References

 Y.  Hyodo  and  T.  Kitabayashi, Prog.  Theor.  Exp.  Phys.
2021, 123B08 (2021)

[1]

 P.  F.  Harrison  and  W.  G.  Scott, Phys.  Lett.  B 594,  324
(2004)

[2]

 C. S. Lam, Phys. Lett. B 640, 260 (2006)[3]
 R.  R.  Gautam  and  S.  Kumar, Phys.  Rev.  D 94,  036004
(2016)

[4]

 M.  J.  S.  Yang, Prog.  Theor.  Exp.  Phys. 2022,  013B12
(2022)

[5]

 K. S. Channey and S. Kumar, J. Phys. G: Nucl. Part. Phys.
46, 015001 (2019)

[6]

 S. Verma and M. Kashav, J. Phys. G: Nucl. Part. Phys. 47,
085003 (2020)

[7]

 M. Kashav, L. Singh, and S. Verma, arXiv: 2207.13328[8]
 P. F. Harrison, D. H. Perkins, and W. G. Scott, Phys. Lett. B
530, 167 (2002)

[9]

 C. S. Lam, Phys. Rev. D 74, 113004 (2006)[10]
 Y.  Hyodo  and  T.  Kitabayashi, Int.  J.  Mod.  Phys.  A 35,
2050183 (2020)

[11]

 Z. Z. Xing, Phys. Lett. B 533, 85 (2002)[12]
 P.  F.  Harrison  and  W.  G.  Scott, Phys.  Lett.  B 535,  163
(2002)

[13]

 T. Kitabayashi, Phys. Rev. D 76, 033002 (2007)[14]
 M.  S.  Berger  and  K.  Siyeon, Phys.  Rev.  D 64,  053006
(2001)

[15]

 P. H. Frampton, S. L. Glashow, and D. Marfatia, Phys. Lett.
B 536, 79 (2002)

[16]

 Z. Z. Xing, Phys. Lett. B 530, 159 (2002)[17]
 Z. Z. Xing, Phys. Lett. B 539, 85 (2002)[18]
 A. Kageyama, S. Kaneko, N. Shimoyana et al., Phys. Lett.
B 538, 96 (2002)

[19]

 Z. Z. Xing, Phys. Rev. D 69, 013006 (2004)[20]
 W. Grimus, A. S. Joshipura, L. Lavoura et al., Eur. Phys. J.
C 36, 227 (2004)

[21]

 C. I. Low, Phys. Rev. D 70, 073013 (2004)[22]
 C. I. Low, Phys. Rev. D 71, 073007 (2005)[23]
 W. Grimus and L. Lavoura, J. Phys. G 31, 693 (2005)[24]
 S. Dev, S. Kumar, S. Verma et al., Phys. Rev. D 76, 013002
(2007)

[25]

 Z. Z. Xing and S. Zhou, Phys. Lett. B 679, 249 (2009)[26]
 H. Fritzsch, Z. Z. Xing, and S. Zhou, J. High Energy Phys.
09, 083 (2011)

[27]

 S. Kumar, Phys. Rev. D 84, 077301 (2011)[28]
 S. Dev, S. Gupta, and R. R. Gautam, Phys. Lett. B 701, 605
(2011)

[29]

 T. Araki,  J.  Heeck,  and J.  Kubo, J.  High Energy Phys. 07,
083 (2012)

[30]

 P. Ludle, S. Morisi, and E. Peinado, Nucl. Phys. B 857, 411[31]

(2012)
 E.  Lashin  and  N.  Chamoun, Phys.  Rev.  D 85,  113011
(2012)

[32]

 K. Deepthi,  S.  Gollu,  and R.  Mohanta, Eur.  Phys.  J.  C 72,
1888 (2012)

[33]

 D.  Meloni  and  G.  Blankenburg, Nucl.  Phys.  B 867,  749
(2013)

[34]

 D.  Meloni,  A.  Meroni,  and  E.  Peinado, Phys.  Rev.  D 89,
053009 (2014)

[35]

 S.  Dev,  R.  R.  Gautam,  L.  Singh et  al., Phys.  Rev.  D 90,
013021 (2014)

[36]

 R. G. Felipe and H. Serodio, Nucl. Phys. B 886, 75 (2014)[37]
 P.  O.  Ludl  and  W.  Grimus, J.  High  Energy  Phys. 07,  090
(2014)

[38]

 L. M. Cebola, D. E. Costa, and R. G. Felipe, Phys. Rev. D
92, 025005 (2015)

[39]

 R.  R.  Gautam,  M.  Singh,  and  M.  Gupta, Phys.  Rev.  D 92,
013006 (2015)

[40]

 S. Dev, L. Singh, and D. Raj, Eur. Phys. J. C 75, 394 (2015)[41]
 T.  Kitabayashi  and  M.  Yasuè, Phys.  Rev.  D 93,  053012
(2016)

[42]

 S. Zhou, Chin. Phys. C 40, 033102 (2016)[43]
 M. Singh, G. Ahuja, and M. Gupta, Prog. Theor. Exp. Phys.
2016, 123B08 (2016)

[44]

 T.  Kitabayashi  and  M.  Yasuè, Int.  J.  Mod.  Phys.  A 32,
1750034 (2017)

[45]

 T.  Kitabayashi,  S.  Ohkawa,  and  M.  Yasuè, Int.  J.  Mod.
Phys. A 32, 1750186 (2017)

[46]

 K. Bora, D. Borah, and D. Dutta, Phys. Rev. D 96, 075006
(2017)

[47]

 D.  M.  Barreiros,  R.  G.  Felipe,  and  F.  R.  Joaquim, Phys.
Rev. D 97, 115016 (2018)

[48]

 T. Kitabayashi, Phys. Rev. D 98, 083001 (2018)[49]
 D.  M.  Barreiros,  R.  G.  Felipe,  and  F.  R.  Joaquim, J.  High
Energy Phys. 01, 223 (2019)

[50]

 T. Kitabayashi, Int. J. Mod. Phys. A 34, 1950098 (2019)[51]
 F.  Capozzi,  E.  D.  Valentino,  E.  Lisi et  al., Phys.  Rev.  D
101, 116013 (2020)

[52]

 M. Singh, EPL 129, 11002 (2020)[53]
 D. M. Barreiros, F. R. Joaquim, and T. T. Yanagida, Phys.
Rev. D 102, 055021 (2020)

[54]

 T. Kitabayashi, Phys. Rev. D 102, 075027 (2020)[55]
 T.  Fukuyama  and  H.  Nishiura,  (1997),  arXiv: hep-
ph/9702253

[56]

 C. S. Lam, Phys. Lett. B 507, 214 (2001)[57]
 E. Ma and M. Raidal, Phys. Rev. Lett. 87, 011802 (2001)[58]
 K. R. S.  Balaji,  W. Grimus,  and T.  Schwetz, Phys.  Lett.  B
508, 301 (2001)

[59]

 Y. Koide, H. Nishiura, K. Matsuda et al., Phys. Rev. D 66,
093006 (2002)

[60]

Is the magic texture of Majorana neutrinos immanent in Dirac nature? Chin. Phys. C 47, 043103 (2023)

043103-7

https://doi.org/10.1093/ptep/ptab147
https://doi.org/10.1093/ptep/ptab147
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2006.08.007
https://doi.org/10.1016/j.physletb.2006.08.007
https://doi.org/10.1016/j.physletb.2006.08.007
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1088/1361-6471/aaf55e
https://doi.org/10.1088/1361-6471/aaf55e
https://doi.org/10.1088/1361-6471/ab7be9
https://doi.org/10.1088/1361-6471/ab7be9
https://doi.org/10.1088/1361-6471/ab7be9
https://doi.org/10.1088/1361-6471/ab7be9
http://arxiv.org/abs/2207.13328
https://doi.org/10.1016/S0370-2693(02)01336-9
https://doi.org/10.1016/S0370-2693(02)01336-9
https://doi.org/10.1103/PhysRevD.74.113004
https://doi.org/10.1103/PhysRevD.74.113004
https://doi.org/10.1103/PhysRevD.74.113004
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1016/S0370-2693(02)01649-0
https://doi.org/10.1016/S0370-2693(02)01649-0
https://doi.org/10.1016/S0370-2693(02)01649-0
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1103/PhysRevD.76.033002
https://doi.org/10.1103/PhysRevD.76.033002
https://doi.org/10.1103/PhysRevD.76.033002
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01354-0
https://doi.org/10.1016/S0370-2693(02)01354-0
https://doi.org/10.1016/S0370-2693(02)01354-0
https://doi.org/10.1016/S0370-2693(02)02062-2
https://doi.org/10.1016/S0370-2693(02)02062-2
https://doi.org/10.1016/S0370-2693(02)02062-2
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1103/PhysRevD.69.013006
https://doi.org/10.1103/PhysRevD.69.013006
https://doi.org/10.1103/PhysRevD.69.013006
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1103/PhysRevD.70.073013
https://doi.org/10.1103/PhysRevD.70.073013
https://doi.org/10.1103/PhysRevD.70.073013
https://doi.org/10.1103/PhysRevD.71.073007
https://doi.org/10.1103/PhysRevD.71.073007
https://doi.org/10.1103/PhysRevD.71.073007
https://doi.org/10.1088/0954-3899/31/7/014
https://doi.org/10.1088/0954-3899/31/7/014
https://doi.org/10.1088/0954-3899/31/7/014
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1016/j.physletb.2009.07.051
https://doi.org/10.1016/j.physletb.2009.07.051
https://doi.org/10.1016/j.physletb.2009.07.051
https://doi.org/10.1007/JHEP09(2011)083
https://doi.org/10.1007/JHEP09(2011)083
https://doi.org/10.1103/PhysRevD.84.077301
https://doi.org/10.1103/PhysRevD.84.077301
https://doi.org/10.1103/PhysRevD.84.077301
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1016/j.nuclphysb.2014.06.015
https://doi.org/10.1016/j.nuclphysb.2014.06.015
https://doi.org/10.1016/j.nuclphysb.2014.06.015
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1103/PhysRevD.92.025005
https://doi.org/10.1103/PhysRevD.92.025005
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1140/epjc/s10052-015-3569-4
https://doi.org/10.1140/epjc/s10052-015-3569-4
https://doi.org/10.1140/epjc/s10052-015-3569-4
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1088/1674-1137/40/3/033102
https://doi.org/10.1088/1674-1137/40/3/033102
https://doi.org/10.1088/1674-1137/40/3/033102
https://doi.org/10.1093/ptep/ptw180
https://doi.org/10.1093/ptep/ptw180
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.98.083001
https://doi.org/10.1103/PhysRevD.98.083001
https://doi.org/10.1103/PhysRevD.98.083001
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1142/S0217751X19500982
https://doi.org/10.1142/S0217751X19500982
https://doi.org/10.1142/S0217751X19500982
https://doi.org/10.1103/PhysRevD.101.116013
https://doi.org/10.1103/PhysRevD.101.116013
https://doi.org/10.1209/0295-5075/129/11002
https://doi.org/10.1209/0295-5075/129/11002
https://doi.org/10.1209/0295-5075/129/11002
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.075027
https://doi.org/10.1103/PhysRevD.102.075027
https://doi.org/10.1103/PhysRevD.102.075027
http://arxiv.org/abs/hep-ph/9702253
http://arxiv.org/abs/hep-ph/9702253
https://doi.org/10.1016/S0370-2693(01)00465-8
https://doi.org/10.1016/S0370-2693(01)00465-8
https://doi.org/10.1016/S0370-2693(01)00465-8
https://doi.org/10.1103/PhysRevLett.87.011802
https://doi.org/10.1103/PhysRevLett.87.011802
https://doi.org/10.1103/PhysRevLett.87.011802
https://doi.org/10.1016/S0370-2693(01)00532-9
https://doi.org/10.1016/S0370-2693(01)00532-9
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1093/ptep/ptab147
https://doi.org/10.1093/ptep/ptab147
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2006.08.007
https://doi.org/10.1016/j.physletb.2006.08.007
https://doi.org/10.1016/j.physletb.2006.08.007
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1088/1361-6471/aaf55e
https://doi.org/10.1088/1361-6471/aaf55e
https://doi.org/10.1088/1361-6471/ab7be9
https://doi.org/10.1088/1361-6471/ab7be9
https://doi.org/10.1088/1361-6471/ab7be9
https://doi.org/10.1088/1361-6471/ab7be9
http://arxiv.org/abs/2207.13328
https://doi.org/10.1016/S0370-2693(02)01336-9
https://doi.org/10.1016/S0370-2693(02)01336-9
https://doi.org/10.1103/PhysRevD.74.113004
https://doi.org/10.1103/PhysRevD.74.113004
https://doi.org/10.1103/PhysRevD.74.113004
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1016/S0370-2693(02)01649-0
https://doi.org/10.1016/S0370-2693(02)01649-0
https://doi.org/10.1016/S0370-2693(02)01649-0
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1103/PhysRevD.76.033002
https://doi.org/10.1103/PhysRevD.76.033002
https://doi.org/10.1103/PhysRevD.76.033002
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01354-0
https://doi.org/10.1016/S0370-2693(02)01354-0
https://doi.org/10.1016/S0370-2693(02)01354-0
https://doi.org/10.1016/S0370-2693(02)02062-2
https://doi.org/10.1016/S0370-2693(02)02062-2
https://doi.org/10.1016/S0370-2693(02)02062-2
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1103/PhysRevD.69.013006
https://doi.org/10.1103/PhysRevD.69.013006
https://doi.org/10.1103/PhysRevD.69.013006
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1103/PhysRevD.70.073013
https://doi.org/10.1103/PhysRevD.70.073013
https://doi.org/10.1103/PhysRevD.70.073013
https://doi.org/10.1103/PhysRevD.71.073007
https://doi.org/10.1103/PhysRevD.71.073007
https://doi.org/10.1103/PhysRevD.71.073007
https://doi.org/10.1088/0954-3899/31/7/014
https://doi.org/10.1088/0954-3899/31/7/014
https://doi.org/10.1088/0954-3899/31/7/014
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1016/j.physletb.2009.07.051
https://doi.org/10.1016/j.physletb.2009.07.051
https://doi.org/10.1016/j.physletb.2009.07.051
https://doi.org/10.1007/JHEP09(2011)083
https://doi.org/10.1007/JHEP09(2011)083
https://doi.org/10.1103/PhysRevD.84.077301
https://doi.org/10.1103/PhysRevD.84.077301
https://doi.org/10.1103/PhysRevD.84.077301
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1016/j.nuclphysb.2014.06.015
https://doi.org/10.1016/j.nuclphysb.2014.06.015
https://doi.org/10.1016/j.nuclphysb.2014.06.015
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1103/PhysRevD.92.025005
https://doi.org/10.1103/PhysRevD.92.025005
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1140/epjc/s10052-015-3569-4
https://doi.org/10.1140/epjc/s10052-015-3569-4
https://doi.org/10.1140/epjc/s10052-015-3569-4
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1088/1674-1137/40/3/033102
https://doi.org/10.1088/1674-1137/40/3/033102
https://doi.org/10.1088/1674-1137/40/3/033102
https://doi.org/10.1093/ptep/ptw180
https://doi.org/10.1093/ptep/ptw180
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.98.083001
https://doi.org/10.1103/PhysRevD.98.083001
https://doi.org/10.1103/PhysRevD.98.083001
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1142/S0217751X19500982
https://doi.org/10.1142/S0217751X19500982
https://doi.org/10.1142/S0217751X19500982
https://doi.org/10.1103/PhysRevD.101.116013
https://doi.org/10.1103/PhysRevD.101.116013
https://doi.org/10.1209/0295-5075/129/11002
https://doi.org/10.1209/0295-5075/129/11002
https://doi.org/10.1209/0295-5075/129/11002
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.075027
https://doi.org/10.1103/PhysRevD.102.075027
https://doi.org/10.1103/PhysRevD.102.075027
http://arxiv.org/abs/hep-ph/9702253
http://arxiv.org/abs/hep-ph/9702253
https://doi.org/10.1016/S0370-2693(01)00465-8
https://doi.org/10.1016/S0370-2693(01)00465-8
https://doi.org/10.1016/S0370-2693(01)00465-8
https://doi.org/10.1103/PhysRevLett.87.011802
https://doi.org/10.1103/PhysRevLett.87.011802
https://doi.org/10.1103/PhysRevLett.87.011802
https://doi.org/10.1016/S0370-2693(01)00532-9
https://doi.org/10.1016/S0370-2693(01)00532-9
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1093/ptep/ptab147
https://doi.org/10.1093/ptep/ptab147
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2006.08.007
https://doi.org/10.1016/j.physletb.2006.08.007
https://doi.org/10.1016/j.physletb.2006.08.007
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1088/1361-6471/aaf55e
https://doi.org/10.1088/1361-6471/aaf55e
https://doi.org/10.1088/1361-6471/ab7be9
https://doi.org/10.1088/1361-6471/ab7be9
https://doi.org/10.1088/1361-6471/ab7be9
https://doi.org/10.1088/1361-6471/ab7be9
http://arxiv.org/abs/2207.13328
https://doi.org/10.1016/S0370-2693(02)01336-9
https://doi.org/10.1016/S0370-2693(02)01336-9
https://doi.org/10.1103/PhysRevD.74.113004
https://doi.org/10.1103/PhysRevD.74.113004
https://doi.org/10.1103/PhysRevD.74.113004
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1016/S0370-2693(02)01649-0
https://doi.org/10.1016/S0370-2693(02)01649-0
https://doi.org/10.1016/S0370-2693(02)01649-0
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1103/PhysRevD.76.033002
https://doi.org/10.1103/PhysRevD.76.033002
https://doi.org/10.1103/PhysRevD.76.033002
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01354-0
https://doi.org/10.1016/S0370-2693(02)01354-0
https://doi.org/10.1016/S0370-2693(02)01354-0
https://doi.org/10.1016/S0370-2693(02)02062-2
https://doi.org/10.1016/S0370-2693(02)02062-2
https://doi.org/10.1016/S0370-2693(02)02062-2
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1103/PhysRevD.69.013006
https://doi.org/10.1103/PhysRevD.69.013006
https://doi.org/10.1103/PhysRevD.69.013006
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1103/PhysRevD.70.073013
https://doi.org/10.1103/PhysRevD.70.073013
https://doi.org/10.1103/PhysRevD.70.073013
https://doi.org/10.1103/PhysRevD.71.073007
https://doi.org/10.1103/PhysRevD.71.073007
https://doi.org/10.1103/PhysRevD.71.073007
https://doi.org/10.1088/0954-3899/31/7/014
https://doi.org/10.1088/0954-3899/31/7/014
https://doi.org/10.1088/0954-3899/31/7/014
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1016/j.physletb.2009.07.051
https://doi.org/10.1016/j.physletb.2009.07.051
https://doi.org/10.1016/j.physletb.2009.07.051
https://doi.org/10.1007/JHEP09(2011)083
https://doi.org/10.1007/JHEP09(2011)083
https://doi.org/10.1103/PhysRevD.84.077301
https://doi.org/10.1103/PhysRevD.84.077301
https://doi.org/10.1103/PhysRevD.84.077301
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1016/j.nuclphysb.2014.06.015
https://doi.org/10.1016/j.nuclphysb.2014.06.015
https://doi.org/10.1016/j.nuclphysb.2014.06.015
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1103/PhysRevD.92.025005
https://doi.org/10.1103/PhysRevD.92.025005
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1140/epjc/s10052-015-3569-4
https://doi.org/10.1140/epjc/s10052-015-3569-4
https://doi.org/10.1140/epjc/s10052-015-3569-4
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1088/1674-1137/40/3/033102
https://doi.org/10.1088/1674-1137/40/3/033102
https://doi.org/10.1088/1674-1137/40/3/033102
https://doi.org/10.1093/ptep/ptw180
https://doi.org/10.1093/ptep/ptw180
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.98.083001
https://doi.org/10.1103/PhysRevD.98.083001
https://doi.org/10.1103/PhysRevD.98.083001
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1142/S0217751X19500982
https://doi.org/10.1142/S0217751X19500982
https://doi.org/10.1142/S0217751X19500982
https://doi.org/10.1103/PhysRevD.101.116013
https://doi.org/10.1103/PhysRevD.101.116013
https://doi.org/10.1209/0295-5075/129/11002
https://doi.org/10.1209/0295-5075/129/11002
https://doi.org/10.1209/0295-5075/129/11002
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.075027
https://doi.org/10.1103/PhysRevD.102.075027
https://doi.org/10.1103/PhysRevD.102.075027
http://arxiv.org/abs/hep-ph/9702253
http://arxiv.org/abs/hep-ph/9702253
https://doi.org/10.1016/S0370-2693(01)00465-8
https://doi.org/10.1016/S0370-2693(01)00465-8
https://doi.org/10.1016/S0370-2693(01)00465-8
https://doi.org/10.1103/PhysRevLett.87.011802
https://doi.org/10.1103/PhysRevLett.87.011802
https://doi.org/10.1103/PhysRevLett.87.011802
https://doi.org/10.1016/S0370-2693(01)00532-9
https://doi.org/10.1016/S0370-2693(01)00532-9
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1093/ptep/ptab147
https://doi.org/10.1093/ptep/ptab147
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2004.05.039
https://doi.org/10.1016/j.physletb.2006.08.007
https://doi.org/10.1016/j.physletb.2006.08.007
https://doi.org/10.1016/j.physletb.2006.08.007
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1103/PhysRevD.94.036004
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1093/ptep/ptab162
https://doi.org/10.1088/1361-6471/aaf55e
https://doi.org/10.1088/1361-6471/aaf55e
https://doi.org/10.1088/1361-6471/ab7be9
https://doi.org/10.1088/1361-6471/ab7be9
https://doi.org/10.1088/1361-6471/ab7be9
https://doi.org/10.1088/1361-6471/ab7be9
http://arxiv.org/abs/2207.13328
https://doi.org/10.1016/S0370-2693(02)01336-9
https://doi.org/10.1016/S0370-2693(02)01336-9
https://doi.org/10.1103/PhysRevD.74.113004
https://doi.org/10.1103/PhysRevD.74.113004
https://doi.org/10.1103/PhysRevD.74.113004
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1142/S0217751X20501833
https://doi.org/10.1016/S0370-2693(02)01649-0
https://doi.org/10.1016/S0370-2693(02)01649-0
https://doi.org/10.1016/S0370-2693(02)01649-0
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1016/S0370-2693(02)01753-7
https://doi.org/10.1103/PhysRevD.76.033002
https://doi.org/10.1103/PhysRevD.76.033002
https://doi.org/10.1103/PhysRevD.76.033002
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1103/PhysRevD.64.053006
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01817-8
https://doi.org/10.1016/S0370-2693(02)01354-0
https://doi.org/10.1016/S0370-2693(02)01354-0
https://doi.org/10.1016/S0370-2693(02)01354-0
https://doi.org/10.1016/S0370-2693(02)02062-2
https://doi.org/10.1016/S0370-2693(02)02062-2
https://doi.org/10.1016/S0370-2693(02)02062-2
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1016/S0370-2693(02)01964-0
https://doi.org/10.1103/PhysRevD.69.013006
https://doi.org/10.1103/PhysRevD.69.013006
https://doi.org/10.1103/PhysRevD.69.013006
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1140/epjc/s2004-01896-y
https://doi.org/10.1103/PhysRevD.70.073013
https://doi.org/10.1103/PhysRevD.70.073013
https://doi.org/10.1103/PhysRevD.70.073013
https://doi.org/10.1103/PhysRevD.71.073007
https://doi.org/10.1103/PhysRevD.71.073007
https://doi.org/10.1103/PhysRevD.71.073007
https://doi.org/10.1088/0954-3899/31/7/014
https://doi.org/10.1088/0954-3899/31/7/014
https://doi.org/10.1088/0954-3899/31/7/014
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1103/PhysRevD.76.013002
https://doi.org/10.1016/j.physletb.2009.07.051
https://doi.org/10.1016/j.physletb.2009.07.051
https://doi.org/10.1016/j.physletb.2009.07.051
https://doi.org/10.1007/JHEP09(2011)083
https://doi.org/10.1007/JHEP09(2011)083
https://doi.org/10.1103/PhysRevD.84.077301
https://doi.org/10.1103/PhysRevD.84.077301
https://doi.org/10.1103/PhysRevD.84.077301
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1016/j.physletb.2011.06.046
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1007/JHEP07(2012)083
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1016/j.nuclphysb.2011.12.017
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1103/PhysRevD.85.113011
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1140/epjc/s10052-012-1888-2
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1016/j.nuclphysb.2012.10.011
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.89.053009
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1103/PhysRevD.90.013021
https://doi.org/10.1016/j.nuclphysb.2014.06.015
https://doi.org/10.1016/j.nuclphysb.2014.06.015
https://doi.org/10.1016/j.nuclphysb.2014.06.015
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1007/JHEP07(2014)090
https://doi.org/10.1103/PhysRevD.92.025005
https://doi.org/10.1103/PhysRevD.92.025005
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1103/PhysRevD.92.013006
https://doi.org/10.1140/epjc/s10052-015-3569-4
https://doi.org/10.1140/epjc/s10052-015-3569-4
https://doi.org/10.1140/epjc/s10052-015-3569-4
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1103/PhysRevD.93.053012
https://doi.org/10.1088/1674-1137/40/3/033102
https://doi.org/10.1088/1674-1137/40/3/033102
https://doi.org/10.1088/1674-1137/40/3/033102
https://doi.org/10.1093/ptep/ptw180
https://doi.org/10.1093/ptep/ptw180
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X17500348
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1142/S0217751X1750186X
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.96.075006
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.97.115016
https://doi.org/10.1103/PhysRevD.98.083001
https://doi.org/10.1103/PhysRevD.98.083001
https://doi.org/10.1103/PhysRevD.98.083001
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1007/JHEP01(2019)223
https://doi.org/10.1142/S0217751X19500982
https://doi.org/10.1142/S0217751X19500982
https://doi.org/10.1142/S0217751X19500982
https://doi.org/10.1103/PhysRevD.101.116013
https://doi.org/10.1103/PhysRevD.101.116013
https://doi.org/10.1209/0295-5075/129/11002
https://doi.org/10.1209/0295-5075/129/11002
https://doi.org/10.1209/0295-5075/129/11002
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.055021
https://doi.org/10.1103/PhysRevD.102.075027
https://doi.org/10.1103/PhysRevD.102.075027
https://doi.org/10.1103/PhysRevD.102.075027
http://arxiv.org/abs/hep-ph/9702253
http://arxiv.org/abs/hep-ph/9702253
https://doi.org/10.1016/S0370-2693(01)00465-8
https://doi.org/10.1016/S0370-2693(01)00465-8
https://doi.org/10.1016/S0370-2693(01)00465-8
https://doi.org/10.1103/PhysRevLett.87.011802
https://doi.org/10.1103/PhysRevLett.87.011802
https://doi.org/10.1103/PhysRevLett.87.011802
https://doi.org/10.1016/S0370-2693(01)00532-9
https://doi.org/10.1016/S0370-2693(01)00532-9
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1103/PhysRevD.66.093006
https://doi.org/10.1103/PhysRevD.66.093006


 T.  Kitabayashi  and  M.  Yasue, Phys.  Rev.  D 67,  015006
(2003)

[61]

 Y. Koide, Phys. Rev. D 69, 093001 (2004)[62]
 I. Aizawa, M. Ishiguro, T. Kitabayashi et al., Phys. Rev. D
70, 015011 (2004)

[63]

 A. Ghosal, Mod. Phys. Lett. A 19, 2579 (2004)[64]
 R.  N.  Mohapatra  and  W.  Rodejohann, Phys.  Rev.  D 72,
053001 (2005)

[65]

 Y. Koide, Phys. Lett. B 607, 123 (2005)[66]
 T. Kitabayashi and M. Yasue, Phys. Lett. B 621, 133 (2005)[67]
 N.  Haba  and  W.  Rodejohann, Phys.  Rev.  D 74,  017701
(2006)

[68]

 Z. Z. Xing, H. Zhang, and S. Zhou, Phys. Lett. B 641, 189
(2006)

[69]

 Y. H. Ahn, S. K. Kang, C. S. Kim et al., Phys. Rev. D 73,
093005 (2006)

[70]

 A. S. Joshipura, Eur. Phys. J. C 53, 77 (2008)[71]
 J. C. Gomez-Izquierdo and A. Perez-Lorenzana, Phys. Rev.
D 82, 033008 (2010)

[72]

 H. J. He and F. R. Yin, Phys. Rev. D 84, 033009 (2011)[73]
 H. J. He and X. J. Xu, Phys. Rev. D 86, 111301 (2012)[74]
 J. C. Gomez-Izquierdo, Eur. Phys. J. C 77, 551 (2017)[75]
 T. Fukuyama, Prog. Theor. Exp. Phys. 3, 033B11 (2017)[76]
 T. Kitabayashi, Int. J. Mod. Phys. A 31, 09 (2016)[77]
 T.  Kitabayashi  and  M.  Yasuè, Phys.  Rev.  D 94,  075020
(2016)

[78]

 Z. H. Zhao, X. Y. Zhao, and H. C. Bao, Phys. Rev. D 105,
035011 (2022)

[79]

 E.  A.  Garcés,  Juan  Carlos  Gómez-Izquierdo,  and  F.
Gonzalez-Canales, Eur. Phys. J. C 78, 812 (2018)

[80]

 Juan  Carlos  Gómez-Izquierdo  and  Myriam  Mondragón,
Eur. Phys. J. C 79, 285 (2019)

[81]

 G.  Altarelli  and  F.  Feruglio, Rev.  Mod.  Phys. 82,  2701
(2010)

[82]

 H.  Borgohain  and  D.  Borah, J.  Phys.  G:  Nucl.  Part.  Phys.
48, 075005 (2021)

[83]

 B. Pontecorvo, Sov. Phys. JETP 6, 429 (1957)[84]
 B. Pontecorvo, Sov. Phys. JETP 7, 172 (1958)[85]
 Z.  Maki,  M.  Nakagawa,  and  S.  Sakata, Prog.  Theor.  Phys.
28, 870 (1962)

[86]

 M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98,
030001 (2018)

[87]

 G.  Senjanović  and  V.  Tello, Phys.  Rev.  D 94,  095023
(2016)

[88]

 Z. Zhao, J. High Energy Phys. 09, 023 (2017)[89]
 M.  C.  Gonzalez-Garcia,  Michele  Maltoni,  and  Thomas
Schwetz, Universe 2021 7(12), 459 (2021)

[90]

 N.  Aghanim et  al.  (Planck  Collaboration),  "Planck  2018
results. VI. Cosmological parameters", arXiv: 1807.06209

[91]

 E. Giusarma, M. Gerbino, O. Mena et al., Phys. Rev. D 94,
083522 (2016)

[92]

 S. Vagnozzi, E. Giusarma, O. Mena et al., Phys. Rev. D 96,
123503 (2017)

[93]

 E.  Giusarma,  S.  Vagnozzi,  S.  Ho,  S.  Ferraro et  al., Phys.
Rev. D 98, 123526 (2018)

[94]

 M.  A.  Acero et  al.  (NOvA  Collaboration), Phys.  Rev.  D
106, 032004 (2022)

[95]

 K.  Abe et  al.  (T2K  Collaboration), Phys.  Rev.  D 103,
112008 (2021)

[96]

Yuta Hyodo, Teruyuki Kitabayashi Chin. Phys. C 47, 043103 (2023)

043103-8

https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1088/1361-6471/abde9b
https://doi.org/10.1088/1361-6471/abde9b
https://inspirehep.net/literature/2884
https://inspirehep.net/literature/42736
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
http://arxiv.org/abs/1807.06209
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1088/1361-6471/abde9b
https://doi.org/10.1088/1361-6471/abde9b
https://inspirehep.net/literature/2884
https://inspirehep.net/literature/42736
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
http://arxiv.org/abs/1807.06209
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1088/1361-6471/abde9b
https://doi.org/10.1088/1361-6471/abde9b
https://inspirehep.net/literature/2884
https://inspirehep.net/literature/42736
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
http://arxiv.org/abs/1807.06209
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1088/1361-6471/abde9b
https://doi.org/10.1088/1361-6471/abde9b
https://inspirehep.net/literature/2884
https://inspirehep.net/literature/42736
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
http://arxiv.org/abs/1807.06209
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1088/1361-6471/abde9b
https://doi.org/10.1088/1361-6471/abde9b
https://inspirehep.net/literature/2884
https://inspirehep.net/literature/42736
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
http://arxiv.org/abs/1807.06209
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1088/1361-6471/abde9b
https://doi.org/10.1088/1361-6471/abde9b
https://inspirehep.net/literature/2884
https://inspirehep.net/literature/42736
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
http://arxiv.org/abs/1807.06209
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.67.015006
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.69.093001
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1103/PhysRevD.70.015011
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1142/S0217732304014951
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1103/PhysRevD.72.053001
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2004.12.027
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1016/j.physletb.2005.06.052
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1103/PhysRevD.74.017701
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1016/j.physletb.2006.08.045
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1103/PhysRevD.73.093005
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1140/epjc/s10052-007-0432-2
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.82.033008
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.84.033009
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1103/PhysRevD.86.111301
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1140/epjc/s10052-017-5094-0
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1093/ptep/ptx032
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1142/S0217751X16500433
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.94.075020
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1103/PhysRevD.105.035011
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-018-6271-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1088/1361-6471/abde9b
https://doi.org/10.1088/1361-6471/abde9b
https://inspirehep.net/literature/2884
https://inspirehep.net/literature/42736
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
http://arxiv.org/abs/1807.06209
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1140/epjc/s10052-019-6785-5
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1103/RevModPhys.82.2701
https://doi.org/10.1088/1361-6471/abde9b
https://doi.org/10.1088/1361-6471/abde9b
https://inspirehep.net/literature/2884
https://inspirehep.net/literature/42736
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1143/PTP.28.870
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1103/PhysRevD.94.095023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.1007/JHEP09(2017)023
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
https://doi.org/10.3390/universe7120459
http://arxiv.org/abs/1807.06209
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.94.083522
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.96.123503
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.98.123526
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.106.032004
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008
https://doi.org/10.1103/PhysRevD.103.112008

	I INTRODUCTION
	II MAJORANA FLAVOR NEUTRINO MASS MATRIX AND MAGIC TEXTURES
	III MAGIC TEXTURE FOR MAJORANA NEUTRINOS IMMANENT IN THE DIRAC FLAVOR NEUTRINO MASS MATRIX
	IV SUMMARY
	References

