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Introduction

M. Shaposhnikov, J. Phys. Conf. Ser. 408 (2013)
012015

SM can not solve
– the problem of neutrino masses
– the DM problem
– the problem of baryon asymmetry in the
Universe (BAU)
– ...

Left-right simmetric models based on the group

SU(3)C × SU(2)L × SU(2)R × U(1)B−L

can solve these problems

the symmetry between right- and left-handed SU(2) groups is restored

the smallness of mν by seesaw mechanism and neutrino oscillations

BAU

...

The most popular is the Minimal Left-Right-Symmetric Model – MLRM
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MLRM: fields

Leptons and quarks

LiL,R =

(
ν′i
l′i

)
L,R

, QiL,R =

(
u′i
d′i

)
L,R

(1)

LL : (1C , 2L, 1R,−1B−L) QL : (3C , 2L, 1R, 1/3B−L) (2)

LR : (1C , 1L, 2R,−1B−L) QR : (3C , 1L, 2R, 1/3B−L) (3)

Gauge bosons

WL,R =

 W 1

W 2

W 3


L,R

, B, Ga,
WL: (1C ; 3L; 1R; 0B−L),
WR: (1C ; 1L; 3R; 0B−L),
B: (1C ; 1L; 1R; 0B−L)

(4)

Higgs multiplets

φ =

(
φ0

1 φ+
1

φ−2 φ0
2

)
, ∆L,R =

(
δ+√

2
δ++

δ0 − δ+√
2

)
L,R

,
φ: (1C ; 2L; 2R; 0B−L),

∆L: (1C ; 3L; 1R; 2B−L),
∆R: (1C ; 1L; 3R; 2B−L).

P: SU(2)L ↔ SU(2)R

lL ↔ lR, qL ↔ qR, ∆L ↔ ∆R, φ↔ φ†
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1502.00477

MLRM: M1 ∼ O(keV) and ΩN1 = Ωobs
DM at

MWR ≥ 11 TeV F. Bezrukov, H. Hettmansperger, M. Lindner, Phys. Rev. D81 (2010) 085032

MWR ∼ 3-5 TeV M. Nemevsek, G. Senjanovic, Y. Zhang, JCAP 1207 (2012) 006
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Higgs potential

V (φ,∆L,∆R) = −µ2
1

(
Tr[φ

†
φ]

)
− µ2

2

(
Tr[φ̃φ

†
] +

(
Tr[φ̃

†
φ]

))
− µ2

3

(
Tr[∆L∆

†
L

] + Tr[∆R∆
†
R

]
)

+ λ1

((
Tr[φφ

†
]
)2

)
+ λ2

((
Tr[φ̃φ

†
]
)2

+
(
Tr[φ̃

†
φ]

)2
)

+ λ3

(
Tr[φ̃φ

†
]Tr[φ̃

†
φ]

)
+ λ4

(
Tr[φφ

†
]
(
Tr[φ̃φ

†
] + Tr[φ̃

†
φ]

))
+ ρ1

((
Tr[∆L∆

†
L

]
)2

+
(
Tr[∆R∆

†
R

]
)2

)
+ ρ2

(
Tr[∆L∆L]Tr[∆

†
L

∆
†
L

] + Tr[∆R∆R]Tr[∆
†
R

∆
†
R

]
)

+ ρ3

(
Tr[∆L∆

†
L

]Tr[∆R∆
†
R

]
)

+ ρ4

(
Tr[∆L∆L]Tr[∆

†
R

∆
†
R

] + Tr[∆
†
L

∆
†
L

]Tr[∆R∆R]
)

+ α1

(
Tr[φφ

†
]
(
Tr[∆L∆

†
L

] + Tr[∆R∆
†
R

]
))

+ α2

(
Tr[φφ̃

†
]Tr[∆R∆

†
R

] + Tr[φ
†
φ̃]Tr[∆L∆

†
L

]
)

+ α
∗
2

(
Tr[φ

†
φ̃]Tr[∆R∆

†
R

] + Tr[φ̃
†
φ]Tr[∆L∆

†
L

]
)

+ α3

(
Tr[φφ

†
∆L∆

†
L

] + Tr[φ
†
φ∆R∆

†
R

]
)

+ β1

(
Tr[φ∆Rφ

†
∆
†
L

] + Tr[φ
†
∆Lφ∆

†
R

]
)

+ β2

(
Tr[φ̃∆Rφ

†
∆
†
L

] + Tr[φ̃
†
∆Lφ∆

†
R

]
)

+ β3

(
Tr[φ∆Rφ̃

†
∆
†
L

] + Tr[φ
†
∆Lφ̃∆

†
R

]
)
, (5)

GUT and/or SUSY: βi = 0 or βi ' 0
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Symmetry breaking

SU(3)C × SU(2)L × SU(2)R × U(1)B−L

1 Parity P breaks down at MP �MEW

2 The initial LR symmetry is spontaneously broken

SU(2)L × SU(2)R × U(1)B−L
〈∆R〉−−−→ SU(2)L × U(1)Y , (6)

〈∆R〉 =
1√
2

(
0 0
vR 0

)
. (7)

3 The bidoublet and the left handed triplet acquire VEVs as a result of
spontaneous symmetry breaking

SU(2)L × U(1)Y
〈φ〉,〈∆L〉−−−−−−→ U(1)Q, (8)

〈φ〉 =
1√
2

(
k1 0
0 k2

)
, 〈∆L〉 =

1√
2

(
0 0
vL 0

)
, (9)

where
√
k2

1 + k2
2 = 246 GeV,

vL =
1

vR

β2k
2
1 + β1k1k2 + β3k

2
2

(2ρ1 − ρ3)
' 0 VEV seesaw (10)
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Neutrino sector

Flavour basis

L ⊃ (νL νcR)Mν

(
νcL
νR

)
, where Mν =

(
ML MD

MT
D MR

)
, (11)

MD =
hLk1 + h̃Lk2√

2
, ML =

√
2hMvL, MR =

√
2hMvR, (12)

Mass basis

U†MνU∗ =

(
m̂ 0

0 M̂

)
,

(
νL
νcR

)
= PLU

(
ν

N

)
(13)

where m̂ = diag(m1,m2,m3), M̂ = diag(M1,M2,M3),

U = W ·
(

Uν 0
0 U∗N

)
, (14)

where W = exp

(
0 θ

−θ† 0

)
'
(

1− 1
2
θθ† θ

−θ† 1− 1
2
θ†θ

)
, θ � I (15)
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W †
(

ML MD

MT
D MR

)
W ∗ =

(
mν 0
0 MN

)
(16)

(12) : θ 'MDM
−1
R , (17)

(11) : mν = ML − θMRθ
T +O(θ2ML) 'ML −MDM

−1
R MT

D , (18)

(22) : MN = MR +O(θ2) (19)

νL '
(

1− 1

2
θθ†
)
UννL + θU∗NNL, (20)

νcR ' −θ†UννL +

(
1− 1

2
θθ†
)
U∗NNL. (21)

Mixing matrices
UPMNS ' (1 + η)Uν , Θ ' θU∗N (22)
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Charged and neutral neutrino currents

Lν
CC =

g√
2

(UPMNS)αi l̄α Ŵ1 (cos ζPL − sin ζPR)νi

+
g√
2

(UPMNS)αi l̄α Ŵ2 (sin ζPL + cos ζPR)νi + h.c. (23a)

LνNC =
g

2cW

(
U†PMNSUPMNS

)
ij
ν̄i

∑
X=Z1,Z2

X̂
(
a

(L)
X PL − a(R)

X PR
)
νj (23b)

LNCC = − g√
2

ΘαJ l̄α Ŵ1 (cos ζPL − sin ζPR)NJ

− g√
2

ΘαJ l̄α Ŵ2 (sin ζPL + cos ζPR)NJ + h.c. (23c)

LNNC =
g

2cW
(Θ†Θ)IJ N̄I

∑
X=Z1,Z2

X̂
(
a

(L)
X PL − a(R)

X PR
)
NJ + (23d)

+

(
g

2cW

(
U†PMNSΘ

)
iJ

ν̄i
∑

X=Z1,Z2

X̂
(
a

(L)
X PL − a(R)

X PR
)
NJ + h.c.

)

a
(R)
Z1

=
cφs

2
W
√
c2W

cW
− cφs

2
W − sφ

√
c2W −

sφs
2
W

cW
, a

(R)
Z2

= −sφs
2
W +

sφs
2
W
√
c2W

cW
+
cφs

2
W

cW
+ cφ

√
c2W

a
(L)
Z1

= cφc
2
W −

sφs
2
W

cW
+
cφs

2
W
√
c2W

cW
, a

(L)
Z2

= sφc
2
W +

cφs
2
W

cW
+
sφs

2
W
√
c2W

cW
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Parametrization of the mixing matrix Θ

This type of parametrization was proposed by J. Casas and A. Ibarra for the SM
extended by HNL Casas J., Ibarra A., Nucl.Phys.B 618 (2001) 171.

MN = −MT
D

(
U∗ν m̂

−1U†ν −M−1
L

)
MD, MNM

−1
N = I (26)

I =
[
i
√
AU†νMDUN

√
M̂−1

]T [
i
√
AU†νMDUN

√
M̂−1

]
= ΩTΩ (27)

MD = iUPMNS

√
m̃Ω

√
M̂U†N (28)

So,

Θ ' θU∗N ' iUPMNS

√
m̃Ω

√
M̂−1. (29)

where

m̃ = m̂− U−1
PMNSML(UTPMNS)−1, (30)

where ML =
√

2hMvL. In the approximation O(θ2)� 1, m̂� M̂ and assuming
UN = I,

hM '
1√
2vR

(θ†Uνm̂U
T
ν θ
∗ + U∗NM̂U†N ) ' M̂√

2vR
Finally,

m̃ = m̂− vL
vR
U−1

PMNSM̂(UTPMNS)−1
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If MI � vR then m̃ = m̂

For example, DM with mWR ∼ 3 TeV:
M1 ∼ O(keV), M2 = mπ +mµ, M3 = mπ +me

m̃ ∼ m̂− I · vL · 10−6 and Θ = iUPMNS

√
m̂Ω

√
M̂−1 (31)

If M1 ∼ O(keV) and M2,3 ∼ vR then

m̃ = mνi −O(0.1)vL (32)

and nonzero elements of the mixing matrix Θ are

Θe1 =
i√
M1

(Ue1
√
m̃11 + Ue2

√
m̃21 + Ue3

√
m̃31),

Θµ1 =
i√
M1

(Uµ1

√
m̃11 + Uµ2

√
m̃21 + Uµ3

√
m̃31),

Θτ1 =
i√
M1

(Uτ1

√
m̃11 + Uτ2

√
m̃21 + Uτ3

√
m̃31) (33)

Phenomenologically convenient quantities – mixing parameters:

U2
αI = |ΘαI |2, U2

i =
∑
α

U2
αI , U2 =

∑
i

U2
i (34)
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Numerical estimations

M1 = {1, 10, 30} keV, M2,3 ∼ vR, mNO
1 = 10−5 eV, mIO

1 = 0.049 eV, Ω = I
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DM constraints

Constraints on the mixing parameter depending on the mass of the dark matter HNL:
– the universal limit from gamma-ray astronomical observations of τN > 1025 seconds
– combined constraints from the data of HEAO-1, XMM, [1, 2]
– the Tremaine-Gunn boundary (TG), [3]
– a density of sterile neutrinos greater than the observed value for dark matter
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Prospects and conclusions

We considered the lightest sterile neutrino as DM in the framework of the
MLRM

We found out that the mixing parameter significantly depends on vL in the
regime of M1 ∼ O(keV) and M2,3 ∼ vR

In the framework of numerical analisys, the masses of M1 ∼ 1− 2 keV and
left-triplet VEV of vL ≤ 10−5 eV are preferable

We proposed a modified seesaw type II expression for the mixing matrix

Θ = iUPMNS

√
m̃Ω

√
M̂−1,

where
m̃ = m̂− vL

vR
U−1

PMNSM̂(UTPMNS)−1

in the approximation O(θ2)� 1, m̂� M̂ , UN = I
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