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Description

The observation of neutrino oscillations provides convincing evidence for non-zero neutrino masses, indicating the existence
of a New Physics beyond the Standard Model (SM). A natural generalization on the high-energy scale, theoretically motivated
by the idea of Grand Unification, is the left-right symmetry (LR symmetry), in which left- and right- chiral fermions are treated
in the same way. Such extension of the SM has several attractive consequences: (1) it provides sources of parity violation
that could explain the baryon asymmetry of the Universe, (2) implements the seesaw mechanism that explains the small
neutrino masses and neutrino oscillations, (3) predicts the existence of sterile neutrinos, the lightest one is a candidate for
the role of a dark matter particle. In our work, we focused on the Minimal Left-Right Symmetric Model (MLRM) with a gauge
group  that is broken down to  due to the non-trivial vacuum
structure of the extended Higgs sector. Within this framework, we fixed a set of parameters in the extended Higgs potential
by "tuning" them to match the observed Higgs boson mass of 125 GeV, while taking into account existing experimental
constraints on the masses of additional non-standard Higgs bosons and massive vector bosons  and . We also
considered the parameterization of mixing in the lepton sector in detail, investigated the possibility of sterile neutrinos as a
warm dark matter, taking into account astrophysical, cosmological, and accelerator constraints.

Participation in the JINR Young Sci… - I am not employed by JINR

Primary author

  Dmitrii Kazarkin (Lomonosov Moscow State University)

Co-authors

  Mikhail Dubinin (SINP, Moscow State University)

  Elena Fedotova (Skobeltsyn Institute of Nuclear Physics (SINP MSU), M.V. Lomonosov Moscow State University)

 Presentation materials 

 Kazarkin_LRSM_AYSS_2024.pdf

Peer reviewing

 Paper


The call for papers is open
You can submit a paper.

Submit paper

28th International Scientific Conference of Young Scientists and
Specialists (AYSS-2024)

October 27, 2024 to November 1, 2024
Europe/Moscow timezone

          Public  Europe/Moscow  D. Kazarkin

Enter your search term 

Overview

Registration

Call for Abstracts

Timetable

My Conference

Proceedings information

Proceedings submission

Important dates

Contact information

Evening program

My Contributions

Sterile neutrinos of the left-right symmetric model as dark matter  

  Oct 28, 2024, 4:30 PM

  15m
 134/5-* - Conference hall (MLIT)

Oral
 
 Theoretical Physics

 
Theoretical Physics

SU(3)c × SU(2)R × SU(2)L × U(1)B−L SU(3)c × U(1)em

W
±
R

ZR

18.11.2024, 12:46 28th International Scientific Conference of Young Scientists and Specialists (AYSS-2024) (October 27, 2024 - November 1, 20…

https://indico.jinr.ru/event/4343/contributions/28793/ 1/2

mailto:ayssconf@jinr.ru?subject=28th%20International%20Scientific%20Conference%20of%20Young%20Scientists%20and%20Specialists%20%28AYSS-2024%29
https://indico.jinr.ru/event/4343/contributions/28793/attachments/20602/35816/Kazarkin_LRSM_AYSS_2024.pdf
https://indico.jinr.ru/event/4343/
https://indico.jinr.ru/event/4343/
https://indico.jinr.ru/event/4343/
https://indico.jinr.ru/event/4343/
https://indico.jinr.ru/
https://indico.jinr.ru/event/3792/
https://indico.jinr.ru/event/3792/
https://indico.jinr.ru/category/679/
https://indico.jinr.ru/event/4343/attachments/package
https://indico.jinr.ru/event/4343/manage/
https://indico.jinr.ru/event/4343/overview
https://indico.jinr.ru/event/4343/registrations/
https://indico.jinr.ru/event/4343/abstracts/
https://indico.jinr.ru/event/4343/timetable/?layout=room#20241027.detailed
https://indico.jinr.ru/event/4343/page/1864-proceedings-information
https://indico.jinr.ru/event/4343/papers/
https://indico.jinr.ru/event/4343/page/1866-important-dates
https://indico.jinr.ru/event/4343/page/1870-contact-information
https://indico.jinr.ru/event/4343/page/2183-evening-program
https://indico.jinr.ru/event/4343/contributions/mine
https://indico.jinr.ru/event/4343/contributions/28793/contribution.pdf
https://indico.jinr.ru/event/4343/sessions/2815/


Sterile neutrinos of the left-right symmetric
model as dark matter

Kazarkin Dmitrii1,2,
in collaboration with

Mikhail Dubinin2 and Elena Fedotova 2

1 Lomonosov Moscow State University, Moscow
2 Skobeltsyn Institute of Nuclear Physics research, Moscow

28th International Scientific Conference of Young Scientists and
Specialists

AYSS-2024

Kazarkin D.M. (SINP MSU) Sterile neutrino DM in LRSM AYSS-2024 1 / 16



Problems of the Standard Model

Presence of dark matter → hint to new elementary particles beyond
the SM.

ΩDM,0h
2 = 0.120± 0.001 [Planck 2018 results]

Neutrino oscillation phenomenon → there is no mechanism for
small neutrino mass generation in the SM

mν ≲ 0.2 eV

Baryon asymmetry of the Universe → 3 Sakharov’s conditions (We
need a source of B-violation, C and CP-violation, no thermal
equilibrium)

YB,0 =
nB − nB̄

s
∼ 10−10 − 10−11
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Theoretical motivation: Grand Unification

Gauge group of Left-Right Symmetric Model (LRSM) can occur as a chain
link of SO(10) Grand Unified Theory symmetry breaking. G3221
corresponds to so-called Minimal Left Right symmetric model (MLRM).

Notations:

G51 = SU(5)×U(1)

G5 = SU(5)

GPS = SU(4)C×SU(2)L×SU(2)R

G421 = SU(4)C×SU(2)L×U(1)B−L

G3221 = SU(3)C×SU(2)L×SU(2)R×U(1)B−L

G3211 = SU(3)C×SU(2)L×U(1)R×U(1)B−L Figure: Possible breaking chains of
SO(10) to GSM . [Fig. from M.Pernow,"Models of

SO(10) Grand Unified Theories", 2021, Doctoral thesis]
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LRSM: Fermion fields

LR-model gauge group:
GLR = SU(3)c × SU(2)R × SU(2)L × U(1)B−L × P,

where P is L←→ R discrete symmetry.

Fermions SU(3)c SU(2)L SU(2)R U(1)B−L

LαL
=

(
ναL

lαL

)
1 2 1 −1

LαR
=

(
ναR

lαR

)
1 1 2 −1

QaL =

(
uaL
daL

)
1 2 1 1

3

QaR =

(
uaR
daR

)
1 1 2 1

3

Table: Representations of the fermion fileds in LRSM
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LRSM: Higgs fields

Higgs fields SU(3)c SU(2)L SU(2)R U(1)B−L

∆L =

 δ+L√
2

δ++
L

δ0
L − δ+L√

2

 1 3 1 2

∆R =

 δ+R√
2

δ++
R

δ0
R − δ+L√

2

 1 1 3 2

Φ =

(
ϕ0

1 ϕ+
1

ϕ−
2 ϕ0

2

)
1 2 2 0

η 1 1 1 0

Table: Representations of the Higgs fileds in LRSM

LHiggs = tr |DµΦ|2 + tr |Dµ∆R |2 + tr |Dµ∆L|2 − V (Φ,∆L,∆R)
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Spontaneous symmetry breaking

Steps of SSB:
1 P broke at scale MP ∼ MGUT ∼ 1015 GeV due to non-zero vacuum

expectation value (VEV) of Higgs singlet scalar field η = (1, 1, 1, 0)

P : lL ↔ lR , qL ↔ qR , ∆L ↔ ∆R , Φ↔ Φ†

2 SU(2)R × U(1)B−L
⟨∆R⟩−−−−−−−−−→

MR∼O(1 TeV)
U(1)Y × Z2

with VEV of Higgs right triplet ∆R

3 Electroweak SSB at the MW ,Z -scale due to non-zero VEVs of the
Higgs bi-doublet Φ and the left triplet ∆L:

SU(2)L × U(1)Y
⟨Φ⟩,⟨∆L⟩−−−−−→ U(1)em , Qem = T3R + T3L +

B−L
2

⟨∆L,R⟩= 1√
2

 0 0
vL,R 0

 ⟨Φ⟩= 1√
2

 k1 0
0 k2

,
√

k2
1+k2

2=246 GeV
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Seesaw for VEVs

β-sector of the Higgs potential:

Vβ(Φ,∆L,∆R) = β1

(
Tr [ϕ∆Rϕ

†∆†
L]+Tr [ϕ†∆Lϕ∆

†
R ]
)
+β2

(
Tr [ϕ̃∆Rϕ

†∆†
L]+Tr [ϕ̃†∆Lϕ∆

†
R ]
)
+

β3

(
Tr [ϕ∆R ϕ̃

†∆†
L]+Tr [ϕ†∆Lϕ̃∆

†
R ]
)
,

Additional GUT and/or SUSY assumptions → βi = 0 or βi ≃ 0

Seesaw relation between vL and vR

vL = γ
(246 GeV)2

vR
, where γ ≡ β2k

2
1 + β1k1k2 + β3k

2
2

(2ρ1 − ρ3)(246 GeV)2
,

βi = 0

(2ρ1 − ρ3)vRvL = 0
vL = 0 (vR ̸=0 and (2ρ1−ρ3 )̸=0)

βi → 0

vL ≃ (246 GeV)2
vR

vL ≃ 0 (vR≫246 GeV or γ≪1)
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LRSM: Gauge sector

New SU(2)R -gauge field V j
R,µ, (j = 1, 3)

SM gauge fields G a
µ,V

i
L,µ and Bµ, (a = 1, 8, i = 1, 3)

Basis of mass states:V 3
L

V 3
R

B

 =

 cW cϕ cW sϕ sW
−sW sMcϕ − cMsϕ −sW sMsϕ + cMcϕ cW sM
−sW cMcϕ + sMsϕ −sW cMsϕ − sMcϕ cW cM

Z1
Z2
A

 ,

(
W±

L
W±

R

)
=

(
cos ζ sin ζ
− sin ζ cos ζ

)(
W±

1
W±

2

)
, W±

L,R =
1√
2

(
V 1
L,R ∓ V 2

L,R

)

M2
W1,2

=
g2

4
[
k2
+ + v2

R ∓
√

v4
R + 4 k2

1 k
2
2
]
, (1)

M2
Z1,2

=
1
4
[
g2k2

+ + 2v2
R(g

2 + g ′2)
]

∓ 1
4

√[
g2k2

+ + 2v2
R(g

2 + g ′2)
]2 − 4g2(g2 + 2g ′2) k2

+v
2
R . (2)
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Masses of Higgs and gauge bosons

Figure: Masses of new vector gauge
bosons Z2 and W2

Figure: Masses of all 14 Higgs bosons in
LRSM with tuning of self-interaction
constants:
α3 = 0.01 ρ1 = 0.1, ρ2 = 0.3, ρ3 = 0.9,
λ1 = λSM = 0.118,
λ2 = 0.01, λ3 = 0.1

Kazarkin D.M. (SINP MSU) Sterile neutrino DM in LRSM AYSS-2024 9 / 16



Neutrino mixing: seesaw II

In flavor basis:

L ⊃ (νL, νcR)

(
ML MD

MT
D MR

)(
νcL
νR

)
,

(
νL
νcR

)
= PL U

(
ν

N

)
(3)

MD=
1√
2
(hLk1+h̃Lk2), ML=

√
2hMvL, MR=

√
2hMvR ,

where hL, h̃L, hM are the Yukawa constants
Move to mass basis with unitary transformation U :

L ⊃ (ν, N)

(
m̂ 0
0 M̂

)(
ν

N

)
, (4)

Form of U choose as a generalization of Casas-Ibarra approach
[Casas J., Ibarra A., Nucl.Phys.B 618 (2001) 171.]

U≡exp

 0 θ

−θ† 0

·

Uν 0

0 U∗
N

≃

(1− 1
2 θθ

†)Uν θU∗
N

−θ†Uν (1− 1
2 θ

†θ)U∗
N

,
Θ ≡ θU∗

N

UPMNS≡(1− 1
2 θθ

†)Uν
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Neutrino mixing: parametrization

Matrix equation system for transformation U : (leading order
accuracy){

θ≃MDM
−1
R ,

mν=ML−θMRθ
T , ⇒

MN≃MR

seesaw II equation

mν = ML −MDM
−1
N MT

D

.

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

I=ΩΩT=

[
i
√
m̃−1U†

νMDUN

√
M̂−1

]T[
−i

√
m̃−1U†

νMDUN

√
M̂−1

]
,

Θ = iUν

(√
m̃
)
Ω
√
M̂−1,

√
m̃ =

√
m̂ − U†

PMNSMLU
∗
PMNS

Using approximation: UN = I , θ2 ≪ 1 we can write

hM≃ 1√
2vR

(θ†Uνm̂UT
ν θ∗+U∗

NM̂U†
N)≃

M̂√
2vR
⇒ m̃ = m̂ − vL

vR
U†

PMNSM̂U∗
PMNS
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Charged and Neutral currents

LνCC =
g√
2
(UPMNS)αi l̄α Ŵ1 (cos ζPL − sin ζPR)νi

+
g√
2
(UPMNS)αi l̄α Ŵ2 (sin ζPL + cos ζPR)νi + h.c . (5a)

LνNC =
g

2cW

(
U†

PMNSUPMNS

)
ij
ν̄i

∑
X=Z1,Z2

X̂
(
a
(L)
X PL − a

(R)
X PR

)
νj (5b)

LNCC = − g√
2
ΘαJ l̄α Ŵ1 (cos ζPL − sin ζPR)NJ

− g√
2
ΘαJ l̄α Ŵ2 (sin ζPL + cos ζPR)NJ + h.c . (5c)

LNNC =
g

2cW
(Θ†Θ)IJ N̄I

∑
X=Z1,Z2

X̂
(
a
(L)
X PL − a

(R)
X PR

)
NJ+ (5d)

+

 g

2cW

(
U†

PMNSΘ
)
iJ

ν̄i

∑
X=Z1,Z2

X̂
(
a
(L)
X PL − a

(R)
X PR

)
NJ + h.c .


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Sterile neutrino as warm DM

Warm Dark Matter: The lightest sterile neutrino with mass ∼ 1− 10 keV.

We use notation

mdm
D ≡

∑
α
|Uαi (

√
m̃)ijΩj1|2 = M1

∑
α
|Θα1|2, Ω -3× 3 orthogonal matrix

Lifetime: quasi-stable because of very small mixing with active
neutrino (|Θα1|2 ≪ 1)

τN1 = 1022
(

M1

1 keV

)−4 (mdm
D

1 eV

)−1
sec > H−1

0 ≃ 1017 sec (6)

Non-observation of radiative one-loop decay N1 → γ,ν with
Eγ = M1/2 lead to strong lifetime limit

τN1 > 1025sec
[Aliev, Vysotsky, Sov. Phys. Usp. 24 (1981)]

[Boyarsky et al, arXiv:0811.2385v1]

.
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DM mixing parameters

νMSM-limit: vL = 0→
√
m̃ =

√
m̂

Strong constraints indicate an explicit
form of Ω-matrix: (for normal/inverse
hierarchy)

ΩNH : Ωj1 → δj1 ΩIH : Ωj3 → δj3

mdm
D (vL = 0) = mlight

if m̂≫ vL
vR
M̂ → νMSM limit;

if m̂≪ vL
vR
M̂ → high increase of

effective interaction between active
and sterile neutrinos;
if m̂ ≃ U†

PMNSMLU
∗
PMNS → mixing

decrease for vL ∼ mlight .

We illustrate it for normal hierarchy, M2 = M3 = vR = 3

TeV and Ωj1 = δj1
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Conclusions

We considered the lightest sterile neutrino as warm DM in the
framework of the MLRM.
We proposed a modified seesaw type II expression for the mixing
matrix

Θ = iUPMNS
√
m̃Ω

√
M̂−1,

√
m̃ =

√
m̂ − U†

PMNSMLU
∗
PMNS

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

At the scale of mlight fixed, the mixing extremely rapidly increases in
range of vL = (2− 5)mlight .
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The research was carried out within the framework of the scientific program
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Thank you for your attention
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