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Introduction

‘of Matter (Fermions) spin %
iy ‘%c F’ SM can not solve
— e — the problem of neutrino masses

“b . — the DM problem

= B — the problem of baryon asymmetry in the

Y o ;

iy i Universe (BAU)
Sae | [ e | [ i <0
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M. Shaposhnikov, J. Phys. Conf. Ser. 408 (2013)
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Bosons (Forces) spin 1

Leptons

Left-right simmetric models based on the group
SUB)e x SU(2) x SUR2)r x U(1)p-1

can solve these problems
the symmetry between right- and left-handed SU(2) groups is restored

°
o the smallness of m, by seesaw mechanism and neutrino oscillations
°
°

BAU
MLRM
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The most popular is the Minimal Left-Right-Symmetric Model —



MLRM: fields

o Leptons and quarks

! I
Lirr= ( IZ/' > , QiL,r = ( Z} ) (1)
i /LR i /LR

’

Lr: (1¢,20,1r,—1p-1) Qr: (3¢,21,1r,1/3p-1) (2)
Lr: (1c,1z,2r,—1B-1) Qr: (3¢,11,2r,1/35-1L) (3)
o Gauge bosons
Wt Wr:  (l¢;31;1r;08-1),
Wrr=| W? , B, G, Wr:  (1¢;10;3r;08-1), (4)
w3 LR B: (1¢;1L;1R;0B-1)

e Higgs multiplets

@ oF f/g s+ ¢: (1c;21;2R;0B-1),
_ _ Ar: (le:3u:1p:25.
(b < (z)2— (bg ), AL,R (50 st LR7 L (C)3L7 Ry 4B L)7

V2 , AR: (lc;lL;3R;2BfL).

P SU@2)L < SUQ2)r @
lp < lgr, qr <> qRr, AL < Ag, ¢
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4
§ Majorana neutrinos |
B N
H ; <
z o8 8 Seesaw Mechanism (type I) |
=) o
Bt o
A z"% 43 low scale seesaw GUT seesaw .
S8
IS
o
z B keV. MeV GeV Tev Gur
{_ l ] ] ! ] | M
| 1 1 I I I
— ;
2 Leptogenesis
ﬁ.ﬁ from heavy from beag/
gs ‘neutrino oscillations  neutrino decay

disfavoured by

BBN + CMB + osc. data
(if origin of neutrino mass) neutrinoless double beta decay

LFV lepton decays ‘g ‘E

lepton universality in meson decays

FCC-ee
CEPC, SPPC

1502.00477

MLRM: M; ~ O(keV) and Qn, = Q% at

(] MWR 2 11 TeV r. Bezrukov, H. Hettmansperger, M. Lindner, Phys. Rev. D81 (2010) 085032

® Mwy ~ 3-5 TeV M. Nemevsck, G. Senjanovic, Y. Zhang, JCAP 1207 (2012) 006
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Higgs potential

V(6 AL, Ap) —u (Triste)) — u3 (Tride’) + (Tr(d'61)) — u3 (TriaLal) + Triagal))

+ o ((rrt00")®) 22 ((r1d61) + (20187 61)7 ) + 2o (TridsT 10151 6))

+ xg (Triee’] (Tride’] + Tr(é¢]))

+ ((TT[ALAT + (Triapal)) )

T po (TT[ALAL 1Trial al)+ Tr[ARAR]Tr[AJIr%ATR])

+  p3 (TT[ALA},]TT[ARA;?])

+ s (TT[ALAL]TT[AT NS +TT[AfLATL]TT[ARAR])

+ a1 (Triee’] (TriaLal] + Triaral)))

+ oy (Trled ITr(ARAL) + TrieT ITria L A]])

+ a3 (TrleTATrARAL) + TridT I TrALA])

+ ag (Trige’apal]+ Tristearal))

+ 1 (Trivarstall+ Trietapeal)) + 6 (Tridare’ al) + TrigT apeal))
+ B3 (Trisard'al]+ TrieTaLéall), (5)

GUT and/or SUSY: 8; =0 or 8; ~0
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Symmetry breaking

SU(3)C X SU(2)L X SU(Q)R X U(l)B_L

@ Parity P breaks down at Mp > Mgw

@ The initial LR symmetry is spontaneously broken

SU@2)L x SU@)r x UQ)s_1 225 SU@)L x Uy, 6)
1 0 O
@i=—=( 0 o) 7

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

SU@2). x ULy 228 1), (8)
1 (ki © 1 /0 0
<¢>=E<O k2)a <AL>_E(UL 0)7 (9)

where \/k? + k2 = 246 GeV,

2 2
vy = 1 Boki + Brkike + Bsks ~0 VEV seesaw @m
VR (201 — p3)
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Neutrino sector

Flavour basis

—_— T e 3 M M
LS (L vi)M, ( Z; ) where M, = ( M,% Mi > ’ (D
Mp = M M = \/§hMUL, Mg = \/EhMUR, (12)

\/5 )
Mass basis

uTMVu*:(g? 181) (Zfz):PLu(X’) (13)

where 1 = diag(m1, ma, m3), M = diag(M7, M3, M3),

U, 0
ufw-( 0 U]*V>, (14)

0 6 1— 1got 0
where erxp( ) ~ ( 2 )7
A —or 1- 300
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+ ML MD * my 0
W<Mg MR>W—< " MN) (16)

(12) : 6~ MpMp", (17)
(11):  my =My —Mp8" + O(0> M) ~ My, — MpMg' Mp, (18)
(22): My = Mg+ O(6?) (19)
v (1 — %99T> U,vr +0UNNy, (20)
vh o~ —0'U,vp + (1 - %09*) UnNr. (21)

Mixing matrices
Upmns ~ (1 4+ n)Us, O~ 0UN
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Charged and neutral neutrino currents

L& = %(UPMNS)M lo W1 (cos ¢Pr, — sin ¢ Pr) Vi
+%(UPMNS)¢M’ lo Wo (sin(Pr + cos(Pr) Vi + h.c. (23a)
LYo = 2g (UII-MNSUPMNS) Vi Z X (ag(L)PL - ag?)PR) v (23b)
cw Y X=21,7
L. = 7%@&] lo WA (cos(Pr —sin(Pr) N
,i(_)a(, o W (sin¢Pr + cosCPr) Ny + h.c. (23c)
\/5
[,%c = 3 (@T@)[J N; Z X (a(XL)PL — a()?)PR) Ny+ (23d)
cw X=21,25
+ 9 (UII’MNS@) Vi Z X (ag(L)PL — ag?)PR) Nj+ h.c.
2ew A
2 2 2
a(Zl?) - W costy — sp /W — qu; ’ a’(ZIZ) :75¢S%"+W+%+C Y
2 2 HAWAS
a(Zl) = C¢c2 % + W’ a‘(ZI;) _ S¢c‘2/v 4 Cﬁ:VW I S¢S‘ZV\V/W
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Parametrization of the mixing matrix ©

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

My = —Mp (U:m*IUj - M;l) Mp,  MyMz'=1I (26)

~ T ~
I= [i\/ZUJMDUN\/M* [NZUJMDUN M- =" (27)

Mp = iUPMNS\/%Q\/MUL (28)
So,
0 ~ U =~ iUpnns ViUV M1, (29)
where

m =1 — Upins ML (Upnins) ™ (30)
where M7, = v/2harvr. In the approximation O(6%) < 1, 1 < M and assuming
Uy =1,
1 . M
har ~ —— (0T U MUL 0" + UG MUY,) ~ ——
M ﬁUR( ~MUy) V2uR

Flnally, v Hwnw
~ ~ —1 9 T —1
m=m— EUPMNSM(UPMNS)
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o If M < vg then m =m

For example, DM with mw, ~ 3 TeV:
My ~ OkeV), Mz = mx +myu, M3 =mx + me

mo~—T-vp-107°  and O = iUpans ViV M1 (31)
o If My ~ O(keV) and Mz 3 ~ vr then
m=my, —O(0.1)vr (32)
and nonzero elements of the mixing matrix © are
Oc1 = \/ZZ\/TI(UQ\/?TH—F UwaV/iho1 + Ue3%)a
Ou1 = : (Ui Vi + Upa Ve + UusvVing:),
VMo
O \/L(Uﬂm + UraV/ia1 + Urs\V/iiian) (33)

Phenomenologically convenient quantities — mixing parameters:

Usg =10arl®,  UP=) UL, U?=> U? @

E. Fedotova in collaboration with M. Dubinin, D. Kazarki keV dark matter in the Minimal left-right symmetric mod



Numerical estimations
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Constraints on the mixing parameter depending on the mass of the dark matter HNL:

— the universal limit from gamma-ray astronomical observations of 7 > 10%® seconds

— combined constraints from the data of HEAO-1, XMM, [1, 2] .
My

— the Tremaine-Gunn boundary (TG), [3]
— a density of sterile neutrinos greater than the observed value for dark matter



Prospects and conclusions

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

o We found out that the mixing parameter significantly depends on vy, in the
regime of M ~ O(keV) and Ms 3 ~ vr

o In the framework of numerical analisys, the masses of M; ~ 1 — 2 keV and
left-triplet VEV of vy, < 107° eV are preferable

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

O = iUpmns ViV M1,

where v
- . L yr—1 SrorrT -1
m=m— TUPMNSM(UPMNS)
R

in the approximation O(6%) < 1, m < M, Uy = I @
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