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Introduction

It is observed that in the present Universe

np = 2 = (6.5755) x 1071 (WhAP) (1)
Y

Necessary conditions for generation of observed baryon asymmetry of the universe
(BAU) (Sakharov conditions) (Sakharov, Pisma Zh. Eksp. Teor. Fiz. 5, 1067)

e violation of the baryon number
e C and CP-violation

o deviation from thermal equillibrium

In the SM the CPV effects are possible via a single phase in the
Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix, however it is insufficient
to explain (1).

There are many possibilities to explain the BAU in different extentions of the SM,
however the mechanism of baryon asymmetry generation has not yet been

determined @;p«;
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-
We will consider the extensions of the SM by right-handed neutrinos (HNL, sterile
neutrinos)

o 3 generations of HNLs, vMSM

o Left-right simmetric models based on the group
SU@3)c x SU(2)r x SU(2)r x U(1)—1,, MLRM (new particles are N; 23 and
Za, WQi, 13 Higgs bosons with masses >11 TeV )

because
e symmetry between right- and left-handed neutrinos is restored

e natural way to obtain the smallness of m, by seesaw mechanism, type I or type
II, and neutrino oscillations

@ presence of DM as the lightest HNL (Ny)

In the following we will assume that Ni is warm DM (Dubinin, F., Kazarkin, Pepan Letters
22, 5, 2025)

2

TN,

—4 dm  _1
3 x 10% < My ) (mD ) sec > HO_1 ~ 10" sec,

1 keV 1eV
> 10® sec (from nonobservation of Ni — ~v), (2)
dm
My
Qnh° ~ D <Q K% =0.12 wo
M (10—5 v ) \10kev ) = PM )
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|
Thermal history of the Universe

In the work Canetti, Drewes, Frossard, Shaposhnikov, Phys. Rev. D 87 (2013) 093006
(vMSM), it was assumed and found out that

T

|
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zero abundance of N;

thermal production of N,, N
— |lepton asymmetry generated

Electroweak Symmetry Breaking
— lepton asymmetry converted to baryon asymmetry

N,, N3 reach equilibrium
— |epton asymmetry washed out

N,, N;freeze out
— |epton asymmetry generated

N,, N;decay
— lepton asymmetry generated

resonant Ny Dark Matter production

M1 ~ O(keV)

N3, N3 are responsible for
— mass generation of v
— baryogenesis with M ~ M3

M2’3 Z 1-2 GeV

M —13
57 510

At such temperatures new states
Wa, Za, H; are decoupled, so
MLRM can be considered as
vMSM-like effective theory

HAMA®
Mry
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Neutrino sector

Flavour basis
). ()

LD (vL @)My< v

UMSM 0 Mp MLRM __ M; Mp
where M, _(Mg MR) or M, _(Mg MR)’
vMSM : Mp = h{H), (5)
hipki + hrk

MLRM : Mp = %, Mp = v2hyve, Mg =V2hyor (vL < UR)

2 2
(k% + k§)1/2 = 246 GeV, L = iﬁ2k1 + ﬁlkle + ﬁSkQ VEV seesaw

VR (201 — p3)

Mass basis (after SSB)
t * m 0 VL o v
e = (0 ) ()= 3 (6)

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

_ Uu, o0 _ 0o 0 @
LI—W-< 0 Uy ), where W-exp( _ot 0>,9<I
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Wi, w* = ( ”3” MON > =M (7)

(my)ee <2eV, (my)up <0.19 MeV, (my)rr <18.2MeV, 3,m,, <0.2-1.0eV

K. Olive, et al., Review of particle physics, Chin. Phys. C 38 (2014) 090001; 1602.04816v2 [hep-ph]

Standard approach (LO) ‘ Nonminimal approach' (NLO)
1— 36007 0 1— 300" 60— 10070
2 2 6
W < —6f 1-Lote ) ‘ ( -0t + Lotoo"  1- 1oTo )

In the case of My ~0
Mz 0~ MpMg' Mp — $Mgr076* — 2010 Mp ~
0" Mp (1—16070%) — 10T Mp — ME6*

My my, ~ —MpM,' Mp \ my ~ —0Mpb

Moo My ﬁMR-i-%(@T@AfR-i-]\/[;QT@*) My EMR—F(GTMD-FME@*)
—3(0'0Mp + Mr6O"0")
SIURRTAI AR &

1Dubinin, Fedotova, Symmetry 15, 3, 2023
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Casas-Ibarra-like parametrization of the mixing matrix ©

1 *
vy ~ UpvnsVe + ONp, where Upnns >~ <1 — QQQT) U,, ©~0Uxy (8)

From
I =MnyM ;1 Standard approach Nonminimal approach
one can find

Mp —iUppnns Vm V MU;(; +iUpnns VnQam V MU;(,

© _iUPk/INstrrl \% M1 _'LUPMNS\/i( nm)T \% M-

where QL =1 Qo = U + M L Q)

Casas J., Ibarra A., Nucl.Phys.B 618 (2001) 171; Dubinin, Fedotova, Symmetry 15, 3, 2023.

It is interesting to note that m, ~ UpnnsUpyng in both approximations.

Phenomenologically convenient quantities — mixing parameters:

et veYun veYe G
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The sensitivity of mixing parameter

NO, Q'
8 NO : Qum = diag(wi, w2, ws),
7 BP4 (1071 — 1 my
_______________ l%_[__,_!_.-. Wi = ~3M;
L TP
Sla s my \ My | 1keV 50 keV
~ | £ R 0 BP1  BP3
e R ez 107°eV | BP2  BP4
— 3
i Thus, from the phenomenological
2 BP1, B3 [107] | point of view the LO is a very
1 5 " - : m good approximation
M, GeV

However, for successful baryogenesis AM crusially depends on O(6%). As was
demonstrated above new terms of O(#?) arise in the NLO approximation

MRC — MN™© = gefMD

HAMA®
Mry

E. Fedotova in collaboration with M. DBaryon asymmetry in the early UniverselP) ol MoV (o) Tof:{o el 3133 ) (el NI S A H 1 Vi) gv-Y




Conclusion

We considered the next order in the decomposition of the rotation matrix W in
neutrino sector of the SM extensions — ¥YMSM and MLRM

e The contributions of the order of O(Mp) coming from the expansion of
rotation matrix W up to O(6>) terms to the mass matrix My are of the same
order as for the case W ~ O(6?).

e The absolute value of relative difference of the mixing parameter in LO and
NLO approximations is negligible for phenomenology on accelerators.

o The shift of AM needed for successful baryogenesis is approximately

4
MY — N = oty

Thank you for your attention @
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