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Crepxciaaboe B3auMMOI€HiCTBHE BKJIOYAET B Ce0S TPU MPOCTHIX PACITHPEHUS
CTaHJIAPTHOM Mojenn: KaaubpoBOUYHOE paciiupeHue, (HepMUOHHOE PACIITUpEHUe
U CKaJIIPHOE PacCIIupEHUE. Ha Bce sTm pacmmpenust CUIBHO BANSET WX
ciaoxkHad deHomenosorud. OHE MOTYT OOBICHUTH Psijl HEDEIIEHHBIX BOIIPOCOB
CbI/I3I/IKI/I QJIEMECHTAPHBIX YaCTHUI W KOCMOJIOTHUH, BKJIIOUAsl TEeHEe3UC TeMHO
MaTEpPUH, KOCMUYIECKYI0 UHIISIHIO, ACUMMETPHIO MATEPUN U AHTHMATEPUH, MACCHI
HEHTPUHO M CTabMIBHOCTH BAKyyMa, €CIM UX OO0BEJMHUTH B €JIMHYI0 CTPYKTYPY.
D10 pacuiupenue KajaubpoBOUHON rpymibl cTaHIapTHOR Mouean Ggy HA Ggvm ®
U(l)z 6e3 kakux-mbo anoMayuit. Mbl uccaenyeM TOCAEICTBHS pPa3pabOTKH
ob1mieit MafOpaHOBCKOM I'PYIILI TEPEHOPMHUPOBKI MACC IJIs HEHTPHUHO C MacCaMu
B amamazone 0,03 5B u 0,1 5B, koropbie monamgaoT B HEJABHO OMyOJTMKOBAHHBIMI
JINATIa30H, a TAKXKE B JIMANA30H, KOTOPBIA IPEICTOUT HCCJIEI0BATH B OYAyIIUX

1 3AIUTAHUPOBAHHBIX YKCIEPUMEHTAX.

The super-weak interaction includes three simple extensions of the standard
model: gauge extension, fermionic extension, and scalar extension. All of these
extensions are strongly influenced by their complex phenomenology. They can ex-
plain a number of unresolved questions in particle physics and cosmology, including
the genesis of dark matter, cosmic inflation, asymmetry of matter and antimatter,
neutrino masses, and vacuum stability, if combined into a single structure. This is
an extension of the gauge group of the standard model Ggy by Gy @ U (1) 7z with-
out any anomalies. We investigate the implications of the development of a general
Majorana mass renormalization group for neutrinos with masses in the range of
0.03 eV and 0.1 eV, which fall within the recently published range as well as the

, Tange to be explored in future planned experiments.
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4 1. Introduction

5 The standard model (SM) of elementary particle physics as applied to na-
s ture is widely recognized as unsatisfactory. Even if the SM works suspiciously
7 well at describing particle interactions, it must be extended to include new
s interactions resulting from the discovery of neutrino oscillations in the vac-
o uum and matter, among other phenomena. Even simple extensions can lead
10 to rich phenomenology. Some of them are extensions of the gauge, fermionic,
1 and scalar sectors. A heavy neutral lepton, a singlet scalar boson, or a tiny
12 gauge group can be added to the model. A paradigm that takes into account
13 and includes all three possible outcomes is called a super-weak model [1].

14 The big bang model predicts that there is a fixed ratio between the num-
15 ber of neutrinos and the number of photons in the cosmic microwave back-
16 ground, which imposes the strongest upper limit on neutrino masses. The
17 universe would collapse due to excess mass if the total energy of three dif-
18 ferent types of neutrinos exceeded an average of 50 eV per neutrino [2]. It
19 is possible to circumvent this limitation by assuming that the neutrino is
20 unstable, although this is difficult to do due to the limitations of the SM.
21 Therefore, we used the super-weak theory beyond the SM [1,3-8]. At the
22 top-quark scale, we will have strongest upper limit on the sum of neutrinos
23 masses (Y m,) from the cosmology bound which starts from < 0.09 eV to
2 0.3 eV [9*12].

25 2. Super-weak model
26 The SM group is extended by an extra U(1) group (Gauge extensions):
SU(3). @ SU(2)r, ® U(1)y ® U(1).. (1)

27 The kinetic terms of the U(1)y®U(1), sector of the group can be described
2 with the Lagrangian density:

1 1 €
u(l) __ v v v
£v'm = =P F — ZF”‘ F, - S F, (2)
20 where F,, and F}, correspond to the field strength tensors of U(1)y and
s U(1),.
31 The covariant derivative acting on the fermion field f:
DV =8, —i(y' g, B, + 2/ g.B)). (3)
2 The y/ and 2/ are the hypercharge and U(1), charge of f.
33 The mass eigenstates (A, Z,, Z,,) with a rotation:
Bu cosBy —cosfzsinby, — sinfysin Oy, A,
W2 | = |[sinfy cosfzcosby  cosfy sinby Z,l, @

B/u 0 —sinfy cos 0, ZL


https://doi.org/10.20944/preprints202212.0366.v1

reprints202212.0366.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 December 2022 d0i:10.20944/,

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

where 0y is the weak mixing angle and 65 is the Z — Z’ mixing angle.
Scalar and Goldstone mixing angles (Scalar extension):

The scalar sector of the SM Higgs SU(2) doublet ¢ with charges (y,, 24) =
(1/2,1) and a complex singlet scalar y with charges (v, 2,) = (0, —1). The
relevant Lagrangian is:

Lscatar = |Du¢|2 + |DMX|2 _”i|¢|2 _“i|X|2 - )‘¢|¢|4 - )‘x|X|4 = Aol IxP. (5)

Parametrizing the fields after spontaneous symmetry breaking (SSB):

1 [ —iv20" 1 .
o= (W) = s i), )

where v ~ 246.22 GeV and w are the vacuum expectation values and the
fields 1, s',0, and o, are real. The fields o4 and o, correspond to the
Goldstone bosons. The Scalar and Goldstone mixing angles are:

AVW

. Mz
sinfg = tan g = VZ tan 0. (7)

_)\¢U2 — )\X’LUZ’ 7
The fermion sector of the super-weak model is extended with three sterile
massive Majorana neutrinos Ng = (v4, vs, 1) (Fermion extension):

The gauge invariant Yukawa interactions of the neutrinos are given by
Lagrangian density:

N 11—
Eg/ = —NRYVEQQLLa(ﬁg — §NRYN(NR)CX —+ h.C., (8)

where o and  are SU(2),, indices and €,5 = (_01 (1)>

The 3 x 3 Dirac and Majorana mass matrices are:

v w
= Yw My = Y. 9
V2 M ©)

The light neutrino mass matrix M, = —MpMy M}, + h.c. can be ob-
tained by “block-diagnonalizing” the full 6 x 6 neutrino mass matrix M via
a unitary matrix Py,

Mp

0 Mp .
PitM Punie = Py ( M Mi) Punit = Muiag = diag(m, ..., mg). (10)

3. Renormalization group equations for Majorana neutrino mass eigenvalues

In order to directly employ the RGEs for the physical observables, specif-
ically the Majorana mass eigenvalues m; where (i = 1, 2, 3), we will then
do the “diagonalize and run” approach for the neutrino parameters. The
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Fig. 1. Evolution of the Majorana neutrino mass eigenvalues from the top-quark
pole mass scale to the Planck mass scale relative to the initial values of m; = 0.03
eV, where (i =1, 2, 3).

sz same C'P is also assumed to be shared by the neutrino mass eigenstates, and
ss (C'P-violating phases in the mixing matrix are ignored.

50 Specifically, the real neutrino mixing matrix is:
C13C12 C13512 513
U= —C23512 — C12513523  C12C23 — S12513523 C13523 | , (11)
512523 — C12513C23  —C12523 — C23513512 C13C23

oo where ¢;; = cosf;; and s;; = sinb;; (7,7 = 1,2,3). The mass matrix M in the
o1 flavor basis is diagonalized by U using UT MU = diag(my, ms, m3). Based on
2 the mass eigenvalues of the SM [13-15|, the RGEs for the Majorana neutrino
63 mass eigenvalues for the super-weak theory can be formulated as:

= To.3 (2Xow + 6Y2 +2Y? — 3Y2UZ — 3¢g3) , (1 = 1,2,3).  (12)
64
65 4. Results
66 Numerical run of coupled RGEs with initial quasi-degenerate or almost

o7 1identical values of m;, 0.03 eV and 0.1 eV at top-quark pole mass (173.1
s GeV) up to the Planck scale (1.22 x 10 GeV) are shown in Fig. 1 and
eo Fig. 2, respectively. Regardless of any initial values of m;, we see an increase
70 of approximately ~ 31.5% at the Planck scale Fig. 3.
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Fig. 2. Identical to Fig. 1, but with initial values of m; = 0.1 eV.
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Fig. 3. The X-axis represents the initial Majorana neutrino mass eigenvalues at the

top-quark pole mass scale, and the Y-axis represents the final Majorana neutrino

mass eigenvalues at the Planck scale. Regardless of the Majorana neutrino mass

eigenvalues used as input at the beginning of evolution, the increase in mass from
the top-quark pole mass scale to the Planck scale is consistently around =~ 31.5%.
The lower dot and upper dot correspond to Fig. 1 and Fig. 2, respectively.
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