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Abstract. We consider the SM extension with additional light real singlet scalar, right-
handed neutrino and nonrenormalizable Yukawa interaction for the first two generations.
We show that the proposed model can explain the observed (g — 2) muon anomaly. Phe-
nomenological consequenses as flavour violating decays 7 — uuu, yue, pee are briefly
discussed. We also propose the Ug(1) gauge generalization of the SM with complex

scalar singlet and nonzero right-handed charges for the first two generations.

1 Introduction

The discovery of the neutrino oscillations [1, 2] means that at least two neutrino have nonzero masses.
The minimal extension of the SM with nonzero neutrino masses is the yYMSM [3, 4]. In this model
one adds to the SM three additional massive Majorana(right-handed) fermions vg;, i = 1,2,3. Due
to seesaw mechanism [3, 5] after the spontaneous S U.(2) ® U(1) electroweak symmetry breaking

2
Mpi

the neutrinos acquire masses m,, = 3.
i

Here mp, are the Dirac neutrino masses and Mpg; are the
masses of the vg; neutrinos. The YMSM has a candidate - the lightest Majorana neutrino with a mass
M,, < O(50) KeV - for dark matter. Besides, the model with light Majorana neutrino can solve the

problem of the baryon asymmetry in our Universe [4].
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In this report which is based mainly on Refs.[6] we consider the extension of the YMSM with
additional scalar field and nonrenormalizable Yukawa interaction for the first two generations. We
show that the SM extension with additional light real singlet field can explain the (g — 2) muon
anomaly. Phenomenological consequences of the proposed model as flavour violating decays 7 —
e, pee are brifly discussed. We also propose the Ug(1) gauge generalization of the SM with complex

scalar singlet and nonzero righthanded charges for the first two generations.

2 The yYMSM extension with additional real scalar isosinglet and

nonrenormalizable Yukawa interaction

In this section we consider the extension of the yYMSM with additional scalar field and nonrenormal-

izable Yukawa interaction for the first two generations [6]. The Lagrangian of the model has the

form
Lios = Lsy + Loap + Loug + Lieg + Ly + Ly, . (1)
Here
hoag,ik ~
Loy = - QA; OriHodg + Hec. , )
hngb,ik =
Loup = - M QriHoug, + Hec. , (3)
Riegik - -~
Liep = - LiHpery + Hoc. , 4)
l M2¢2
L4’ = _aﬂ‘ﬁaﬂd) S - /l¢4 s 5)
2 2
A M, _
LVR = lVRj@VRj - (TVRjVRj + hLijL,'HVRj + H.C.) s (6)

where Ly is the SM Lagrangian, vg; - are the Majorana neutrinos and Ly = (Ver,er), Lo = (Vur, i),
L3 = (viL,TL), €R1 = €Rr, €r2 = HR, €R3 = TR, Or1 = (ur,dL), Q12 = (cr, s1), Q3 = (11, bL), dr1 = dg,
dry = S, dgs = bg, ug = ug, Ugor = Cg, Ugz = tg, H = (=(H")*,(H%*)!. The main peculiarity of
the model (1-6) is the use of nonrenormalizable Yukawa interactions (2-4)2. Here we consider the

particular case of the general model (1 - 6) with nonzero renormalizable Yukawa interaction only for

"Here H = (H°, H™) is the SM Higgs doublet and M is some high energy scale .
2The nonrenormalizable Yukawa interactions have been considered in Refs.[7].
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the third fermion generation. We assume that the masses of the first two light generations arise due to

nonrenormalizable interactions (2-4). We impose the discrete symmetry

¢— -9, (7N
€Rk — —C€Rk (k = 192)9 (8)
dri = —dpr (k=1,2). )

The discrete symmetry (7 - 9) restricts the form of nonrenormalizable interactions (2-4), namely
hoagiz = houpin =0, (10)

hiegiz =0, Y

As a consequence of the (7-9) the renormalizable SM Yukawa interaction with the first two quark and
lepton generations vanishes and the fermions of the first two generations acquire masses only due to
nonrenormalizable interactions (2-4).

We can consider the nonrenormalizable interactions (2 - 4) as some effective interactions arising
from renormalizable interactions. For instance, the interaction (2) can be realized in renormalizable
extension of the SM with additional scalar field ¢ and new massive quark S U(2). singlet fields Dkg,
D, with a mass Mp and U(1) hypercharges Yp, = Yp, = —%. The interaction of new quark fields Dy,

Dy, with ordinary quarks and the neutral scalar field ¢ is
Lypg = —¢iQriHDg — k;Dydgj¢p + H.c.. (12)

In the heavy D-quark mass limit Mp — oo we obtain the effective interaction (2) with

h ii C,‘k'
Qi - 28 (13)
M Mp

Analogously we can consider nonrenormalizable interaction (4) as an effective interaction which
arises in renormalizable extension of the SM with additional scalar field and new massive lepton
SU(2) singlet fields Eg, E; with Y5, = Yg, = 1 The interaction of new lepton fields Eg, E; with

ordinary quarks and the neutral scalar field ¢ is

Legy = —diLiHER — fiELerj¢ + H.c.. (14)
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In the heavy E-lepton mass limit Mg — oo we obtain the effective interaction (4) with

hesis _ dif

Leoij _ il (15)
M Mg

After the spontaneous S U(2); ® U(1) electroweak symmetry breaking the Yukawa interaction of

the scalar field with charged leptons takes the form
Lyy = ~hpenerider; + H.c, (16)

where
<H>

v an

hLe,ik = hLe¢,ik

i=1,23,k=1,2and e = e, ep =, e3 =11, < H>= 174 GeV. Nonzero vacuum expectation
value for the real field ¢ generates nonzero lepton masses for electrons and muons while the mass
of 7-lepton arises due to renormalizable Yukawa coupling. The lepton mass matrix and the Yukawa

lepton ¢ = ¢ — < ¢ > interactions are
Ly = =hpej < ¢ > erierr — mep3egs + Hee, (18)

Lyy = —ELe,ikéLideRk + Hc, (19)

where i = 1,2,3 and £k = 1,2. The mass terms (18) and the interaction (19) have different flavour
structure that leads to the tree level flavour changing transitions like 7 — u+ ¢, 7 — ¢ + ¢ and as a

consequence to the flavour violating decays like

T S o, (20)
T o u +¢t > uete, (21)
Toe +¢" s e utu, (22)
Toe +¢" > eete. (23)

At present state of art we can’t predict the value of flavour violating Yukawa couplings hiest, hiesn.
The interaction (19) leads, in particular, to the additional one loop contribution to muon magnetic

moment due to ¢ scalar exchange, namely [8]

hym M X2 -x)
Aay = : 24
= g sz (1 —0(1 — x) + Lx 24
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where A = 2 In the limit My >>my,
mg

2
_ 1 mﬂ 72 M¢ 7
Aa, = i Mé i, 2o lIn( -~ ) 12] . 25)

The precise measurement of the anomalous magnetic moment of the positive muon from the
Brookhaven AGS experiment [9] gives a result which is 3.60 higher than the Standard Model (SM)
prediction

ag? —ay™ = (288 £80)- 107", (26)

where a,, = gM;2. Using the formulae (25, 26) we find that for mq = (100, 10, 1,0.5) GeV the muon

g — 2 anomaly can be explained for

M,y =(1.6£0.5)-107 for my=100GeV, (27)
hjp =(26+08)-107* for my=10GeV, (28)
By =(62+1.9)-10° for my=1GeV. (29)
M, =(2.6+08)-10° for my=0.5GeV. (30)

For the opposite limit m, > my

3hze
Ady = g,f 31)
and as a consequence of (26, 31) we find that
hj,» =(1.5+0.5)-107. (32)

As in the SM the Yukawa couplings 7, are proportional to the lepton masses. It means that the
interaction of the ¢ scalar with electrons is weaker than the interaction of the ¢ scalar with muons by
factor m, /m, ~ 200 and the contribution of the ¢ scalar to the electron magnetic moment is suppressed
at least by factor (m,/ mﬂ)2 in comparison with the muon magnetic moment even for superlight my <
m, scalar. For instance, for my = 1 GeV the contribution of the ¢ scalar to the electron magnetic

moment is

(Aay)s = (0.16 £ 0.05) - 107" (33)
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that is much smaller the bound from a, [10]
Aa, = al" —a3M = (~1.06 +0.82) - 1072 (34)

Due to the suppression factor =< for electon Yukawa coupling in comparison with muon Yukawa
coupling the search for light ¢ scalar in electron fixed target experiments or e*e~ experiments is very
problematic but not hopeless.> The search for very light ¢ scalar in 7 — (¢ — e*e”)y decay is
possible but again we have additional suppression factor (”’“_m“ )> ~ 0(1072). Light scalar particle ¢
with a mass mg < 1 GeV decaying into muon pair can be searched for at CERN SPS secondary muon

beam in full analogy with the search for new light vector boson Z [11].

3 The U(1) gauge generalization of the model with real scalar field

Here we outline one of possible generalizations of the model (1-6). In the proposed generalization
instead of real scalar ¢ we use complex scalar ® and new abelian gauge groop Ug(1)* with nonzero

charges for right handed fermions of the first and second generations, namely

Ox(ug) = Ox(cr) = Ox(Ver) = Ox(Vur) = —0x(dr) = —Qx(sg) = —0Ox(eg) = =Ox(ug).  (35)

The nonrenormalizable Yukawa interactions of the first and second generation fermions in full analogy

with the (2-4) interactions take the form

hgao.i

Loio = — 049, kQLlHq)de + Hec. , (36)
hQuCD ik

Lowo = — QrH® ugy + Hec. , 37)
hLetb ik

LLeQ) = - LL,H(D(?Rk + H.c. . (38)
_huvaix

LLVCI) = LL,H(D Vri t+ H.c. . (39)

3Roughly speaking we have to improve the discovery potential by 3-4 orders of magnitude.
“In Refs. [12] new light vector boson interacting with the Ly, —L; current has been proposed for (g—2), anomaly explanation,

see also Ref.[13] where the model with new light gauge boson interacting with the SM electromagnetic current has been
proposed for the (g —2),, anomaly explanation and Ref.[14] where the interaction of light gauge boson with (B~ L) +xY current

has been considered.
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Note that proposed model is free from ys-anomalies and we can consider the origin of the Ug(1) gauge
group as a result of the gauge symetry breaking SU;.(2) @ SUr2)Q U(1) = SUL2)® Ur(1) @ U(1).
We assume that in the considered model < @ ># O that leads to nonzero X gauge boson mass and
nonzero fermion masses for the first and second generations. In the unitaire gauge ® = ¢ + < © >,
where ¢ = ¢ is real scalar field as in previous section plus we have massive vector boson X. So in this
model after Ug(1) gauge symmetry breaking in addition to the yYMSM spectrum we have both scalar
and vector particles. The one loop contribution to the anomalous muon(electron) magnetic moment
due to the ¢ and X exchanges is

Aa, = Aa,(¢) + Aa,(X), (40)

where the Aa, (¢) contribution is given by the formulae (24,25,31) and the vector X boson contribution

for (V + A) right-handed coupling® with fermions is [8]

g% m;, fl 2622 = x) + 2x(1 = X)(x — 4) — 42223 “h
a, = ——— ,
s M o (1 —x)(1 = A2x) + 22x
H
2 2
9gx "My
Aa, = ——— My > . 42
Ay 372 M}z{ (for Mx m,u) (42)
The X boson contribution (41) to the (g — 2) is negative. For instance, for ay = % = 1078 and

My = 500 MeV the X-boson contribution to Aay is Aa,(X) = —1.8 - 107'°. The positive contribution
due to ¢ boson exchange is positive and cancels the negative contribution from the X boson exchange.
The most perspective experiments for the search for light vector X-boson with the electron coupling
constant ay = O(107%) are the electron fixed target experiments or e*e~ experiments. The X boson
can decay into electron-positron or muon-antimuon pairs, also invisible decays of the X boson into
light sterile neutrino are possible. The experiment NA64 [15] at CERN will be able to search for both

invisible and visible X boson decay modes with the ay > 010712y [16].

4 Conclusion

The vYMSM with additional scalar field and nonrenormalizable interaction for the first two generations

can explain the observed muon (g — 2) anomaly. The model predicts the existence of flavour violating

5The interaction Lagrangian of the vector X field with muons is Lxz, = gx X" iy, (1 + ys)u.
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quark and lepton decays like T — uup, pue, pee. Besides the U(1) gauge generalization of the model
with real isosinglet scalar field is also able to explain muon (g — 2) anomaly.

We are indebted to colleagues from INR theoretical department for discussions and comments.
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