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Lepton flavor violating (LFV) phenomena,
such as u-e conversion, neutrino magnetic
moment (NMM), . — e~ decay, etc., are very
sensitive to possible physics beyond the Stan-
dard Model (SM). Using effective field the-
ory we parametrize new physics signatures in
LFV phenomena, and get bounds for particu-
lar models, e.g., ones with leptoquarks (LQ).

LFV is forbidden in the SM (without neutrino
masses) by flavor symmetry. However it may
occur at either tree or loop level in many SM
extensions, which provides important clues to
test them. Effective theory is a general frame-
work for description of the effects of all these
models.

In wide class of models p-e conversion in nu-
clei is enhanced by large logarithms compar-
iIng with 1 — ey [1].

Present bound on pu-e conversion ratio is [2]

['(p —e)

RV = <7x 1071 (1)

[capture

while Mu2e sensitivity goal is 5 x 10717 [3].

The strongest present limit on NMM [4]
py < 3% 1071 pp, (2)

where up = e/(2me) = 5.788... x 107> eV T~}
Is Bohr magneton, was obtained from the con-
straint on energy loss from globular-cluster
red giants, which can be cooled faster by the
plasmon decays due to NMM [5] that delays
the helium ignition. The best present labora-
tory constraint on NMM, derived in GEMMA
experiment [6], iIs one order of magnitude
weaker than Eqg. (2).

Such high sensitivity of present experiments
on u-e conversion and NMM makes them im-
portant in the new physics searches.

In the SM, minimally extended to include
neutrino masses, the diagonal and transition
NMMs (see Refs. in [7] and [8]),
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and

_ m; + m;
pPM < 4 x 107 ( oz1evj> pg,  (4)

respectively, are strongly suppressed by the
left-handed nature of the weak interaction and
small masses of observable neutrinos [9].
Hence the limit in Eq. (2) leaves huge window
for physics beyond the SM.

Muon-electron conversion

(-e conversion can be described by the ef-
fective theory with the operators of dimen-
sion 5 and 6 [1]. However the operators of
dim.7, involving two gluonic tensors [10], may
be important since gluonic couplings to nu-
clei are not suppressed, and the new physics
couplings to heavy quarks are not well con-
strained. We consider the flavor changing La-
grangian

£l = AQZCZO +H.c., (5)
1=1

where A Is a scale responsible for p-number
nonconservation, ¢; are coefficients of dimen-
sion —1, and O, are effective dim.7 operators:

O1 = egpy, 4§GZVGG HY (6)
0y = eppy £GY,GWH (7)
O3 =eruR 4§GﬁuGa Y (8)
Oy = eppp LGL,GW. (9)
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where a = 1,...,8 is gluon color index, as =
g2/(47), the gluon strength tensor is

G, = O AL — 9y A% + gs fP° AL AS, (10)

and the dual one is

1

éfw — 5%@5(;@0‘5 | (11)

Using the diagrams with quarks propagating
in loop, shown in Fig. 1, the Lagrangian in
Eqg. (5) can be matched to dim.6 4-fremion
scalar Lagrangian

Y.V, o
L& == (EPap)(@ Po’) + He., (12)

where Y are real couplings, and P stands for
a projector with o, 3 =L, R .
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Figure 1: Discussed effective diagrams

The pseudoscalar nucleon current couples to
the nuclear spin leading to incoherent (N +#
N') contribution [11]. The coherent u-e con-
version rate on nucleus N can be written as

4
Fconv(,uN — 6N> A (‘(31’2 + ‘03‘2) 13)

where
a = G<9’p>S<p) T G(Q,n>s<n) (14)

with the overlap integrals S defined in [12],
and the matrix element

87
GON) = (NI2GLGHMINY - (15)
with N/ = n,p. For the strange-quark sigma
term o5 = ms(p|qq|p) = 50 MeV the numerical
result is GUN) = —189 MeV [13].

The upper bounds on the relevant param-
eters of the Lagrangian in Eq. (5) for one
nonzero ¢; at a time and for the two chosen
nuclei are given in Table 1, where : = 1, 3.

Table 1: Bounds on the parameters in Eq. (5)

Expression for Bound, MeV—?
the bound 55T 10/ Au

1oply2
ci) | Loonv(tN=eN) 19 165 1020 117 % 10~20

/\2 2|aN|

Models with leptoquarks

The bounds in Table 1 can be used for re-
stricting the physical parameters of particu-
lar models, e.g., models with LQs. The gen-
eral renormalizable, B and L conserving, and
SU(3)xSU(2)xU(1) invariant LQ-lepton-quark
iInteractions are given in Refs. [14, 15, 16].
The scalar (S) and vector (V) LQ interactions
relevant for the Lagrangian in Eq. (5) are

ﬁs = ()\LSoq_ziTQKL -+ )\RSO”L_L%GR) S(J)r
+ ()‘LSUQZ_LREL + )‘RSl/Qq_LiTZGR) SI/Q + H.c.,

Ly = (Apvdrile + Mrvdruer) Vi

+ ()‘L%/Qd%ﬂ/,ug[/ + )\vaqu’me}g) Vl'L;J; +H.c.,
(16)

where we omit flavor indeces, the subindexes
0 and 1/2 indicate SU(2) singlet and dou-
blet LQ, respectively; and couplings A are
assumed to be real. These LQ interactions
iInduce the effective vertices of the form of
Eqg. (12). By further matching with Eq. (5),
assuming that only the couplings A for a sin-
gle quark flavor are nonzero at a time, for
the common scales Mg and My, of scalar
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and vector LQ masses, respectively, from the
bound on p-e conversion on gold we have

B /3
‘)\(}X{ LS()’ ‘)\Rsl/g L51/2|
M
_9 S
. 17
< 1.2 x 10 <1TeV)’ (17)
& 6
AT )‘RVo’ |)\LV1/2 RV1/2|
4 [ My
1.6 x 1074 1
< 1.6 x 10 (1TeV> : (18)

where a # 8 = e, pu.

Neutrino magnetic moment

Similar approach can be applied for NMM Mgﬁ,
which is defined by the form factor

fo%(o) — M(Vw (19)

of the term in the effective neutrino current
_fo%(qz) D@(pg) iquQVVoz(pl)a (20)

where ¢ = po — p1, and o, = [V, 1) /2.

NMM generically induces a radiative correc-
tion to the neutrino mass, which constrains
NMM [7, 17, 18]. In the case of diago-
nal NMM (Dirac neutrinos) the correspondent
bound 1ine < 1071 15 is significantly stronger
than in Eq. (2). However, the transition NMM
113, Which is possible for both Dirac and Ma-
jorana neutrino types, is antisymmetric in the
flavor indices, while the neutrino mass terms

mgﬁ are symmetric. This may lead to sup-
pression of the ag contribution to mgﬁ, e.g.,

by the SM Yukawas, which makes the bound
on NMM much weaker than in Eq. (2): pag S

10~ up [7, 18].

In the general quark-r dim.6 Lagrangian [19]

qF
Lg?f B(V@FVO)(C]FQ) + H.c., (21)

where M is high-energy scale, only the term

_(VBUWV@)(C]UWQ)> (22)

where egﬁ = ¢! 5, generates through the one-

loop diagram, shown in Fig. 2, the lowest or-
der contribution to NMM

Ne|Qqlmem ]\42
= |el gl = In 23

where N. = 3 is the number of colors, ), and
mg are quark charge and mass, respectively;
and we neglected the subleading term, which
IS not enhanced by the large logarithm.
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Figure 2: Effective diagram for NMM

And for the tensor term in the charge lepton-v
dim.6 Lagrangian [19, 20, 21]

ZF
s “ap L (glva) () + e,y (24)

denoting eﬁﬁ = eﬁ% we have

For M = 1TeV, using Eqg. (2) and taking
one nonzero ef; at a time, we obtain the
constraints shown in Tables 2 and 3 [22].

Table 2: Upper bounds on the couplings egﬂ.

d

6&5 0.25 : 6%5 0.49 3
S —_ —_—
e(bw 1.6 x 10 4 6?5 1.7 x 10 :
6@5 5.8 X 10 6&5 4.8 x 10

: - /
Table 3: Upper bounds on the couplings €0

625 3.9

e .113.0 x 1072
a3 ;
6;6 2.6 x 10

We note that Eq. (23) reproduces the leading
order in the exact result, which can be derived
in the model with scalar LQs; see Ref. [23] for
the exact expressions of diagonal NMMs.

We note that the bound on eg 3 from v.—e scat-

tering, derived in [24], is comparable with the
respective bound in Table 3.

Conclusions

We have considered the muon-electron con-
version in nuclei and the neutrino magnetic
moment within the effective theory frame-
work, and derived general constraints on the
physics beyond the standard model, which
can be involved in these phenomena.
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