Tri-bimaximal-Cabibbo mixing:
flavour violations in the charged lepton sector

Eur. Phys. J. C (2023) 83:484
https://doi.org/10.1140/epjc/s10052-023-11636-2

Mathew Arun Thomas,
School of Physics, IISER TVM

THIRUVANANTHAPURAM



e Quark-Lepton unification suggests Cabibbo sized effects in lepton mixings (Phys.Lett.B620:42-51,2005,
Nucl.Phys. B866 (2013) 255-269)

e Tri-bimaximal mixing ansatz can be modified as,
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The mixing in the first two generations of charged leptons
are, 1n general, strongly constrained from charge flavour vio-
lation decays of mesons and muon. To 1llustrate this, consider
a scalar operator 1n the mass basis, given by,

Here, A 1s the energy scale of the NP. In the above currents,
¢ represents a leptonic field and g represents a quark field.
C¢ and C* are 3 x 3 matrix, with m, n representing quark

generation and i, j representing lepton generation. Rotating
to the flavour basis,
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Table 1 Scalar and dipole operators in which we can realize the TBC
mixing, where £ = {e, u}, v = {ve, v, v:} and g = {u, ¢, t}/{d, s, b}
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are prominent are given in Table 1. Opron = (€L £R)(GL qR) Oy = (La™€r) Fu
Opos = (€L £R)(GR qL) Oy R = (Lo Lr) Fu
Oy = (VL LR)(GL qR)
O5poe = (VL £R)(GR qL)

SRR __ ISRR ;7;L T
Cijqq - ZC kjqq (Ue/v)ik

The relation between Wilson coefficients in mass basis k .
. . SRL __ / L \T
and flavour basis 1is, Ciigqg = Z ChigaWepn)ix
k

TLR TLR ;L
Cij — Z C/kj (Ue/v)sz
k



1
“F2Ugy + Ly(D, UTD*U) Uy,

UiLwUWiRt = —230{ 1

2L8(U X]L U)tw + Ho th} + 0(p6) y

0> = (prer)(u; wqut)
= (@iLer) [ 2B Fo Utw] + O(p*),
OfﬁL = (rer)(U;RwUiLt)

1
paul,] + 00

(izer)| - 2By

SRR ~SRL " L
Eeqq,anq and are sensitive to U,

SRR SRL TRR
where as operator O, . , O, e and O

U, L Hence, the constraints on the operators @,

Operators O OTLR

are sensitive to
SRR )SRL
llgq’ tlqq

and OTLR are best studied using flavour violating decays like

7 > etu , K - pute , u — ey and muon conversion

(UN — eN). In fact, 1if we assume that U eL 1s the source
of LFV, current experimental bounds from K; — ute,

7 — et~ and u — ey rules out the TBC mixing.
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The above value 1s much higher than the current upper
bound BR(x — ey) < 4.2 x 10713



Minimal flavour violation with TBC mixing

The Minimal Flavour Violation (MFV) hypothesis assumes
that the Standard Model (SM) Yukawa couplings are the only
source of flavour symmetry breaking . This means all
the higher dimensional operators should be constructed out of
the SM Yukawa couplings, satisfying the flavour symmetry
GrF : SU@B)oxSUB)uxSUB)axSUB)L xSU3),. The
Yukawa couplings are considered as non-dynamical fields
(spurions) which transform under the flavour symmetry G :
Gor X GLF (GoF : SUB)g x SUQB)u x SUB)d, GLF :
SUB) x SU3),) as,
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Minimal field content
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In the above expression L and eg represent SU (2) doublet
and singlet leptonic field. In order to keep the Lagrangian
invariant under G r, Y, and g, transform as:

Y, — VY.V, g — Vig,V]

Assuming TBC mixing ansatz, the basis for MFV could be
chosen as,

i ALN
Y, = D, UL, g, = > ULb*m, UL
where D, = %diag(me, m,,m¢)andm, =diag(m,,, m,,,

m,, ). Since this 1s different from the usual MFV where there

1s no mixing in the charged lepton sector, we call this sce-
nario as Modified Minimal Flavour Violation (MMFV). A

spurion that transforms as (8, 1) under the group G r can be

A2
constructed as A = glg, = e UvLm%UvLT.

Extended field content
L =—vY, ehe] —vYVhv] — EM{,JDICQ’ vy + h.c
The right-handed neutrino mass term breaks SU(3),,

symmetry to O(3),, and they are assumed to be in their

mass basis, that 1s Mf,j = M, 8" . The Lagrangian remains
invariant under the flavour symmetry Gy x O(3),, if the
field and spurions transform as,
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Generating an effective left-handed Majorana mass matrix
by integrating out the right-handed neutrinos, we get,
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If we take M, = Ay then, g, = YvTYv. Using Gr.F X
O (3),, symmetry, we rotate the fields such that there 1s mix-
ing in the charged lepton sector. In this basis,

A
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and one can construct A = Y'Y, = AUIQN ULm, UL’




Operators satisfying
flavour symmetry . Q1 and
L represents SU (2) doublet
quark and lepton. u g, dg and eg
represent SU (2) singlet up
quark, down quark and charged
lepton respectively. H is the SM
Higgs field

The operators that we consider are listed in Table Here we
have kept only the dominant operators which are proportional
to A and Y.A, and have neglected the operators that go as
Y, YZ or higher orders of Y,.

Scalar
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MMFV operators in
minimal field content scenario

MMFYV operators in
extended field content scenario

MMEFV operators in minimal field content scenario
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MMEFV operators in extended field content scenario.
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The effective Lagrangian that we consider in our analysis
1s of the form,
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nu~ — e ete  : The operators that contribute to u~ —
e ete are:

Cfﬁeﬂfﬁee = (éL {ATY ]}, ILR) (er Aj; eL)
CorioeOepiee = (EL y A ML)(éL Yurit er)

The BR(u~ — e eTe™) measured by SINDRUM collabo-
ration gives an upper limit of < 1 x 10712 . Branching
ratio of u~ — e ete™ in case of a scalar operator
becomes,

5 2

1 m,utllv |C§/§ee|

3 A4 ’
1251273 A4,

BR(u —e e'e )=

0.100,5

0.010:

0.001
1074

B e oA A B A B A A A A A A A A A A A A A A A A A A A A A A A 0 i

0O 1000 2000 3000 4000 5000 6000 7000
ALrv (GeV)

(b) Extended field content scenario



¥ — et~ : The operators that contribute to 7% — et
are:

1 ) i,
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,dN — eN :The operators that contribute to uN — eN are:
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Table 7 Limit on Ay from different lepton flavour violating decays in minimal field content scenario

Observables Scenario Limiton Az ry (TeV) Scenario Limiton Az ry (TeV)
BR(7? — etpu™) Al =1 2A3%=0.1 1 x 1073 A =0 p3F =T 42 x 1078
AP =1 A =0.1 1.2 x 1072 AP =2 A =1 4.9 x 107
BR(u™ — e"ete™) AP =1 1.58 x 1072 AP = ¢, 1.56 x 1072
AP =1 1.083 A2 =5, 1.069
BR (K. — pute™) Ay =1 0.01 A =Ds 0.24 x 1073
A =1 Al =0.1 0.274 A =0 A= 8.6 x 1072
BR(uTi — eTi) AZ =1 0.301 AT =14 1.6 x 1073
Al =1 10.126 A =2 0.728
BR(u — ey) — 4.17 — 4.17

Table 8 Limit on A ry from different lepton flavour violating decays in extended field content scenario

Observables Scenario Limiton A ry (TeV) Scenario Limiton A;ry (TeV)
BR(7? — eTu™) Al =122 =0.1 7.8 x 1072 Al =T )\f7 =T 3.1 x 1077
Al =1 252=0.1 9.21 x 1073 AP =T AV 3.6 x 107
BR(u™ — e ete™) AP =1 0.117 AP = ¢, 0.115
AE=1 8.019 AVE = ¢, 7.915
BR (K, — pute™) A =1 0.078 Ay =T 1.8 x 1073
AL =1 A =0.1 2 Ay =" Ay =" 0.636
BR(uTi — eTi) APz =1 1.577 AT = "4 8.1 x 1073
A =1 74.97 M =" 5.397
BR(u — ey) — 30.94 - 30.94
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e Tri-bimaximal_cabibbo mixing ansatz is a possible venue for new physics that will contribute
to charged lepton flavour violation

e Here we investigated cLF violating decays like y — eee, u — ey, 7’

UN — eN

— ue, K; = pe and

e The MFV hypothesis protects TBC mixing from these lepton flavour violating decays.

e Within MFV hypothesis, the minimal field content has lower bounds, while on including the
right handed neutrino the bounds become very large.
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