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The sides of the squares represent the magnitude of the CKM and PMNS matrix
elements.



m? m?2

A I Ve A
Normal Ordering Inverted Ordering
(NO) =EYel (0)
I\
Mmy° - ————— tm,?
3 Y el B
solar~7x10™eV
. 4 1 m?
atmospheric ¥ 1
~2x1073eV? |
atmospheric
M2 ] el — ~2x107%eV?
- A Say2
solar~7x107>eV

2
My - —
()
Y

< |<
)
|
|
S

0 ~ 0.06eV ~ 0.1eV 0

Ordering of the neutrino mass eigenstates. Colors represent the contribution
of each flavor: electron, muon and tau are given in red, blue and green, respectively.



See-saw mechanism
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Radiative see-saw mechanism mediated by the neutral component of a doublet vector,
transforming in the fundamental representation
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Flavons

Quark sector
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In order to simplify the analysis, we adopt the following scenario:

(w) _ (v (w) _ (v (u) _ (v

A19 = Qg1 A3y = Q13 5, Q39 = Qg3
d) _ | (@] .—in (d) _y (d) in
A9 = (G199 (€ "7 Qo9 =| A9 €7,

d d)| _—ir d d) | _im d  (d
ayy = Jasy |e 7™, a5y = |aig|e™, a4y = ay

The quark mass spectrum, quark mixing parameters and CP violating phase obtained
In our model are in very good agreement with the experimental data.

a\” ~ 0,58, al¥ ~219, a\¥ ~0,67,
)~ 0,80, al¥ ~0,83, a'?~1,06,
a\¥ ~0,53, a\¥ ~1,07, o ~1,03,
D~ 1,36, a\? ~1,35, 75 ~9,56°, T~ 4,64°.
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Results for quark masses

Observable | Model value | Experimental value
m,(MeV) 1.44 1.451)%
m.(MeV) 656 635 + 86
mt(GeV) 177.1 172.1 =£0.6 =£0.9
mg(MeV) 2.9 2.970%
ms(MeV) 57.7 57.71107
my(GeV) 2.82 2.8210°

sin 01 0.225 0.225

sin Oo3 0.0412 0.0412

sin 013 0.00351 0.00351

0 64° 68°
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Flavons Lepton sector
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The parameters for Inverted ordering are reproduce with the following benchmark
point.

a; ~ 1.96168, as ~ 1.03698, a3 ~ 0.84294, |a4| ~ 1.00752, arg(a4) ~ 218°,
as ~ —0.597641, X ~ 16.5289meV, Y ~ —0.219701meV,
7 ~ 49.5616meV,

Heavy resonances

vf /Uo' ?')pl /
/ / /

my = 245.8GeV
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Result from the model for Inverted hierarchy

Experimental value

Observable Model value
1o range 20 range 3o range
me[MeV] 0.487 0.487 0.487 0.487
m,[MeV] 102.8 | 102.8 +0.0003 | 102.8 £ 0.0006 | 102.8 & 0.0009
m.[GeV] 1.75 1.75 +0.0003 | 1.75+0.0006 | 1.75 =+ 0.0009
m|meV 49.19
mo|meV 49.96
ms [mevz} 0
Am?2, [107%eV?] (TH) 7.55 7.5510-20 7.20 — 7.94 7.05 — 8.14
Am?,[10-%eV?] (IH) 2.42 2.42 )0 2.34 — 2.47 2.31 — 2.51
5[°](IH) 309.719 281723 229 — 328 202 — 349
sin? 615/10 (IH) 3.20 3.201 020 2.89 — 3.59 2.73 — 3.79
sin? 053 /10~ (IH) 5.33 5.51" 0 35 4.91 — 5.84 4.53 — 5.98
sin? 63,/10~2(IH) 2.248 2.22010-07% 2.07 — 2.36 1.99 — 2.44
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Three-body LFV
decay with an / €+
intermediate meson

Vertex that is parametrized

- ( ’u) “ by an affective operator

™. LFV vertex
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Effective operator in chiral base
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0377 = 4 (o™ Pxt2) (G0, Px )
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™, LFV vertex
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The experimental upper limit for this process
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Br ('r_ — e_e+e_) < 2,7 X 1078

| et us see the Lagrangian for each process
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We use the on-shell matching condition for the relation between quark-lepton
and meson-lepton couplings.

Cy B and EM

G |Lon|M) 22| (005 |Log| M)

P ————

and for this example we are interested in Vector coupling for J/?,b

2
(V/A) MJ/wf C(VV/AV
Eppent, = T a2 /Yl

27



—

Br( —_>g—e+e—)_r(V->;€)I_(V r €€ )I_(,u » € EEVM)
T =
r(w— e17e)2 M(m — All)

() Gi)

2 2
£y _ Pe| mZ my (V/A) AVV2

m? m? (V/A) A(@)AV2
i (1 - MM) (1 N QMJ%I) (a(Q)g1£2C£1€2 )

m? (1) A@TT)?
+2(1 - MM) ( ) (a(q)ele2 E?Ez )
(V/A) CDVV @AV
o 6]\4]u (1 o ) ( (q) 2152) ( £162 152 )]

28




Revisiting LFV quark-lepton Lagrangian

1
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The general form of the corrected operator matrix elements is given

0 — Us | s 1 luz
Qem ,eom [ 1 ,u2 -
| A b'J Z + In (_p2>> <(/)J'>tree

This would be the renormalized operator: ((9;)(0) — Zq_IZK_IZq_lZ,-j ((’)j>

30



Requiring the cancelation of the singularities, one finds the renormalization
constant
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Renormalization group
equations (RGE) for the WC'’s

Aem,LL/RR — _96Q€

—6(Qf +Q7)  —2QQ 0
Q

0

These matrix elements will

iInduce mixing between Wilson
coefficients

i j 20

Gi() = 3 Uil MNGN) < €7
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/‘ ‘CE(QEICD)AB‘ (1GeV)2 4 ( 1GeV )2
162 A Ala1a2)AB
014>
Without With With
AY QED ® QCD QED ® QCD QED ® QCD
[TeV] (A=1TeV) [TeV] | (A =10 TeV) [TeV]
ADVVIAVL 51 % 102 5.1 x 10° 5.1 x 10°
A7 038 5.3 %10°
INORE 18 923 97
AGITS 1.8 2.7 2.8
AT 5.4 23 27
AT 5.4 7.8 8.3
AT 5.8 x 102 5.1 x 102 5.0 x 102
ASVVIAV 5 4 % 102 5.4 x 102 5.4 x 102
APAAVA 2.2 8.0 x 102 9.2 x 102
AL)SS 0.45 40 A7
ASITS 0.45 0.65 0.70
AP 8.0 40 47
AT 7.9 11 12
AT 61 54 53
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CONCLUSIONS

€ We used model building, and built two predictive and viable models that accommodates the values of
the experimental neutrino parameters. The first model we built was for the Inverted Ordering (IO) of
neutrinos, the second one contemplates a model for Normal Ordering (NO), which is favored
experimentally.

€ We have generated the light active neutrinos mass by radiative see-saw, mediated by the neutral
component of a doublet vector, in the fundamental representation.

€ We found that the vector mass is around 1 TeV, giving that we consider the cutoff of 3 TeV, because the
heavy neutrino mass near the 250 GeV.

€ We solved the renormalization group equations, using effective operators and we improve the upper
limits in the lepton violating three body decay, with a meson exchanged.

€ The most important finding is that the evolution operator matrix mixed up the Wilson coefficients, so

this induced new limits, in the upper existing limit in this set of three body leptonic decays, and improve
the limits known, in the literature, up to two orders of magnitud.
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Observable

Model Value

Experimental value

lo range

20 range

3o range

me [MeV] (.487 0.487 0.487 0.487
m,, [MeV] 102.8 102.8 4+ 0.0003 | 102.8 £ 0.0006 | 102.8 £ 0.0009
m, [GeV] 1.75 1.75 4+ 0.0003 | 1.75+£0.0006 | 1.75 =+ 0.0009
my [meV] 0
my [meV| R.67
ms [mel” 50
AmZ, [0 eV7] 7.55 ?.55:3;?,-2 7.20 — 7.94 7.05 —8.14
Am3, [107% V2] 2.50 2.50 +0.03 2.44 — 2.57 2.41 — 2.60
sin?(02) /1071 3.20 20 04 2.89 — 3.59 2.73 — 3.79
sin(#a3) /1071 5.47 5.47 040 1.67 — 5.83 1.45 — 5.99
sin®(63),/107° 2.160 2.16070 085 2.03 —2.34 1.96 — 2.41
dcp 218° 218135, 182° — 315° 157° — 349°
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