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Abstract

We investigate the impact of charged currents that couple

Heavy gauged bosons
Heavy neutrinos
Standard Model (SM) leptons

On the LFV decays of SM leptons info three charged leptons

lo > lglyly



Infroduction

Clear experimental
evidence that
neutrinos are
massive and mix

Q—Q

Neutrino oscillations

First observed in Super Kamiokande (1998) [1] \\ //
then confirmed at Subdury Neutrino Observatory (2001)[2]




Infroduction

Seesaw mechanism

Purpose of explaining neutrino mass

The high-energy description of fundamental physics, beyond the
Standard Model, may include heavy neutrinos with masses depending

on some energy scale, A, characterizing the formulation [3].



Infroduction

Charged currents

3
Z Z [I:’L’?LAIJ»YQPRZQ + H.c. (1)

« Characterize the mixing of heavy neutrinos.
« Allow LFV.
« 3 x 3 matrix approximately unitary:

3 * o A 3 " o .
Zj:'l ViaVja ~ 1 ijl VigUjo = 0 fora#p



Infroduction

Assumptions:

Ais large
-Left-right symmetric models [3-6],

m; Are Opproximc’rely -The simplest little Higgs model [7],
m proportional to the
w' -331 models [8],

high energy scale
-5-dimensional extension of the Standard Model [9].

Thus:

mwr ~ K;jmMm;j,  With K;independent of A for any j



Infroduction

o e ete”
+

Possible decays: T T ¢ M H
T = pete”

TT =TT

TT =S e ete”

Features:

Independent model as far as possible.

Scenario where two heavy neutrinos have quasi-degenerate masses but the third is different .

m; and my,» within hundreds of GeV fo few TeV.



The amplitude M, _.s..
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FIG. 1: Feynman diagrams that produce contributions, at one loop, to the decay [, — 31,1, by means of neutfrino mixing:
(a) reducible diagrams; and (b) and (c) box diagrams.
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FIG. 1: Feynman diagrams that produce contributions, at one loop, to the decay [, — 31,1, by means of neutfrino mixing:
(a) reducible diagrams; and (b) and (c) box diagrams.
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Concerning the reducible diagrams...
1,(2))
V2 Z, ¢
1,7(1’3)

Is(@®,) .

l(2)) Infroduce a factor

. L photon

q2

(massive boson of mass m )

(a)

The decay rate for I, — Izl,l, restricts g% to very small variables  4mj < q* < (m, — mgp)?

The mass of any virtual particle that can contribute satisfies: m? >» g2



The trilepToniCESIE R ol ; | ;

The leading contributions from the charged currents are produced by:
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FIG. 2: Feynman diagrams corresponding to the dominant contribution from the charged currents of Eq. (1) to
the decay I, — lglsl,.
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Neutrinos being electrically neutral and massive can be described by
Dirac fields Majorana fields

Feynman rules (number of diagrams) are different.

w-

PN

f:(pl) "e“") l:ipg]

However, the contributions from the reducible (a)

diagrams with the one loop electromagnetic W W
vertex are the same. 7 ;JJ‘”M‘HH% )

I (m) vi(k) 15 (p2) 17 (p1) vi(k) 15 (p2)
(b) (c)
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The sum of subdiagrams produces the total contribution as(p2)5" (g)ua(p) With the
general gauge invariant structure [10-12]

Wit,
Slecy, : n’, Sspecy to th
Sroyp o INetic g
(Worq ’degff;ge
ity)
3
1‘\05,6' ’&€Zl g (f +f ) . v(fj ‘|‘fj ;) 2
Q Aq 5 Ouvq \Jyr T UIET5 ( )
J=1 T
charge magnetic
sum over the form factor form factor .
heavy-neutrinos anapole electric

form factor form factor



Contributions of electromagnetic form factors:

Flo = 5 [FhoBh+ Thaa Bl = BY) + fhn(BL = BY) + (Bl - B) + f4] (@)

] j 2 2 j 2 2 2 ] 2 2 2 ] 2 2 2
B} = 1. B{ = Bo(0, mjy,,m7), Bj = Bo(q~, miy.. miy), By = Bo(mg,. mjy..m3), B} = Bo(m3, myy,, mj3),

OE; = Clo ("?Tlg_,, 'TT?,%, q2: 'TH%V’: 'Yn_jyz'a "Tn%ﬁ/" )a
Dimensional-regularization approach [13]

By = Adiv + fain (4)
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Decoupling of new physics

Spectrum of heavy neutrino masses m;:

M2 =~ mg =~ my but mi1 # m2 and  mi # ms  [69]

-Form factors:

1 1 1
Fo = 05010 | ——n01 + Noy .
0 = VigV1a mZ o1 L noz2 + e N3 (8)

The amplitude M. 3,0 decouples as A — co: limy a0 Fo = 0.



The amplitude for the process I, — lgl;l,

. _ —igh” _ .
ZMQ’—?*IBO'O' = ’U-_g(pg)rg'ﬁu-a('pl)T%'U-U(p4)(—le’jr',,)'llg(pg).

!

‘ﬂa%_ﬁaalz = ‘l Z Z Z ‘Ma%ﬁacr‘z
51 ==+ So—==

Sg=*+ s4=*%

0o |

4
af o a [ af * (Y *
= 3 97 1FQ I + g5° | Fal® + 57 |Fu 2 + 95° | Pl + 95" Re{Fq Fir} + g¢"Im{ Fa F3}|

Decay rate

Qm_w; Tmax Ymax . 5
Fa—>|8crcr = (Sﬂ' ,—ﬁ?a)g /Imin dT/ dy ‘Ma%_ﬁcrcr 3

Ymin

(6)
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FIG. 3: Confributions to Br(u—3e ) as a function of m,» (in GeV units), for different (kq, ky), with k; <1 < ky:
(1) constant k; and increasing ky,
(2) Constant ky and decreasing kq,
(3) Decreasing k; and ky, but constant k;- ky.

The graphs have been plotted in logarithmic scale.
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New-physics contributions t — 11,

Br(7 — etft)max | Br(7 — 11€€)max | Br(7 — 3€)max | Br(7 — 311)max

(k1,kN) = (2.5,2.4)] 6.46 x 1071° 224 x 1078 | 108 x 107 | 221 x 10713
(k1,kN) = (3.5,3.4)] 4.15 x 107*° 1.10 x 1071 | 844 x 1071 | 1.05 x 1071
(k1.kn) = (7.5,7.4)| 292 x 107 544 x 107 | 718 x 107 | 5.03 x 107H
(k1,kn) = (10,9.9) | 2.76 x 107 '° 480 x 107 | 7.02x 107" | 438 x 107

TABLE I: Values of the branching ratios for t — euu, T - pee , T —» 3e and
T - 3u determined by the parameters k4, ky, m,,,. For each selected pair
(kq, k) the corresponding minimal allowed mass is m,,,.



Conclusions

One loop contributions from charged currents of the u and t decays (heavy neutrinos and

heavy charged bosons) —» flavoris not preserved (neufrino mixing).
Dominant contributions from reducible diagrams (electromagnetic vertex).
The results do not make a distinction between Dirac and Majorana Neutrinos.
The results are ultraviolet finite, gauge invariant and decoupled.

Spectrum of heavy neutrinos.

T — lgl,l, branching ratios can be found ~ 107> — 10713,
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