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® . Physical observables calculation:

radiative lepton decays [ — I''.

charged lepton EDMs and g — 2 anomaly.
3-body LFV charged lepton decays [ — I'l"1"".
Z°% — II' decays.
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" P, 70  only if neutrino is massive

® SM: neutrino is massless, No LEF'V - leptonic flavor strictly
conserved.

= need new physics

» Seasaw mechanism
» R-Parity violation
» Extra dimensions

® Neutrino oscillation — neutral lepton flavor violation
Charged lepton flavor violation(cLFV)?!

-Clear evidence of physics at a higher scale
-Understand the origin of flavors more deeply
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The v SM give rise to radiative charged lepton decay and 3-body
charged leptons,

Still very small - always GIM-suppressed by m? /M3, ~ 107%.
e.g.(Cheng-Lee textbook)u — ey decay(U is PMNS matrix):

BR(p — ey) = ~(2.5-3.9)x 1077

ez #Z M2
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!!ec!lve approac!:

Parameterize New Physics effects in terms of higher dimension
operators. Express LFV observables in terms of Wilson
coefficients. Need to be done just once - model independent
analysis.

Then, only the values Wilson coefficients of new operators need
to be calculated within a model of NP-This part of analysis is
always model dependent.
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1 1
Low =L+ 57 OO0 + Z c® ( A3) .
k

® 59 independent operators
® Ouly few are important in a specific case.

Full list of dimension 5- an 6-operators given in
Buchmiller-Wyler 1986, reduced in Grzadkowski, Iskrzynski,
Misiak and Rosiek, JHEP 1010
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The Weinberg operator:

Qu = €ab5cd90a906(€,?)TC€? .

Generates neutrino masses and mixing angles, does not
contribute directly to cLF'V processes - can be neglected.
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After simplifications: only 9 operators remain in LFV:

Q 2 (UpX) operators: (Eia“”ej)TI@Wlfy,

(Lo e;) By
Q3 (EQ}(@DQ@) operators:
. n . HI n I -'- . hg —
(61 Dy o) (L ly), (@'iD] o) (lir!y1ey), (p1iD, @)(Ete;)
@ 3 four-lepton contact couplings:
(Livuls) (), (Eivpes) (Exren), (bivuls)(Eryer)

Q@ 1 two-lepton two-quark coupling: (¢%¢;)(dyqf")
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The general form of lepton-photon vertex can be written as:

V¥ = a2 W (FYL Py + FihPr) + (FLLPL + FLLPr)g"
+ i(Frio™ Pr+ Frpo™ Pr)q,]

The general form of the branching ratio can be expressed in
terms of F1/ and FJ as follows:

J I\ _ 2 172
B¢ =) = 167rA4F (IEAI + FHI)
where I'y, is the total decay width of decaying lepton.
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Tree level LF'V contribution exist:

L4

M Zf
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If they are dominated by tree-level contributions from ).p and
Qew, one gets:

B A\ [Brlu— e
\/!C%2|2+1031’2 < 245x 10710 (m) \/%

B A \? [Brlr — ey
\/’0%3}2+ C31* < 235 x 107 (m) \/%7

of AN [Brlr— ]
\/‘033}2+\C§2\2 < 271 x 10 6(—1 Te\/) \/Mx:lo_g’
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mep on self-energy diagrams
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genera| expression lor !“!I can !e o!talne! lrom electlve

lepton-photon interaction:

di = x I [Fly] (1)

numerical expressions for the bounds on Wilson coefficients:

1 TeV)”
de = —2.08x 107" Im [2x 107> C"* + O] ( Ae ) ecm,
1 TeV\?
d, = —2.08x107" Im [2 x 107° C}?* 4 C2?] ( Aev) ecm,
1 TeV?
d, = —2.08x 107" Im [C%] (Te> ecm,
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2my. i
= eAgl Re [FTR] }

numerical expressions for the bounds on Wilson coefficients:

Qy

1 eV
a. = 1.17x107° Re[2x 107° C3M* + ] ( Ae ) :

1 TeV)”
a, = 243 x 107" Re[2x 107° CP2* + C77] ( Aev) :

ar = 41x107 Re |10 x (1.6 CL)* 4 2.0 3

- 17 (e e)) +og] (¢ TAeV) |
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|“!ree—!o!y ! ! !I!II!III !ecays

3 groups of decays, depending on composition of the final state
leptons:

® Three leptons of the same flavor: ut — efete™, 75 = etete™
and 7 — ptptpu.

® Three distinguishable leptons: 7 — eTptp™ and 7+ — pFete.

® Two lepton of the same flavor and charge and one with different
flavor and opposite charge: 7+ — eFputpu® and 7+ — pTete®.
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2 r eee
Cueee <3.29 x 107 (1 TeV) \/ Bl>[<ﬂlg>*12] )

2 /Br[r—eee]
Creee < 1.28 X 107 (1TeV) Y SR

Br[r ]
Cfuuu < 1.13 x 107 (1 TeV) 2.1><_;g!jg

with Cgigfgfgf given by
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!OHC'USIOHS

® We calculated the expresion for several theoretically important
and experimentally well constrained lepton flavor observables,
giving for them the impact results in term of Wilson coefficients
of all effective operators which could give contribution to such
processes.

® Clear evidence of physics at higher scale

® Understand the origin of flavors more deeply
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