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1. Introduction

The Standard Model (SM) is often considered to be only arcfie approximation of some
more fundamental theory, valid at much higher energy scales hint how this fundamental theory
may look like can come from the flavor structure of the SM. Delieg on the specific realization
of New Physics, various patterns of the relative size of #omges of the flavor violating decays
can emerge. The current experiments already palace stargjraints on many models beyond
the SM. We investigate lepton flavor violation(LFV) prooessn terms of coefficients of higher
dimension operators which are suppressed by powArarfd are added to the SM Lagrangian:

g 1 5 ~5) , 1 6) ~(6 1
ﬁwzzy+xgqhxtwﬁgqn¢uﬁ(ﬁ>. (1.1)

Herefé&) is the usual renormalizable part of the SM Lagrang'@ﬁ,) is the Weinberg op-
erator giving rise to neutrino massé@l(f) denote dimension-6 operators, a@ﬁ) stand for the
corresponding dimensionless coupling constants. Theré@rindependent dimension-6 opera-
tors, only much less numerous subset of them is importantF& processes in charged lepton
sector, so our numerical analysis is quite predictive. Btef dimension-5 and 6 operators is given
in [1].

We computed the complete set of the tree-level and one loofrilbotions to the radiative
lepton decay$ — ¢y as well as to Lepton Electric Dipole Moments(EDMs) and Antmaa Mag-
netic Moments(AMMs). We also obtained the formula for altigas of the three body charged
lepton decay rates and for flavor violating Z boson decaysfitoh pairs[2]. The derived expres-
sion allowed us to obtain model independent bounds on theowitoefficients of LFV operators.
Having such bounds can significantly simplify and speed gpctimparison with experiment the
specific models of New Physics, as now the predicted by thduesaf Wilson coefficients need
to be calculated in terms of parameters of such models.Ttaenalol expressions can correlate, in
this paper we focus on radiative lepton decay and three bloaged lepton flavor violation and as
an example show how they can correlate.

2. Lepton Flavor Violation in the SM with Dimension-6 operator s

In this section we present some of our results for lepton flaiaating effects in the charged
lepton sector of the SM extensions. We have calculated ttegydates of the several experimentally
best constrained observables , expressing the final foefiotdhem in terms of Wilson coefficients
multiplying the effective operators. We discuss how cormgnvarious processes could help us

finding correlations(or cancellations) between diffefelRY couplings.
The effective flavor violating lepton-photon vertex asdolk,

Vz];ziy“ = ﬁ [V“(vatﬁ_ + va,iQPR) + (FSTH_ 4 FSEPR)QH

+ (R "R +F Lo Pr)qy] (2.1)

Only tensor form-factorbr andFrr contribute to physical observables.
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The general form of thé — ¢;y branching ratio is given by:
Br [t — £1y] . ’Ffi‘2+’Fﬂ’2 . 2.2)
16mAAT, \ I TR L

wherel, is the total decay width of decaying leptdi), = 1;2:53 andr ; also includes the hadronic channels.
Only the operatorQ«y andQes can give contribution to thg — /;y at tree level, if their coefficients are
comparable to other Wilson coefficients of the dimension érafors, they dominate the effective photon-
lepton vertex, with the form factors simply given by:

Fie=Fil = w2 (owCh - suCly ) =wzc). (2.3)

The summed finite 1-loop results fBf| , Frr form-factors for the/; — ¢y decay can be written down
as:

efio_de Ct(pl) me (1+5) - ¢|) mi +C¢er“)( )+ 3 ok
™= (4n)2 3 kzl e Ml
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Operators of dimension-6 also give contributions to dedayeavy charged Iepton into three lighter
charged lepton. We obtain the branching ratios for decagati charged lepton to three lepton of the same
flavor,

Br(t — (il1l) = % (4(ICvLL >+ |CvrrI? + [CuLrl? + [CvrL?)

=+ |CSLR|2+ |C3QL|2+48XV). (24)

whereX, denotes the photon contribution ah is the total decay width of the initial lepton. The photon
penguin contribution reads:

16ev 1
Xy = _WRe[(ZCVLL ++Cvir— ECaR) CR

1
+ (ZCVRR—i-CVRL - ECSRL) C;L}

6422 ¢ 11 ) 5
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The quantitie€x read as:
G = 2((255, - 1) (i "+ )+,
Ovr = 2(2§vcf' +cf'”)
1.
Gun = 3o = (26 (6 ") ).
1 . .
Grm = —5Car= ((2§V—1)c;'e+céfgf.)7
Cp = 2v2C)”,
Cr = 2v2C). (2.5)
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We can check potential correlation between obtained egjmes. Many dimension-6 operators con-
tribute to both expressions for radiative lepton decaysfanthe three-body charged lepton decays. Thus,
their decay rates can be correlated. The ratio of both destag iin case in which onlgzé' iS non-zero

depends solely on SM parameters and is given/riglrj,(logg — 171)). Itis interesting (particularly for pro-
f

jecting new experiments which would measure each of theydesgparately) how strongly this ratio could
be modified by contributions other then photon penguin.

The ratio of both decays is independent of the s¢atd NP and depend only on the ratios of Wilson
coefficients. Thus, given a specific model, one can deterthmbranching ratio for one process in terms of
the other one independently of the scale of New Physics.

As an example, let's assume that only the Wilson coeffici@Htscge andcé,lf)fi do notvanish. In Fig. 1

_ fi cfi
we show the ratios Bit; — (ty] /Br [¢; — ({1 (] as a function 01%”5‘ and%ﬁ—. The value predicted in
14 14

the photon-penguin domination scenario responds to [§8j6Y) in each plot. As one can see, contributions
from other operators can change this ratio even by factor 8e2eral other correlations discussed in [2].

3. Conclusions

We calculated expressions for several lepton flavor obbérsan the extended Standard Model with
general dimension 6 operators. We discussed the poteotialation between the decay rates of the radiative
lepton decays and 3-body flavor violating charged leptomg&cSuch correlation could be potentially very
important for designing new experiments.

References

[1] B. Grzadkowski, M. Iskrzfiski, M. Misiak and J. Rosiek, JHE®10, 085 (2010) [arXiv:1008.4884
[hep-ph]].
[2] A. Crivellin, S. Najjari and J. Rosiek, JHERI04, 167 (2014) [arXiv:1312.0634 [hep-ph]].



Charged Lepton Flavor Violation

Saereh Najjari

Br[r - ey]

Br[r - eee]

Briu - ey]
Br{u — eee]
4000 S e e [
I 400
2000 & I
I 200;
ﬁQP‘ | rcok :
) 0 ©" 0
as 8 3 |
O o I
—-2000 2007
| B, —400}
/DAY 4 LE
_4000 O \..\ o L L L L L L ‘\ L L n | [
—4000 -2000 0 2000 4000
¢e/ b
Brlr - py]
Bri{r - puul
200 e
100F
D ~ B
Q L
Q 0
SR I
O
~100}
_200 MERUEEEN. - _ARES
-200 -100 0
ci2ic®

-400 -200 O 200 400

13,13
C¢e/ C7

SN 3

100

fi (1) fi

Figure1: Ratios Bf¢j — ¢1y]/Br[¢i — Efefe_f] in the%"’ﬁ—%,— plane.
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