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ABSTRACT: Taking the supersymmetric inverse seesaw mechanism as the explanation for
neutrino oscillation data, we investigate charged lepton flavor violation in radiative and
3-body lepton decays as well as in neutrinoless p — e conversion in muonic atoms. In
contrast to former studies, we take into account all possible contributions: supersymmet-
ric as well as non-supersymmetric. We take CMSSM-like boundary conditions for the
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account. This is in particular important for the correct interpretation of existing data
as well as for estimating the reach of near future experiments where the sensitivity will
be improved by one to two orders of magnitude. Moreover, we demonstrate that ratios
like BR(7 — 3u)/BR(7 — pete™) can be used to determine whether the supersymmetric
contributions dominate over the W* and H¥ contributions or vice versa.
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1 Introduction

The recent discovery of a bosonic state at the Large Hadron Collider (LHC) [1, 2] stands
as a major breakthrough in particle physics. Although further confirmation is required,
all data are compatible with the long-awaited Higgs boson, thus completing the Standard
Model (SM) particle content. Furthermore, the properties and decay modes of this scalar
are in good agreement with the SM expectations, making the SM picture more motivated
than ever.

In this context, it is crucial to keep in mind that the SM cannot be the ultimate theory.
In fact, and besides theoretical arguments such as the hierarchy problem, there are very
good experimental reasons to go beyond the SM (BSM). The best of these motivations is
the existence of non-zero neutrino masses and mixing angles, now firmly established by
neutrino oscillation experiments [3-5]. Since the SM lepton sector does not include them,
one has to go beyond the SM.

A generic prediction in most of these neutrino mass models is lepton flavor violation
(LFV), not only in the neutrino sector but also for the charged leptons. Depending of
the exact realization of the neutrino mass model, the rates for the LF'V processes can be



very different. For instance, high-scale models typically predict small branching ratios,
thus making LFV hard (if not impossible) to be discovered. In contrast, one expects
measurable LF'V rates if the scale of new physics is not far from the electroweak (EW)
scale. These low-scale mechanisms generating neutrino masses are thus more attractive
from a phenomenological point of view, since they offer a window to new physics thanks to
their LF'V promising perspectives. Moreover, they can be directly tested at the LHC via
the production of new particles if these are light enough.

On the experimental side, the field of LFV physics will live an era of unprecedented
developments in the near future, with dedicated experiments in different fronts.! In the
case of the muon radiative decay pu — ey, the MEG collaboration has announced plans for
future upgrades. These will allow for an improvement of the current bound, BR(u — ev) <
5.7-10713 [7], reaching a sensitivity of about 6 - 10714 after 3 years of acquisition time [8].
Limits on 7 radiative decays are less stringent, but they are expected to be improved at
Belle II [9]. These will also search for lepton flavor violating B-meson decays. Moreover,
the perspectives for the 3-body decays ¢, — 3 {3 are good as well. The decay u — 3 e was
searched for long ago by the SINDRUM experiment [10], setting the limit Br(ux — 3e) <
1.0 - 107'2. The future Mu3e experiment announces a sensitivity of ~ 10716 [11], which
would imply a 4 orders of magnitude improvement. In the case of 7 decays to three charged
leptons, Belle IT will again be the facility where improvements are expected [12], although
recently the LHCDb collaboration has reported first bounds on 7 — 3 [13]. The LFV
process where the best developments are expected in the next few years is neutrinoless
i — e conversion in muonic atoms. In the near future, many different experiments will
search for a positive signal. These include Mu2e [14-16], DeeMe [17], COMET [18, 19]
and PRISM/PRIME [20]. The expected sensitivities for the conversion rate range from
a modest 10714 in the near future to an impressive 10718, Finally, one can also search
for LFV in high-energy experiments, such as the LHC. A popular process in this case is
the Higgs boson LFV decay to a pair of charged leptons, h — £,03, with a # 5 [21, 22],
which has recently received some attention [23-34]. First bounds on h — u7 have been
reported by the CMS collaboration [35].2 For other possibilities to search for LFV at high-
energy colliders, see [36-52]. In table 1 we collect present bounds and expected near-future
sensitivities for the most popular low-energy LFV observables.

With such a large variety of processes, a proper theoretical understanding of potential
hierarchies or correlations in a given model becomes necessary. This goal requires detailed
analytical and numerical studies of the different contributions to the LFV processes, in
order to determine the dominant ones and to get a proper interpretation of the LFV
bounds. Furthermore, the understanding of the LFV anatomy of several models allows
one to discriminate among them by using combinations of observables which have definite
predictions [58].

In this work we are interested in LF'V in supersymmetric and non-supersymmetric vari-
ants of the inverse seesaw model (ISS) [59]. This low-scale neutrino mass model constitutes

!See [6] for a recent review.
2The CMS collaboration also reports an intriguing 2.5 o excess in h — pu7 leading to BR(h — Tu) ~ 1%.



LFV Process Present Bound | Future Sensitivity
ey 5.7 x 10713 [7] 6 x 10714 [8]
T — ey 3.3 x 1078 [53] ~3x 1079 [9]
T =y 4.4 x 1078 [53] ~3x 1077 [9]
w— eee 1.0 x 10712 [10] ~ 10716 [11]
T —> Ui 2.1 x 1078 [54] ~ 107° [9]
T e ptuT 2.7 x 1078 [54] ~ 1079 [9]
7T = pete” 1.8 x 1078 [54] ~107° [9]
T — eee 2.7 x 1078 [54] ~ 1079 [9]
p=,Ti— e, Ti | 4.3 x 10712 [55] ~ 10718 [20]
p,Au— e, Au | 7 x 10713 [56)
p, Al = e, Al 10715 — 10718
pu=,SiC — e, SiC 10714 [57]

Table 1. Current experimental bounds and future sensitivities for some low-energy LFV observ-
ables.

a very interesting alternative to the usual seesaw mechanism. The suppression mechanism
that guarantees the smallness of neutrino masses is the introduction of a slight breaking
of lepton number in the singlet sector, in the form of a small (compared to the EW scale)
Majorana mass for the X singlets. This allows for large Yukawa couplings compatible
with a low (TeV or even lower) mass for the seesaw mediators. With this combination,
one expects a very rich phenomenology, including sizable LFV rates and additional con-
tributions to the radiative corrections to the Higgs mass [60-62]. In the supersymmetric
(SUSY) version of the ISS, the new singlet fermions are promoted to singlet superfields.
The appealing features of the ISS mechanism are kept also in the SUSY version.

LFV in models with light right-handed (RH) neutrinos has already been studied in
great detail. Early studies [63-66] already pointed out the existence of large enhancements
in the LFV rates with respect to those found in high-scale models. More recently, there
has been a revived interest due to the expected experimental improvements in the near
future. Interestingly, dominant contributions have been found in (non-SUSY') box diagrams
induced by RH neutrinos. This was first shown in [67] and later confirmed in [68-70]. In
this case, the future pu — e conversion experiments will play a major role in constraining
light right-handed neutrino scenarios. The usual photon penguin contributions get also
enhanced in the presence of light RH neutrinos, see for example [71]. Regarding the
SUSY contributions, several studies have recently addressed the role of the Z-penguins.
A large enhancement with respect to the usual dipole contribution was reported in [72].
Later, this result was (qualitatively) confirmed in [70] and further exploited in several
phenomenological studies [73—-76]. However, in [77] it was shown that the results in [72]
(and the subsequent studies [73-76]) are incorrect, due to an inconsistency in [78]. While



this has a negligible impact in the case of high-scale seesaw models, this is not the case for
low-scale seesaw models like the supersymmetric version of the ISS.

Given that recent studies pointed out important but partial results and the upcoming
experimental improvements, we aim in this work for a complete calculation of the various
LFV observables taking into account all contributions at the same time. One of our results
will be that there exist several regions in parameter space where cancellations between
various contributions occur, changing the interpretation of existing and future experimental
results. In order to do so we have made use of FlavorKit [79], a tool that combines the
analytical power of SARAH [80-84] with the numerical routines of SPheno [85, 86] to obtain
predictions for flavor observables in a wide range of models. This setup makes use of
FeynArts/FormCalc [87-92] to compute generic predictions for the form factors of the
relevant operators and thus provides an automatic computation of the flavor observables.
We use this setup to compute for the first time the Higgs penguin contributions to LFV in
the inverse seesaw.® In addition, we improve previous studies in others aspects as well: (i)
we make use of the full 2-loop renormalization group equations (RGEs) including all flavor
effects in the SM and SUSY sectors to obtain the parameters entering the calculation, and
(ii) we include for the first time the decays 7= — pte"e™ and 7= — et pu~.

The paper is organized as follows: in section 2 we present the ISS model and its
supersymmetric extension. The LFV observables induced by the extended particle content
and the dominant contributions are discussed in section 3, and in section 4 we present
our numerical results. In section 5 we draw our conclusions. In the appendices we first
introduce the formulae for the mass matrices and our convention for the loop integrals
before presenting the additional contributions to the 1- and 2-loop RGEs compared to the
MSSM case. More importantly, they contain the complete set of contributions to the LEV
observables discussed in this paper.

2 Inverse seesaw model and its supersymmetric extension

In the inverse seesaw, the Standard Model field content is extended by ngr generations of
right-handed neutrinos vg and nx generations of singlet fermions X (such that ng+nx =
Ns), both with lepton number L = 41 [59, 63, 94]. The corresponding Lagrangian before
EWSB has the form

. ~ - 1 .. —
Liss = Lom — YIURH Ly — MA7R X, — iuggxij + h.c., (2.1)

where a sum over i,j = 1,2, 3 is assumed.* Lgy is the SM Lagrangian, Y, are the neutrino
Yukawa couplings and Mpg is a complex mass matrix that generates a lepton number

3The Higgs penguin contributions to LFV processes were first considered in the context of the inverse
seesaw in [93]. However, our paper goes beyond this reference in two ways: by doing the computation in
the mass basis and by taking into account all contributions to the Higgs penguins.

4The ISS requires the introduction of at least two right-handed neutrinos in order to account for the
active neutrino masses and mixings. The most minimal ISS realization [95-97] consists in the addition of
two right-handed and two sterile neutrinos to the SM content. However, its minimal SUSY realization [98]
requires only one pair of fermionic singlets.



conserving mass term for the fermion singlets. The complex symmetric mass matrix px
violates lepton number by two units and is naturally small, in the sense of 't Hooft [99], since
in the limit px — 0 lepton number is restored. This Majorana mass term also leads to a
small mass splitting in the heavy neutrino sector, which then become quasi-Dirac neutrinos.
After EWSB, in the basis (v, ug , X), the 9 x 9 neutrino mass matrix is given by

0 mb o
Mgss=|mp 0 Mg |- (2.2)
0 M} px

where mp = %vi and v//2 is the vacuum expectation value (vev) of the Higgs boson.
Under the assumption pxy < mp < Mg, the mass matrix Migg can be block-
diagonalized to give an effective mass matrix for the light neutrinos [100]

1 ,
Mgy ~ mpMp pxMpg'mp, (2.3)

whereas the heavy quasi-Dirac neutrinos have masses corresponding approximately to the
entries of Mp.

As usual, one can easily obtain a supersymmetric version of the model by promoting the
corresponding fields to superﬁelds and X (1 = 1,2,3) and including the corresponding
interactions in the superpotential. ThlS reads

o ~ 1 P
W = Wussm + €Y/ 07 LYHY + Mg, 0° X; + hx XiX; (2.4)
Whssm is the superpotential of the MSSM given by
Whissm = eaijjUZO@?ﬁg — eaijjﬁ?@?ﬁg — eabYeijEiCE?ﬁg + eabuﬁgﬁg , (2.5)

where we skipped the color indices. The corresponding soft SUSY breaking Lagrangian is
given by

soft __ soft ~C, 2 ~Cx vk, 2 v,
—L% = —Lyissm + Y mpevy + Ximi,, X;

- <T,§'Jaabﬁffigﬂb + B, UEX; + B” X Xj+X;m% o7 +hc> (2.6)
where B%[R and BLJX are the new parameters involving the scalar partners of the sterile
neutrino states. Notice that while the former conserves lepton number, the latter violates

lepton number by two units. Finally, L?\?StSM collects the soft SUSY breaking terms of the
MSSM.

~Lifsn = (carTIOCQGHY — canT DEQEHY — e T ES LY HY + e B HH} + hc.)
1
+5 (M1>\B>\B + S My Xiy ALy + MaAEAL, + h.c.)
+ <5ab(Qq)*mg z]@b + (bc)*m?i ij[)C (UC) My, ’L]UC)

+ E*m2 GBS + Sap(L§)*mi ;LY + my | Hal* + miy, | Hu|” . (2.7)



The neutrino mass matrix has the same form as in eq. (2.2), just replacing v by v, the vev
of the up-type Higgs boson. The mass matrices of this model are the same as in the MSSM
apart from the sneutrino sector. Neglecting for the moment being the soft-breaking terms
which lead to a splitting between the scalar and pseudoscalar parts, the corresponding
mass matrix reads

m2 + 302V, IV} + Dy, —% (vd,qu,T - vuTJ) %vu%<YVTM;‘B)
mZ=| L (vquV* . UuTV> m2e + MpM}, + 102Y, v — My (2.8)
%UUM]"QYV* —ugM}T% MEM; +m% + psu
with
Dy = —m% cos® Oy cos 28 1. (2.9)

The complete mass matrices including the B-parameters as well as all other mass matrices
can be found in appendix A.1.

3 Low energy observables

The fact that the LHC has not yet seen any supersymmetric particles [101, 102] implies, at
least in the specific SUSY model we consider in this work, that squarks and gluinos must
be heavy. However, it could well be that sleptons, charginos and neutralinos are relatively
light, thus having large contributions to LFV decays. Here we will consider the processes
lo — Lgy, Lo — Lglyls and p — e conversion in nuclei. In this section we will present the
effective low-energy lagrangian and the basic formulae for the observables. This will also
serve to fix our notation (we stay close to the conventions of ref. [79]). The details for the
calculations of the corresponding form factors can be found in appendices C-G.

3.1 Effective lagrangian

The interaction lagrangian relevant for L'V can be written as
Lirpv = Lopy + Lag + Logaq + Lopay - (3.1)
with

[,ggw = 657/3 [’7“ (KILPL + KﬁPR) + imgaa“”ql, (KQLPL + KQRPR)] KQAM + h.c. (3.2)

L= Y Akl PxlolsT Pyly + hec. (3-3)

I1=S,V,T
X,Y=L,R

Lopa= Y BiylglPxlad,T1Pydy +hec. (3.4)

I=S,V,T
X,Y=L,R

Lovzu = L202dl g, Boso - (3.5)

Here e is the electric charge, ¢ the 4-momenta of the photon, P r = %(1 F 75) are the
usual chirality projectors and ¢, and d, denote the lepton and d-quark flavors, respectively.



Furthermore, we have defined I'g = 1, I'yy = 7, and I'r = 0,,,. We omit flavor indices in
the form factors for the sake of simplicity. The underlying Feynman diagrams as well as
the complete analytic results are given in appendices D-G.

Whenever possible, we have compared the explicit analytical formulae for the form
factors with results already available in the literature. The supersymmetric contributions
to boxes, Higgs penguins, photon penguins were found to perfectly agree with [78, 103],
while the supersymmetric Z-penguins only differ from [78] via a constant term as pointed
out in [77]. This constant term does not impact the result of [78] where a high-scale seesaw
mechanism is considered but it can lead to non-physical results in low-scale seesaw models.
We have also cross-checked our calculation of the non-SUSY boxes with [68], confirming
their results. To the knowledge of the authors, this is the first calculation of the non-SUSY
Higgs penguins in a two Higgs doublet Model, thus no comparison was possible.

3.2 £o — €Y
In case of the radiative decay ¢, — €37, the corresponding decay width is given by [104]

5
Qem™My

o (K + K5T) (3.6)

T (fa — fﬁ’y) =

where the dipole form factors KQL ! are defined in eq. (3.2), aem being the fine structure
constant.

- —p=pt
3.3 05 — £5050%

Next, we consider the £ (p) = {5 (p1){5 (pg)ég(pg) 3-body decays. Using the operators in
our LFV lagrangian, the decay width is given by

m? 16 22
1
+5; (\AEL\QHA%Rf) (}A gl + 4% \2)

§<\Au\ +|ke]) +3(\A¥R\ ke[ 6 (1AL + |4k
62

2¢?
+5 (KEAR + K AT, + ce.) — = (KF AR + KF AV +cc.)

46

3 (KQLA +K2RALL+CC>

(ASLAT + A5 ALy 4+ c.c) — (AiRA +ASLAVL—|—cc)].

Here we have defined
A%y = A%y + KX (X,Y =L,R) . (3.8)

The mass of the leptons in the final state has been neglected in this formula, with the
exception of the numerical factors that multiply the KQL  contribution.’? Eq. (3.7) agrees

>We note that the correct form for the terms proportional to K2 was first obtained in ref. [64].



This paper [78]

Ky ATy
AEL eQBgL
AIS{R ezﬁ’f
AY, e? <;B1L - FLL>
ARp e? (;Bﬁ + FRR>

1 ~
1 A
Afp— 545 ¢ (BE + Fa)
A%L 6234{/

T 2pR

Table 2. Relation between the form factors deﬁned in this paper and the ones in [78]. Here

A~ A Y

By" = Bp" 4+ Byt and By = BP 4 Bl and Fyy = 5 with EL and Ef the
z

tree-level Z-boson couplings to a pair of charged leptons (see appendix A.2).

3 nggs’

with the one in ref. [78], but includes in addition A7, and A%, . In [78], these contributions
were absorbed in the corresponding vector form factors, A‘L/R and AEL, by means of a
Fierz transformation [105]. In contrast, A7, and A%, were explicitly added to the set of
contributing form factors in [70]. The relation between our coefficients and the ones of [78]

is given in table 2

3.4 £, — L5 e+

We consider the £, (p) = {5 (p1)¢5 (p2)€5 (p3) 3-body decays, with 3 # v. The decay width
is given by

Pt 600 = 575;3 [64 (15 + |5 (mlog :ij —8> (3.9)
15 (1450 + | akal”) + 5 (JaEl” + 4k [)
(‘A ) +‘A ‘ >+3 (‘AZR‘ +’A§L)2>+4 ({AELfﬂAﬂR\Q)
26

= (KQLA + KEAV: + KEAY: +K§ALL+CC):|.

Here we have used the same definition as in eq. (3.8). Furthermore, as for ¢, — 3 /g, the
mass of the leptons in the final state has been neglected in the decay width formula, with
the exception of the dipole terms KQL B

Finally, we note that eqs. (3.7) and (3.9) are in perfect agreement with the expressions

given in ref. [70].



_ + )y
3.5 05 — £he e

Finally, we consider the ¢ (p) — Eg(pl)ﬁ; (p2)€; (p3) 3-body decays, with 8 # 7. The
decay width is given by
_ - m5a 1 2 2 1 2 2
D(G=G66) = 1% [24 (147.) + | 4%l") + 5 (1488]" + [45.") (3.10)
o 12N 1 e (2] e 12
Al >+3 (‘A{R‘ +|Ake| >+6 (1AL +|A%Al")

1 * * 1 AV % AV %
— 35 (AELA%L+A§%RA£R+C-C~) ~5 (AERAER‘*'A%LA%L“‘C-C')} .

2 R 2
i (\Am N

The same definitions and conventions as in the previous two observables have been used.
Notice that this process does not receive contributions from penguin diagrams, but only
from boxes.

3.6 Coherent pu — e conversion in nuclei

We now turn to the discussion of u — e conversion in nuclei, which will follow the conven-
tions and approximations described in refs. [103, 106] (see also [107-109] for detailed works
regarding the effective lagrangian at the nucleon level, [68, 110] for a calculation including
the effects of the atomic electric field and [111] for recent improvements on the hadronic un-
certainties). The conversion rate, relative to the the muon capture rate, can be expressed as

e Ee mz G% ad, Zéﬂ sz
827

« {‘(z +N) (g(LD& + g(LOS)> +(Z-N) (9(Ll\)/ + gﬁ%) ‘2 +

CR(u — e, Nucleus) =

)(Z +N) (gﬁ_-?)v + g%) +(Z-N) (g;;& n gg;) ’2} F;pt . (3.11)

Z and N are the number of protons and neutrons in the nucleus and Z.g is the effective
atomic charge [112]. Similarly, G is the Fermi constant, F}, is the nuclear matrix element
and I'cape represents the total muon capture rate. p. and E. (~ m,, in our numerical eval-
uation) are the momentum and energy of the electron and m, is the muon mass. In the
above, gg?}( and g&%}( (with X = L,R and K = S,V can be written in terms of effective
couplings at the quark level as

0 1 . ,n
9&(1{ =3 Z (QXK(Q)G(Igp) +9XK(q)G% )> )
q=u,d,s
1 1 , n
9&(}( =3 Z (QXK(q)G%p) —QXK(q)G% )> . (3.12)
q=u,d,s

For coherent y — e conversion in nuclei, only scalar (S) and vector (V) couplings con-
tribute [106]. Furthermore, sizable contributions are expected only from the u,d, s quark
flavors. The numerical values of the relevant Gk factors are [106, 113]

awr =g =2, QP = g =1,



agt | 12792783 | G, | 1.11639 - 107°GeV 2

ags 0.11720 My 91.18760 GeV
mp(my) | 4.2GeV my 172.9 GeV

my 1.777 GeV

Table 3. Input values for the SM parameters taken at My unless otherwise specified.

Gur) — g¥¢m =51, ¢ = @i = 43;
Gor — g = 25 (3.13)

Finally, the gx k() coefficients can be written in terms of the form factors in egs. (3.2), (3.4)
and (3.5) as

ILV(q) = g ’Qq (Kf — K3') — % (CHEE + ClERy (3.14)
9RV@) = 9V R (3.15)
st = — s (CE + OB 3.16)
9RS() = 9ILS@|pp - (3.17)

Here @), is the quark electric charge (Qq = —1/3, @, = 2/3) and C’ggf = BX,, (C)I((Y) for
d-quarks (u-quarks), with X = L, R and K = S, V.

4 Results

4.1 Numerical setup

For the numerical examples we have implemented the model in the Mathematica pack-
age SARAH [80-84], which creates the required modules for SPheno [85, 86] to calculate
the masses and mixing matrices including the complete 1-loop corrections. In the Higgs
sector we include in addition the known 2-loop corrections to the Higgs mass from the
MSSM [114-119]. However, this does not include 2-loop corrections stemming from the
extended neutrino and sneutrino sectors, where we can have sizable Yukawa couplings.
Moreover, SARAH calculates also the full 2-loop RGEs including the entire flavor structure
for the model, which we have summarized in appendix B. This will be of great importance
in our numerical studies, as we use CMSSM-like boundary conditions, see below for their
definition. In the flavor observables we include all possible contributions. These are calcu-
lated using the FlavorKit interface [79]. In the context of this project we have extended
the lists of observables implemented in FlavorKit by ¢, — E;KEE; and ¢, — EEZEE#.

The numerical evaluation of each parameter point is performed as follows: the Y,
Yukawa couplings are calculated using a modified Casas-Ibarra parameterization [120],
properly adapted for the inverse seesaw [121, 122] (and fixing Mp = 2TeV, ux = 1075 GeV
and the lightest neutrino mass m,, = 10~%eV):

V2

(%7

Y, VD /xRD i Ubyins - (4.1)
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Here D s = diag(y/my,), Dx = diag(v/X;), X; being the eigenvalues of X =
M Ruj_{lMg, and V is the matrix that diagonalizes X as VXV = X. Furthermore,
we parameterize the complex orthogonal R matrix as

1 0 0 cos 0{%3 0 sin 9{% cos 9{%2 sin 9{%2 0
R= {0 cos6¥ sin6% 0 1 0 —sin 0 cos0f 0 | . (4.2)
0 —sin 0% cos 0% —sin 0% 0 cos 6% 0 0 1

Below we will set R to the unit matrix except when stated otherwise. We use the best-fit
values for the neutrino oscillation parameters as given in [123]:

Am3, =7.60-107° eV?, Am2; = 2481073 eV?,
sin? 019 = 0.323, sin? 63 = 0.467, sin®6;5 = 0.0234. (4.3)

which are close to the ones obtained in [3-5]. We make use in our scans of the values

0.0956 —0.0589 0.0348
Y,=f-1072-| 0.616 0.594 —0.687 (4.4)
0.404 1.78  1.91

fixed with f = 1 even if we vary Mpg. This is because one can always adjust px to fulfill
neutrino oscillation data without affecting any of our observables.

SPheno derives the SM gauge and Yukawa couplings at Mz where we take the masses
and couplings given in table 3 as input. 2-loop RGEs for the dimensionless parameters
are then used to evaluate these couplings at Mgy, defined by the requirement g; = go,
where g; and gy are the couplings for the U(1)y and SU(2); gauge groups, respectively.

At Mgyt the CMSSM boundary conditions are applied
mzc:mizm?:mz 2

2 2 2
de = mHu = mo

2Em%l

The mixed soft-term m_QXVc is set to zero at the GUT scale and is not generated via RGE
effects. Moreover, the phase of 1, which is an RGE invariant, is given as input. The ratio of
the Higgs vevs, tan 8 = Z—Z, completes the list of input parameters. Then 2-loop RGEs are

used to evolve these parameters to Qrwss = /t1t2. The numerical values for superpoten-

tial terms Mg and px, as well as for their corresponding soft terms By, and B, , are used

Hnx
as input at the SUSY scale. B, and || are obtained as usual from the minimization condi-

tions of the vacuum.® At Mgysy the 1-loop corrected masses are calculated before the RGEs

®In principle one could require that all B-parameters are proportional to each other, e.g. B, : By, :
Buy = p: Mg : px. However, as their actual value does not have any significant impact as long as this
ratio is fulfilled up to a factor 2-3 we fix for simplicity By, and By .
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Figure 1. BR(p¢ — ev) as a function of Mgysy and Mg. The other parameters are given in the
text. The gray area roughly corresponds to the parameter space excluded by the LHC experiments.

my 1TeV My o 1TeV

Ay | -1.5TeV Mp 2TeV
By | 100pux | Ba, | 100 Mg
tan (3 10 sign(p) +

Table 4. Standard values for the various parameters. Mg and pux are taken proportional to the
unit matrix.

run down to My to re-calculate gauge and Yukawa couplings using the new SUSY correc-
tions. These steps are iterated until the mass spectrum has converged with a numerical
precision of 107%. Afterwards, SPheno runs the RGEs to Q = 160 GeV for the calculation
of the operators which contribute to quark flavor violating observables and to Q) = My for
the calculation of the operators needed for lepton flavor violating observables. These op-
erators are then combined to compute the different observables using «(0), which includes
to a large extent the effects from running the operators between My and the energy scale
where the LF'V processes take place (usually given by the mass of the decaying particle).

4.2 Numerical results

We will use the parameter values given in table 4 as starting point for our numerical
computations unless stated otherwise. A variation of the soft SUSY parameters is denoted
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by a variation of Mgyusy, which actually implies a variation of three parameters at the
same time Mgysy = mg = M 2= —Ap. For completeness, we note that fixing the ratio
mo/Ap usually gives a Higgs boson mass, my, that does not agree with the ATLAS and
CMS measurements. Nevertheless, we emphasize that (1) our results depend only weakly
on the value of Ay, and (2) contributions mediated by h itself are subdominant. Therefore,
the actual Higgs boson mass is of little importance for our investigations here.

We start with the discussion of i decays as the bounds are strongest in this case. In
figure 1 we show the dependence of BR(u — e7) on M and Msygsy as well as the individual
dependence of the SUSY and non-SUSY contributions. The latter consist of v-W=* and
the v-H* contributions. There are two particular features: (i) if Mr = Msysy the SUSY
contributions are more important than the non-SUSY ones and the relative importance
of the SUSY contributions increases with the scale. The reason for the latter is that the
mixing between light and heavy neutrinos decreases like ~ mp/Mp, whereas the mixing
in the sneutrino sector decreases only logarithmically with the scale. (ii) The non-SUSY
contributions can flip its sign. This is due to a sign-difference between the v-H* and the
v-W# contributions to the coefficients KQL B This is in contrast to the analogous decay in
the quark sector, b — sv, where the W*- and H*-contributions have always the same sign.
The reason for this difference can be found in eqs. (D.12)—(D.18), presented in appendix D,
where the light neutrino masses appear instead of the mass of the heavy t-quark. We have
checked explicitly, both numerically and analytically, that we recover the b — sy result if
we replace the corresponding masses and Yukawa couplings. Finally, we stress that the
scalar masses are functions of Msysy, which explains why also the non-SUSY contribution
actually depends on the SUSY scale. With our specific structure of the Y, matrices we
find that Mg has to be larger than Mgygy for the sign flip to occur, which is also the
reason why we do not observe it in case of Mr = Msysy. The grey area corresponds to the
part of the parameter space which is excluded in the CMSSM by the most recent ATLAS
results [102]. However, we want to stress that even though the squark and gluino masses
are essentially the same in our model as in the CMSSM, the cascade decays can be quite
different due to (i) the enlarged sneutrino sector with additional light states and (ii) the
different slepton masses. Thus, this is a rather conservative bound.

In figure 2 we display our results for the branching ratio BR(u — 3¢e) as well as the
various contributions to this decay. Here we find that for the case Mr = Mgygy the non-
SUSY boxes dominate. This fact was first noted in [67] and later confirmed by [68-70].
Note that this does not depend on the overall strength of the Y, couplings, which we rescale
as Y, — fY,. This can be seen from the lower right plot: all contributions scale in the
same way. However, the situation can change in principle if one allows for additional flavor
violation in the soft SUSY breaking parameters. Note that the sign-flip induced by the H*
contributions is not as pronounced as in the case of u — e7y, where it led to a change of
the overall sign, as the different contributions to the off-shell photon appear with different
weights. However, it is the reason for the observed kink in the non-SUSY v-penguin. We
also observe that we have negative interference between non-SUSY Z-penguins and the
corresponding box contributions. In particular, for larger values of Mg this can reduce
BR(p — 3e) by up to an order of magnitude. Since this is precisely the region which will
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Figure 2. BR(u — 3e) as a function of Msysy, Mg and an overall scaling parameter f for Y,,.
The other parameters are given in the text. The gray area roughly corresponds to the parameter
space excluded by the LHC experiments.

be probed by future experiments, the possible appearance of these cancellations has to be
taken into account in order to interpret the experimental results properly.

Similar features appear in case of u — e conversion in nuclei, as exemplified for the case
of an aluminium (Al) nucleus in figure 3. The main difference is that there is a large part
of parameter space where a pronounced negative interference between the non-SUSY Z-
penguin and the corresponding box contributions can occur. Note that with the expected
sensitivity of 1078 one can probe Y, couplings down to a few x1076 for Mr = Mgysy =
1TeV or, equivalently, to a mass scale of about 5 TeV in case of Y, as given in eq. (4.4). As
we found for the 3-body decays, for higher mass scales the non-SUSY Z-penguins can be as
important as the corresponding box-diagrams. The overall features are essentially element
independent as can be seen in figure 4 where we show all three observables discussed so far
together and include also p — e conversion in titanium (Ti). In case Mg ~ Mgsysy, we find
that © — e conversion in nuclei is the most stringent LFV observable in our model.

Turning now to the LFV 7 decays, we show in figure 5 several branching ratios for the
scenario defined above. Unfortunately, they are too small to be observed in the near future.
Below we will show alternative scenarios (in which the R matrix is not assumed to be the
unit matrix) where this is not the case. Nevertheless, they show an interesting feature which
is quite generic in this model: BR(7 — peTe™) ~ BR(7 — 3u) and BR(7 — ep™p™) ~
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Figure 3. ;1 — e conversion on Al as a function of Mgysy, Mg and the scaling parameter f for Y.
The gray area roughly corresponds to the parameter space excluded by the LHC experiments.

BR(7 — 3e). Particularly interesting is that these branching ratios are sensitive to the
relative size of the non-SUSY contributions compared to the SUSY ones. We also stress
that the various contributions contribute similarly as in case of © — 3 e. For completeness
we note that BR(t — eute™) and BR(7 — pe™p™) are strongly suppressed, at least
a factor of 107 with respect to the other 3-body decays, as they require at least one
additional flavor violating vertex in the dominant contributions.

It is worth stressing that the fact that the p observables are more constraining than
the 7 decays is correct in large parts of the parameter space. However, there is also a
substantial part where the opposite is true, as exemplified in figure 6 where we tune the
parameters such that both, u- and T-observables can be discovered in the next generation
of experiments. For this we have adjusted the diagonal entries of pux as well as 95% and
calculated Y, using eq. (4.1). Clearly, this part of the parameter space requires quite some
hierarchy in px to explain neutrino data correctly. Note that even in this part of parameter
space the ratios BR(7 — pete™) ~ BR(7 — 3pu) and BR(T — eu™ ™) ~ BR(T — 3e¢)
show the same dependence on the ratio Mr/Mgysy as in the previous case.

The impact of the R matrix and the hierarchy in the ux entries is further illustrated
for the decays ¢, — (g7 in figure 7. Again, we have calculated Y, via eq. (4.1), such
that the results from neutrino oscillation experiments are explained correctly. One finds
that, depending on the region in the parameter space, either the p decay or the 7 decays
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Figure 4. BR(u — ev), BR(u — 3e), u—e conversion in Ti and Al as a function of My and Mgysy-
The gray area roughly corresponds to the parameter space excluded by the LHC experiments.

are more important. As in case of the 3-body decays, one finds fine-tuned combinations
of the parameters where all decays can be observed in future experiments. Note that for
fixed 6% the branching ratios scale like flz% /fx where fr and fx denote an overall scaling
of Mg and px, respectively. Moreover, the branching ratios scale like tan? g if the SUSY
contributions dominate. In case the non-SUSY contributions dominate we find only a slight
tan 8 dependence for very large tan 8 values.

Finally, let us comment on the Higgs penguin contributions to the different LFV ob-
servables. In all our numerical scans they have been found to be completely negligible and
that is why we have decided not to include them in our figures. In principle, one could
look for sizable Higgs penguin contributions by going to regions in parameter space with
large tan § and low pseudoscalar masses [93, 124]. This, however, would require dedicated
parameter scans in order to overcome the constraints from flavor data, as these regions
are already in strong tension after the LHCb measurement of the Bs — pu™p~ branching
ratio [125]. For this reason, we have not pursued this goal any further. Nevertheless, we
have checked that the Higgs penguins contributions to £, — ¢gf{s and p-e conversion in
nuclei have the expected decoupling behavior for large Mg and/or Mgysy scales.
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5 Conclusions

This paper represents the first complete computation of selected LE'V observables in sce-
narios with light right-handed neutrinos. These include the radiative decays ¢, — {7,
the 3-body decays o, — £gl,{s (in several variants) and neutrinoless ;1 — e conversion in
nuclei. Our results are valid in the inverse seesaw and should also hold in low-scale type-1
seesaw models with nearly conserved lepton number, the inverse seesaw being a specific
realization of these models. Compared to previous studies, we have also included Higgs-
penguins and considered non-supersymmetric as well as supersymmetric contributions to
the corresponding LFV amplitudes simultaneously.

For the numerical examples we took a CMSSM inspired scenario where we also consid-
ered the limiting cases with either M > Mgysy and Mgsysy > Mpg. Our main conclusions
can be summarized as follows:

e The SUSY contributions dominate the induced photon penguins if both, Mgz and
Msusy, are about the same size. For Mp < Mgusy/2 the non-SUSY contributions
start to dominate the radiative decays £, — £3.

e For low Mp scales the LFV phenomenology is dominated by non-SUSY contribu-
tions. This holds in particular for the 3-body decays and p-e conversion in nuclei.
These are mainly given by boxes and Z-penguin diagrams containing right-handed
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neutrinos in the loop. In contrast to the usual high-scale seesaw models, in which
their contributions to LF'V processes are tiny, the right-handed neutrinos can play a
major role in low-scale seesaw scenarios. In what concerns the non-SUSY box contri-
butions, our results confirm previous claims in the literature [67-70]. Furthermore,
we have highlighted the relevance of the non-SUSY Z-penguins, previously regarded
as subdominant in most studies.” They are particularly relevant for larger values
of Mg, where we often find a negative interference between the Z-penguins and the
box contributions. This will be particularly important when the next generation of
experiments start to probe this mass region.

e The proper decoupling of the different contributions has been checked explicitly, e.g.
we have checked that the SUSY-contributions, the #“-X and the Higgs contributions
decouple independently as expected.

e Currently, the radiative decay pu — e7 is the most constraining LF'V process. How-
ever, due to the promising experimental prospects in the near future, the situation
will change. If the coming experiments perform as planned, y — 3 e will be the most
relevant LF'V process in the mid term, whereas neutrinoless p — e conversion in nuclei
will set the strongest constraints in the long term.

e Ratios of 7 LF'V branching ratios can provide additional information about the dom-
inant contributions. In particular, when the non-SUSY contributions dominate, one
finds BR(7~ — p eTe”)/BR(t — 3pu) =~ BR(t~ — e utpu”)/BR(t — 3e) ~
0.5 — 0.8, whereas for a SUSY dominated scenario BR(r~ — p~ete™)/BR(1 —
3u) > BR(r™ — e utu™)/BR(r — 3¢). This can in turn be used to get a hint on
the hierarchy between the seesaw and SUSY scales.
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A Masses and vertices

We give first our conventions for the mass matrices as well as for the corresponding rotation
matrices. These matrices are then used to express in appendix A.2 all the vertices needed
to calculate the LF'V observables.

A.1 Mass matrices

e Mass matrix for Neutrinos, Basis: (VL,Z/]%:,X)

0 oYl 0

V2
my = %UUYV 0 Mp (Al)
0 M{ px
This matrix is diagonalized by U
UV*m, UV'T = mdia (A.2)

e Mass matrix for CP-odd Sneutrinos, Basis: (o,0r,0x)

Moso, Men  dgt k(YT M)
mo; = Moy op Mopon 8‘Q(BMR — MRM}) (A.3)
Lo R(MEY;) (B, — nxM}) Moo

Mo, = 5o ROV )+ R(mf) + (o 4 0B) (- ot)1 (A

S —\}i@dm(w:) —uu (1)) (A.5)

Monon = &e(mi) + %(MRM;) + %vg &e(y,,yj) (A.6)

Moo = R(MEMz) +R(m% ) = R(Bux ) + R (i ) (A7)

This matrix is diagonalized by Z°:

Zim2, 2 = mde (A.8)

e Mass matrix for CP-even Sneutrinos, Basis: (¢, ¢r, dx)

MoLér ml Lo R (VI M)
i = MoLér Moror %(BMR + MRM}) (A.9)
Lo R(MEY;) R(BL, +uxMp)  moyox
1 1
M, b = 51}3 §R<YVTYV*> + %(ml?) + 3 <g% + g%) (vfl - vi) 1 (A.10)
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Mo bp = \2 (vﬂ%(uYf) — vu%(Ty))
Moy = %(mf) + %(MRM;) + %vﬁ §R(Y,,YJ )

Moxox = R(MEME) +R(m% ) + R (B ) + R(nxs )

This matrix is diagonalized by Z%:

R_2 Rt _ _ 2dia
VA myRZ T—ml/R

e Mass matrix for Down-Squarks, Basis: <d~L,a1,ciR7a2>

m

2
d

M dy 7 (UdTJ —vupY] ) Oa 3

%5%51 (vde - UquM*) ULF S

1 1
Ma,d; = "o (395 + g%) <v§ - vi) Sanpr 1+ §6a151 (2m§ + vledTYd>

1

1
2(,2 2 2 2
md}gd}‘% = ﬁgl (vu - vd) 6042,321 + §5a252 <2md + UdeYJ)

This matrix is diagonalized by ZP7:

gD 27Dty 2edia
d d

e Mass matrix for Up-Squarks, Basis: (4r.q,,UR,a,)

2 _
mg =

My i % ( — vapYa + UUTJ) Oc1 B

%50@61 ( - 'UdYu,U* + 'UuTu> Magpak,

1 1
Mara; = _ﬂ< - 39% + g%) (US - U1.2L) 60&1511 + 5504151 <2m3 + U?LYJYU)

1

1
Magay = 50028 <2m’l2t + /U’lQLYuYJ> + *g% (Uczl - Ui) OasBs1

2

6

This matrix is diagonalized by ZY:

U, 27Ut _ 2,dia
Z"myZ T—ma

e Mass matrix for Sleptons, Basis: (ér,ér)

Me &t % (vdTeT - vuMYJ)
% (UdTe — UuYe,u*> Mépés,
1 1
Lavivs (=gt af) ()1t
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1 1
i = Soavvt Lt (-

This matrix is diagonalized by ZF:

ZEm2zE1 =

vg) 1+ m? (A.25)

m2 e (A.26)

e Mass matrix for CP-even Higgs, Basis: (¢4, ¢,)

9 %(g%—i—g%) (3U§—U5>+m%d+\u\2
my =

This matrix is diagonalized by ZH:

ZHMmj zMT =

At e (5,)

—% (g% + g%)vdvu — %(BH) —% (g%Jrg%) (—31}5—%1}3) +m%{u+|,u|2

(A.27)

m i (A.28)

e Mass matrix for CP-odd Higgs, Basis: (04, 0,)

§(3+93) (03—02) +mdy, +1ul?
on —

+&m?(2)

Gauge fixing contributions:

R (B# -

%(BM)
5ot +a3) (vi—ok) iy, 1l
(A.29)

2 2
ivﬁ (gl sin Oy + g2 cos @W) —ivdvu (gl sin Ow + g2 cos ®W>

2 —
m*(Z) = ) 2 2
—1VdVy <g1 sin Oy + g2 cos @W) ng (gl sin Ow + g2 cos @W>

(A.30)

This matrix is diagonalized by Z4:
ZAmIQL‘oZA’Jr = mi’gm (A.31)

e Mass matrix for Charged Higgs, Basis: (Hd_,H;[*) , (Hd_*,HJ>
9 M= = %ggvdvu + BZ 9
e ey mAWT) (A32)
1920aVu + By My
1
gy = § (208 02) + g3 (08 + 02)) + i, + 1l (A3
1
mygens = 5 (97 (= vi+02) + g3 (vi+02) ) +miy, + [ (A.34)
Gauge fixing contributions:
1.2,2 1.2
m2(W~) = ( 192% _492”‘“’“> (A.35)
_%ggvdvu ig%vi

This matrix is diagonalized by Z*:

Ztmy_z 0t =m0 (A.36)
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e Mass matrix for Neutralinos, Basis: ()\B, Wo,ﬁg,ﬁg)

1 1
My 0 —391va 3
1
— 0 My 592va —
X 1 0
—391V4 3592Vd
1 1
5910y —35920y  — [

This matrix is diagonalized by N:

N*monT = m)dz%a

e Mass matrix for Charginos, Basis: (Wﬂf[i) , (W*,ﬁj)

1
my- = 1M2 \/§Q2Uu
ﬁQQUd 2

This matrix is diagonalized by U and V'
* di
Urmg-VT = md*
e Mass matrix for charged Leptons, Basis: (er), (e})
o= ()
This matrix is diagonalized by U} and Up

€,% e,f _  dia
Uy meUp' = mg

g1Uy

1
592Uy

—p
0

e Mass matrix for Down-Quarks, Basis: (dr.q,), (dj;%,&)

mg = ( %vddoq& YdT>
This matrix is diagonalized by Ug and U f_—"i

Ug’*mdU;é’T = mgia
e Mass matrix for Up-Quarks, Basis: (urq,), (u’;% 51)

my, = (%vuéalleuT)
This matrix is diagonalized by U} and Up

U, % u,t _  dia
U m, U =my

~ 93 -

(A.37)

(A.38)

(A.39)

(A.40)

(A.41)

(A.42)

(A.43)

(A.44)

(A.45)

(A.46)



A.2 Vertices

In this appendix we list all vertices relevant for our computations. Our conventions are as

follows:

e Chiral vertices are parameterized as

L R
FFanScPL + FFanScPR
L R
FFanVCW#PL + FFanVC”WPR

e The momentum flow in vector and scalar-vector vertices is

Lg,s,ve (P, — s,
Lypveve (9ou(=pT, +17,) + 9po (1Y, +1V,) + Gou(—1Y, +17,))

Here we used polarization projectors Py, g, metric g,,, and momenta p of the external fields.

A.2.1 Fermion-scalar vertices

c 1 * * * *
Pij’lfzrféj’xij% :—592 (UﬂVmZI?Q + UjZ‘/z'lZI?l)
¢ 1
Po =T a5 4y = 50 (VaVie2isy + UaVin 2% )

1 * * * *
_§(Ni3(glel Nz)Zm 92N22N 3Zk1 glNi4Nj1ZI?2+g2Nz4N 2Zk2
* * A * * A * A
+ 92 N2 N4 Zis + g1 N;y (Nj3Zk1 - Nj4Zk2>)
Pijk—ri?i?Ag—i Zii| | — g1 Na1 + g2Ni2 ) Nj3 + Niz| — g1 Nj1 + g2 Nj2

+ Zih ((glNil — gZNi2)Nj4 + Nia (glel — gzNj2)))

d,L L _ d,*
Aije =18, a;549 = dap § :UL jb E UgsaYaavZia
i 3 3
d,R R * d d A
Ak = dmijAg 7\[ E E Yd,abUR,jaUL,inkl

3

) 3
7 €,%
A =T7, AT T Z Z UiaYeanZia
\/5 a=1

b=1

3 3

{ e e A

Auk Fz 049 = 2 E E Y. oo U 5o UL 0211
b=1a=1

3
u,L _pL ? Z w,*
A’Uk - Ul(x“]ﬁAg 7_\/560‘/8 L ]b 2 :UR ia u abZk2
b=1 a=1
. 3
wR_pR ? ZZ
Az]k: - u,aujﬁAg - \/i Yu abUR j(LUL zbZkQ
b=1a=1
3 3
AV L__ L 1 UV’* UV* UV* UV* v ZA
ijk u7u_7~A2 f jb i3+a uab + ib j3+atv,ab k2
a=1 a=1
3
AVEZTR =L Uy YUl zi
ijk IJ.LV] k f V ab 3+a b + v,ab 13+a b k2

b=1 b=1 a=1
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(A.47)

(A.48)

(A.49)

(A.50)

(A.51)

(A.52)

(A.53)

(A.54)

(A.55)

(A.56)

(A.57)

(A.58)



3 3

Wik =T, =05 (92U Z UL Zh ~ U S U S YauZh ) (A.59)
a=1 b=1 =1
3 3
Wz‘z;}cR :Fg;ujﬁgzv =0y Z Z Y:,abUg’,,jazlgy‘/i? (A.60)
b=1a=1
c, 1 * *
Sz]f )L<1+>Z;hk :_ﬁg2 (Ujl‘/i2ZI}cLIQ + U; 2‘/7.1Zk1) (A61)
1
ngg fjr;(; hi :—592 (UﬂVﬂZ;g + UiQlezﬁ) (A.62)
1 * * * *
Szgk—régg?hkzi(NiB(glel Nz)Zm N N3Zk1 91N¢4Nj1215{2+92N24N ZZk2
+ 92N NG 2 + NG (NG 205 = Njazls ) (A.63)
Szgk =rf R0%0hy, = (Zﬁ ((glNz'l - gan)st + Ni3 (g1Nj1 — gzsz))
+ Zits (( — 91N + 92Ni2>Nj4 + Ni4( -1 Nj1 + gzNj2>)) (A.64)
3 3
de]lf_r)[zlngﬂJ;:W:aﬁ’Y( g2NzQZU Zka, _Ni*SZUz:;bZYd,abZ]g)+a - glNﬂZUL JaZka>
b= =1
(A.65)
3 /3
NZI?_F”OCI pdn, = —0p ( Z Z ViUt jaZivNis + ~n 3 0 Z ZiraUk ja 21) (A.66)
b=1a=1 a=1
3 1 3
N.Lljlkf ~0 :_NZEZUL gbZY;abZkl’H’a 2g1N’b*1ZUz’;aZkE:1 gQN’LQZUL ]aZka
a=1 a=1
(A.67)
N'L]k*F 02 (fglzzki’)«kaURja il +ZZYeabUR]aZkbN13) (A68)
a=1 b=1a=1
u 1 * , U, * U, % W, %k
Nl]kL_Ff(/ ujg Uy, :7657(592]\/}22 UL ]aZka+Nz4Z UL JbZYu abZk3+a+ g1N212 UL JaZI[cJa)
a=1 b=1 a=1
(A.69)
2f 3 3
NiE =Tl a =05, (S50 ZZk3+aUR,N 0= DD ViU a2k Nia) (A.70)
b=1a=1
d, 1 d,* d,*
szlf _F(Li;(,djﬁhk = \/5 045 Z UL ,jb Z UR 1aYd abZkl (A?l)
a=1
Hiif—rgmdjﬁhk: aﬁZZYd Ut aUt v 21 (A.72)
b=1a=1
3 3
Wzdj,kL :Féjd]ﬂqu 6&7 (92‘/7,1 Z UL ]aZka - ‘/13 Z Ug:;b Z Yu,abZIgS+a) (A73)
’ a=1 b=1
Wil?lfzrgj'dwaz =0py ; 21 YiaUk jaZkbUz2 (A.74)
u, d,* u,*
‘/ZJkL_FéiadjﬂH}:’ O‘BZUL ]bZUR ia uabZk? (A75)
b=1 a=1
Vi =T fm d; i+ =008 Z Z YUt jaUL v 25 (A.76)
b=1a=1
3 3
+,L L e,* V,* +
Ve =L, 0 HE :Z UL Z Uiy aYv,abZgs (A.TT)
b=1 a=1
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3 3
V;;LkR - iZjHZ_r :Z Z e, abUR jaUzb Zkl (A78)

b=1a=1
H’Uk Flﬁ'ljhk f Z L ]b Z U}e%ta €, abZkl (A79)
H’L]k Fglj hk f Z Z Ye abUR ](lUL zbZkl (ASO)
b=1 a=1
Xl[}k_r”+£ ;/1 = \[( gQ‘le ZUL ]aZI::: + ‘/12 ZUL b sz3+a uab) (A81)
b=1
. 3
7 z *
Xl}jk_r~+e vi TZ kb Z eabUR ja Uiz (A.82)
b=1 a=1
1 3 3 3
Xhk=Tk, 2( Z Ut 2 v S Ups, Zz,ﬁgiayy,ab) (A.83)
a=1 b=1 a=1
1 3 3
X”,FF.JrZ =T S 2> YeaUsjaUs (A.84)
b=1 a=1
3
u,L L w,* u,*
szk _Fﬁmujﬁhk ﬁéaﬁ Z UL,]b Z UR iaYu, abZk? (A.85)
b=1 a=1
3 3
H'Z}f Pu,a Jﬂhk 6aﬁ Z Z Yu abUR,]aUL zbZkQ (A86)
b=1 a=1
3 3
v, L L J* *
Hijk :FVz‘thk T(ZU]‘Z Z Uz‘g+a v,ab Tt ZU'X Z J3+a Y, ‘lb) Zk? (A'87)
b=1
1 3 3
Hiuj]?:FIIZ'thk :_E(ZZ I./llb 3+a b + ZZYV abUz‘§+a )Zlg (A88)
b=1a=1 b=1a=1
3 3
c,L 1L _y/* E,x V,*
Fijk _Fi;rujék — Va2 Z Zkb Z UJ3+aYV7ab (A89)
b=1 a=1
T (gQZZE UL ZZYE W ZfLURU:2) (A.90)
b=1 a=1
In addition, we introduce
d, R\ % d,R __ d, Ly Tru, L u, R\ x u,R u, Ly %
Wz]k (szk ) Wz’jk = (sz‘k ) ijk (sz’k ) Wijk = (Wjik ) (A-91)
v L R \* R L \* L AN R Lo\
Xz'jk = (ij‘k) Xz'jk = (ink) Xz'jk - (ij‘k) Xz'jk = ( jik) (A'92)
d,L d,R % d,R _ d, L% cu,L u, Ry % vu,R w, Ly %
Nijk - (Njik ) Nijk - (Njik) ijk — (Njik ) Nijk - (Njik ) (A.93)
vl R \x vR _ L \* —d,L /v u,Ryx —d, R v u,Lyx
Niji = (N, Ny = (N, e = Vi) Vie = Vi) (A.94)
+,L v+, Ryx +,R _ tr+,Lyx
Vz’jk = (V]z ) Vijk - (V;z ) (A'95)
A.2.2 Fermion-vector vertices
L L c,R R
Fot =1L = = ST =78 = e§:s A.
1] X;FX] 'Y:U ) Xj'xj Y € 1] ( 96)
CL X*)Z’Z = ggU 1 cos OwUiy + - U ( — g1 8in Oy + g2 cos @W) Uz (A7)
i Aj
CR F~+ S 2 g2V;1 cos O Vi1 + 3 Vé( — g1 8in O + ga cos @W>V}2 (A.98)
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1 : * *
Ml =Tho, == (915mOw + g2 cos Ow ) (N3 Nis = NjiNa) (A.99)
1 : * *
ME=Th, = <91 sin Oy + ga cos ®W> (Ni3Nj3 - Ni4Nj4) (A.100)
1 .
DZI; Fd];mdjﬁzu = 66(155“ (392 cos O + g1 sin @W) (A.101)
1 .
DE=T§ 4,7, = — 39100304 sin O (A.102)
Sul L _ 1 dx
Vi = Ddyswy = —5925@8 Z UL jaULiia (A.103)
a=1
u,R __ R _
Vij tradsgwi = 0 (A.104)
+,L _ pL
‘/Z_] - FViZjW:— 92 Z L]a (A105)
Or+,R R _
Vi =Lws =0 (A.106)
1 .
EZL] - e%ejzu = 551‘3‘( — g18in Ow + go cos @W) (A.107)
Eff =T, , = —g16;sinOw (A.108)
1 :
Uj; = Fémujﬁzu = —65aﬁ5ij (392 cos O — g1 sin @W> (A.109)
2 .
Ui? = Fgmujﬁzu = ggl5a55ij sin O (A.110)
3
1 : Vi
VUL = Ffwjzﬂ =5 (91 sin Oy + g9 cos @W> Z U, Ui‘g (A.111)
a=1
1
VR F,f,,] =3 (91 sin O + g2 cos @W> Z UlZ’*U}Z (A.112)
In addition, we introduce
rd, L Sru, Ly % d,R > 4, L N4, Ly R {r+,Ryx
Vit =ty vt =ty vt =ty vt =t (as)
A.2.3 Scalar vertices
Azgk AUH;HZ’ = - igg (UdZié + Uuzﬁ) ( - Z+’*Z:2 + Z;—Q,*Z]jl) (A114)
. 3
A =Ta0ger = — %(Zzﬁ*zzku—a Te.avZiy ZZZJEgia T Zin 2
b=1 b=1a=1
3 3
+ ( - /‘Z Z YoawZigiaZin + 1"y 255> n,abzgm) Z;‘;) (A.115)
b=1a=1 b=1 a=1
Ak =Tao, ivp =0 (A.116)
~. 1 3 3 3 ) 3
ik = Taouip = — NG (uz zyr Z Vb 2o a2 — “Z ziy Z Yo a2 724
b=1 =

3
+,U/*ZZ Z ;3*4_& VabZ'Ll_:U/ ZZZ*ZZIC3+G, VabZZl
b=1
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3 3 3
R,* q,% * A T,k R,* * A
+ Z Zkb Z ZJS+aTu,abZi2 - Z Zjb Z Zk3+aTu,abZi2

a=1 b=1 a=1

+ Zzé—{b’* Z JZ;_;'_G V,abZzQ ZZ]Z; sz3+a VabZ'LQ
b=1 a=1
3 3
+ Z Z]S;* Z Z;f;,b Z Yu*,acMR,abZig - Z Z’L iy Z Zk6+b Z Yl/ acMR a,bZ7,2
c=1 b=1 a=1

a=1
3 3 3 3
-z 2y z M o Yo 2+ z 2 2l S MoV Zh)
c=1 b=1 b=1 a=1
(A.117)
ATk = FAOVRL/R =0 (A-118)
1 *
5= Doy g = = 7 (2007 (20 (o + )0l + a2 ) + 28 (= of + 022 + vz ))
+ Z;; * (Zu (( —gi+ gg)UdZI:rQ + ggUuZ;rl) + Zg((g% + gg)vuzzjz + ggvdzkﬁ)))
(A.119)
. 1 8
Hije = Thigiep = — (( - g5+ g%) Z 230" Zi (Ude‘}lI - vng)
3 3 3
2(V2yo 75 sza vanZH 4+ V2 ZZZﬁ;;a T 25,21
b=1 = b=1a=1
3 3 3 3 3
+ 2v4 Z Z]E:’)_:c Z Ye*ca e baZk3+bZ7,1 + 2vq Z Z Z] - Z Ye*ac e abchZg
= b=1a=1 c=1 b=1 a=1
—V2u ZZE*Z Yo abZisraZis WMZZYMZ,Z St Zin Zis
a=1 b=1a=1
3
+ i Z Z35 o Zisa ( —vaZH + vng))) (A.120)
o ) s 3
B =Thuig = — ¢ ( - ﬂpz zi Zyyiabz;;;azﬁ - \/iuz zy ZY, w2
= = b=
3 ) 3
-V ZZ;ZJZ JrraYoa 2 = VU Y LY 2 Yea 2l
b=1 a=1
+\/§ZZ ZZ;;Jra uabZzQ +\/7221*Z ]Zc?:k+a l/abZ7,2
b=1
+\/7§:Z Z ]3+CL u,ang+\/§ZZZ*ZZk3+a uabZzQ
b=
303 3 3
BN 7Y 7 2 YiaeMnarZiz +2 Z 2303 L ) YoaeMraw s
c=1 b=1 = = b=1 a=1
3 ) 3
+V2 Z Z5.. 52 Z M acYoanZiz + V2 Z Zigee 2200 D MiacYoan Ziz
= b=1 b=1 a=1

+2UuZZ ZZZ*ZYV aCYV abZz2 +2UuZZ;*ZZ ZYV acYVabZZE
a=1

+ 20, Z 25y Z 735 Z YicaYonaZiz

a=1
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3 3 3
Ly % Ly * H
F20u Y 20 Y T > ViicaYosaZi

c=1 b=1 a=1
3 . .
+ (98 +2) Y. 27 207 (vazll - v.28))
a=1

rrir . _
ijk — Fhiy;yfj =0

3 3 3 3
rrrT 1 R,* * R,* H R, *
ijk = Fhiyﬁug =T ( - \/EH Z iy Z Yu,aij3+aZi1 - \/iu Z Zjb Z Y ab
b=1 a=1 b=1 a=1

3

VS 2 2 Ve 2~V S Y
b=1 b=1

a=1

3 3

3 3
V2 2N 2 T a2 + V2 2Ry 2 T s
b=1 b=1

a=1 a=1

3

3 3 3
VIS S 2 Y 2 S 2l
b=1 a=1 b=1

a=1
3

3 3 3
V22 ST 2 S Ve Mran ZE V2> 2N
c=1 a=1

b=1 c=1

3 3 3 3
V2 G ST M e 2B V2 206
c=1 b=1 a=1 c=1

k34+a

a=1

(A.121)
(A.122)

H
Zil

H
7abZi1

* H
Yu,ucMR,abZiZ

a=1

3
)k * H
§ Mu,acYV,abZiQ

a=1

3 3 3 3 3 3
R,* R, x * H R,* R,* * H
+ 2vy g ch g Zjb § Yu,acyu,u.bZi2 + 2vy g Zje E Zkb E Yu,acYV,abZi2
c=1 b=1 a=1 c=1 b=1 a=1

3 3 3
R,* R,* * H
+ 20, Y ZET YT ZE S Y Yo 2
c=1 b=1 a=1

3 3 3
R,* R,* * H
+ 2vy E 251 e E  Zy3%s E Yo caYvbaZiz
c=1 b=1

a=1

3
+ (gf +g§) S ozl zl (vdef - vquzI))

a=1

A.2.4 Scalar-vector vertices
h i +,% 7 A +,k 7 A
A = FA?H;WJ =592 (Zjl Zin + Zj, Zi?)
1
h +.x 7 H +,% 7 H
H5" =Ty powi = 592 (ij Zis = Zj Zil)

h _ P
Ejj = FH;H]MM = —edj;

1 .
Zzhjh = FH[H;'ZH =5 (91 sin Oy — go cos @W)éij

€ —_— ~ o~ _— ..
Fij; = Feiejw = —edjj

2

a=1

- 3
i _ .
Vij=Vyiyrg, = 5 (91 sin Oy + g2 cos @W) Z Z;&*ZJZ’*

a=1
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(A.123)

(A.124)

(A.125)
(A.126)

(A.127)
(A.128)

3 3
. E 1 . E
E’L] = Féiéjzu = g1 S1n @W Z Zi31:aZ]%+a + = (gl Sin 9W — g2 COS @W) Z Z’ia7*ZjECL

a=1

(A.129)

(A.130)



1
Hiww — FhiW;'WN_ — 7595 <vng + vng> (A.131)

Ehw == FH;W;»’YM = _m€2 (UdZ:?* - UUZ£7*> (A132)
1 X <\ .

Z,L-hw = FH;WU*ZM = 59192 (vdei’ — UuZZ-Jg’ ) sin Oy (A.133)
(A.134)

In addition, we introduce
A —(Alpy Hh = (A RO (R ZM0— 2y (Ads)

A.2.5 Vector vertices
Y = FW;’YUWJ = g2 sin @W (A136)
Zuww _ Uyt z, = —g2c08 Ow (A.137)

B Renormalization Group Equations

We give in the following the 2-loop RGEs for the considered model. For parameters present
in the MSSM we show only the difference with respect to the MSSM RGEs. In general,
the RGEs for a parameter X are defined by

4
dt

1
(1672)

1
X = @ng 4 BY (B.1)

Here, t = log (Q/M), with @ the renormalization scale and M a reference scale.

Gauge couplings

AP = g (1Y) (B2)
ABR) = —2g§ﬁ(yyyj ) (B.3)
Gaugino mass parameters
ABD = —%g% (MlTr(YVYJ ) - Tr(YJ T,,)) (B.4)
As =163 (- e (vY)) + (Vi) (B.5)

Trilinear superpotential parameters

2
ABQ) =Y.Y]Y, o

AP = 2V YIYIY, - 2y ny)Y, - av v (v
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~ v () - v (Vv (B.8)

ABY = v, Tr (YVYJ) (B.9)
ABY) = -3y, T (VYY) - sy v (vy)) - v (v yd) (B.10)
3
s A A O Yy( — 3¢2 + 3Tr (YUYJ) U Tr(Yl,YVT>) LY, YY, (B.11)
6
5§ = +-@FY, VY, + 692V, Y)Y, - 2V, Y Y. Y]Y, — 2V, YV.Y]Y,

» =75

LAYV YY, Y, YY, <— 3Tr(Yde) + g & —Tr(YeYeT)) oy, V] Y,,Tr(YuYJ )
—3Y, YV, T (Y,,YJ )

1Y, (25007 + %gng + 592 ¥ (2093 + gl)Tr(Y Y*) - 3Tr(YdY Y, YT>
T (YEYJYVYJ> 9Ty (YUYJ Y, Y} ) - 3Tr<Yl,YJYl,YJ>) (B.12)

Bilinear superpotential parameters

ABY = Ty (YZ,YJ) B.13)

ABD = —,u(2Tr<Y6YVT vy!) + 3 (vyvy)) (B.14)

Bt = iz =0 (B.15)

() =2V, v Mg (B.16)
1(\2 == (YVYJY;YJ Mg+ Y, YV, Y] MR)

+ YVYJMR< — 2Ty (YVYJ) + 695 — 6Tr (yuyuf) T ggg> (B.17)

Trilinear soft-breaking parameters

ABY = v viT, T (v, V) ) — ToviveTe (v, V) — 2vuVi v (VI T
Ty

— T,Tr (Y Y}y, YT) —2Y,Tr (nYJT,YJ) —2Y,Tr (YUYJTeYJ) (B.18)
ABY = 2V.YIT, + TLY,Y, (B.19)
ABY = 2V VY YIT. —av.YY. YT, — aV.Y T, Y] Y. — av.Y[ T, Y)Y,

ATV YIY. — 2TV, Y)Y, — 6Y.Y) TyTr(YuYJ )

- 3T6YjYyTr(Yqu) COY.YIT,Tr (YVYJ) —T.Y!Y,Tr (YVYJ)

- 6YEYJYVTr(YJTu) - QnYJYVﬁ(YJTy) — TETr(YEYJYVYJ)

- QYETr(YeYJ T,,YJ) — 2V, Tr (YVYJTEYJ ) (B.20)
ABY =2y, Tr(YTT ) n TuTr(Y,,YJ> (B.21)

ABY = —aY, YT, Tx (Y,YJ ) STLY Y, Tr (Y,YJ ) —6Y. Y]V, Tr (YJ Ty>
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T, Tr (K,,Y,,TYVYJ) - ZYUTr(YeYJTVYJ) - 2YuTr(YVYJTeYJ)
3T, Tr (Y,YJY,YJ) 12V, Tr (YUYJT,,YJ> (B.22)
) = RV YT+ 4av YT + LYY + 5T Y Y, - gngy —3¢5T,

13T, Tr (YUYJ) + Tl,Tr(Yl,YJ) 1Y, (mr (YJTV) 4 692 Mz + 6Tr (YJTH) + gngl) (B.23)

B = + LEVYIT. - LMY, - 1M, Y]V, + LAY, YIT,

FOEVYIT, + STV + LRV, + 12631,

— A YIY.YIT, — 2y, VIV YT, — 4y, YIT. Y Y. — 4V, YIT.Y] Y,

—6Y, Y, VYT, -8V, YTV, Y, — 2T Y Y. Y)Y, — 4T Y V.Y Y,

%Q?Tu + gg?giTu + %g%Ty — VI T (Yav)

—3TY) Y. Tr (YdY;) - 2Y,,YJTETr(Y6YJ) — YV, Tr (YCYJ)

—6L,Y)Y, VY, +

12V, YT, Tr (YuYJ) —15T,Y] Y, Tr (YuYJ) T gng,,Tr (YuYJ)

+ 16g§TVTr(YuYJ) - 4YVYJT,,Tr(Y,,YJ) 5T Y, Tr (YVYJ)

- %YVYJYE (15Tr (Y;Td) 15Ty (YJTe) T 6ng1) —18Y, Y Y, Tr (YJTu)

—6Y, Y)Y, Tr (YJ T,,) — 3T, Tr (Yde YY) ) - TVTr(YeYJ YUYJ)

9T, Tr (YuYJ YY)} ) 3T, Tr (Yl, Y)Y,y )

- %Y,, (207g;*M1 4 45¢2g2 M + 45¢2 g2 Mz + 375g2 Ms + 20 (2Og§M3 n g%Ml)Tr(YuYJ )
—20 (20g§ + g%)Tr (YJ Tu) 75Ty (YdYJ T,Y] ) 1 25Ty (YEYJ T,,YJ)

1 75Tr (YquTTde ) 4 450Tr (Yqu TuYJ) 1 25Ty (YVYJTEYJ ) 1 150Tr (YVYJ Y} )) (B.24)

Bilinear soft-breaking parameters

ABY) = 2uTr (Y,j Ty) + BMTr<YVY,,T ) (B.25)
ABY) = -B, (QTr(YeYj Y, v ) 43Tt (YVYJ Y, v} ))

— 4y <3Tr (YVYJ T,v} ) +Tr (YEYVT T,v! ) + Tr(YVYeT T.Y,) )) (B.26)
ngx = 5}2){ =0 (B.27)
B4, = 2(2BYI M + Y. By, ) (B.28)
By, = —%( — 6g2T, Y, MR — 3063T, Y, Mp + 5Y, YJY.Y, Bug,, + 10V, Y T.Y, M

+5Y, Y)Y, Y, By, + 10Y, Y,/ T, Y, Mg + 10T, Y, Y, Y, M 4+ 10T, Y, Y, Y,l My
+ 30T, Y, MpTr (YUYJ ) + 10T, Y, MpTr (Y,,Yj )
+ ) Bary (15T (VoY) ) = 3(563 + 63) + 5T (v, ))

oY, Vi Mg (15g§M2 4 15Ty (YJ Tu) +3g2M; + 5Tt (YJ T,,))) (B.29)
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Soft-breaking scalar masses

The RGEs of the soft SUSY breaking masses are usually written in terms of a set of traces
(see e.g. [126]). In the model considered here, only one changes with respect to the MSSM:

Agar L 1
03,1 = 20 \/ﬁgl

The resulting RGEs are:

( — 30m% Tr (YZ,YJ ) + 30Tr<Y,,m12*YJ )) (B.30)

AB%) = - (20ITs + 2V ml Ve + 4miy, VIV + mY LY + YY) T (Y, )
- Q(TJYuTr (YJ T,,) LY T, Ty (TJY,,T) LYY Tr (T:TVT )
LYYTr (m%YJYV) LY YTy (mEYVYJ)) (B.31)
ABY) =2m3 VY, 4+ 2T0T, + 2V, m?2Y, + miY}Y, + Y,/ Y,m} (B.32)
AB?) = =3(2TIT, + 2 miY, + 4miy, VIV, + miYIY, + Y Vom? ) Tr(vaY))
- (QTJ T, + 2V, m2Y, + 4m%, Y)Y, + miY]Y, + V) me%)Tr(YVYJ )
- 2(4m§Iu YY)V, + vV TIT, + 2V T, Y, + 2T} V. Y, T,
+ 2T T Y)Y, + miY, YV, Y)Y, + 2V, m2Y, Y'Y, + 2V, VumiY,Y,
+ 2V Y, Y m2Y, + VIV, Y Vm? + BTJYVTr(YJTu) + TJYVT‘r(YJTl,)
13V T, T (TJYHT) +3YY,Tr (T:TuT ) LYIT,Tr (T:YVT)
LYY, T (T:TVT) LYY, Tr (m?YJYu) 1 3YY, T (mgyjyu)
13V Y, Tr (miYuYJ) LYY, T (miy,,Yj)) (B.33)
A[?(Z%I - 72<(m§{d + quu)Tr (YEYVT YVYJ) n Tr(YEYJ T, 7! ) + Tr(YeTJTVYJ) +Tr (Y,,YJTGTJ )

+ TT(YVTJTEYJ) + ﬂ(mEY;YJYVYJ) Ty (m?yjn.YJYV) + Tr(mfyjyyﬁye)

+ Tr(m?,Yl,YteYj)) (B.34)
A = 2(m§{uTr (YVYJ) +Tr (T:T,,T) n Tr(m?YJYu) T (mIQ,YuYJ)) (B.35)
" H,,
AB2 = —2((md, +mi, )T (voylvyd) + T (vVIT L) + T (VT YY) + T (VI T T
Hy g

+6m%, Tr (YVYJ Y, v ) 4 6Tr (YVYJ T, T} ) + ﬂ(YVTJ T.Y,) ) 4 6Tr (Y,,TJ T,v! )
T Tr (nge}/JYl,YJ) 4 Tr (m?YJYeYJYU) T Tr (m?YJYUYJYe) 4 6Tr (m?YJYquYy)

+Tr (m?,YVYJYeYJ) +6Tr (miYuYJYUYJ)) (B.36)

2
m u

AR = 72<(2THTJ +2Yumg Y+ amdy VY +miy Y + Vvl mi)Tr (YVYJ )

+ Q(YuTJ Tr(YJ TV> LYy (TU*Y,,T) LYY (TJT,,T )

+ YquT‘r(leYJYV) + Yuzjﬁ(mEYVYJ))) (B.37)
A8 = —2(2(miy, +m, VYV YS + VYT T + 2V T T + 2TV Y, T

+ 20TV, Y + m2Y Y v Y + 2vemiy v, vl

Lov.Yim2y, Y 4 2v.viy,m2yt 4 YeYJYUYJmi) (B.38)
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B = z(zmifuyyyj + 2T, T + 2Y,miY,) + m2v, Y + YVYJmE) (B.39)
2

B} = —= (69 MIT Y] + 3093 MY, — 61T, T — 3063, 7]

—3gimY, Y, — 15g3miY, Y, — 67 Y,miY,| — 30g3Y,miY,!

= 3GV, YImy — 1563V, YIm? + 10m3, Y, Y VoY)

+10m%, Y YIY.Y) + 10V, YIT.T) + 20m%, V. Y Y, Y + 10y, Y, T, 7

+10Y, TIT.Y,) + 10V, TIT, Y, + 10T, Y, Y. T} + 10T, Y, v, T}

+ 0L, TIYLY + 10T, TIY, Y, + 5me Y, Y YeY,) + 5miY, Y, Y, Y

+10Y,m Y Y.V, 4+ 10V, mi YV, YV + 10V, Vimly. )

+10Y, Y Yom?Y,) +5Y, Y V.Y im? + 10V, Y, m2Y, V) + 10V, Y, Y, m?Y;

LY, YV, Y im2 + 30T, T Tr (YuYJ ) T 15m2Y, Y, Tr (YuYJ )

1 30Y,m2Y, Tr (YuYJ ) +15Y, Y m2Tr (YuYJ ) + 107, T} T (Y,,Yj)

T 5m3Y,,YJTr(YVYJ) T IOYVm?YJTY(YVYJ) n 5YVYJm3ﬁ(YVYJ)

L2V, T (15g§M2 L 15Ty (YjTu) +3¢2M; + 5Tr (YJTV)) + SOTVYJTr(TfquT)

10T, Y, Tr (T:YVT) )

4
+ vy (3g3m, +15g3m%, + 67101 |” + 30g3| Mol” — 30m§,uTr(YuYJ) - 10m§,u1&~(yyyj)

- 15Tr(T[ZTuT) - 5Tr(T:TVT) - 5Tr(m$YJYV) - 15Tr(m§YJYu) - 15Tr(miyuyj)

—5Tr (m?,Y,,YJ )) (B.40)
Y =p% =0 (B.41)
X X

Vacuum expectation values

ABR) = vdTr<YeYl,TY,,Y€T) (B.42)

ABY = —p, Tr (Y,,Yj ) (B.43)

ABR) = 3vuT&"(Yij Y,,YJ) - 13—0 (593 + g%) vuETr (YZ,YJ ) + wjh"(YeYj Y, Y! ) (B.44)
C Loop integrals

The B-functions with vanishing external momenta and the arguments (a, b) are given by

52) L {alog (Z)} , (1)

e (2 L 2 2 90?10e (2
B, = 2+210g<Q2> 4(a—b)2[a b° + 2a log<a>], (C.2)

The C-functions with vanishing external momenta and the arguments (a, b, ¢) read

B

(=)
Il
—_
|
—
O
0]
N

1
= G a9 =0
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X [b(c —a)log <Z> +e(a — b)log (g) ] (C.3)
8(a — b)(al— Nb—c)

X [(c—a) ((a—b)(2log (&) —3)(b—c)—2b%log <2)> +2c%(b—a) log (2) ] (C.4)

Coo =

T 5)2(a1— SO [CQ(“ ~b)?log ()

+b(c—a) <(b — a)(b— ) — (b — 2) + be) log (2)) } (C.5)
Cy = % D) i SEICESE X [a2(b —¢)%log <2> (C.6)

+e(b—a) ((a ) (b— )+ (c(a+b) — 2ab) log (i)) ] (.7)
= g b)3(a1— )b P

X {b(a —¢)(—2(a® (b* = 3bc + 3¢%) + abe(b — 3¢) + b*c?) log (Z)

— (b—a)(b— ¢) (—3ab + 5ac + b* — 3bc) ) + 2% (a — b)? log (g) ] (C.8)

Cra = s L S [(a - b)((a — b —)(a (B + )

—be(b+¢)) + c*(a — b)(3ab — c(a + 2b)) log (g) )
+ b%(a — ¢)?(a(b — 3¢) + 2bc) log <Z> ] (C.9)

1 b
022 = 6(@ — b)(a — 6)3(b — 0)3 X |:2(L3(b — 6)3 1og ((L)
b
+ c(a —b) <2 (¢* (a® + ab + b*) + 3a*b* — 3abe(a + b)) log (c>

—(a—c)(b—c) (=3c(a+b) + 5ab + c*) ﬂ (C.10)

In the case of external photons, often the same combinations of C-functions appear. If the
arguments are (a, b, b), these can be expressed as

1

Co+Cia4+Cop=C1+Ci12+C1y = o5 — 1) ((z = 1)(z(2z + 5) — 1) — 62° log()) (C.11)
Co+Ci+Cy = m (—a® + 2z log(z) + 1) (C.12)

2012+2C11 —Co=2C124+2C2—C) = 1%(;7_1)4 (6(1—3z)2* log(z)+(z—1)(z(31x—26)+7)) (C.13)
CL+Cy = m (22 log(z) + (4 — 3x)z — 1) (C.14)
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and for (a,a,b) we get

1
Co+ C1g 4+ Oy = —Cho = o 1) (z((x — 6)x + 3) + 6z log(x) +2) (C.15)
Co+CL+Cy=-Cp = (z = 1)3 (a; 4x + 2log(x) + 3) (C.16)

In the previous expressions we used = = a/b.

For the photonic monopole operators we define special loop functions

((a — b) (1602 — 29ab + 7b?) + 6a*(2a — 3b) log ()

Mspr(a,b) = 36(a — b)7 (C.17)

Myss(a,b) = 6a3log (%) + 1;22@—_13;21) + 9ab? — 2b° (C18)
by _

Mysy(a,b) Va (2a® + 3a%b —fziib_lo[;g)él(a) 6ab? + b3) ©.19)

Mpys(a.b) = Va (2@3 + 3a2b —;?)?21)_105)4(2) — 6ab? + b3) (C.20)

My (a,b) = 6a”(a — 3b)log (%) g(fla_bfi (50 — 22ab + 5b?) (C21)

The necessary box functions with the arguments (a, b, ¢, d) read, in the limit of van-

ishing external momenta,

Po= ‘[(b—@?blo—gg(b— ) - a)(cclo—gb%(c—d)
N a)?dlo—gz%w = (€22
D=y [(b - aﬁ?fiib —3) (- a)iligb%w —J)
e ] (©2)
In addition, we define
Icypy(a,b,c,d) = Cy(a,b,c) + dDoy(a,b,c,d) (C.24)

D Photonic penguin contributions to LFV

In the following appendices we present our results for the form factors of the operators
involved in our computation, done in the mass basis. The flavor of the external fermions
will be denoted with Greek characters («, 3, 7, 0), whereas the mass eigenstates of the
particles in the loops will be denoted with Latin characters (a, b, ¢, d). A sum over repeated
indices will be assumed.
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D.1

Feynman diagrams
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We give in the following the contribution of each diagram to the different operators. We
indicate the diagram by the corresponding index (a;) with ¢ =1,...,7.
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D.2 Neutralino contributions

Ci= C’( m2 ,m? ,) (D.1)
Ay = 2F§b(1\7a,a,b NJ5 (Cra + Cog + Co)my, + NF, (NS5 .(Cia

+ Ciz + C)my, — N5 (Co + C1 + Co)myg)) (D.2)

Alany = = NalapNa s Fep Mpss(mig,mZ,) (D.3)

D.3 Chargino contributions

Ci = C’i(m%,,m;,,mzi) (D.4)

AL = 2(onbaXcBa(F )*Crame, — X (XEg J(Fy)* (Cha + Caa + Ca)my,

+ X8 (B Comy — (FgR) (Co+ Cr + CQ)mic_))) (D.5)
Ay = X0 X5 (B, Ry MSFF(mVZ,m?Cb_) (D.6)
Ci= C’i(m%_,m;_jmzR) (D.7)

A(a3) = _Q(Xoc b, aXc .8, a(F ) Cramy, — Xa b, a(Xc (Fbi’cR)*(CIZ + Ca2 + CQ)méﬁ

+ X (FphyCimg. — (Bl (Co+ Gt Comg ) (D)
A(a3) = XocbaXc,Ba(F ) MSFF( Z,R,m?(—) (Dg)

D.4 W+t and HT contributions

Ci = Ci(my,, miy— i) (D.10)
A%L) = 2F (V;aLbVaJrﬂ]i(Cu + O + Co)my,, + Va+£<va+ch(C11 + Cha + Cr)my,
— V.5 (Co + €1+ Co)ma,)) (D.11)
A%az;) Va+alf)va+ﬁléF MFSS(m?/a7 m?{;) (D12)
AL =2 (VEE VRN Co(m,  m?, mi, ) (D.13)
Aty = ( Vo VoE E Mpys(m?, m,-) (D.14)
A(ag) - 2Va+a}?)(v+ R) Fhw Ch (mz 7m12/V* ) mi]l:) (D15)
Alayy = Valaw Vil VB Mpsy (m3), . mi, ) (D.16)
Ci = Ci(m3, ,miy—,mi,-) (D.17)

Alayy = —2F" ((f/af&R)*(VaTBR)*(QCu — Cy + 2C9)my
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(Vb (V55 (200 + 2C1 = Coyma, + (7,5 (Cr+ Coyma,) ) (D.18)

Ay = (f/af&R)*(VaTéR)*Fw Mpyy (my, ,myy,-) (D.19)

These coefficients are related to the ones used in the calculation of the flavor observables
by

1
1 _ § 1L
p
1
2 E 2L
KL = —26 . . A(ap) (D21)

E Z and Higgs penguin contributions to LFV

E.1 Feynman diagrams

In the following B = Z, hy, Ag is used.

Neutralino diagrams

Self energy corrections

lo
\\
\\\ ep
Y B
)22 _STAnASe
//// éC
— /
4 n
(n3) B (n4)
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Chargino diagrams

Self energy corrections

(c3)

Vertex corrections
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W+ and HT diagrams

Self energy corrections
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Vertex corrections

Lo
A

(ws) P
Lo
(wr)
Ly
(wy) P

E.2 Neutralino contributions

E.2.1 Z-penguins

Self-energy corrections.

I = Bo(mig,mgb) (E.1)
I =B (m?(g,méb) (E.2)
VZ{(L”W) = (BF (N W NE ylomi — NE G NE  Iimg, mgo + N2 NEL Tomg,my,
— NEo o NE yTimgomy,)) /(m, — m3) + (a < B) (E.3)
VZL@m) = (Bf (NEL G NE ylomi — NE G NE  Limg,meo + N2 NE,  Tomg,my,
— Ni oy NEyimgomy, )/ (mf, —mi) + (o ¢ B) (E.4)
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Vertex corrections.

Vil = 2N 0 by NE B e Coo(m3g, m2,,m3,) (E.5
Vg = —2No 3 NE B Coo(m? m2 ,m2,) (E.6)
I = Bo(m%o,m?(g) (E.7)
= Coo(m2o, mio’m2 ) (E.8)
= Co(m o,mio, m?,) (E.9)
Vi = NoaaNiea(— (M Ismgemso) + M (I — 21> + Iym?,)) (E.10)
Vity = N&a,aﬁgc’a(—(M(fblgmxgmig) + ME(Iy — 21, + I3m})) (E.11)
E.2.2 Scalar penguins
CP even scalars.
Self-energy corrections.
I = By(m2y,mZ,) (E.12)
I = Bi(m%, m2,) (B.13)
Sfll,;,[:(nl,ng) = (HE . p(—(NL G NE yIomf )+ NE G NE  Limg, mgo — NE L NE  omg,my,
+ Noa b Neaplimsome,))/ (mg, —mi) + (2 B) (E.14)
Siﬁf(nl,m) = (Hf.. (—(NaL WNE L mE )+ NI G NE  Limg,mge — NE G NE, Tamyg, my,
+ Ny o pNeaplimsome,))/(mg, —mi) + (e pB) (E.15)
Vertex corrections.
Shp,(n3) NEo N e p,bCCO( mgc,mgb)mig (E.16)
S,ff(ng) NaLa bNB’a Hybe C’o( m2 ,m2 ,) Mo (E.17)
I = Bo(m%o,m?(g) (E.18)
= Ch(m o,mio,m2 ) (E.19)
S,f}f(m) NioaVEea(Sepplamgomse + Sty (I + Im?2,)) (E.20)
Shp,(m) lea7aNﬁL767a(Scbplgm omgo + Scbp(ll + Inga)) (E.21)
CP odd scalars.
Self-energy corrections.
I = By(m3g, m2,) (E.22
Iy = Bi(m2y,mZ,) (E.23)
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SAO (n1mg) = (AIE,C (‘(NaL Ncabf2me )+ Nfa,bNga,bIImﬁamig - NJ

a,o chabIQme me,

+ N(f/ Ncabllm omgc))/(m%a - mz) + (a s /6) (E24)
SAO J(ni,me) — (Aé/,cp<_(ch NcabIQmZ ) + Nfa,bea,bjlmeamf(g - Naa chabIme me,
+ Ny oy Noplimgomy,))/(m7, —m7) + (< B) (E.25)

Vertex corrections.

sjg,( 3 = NoapNE 0 cApbe Co(mig, mé ,m2, ) mg (E.26)
Sf{g’( 3) = N(fa bN,B a cAp,b c CO( m2 m2 ) mxg (E27)
I = Bo(m%o,m?(o) (E.28)
= Co(m?y, mio,mQ ) (E.29)
Sjg,(m) = Nbﬂ’aNB’c’a(Pc7b7p12m>~<(b)m)~<g +PS, (I1 + Iom?)) (E.30)
sLtit = NE NE (PH T o+ PE (I} + Iom2 ) (E.31)
AQ,(na) = PVbaatYBe,a\Leppl2MgdMz0 T Lepphl 7 2210, :
E.3 Chargino contributions
E.3.1 Z-penguins
Self-energy corrections.
Il = Bg(m%,,m?ﬂ-) (E.32)
I = Bl(mi_, mi) (E.33)
VZ J(c1,e3) — (EB C(Wbaa cbaIZmZ Wbl,%a,a cbaIlmgam“_ + Wbaa cbaImeamec
- Wba ,a cballmf(_mfc))/(m? - mZ ) + (Oé AN B) (E34)
V Z,(c1,c3) — (E,B C(Wbaa cbaIQmE Wbaa cballmf m”_ +Wbaa cbaIme My,
Wbaa cbaIlm*_mK ))/(mfa _mfc) +(C)é Hﬁ) (E35)
I1 = Bo(m?_,m2p) (E.36)
Xp Va
Iy = By(m2_,m_r) (E.37)
Xb
VEL = (BL (XE, L XE I —XP XE T ~_—|—X X5 I
Z,(ca,c4) B,c\“Xb,a,a<>c,b,a Zmﬁ b,a,a<Yc,b,ad 17, T b,a,a<>c,b,al2TUe, T,
- Xb a, ach aIlmf(_mfc))/(mZ - mf ) + (Oé AR 5) (E?’S)
V Z,(co,ca) — (Eﬂ,c(XbaachaIQmK XbozachallmeaTn“_ +XbaachaIQm€am£c
- Xb[:a,ach aIlmX mgc))/(mﬁa - mfc) + (a s 6) (ESQ)
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Vertex corrections.

I = Bo(mﬁ,m%) (E.40)
= Coo(m;c_ , m;b_,m?/é) (E.41)
= Co(mfzc_,mfzg,mié) (E.42)
Vi) = W,fw)’(gc’a(—(ojbfgmﬁ my-) + Cly (I = 21z + Iym?;)) (E.43)
Vit = W,]L,OL’aXEc’a(—(CCL’bIgm)Z; my-) + Cl (I — 21z + Iym?;)) (E.44)
I = Bo(méb_,mic ) (E.45)
= C’oo(m%,m;;,mi{?) (E.46)
= Co(mfzg,mfzb,,mig,) (E.47)
VEE = XE, XE. (- (CE plamy m ) + Cly (I = 20 + am?p)) (E.48)
ViR = XaaXEea(—(ChIsmgm ) + CR (I = 21, + Iym?y)) (E.49)
Vil = —2X0 oy XE 0 Ve Coo(m?, mil,mﬁf) (E.50)
Vil = —2X0 X0 Ve Coo(m3 -, my, m?jﬁ) (E.51)
VZL(LC )= 2WaLa b)?g'a Vhe C’oo(m%, , ngg, ng) (E.52)
VZLfC )= QWL bXB aCX/},CCOO(m~, ng{,ng) (E.53)
E.3.2 Scalar penguins
CP even scalars.
Self-energy corrections.
I = Bo(mfzb,,mié) (E.54)
I, = B; (m%_,mii) (E.55)
S}f,f(cl,c?,) = (H e p(~(WiaaXobalomi,) + Wik o X2y o Ty, My — WiaXeal2me,me,
+ WinaXepalimg-—my,))/(mi, —mi,) + (o ¢ B) (E.56)
Siff(cl,c?,) = (HBL,C, (— (Wb o, aXc b aIQm%a) + Wfa,anb,allmfa M — Wb aaXe, b al2me,my,
+ Wy Xk Ivmeme ) /(3 —m2)  + (e )
L = Bo(m?(b,,mif) (E.57)
I = By(m_,myr) (E.58)
SEE eyeny = (HE o (~(XEo o XF, o) + Xfa,a)%fb,aflmeamy XE XL Tmg,my,
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+ XfaaXbpalimeme))/(mf, —mi)  + (o) (E.59)
S pen) = (HE o p(—( Xy achaI2m€ )+ lea,a)%c}?b,allmfamfcb_ - Xzfa,aX Iymyg,my,
+ X aX by alimyme))/(mF, —m}) +(a > B) (E.60)
Vertex corrections.
I = Bo(m?(b_,miz) (E.61)
= C’o(m;g,mé,,m?ﬂ-) (E.62)
Shpﬂ(CS) WbL,OévaXéyc,a(Sc prQm ~Mg— + Scbp(Il + I2m12/ ) (E.63)
Shltes) = Wik o XF eSS pl2myg- - + Se (I + Iym?,)) (E.64)
I = Bo(méb_,mic_) (E.65)
= Co(mfzc_,mz_,mzﬁ) (E.66)
Sy (ex) = Xéaya)%éycya(scprme(_ My + Ser (I + Iym_r)) (E.67)
Shp (c6) — Xl{ja,af%:,c,a(sc bpl2m§<—m§<— + S bp(fl + Igmig)) (E.68)
Shp:(Clo) WaLva,bXBL,a,cﬁ;fc,bCO(mw m?ﬂ,mi ) M- (E.69)
Shp,(Cw) Wtﬁabeé:,aﬁﬁgc,bCO(mg—vmilvmi )mg. (E.70)
Shp,(c7) XE oo X5 HE bCo(m?(_,mZg, mig) me- (E.71)
Sl = Xt o Xhae pchO(m~—7m12/“m3 )m -~ (E.72)
SifL(c )= WL bX,B v i?"b CCO(m;_ , m?,R, mib) me- (E.73)
Siites) = WikawXh e Hyly Co(m?m? . m? ) m (B.74)
S}%L(c )= Ximb)?éa’cﬁ;gbc()(mi;,m?jR,m?j ) M- (E.75)
SER ) = Xk s XE o H Ty Co(m2 2, myn) my (E.76)
(E.77)
CP odd scalars.
Self-energy corrections.
I = Bo(m?(;,mzé) (E.78)
I = Bl(mfzb,,mié) (E.79)
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SLE

A, (er,es)
+ WiiaaXepalimg-me,))/(mf, —mj) + (e f)
Sie A0 (c1,c3) = = (Af o p(—(Wiy X B Tomi ) + Wlfa,a)_(fb,allméamf(; - Wi Xk
FWE, Xh Lim mg ) /(md, —m3) (@ B)
I = Bo(m;;angé)
I, = Bl(mz,,mzR)
SAO (casca) = = (Af cp(—(Xia, aXc balzmi,) + Xih aXc bal1me, My — Xi% aX
b Ko Kb img me)) [, —m) 4 (oo f)
SAO (casca) = = (Afep(— (X, aXc bal2mi, ) + Xfa,a)?fb,allmfami* Xi% aX

+ Xl{:a,aXc,b,allmib* mfc))/(m%a - m?,;) + (a A 6)
Vertex corrections.

— 2 2
Il = Bo(mi;,m)z;)

= Co(my_,my_,my,)
sgg{(%) = W,fa,aXﬁL’c,a(Pc bpl2my-me- + P (11 + Im?, )
Sjéf(%) = Wi o X5 (PO bpl2mg-me - + Py v+ Lm},))

— 2 2
Il = B()(mf(;,mfcg)
= Co(my, mfz"miﬁ)

LL _ %YL L
SA%,(C(;) - Xb,a,aX,B,c,a

Pcbp]2m~_m>~<f + P (Il + I2ml,R))
P

(
Sﬁéj(cg) = Xb[:a,aX,@I’l,c,a( Igm~_m~_ + P (Il + ImeR))

c,b,p Xec
LL L v L A1t 2 2 2
S48 (er0) = WaiapXBia,cAp,e,pColmi—, my;, my. ) my -
L i 2 2
S (010) Wavavaﬁva CAp C, bCO (m Xa ' mV’L ! myg) mf(;
LL _ vL v L i 2 2
S5 (er) = Xaap X FacApepCo(mi_ mp, mle) m
LR _ vL v L ir 2 2
St (er) = XalapXFacApesCo(m? miy, mig) me

LL _ 1wl L ir 2 2
SA%,(cs) = WalapX5a, CA bCCO(m~, mygg,myg)m%

LR _ 17l vL i 2 2
SA%,(cs) = WalanX5ac pbcCo(m~, My i )m—
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L L R v R R
(Aﬁ,c,p<_<Wb,a,ach aI2m€ ) + Wb,a,aXc,b,ajlmgamg; - Wb,a,aX

Iomy, my,

(E.80)

al2me,my,

(E.81)
(E.82)

al2me,my,

(E.83)

al2me,my,

(E.84)



S5 (00) = XtrapXFacAplesCo(m? - m2p, m2p) m (E.99)

po\C9 a, b Xa
LR  _ YL L jrr 2 2 2
SA%,(CQ) == Xa7a’bX/37a,cAp,c,bCO(mx;,myg,myﬁ) m)z; (E].OO)

E.4 WY and Ht contributions
E.4.1 Z-penguins

Self-energy corrections.

I, = By(m},,m?, ) (E.101)
b
I = Bi(my,,m> ) (E.102)
b
LL L 1+ Lo+R +,R7+,R +,Rr+,L
VZv(w17w3) = (Eﬁ7C(Vavoé7b‘/;7a7bIQm§a o Va7a7b‘/;7a7b Ilmfam,/a + Va7a7b‘/;7a7bl2mgaméc
— VLV hmy,me)/(mE, = mi )+ (@ B) (E.103)
LR L (vyHLo+Ry 2 +,R-+,R +,Rr+,L
VZ,(wl,ws) = (Eﬁ1C(Va,a,b‘/;,a,bImea B Va,a,b‘/::,a,b Ilmfam”tl + Va,a,b‘/c,a,b]éméamzc
— VLV hmy,me)/(my, —mi) (@ B)
Iy = Bo(m2, ,m3,—) (E.104)
I = Bi(m}, ,my,-) (E.105)
A~ ,R 2~ ) 2~ ,
Vit wn) = (B (Vo me, (=2V5 (1 = 20)my, + V(1 + 212)my,)
+ VRV 2L)ymE —2V R (1—2n)my,me,))) /(mE, —mi)  +(aeB)
(E.106)
VEE wn = (B (V5 my, (—2V 55 (1 = 2h)m, + VR (1 + 2)my, )
+ VRV R 2h)mE —2V R (1—2n)my,me,))) /(m7, —mi)  +(a+pB)
(E.107)
Vertex corrections.
+,L v7+.R r7hh
VZ[:(LWS) = _2Va,a,bvﬁ,a,ch,c COO(m3a7 qu‘; ) mi];) (E108)
LR +,L y7+,R 7hh 2 2 2
VZa(ws) = 72Va,a,bv,3,a,CZb7c COO (mya7 mHC_ ) me—) (E].Og)
% 7L [/ 7R 7
Vi gy = Vi Va2l Co(my, ,my— miy— ) mu, (E.110)
% 7L [/ 7R 7
VZL@;G) = Va'; ngCZélw Co(mza,m?{; , m%/v,) My, (E.111)
+,L{7+,L 7k
VZL7(Lw7) =V, aVsa Zv" Cg(mia,m%ﬂ/,,mz{) My, (E.112)
+,L{r+,L
vzégj; o =VaasVaa Zm Co(m?,a,m%/v,,m?{b,) my, (E.113)
I = Bo(m3y—,m¥y—) (E.114)
I = Coo(mp, , miyp—,miy,—) (E.115)
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Iy = Co(m?, ,miy—,my-) (E.116)

VEE = —VERVEZ0 (1 oD + 20 + Im?,)) (E.117)

VER = U RRVEZ (<1 4 21 + 21 + Ism?) (E.118)

Iy = Bo(m},,m,) (E.119)

I = Coo(mi,, mib,m?{;) (E.120)

Is = Co(m?jc,mzb, mi];) (E.121)

Vi) = ViV B (VE s, ma,) + V(D = 20 + Ism?, ) (E.122)

VER ) = Vi bV B (VE s, ma,) + V(D = 20 + Ism?, ) (E.123)

Iy = Bo(m3,,m2) (E.124)

I, = C’oo(mzc,m?jb,m%/v_) (E.125)

I3 = Co(m?,c,mzb, miy—) (E.126)

Vit =~V Vi@V smu,my, + VEQ = 201 = 21 + I}, ) (B.127)

VER = (G QVE Imy,my, + VEQ = 21 - 2 + Im,-)) (E.128)
E.4.2 Scalar penguins

CP even scalars.

Self-energy corrections.

I = Bo(mia,qub,) (E.129)

I = Bl(mﬁa,m;b_) (E.130)

Sﬁ;ﬁ(wlaws) = (HBL,C,p(_(VJﬁL V+’Rl2m§a) + VR ‘7+’R11meamya —yR V+’L12meamgc

a,a,b’ c,a,b a,a,b’ c,a,b a,a,b’ c,a,b

VRV Limu,me,)) ) (m3, —m?,) +(aeB) (E.131)

a,a,b’ c,a,b

LR _ L +,L yy+,R 2 +,Ry+,R +,Ryr+,L
Shpy(wLWB) - (Hﬁacyp(i(Va,a,b‘/c,a,bl2mfa) + Va,a,b‘/c,a,bjlmeamVa - Va,a,b‘/c,a,bIQmeamec

+ VRV By, me,)) ) (m7, —m3,) +(aep)
I = Bo(m},,myy—) (E.132)
I = Bi(m3,,miy ) (E.133)
S o) = —(HE oy (Vi B me, (—2VEE (1 = 20)mu, + VR4 20)my,) + V5 (VEE (L + 21)md,
— 2V R = 2l )mu,me,))) /(mZ, — m7,)) +(a e f) (E.134)
S oy g) = —(HE o (Vi B, (—2VE (1 — 20)mu, + VR4 2L)me,) + VE (VAR (L + 20)m,
— VR = 20 )mu,me, )/ (mi, — mi,)) + (o > B) (E.135)

Vertex corrections.

LL +,L 77+,L rrhh 2 2 2
Shp,(ws) =V, oVaacHphe Co(m,, , mHC,,me,) my, (E.136)
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LR _ L +L grhh 2 2 9
Shp(ws) = VasapVaacHpbe ColMy,, M-, my—) my,
2 2
Il = BO(mHC*7mW*)
_ 2 2 2
Iy = Co(myav ch— ) mw—)
LL _ _yHLy+L ghw 2
Shpv(wfi) - 7Va,i Vﬁ,a,ch,c (Il + I2mya)
LR — ¥ +7L [/ +7L rrhw 2
Shp,(wa) - _Va,i Vﬁ,a,CHp,c (I + Izm,,a)
2 2
h= BD(me_’mW—)
_ 2 2 2
Iy = Co(my,, miy—, mi;-)

+,L {+,R r7h
Slfpl:(wﬂ = Va,a,bvﬁ,a Hp,’llf (Il + Isza)

LR _ v+ L{+HRghw 9
Shps(wr) = VaapVaa Hpp (11 + Lamy,)

LL  _ gy+Ly+Rgww 2 9 9
Shl”(wfi) =4 Vaﬂl Vﬁﬂ HP Co(mmﬁ My —, mW*) My,

LR _ A v+HLi+R rruww 2 2 2
Shp’(ws) - 4 Va,i Vﬁ,a Hp CO (mVa’ mW_ ? mW_) mVa

I = By(m?,,m2,)

vy
— 2 2 2
Iy = Co(my,, my,, my,—)
LL _yv+HLy+L vl R 9
Shp,(wg) - ‘/Ylw,a,avﬂ,c,a(Hc7b7pj2mybmyc + Hc,b,p(ll + IQmHa,))

LR _ y+Lyg+. L.l R 9
Sirwe) = Vo Vaea Heyylamy,my, + HZ (I + Iom?, )

Il = Bo(m?’b’ mgc)

IQ = Co(m?/c, m?,b, m%/[/—)

o+, Li-+,R v,R v,L
Sty = 2V Vil (F2HY Ty, my, + HYy' (1= 2(1 + Loy ))
S}{lp},z(wm) =92 ‘A/bil‘_/ﬁTéR (_QHZfPIQmemVC + HZ’pr(l — 2([1 + I2m12/V—)))

CP odd scalars.

Self-energy corrections.
)
;)

I = Bo(my,,m

I = Bi(my,,m

SKG w1 sy = (ABep (VI VS Lami, ) + VAV home,mu, — VIS VIS

a,o,b ¥ c,a,b a,o,b” c,a,b a,a,b

+ VLV e, me,) [ (mi, —m3,) +(ao )

a,a,b’ c,a,b

Sﬁéﬁwlw = (Afep(—(VEEVEELmE Y+ VAV Lme m,, — VRV

a,a,b”c,a,b a,o,b” c,a,b a,a,b

+ VoLV D, me,) /(md, —m3,) +(a ¢ B)
2

I = Bo(my, , my,-)
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(E.159)



12 = Bl(mza’,m%,v,) (ElGO)
SKT (wws) = —(Afep (Vo Tmen (=2VI5 (1 = 20)mu, + VeI (L4 20)me, ) + V. H (VG (L4 20)mE,
=2V = 2Ly, me )/ (mE, —mE) (e ) (E.161)

(
SK0 (wawa) = —(Afep (Vo me, (—2VLE(1 = 2h)mu, + VR + 20)me,) + VIE (VR (1 + 21)m?,
(

_ 2‘:/:(171?/ 1-— 2[1)muamgc)))/(m%a — mz) +(a+p) (E.162)

Vertex corrections.

LL  _ v 4+Li+L ghh 2 9 2
SA%(WS) = VaabVaaeApbe Colimy,, My me,) My, (E.163)
LR _ v+ Ly+L 4hh 2 2 2
SA27(w5) — Ta,a,b” Biac p,b,c Co(ml/a’ mH;’ me_) ml/a (E164)

L = Bo(mj, -, my,-) (E.165)
I = Co(m,zja,m?{;,m%,v,) (E.166)
S we) = Vol ViaeApe (h+ L) (E.167)
Sifhwe) = Vol VialALE (h+ Lom, ) (E.168)
I = Bo(my,—,myy-) (E.169)
I = Co(my,, miy—, my-) (E.170)
S5 (ur) = Valai Via AR (4 Iom},) (E.171)
S8 r) = Valai Via ALY (I + Iym},) (E.172)
I = Bo(m,,, my,) (E.173)
I, = Co(mic,mﬁb, m?i;) (E.174)
SHE (o) = VooVt (v lamu,mu, + AL (I + T, ) (E.175)
S8 o) = VomaVoroa (AvypTamu,my, + A5 (I + Tom?, ) (E.176)

_[1 = Bo(ml%b’m?/c)

( )

Iy = Co(my,, mi;, miy-) (E.178)

S5 o) = 2V MV (<240 mumy, + AL (1= 2(1 + Bmd, ) (BAT9)
S5t ) = 2V VR (<242 Lomyymy, + ALY (1= 21+ Lmy ) (E.180)
( )
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F Box contributions to LFV

F.1 Four lepton boxes

F.1.1 Feynman diagrams

Neutralino diagrams

Chargino diagrams

~52 -



e
| 3 +o
1o :
x
N
N Y
Q I
EN) [0
RS
Y
| 3 +o
1o :
x
N
3 s

W+ and Ht diagrams

— 53 —



F.1.2 Neutralino contributions

LL
Siat)
LR
Sl

vIE —

(n)
LR
Vin) =

LL
Sny =
LR
S("z)

Vv LE

(nh) =

LR
Vin) =

TLL

(n) —

= —NL dN,BabN bNécdm oMy, oDo( mi mgd,m2 )
L 2 2 2
== —N dNﬁabN bN(;cdm om ODO( X mX med,m )

L N 2 2 2
N0 NN N g Dor (Mo, me, mZ,,me,)

X e

L \7 N 2 2 2 2
—Ng, dNB,achv,bN(S,c,dDW(mf(gva mg,, mz,)

L 2 2 2
*N dN bNﬁCbNécdm 0y ODO( mX med,m )

2NL ANas o NG ey NG g Dar (me , m2e, m , me,)

X €d’
1 _ _
L L R R 2 2 2 2
*Naya,dNa,v,bNﬂ,c,bNa,c,dmxgmxsDo(mxgvmx My MG, )
L R R N2 2 2 2 2
Na @ dNa,’y,bNﬁ,c,bNé,c,d D27(m§<g ) mX mg,, Mg )

1

L L L L 2 2 2 2
] Na,a,dNa,'y,bNB,C,bNS,c,dm)ng)ZgDO (m>227 m 9> mg,, Mg )

F.1.3 Chargino contributions

LL
Sy =
S(C1)
VLZL _

LR
Vid) =

LL
Siehy =

Sty =

Vi =
LR
‘/(02)

St

LRi
Sy =

Vv(cg)

Vi =

LL
Sy =

Sty =

L v L
= _Xa,a,dXB,a bW ,Yb_X(gcdm m~7 Do(m>~<77m>~<7,m R, M

2

v

> L v L 2 2 2
_Xa,a,dXﬁ,a,ch,'y bX6 c, dm”’m”’ D0<m~* y Me—, m]/f’ myg)

WaraiX5apWer s Xsie.amgz Mz Do(mim_ my:my)
Wj:a,dXﬂ,ach'y,bX§cdm~*m~*D0(mf~<;7m;;’mzé’mig)
WeaaXfapWe p X aDor(m3_ m3_ m2, m2,)
W aX5aps W bX5c,dD27(m§;7m§;7mi;vmig)
—WaLadX,BamebXacdm~—m~—DO( me—, ~ﬂm3;am3g)
WaLad)_(/gachvangdming;D (m 2_ m~_,mis,m§§)
2

WL dxﬂabX bXécdD27(m2~7,m)zf,m%,mQR)

L 2 2 2 2
-W,! dXBabX bXacdD27(m>(,m>~<f,m ime R)

2 2

)

Xa Xec
L v R 2 2 2 2
X0 i XE W szS e, Dar(mi—,m2_,m VIt myg)

L v R 2 2 2 2
Xa,oz,dXﬁ,a bW vaécdD27(m>~(—7m;(—7m R’myé)

oL o L 2 2 2 2
-X, dXﬁabX o, bX(;Cdm)z—m“ Do(mi;,m%,myég,myég)
L $L R R 2 2 2 2
Xa,a,dX,B,a,ch,'y,bX(S,c,dm" My Dg(m;(;,mic_,myf,myﬁ)
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LL _ _vL wR <L 2 2 2 2
V(ci) == a,a,dX/B,a,ch,'y,bXé c,d D27(m)2* y M-, myé'% myﬁ)
LR_ _ YL R R 2 2 2 2
Vv(ci) = _Xa,a,dX,B,a,ch,v,bX(S c,d D27(m>~<— ) mf(c_ y MR, ml,é?)

LL __ L v L v L L 2 2 2 2
S(Cé) - a,a,dXﬁ,a,bX(S,c,bWc,'y,dmgg m)z; Do(m)z; ’ mi; ’ mV;’ ml/g)
LR __ L v L v R R 2 2 2 2
S(Cls) - _Wa7aadX5,abe5,C,bW&’%dmf{g m)z; Do(mxg ’ m)zg ’ TTll/;7 ml/g)
LL __ L v R v R L 2 2 2 2
‘/v(CZS) - Wa7a7dX57a7bX57c7bWC777d D27(m)2; ’ m)zc_ ) mV(ii’ sz)

VLR 2 2 2

— L v vL R 2
(Cl5) - Wa7a»dX57a7bX6acszC7’Y:d D27(m)~(; ’ m)%; ) mllé’ mljg)

LL _ L L L L 2 2 2 2
Sty = ~WaiaaXBapXsesWeryahsg; Mgz Do(ms—,me—,my;, m, r)
LR _ L wL R R 2 2 2 2
Sty = ~WalaaXBapXaesWeny.amy; My Do(mi—,me—,my:, myr)

LL _ /L wvR R L 2 2 2 2
Vidy = WaiaaXBapXscsWepy,a Dar(mi—m_,my,,m; r)

LR _ ywL R L R 2 2 2 2
Vidy = WaadXbapXecsWery.a Dar(mi_me_ myimyr)

LL _ _vL wL vL <L 2 2 2 2
Sty = ~XawaXGapXsepXenamsg My Do(mg,me - myp,my)
LR _ YL %L %R YR 2 2 2 2
Sy = ~XaaaXBapXbepXendMy, » My, Dol(mi—,me_.myp, my,)

LL _ %L R R <YL 2 2 2 2
‘/(017) - Xa,a,dXﬂ,a,bXé,c,ch,'y,d D27(m)~(; ) mg; ) ml/f’ ml/g)
LR _ ¥L R L YR 2 2 2 2
Viehy = XaiodXBapXsepXeny.a Doar(ms_,mo— myp,my)

LL _ L L L <YL 2 2 2 2
Sty = ~Xaja,aXBapXsepXeydMy; My Dolmiz, me—,myr, myr)
LR _ L L <vR YR 2 2 2 2
S(Cls) - _Xa)a7dXB7a7bX5acabXCa77dm)~(; m)z; Do(m)zg ) mf(; ) ml/gf” ml/l?)

LL _ L vR vR YL 2 2 2 2
Vv(cé) - Xa,a,dXﬁ,a,bXJ,c,ch,'y,d D27(m)~<; ) mf(; ) ml,cll%a m ll)’;i)

v
LR _ YL R L YR 2 2 2 2
Vv(cls) - Xa,a,dXﬁ,a,bX(S,c,ch,v,d D27(m§<; ) m)ZZ ’ mz/llf’ mI/é%)

F.1.4 W and H' contributions

Stuty = ~ValakaVaa Ve aValc imoa mue Dolmdmi iy my, )
Stuty = ~Valara Ve an Ve BVsle amva mu, Do(my, my mi, . m7, )
Vialy = ~VardlaVaawVer sVaca Dar(mi, my miy - my, )
Viuly = ~VawaVaawVer s Valcia Dar(miy o miy - mi, )

LL L \r+,R{r+,Lir+,L 2 2 2 2 2 2 2 2
Sy = 2v* V+a Vct, V;rc a(Icopo(my,my,—,m7,—,m,_ ) —2Dar(m;_,m,_,my—,m7;.))
( 2) B, 1Cy a4 Hd

a,a,d H
LR __ +,L {7+,R{+, Ry +,R 2 2 2 2 2 2 2 2
S(wé) - Va,a,dvﬁ,a ch/ V&,c,d(ICoDo(mummW*7de*7mua,) - 2D27(mun,7muc7mW*7mH;))

LL _ y,+,L \r+,L{r+,L{+,R 2 2 2 2
‘/(wé) - Va,a,dvﬁ,a V;‘q’Y VS,c,diamVCDO(mVa’ch’mW77mH;)
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Vi

wl)

SLI)—

+,L +L +R 2 2 2 2
=V, V Ve VacdmyachDo(mya,mw,mWﬂm )

+ Ly +,L 2 2
V VBabV V (IcoDo(munvaZ:,mwf

2

H

LR S+, L1 &+, 2 2 2
S(wé) =2 Va,i VB a, bV ‘/zi,c (ICODO (ml/c’ m b*vmW*

Vit

v

(

LL
T

wl)

LR
wé)

wy)

+L +,R
V VoV

Hy

2

7mua) - 2D27(m3a ) mgcam?{; ) m%/V* ))

2

7ml/a) - 2D27(m12/a ) m’2/07 mi]; ’ m%/V* ))

vk 2 2 2 2
e, bV muamVCDO(muaymuc7me*vmW*)

+ L Ri-+,R 2 2 2 2
V VB o bV V‘;’C myamVCDo(m,ja,myc,me_,mW_)

L ‘7 2 2 2
—V+ VBabV V:; D27(m My M= 5 Ty )

a,

~+,Lir+,R{r+,Li-+,R 2 2
74Va,i V ,a ‘/Cy"/ ‘/6,0 My, My, Do (mua , M

2 2
s My — s My —

)

_ o+, L+, Ry,+,R{,+,L 2 2 2 2
__4Va,z‘ Vﬁ,a ‘/Cy"/ ‘/::S,C m”aml’cDo(mVa7ch7mW*7mW*)

_ o+, L+ L+, Lir+,L 2 2 2
=4V, VSV Vé,c (Icopo (M, s myy—, My —, My,

_ o+, Lir+,Lyr+,Ri+,R 2 2 2 2
- _4Va,i V,a VC,“/ Vé,c ICODo(chvmW*’mW*vmva)

2

O+, L+, RYr+,Li+,R 2 2 2 2
Va,i V,a ‘/C,’Y ‘/é,c mVachDO(mVa7ml’c7mW_7mW_)

) - 3D27(m12/,,, ) ml2/C7 m‘2/V* ) m‘2/V* ))

Va o ths o dV VE . bml,am,,L Dy (m?,a , mic, milg , miI;)
_2Va+aLd V’(;FC V Vﬁ c, bD27(m3a s ’I’)’L,Q,c7 qu; 5 miI; )
_7Va V5 o dV VB . bm,,aml,c Do(m?,a , m?,c,m?{; , miI;)

Va a d‘/d c, dv+ RVﬂJrc D27(mia7m12/ ,m;;7m§{;)

Va . L 6+CZVQ+7’?7VB Mg M, Do (my,,m.,, miI; , mi{;)

+,Ly; + R 2 2 2
7Va V<5 c, dV V (ICODO (mUc7 My —, M

+,L +,Ry; 2
2Va,a,d‘/5cdva'y V m'/a,chDO(ml/aamucamW—vm

H
2

;,mua

2

2 2

Hy

) - 8D27(m12/a ; mIZJCa m%/V* ’ m2 - ))

)

Hy

+,L *+,L£+,L 2 2 2 2 2 2 2 2
Va dvéc Va,’y V,c (ICODo(mucvmW—vad—7mva)_2D27(muavmvc7mw—»m}1d—))

+,L +,Rir+,L 2 2 2 2
Va ‘/6 c, dV V ml’amVCDO(mua7 mz/c7 mW*,m

+,Ly; +R 2 2 2
77Va Vécdv V ICODO(mVUmW—vad—y

+,Ly;
_Va,i ‘/5

S+, Ryr+,R 2 2 2
2Va,i Vv&,c Va V (‘meachDO(ml/avmucame*vmW*

S+, Lir+,L 2 2 2 2 2 2 2 2
Vi Vsl Va Vﬁcb(ICODO(m,,c,m 7,mW7,m,,a)72D27(mua,myc,mH;,mW7))

o+ Liy+R
Va,i ‘/é,c Va V

2

H;)

mza)

2 2 2
V a,vy, bVﬁ c, b(ICODO (mvcvab*7mW*7mua) -

H

2

D 2 2 2
bml’ach O(m ch7mH_’mW )

8

)

157Uni»"ﬁcﬂn2;,"ﬁvfﬁ

+ L 2 2 2 2
_7V V VBcb]CODO(meme*amW*7mVa)
o+, L+, Ryr+,L{+,R 2 2 2 2
_4Va,i Vé,c Va vy Vi ,c My, My, Do (mVa, y My My — mW—)
_ o+, Li+, Ly +,R{+,R 2 2 2 2
= _8Vai Véc Vo'V, c (Icopo (M, s myy -, My —, My, ) —

_ +L +,LY +L 2 2 2 2
—2V V V! V myamcho(m,,a,mVC,mWﬂmWf
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LR __ S+, Lyr+, Ry +,R{-+,L 2 2 2 2
V(wl) - _4Va,z‘ V(S,c Vol VB,c Iy Do (Mo, My~ iy — M3,

LL +,L{r+,RYr+,L{r+,R 2 2 2 2
T l) - Va,i ‘/5,(: Va,’y Vﬂ,c My My, Do(mucﬂm’/c? My —, mW*)

F.2 Additional boxes for £, — E,@ E"‘E‘

(F.78)

(F.79)

In the case of ¢, — ¢ 545 €+€ it is necessary to calculate the crossed diagrams with exchanged

indices 8 <> v exphc1tly.

F.2.1 Crossed neutralino contributions

LL L N L L N2 2 2 2 2
S( 1,) Nd,a,aNB,b,aNb,’y,cNJ,d,cm ~0’I7’L~0D0 (’I?’L *07 m)~<07 meg,, méc)
LR _ 2 2 2
S( ) 2Ndo¢aNﬁbaNb’ycN6ch27(m o,mxo,m méc)
LL 2 2 2
V( D Nd,a,aN,B,b,aNb,%cNé,d,cD27(mgg’ m)Zg’ mg,, méc)
LR L R R N2 2 2 2 2
Vv( 1,) Nd,a,aNB,b,aNb,'y,cNJ,d,cmf(g m)zg Dy (mf(gv mﬁ?? meg,, méc)
1 ~ ~
LL L L L L 2 2 2 2
T( 1/) gNd,a,aNﬁ,b,aNb,’y,cN(S,d,cm)Zg mig DO (m>227 m;(g y e, s éc)
LL L L L L 2 2 2 2
S( 2/) Nd,oz,aN,B,b,aN(S,b,cNd,'y,cm)Zo m)ZO DO (m~07 mxg’ meg,» éc)
LR 2 2 2
S( )_2NdaaN,8baN6chdch27(m 07mX07m 7méc)
LL L R R L 2 2 2 2
VY( ) 7Nd,a,aN,B,b,aNé,b,CNd,%cm g0 1m ~ODO (migv migv mg,, méc)
LR 2 2 2
V( )—NdaaNﬁbaNachdeW(m OamXOaméavméC)
LL 2 2 2
T( 2,) NdaaNﬁbaN5chd,'ycm g0y ODO(m 07mX07m éc)

F.2.2 Crossed chargino contributions

LL __ L v L L v L 2 2 2 2
S( ) 5Xd:a,aXé,d,ch,'y,aXﬁ,b,cmy(; m;(; Dy (771)207 ) mf(; s My s T, )

LR __ L v R R v L 2 2 2 2
S( 1/) - _2Xd70‘7aX67d7CXb7'YaaX/8yb»CD27(m~_ ’ m)z_ ’ Tnl/Z ’ m )
Vc XdozaX(Schb’an bcD27(m~—am2~—am,2ﬂvm2 ))

() = o

1

LR 2 2 2
V( l1/) XdaaX‘Schb»'YaXﬁme m~7D0(m)~(7’m)~(*’mzﬂ’m i)

LL __ L v L L v L 2 2 2 2
T(ci,) - _gXdaa7aX5,d,CXb,’y,aXﬁ,b,cm>”<g Dy (m;(; ) mf(b_ ) ml,z , M, )

SLL 2 2

Xd Xa
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2

1 — - 2
_ L L L L 2
() = 5Xd7a7aXﬁ7b’aXb777CX5’d’cm>~<b_m~_Do(m“,mi_,m myr)

V“

(F.80)
(F.81)
(F.82)

(F.83)

(F.84)

(F.85)
(F.86)

(F.87)
(F.88)

(F.89)
(F.90)

(F.91)
(F.92)
(F.93)

(F.94)

(F.95)

(F.96)



LR L v L R >
Siety = 2 XilaaX5aXih, XsacDar(mimemy; myp) (F.97)
LL L %R vL <R
‘/(clz,) = _Xd @ aXﬁ b, aXb Y5 cX(S d,cD27(mf~<; ) mib— s m?,z ) m2 ) (FQS)
LR 2
V(CIQ,) XdaaxﬁbaXb,'y, decm~—m)~<—D0(m)~<;,m;;,m?jl,mQ ) (F.99)
LL 9 9
T(CIQI) 8 Xd @ aXﬂ b ava'Y Cm m DO( 5(; ) mf(; ) mlﬂ ’ m2 ) (F].OO)
1. ~ _
LL L %L L %L 5 9 o
S(cg/) = 5Xd,a,aXﬁ,b,aXb,y,cX(s,d,cmX; M- Do(mﬁ S MRy mié-) (F.101)
S(LCF) =2 Xé:a,aXé/,b,aXffy,cng,cD?Y(m2~7 ) m?{, ) m?,é% m?,é) (F102)
‘/(ié,) XdaaXﬁbaXb'ychdcD27(m~77m§7am,2/§7m,2jé’) (F103)
1 ~ _
LR L R R L
‘/’(Cél) = 5Xd,aaaXﬁ,b,aXb,'y,cX&d,cm)z; m)z(; DO(m;; 5 m?zl: s mlzjf’ mgé) <F104)
1 4 2 _
LL L L L L 9 9 9
T(cé,) = —gXd,oz,aXB,b,aXb,'y,cXé,d,cmib— My Do(mxg,mib_,myﬁ,mi) (F.105)
1 - ~ N ~
LL L L L xL 2 2 2
S(Cfl’) = 5Xd,a,aX/BJLaXb,’y,cX§7d7cm)2; m)»&; DO (m).é; 5 m)zb_ s myf, ngg) (F]_OG)
LR -L vL YR vR 2
Sty = 2 X400 XBb.aXbrXsaeDor(mi—, m;_ SR, R (F.107)
Vidy = ~Xia WX o X X Dol m? 2 m?e) (F.108)
LR L HR %R %L 2 2 2
‘/(cfl/) = 5Xd,a,aX/B,b,aXb,'y,CX(S,dVCmbe my(; Dy (mf(; ) m)zb_ , myﬁ, mi‘?) (F109)
1 - 2 ~ 2
LL L L L L 2 2 2
T(Cfu) = —gXd,a,aX,B,b,aXb,'y,cXé,d,cmib— M- Do(m)zc7 VM Ty m?jég) (F.110)
1 _ _
LL L %L yL %L 5 9 o o
S(Cl ) = 5Xd,a,aXé',d,ch’%aXﬁ’b’Cm)z; mf(; DO (mf(; ) mf(; 5 ml,z 3 m ) (Flll)
LR v >
Sty = ~2XdaaXsacXiha X5 Dar(mi,mempy, my) (F.112)
LL L %R yL ¥R
V(cg,) = Xd,a,aX(S,d,ch,%aXﬁybchw(m;;,m?{b_,mzz , m2 ) (F.113)
1
LR
‘/(cé,) 2XdaaX5chb,'y aXﬁbcm meo(m)r,m?(,,m?ﬂ,mQ ) (F114)
LL 2 2
T(cl5/) 8Xda aX(Schb'y a‘Xﬁ bC m)ziDO(mX;’mib—7m12,z 7m2 ) (F115)
1 ~ ~
LL L %L yL %L 9 o
S(Cl /) - 5Xd,a,aX5,d7ch,ry7aX/B7b7cm>~<b— mf(; ‘DO (mig ) m)z— ) mi}z’ m?jé%) (F116)
Sty = ~2Xd 0 X5 XKoo X, Dor(m mi my, myp) (F.117)
V(Cs/) X a X8 X X R CD27(m~, : m;, S MM p) (F.118)
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1 N ~
LR __ L L R R 2 2 2 2
V(cg/) = §Xd,a,aX5,d,cX X/37b7cm>~<b_m~_Do(m~;,m)zb_,myé,myé%)

b777a Xa X
L 1 2 2 2 2 )

LL _ ‘L L L L _
T(cé,) 8 Xd,a,aXJ,d,ch,'y,aXB,b,cmi; mi; Dy (mi(; s m;(; My s muf

1. . _
LL _ 1L L $L %L 2 2 2 2
S(Clw) = - XiaaXsacX Xﬁ7b7cmX;mX;Do(m~;,m~ m myg)

2 by.a Xg R v
S(ch) = —2)26%’&ﬂng’C)A(f%aXﬁb’ch(m?{(;,m%,mig,mgé)
V(ﬁlf,) = Xcﬁa@)zgd’c)zlf%a)ng’ch(m;; , m;b, , m?/g, ng)
Vi = %Xia’axéd’cxf%axgbvcmx; sz Dolm, mes myp,my,)
T(ii) = f%Xcﬁa,a)zéd,c)zé:%a)zé’b,cmx;mX;Do(mig,m?(b_,mzé%,m?jé)
S(Lcé,) = %Xia@)g(é’dyc)zlf%af(éb’cmi;m;(;Do(m;;,m;b_,mié;,ngg)
S(LC{;) = _2Xcﬁa,a)£{£d,ch§7,af(ﬁL,b,cD27(m;;am?(b—)migami{ﬁ)

LL _ ¥vL R L <R 2 2 2 2
Vv(gé,) - Xd,a,aXJ,d,ch,'y,aXB,b,cD27(m)z; ) m)?; ) m,jclL’n m]/g{)

1 N 2 A 2
LR __ L L R R 2 2 2 2
V(cg,) - 5Xd,a,aX(S,d,ch,%aXﬁ,b,cmxb* my(; Dy (m;(; ) m;(b_ ) ml/f’ my‘?)

1 - 2 A~ 2
THE = =X, XE XE, X om-m- Do(m2_ m?_ m?2,, m?
(Cé/) ] d,a,a*d,d,c“*b,y,a B,b,cmxb de O(mxd ) mXb s myé% myf)

Crossed W+ and HT contributions

1 +,L x;+,L y,+,Ly,+,L 2 2 2 2
= 5Vd,a,avﬂ,b,a‘/b,'y,cvé,d,cm”bdeDO(mud y My s mHa_ ) mHC_ )

_ oL LR+ R 2 2 2 2
- 2Vd,a,avﬁ,b,a%,’y,c‘/é,d,cD27(de’m”b’mHa_’ch_)

_ U+ L R LR 2 2 2 2
= —ViaaVshaVoreVsd.eDer(my,, my,, My— ch_)

1o 4L o+.R >
s 5 +,Ry,+,L 2 2 2 2
5Vd,a,aVﬁ,b,a‘/b,'y,c‘/&,d,cm”bdeDO(ml/d ’ ml/b ) mH; ) mH; )

e A ARt A T

2 2 2 2
8 d,a,a ¥ B,b,a ¥ b,y,c 6,d,cmedeD0(de7me7mH;7m )

Hy

_7 2 2 2 2
— 1CypDg (mud7 My, My —, mH;)

2 2 2 2
= D27(mud7mub7mH;7mW*)
_ D 2 2 2 2
= My My U(mvdvmVMmH;’mW*)

1 _ ~ N _ ~ 2~
= BV Ve Vsd o = VI VARV V™ (4h + 1312))

d,a,a

Rir+,L
b,y Vé,d Is

3 +.R 77, R Ot R+, L +.L +,L O+, Li+,R +,L T+.L {4
= 1(_(Vd,a,avﬁ,b,avb,’y Vé,d )"‘ Vd,a,avﬂ,b,a‘/b,-y Vé,d )I2 - 2Vd,a,avﬁ,b,av
_ v+ L g+ Ry, Ly +,L
=VaaaVsb.aVey Vod I3

L v7+,R{,+,Ry+,R
= -V B VEEVERVE (L - 21)

d,a,a

1 L 5Lt L+, R R R b R+ L
= E(Vdfa,avﬁfbya%; VihtAn —2112)+5vdfwngb@v;V Vit o)
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(F.119)

(F.120)

(F.121)
(F.122)

(F.123)
(F.124)

(F.125)

(F.126)
(F.127)

(F.128)
(F.129)

(F.130)

(F.131)
(F.132)
(F.133)

(F.134)

(F.135)

(F.136)
(F.137)
(F.138)

(F.139)
(F.140)
(F.141)
(F.142)

(F.143)



_ 2 2 2 2
Il == ICoDo(mudzmub7mH;7mW*)
_ 2 2 2 2
I, = D27(mud7mub7mW*7mH;)
_ 2 2 2 2
13 - mumedDO(mudvmuba My —, mH;)
_ o+ R+ O+ L+
S(wg,)_ ( 3Vd,i V ‘/b'ycvédc Vd,i V ‘/I)'yc‘/édc(411+1312))
LR _ S r+Li+ [t Ryt Lyt
S(wé,)*ll(vd,i V ‘/b'ycv6dc Vd,i V ‘/I)'yc‘/:Sdc) 2Vd,i V ‘/b'yc‘/éch?’
LL _ {r+,Lir+,Ly,+,L
VY(wS/) _Vd,i V ‘/YEJ'yc‘/édc]?’
LR __ A+,L$+,
V(wé,) *_Vd,i VB,b becvadcul—ﬂﬂ
L _ 1 o4 roR +.R {5
T(wé,)**G(Vd,i Vi Vzch(Sdc(411—2UZ)+5V V ‘/b'yc‘/&dc 2)
_ U+t L+ R+ L{+R 2 2 2 2
S(w4/) _SVd,i Vﬁ,b Vb,«, Va,d My, My Do (M, My, s My, my,—)
LR S+, Ly -+, RYr+,Ri+,L 2 2 2 2
S(wi,) 78Vd,i Vﬁ,b ‘/b,’y Vé,d ICODO(devmvbvmW—vmW—)
_ Y+ L{+ LY+, LY+, L 2 2 2 2 2 2 2
VY('LUAU) - 4Vd,i VB,b va,'y VV&,d (ICODO(de7me7mW*’mW*)_3D27(mvd7mvb7mW*7mW*
LR _ oYr+,Lyr+, LY +,R{7+,R 2 2 2 2
Viw,) = 2Vai Ve Voiry Ve Moy Do(my,, my, , myy - myy )
. _ 1o 4L gL Ly L 2 2 2 2
S(wé,)*i d,a,a ¥ B,b,a ¥ 8,b,c dﬁycmedeDO(mevmudva(;:ch—)
LR _ 2 2 2
S(wlr,) 72Vdo¢avﬁba‘/ébcvd’ch27(me7de7mH mHC_)
1
_ _ = +,Ri+,R 2 2 2 2
V(ws,)* 2 daavﬁb Vébcvd'ycthdeDO(mevmud7mH;7mH;)
_ +,R +,R 2 2 2 2
‘/(ws,)_vdaavﬂb ‘/(Sbcvd'y D27(mvb7de7mH;7mH;)
LL _ io4n +,L 2 2 2 2
T(wé,) - 8VdaaVBba‘/ébch'ycmem”dDO(me7de7mH;7mHLT)
_ Ry,+,L 2 2 2 2
S(wﬁ/) = 8VdaaV,BbaV Vi D27(myb7ml’d’mH{:7mW7)
LR S+, R 2 2 2 2
S(wé,) = 2VdaaVBbaV VcM mybmydDo(myb,myd,mH;,mwf)
LL +,L vr+,Ri+,L{r+,L 2 2 2 2
V(wé/) = Vdaavﬁbav,b Vi D27(myb’mud’mH(j’mW*)
LR _ +,R {7+,R{r+,R 2 2 2 2
Vi 6’) - daavﬁbav,b Vd,'y ml’bm’/dDO(mllbvmud7mH;7mW7)
_ o+ Lo+ Ri+, Ly +,L 2 2 2 2
S(w7/)_ 8de VBb V:sb VdWCDQ’?(me?de?mW*?mH;)
LR  _  otr+.Lir+ 2 2 2 2
S(wé,) = =2V, "V Vébcvd'ycmedeDO(me7de’mW_7mHC_)
_ A+,LQ+L +,L 2 2 2 2
V(w7,) - 2Vd,i V,B,b ‘/;schd'ycD27(me7mvd7mW*7mH;)
VER = VRV Do(m2,,m2,, m%, -, m>
(wl7,) dz 6bc d'ycm’/bm’/d O(mvb7de7mW—7mHC—)
LL +,L&+,RT +R 2 2 2 2
S(wz ) —8de VBb V V mybmydDo(m,,b,mud,mwf,mwf)
+,L+,Ri7+,Lir+,R 2 2 2 2
SG )_32le ViRV VR Dy (m2,  m2, miy—  my—)

— 60 —

(F.144)
(F.145)
(F.146)

(F.147)
(F.148)
(F.149)
(F.150)

(F.151)

(F.152)
(F.153)
(F.154)

(F.155)

(F.156)
(F.157)

(F.158)
(F.159)

(F.160)

(F.161)
(F.162)
(F.163)

(F.164)

(F.165)
(F.166)
(F.167)

(F.168)

(F.169)

(F.170)



V(LL, —QVL‘LV;&;L\Z;’b’L\A/%Lm,,bmydDo(m,Q,b,m?,d,mf/vf7m‘2,vf) (F.171)

wg/) = d,y

LR 4+, Ly s+, Ly s+, RYr+,R 2 2 2 2

(wé,) =4 Vd“,ﬁz Vﬂ,b ‘/(S,b Vd,'y D27(ml/b ’ mud7 My —, mW_) (F172)
F.3 Two-lepton — two-quark boxes

F.3.1 Feynman diagrams

Neutralino diagrams

o E,B Ly, 6/3

(nf) (n3)

Chargino diagrams

goc 65 foé 65

X4 Xy Xy Xy
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w+

and Ht diagrams

(ws) )
F.3.2 Down quarks
Neutralino.
1 \ 7 —
LL L L d,L d,L ) , ) 2
o) = §Ndva=aN ﬁ,bﬂNb,’Y,cNd,d,cm)ZgmfchO(mf(g7m>28>méav i)
LR L nL AR d.R
S(Tb‘li) = 2Nd,a,aNB,byaN N

2 2 9 9
by eNo D27 (Mg, Mo, me,,my )
LL L R dL —d,R ) ) S
Viud) = = NaiaaNg o,V y o Noa e Dor (Mg, mse, me,, my )
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(F.173)
(F.174)

(F.175)



LR R d,R 2 2 2 2
‘/( ) NdozaNﬁbaN,'y, Nédcm 0T oDO(mXO,mXO,méa,mJC)

LL _ oL d,L 5d,L 2 2 2 2
T(n‘f) 8Ndaa ,B,baN by,c N(Sdcm 0T ¢ oDo(mxo,mXO,m ,md~c)
LL d,L 2 2 2
Sind g = NdaaNﬁbaNach oMy oDo(m o,mxo,méa,mdc)
LR d,R 2 2 2 2
S( g = 2Nd,a,aNB,b,aN5chd7cD27(m>zg’m5<gaméa’mJC)
R N A d,L 2 2 2 2
‘/(ng) = _§Nd,a,aN,8baN6ch ,’Y meom oD()(m o,mxo,méa,m(ic)
LR _ nfL iR 2 2 2 2
Vnd = NdaaN,BbaN(Schd CDQ’T(m (),m O,méa7m~ )
(n%) Vs Xq de
LL d,L 2 2 2
T, d) = NdaaN,BbaNéch Moy oDo(m o,mxo,méa,mdc)
Chargino.
1 _
LL _ 1L L 2 2 2 2
S(cf) = 2Xd,a,aX,B,b GWMCW dcm m~7D0(mX;,m>2,,mw,m )
LR _ d,R 2 2 2 2
S(cfll) 2XdaaX5baW;ch5ch 7(m>~<;,m>~<;,mw,m )
LL d.L 2 2 2 2
‘/(Cil) Xd a aXB b, aW b,v, CW5d cD27(m>~<; ’ mibi ’ mlﬂ » M, )
L ¥R 2 2 2 2
V( 4y = 5 XdozaXﬁbaWb»ycwédcm m~—D0(m)~<,,mi,,mw,m )
LL _ 2 2 2 2
T = staa XfaWo Whaemsg mg Dolmie, mi miy mi,)
1. N
LL _ L L 2 2 2
S(cg) - iXd,a,aXﬂ,b (leycwﬁdcm m~7D0(m>2*’m>2*7myR’ mﬂc)
d a
LR _ o vL L 2 2 2 2
S(cg) - 2Xd,a,axﬁ,bawbycWMcD%(m;pm;(vmugpmﬁc)
LL _ YL R 2 2 2 2
‘/(cg) - _Xd,a:aXﬂ,b &Wb e cW5 d, cD27(m~* ’ mX* ) ml/}f’ mﬂc)
1 . N
LR _ L R d,L 2 2 2
V(Cg) = §Xda aXj. baWb e Wédcm m~7D0(m>~<,,m>z,,mV§, mg,)
LL __ v L d,L 17,d,L 2 2 2 2
T(Cg) = 8XdaaXﬁbaW boo, CWMCm g Dg(mi,,mi,,myg,mac)
W+ and HY.
S(Lle) = Va+aLdVB+aLqu ngCdiam“c Do(mya,muc,mi{;,mi{;)
LR +,L +,L u,R 2 2 2 2
S(w‘ll) = Va @ dVB a, b‘/c Y bV é,c, dml’amuc Do(ml’a7muc7de_ ’ me—)
LL __ +,L +,Ry,u,L d,R 2 2 2 2
Viwd) = ~Vara VeV s bVsod D27(mva7mUc’mH;’mH;)
LR __ +.,L +,Ry,u,Ryrd,L 2 2 2 2
‘/(w‘li) - Va ,a dV['K a, b‘/c Y b‘/zs,c,d D27(mVa,7muc7mH;7mH;)
SL wd) = VaJrozLdVJr Rvu Lvschd(IC'UDo (mic,m‘%‘,77m§{; ) mrzfa) - 2D27(m’2/a,’mic’ m%/V*?'mz
LR u, d
Stwg) =2 VPRV (I b, (mic,mfzv—7m§{; ymy,) = 2Dar(my, ,miy, miy,—,m}
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(F.176)

(F.177)

(F.178)
(F.179)

(F.180)
(F.181)

(F.182)

(F.183)
(F.184)

(F.185)
(F.186)

(F.187)
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‘/“Lﬁ) A V+ ol Aol A 5o Ay ma, Do(m?, ,ma_ miy—,m> _) (F.199)

a,o,d Hd
LR +,L +,Lyru,Ryrd,L 2 2 2 2
‘/(wg> = Va ,a dV V ‘/5 c,dmua My, Do (mya y My, My —, de—) (FQOO)
Ty = =V VR Ve Do (e i miy — mi ) (F.201)

Stuay =2V VL TR (G (02 m?,b, ymZ,—,m2.) — 2Dar(m?2,,m?,,mS22,m?,_)) (F.202)
wa’}) -9 V+ LV5+aLchu’beVd L([CODO (miC7 mzb_ , m%,v_ , m?,a) — 2D27(m3a,mic,ms22, m?,v_ )) (F.203)
Vi =k LV RVEE VS, ma, Do(m?, ,m?,, mzb_ My ) (F.204)
V(i}?) - V+ LVB+aRqu vaé My, muCDO(mya,muC7 milb,,m?/v,) (F.205)
T@%M = _V+ LV5+aLqu bva CRD27(m12/a7m7214c7mi[; ) m‘%vf) (F.206)
Sty = =4V LV RV IV R, m, Do(m2,,m2 miy— miy) (F.207)
wa1§> = —4Va+7i’L‘7ﬁ A VA RVschm,,a M, Do(my, M, My, My —) (F.208)
VEhy = = AV VIV IV (e by (m3, iy - by m2,) = 3Dar(m?, ,m miy -, miy-)) (F.209)
Vi = =AUV VIV Lo, by (i, miy— miy - m3,) (F.210)
Tﬁfbd = V+ LV+’RV” LV(;d By, ma, Do(m?, ,ma_ miy— ,my,—) (F.211)
F.3.3 Up quarks
Neutralino.
u,L 2 2 2 2
S(n“) - NdOéaNﬁbaNb'ycNJch27(m o,mxo,m Ue ) (F212)
u,R 2 2 2 2
S(n ) = 2Nd7a)a’N67b aNb'ycNédc‘D27(m 07mx07m y M, ) (F213)
L R 2 2 2 2
Virky = = Nia.a N5 a Ny o Ny Dor(mZo, m2, m,, m3, ) (F.214)
1
LR u, R 2 2 2 2
anl,,) = NdaaNﬁbaNb'ycNéch27(m O,mxo,m ,m,ac) <F215)
2 2 2 2
S(nu) NdocaNﬁbaNéch 7,ch 0T oDo(m o,mxo,m ,mﬁc) (F216)
u, R 2 2 2 2
S(n ) =2 Nd o aNﬁ b a,N(gb CNd s CD27(m)~€2, m)zg, méa, mac) <F217)
L 2 2 2 2
V(nu) = — NdaaNﬁbaN5chu,7 M0y oDO(mXO,mXO,méa,mﬂc) (F.218)
LR u,R 2 2 2 2
V'né‘) = Nd,a,aNIB,b GN6 b, CNd s CD27(m)~<(b), m>227 méa, m,ac) (F219)
1 L 7L u, L nru,L 2 2 2 2
Tnu) = gNd a aN,B b (LN6 b, CN d., cmigmggDo(mig, m)zg, méa, m,ac) (F220)
Chargino.
1
LL u,L 2 2 2 2
S(cl) 2Xdaa ﬁbaW Wd,ycm m)szg(m;(b,,mi;,mw,md ) <F221)
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GLR L 5
(en) = 2Xd,a7aXBLb W W RD , M
LL 1 - . 27( : 2
| e M m2 )
i . i d Ve de
VLR——Z ! ’QXB’MW W;Lm m— Do(m?
u 270 C Xy Xg .
b - gb % o(mi,,m~ ,m2,,m>
: JVEeR 27(m2 m2 ) R A 7 R S
V L =X X welwwl p i M My m2
(cf) = g daatBib, Py Sy o m
a b5c dyy,e’ X, ( 2 2
1 X XL, wely D() m2_,m2_, m2 ,m>
XX v a.)
GLL _ |
(52) XdaaXélba I;LL(%L b
Wy W mg
o dyc My My Do(m~, m? 2
(c) d,a g >~<77m R m%
" d 27<m2 2 vat? dc)
XL XL W W A/CD ‘_
. e xb’mff’m2R m%)
(02) 2 daa‘(R “ UL Va’ )
LR oL N BobaV b6, Mgy My (m3 .
y a : W Dy m)zb,,m-,,mQR m?
B,b,a 2 : o
VLL =X X W dech(mw m? 2 C
(%) = X L Xy’ gwmyR,m%)
c4) = ghdaatfha Wi adc
1 X Wy W Mg~ 2
W+ and HT ¢ X Xa Do(mx_,m%_ m; ;
| ; Xd, V{};,md )
SLL — _y Ly hlyuly Do(m
(wy) — aad ab d, H H
GLR ab Vs deuamd (my,,mj
y _Do(m? ,m? ,m? 2
wi) T aad i, H_va_)
7ab 5cb Vd < ; d b
i —y Lyl yulpdR g .Md,Do(m,, mfl m2 _, m?
a,a,d : ! _)
abV6,cb ar(my, . m : d b
V( ) Va Lyl [/ D m;, dc,mH_,mz_)
ocd Bab (50b d Hb
yLE =yl iy (/ 1)27(m m2 m?2_ m?
de) "o *)
d b
S(Lsz) 4 W
a,o Ba 5 B
LR c Teyd 27(my, g3
i Rywhydl p ,M5 ,m 2
(w2) —4 +,Ry } ﬂmHi)
a,x ,a éc ; 4% Hd
78 V Vi del)w(m ,m2 ., m? 2
. ) o de —ymy-)
aad ,a 5c %% d H
VEL = yhLyhlye demuamdcl)0<m2 m3 . m2,_,m
[( 3) — —ytlyt LV V D . o
aad ,a YW 7“LHGZ)
LL d DU
(w¥) — .y H |
5 aad ,a 7 W | ;)
1 —y byt V V 2)27(m ,m2 ., m,, m?
deo - *)
SLL. |
L = v vt L vk valp
Y T Bab 8,c,b e ;
- or(m2  m3  m? 2
(w“) '4‘/+L‘r . . Hﬁ,m )
3 Babiéu [ dRL ; b WW
LL y oo B
! s .m 2
(wy) = +,L5 e |
a,i Bab e b : 4%
V(; b V 2 My, M, Do (m2 2 m?
; ) V+LV Vs M, s MV m?
PRAA d,R 2 i
VL =V, vty CbV my, mg.D m2 . m2 . m
v o'ltde 0( . 2 w
(w“) —V+L N . 7 m2
3 Py dL v i
a,bV6.cb 27 7 7 2H 2W
Vv L Dar(my, ,mg,, my,-
| X} . , TN *)
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Séﬂl;) = —4VJr LVﬁf RV(;“ch/d’Lmyamchg(m?ja,m?lc, m%v, , m%v,) (F.245)
Sty = —avh SV B, g, Do(m?,,m3, mE,— m?,_) (F.246)
VEE =16V VLV VAL Dy (2 m3 md, - mi, ) (F.247)
Vi =4vh LVgaLX/;cRVd R Dor(m?2,,m3  m¥,_,m?,_) (F.248)
Ty = =V va R%“chd Lmnyyma, Do(m?, ,m3  me,—,m¥,_) (F.249)
G Form factors of the 4-fermion operators
We define the sum over all penguin diagrams as
1 LL LL LL
= s (V8 S0+ SV @)
a a
1 LR LR
vt = s (i S S 2
a a

Shpssum = 16;2 (Z Shy(na) Zsﬁf () T Zshp,(wa ) (G.3)
S sum = 7 72 (ZS (na) +ZS +25ﬁ§,(wa)> (G.5)
2 (ZS () +ZS +25ﬁ§(wa)> (G.6)

SAO -

,sSum 1

and the sum over all boxes as

Xy = 63 (ZXW)+ZX(CI)+ZX ) (G.7)
Xt~ o (S TS ) @

with X =V, 5, T and x = ¢, d, u. With these, we can finally obtain the form factors of the
4-lepton operators as follows:

ALL - ‘/ZLé/UTrLE‘LtgL + Vv(sume) (Gg)
my
AYp= VgngRgi + V(wme) (G.10)
my
LL - ZShp sum ’75»17 +ZSA0 sum 751)"’112140 +S(sumf) (Gll)
P
LR - Z Shp,sum ~, 5,p + Z SAO ,SUM ’y 5,1)%4 + S(sumf) (Glz)
P
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AT, =TLE (G.13)

(sume)
Alp Téfm 0 (G.14)
1
BLL VZLsLumey (57 + Vv(équml) (G15)
mz
1
Blg= Vngmey 63 + V(I;fmz) (G.16)
mz
1
BLL _Z‘S’h sum 'yép Z D>SUM 'y&pm +S(Sumd) (G17)
Ap
1
d,R
BLR - Z‘S’hp7sum fyzSp Z sumA'y 5pmA S(sum d) (G'18)
P
Bl = T(ggmd) (G.19)
Bip =T (G.20)
CXL - VZ sumUL(Si + Vv(sum“) (G21)
CYp=VsE UL 5— + V(S,mu) (G.22)
u 1
CLL _ZS ,SUm ’Yép 2 +ZS sumA'y(?pmio +S(sum“) (G'23)
P
u R 1 1
CLR - Z S pySUM ’Y 519 + Z SAO ,sum 'y 6p ?40 + Séﬁm“) (G24)
P
ClL= éimu) (G.25)
CLR - T(sum“) (G26)

and the other chiralities are given by X}, = X/%(R < L) and X} = X}/ (R < L)
(X =AB,C;W=S5T,V).

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.

References

[1] ATLAS collaboration, Observation of a new particle in the search for the standard model
Higgs boson with the ATLAS detector at the LHC, Phys. Lett. B 716 (2012) 1
[arXiv:1207.7214] [INSPIRE].

[2] CMS collaboration, Observation of a new boson at a mass of 125 GeV with the CMS
experiment at the LHC, Phys. Lett. B 716 (2012) 30 [arXiv:1207.7235] [INSPIRE].

[3] D.V. Forero, M. Tortola and J.W.F. Valle, Global status of neutrino oscillation parameters
after Neutrino-2012, Phys. Rev. D 86 (2012) 073012 [arXiv:1205.4018] [InSPIRE].

— 67 —


http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/j.physletb.2012.08.020
http://arxiv.org/abs/1207.7214
http://inspirehep.net/search?p=find+EPRINT+arXiv:1207.7214
http://dx.doi.org/10.1016/j.physletb.2012.08.021
http://arxiv.org/abs/1207.7235
http://inspirehep.net/search?p=find+EPRINT+arXiv:1207.7235
http://dx.doi.org/10.1103/PhysRevD.86.073012
http://arxiv.org/abs/1205.4018
http://inspirehep.net/search?p=find+EPRINT+arXiv:1205.4018

[4]

[15]

[16]

[17]

[18]

[19]

[20]

M.C. Gonzalez-Garcia, M. Maltoni, J. Salvado and T. Schwetz, Global fit to three neutrino
mizing: critical look at present precision, JHEP 12 (2012) 123 [arXiv:1209.3023]
[INSPIRE].

F. Capozzi et al., Status of three-neutrino oscillation parameters, circa 2013, Phys. Rev. D
89 (2014) 093018 [arXiv:1312.2878] [INSPIRE].

S. Mihara, J.P. Miller, P. Paradisi and G. Piredda, Charged lepton flavor-violation
experiments, Ann. Rev. Nucl. Part. Sci. 63 (2013) 531 [INSPIRE].

MEG collaboration, J. Adam et al., New constraint on the existence of the u+ — et
decay, Phys. Rev. Lett. 110 (2013) 201801 [arXiv:1303.0754] [INSPIRE].

A.M. Baldini et al., MEG upgrade proposal, arXiv:1301.7225 [INSPIRE].
T. Aushev et al., Physics at super B factory, arXiv:1002.5012 [INSPIRE].

SINDRUM collaboration, U. Bellgardt et al., Search for the decay u+ — eTete™, Nucl.
Phys. B 299 (1988) 1 [INSPIRE].

A. Blondel et al., Research proposal for an experiment to search for the decay u — eee,
arXiv:1301.6113 [INSPIRE}.

BABAR and BELLE collaborations, A.J. Bevan et al., The physics of the B factories,
arXiv:1406.6311 [INSPIRE}.

LHCb collaboration, Searches for violation of lepton flavour and baryon number in T lepton
decays at LHCD, Phys. Lett. B 724 (2013) 36 [arXiv:1304.4518] INSPIRE].

MUZ2E collaboration, R.M. Carey et al., Proposal to search for uy= N — e~ N with a single
event sensitivity below 10716, FERMILAB-PROPOSAL-0973, Fermilab, Batavia U.S.A.
(2008) [INSPIRE].

MUu2E collaboration, D. Glenzinski, The Mu2e experiment at Fermilab, AIP Conf. Proc.
1222 (2010) 383 [INSPIRE].

MU2E collaboration, R.J. Abrams et al., Mu2e conceptual design report, arXiv:1211.7019
[INSPIRE].

DEEME collaboration, M. Aoki, A new idea for an experimental search for v-e conversion,
PoS(ICHEP 2010)279 [INSPIRE].

COMET collaboration, Y.G. Cui et al., Conceptual design report for experimental search
for lepton flavor violating = -e~ conversion at sensitivity of 10716 with a slow-extracted
bunched proton beam (COMET), KEK-2009-10, Japan (2009) [InSPIRE].

COMET collaboration, Y. Kuno, A search for muon-to-electron conversion at J-PARC': the
COMET experiment, Prog. Theor. Exp. Phys. 2013 (2013) 022C01 [INSPIRE].

PRISM/PRIME WORKING GROUP collaboration, An experimental search for a p=-e~
conversion at sensitivity of the order of 10™'® with a highly intense muon source: PRISM,
http://j-parc.jp/researcher /Hadron /en/pac_0606 /pdf/p20-Kuno.pdf.

A. Pilaftsis, Lepton flavor nonconservation in H° decays, Phys. Lett. B 285 (1992) 68
[INSPIRE].

J.L. Diaz-Cruz and J.J. Toscano, Lepton flavor violating decays of Higgs bosons beyond the
standard model, Phys. Rev. D 62 (2000) 116005 [hep-ph/9910233] [INSPIRE].

— 68 —


http://dx.doi.org/10.1007/JHEP12(2012)123
http://arxiv.org/abs/1209.3023
http://inspirehep.net/search?p=find+EPRINT+arXiv:1209.3023
http://dx.doi.org/10.1103/PhysRevD.89.093018
http://dx.doi.org/10.1103/PhysRevD.89.093018
http://arxiv.org/abs/1312.2878
http://inspirehep.net/search?p=find+EPRINT+arXiv:1312.2878
http://dx.doi.org/10.1146/annurev-nucl-102912-144530
http://inspirehep.net/search?p=find+J+Ann.Rev.Nucl.Part.Sci.,63,531
http://dx.doi.org/10.1103/PhysRevLett.110.201801
http://arxiv.org/abs/1303.0754
http://inspirehep.net/search?p=find+EPRINT+arXiv:1303.0754
http://arxiv.org/abs/1301.7225
http://inspirehep.net/search?p=find+EPRINT+arXiv:1301.7225
http://arxiv.org/abs/1002.5012
http://inspirehep.net/search?p=find+EPRINT+arXiv:1002.5012
http://dx.doi.org/10.1016/0550-3213(88)90462-2
http://dx.doi.org/10.1016/0550-3213(88)90462-2
http://inspirehep.net/search?p=find+J+Nucl.Phys.,B299,1
http://arxiv.org/abs/1301.6113
http://inspirehep.net/search?p=find+EPRINT+arXiv:1301.6113
http://arxiv.org/abs/1406.6311
http://inspirehep.net/search?p=find+EPRINT+arXiv:1406.6311
http://dx.doi.org/10.1016/j.physletb.2013.05.063
http://arxiv.org/abs/1304.4518
http://inspirehep.net/search?p=find+EPRINT+arXiv:1304.4518
http://inspirehep.net/search?p=find+R+FERMILAB-PROPOSAL-0973
http://dx.doi.org/10.1063/1.3399348
http://dx.doi.org/10.1063/1.3399348
http://inspirehep.net/search?p=find+J+APCPC,1222,383
http://arxiv.org/abs/1211.7019
http://inspirehep.net/search?p=find+EPRINT+arXiv:1211.7019
http://pos.sissa.it/cgi-bin/reader/contribution.cgi?id=PoS(ICHEP 2010)279
http://inspirehep.net/search?p=find+J+POSCI,ICHEP2010,279
http://inspirehep.net/search?p=find+R+KEK-2009-10
http://dx.doi.org/10.1093/ptep/pts089
http://inspirehep.net/record/1223754
http://j-parc.jp/researcher/Hadron/en/pac_0606/pdf/p20-Kuno.pdf
http://dx.doi.org/10.1016/0370-2693(92)91301-O
http://inspirehep.net/search?p=find+J+Phys.Lett.,B285,68
http://dx.doi.org/10.1103/PhysRevD.62.116005
http://arxiv.org/abs/hep-ph/9910233
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9910233

[23] G. Blankenburg, J. Ellis and G. Isidori, Flavour-changing decays of a 125 GeV Higgs-like
particle, Phys. Lett. B 712 (2012) 386 [arXiv:1202.5704] [INSPIRE].

[24] R. Harnik, J. Kopp and J. Zupan, Flavor violating Higgs decays, JHEP 03 (2013) 026
[arXiv:1209.1397] [INSPIRE].

[25] S. Davidson and P. Verdier, LHC sensitivity to the decay h — 75muT, Phys. Rev. D 86
(2012) 111701 [arXiv:1211.1248] [INSPIRE].

[26] A. Arhrib, Y. Cheng and O.C.W. Kong, Higgs to uT1+ decay in supersymmetry without
R-parity, Europhys. Lett. 101 (2013) 31003 [arXiv:1208.4669] [INSPIRE].

[27] A. Arhrib, Y. Cheng and O.C.W. Kong, A comprehensive analysis on lepton flavor violating

Higgs to uT + mmu decay in supersymmetry without R-parity, Phys. Rev. D 87 (2013)
015025 [arXiv:1210.8241] INSPIRE].

[28] P.S. Bhupal Dev, R. Franceschini and R.N. Mohapatra, Bounds on TeV seesaw models from

LHC Higgs data, Phys. Rev. D 86 (2012) 093010 [arXiv:1207.2756] INSPIRE].

[29] M. Arana-Catania, E. Arganda and M.J. Herrero, Non-decoupling SUSY in LFV Higgs
decays: a window to new physics at the LHC, JHEP 09 (2013) 160 [arXiv:1304.3371]
[INSPIRE].

[30] A. Falkowski, D.M. Straub and A. Vicente, Vector-like leptons: Higgs decays and collider
phenomenology, JHEP 05 (2014) 092 [arXiv:1312.5329] [INSPIRE].

[31] E. Arganda, M.J. Herrero, X. Marcano and C. Weiland, Imprints of massive ISS neutrinos
in LFV Higgs decays, arXiv:1405.4300 [INSPIRE].

[32] S. Bressler, A. Dery and A. Efrati, Asymmetric lepton-flavor violating Higgs decays, Phys.
Rev. D 90 (2014) 015025 [arXiv:1405.4545] [INSPIRE].

[33] J. Kopp and M. Nardecchia, Flavor and CP-violation in Higgs decays, JHEP 10 (2014) 156

[arXiv:1406.5303] INSPIRE].

[34] D.A. Sierra and A. Vicente, FEzplaining the CMS Higgs flavor violating decay excess,
arXiv:1409.7690 [INSPIRE].

[35] CMS collaboration, Search for lepton flavour violating decays of the Higgs boson,
CMS-PAS-HIG-14-005, CERN, Geneva Switzerland (2014).

[36] W. Porod and W. Majerotto, Large lepton flavor violating signals in supersymmetric
particle decays at future ete™ colliders, Phys. Rev. D 66 (2002) 015003 [hep-ph/0201284]
[INSPIRE].

[37] A. Bartl et al., Test of lepton flavor violation at LHC, Eur. Phys. J. C 46 (2006) 783
[hep-ph/0510074] [iNSPIRE].

[38] M. Hirsch, J.W.F. Valle, W. Porod, J.C. Romao and A. Villanova del Moral, Probing
minimal supergravity in type-1 seesaw with lepton flavour violation at the LHC, Phys. Rev.
D 78 (2008) 013006 [arXiv:0804.4072] [INSPIRE].

[39] M. Hirsch, S. Kaneko and W. Porod, Supersymmetric seesaw type. II. LHC and lepton
flavour violating phenomenology, Phys. Rev. D 78 (2008) 093004 [arXiv:0806.3361]
[INSPIRE].

[40] S. Kaneko, J. Sato, T. Shimomura, O. Vives and M. Yamanaka, Measuring lepton flavour
violation at LHC with long-lived slepton in the coannihilation region, Phys. Rev. D 78
(2008) 116013 [arXiv:0811.0703] [INSPIRE].

- 69 —


http://dx.doi.org/10.1016/j.physletb.2012.05.007
http://arxiv.org/abs/1202.5704
http://inspirehep.net/search?p=find+EPRINT+arXiv:1202.5704
http://dx.doi.org/10.1007/JHEP03(2013)026
http://arxiv.org/abs/1209.1397
http://inspirehep.net/search?p=find+EPRINT+arXiv:1209.1397
http://dx.doi.org/10.1103/PhysRevD.86.111701
http://dx.doi.org/10.1103/PhysRevD.86.111701
http://arxiv.org/abs/1211.1248
http://inspirehep.net/search?p=find+EPRINT+arXiv:1211.1248
http://dx.doi.org/10.1209/0295-5075/101/31003
http://arxiv.org/abs/1208.4669
http://inspirehep.net/search?p=find+EPRINT+arXiv:1208.4669
http://dx.doi.org/10.1103/PhysRevD.87.015025
http://dx.doi.org/10.1103/PhysRevD.87.015025
http://arxiv.org/abs/1210.8241
http://inspirehep.net/search?p=find+EPRINT+arXiv:1210.8241
http://dx.doi.org/10.1103/PhysRevD.86.093010
http://arxiv.org/abs/1207.2756
http://inspirehep.net/search?p=find+EPRINT+arXiv:1207.2756
http://dx.doi.org/10.1007/JHEP09(2013)160
http://arxiv.org/abs/1304.3371
http://inspirehep.net/search?p=find+EPRINT+arXiv:1304.3371
http://dx.doi.org/10.1007/JHEP05(2014)092
http://arxiv.org/abs/1312.5329
http://inspirehep.net/search?p=find+EPRINT+arXiv:1312.5329
http://arxiv.org/abs/1405.4300
http://inspirehep.net/search?p=find+EPRINT+arXiv:1405.4300
http://dx.doi.org/10.1103/PhysRevD.90.015025
http://dx.doi.org/10.1103/PhysRevD.90.015025
http://arxiv.org/abs/1405.4545
http://inspirehep.net/search?p=find+EPRINT+arXiv:1405.4545
http://dx.doi.org/10.1007/JHEP10(2014)156
http://arxiv.org/abs/1406.5303
http://inspirehep.net/search?p=find+EPRINT+arXiv:1406.5303
http://arxiv.org/abs/1409.7690
http://inspirehep.net/search?p=find+EPRINT+arXiv:1409.7690
http://cds.cern.ch/record/1740976
http://dx.doi.org/10.1103/PhysRevD.66.015003
http://arxiv.org/abs/hep-ph/0201284
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0201284
http://dx.doi.org/10.1140/epjc/s2006-02528-4
http://arxiv.org/abs/hep-ph/0510074
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0510074
http://dx.doi.org/10.1103/PhysRevD.78.013006
http://dx.doi.org/10.1103/PhysRevD.78.013006
http://arxiv.org/abs/0804.4072
http://inspirehep.net/search?p=find+EPRINT+arXiv:0804.4072
http://dx.doi.org/10.1103/PhysRevD.78.093004
http://arxiv.org/abs/0806.3361
http://inspirehep.net/search?p=find+EPRINT+arXiv:0806.3361
http://dx.doi.org/10.1103/PhysRevD.78.116013
http://dx.doi.org/10.1103/PhysRevD.78.116013
http://arxiv.org/abs/0811.0703
http://inspirehep.net/search?p=find+EPRINT+arXiv:0811.0703

[41]

[42]

[43]

[44]

[45]

[52]

[53]

F. del Aguila and J.A. Aguilar-Saavedra, Distinguishing seesaw models at LHC with
multi-lepton signals, Nucl. Phys. B 813 (2009) 22 [arXiv:0808.2468] nSPIRE].

A. Atre, T. Han, S. Pascoli and B. Zhang, The search for heavy Majorana neutrinos, JHEP
05 (2009) 030 [arXiv:0901.3589] [INSPIRE].

A. Abada, A.J.R. Figueiredo, J.C. Romao and A.M. Teixeira, Interplay of LFV and slepton
mass splittings at the LHC as a probe of the SUSY seesaw, JHEP 10 (2010) 104
[arXiv:1007.4833] [INSPIRE].

J.N. Esteves et al., LHC and lepton flavour violation phenomenology of a left-right
extension of the MSSM, JHEP 12 (2010) 077 [arXiv:1011.0348] [INSPIRE].

J.N. Esteves, J.C. Romao, M. Hirsch, F. Staub and W. Porod, Supersymmetric type-111
seesaw: lepton flavour violating decays and dark matter, Phys. Rev. D 83 (2011) 013003
[arXiv:1010.6000] [INSPIRE].

A. Abada, A.J.R. Figueiredo, J.C. Romao and A.M. Teixeira, Probing the supersymmetric
type-11I seesaw: LFV at low-energies and at the LHC, JHEP 08 (2011) 099
[arXiv:1104.3962] [INSPIRE].

A. Abada, A.J.R. Figueiredo, J.C. Romao and A.M. Teixeira, Lepton flavour violation:
physics potential of a linear collider, JHEP 08 (2012) 138 [arXiv:1206.2306] [INSPIRE].

P. Bandyopadhyay, E.J. Chun, H. Okada and J.-C. Park, Higgs signatures in inverse seesaqw
model at the LHC, JHEP 01 (2013) 079 [arXiv:1209.4803] [INSPIRE].

S. Mondal, S. Biswas, P. Ghosh and S. Roy, Fxploring novel correlations in trilepton
channels at the LHC for the minimal supersymmetric inverse seesaw model, JHEP 05
(2012) 134 [arXiv:1201.1556] [INSPIRE].

A. Das and N. Okada, Inverse seesaw neutrino signatures at the LHC and ILC, Phys. Rev.
D 88 (2013) 113001 [arXiv:1207.3734] [INSPIRE].

A .M. Teixeira, A. Abada, A.J.R. Figueiredo and J.C. Romao, Lepton flavour violation at
high energies: the LHC and a linear collider, Nuovo Cim. C 037 (2014) 19
[arXiv:1402.1426] [INSPIRE].

P.S. Bhupal Dev, S. Mondal, B. Mukhopadhyaya and S. Roy, Phenomenology of light
sneutrino dark matter in cMSSM/mSUGRA with inverse seesaw, JHEP 09 (2012) 110
[arXiv:1207.6542] [INSPIRE].

BABAR collaboration, B. Aubert et al., Searches for lepton flavor violation in the decays
7+ — efgamma and 7 — muTgamma, Phys. Rev. Lett. 104 (2010) 021802
[arXiv:0908.2381] [INSPIRE].

K. Hayasaka et al., Search for lepton flavor violating T decays into three leptons with 719
million produced 777~ pairs, Phys. Lett. B 687 (2010) 139 [arXiv:1001.3221] [INSPIRE].

SINDRUM II collaboration, C. Dohmen et al., Test of lepton flavor conservation in  — e
conversion on titanium, Phys. Lett. B 317 (1993) 631 [INSPIRE].

SINDRUM II collaboration, W.H. Bertl et al., A search for muon to electron conversion in
muonic gold, Eur. Phys. J. C 47 (2006) 337 [INSPIRE].

DEEME collaboration, M. Aoki, An experimental search for muon-electron conversion in
nuclear field at sensitivity of 10~ with a pulsed proton beam, AIP Conf. Proc. 1441 (2012)
599 [INSPIRE].

— 70 —


http://dx.doi.org/10.1016/j.nuclphysb.2008.12.029
http://arxiv.org/abs/0808.2468
http://inspirehep.net/search?p=find+EPRINT+arXiv:0808.2468
http://dx.doi.org/10.1088/1126-6708/2009/05/030
http://dx.doi.org/10.1088/1126-6708/2009/05/030
http://arxiv.org/abs/0901.3589
http://inspirehep.net/search?p=find+EPRINT+arXiv:0901.3589
http://dx.doi.org/10.1007/JHEP10(2010)104
http://arxiv.org/abs/1007.4833
http://inspirehep.net/search?p=find+EPRINT+arXiv:1007.4833
http://dx.doi.org/10.1007/JHEP12(2010)077
http://arxiv.org/abs/1011.0348
http://inspirehep.net/search?p=find+EPRINT+arXiv:1011.0348
http://dx.doi.org/10.1103/PhysRevD.83.013003
http://arxiv.org/abs/1010.6000
http://inspirehep.net/search?p=find+EPRINT+arXiv:1010.6000
http://dx.doi.org/10.1007/JHEP08(2011)099
http://arxiv.org/abs/1104.3962
http://inspirehep.net/search?p=find+EPRINT+arXiv:1104.3962
http://dx.doi.org/10.1007/JHEP08(2012)138
http://arxiv.org/abs/1206.2306
http://inspirehep.net/search?p=find+EPRINT+arXiv:1206.2306
http://dx.doi.org/10.1007/JHEP01(2013)079
http://arxiv.org/abs/1209.4803
http://inspirehep.net/search?p=find+EPRINT+arXiv:1209.4803
http://dx.doi.org/10.1007/JHEP05(2012)134
http://dx.doi.org/10.1007/JHEP05(2012)134
http://arxiv.org/abs/1201.1556
http://inspirehep.net/search?p=find+EPRINT+arXiv:1201.1556
http://dx.doi.org/10.1103/PhysRevD.88.113001
http://dx.doi.org/10.1103/PhysRevD.88.113001
http://arxiv.org/abs/1207.3734
http://inspirehep.net/search?p=find+EPRINT+arXiv:1207.3734
http://dx.doi.org/10.1393/ncc/i2014-11731-5
http://arxiv.org/abs/1402.1426
http://inspirehep.net/search?p=find+EPRINT+arXiv:1402.1426
http://dx.doi.org/10.1007/JHEP09(2012)110
http://arxiv.org/abs/1207.6542
http://inspirehep.net/search?p=find+EPRINT+arXiv:1207.6542
http://dx.doi.org/10.1103/PhysRevLett.104.021802
http://arxiv.org/abs/0908.2381
http://inspirehep.net/search?p=find+EPRINT+arXiv:0908.2381
http://dx.doi.org/10.1016/j.physletb.2010.03.037
http://arxiv.org/abs/1001.3221
http://inspirehep.net/search?p=find+EPRINT+arXiv:1001.3221
http://dx.doi.org/10.1016/0370-2693(93)91383-X
http://inspirehep.net/search?p=find+J+Phys.Lett.,B317,631
http://dx.doi.org/10.1140/epjc/s2006-02582-x
http://inspirehep.net/search?p=find+J+Eur.Phys.J.,C47,337
http://dx.doi.org/10.1063/1.3700628
http://dx.doi.org/10.1063/1.3700628
http://inspirehep.net/search?p=find+J+APCPC,1441,599

.J. Buras, B. Duling, T. Feldmann, T. Heidsieck and C. Promberger, Lepton flavour

58] A.J. B B. Duling, T. Feld T. Heidsieck and C. Promb L
violation in the presence of a fourth generation of quarks and leptons, JHEP 09 (2010) 104
[arXiv:1006.5356] [INSPIRE].

[59] R.N. Mohapatra and J.W.F. Valle, Neutrino mass and baryon number nonconservation in
superstring models, Phys. Rev. D 34 (1986) 1642 [INSPIRE].

[60] A. Elsayed, S. Khalil and S. Moretti, Higgs mass corrections in the SUSY B-L model with
inverse seesaw, Phys. Lett. B 715 (2012) 208 [arXiv:1106.2130] NSPIRE].

[61] M. Hirsch, M. Malinsky, W. Porod, L. Reichert and F. Staub, Hefty MSSM-like light Higgs
in extended gauge models, JHEP 02 (2012) 084 [arXiv:1110.3037] [INSPIRE].

[62] E.J. Chun, V.S. Mummidi and S.K. Vempati, Anatomy of Higgs mass in supersymmetric
inverse seesaw models, Phys. Lett. B 736 (2014) 470 [arXiv:1405.5478] [INSPIRE].

[63] J. Bernabeu, A. Santamaria, J. Vidal, A. Mendez and J.W.F. Valle, Lepton flavor
nonconservation at high-energies in a superstring inspired standard model, Phys. Lett. B
187 (1987) 303 [InSPIRE].

[64] A. Ilakovac and A. Pilaftsis, Flavor violating charged lepton decays in seesaw-type models,
Nucl. Phys. B 437 (1995) 491 [hep-ph/9403398] [INSPIRE].

[65] F. Deppisch and J.W.F. Valle, Enhanced lepton flavor violation in the supersymmetric
inverse seesaw model, Phys. Rev. D 72 (2005) 036001 [hep-ph/0406040] [INSPIRE].

[66] F. Deppisch, T.S. Kosmas and J.W.F. Valle, Enhanced p~-e~ conversion in nuclei in the
inverse seesaw model, Nucl. Phys. B 752 (2006) 80 [hep-ph/0512360] [INSPIRE].

[67] A. llakovac and A. Pilaftsis, Supersymmetric lepton flavour violation in low-scale seesaw
models, Phys. Rev. D 80 (2009) 091902 [arXiv:0904.2381] InSPIRE].

[68] R. Alonso, M. Dhen, M.B. Gavela and T. Hambye, Muon conversion to electron in nuclei in
type-I seesaw models, JHEP 01 (2013) 118 [arXiv:1209.2679] [INSPIRE].

[69] D.N. Dinh, A. Ibarra, E. Molinaro and S.T. Petcov, The u-e conversion in nucle,
1 — ey, p — 3e decays and TeV scale see-saw scenarios of neutrino mass generation, JHEP
08 (2012) 125 [Erratum ibid. 09 (2013) 023] [arXiv:1205.4671] [INSPIRE].

[70] A. Ilakovac, A. Pilaftsis and L. Popov, Charged lepton flavor violation in supersymmetric
low-scale seesaw models, Phys. Rev. D 87 (2013) 053014 [arXiv:1212.5939] [INSPIRE].

[71] C.-H. Lee, P.S. Bhupal Dev and R.N. Mohapatra, Natural TeV-scale left-right seesaw
mechanism for neutrinos and experimental tests, Phys. Rev. D 88 (2013) 093010
[arXiv:1309.0774] [INSPIRE].

[72] M. Hirsch, F. Staub and A. Vicente, Enhancing ¢; — 3¢; with the Z°-penguin, Phys. Rev. D
85 (2012) 113013 [arXiv:1202.1825] [INSPIRE].

[73] H.K. Dreiner, K. Nickel, F. Staub and A. Vicente, New bounds on trilinear R-parity
violation from lepton flavor violating observables, Phys. Rev. D 86 (2012) 015003
[arXiv:1204.5925] [NSPIRE].

[74] M. Hirsch, W. Porod, L. Reichert and F. Staub, Phenomenology of the minimal
supersymmetric U(1)p_p x U(1)g extension of the standard model, Phys. Rev. D 86 (2012)
093018 [arXiv:1206.3516] [NSPIRE].

71—


http://dx.doi.org/10.1007/JHEP09(2010)104
http://arxiv.org/abs/1006.5356
http://inspirehep.net/search?p=find+EPRINT+arXiv:1006.5356
http://dx.doi.org/10.1103/PhysRevD.34.1642
http://inspirehep.net/search?p=find+J+Phys.Rev.,D34,1642
http://dx.doi.org/10.1016/j.physletb.2012.07.066
http://arxiv.org/abs/1106.2130
http://inspirehep.net/search?p=find+EPRINT+arXiv:1106.2130
http://dx.doi.org/10.1007/JHEP02(2012)084
http://arxiv.org/abs/1110.3037
http://inspirehep.net/search?p=find+EPRINT+arXiv:1110.3037
http://dx.doi.org/10.1016/j.physletb.2014.08.002
http://arxiv.org/abs/1405.5478
http://inspirehep.net/search?p=find+EPRINT+arXiv:1405.5478
http://dx.doi.org/10.1016/0370-2693(87)91100-2
http://dx.doi.org/10.1016/0370-2693(87)91100-2
http://inspirehep.net/search?p=find+J+Phys.Lett.,B187,303
http://dx.doi.org/10.1016/0550-3213(94)00567-X
http://arxiv.org/abs/hep-ph/9403398
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9403398
http://dx.doi.org/10.1103/PhysRevD.72.036001
http://arxiv.org/abs/hep-ph/0406040
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0406040
http://dx.doi.org/10.1016/j.nuclphysb.2006.06.032
http://arxiv.org/abs/hep-ph/0512360
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0512360
http://dx.doi.org/10.1103/PhysRevD.80.091902
http://arxiv.org/abs/0904.2381
http://inspirehep.net/search?p=find+EPRINT+arXiv:0904.2381
http://dx.doi.org/10.1007/JHEP01(2013)118
http://arxiv.org/abs/1209.2679
http://inspirehep.net/search?p=find+EPRINT+arXiv:1209.2679
http://dx.doi.org/10.1007/JHEP08(2012)125
http://dx.doi.org/10.1007/JHEP08(2012)125
http://arxiv.org/abs/1205.4671
http://inspirehep.net/search?p=find+EPRINT+arXiv:1205.4671
http://dx.doi.org/10.1103/PhysRevD.87.053014
http://arxiv.org/abs/1212.5939
http://inspirehep.net/search?p=find+EPRINT+arXiv:1212.5939
http://dx.doi.org/10.1103/PhysRevD.88.093010
http://arxiv.org/abs/1309.0774
http://inspirehep.net/search?p=find+EPRINT+arXiv:1309.0774
http://dx.doi.org/10.1103/PhysRevD.85.113013
http://dx.doi.org/10.1103/PhysRevD.85.113013
http://arxiv.org/abs/1202.1825
http://inspirehep.net/search?p=find+EPRINT+arXiv:1202.1825
http://dx.doi.org/10.1103/PhysRevD.86.015003
http://arxiv.org/abs/1204.5925
http://inspirehep.net/search?p=find+EPRINT+arXiv:1204.5925
http://dx.doi.org/10.1103/PhysRevD.86.093018
http://dx.doi.org/10.1103/PhysRevD.86.093018
http://arxiv.org/abs/1206.3516
http://inspirehep.net/search?p=find+EPRINT+arXiv:1206.3516

[75]

[76]

[77]

[78]

[79]

[89]

[90]

[91]

[92]

A. Abada, D. Das, A. Vicente and C. Weiland, Enhancing lepton flavour violation in the
supersymmetric inverse seesaw beyond the dipole contribution, JHEP 09 (2012) 015
[arXiv:1206.6497] [INSPIRE].

M.E. Krauss, W. Porod and F. Staub, SO(10) inspired gauge-mediated supersymmetry
breaking, Phys. Rev. D 88 (2013) 015014 [arXiv:1304.0769] [INSPIRE].

M.E. Krauss et al., Decoupling of heavy sneutrinos in low-scale seesaw models, Phys. Rev.
D 90 (2014) 013008 [arXiv:1312.5318] [INSPIRE].

E. Arganda and M.J. Herrero, Testing supersymmetry with lepton flavor violating T and p
decays, Phys. Rev. D 73 (2006) 055003 [hep-ph/0510405] [INSPIRE].

W. Porod, F. Staub and A. Vicente, A flavor kit for BSM models, Eur. Phys. J. C T4
(2014) 2992 [arXiv:1405.1434] [NSPIRE].

F. Staub, SARAH, arXiv:0806.0538 [INSPIRE].

F. Staub, From superpotential to model files for FeynArts and CalcHep/CompHEP,
Comput. Phys. Commun. 181 (2010) 1077 [arXiv:0909.2863] [INSPIRE].

F. Staub, Automatic calculation of supersymmetric renormalization group equations and self
energies, Comput. Phys. Commun. 182 (2011) 808 [arXiv:1002.0840] InSPIRE].

F. Staub, SARAH 3.2: Dirac gauginos, UFO output and more, Comput. Phys. Commun.
184 (2013) 1792 [arXiv:1207.0906] [INSPIRE].

F. Staub, SARAH 4: a tool for (not only SUSY) model builders, Comput. Phys. Commun.
185 (2014) 1773 [arXiv:1309.7223] [NSPIRE].

W. Porod, SPheno, a program for calculating supersymmetric spectra, SUSY particle decays
and SUSY particle production at ete™ colliders, Comput. Phys. Commun. 153 (2003) 275
[hep-ph/0301101] [INSPIRE].

W. Porod and F. Staub, SPheno 3.1: extensions including flavour, CP-phases and models
beyond the MSSM, Comput. Phys. Commun. 183 (2012) 2458 [arXiv:1104.1573]
[INSPIRE].

T. Hahn and M. Pérez-Victoria, Automatized one loop calculations in four-dimensions and
D-dimensions, Comput. Phys. Commun. 118 (1999) 153 [hep-ph/9807565] [INSPIRE].

T. Hahn, Generating Feynman diagrams and amplitudes with FeynArts 3, Comput. Phys.
Commun. 140 (2001) 418 [hep-ph/0012260] [INSPIRE].

T. Hahn, Automatic loop calculations with FeynArts, FormCalc and LoopTools, Nucl. Phys.
Proc. Suppl. 89 (2000) 231 [hep-ph/0005029] [INSPIRE].

T. Hahn, New features in FormCalc 4, Nucl. Phys. Proc. Suppl. 135 (2004) 333
[hep-ph/0406288] [iNSPIRE].

T. Hahn, New developments in FormCalc 4.1, eConf C 050318 (2005) 0604
[hep-ph/0506201] [INSPIRE].

B. Chokoufe Nejad, T. Hahn, J.-N. Lang and E. Mirabella, FormCalc 8: better algebra and
vectorization, J. Phys. Conf. Ser. 523 (2014) 012050 [arXiv:1310.0274| InSPIRE].

A. Abada, D. Das and C. Weiland, Enhanced Higgs mediated lepton flavour violating
processes in the supersymmetric inverse seesaw model, JHEP 03 (2012) 100
[arXiv:1111.5836] [INSPIRE].

79—


http://dx.doi.org/10.1007/JHEP09(2012)015
http://arxiv.org/abs/1206.6497
http://inspirehep.net/search?p=find+EPRINT+arXiv:1206.6497
http://dx.doi.org/10.1103/PhysRevD.88.015014
http://arxiv.org/abs/1304.0769
http://inspirehep.net/search?p=find+EPRINT+arXiv:1304.0769
http://dx.doi.org/10.1103/PhysRevD.90.013008
http://dx.doi.org/10.1103/PhysRevD.90.013008
http://arxiv.org/abs/1312.5318
http://inspirehep.net/search?p=find+EPRINT+arXiv:1312.5318
http://dx.doi.org/10.1103/PhysRevD.73.055003
http://arxiv.org/abs/hep-ph/0510405
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0510405
http://dx.doi.org/10.1140/epjc/s10052-014-2992-2
http://dx.doi.org/10.1140/epjc/s10052-014-2992-2
http://arxiv.org/abs/1405.1434
http://inspirehep.net/search?p=find+EPRINT+arXiv:1405.1434
http://arxiv.org/abs/0806.0538
http://inspirehep.net/search?p=find+EPRINT+arXiv:0806.0538
http://dx.doi.org/10.1016/j.cpc.2010.01.011
http://arxiv.org/abs/0909.2863
http://inspirehep.net/search?p=find+EPRINT+arXiv:0909.2863
http://dx.doi.org/10.1016/j.cpc.2010.11.030
http://arxiv.org/abs/1002.0840
http://inspirehep.net/search?p=find+EPRINT+arXiv:1002.0840
http://dx.doi.org/10.1016/j.cpc.2013.02.019
http://dx.doi.org/10.1016/j.cpc.2013.02.019
http://arxiv.org/abs/1207.0906
http://inspirehep.net/search?p=find+EPRINT+arXiv:1207.0906
http://dx.doi.org/10.1016/j.cpc.2014.02.018
http://dx.doi.org/10.1016/j.cpc.2014.02.018
http://arxiv.org/abs/1309.7223
http://inspirehep.net/search?p=find+EPRINT+arXiv:1309.7223
http://dx.doi.org/10.1016/S0010-4655(03)00222-4
http://arxiv.org/abs/hep-ph/0301101
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0301101
http://dx.doi.org/10.1016/j.cpc.2012.05.021
http://arxiv.org/abs/1104.1573
http://inspirehep.net/search?p=find+EPRINT+arXiv:1104.1573
http://dx.doi.org/10.1016/S0010-4655(98)00173-8
http://arxiv.org/abs/hep-ph/9807565
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9807565
http://dx.doi.org/10.1016/S0010-4655(01)00290-9
http://dx.doi.org/10.1016/S0010-4655(01)00290-9
http://arxiv.org/abs/hep-ph/0012260
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0012260
http://dx.doi.org/10.1016/S0920-5632(00)00848-3
http://dx.doi.org/10.1016/S0920-5632(00)00848-3
http://arxiv.org/abs/hep-ph/0005029
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0005029
http://dx.doi.org/10.1016/j.nuclphysBPS.2004.09.018
http://arxiv.org/abs/hep-ph/0406288
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0406288
http://arxiv.org/abs/hep-ph/0506201
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0506201
http://dx.doi.org/10.1088/1742-6596/523/1/012050
http://arxiv.org/abs/1310.0274
http://inspirehep.net/search?p=find+EPRINT+arXiv:1310.0274
http://dx.doi.org/10.1007/JHEP03(2012)100
http://arxiv.org/abs/1111.5836
http://inspirehep.net/search?p=find+EPRINT+arXiv:1111.5836

[94]

[95]

[100]

[101]

[102]

[103]

[104]

[105]
[106]
[107]

[108]

[109]

[110]

R.N. Mohapatra, Mechanism for understanding small neutrino mass in superstring theories,
Phys. Rev. Lett. 56 (1986) 561 [INSPIRE].

M. Malinsky, T. Ohlsson, Z.-Z. Xing and H. Zhang, Non-unitary neutrino mizing and
CP-violation in the minimal inverse seesaw model, Phys. Lett. B 679 (2009) 242
[arXiv:0905.2889] [INSPIRE].

M.B. Gavela, T. Hambye, D. Hernandez and P. Hernandez, Minimal flavour seesaw models,
JHEP 09 (2009) 038 [arXiv:0906.1461] [INSPIRE].

A. Abada and M. Lucente, Looking for the minimal inverse seesaw realisation, Nucl. Phys.
B 885 (2014) 651 [arXiv:1401.1507] [INSPIRE].

M. Hirsch, T. Kernreiter, J.C. Romao and A. Villanova del Moral, Minimal supersymmetric
inverse seesaw: neutrino masses, lepton flavour violation and LHC phenomenology, JHEP
01 (2010) 103 [arXiv:0910.2435] NSPIRE].

G. 't Hooft, Naturalness, chiral symmetry, and spontaneous chiral symmetry breaking,
NATO Sci. Ser. B 59 (1980) 135 [nSPIRE].

M.C. Gonzalez-Garcia and J.W.F. Valle, Fast decaying neutrinos and observable flavor
violation in a new class of Majoron models, Phys. Lett. B 216 (1989) 360 [INSPIRE].

CMS collaboration, Search for new physics in the multijet and missing transverse
momentum final state in proton-proton collisions at \/s = 8 TeV, JHEP 06 (2014) 055
[arXiv:1402.4770] [INSPIRE].

ATLAS collaboration, Search for squarks and gluinos with the ATLAS detector in final
states with jets and missing transverse momentum using /s = 8 TeV proton-proton
collision data, JHEP 09 (2014) 176 [arXiv:1405.7875] [INSPIRE].

E. Arganda, M.J. Herrero and A.M. Teixeira, pu-e conversion in nuclei within the CMSSM
seesaw: universality versus non-universality, JHEP 10 (2007) 104 [arXiv:0707.2955]
[INSPIRE].

J. Hisano, T. Moroi, K. Tobe and M. Yamaguchi, Lepton flavor violation via right-handed
neutrino Yukawa couplings in supersymmetric standard model, Phys. Rev. D 53 (1996)
2442 [hep-ph/9510309] [INSPIRE].

E. Arganda, private communication.

Y. Kuno and Y. Okada, Muon decay and physics beyond the standard model, Rev. Mod.
Phys. 73 (2001) 151 [hep-ph/9909265] [iNSPIRE].

J.D. Vergados, The neutrino mass and family, lepton and baryon nonconservation in gauge
theories, Phys. Rept. 133 (1986) 1 [INSPIRE].

J. Bernabeu, E. Nardi and D. Tommasini, u-e conversion in nuclei and Z' physics, Nucl.
Phys. B 409 (1993) 69 [hep-ph/9306251] [INSPIRE].

A. Faessler, T.S. Kosmas, S. Kovalenko and J.D. Vergados, Constraints on R-parity
violating supersymmetry from muon electron nuclear conversion, hep-ph/9904335
[INSPIRE].

R. Kitano, M. Koike and Y. Okada, Detailed calculation of lepton flavor violating muon
electron conversion rate for various nuclei, Phys. Rev. D 66 (2002) 096002 [Erratum ibid.
D 76 (2007) 059902] [hep-ph/0203110] [INSPIRE].

- 73 —


http://dx.doi.org/10.1103/PhysRevLett.56.561
http://inspirehep.net/search?p=find+J+Phys.Rev.Lett.,56,561
http://dx.doi.org/10.1016/j.physletb.2009.07.038
http://arxiv.org/abs/0905.2889
http://inspirehep.net/search?p=find+EPRINT+arXiv:0905.2889
http://dx.doi.org/10.1088/1126-6708/2009/09/038
http://arxiv.org/abs/0906.1461
http://inspirehep.net/search?p=find+EPRINT+arXiv:0906.1461
http://dx.doi.org/10.1016/j.nuclphysb.2014.06.003
http://dx.doi.org/10.1016/j.nuclphysb.2014.06.003
http://arxiv.org/abs/1401.1507
http://inspirehep.net/search?p=find+EPRINT+arXiv:1401.1507
http://dx.doi.org/10.1007/JHEP01(2010)103
http://dx.doi.org/10.1007/JHEP01(2010)103
http://arxiv.org/abs/0910.2435
http://inspirehep.net/search?p=find+EPRINT+arXiv:0910.2435
http://inspirehep.net/record/144074
http://dx.doi.org/10.1016/0370-2693(89)91131-3
http://inspirehep.net/search?p=find+J+Phys.Lett.,B216,360
http://dx.doi.org/10.1007/JHEP06(2014)055
http://arxiv.org/abs/1402.4770
http://inspirehep.net/search?p=find+EPRINT+arXiv:1402.4770
http://dx.doi.org/10.1007/JHEP09(2014)176
http://arxiv.org/abs/1405.7875
http://inspirehep.net/search?p=find+EPRINT+arXiv:1405.7875
http://dx.doi.org/10.1088/1126-6708/2007/10/104
http://arxiv.org/abs/0707.2955
http://inspirehep.net/search?p=find+EPRINT+arXiv:0707.2955
http://dx.doi.org/10.1103/PhysRevD.53.2442
http://dx.doi.org/10.1103/PhysRevD.53.2442
http://arxiv.org/abs/hep-ph/9510309
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9510309
http://dx.doi.org/10.1103/RevModPhys.73.151
http://dx.doi.org/10.1103/RevModPhys.73.151
http://arxiv.org/abs/hep-ph/9909265
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9909265
http://dx.doi.org/10.1016/0370-1573(86)90088-8
http://inspirehep.net/search?p=find+J+Phys.Rept.,133,1
http://dx.doi.org/10.1016/0550-3213(93)90446-V
http://dx.doi.org/10.1016/0550-3213(93)90446-V
http://arxiv.org/abs/hep-ph/9306251
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9306251
http://arxiv.org/abs/hep-ph/9904335
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9904335
http://dx.doi.org/10.1103/PhysRevD.76.059902
http://arxiv.org/abs/hep-ph/0203110
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0203110

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

A. Crivellin, M. Hoferichter and M. Procura, Improved predictions for y — e conversion in
nuclei and Higgs-induced lepton flavor violation, Phys. Rev. D 89 (2014) 093024
[arXiv:1404.7134] [INSPIRE].

H.C. Chiang, E. Oset, T.S. Kosmas, A. Faessler and J.D. Vergados, Coherent and
incoherent (™, e~ ) conversion in nuclei, Nucl. Phys. A 559 (1993) 526 [INSPIRE].

T.S. Kosmas, S. Kovalenko and I. Schmidt, Nuclear p-e~ conversion in strange quark sea,
Phys. Lett. B 511 (2001) 203 [hep-ph/0102101] [iNSPIRE].

A. Brignole, G. Degrassi, P. Slavich and F. Zwirner, On the O(a3) two loop corrections to
the neutral Higgs boson masses in the MSSM, Nucl. Phys. B 631 (2002) 195
[hep-ph/0112177] [INSPIRE].

G. Degrassi, P. Slavich and F. Zwirner, On the neutral Higgs boson masses in the MSSM
for arbitrary stop mizing, Nucl. Phys. B 611 (2001) 403 [hep-ph/0105096] [INSPIRE].

A. Brignole, G. Degrassi, P. Slavich and F. Zwirner, On the two loop sbottom corrections to
the neutral Higgs boson masses in the MSSM, Nucl. Phys. B 643 (2002) 79
[hep-ph/0206101] [INSPIRE].

A. Dedes and P. Slavich, Two loop corrections to radiative electroweak symmetry breaking in

the MSSM, Nucl. Phys. B 657 (2003) 333 [hep-ph/0212132] [INSPIRE].

A. Dedes, G. Degrassi and P. Slavich, On the two loop Yukawa corrections to the MSSM
Higgs boson masses at large tan 3, Nucl. Phys. B 672 (2003) 144 [hep-ph/0305127]
[INSPIRE].

B.C. Allanach, A. Djouadi, J.L. Kneur, W. Porod and P. Slavich, Precise determination of
the neutral Higgs boson masses in the MSSM, JHEP 09 (2004) 044 [hep-ph/0406166]
[INSPIRE].

J.A. Casas and A. Ibarra, Oscillating neutrinos and p — e,~, Nucl. Phys. B 618 (2001)
171 [hep-ph/0103065] [INSPIRE].

L. Basso et al., Proposal for generalised supersymmetry Les Houches accord for see-saw
models and PDG numbering scheme, Comput. Phys. Commun. 184 (2013) 698
[arXiv:1206.4563] [INSPIRE].

A. Abada, D. Das, A.M. Teixeira, A. Vicente and C. Weiland, Tree-level lepton universality
violation in the presence of sterile neutrinos: impact for Rx and R,, JHEP 02 (2013) 048
[arXiv:1211.3052] [INSPIRE].

D.V. Forero, M. Tortola and J.W.F. Valle, Neutrino oscillations refitted, arXiv:1405.7540
[INSPIRE].

K.S. Babu and C. Kolda, Higgs mediated T — 3u in the supersymmetric seesaw model,
Phys. Rev. Lett. 89 (2002) 241802 [hep-ph/0206310] [INSPIRE].

LHCD collaboration, First evidence for the decay B — pu*u~, Phys. Rev. Lett. 110 (2013)
021801 [arXiv:1211.2674] INSPIRE].

S.P. Martin and M.T. Vaughn, Two loop renormalization group equations for soft
supersymmetry breaking couplings, Phys. Rev. D 50 (1994) 2282 [Erratum ibid. D 78
(2008) 039903] [hep-ph/9311340] [INSPIRE].

— 74—


http://dx.doi.org/10.1103/PhysRevD.89.093024
http://arxiv.org/abs/1404.7134
http://inspirehep.net/search?p=find+EPRINT+arXiv:1404.7134
http://dx.doi.org/10.1016/0375-9474(93)90259-Z
http://inspirehep.net/search?p=find+J+Nucl.Phys.,A559,526
http://dx.doi.org/10.1016/S0370-2693(01)00657-8
http://arxiv.org/abs/hep-ph/0102101
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0102101
http://dx.doi.org/10.1016/S0550-3213(02)00184-0
http://arxiv.org/abs/hep-ph/0112177
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0112177
http://dx.doi.org/10.1016/S0550-3213(01)00343-1
http://arxiv.org/abs/hep-ph/0105096
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0105096
http://dx.doi.org/10.1016/S0550-3213(02)00748-4
http://arxiv.org/abs/hep-ph/0206101
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0206101
http://dx.doi.org/10.1016/S0550-3213(03)00173-1
http://arxiv.org/abs/hep-ph/0212132
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0212132
http://dx.doi.org/10.1016/j.nuclphysb.2003.08.033
http://arxiv.org/abs/hep-ph/0305127
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0305127
http://dx.doi.org/10.1088/1126-6708/2004/09/044
http://arxiv.org/abs/hep-ph/0406166
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0406166
http://dx.doi.org/10.1016/S0550-3213(01)00475-8
http://dx.doi.org/10.1016/S0550-3213(01)00475-8
http://arxiv.org/abs/hep-ph/0103065
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0103065
http://dx.doi.org/10.1016/j.cpc.2012.11.004
http://arxiv.org/abs/1206.4563
http://inspirehep.net/search?p=find+EPRINT+arXiv:1206.4563
http://dx.doi.org/10.1007/JHEP02(2013)048
http://arxiv.org/abs/1211.3052
http://inspirehep.net/search?p=find+EPRINT+arXiv:1211.3052
http://arxiv.org/abs/1405.7540
http://inspirehep.net/search?p=find+EPRINT+arXiv:1405.7540
http://dx.doi.org/10.1103/PhysRevLett.89.241802
http://arxiv.org/abs/hep-ph/0206310
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0206310
http://dx.doi.org/10.1103/PhysRevLett.110.021801
http://dx.doi.org/10.1103/PhysRevLett.110.021801
http://arxiv.org/abs/1211.2674
http://inspirehep.net/search?p=find+EPRINT+arXiv:1211.2674
http://dx.doi.org/10.1103/PhysRevD.50.2282
http://arxiv.org/abs/hep-ph/9311340
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9311340

	Introduction
	Inverse seesaw model and its supersymmetric extension
	Low energy observables
	Effective lagrangian
	ell(alpha) -> ell(beta) gamma
	ell(alpha)**- -> ell(beta)**- ell(beta)**- ell(beta)**+
	ell(alpha)**- -> ell(beta)**- ell(gamma)**- ell(gamma)**+
	ell(alpha)**- -> ell(beta)**+ ell(gamma)**- ell(gamma)**-
	Coherent mu-e conversion in nuclei

	Results
	Numerical setup
	Numerical results

	Conclusions
	Masses and vertices
	Mass matrices
	Vertices
	Fermion-scalar vertices
	Fermion-vector vertices
	Scalar vertices
	Scalar-vector vertices
	Vector vertices


	Renormalization Group Equations
	Loop integrals
	Photonic penguin contributions to LFV
	Feynman diagrams
	Neutralino contributions
	Chargino contributions
	W**+ and H**+ contributions

	Z and Higgs penguin contributions to LFV
	Feynman diagrams
	Neutralino contributions
	Z-penguins
	Scalar penguins

	Chargino contributions
	Z-penguins
	Scalar penguins

	W**+ and H**+ contributions
	Z-penguins
	Scalar penguins


	Box contributions to LFV
	Four lepton boxes
	Feynman diagrams
	Neutralino contributions
	Chargino contributions
	W**+ and H**+ contributions

	Additional boxes for ell(alpha)**- -> ell(beta)**- ell(gamma)**+ ell(gamma)**-
	Crossed neutralino contributions
	Crossed chargino contributions
	Crossed W**+ and H**+ contributions

	Two-lepton — two-quark boxes
	Feynman diagrams
	Down quarks
	Up quarks


	Form factors of the 4-fermion operators

