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1. introduction

Data from both atmospheric [1] and solar [2] neutrinos have confirmed the existence of neu-
trino oscillations with near-maximal v, — v; mixing (Super-Kamiokande) and large v, — v, mix-
ing (SNO). Recently, concrete evidence on the possible range of the 6,3 has been found [3, 4].
Later data [5, 6] further constrain the range of of 0;3. These observations would also imply vio-
lation of the corresponding charged-lepton numbers, which in supersymmetric theories might be
significant and observable in low-energy experiments [7, 8, 9].

A strong constraint on radiative decays is the recent MEG’s upper limit on BR(u — ey) [10],
SUSY models can explain this limits with sparticles with masses in the TeV range. The recent
measurement of the higgs boson mass [11, 12] is compatible with a large SUSY spectrum that
still can be the TeV range. This makes difficult to observe slepton flavour oscillations at LHC
[13, 14], where sleptons are spected to appear in neutralino decays ¥» — x + lfltllf (a # b, here
x is the lightest neutralino, assumed to be the lightest supersymmetric particle (LSP), and ) is
the second-lightest neutralino). However a Linear Collider (LC) may find SUSY LFV signals with
larger SUSY masses [15, 16].

In this presentation we consider a minimal supersymmetric version of the seesaw mechanism
for neutrino masses with a SU(5) model of the Yukawa structure, implemented such that neutrino
constraints are satisfied while we choose a set of SUSY parameters satisfying phenomenological
constraints to evaluate the LFV violation signals in a future LC.

2. Flavour violating slepton production with see-saw neutrinos.

Charged-lepton flavour violation at a LC may occur directly in slepton pair production. Pro-
cesses leading to lepton production in the decays of a pair of sleptons include

ete = I - TR,

etem = ViV = T uT I R 2.1
Slepton production may also result from the the cascade decays of the heavier gauginos, however
these models are subdominant in models with LFV arising by complementing the CMSSM with a

see-saw mechanism to explain neutrino masses[16].
In the unrotated charged-lepton flavour basis /; = (&1, fir, 1, €%, i, ), the charged slepton

Mp; M;
M§:< b LR), (2.2)

mass matrix is:
2 2
My, Mig
where
1
Mi;, = mng +M; — = (2mj, —m%)cos2B I,

2

M3, = mng + M3 — (m% —mi,)cos2B 1,

Mir = (A= ptanB) my,
Mg, = (Mzg)". (2.3)
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Figure 1: Constraints on the magnitudes of the mixing parameters and possible LFV effects. The shaded
area is allowed by current limits on BR(T — eYy) (dot-dash line) and BR(T — Wy) (dash line) using the
reference point. The solid lines are contours of o(ete™ — t=u™ +2x°) in fb for \/s = 2000 GeV.

Here we parametrize trilinear soft supersymmetry-breaking terms as A, (Ae)ij» where the A, are the
respective Yukawa couplings. For universal soft terms at some high input scale, one has

M;=Mg = mj1, AS; = A0S, (2.4)

In the minimal supersymmetric extension of the seesaw mechanism for generating neutrino masses
with three heavy singlet-neutrino states N;, the leptonic sector of the superpotential is:

1
W= Nic(Yv)iijHz — Ef(Ye)iijHl + ENCI'%J'NJC- +uHH (2.5

where Yy, is the neutrino Dirac Yukawa coupling matrix, .#;; is the Majorana mass matrix for the N,
the L; and Hj are lepton and Higgs doublets, and the E} are singlet charged-lepton supermultiplets.
In the basis where charged leptons and heavy neutrino mass matrices are diagonal, one finds

My =Y] (") ¥ sin® B, (2.6)

where v =174 GeV and tan 8 = v, /v;.

In this minimal supersymmetric version of the seesaw model for neutrino masses, renormal-
ization of the soft supersymmetry-breaking slepton masses would occur while running from the
GUT scale to the heavy neutrino mass scales. In the leading-logarithmic approximation, the non-
universal renormalization of the soft supersymmetry-breaking scalar masses is given by

1
812

(M) ~

7 (AvivsﬁvSflog UL L A2 V52V log GUT> Gmd+dd). @7

MV3 MV2

implying that the corresponding corrections to left-handed slepton masses are given by Vp, the
Dirac neutrino mixing matrix in the basis where the charged-lepton masses are diagonal. In this
approach, non-universality in the soft supersymmetry-breaking left-slepton masses is much larger
than that in the right-slepton masses.
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Figure 2: The left panel shows the values of c(eTe™ — Zi_f;“ — 7 uT +2x%) vs \/s for the benchmark
point. On the right panel 6(eTe™ — Vivi — tu¥ + %" X1 preditions are presented.

The recent measurement of the Higgs mass at the LHC imposes a severe constraint in the
CMSSM parameter space. Althought points predicting my, in its central value at around 125 GeV
generally imply large SUSY spectrum and large neutralino relic density, it is still possible to find
some points predicting my, in the lower part of the experimental range with a moderate masses
for the SUSY particles and satisfaction of all the phenomenological constraints [17]. We use as a
reference:

tanff =45, mo=730GeV, M, =900GeV, Ag=—1310GeV. 2.8)

This point belong to the ¥ — 7 coannihilation region, and predicts Qxh2 =0.11 and m;, =
122 GeV.
Fig. 1 shows typical values of the LFV entries defined as:

8, = (M2) 7 ) (M2,)"s 2.9)

such that the limits on BR(7 — e7y) and BR(7 — u7) are preserved.

3. An SU(5) SUSY model with massive neutrinos.

In our current work, we go beyond the above approximation by including the complete mixing
effects in interesting regions of the parameter space. For the structures of the mixing matrices, as
well as the heavy and light neutrino hierarchies, one must appeal to a specific GUT model. Here
we consider textures obtained by combining SU(5) with a U(1) family symmetry [18, 19].

et 1583 2¢ gllFml gllEm| 1 75¢[1%ns]
Y= 05e —1.9¢2 —05¢ |; v, = gl glml 1 25¢lml |, 3.1
2e3 —1.9¢2 1.5 1.3glml glml _oglns]
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Figure 3: The shaded areas show the possible ranges of 6(eTe™ — T5uT + 2)(0) for mg < 1000 GeV and
tan 8 = 45 assuming Ao = 0. We take \/s fixed to 500 GeV (grey), 1000 GeV (green) and 2000 GeV (orange).
The solid lines present the possible values for models along the center of the WMAP strips, with the lines
corresponding to \/s=500, 1000, 2000 GeV being progressively thicker. The corresponding predictions for
o(ete — treT +2x°) are shown by the dashed lines.

82\n1\ 8|n1+n2\ _1'38\n1+n3\
MN — 8‘n1+n2| 82|”2| g‘"2+”2| (32)
_ [n1+n3| olna4ns] _ g2|ns3]
1.3¢ € £

with € ~ 0.2 as the preferred value. The coefficients in front af the powes of € are not predicted by
the theory and are chosen such that neutrino mixing angles are inside of the experimental range:

sin®01, = 0.020; sin*6;3 = 0.29; sin’6r3 = 0.61. (3.3)

Appropriate choices of the unspecified U(1) charges, such as ny =2,n, = —1,n3 = 1, lead to
interesting phenomenology. In particular example that we are considering, the LFV entries in the
slepton mass matrices, defined as in eq. (2.9), are of the order:

(8rL)13 =10.02, (8r1)23 =0.02, (8rL)12 = 0.004. 34

Fig. 2 displays the dependence of the results on the available /s. Clearly, at the LC, higher
values of /s provide accessible cross sections for heavier sparticle spectra, a potential advantage
of the LC over the LHC, where it is relatively difficult to reach large values of the scalar masses.
As /s = 2P, increases, it becomes possible to produce on-shell sleptons with larger masses. We
should underline that the effects due to the kinematics are as relevant as those from the LFV mixing
parameters.

In Fig. 3 we present the maximum values of the cross sections in the CMSSM at tanf3 = 45
and Ay = 0. The shaded areas show the possible ranges of 6(e*e™ — t5uT +2x°), and we note
that points along the WMARP strips (solid lines) generally have high values of the cross sections.
The dashed lines show the possible values of c(e*e™ — t5eT +2x") along the WMAP strips.



sLFV-LC Mario E. Gémez

The area with m;, > 120 GeV correspond to values of m; , > 750 GeV, this implies cross sections
of the order of 0.01 fb.

4. Conclusions

A future LC will provide an optimal environment for the study of LFV, whereas the LHC is
limited to specific channels that have significant backgrounds. The fact that the LC opens up ad-
ditional possibilities may prove significant for making the link between observable cross sections,
neutrino physics and flavour model building.

So far we considered parameters on the CMSSM. However, the cross sections expected in non-
minimal extensions of the theory might not only enhance channels that in the current scheme are
more suppressed, but could also enable a comparison of the allowed range of mixing parameters in
different models.
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