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We update present bounds on the helicity of the neutrinodym®d in muon decay, including
ete” — ff LEP 2 data. These significantly reduce the limits derivednfial the other elec-
troweak precision data. In Standard Model extensions dedigo maximize the RH neutrino
production in such a decay the neutrino deficit eventualgeotable in a near detector at a neu-
trino factory can be of the order of 5 %. Motivated by the catrieHC run at 7 TeV, we also
update previous work providing discovery limits on see-sa@diators at this centre of mass en-
ergy. Lepton triplets with 200 GeV could be discovered witminosities of 1 - 1.5 fb!. Scalar
triplets of the same mass might be seen with 0.75 =3.fWhat makes their search also attractive
in the first LHC analyses.
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1. Introduction

Neutrino masses and neutrino interactions manifest at exp different energy scales. Thus,
while neutrino masses are in the eV range or below, wealaatiens occur near the TeV, at a scale
102 times larger. As a consequence, neutrino masses have aviedhup at neutrino oscillation
experiments where a long baseline enhances their effeddfiffhey can be completely neglected
in experiments where the relevant energies are of the eleetrkk ordery ~ 246 GeV, as in large
collider experiments. This is the whole story within the mrial Standard Model (SM) extension
with tiny Dirac neutrino masses (Yukawa couplings), or veithall Majorana neutrino masses from
a highly suppressed dimension five Weinberg operafgyi; = (I[)C(Z)*(I)Tlﬂ (see-saw mechanism)
[2]. However, this situation can be totally reversed if neteractions involving light left (LH)
and/or right-handed (RH) neutrinos exist near the eleaednscale [3].

In this short communication we revise two interesting caség possibility that there are light
Dirac or Majorana RH neutrinos with appropriate new weakriattions which may be observable
at a large collider and, in particular, at a neutrino factdrdy or on the contrary, that there are no
light RH neutrinos but the see-saw mediators of the lightdvia masses for LH neutrinos live
near the TeV at the LHC reach [5].

1.1 Observable RH neutrino production

A fair question is how well do we know that light neutrinos &te ? or to be more concrete,
which helicity have the neutrinos produced in muon decay].?Hfm pion decay into muons we
know that the muon charged interactions are mainly LH, aedtedweak precision data (EWPD)
require this to be so with a precision of few per ten thousaitdinvthe SM [1]. This is reflected
by the width of the curves in Fig. 1. However, if we allow foghit RH neutrinos and new four-
fermion interactions of the electroweak size up to a fact@ f®@w, and possible model dependent
cancellations, present experimental constraints leawen rior light RH neutrinos observable at a
neutrino factory, and new mediators observable at LHC [4,Iffleed, although limits on new
physics described by dimension six operators are typicdlthe order of 1-10 % [8], if we allow
for cancellations some deviations from the SM can be latgd¥ig. 1 (left) we show two examples
(see [4, 9] for definitions and details) where the large d@ria correspond to the relatively weak
bounds (straight lines and crosses)dm), andgig.

It must be noticed, however, that although these SM deviatamuld be observable at a large
v factory as a deficit of the neutrinos detected by a near detetat most 8.5 (4.5) % through in-
verse muon decay (neutrino-nucleon) and an adequate, nmodglendent dimension six operator
addition (case E1 in Fig. 1 (right)), such an addition is atdgigned to maximize this effect while
preserving present experimental limits, including thasenf rare processes. When one also de-
mands that such an addition results from a definite modepadissible deviations are reduced (for
instance, to 4 (2) % in case E2 in Fig. 1 (right)). Finally, iush be stressed that these departures
from the SM predictions are compatible with all EWPD, indhglin particulare*e~ — ff LEP 2
data (right panel in Fig. 1). These appear to be quite résgjimot only reducing the new param-
eter space as shown by comparing the left and right panelginli-but requiring extra additions
to maintain the agreement with experimental data whilenatig for relatively largedg’, andg?zR
values, for exampléQee)equu = 5(ERYa€r) (IRY® Hr) in the two cases depicted in Fig. 1 (right).
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Figure 1. (Left) 90 % C.L. bounds from a global fit using EWPD (without R data) to appropriate
extra dimension six operators involving light LH (absc)saied RH (ordinate) neutrinos. E1 and E2 stand
for the model independent and the specific model additionrdesd in [4], respectively. (Right) The same
including also LEP 2 data in the fit and considering the extra fepton operatof@ee)equ. The crosses
define the extremes of the corresponding 90 % confidencengfpo the global fit to the new parameters.

1.2 Observable see-saw mediatorsat LHC

Light neutrinos may be only LH and get their masses through\tleinberg operatofds );;
after spontaneous symmetry breaking. This dimension fiveadpr results from the tree-level
exchange of fermion singlet$ and/or triplets, and/or scalar tripletA. Which are known as type
I, lll and Il see-saw mechanism, respectively [2, 3, 10].His tase if these heavy mediators have
masses near the TeV, being then eventually observable at thd@mallness of the light neutrino
masses requires an extremely small012 effective coupling; j multiplying (&s);ij. What stands
for very small mixing angles in the fermionic ca$én ¢s| ~ 106, or a minuscule effective lepton
number breaking parameter in the scalar en&0 12, Such small numbers translate into negligible
mediator production cross sections at large collidersafrtproduction mechanism is proportional
to them, as in the fermion singlet case in the absence ofduittieractionst. (Otherwise, its
production rate can be of the electroweak size, as for instanLeft-Right models [3, 10].) In the
triplet case their production is through electroweak mtéons. In such a case they are observable
at LHC for masses below the TeV. Here we present the correapgpmesults for a center of mass
energy of 7 TeV. In Table 1 we gather the luminosity requireda 50 discovery of the see-saw
triplet messengers in three different multi-lepton chdsmndés for a center of mass energy of 14
TeV [5, 12], the four cases considered can be distinguistyecomparing the number of events
in the different samples. The pre-selection and selecti@eria are also similar, with a good
reconstruction of the heavy resonance masses, as showg. i féir scalar triplets with a mass of
200 GeV and a luminosity of 30 fi3.
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Figure 2: Reconstructed scalar triplet mass in thé=¢7 (no Z) (left) and in the/=¢* (right) samples for a
center of mass energy of 7 TeV and an integrated luminosigpdb .

(E0E0T (n0Z) (0F (nopy) Pt~

A (NH) 2.7 5.9 115
A (IH) 0.74 2.1 2.0
S 2.0 1.4 3.6
pas 0.97 - 1.0

Table 1: Luminosities (in fb'Y) required for & discovery at LHC with a center of mas energy of 7 TeV for
the models in the left column (scalar triplé&soupling to light neutrinos with a normal NH or an inverted
IH mass hierarchy, and Majorana M or Dirac D fermion tripEYsn the final states indicated. A dash stands
for an unobservable signal.
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