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LSND’s Final Result
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January 21-26, 2002

DAR excess: 87.9+ 224+ 6.0 evts.

Corresponding osc. probability:
(0.264 + 0.067 + 0.045)%.

3.3 o evidence for oscillation.
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We are within a few weeks of

seeing Karmen II final results

But not yet...
Preliminary results,
March, ‘00

11 events observed
12.3 £ 0.6 events expected

Allows a limit of

<3.1 oscillation events
In the Karmen II data @ 90% CL

(Announced at Karmenfest:
Results through Nov *00:
14 observed, 14.3 expected)

January 21-26, 2002
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F1G. 9: Regions of various confidence for the combined analysis assuming statistical compatibility
of KARMEN 2 and LSND.

to the no—oscillation value is reduced (see Equ. 2.7) as well as the shape at higher values of
Am? is significantly modified due to the KARMEN 2 likelihood function.

To determine the confidence regions in (sin?(20),Am?), again we apply the unified
approach, i.e. we create the estimator distribution AlnLg4r for various hypotheses
(sin?(20),Am?)g and compare the experiment’s value Aln Lk srmEN2+LsND With the cut
value AlnLk,(8) for a given confidence. To get the estimator, a simulated event
sample now consists of a KARMEN 2-like and an LSND-like MC sample each analysed
with the appropriate likelihood definitions. Then both likelihood functions are added
following equation (4.2) and the estimator AlnLx4+r = InLkyr(sin?(20), Am?)me —
In Lx+(sin*(20), Am?)y is calculated. The typical cut values for a confidence of & = 90 %
are slightly higher than the individual LSND ones, ranging from 3.5 to 5.5. Figure 9 shows
the confidence regions of the oscillation parameters for the combined likelihood analysis. The

total confidence of a parameter region is hereby reduced by the fraction of incompatibility

K Eitel et ol .
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FIG. 10: Parameter regions deduced in this work (grey area) compared with existing limits of
experiments (Bugey ¥.— v, [18], CCFR »,— v, [19] and NOMAD v,— v, [20]) and the envisaged

sensitivity of the MiniBooNE experiment (with final single horn design [21]).

applied a unified frequentist approach to both likelihood analyses individually. The results
underline the feasibility of as well as the necessity for such an approach.

A quantitative joint statistical analysis has been performed leading to a level of 36 %
incompatibility of the experimental outcomes, corresponding to individual confidence levels
of 60 %. For the cases of statistical compatibility, the common parameter regions have been
identified on the basis of the unified frequentist approach applied to the combined likelihood
function of KARMEN 2 and LSND. The derived confidence regions in (sin’(20),Am?) clearly
differ from an often applied but incorrect graphical overlap of the confidence regions of the
individual experiments. There are two oscillation scenarios with either Am? ~ 7eV?/ct or
Am? < 1eV?/c* compatible with both experiments.

We performed a joint statistical analysis incorporating some of the systematic uncertain-
ties of the experiments, such as neutrino flux uncertainty, accuracy of known cross sections

and resolution functions of both experiments. Further —-unknown- systematic uncertainties

22
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The flavor of neutrinos in muon decays at a
neutrino factory and the LSND puzzle
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ABSTRACT: The accurate prediction of the neutrino beam produced in muon decays
and the absence of opposite helicity contamination for a particular neutrino flavor
make a future neutrino factory the ideal place to look for the lepton flavor violating
(LFV) decays of the kind u* — e*,», and lepton number violating (LNV) processes
like 4~ — e v.v,. Excellent sensitivities can be achieved using a detector capable
of muon and/or electron identification with charge discrimination. This would allow
to set experimental limits that improve current ones by more than two orders of
magnitude and test the hypothesis that the LSND excess is due to such anomalous
decays, rather than neutrino flavor oscillations in vacuum.

KEYWORDS: Beyond Standard Model, Neutrino Physics, Rare Decays.
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Figure 3: Visible energy {upper) and candidate muon (lower) distribution for LFV decays
(see text) normalized to LSND excess and 10'® positive muon decays for 10 ton detector.
The background from neutral current using the characteristics of an ICARUS LAr TPC is
also shown.

energy distribution with the help of an event generator [38] which includes all exclu-
sive final states and a realistic treatment of the low energy region.

A muon candidate is identified as a track which stops without interacting in the
Argon or leaves the detector vessel before interacting or stopping. Hence, charged

11



LITWTS

4 Decays Decay mode Current direct E, = 1GeV E, = 2GeV E, =5GeV
Limit
108 4x1073 5x10* 1x107*
1049 Put s etou,) < 1.2x1072 5x10% 1x107* 3x107°
10% 2x10°% 6x107% 2x10°%
10'® 6x107% 3x10"* 9x107*
10'* P(u~ = e very) < - 6x10~* 3x10~* 3x10™*
107 1x10~* 1x1:0* 2x10™*

Table 4: Achievable limits in case of negative result at the 90%C.L. for ut — ety
and u~ — e~ vevy decays with a 10 ton detector for three different number of muon decays.
For comparison, the indirect limit obtained in ref. [30] using processes involving charged
leptons is 5.8 x 1074,

In particular, LFV and LVN decays could play a role in the interpretation of
the LSND excess. Theoretical arguments based on experimental limits obtained on
exotic charged lepton decays, indicate that most probably the LSND excess cannot
be explained by these processes. However, if the LSND puzzle remains unsolved after
the MiniBOONE (28] results, a better understanding of these processes would then
be particularly relevant, if not mandatory.

A neutrino factory is an ideal machine to probe such anomalous decays of the
muon. The pure initial state beam allows to look for these decays without intrinsic
beam contamination.
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why Uil 4

ABSTRACT: Considering four-neutrino schemes of type 3 + 1, we identify four small
regions of the neutrino mixing parameter space comth M Assuming
a small mixing between the sterile neutrino and the isolated mass eigenstate we show
that large v, — v, and v, — v, transitions are predicted in short-baseline experi-
ments and could be observed in the near future in dedicated experiments. We discuss
also implications for solar, atmospheric and long-baseline neutrino experiments and
we present a formalism that allows to describe in 3+ 1 schemes atmospheric neutrino
oscillations, long-baseline v, disappearance and v, — v, transitions in matter.

KEYWORDS: Solar and Atmospheric Neutrinos, Neutrino Physics.
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Figure 2: Very Thick Solid Line: Allowed regions. Thick Solid Line: Disappearance
bound (3.5). Dotted Line: LSND 2000 allowed regions at 90% CL [31]. Solid Line: LSND
2000 allowed regions at 99% CL [31]. Broken Dash-Dotted Line: exclusion curve
at 90% CL [32]. Vertical Dash-Dotted Line: [CHOOZ fexclusion curve at 90% CL [23].
Long-Dashed Line: KARMEN 2000 exclusion curve at 90% CL [36]). Short-Dashed Line:
BNL-ET776 exclusion curve at 90% CL [35).

that could be observed in the near future. We consider the 3 + 1 @e& wig

l |U.4|2 <1. ' (1.3)

This could be obtained, for example, in the hierarchical scheme I (see figure 1)
with an appropriate symmetry keeping the sterile neutrino very light, i.e. mostly
mixed with the lightest mass eigenstates. Notice that nothing forbids |U,|? to be
even zero exactly. The only unwelcomed consequence of equation (1.3) is a large
contribution of v, — v, transitions to the atmospheric neutrino anomaly, as discussed
in section 4. These transitions are dominant in the regions R2, R3, R4, whereas they
mix with v, — v, transitions in the region R1. As mentioned above, dominant
v, — v, transitions of atmospheric neutrinos are disfavored by the present Super-
Kamiokande and MACRO data (20, 22]. On the other hand, a mixture of v, — v,
and v, — v, transitions is allowed by the data [49, 51, 52].
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