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The LSND Collaboration reported a 3.8σ excess of ν̄e over background. In this experiment,
800 MeV protons were dumped into a water target. LSND experimentalists interpreted this excess as
evidence for ν̄μ → ν̄e oscillations, which led to the hypothesis of the existence of ®sterile¯ neutrinos.
LSND's claim was not conˇrmed by the MiniBooNE Collaboration, so the origins of the LSND result
were never clariˇed. The data from the HARPÄCDP group on pion production by 800 MeV protons
are used in an independent calculation of LSND's ν̄e background. The pion production by neutrons
which had been ignored in LSND's calculations is also taken into account. We conclude that LSND's
claim of a 3.8σ excess cannot be upheld.

PACS: 14.60.Pq; 95.55.Vj

INTRODUCTION

The LSND experiment reported an anomalous 3.8σ excess of ν̄e, interpreted
as ν̄μ → ν̄e oscillation with Δm2 ≈ 1 eV2 [1]. This result has not been conˇrmed
by other experiments until today. The MiniBooNE experiment was designed to
check the ®LSND anomaly¯. They performed a search for νμ → νe oscillations,
but no signal was found [2]. The recent results from a search for ν̄μ → ν̄e

oscillations are consistent with an event excess, however low statistics make
it difˇcult to interpret these results as a conˇrmation of the LSND result [3].
Therefore, the ®LSND anomaly¯ remains an unsolved puzzle in neutrino physics.
It is considered of such an interest that a new experiment [4] has been proposed
recently at CERN to test the LSND observation.

THE HARPÄCDP RE-EVALUATION OF THE LSND BACKGROUND

In the HARP experiment, pion productions with a 1.5 GeV/c proton beam
impinging on various target materials, including water and copper, were measured
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(see Fig. 1). These measurements were used to cross-check the calculation of
LSND's ν̄e background. Only the data from the HARP large-angle spectrometer,
analyzed by the HARPÄCDP group, were used [5,6].

Two independent simulation programmes have been developed, and give
consistent results. Hadron production has been simulated by Geant4 [7] and
FLUKA [8] codes, and then adjusted to the HARPÄCDP data. Pion production
by neutrons has been tuned according to the results of other experiments [9, 10].
To demonstrate our understanding of the LSND geometry, the LSND procedure
of calculation of the neutrino �uxes has been ®emulated¯ in our simulation using

Fig. 1. Inclusive cross sections of pion production by +1.5 GeV/c protons on water (a, c)
and copper (b, d) as a function of pT, for the polar angle 40◦ (a, b) and 90◦ (c, d). The
black circles correspond to π+, and the open circles to π−, measured by HARPÄCDP.
Pion production cross sections calculated according to the LSND parameterization are also
shown for π+ (solid line) and π− (dashed line)
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LSND's pion production parameterization [11, 12]. A comparison of results of
simulations based on Geant4 and FLUKA, and obtained from LSND ®emulation¯,
is shown in Fig. 2.

According to the simulation, a contribution of higher pion generations, which
were not taken properly into account by LSND, is found signiˇcant, especially in
the case of π− production (see Fig. 3). It is largely explained by pion production
by neutrons, which had been ignored in LSND's calculations.

Fig. 2. The numbers of π+ (a) and π− (b) per incoming +1.5 GeV/c proton as a function
of momentum. The results of simulations based on the Geant4 and FLUKA codes, adjusted
to experimental data, are compared with the LSND ®emulation¯

Fig. 3. The numbers of π+ (a) and π− (b) from different generations per incoming
+1.5 GeV/c proton are shown, as predicted by the FLUKA code adjusted to experimental
data
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Neutrino �uxes from muon decay at rest: the HARPÄCDP simulation results
compared with the results published by LSND [1]

LSND LSND Geant4 FLUKA
(runs 1993Ä1995) ®emulation¯ + exp. data + exp. data

π−/π+ Å 0.20 0.38 0.35
ν̄μ, PoT−1 · cm−2 0.8 · 10−9 0.60 · 10−9 0.78 · 10−9 0.76 · 10−9

ν̄e, PoT−1 · cm−2 0.65 · 10−12 0.59 · 10−12 0.96 · 10−12 0.88 · 10−12

Comparing the LSND ®emulation¯ and our best estimate based on Geant4
and FLUKA, adjusted to the experimental data, one can ®measure¯ the effect
of improved pion production simulation on the estimate of the neutrino �uxes.
Results of our calculations are shown in the Table. It is demonstrated that the
larger part of the background of LSND's ν̄e signal was underestimated by nearly
a factor of 1.6. The causes were too small cross section of pion production by
protons and the neglect of pion production by neutrons, which, unlike protons,
predominantly produce π− rather than π+. We conclude that the claim of a 3.8σ
signiˇcance of the LSND anomaly cannot be upheld.
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