Is there any “LSND anomaly”?
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The LSND Collaboration reported a 3.8 σ excess of ν̄e over background, in an experiment that
dumped 800 MeV protons into a water target. They interpreted this excess as evidence for
ν̄µ → ν̄e oscillations, which led to the suggestion of ‘sterile’ neutrinos. LSND’s claim was not
confirmed by the MiniBooNE Collaboration, yet the origins of the LSND result were never clarified. The data from the HARP-CDP group on pion production by 800 MeV protons are used in
an independent calculation of LSND’s ν̄e background, also taking into account pion production
by neutrons which had been ignored in LSND’s calculations. We conclude that LSND’s claim of
a 3.8 σ excess cannot be upheld.
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π − /π +
ν̄µ [ν /PoT /cm2 ]
ν̄e [ν /PoT /cm2 ]

LSND
(runs 1993-1995)
–
0.8 × 10−9
0.65 × 10−12

A. Zhemchugov

LSND “emulation”
0.203
0.72 × 10−9
0.56 × 10−12

Geant4
⊕ exp. data
0.382
0.76 × 10−9
0.96 × 10−12

FLUKA
⊕ exp. data
0.356
0.75 × 10−9
0.89 × 10−12

Table 1: Neutrino fluxes from muon decay at rest: HARP-CDP simulation results compared with the results
published by LSND [1].
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1 The

neutrino fluxes in the table are different from values shown at the conference. This discrepancy is explained
by a computational mistake in our simulation, which has been found and eliminated after the conference. We note that
this mistake did not affect the final conclusion.
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The LSND experiment reported an anomalous 3.8 σ excess of ν̄e , interpreted as ν̄µ → ν̄e oscillation with ∆m2 ≈ 1 eV2 [1]. This result has, until today, not been confirmed by other experiments.
The HARP experiment measured pion production with a 1.5 GeV/c proton beam impinging on various target materials, including water and copper. These measurements were used to cross-check
the calculation of LSND’s ν̄e background. Only data from the HARP large-angle spectrometer,
analyzed by the HARP-CDP group, were used[2].
Two independent simulation programs have been developed. Hadron production has been
simulated by Geant4[3] and FLUKA[4] codes. Then, pion production by protons has been adjusted
to the HARP-CDP data, and pion production by neutrons has been tuned according to the results of
other experiments[5]. In addition, we “emulated” the LSND procedure of neutrino flux calculation
using the LSND’s pion production parametrization[6], to demonstrate understanding of the LSND
geometry. The results of our calculation are shown in Table 11 .
Comparing the LSND “emulation” and our best estimate based on Geant4 and FLUKA, adjusted to the experimental data, we conclude, that the larger part of the background of LSND’s ν̄e
signal was underestimated by nearly a factor of 1.7. The causes were too small pion production
cross-sections by protons and the neglect of pion production by neutrons, which, unlike protons,
predominantly produce π − rather than π + . Thus, the claim of a 3.8 σ significance of the LSND
anomaly cannot be upheld.

