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Large underground, liquid based detectors for astro-particle physics in Europe

Table 4. Summary of the e+π0 and ν̄K+ decay discovery potential for the three
detectors. The e+π0 channel is not yet simulated for LENA.

GLACIER LENA MEMPHYS

e+π0

ε(%)/bkgd (Mton yr) 45/1 — 43/2.25
τp/B (90% C.L., 10 yr) 0.4 × 1035 — 1.0 × 1035

ν̄K+

ε(%)/bkgd (Mton yr) 97/1 65/1 8.8/3
τp/B (90% C.L., 10 yr) 0.6 × 1035 0.4 × 1035 0.2 × 1035

of ∼2×104 has been achieved [61]. A detailed study of background implying pion and kaon
production in atmospheric neutrino reactions has been performed leading to a background
rate of 0.064 yr−1 due to the reaction νµ + p → µ− + K+ + p.

For the current proton lifetime limit for the channel considered (τp/B = 2.3 ×
1033 yr) [3], about 40.7 proton decay events would be observed in LENA after ten years
with less than 1 background event. If no signal is seen in the detector within ten years,
the lower limit for the lifetime of the proton will be set at τp/B > 4 × 1034 yr at the
90% C.L.

For GLACIER, the latter is a quite clean channel due to the presence of a strange
meson and no other particles in the final state. Using dE/dx versus range as the
discriminating variable in a neural network algorithm, less than 1% of the kaons are
misidentified as protons. For this channel, the selection efficiency is high (97%) for an
atmospheric neutrino background, <1 event/Mton yr. In the case of absence of signal
and for a detector location at a depth of 1 km w.e., one expects for 1 Mton yr (10 yr)
exposure one background event due to cosmogenic sources. This translates into a limit
τp/B > 0.6× 1035 yr at 90% C.L. This result remains valid even at shallow depths where
cosmogenic background sources are a very important limiting factor for proton decay
searches. For example, the study done in [58] shows that a three-plane active veto at a
shallow depth of about 200 m rock overburden under a hill yields similar sensitivity for
p → K+ν̄ to a 3000 m.w.e. deep detector.

For MEMPHYS one should rely on the detection of the decay products of the K+

since its momentum (340 MeV/c) is below the water Cherenkov threshold of 570 MeV/c: a
236 MeV/c muon and its decay electron (type I) or a 205 MeV/c π+ and π0 (type II), with
the possibility of a delayed (12 ns) coincidence with the 6 MeV 15N de-excitation prompt
γ (type III). Using the known imaging and timing performance of Super-Kamiokande, the
efficiency for the reconstruction of p → νK+ is 33% (I), 6.8% (II) and 8.8% (III), and the
background is 2100, 22 and 6 events/Mton yr, respectively. For the prompt γ method, the
background is dominated by misreconstruction. As stated by the UNO Collaboration [62],
there are good reasons to believe that this background can be lowered by at least a factor
of two, corresponding to the atmospheric neutrino interaction νp → νΛK+. In these
conditions, and taking into account the Super-Kamiokande performance, a 5 Mton yr
exposure for MEMPHYS would allow reaching τp/B > 2 × 1034 yr (figure 7).

A preliminary comparison between the performances of three detectors has been
carried out (table 4). For the e+π0 channel, the Cherenkov detector gets a better limit
due to the higher mass. However, it should be noted that GLACIER, although five times
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