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The background caused in Cerenkov detectors by isolated neutrons during the
detection of neutrinos in the atmosphere is discussed. The neutrons are

generated in nuclear showers initiated by muons in the earth around the detectors.
Incorporating events associated with the detection of 7 mesons which are
produced in nA — 7°X reactions and which simulate the detection of v, leads to
a measured ratio I(v,)/I(v,) which is close to that expected for the energy
range 0.2-5 GeV. © [994 American Institute of Physics.

Recent studies,'~ carried out primarily with Cerenkov detectors, have called atten-
tion to the circumstance that the ratio of the number of muon-like events to the number
of electron-like events is small in comparison with that which would be expected on the
basis of Monte Carlo calculations. The ratio R= (u/e)gaa/ (1t/€)mc increases with the
depth,*~® approaching one at depths H>4000 meters water equivalent. This result sug-
gests that in experiments carried out to measure electron neutrinos there is an additional
source of background, which decreases with depth. Since all detectors have highly effec-
tive anticoincidence shielding, this background source could consist only of neutral par-
ticles, specifically, neutrons.

In some previous studies we examined the depth behavior of the neutron component
associated with cosmic-ray muons, and we measured the fluxes and spectra of isolated
neutrons at kinetic energies of 18-92 MeV (Refs. 7-13). The Monte Carlo calculations
carried out in those papers and also by other authors'* show that the energy distributions
of the nuclear-active particles with energies of 0.02-5 GeV outside the central region of
the nuclear shower, especially of the particles moving in a direction perpendicular to the
shower axis, are essentially independent of the energy of the primary particle at £>20
GeV. Figure 1 shows some calculated energy spectra of neutrons and 7= mesons behind
a layer of shielding with a thickness of 250 g/cm? thick, on which a flux of neutrons with
a spectrum dT, /T, (T,<200 MeV) or dT,,/ Tﬁ (T,>200 MeV) is incident. This is the
spectrum of neutron generation in showers; T is the kinetic energy of the particles. Note
that the shape of the spectrum depends only weakly on the angle of incidence of the
neutrons and on the thickness of the shielding in the range 100-500 g/cm?® (Ref. 14).
Knowing the neutron flux in the range 18-92 MeV measured at a depth of 570 meters
water equivalent, i.e., N, (570); allowing for the dependence of N, on the depth and on
the average muon energy at this depth, E# (H), ie.,
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and also using the spectra in Fig. 1, we can calculate the fluxes of neutrinos incident on
the surface of a detector at any depth, and we can do so quite accurately. Here are the
results of such calculations, for various fluxes of isolated neutrons with energies
T,>200 MeV incident per year per square meter of the lateral surface of the detector
(mwe stands for “meters water equivalent”):

H, mwe: 1570 2700 3300 4000 5300
Ny, m 2yt 230 65 25 7 3

At energies T,<1 GeV, and for light nuclei, the average pion multiplicity is'
N <1, and the pion energy spectrum in Fig. 1 is very nearly the same as the spectrum of
events in the detector. In most cases, 7" _mesons interacting with O Jose energy to a
value below the threshold for detection of Cerenkov radiation. Estimates show that at 200
MeV<T,<1.5 GeV no more than 8-10% of the = mesons may look like muon-like
events. Their apparent energy release is less than 500 MeV. The 7* mesons which decay
into two 7y rays simulate electron-like events in more than 30% of the cases. Since the
minimum 7y-ray separation angle decreases with the energy (singy/2=m_o/E o), the
percentage of simulations of electron-like events increases with the 7 energy or, equiva-
lently, with the apparent energy. In the case of a 7= meson, the probability for the
simulation of a muon-like event with an apparent energy of more than 1 GeV is negli-
gible. Tt follows that the reactions nA — #°X are an additional mechanism for electron-
like events and constitute a background in the detection of electron neutrinos at energies
up to ~5 GeV.

In examining the spatial distribution of false events we should bear in mind that the
angular distributions of pions with 7,<<1 GeV which are produced in nA reactions with
T,/T,<0.5 are approximately isotropic.!>!® Accordingly, a substantial fraction of the
v rays generated in 7% decays near the boundary of the working volume will contribute
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TABLE 1.

Detector
Kamiokande Kamiokande
IMB (E<1.33 GeV) (E>1.33 GeV)

Type of event experimental background experimental background experimental background
Isolated:
total 610 ~250 389 ~54 195
shower (e-like) 378 210 191 46 98 40
shower (u-like) 232 <40 198 <8 31
(/‘L/e)dam

without

background 0.61 1.04 0.32

with

background ~1.1 ~14 0.53
(m/eIMC

{Refs. 1-3) 1.10 1.60 0.57

signals in the anticoincidence shielding. True internal events are those which are formed
by pions in the central part of the detector, at a distance of more than ~ 1.5 m from the
boundary of the working volume; for those produced near the boundary, the true events
are those in which the y rays move into the detector.

Table I shows calculations of background events within the working volume, the
results of IMB experiments (the exposure here was 7.7 kton-yr), and the data from
Kaniokande experiments (6.18 kton-yr for E<1.33 GeV and 8.2 kton-yr for E>>1.33
GeV), along with theoretical and experimental values of the ratio of the number of u
-like events to the number of e-like events.

The calculations were carried out within an error of 30%, but they show that the
background is significant in the measurements of the electron-like events. The incorpo-
ration of this background leads to a value of R= (u/e) g,/ (1t/€)mc close to one. With
regard to the angular distribution of background events with £>>1.3 GeV, we could say
that it is approximately the same as the angular distribution of the incident neutrons.'
Since the probability for an isolated neutron moving nearly along the vertical to enter the
working volume is exceedingly small, there should be no background events in this
direction.
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