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Abstract. This paper describes a method to detect UHE neu-
trinos with AMANDA. At energies>1016 eV the earth be-
comes increasingly opaque to neutrinos. Because of the lim-
ited overburden above AMANDA, most of the UHE neutrino
induced muons are expected from the horizon. The main
challenge is the rejection of the large flux of downgoing at-
mospheric muon events, while retaining a large efficency for
neutrino events.

1 Introduction

The main purpose of a large volume neutrino telescope is the
identification of astrophysical neutrino sources. Sources may
be point like or diffuse. The probability to detect a muon pro-
duced in a muon-neutrino interaction depends on the angle of
incidence of the neutrinos. The distance traveled by a muon
can not exceed the column density of matter availible for the
neutrino interaction. Neutrinos above∼1016 eV are strongly
absorbed by the earth. Therefore UHE muons from neutrino
interaction are mostly coming from the horizontal direction.
Figure 1 shows that above Eν=1016 eV downgoing neutrino-
induced muon fluxes from various models exceed the back-
ground of downgoing atmospheric muons (including con-
tribution from charm), which dictates the threshold for this
analysis. Downgoing muon events of lower energy which re-
semble a signal event (i.e. muon bundles) are rejected using
event information. Discovery of an UHE neutrino signal re-
quires a detailed understanding of the simulation and detec-
tor. One example of the difficulties encounterd is the simula-
tion of the background of downgoing muons. The composi-
ton of the primary particle flux above the knee (∼ 2·1015 eV)
is uncertain (see Freudenreich et al. (1990)). The amount of
the contribution from the decay of charmed messons presents
another uncertainty (Costa and Salles (2001)) and the air
shower program Corsika (Heck (1998)) does not simulate
charmed events. On the other hand, this creates an opportu-
nity for AMANDA. The detection of the background from
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charm decays would provide an important constraint on the
charm production.
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Fig. 1. Downgoing Muon Intensities (Eµ >1015 eV) as a function
of neutrino energy, taking into account the limited overburden above
AMANDA. For topological defects (Sigl et al. (1999)), two AGN
models (Stecker and Salamon (1996) and Protheroe (1997)), su-
perheavy relics (Gelmini and Kusenko (2000)), a large charm pre-
diction (Misaki et al. (1999)) and pion and kaon decays (Gaisser
(1990)).

2 Method
To demonstrate the ability to reject the atmospheric muon
background, while retaining a large effective area (Aeff) for
neutrinos we use several MC data sets and the experimen-
tal data itself. The analysis applies several cuts and a neu-
ral net (NN), enriching the data sample with events that re-
semble simulated UHE neutrino events. No reconstruction is
used, as the AMANDA reconstruction tools were developed
for low energy events and have a poor angular resolution for
bright or distant events. Instead global event properties and
timing information is used to distinguish between downgoing
atmospheric muon and neutrino-induced events. One pow-
erful rejection criteria is based on the idea that bright sig-
nal events have fewer OMs with only a single photon. At
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UHE energies the flux of photons emitted by the muon is de-
tectable over large distances. The arrival time distrubution
is broad (∼ few µs). This and the possibility for separated
photons to create afterpulses generates multiple hits per OM.

3 The Detector
This analysis used data collected with AMANDA-B10 in
1997. This array consists out of 302 Optical Modules (OMs)
deployed between 1500 m and 2000 m depth. A more de-
tailed description of the detector and its basic characteristics
can be found in Andres et al. (2001).

4 The Data Samples
4.1 Monte Carlo
Signal has been generated using single muons with ener-
gies equally distributed inlog(Eµ) between1012−20 eV and
cos(zenith). The origin of the simulated muon track was
uniformly distributed on a plane with a radius of 1000 m,
located 500 m from the center of the detector. Propagation
of the muons through the ice used the tracking code of Li-
pari (1991). This program allows tracking of muons up to
1020 eV. Atmospheric muon background was generated with
Corsika. The relative abundances of cosmic ray primaries
was taken from Wiebel-Sooth and Biermann (1999). The
standard AMANDA downgoing muon sample was propa-
gated with the code from Lohmann et al. (1985). The
livetime of this sample corresponds to 0.48 days (normal-
ized to the primary flux). Figure 2 shows the distribution
of the primary energies for the different levels (as explained
below). Using this figure, the minimum threshold for the
primary energy was raised from 0.8 TeV to 80 TeV (biased
sample). This enables the generation of a larger number of
events. Propagation was done with Lipari. The knee in the
primary cosmic ray spectrum has been simulated by weight-
ing events with primary energies above2× 1015 eV accord-
ing to a 0.3 steeper spectrum. The relative abundance of the
primaries was not changed. The livetime of this sample was
∼7.2 days.

4.2 Experimental Data
The 1997 high multiplicity sample (Number of hit channels
(NCH) >100) as used in the monopole analysis (Niessen
(2001)) was used. A small number of OMs experienced elec-
tronic malfunction in some runs. These runs were excluded
from the current analysis. With 25 % dead time the integrated
livetime was 75 days.

5 Event Selection
The event selection used several parameters, describing global
event and time properties . The parameters are defined as:

F1H Fraction of hit channels with exactly one hit
NCH Number of hit channels
NH Number of hits for all channels
MA The mean amplitude for hit channels
SIGA The square root of the variance of the amplitudes
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Fig. 2. The distribution of the energy of the primary for the Corsika
simulation for the three levels as defined below. Level 0 is from the
unbiased, while the other two are from the biased Corsika sample.
Indicated are the unweighted number of events for each level.

SIGT The square root of the variance of the hit times
NN A neural net using the above variables

The selection of events was done in several steps:

1. Calibrating, cleaning of cross talk, cleaning of unstable
OMs

2. Rejecting events with NCH<95
3. Rejecting events caused by electronic noise
4. Rejecting events with F1H≥0.55
5. Rejecting events with NN≤0.95

Steps 1–3 define level 0, step 4 defines level 1 and step 5
defines level 2.

Level Experim. Corsika Cor. bias MC Signal
0 Events 2405055 12906 60341∗ 25628

Events/day 32067 26888 8381∗ -
1 Events 19584 473 4065 21203

Events/day 261 985 565 -
2 Events 9 - 0.89 (4) 18477

Events/day 0.12 - 0.12 -

Table 1. Absolute numbers and event rates per day for the exper-
imental data, Corsika MC (0.48 days livetime), “biased” Corsika
(7.2 days livetime) and E−1 Signal. (4) gives the number of un-
weighted MC events. The numbers with∗ were generated with the
higher threshold and are not comparable with the others in this line.

5.1 Level 0
After steps 1 to 3 the initial high multiplicity sample is re-
duced to∼30 % or∼2.4×106 events. Table 1 shows the
event rate per day of the Corsika MC in agreement with the
experimental data. Figure 3 shows the multiplicity distri-
bution (NCH) for the experiment, the Corsika MC and the
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MC signal. Agreement between the background MC and
the experimental distribution is seen. The UHE neutrino-
induced muons tend to have a higher multiplicity than the
atmospheric muons.
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Fig. 3. NCH distribution for experiment, Corsika and signal MC.

5.2 Level 1
The AMANDA Data Aquisition has the capability to record
several photon arrival times (hits) per OM . Figure 4 shows
the distribution of F1H at level 0. The experimental data and
the downgoing muon MC are well seperated from the sig-
nal MC. Keeping events with F1H<0.55, reduces the exper-
imental data to less than 1 % of the level 0, while 83 % of the
signal survives. An overestimation of the afterpulse proba-
bility shifts the Corsika MC compared to the experimental
data, explaining the higher passing rate of 3.7 %.

5.3 Level 2
A neural net (Schwindling et al. (1999)) was trained with a
small fraction of the biased Corsika and the signal MC. The
six variables defined above were used as input. The F1H vari-
able was re-evaluated without afterpulses. Figure 5 shows
the output of the NN. Most of the experimental data and the
Corsika MC events were identified as background (NN close
to 0.). The shape is in good agreement. Rejecting events
with NN≤0.95 results in a rate of 0.12 events/day for the
experiment and the Corsika MC (see table 1). The remain-
ing Corsika events have a mean number of muons of 661,
compared to 42 at level 0. The summed muon energy per
event increased from 6×1013 eV to 1015 eV. This shows that
remaining background at this level consists of large muon
bundle events. Figure 6 shows that Alevel 2

eff is ∼0.3 km2 for
horizontal events above 1018 eV. The area for vertical down-
ward going muons is∼30 % lower. A signal efficency of
ε = A level 2

eff /Atrigger
eff ∼0.4 has been achieved.
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Fig. 4. The fraction of hit modules with exactly one hit.

6 Signal Expectation
Following Alvarez-Muniz and Halzen (2001) we computed
the number of events per year from the sources shown in fig-
ure 1. A muon threshold of 1015 eV was introduced. The
finite ice overburden was taken into account. The detector
area (Aeff) from figure 6 (level 2) was evaluated at the energy
of the muon at the detector. OfO(5-10) events per year are
expected from the different sources in AMANDA-B10 (see
table 2).

AGN AGN Relics Charm
(Stecker) (Protheroe) (Gelmini) (pQCD)

16 5 10 14
Table 2. Number of events expected per year for AMANDA-B10
at level 2 for the sources shown in figure 1.

7 Discussion, Conclusions and Outlook
The application of a simple cut and a neural net based on
global event and timing information rejected most of the ex-
perimental events for a livetime of 75 days. The remain-
ing events are consistent with being background events. The
trigger area reaches 1 km2 for horizontal muons with Eµ ≈
1020 eV. The investigation outlined in this paper produced a
signal efficency of∼0.4. Because of the uncertainties in the
simulation chain the agreement between experimental data
and atmospheric muon MC is acceptable. Most of the uncer-
tainties are related to the energy regime in this analysis. For
the neutrinos the charged current coss-section is uncertain by
a factor of∼2±1 (Gandhi et al. (1998)) at the energies of
interest. The muon propagation is subject to uncertainties
(cross-sections) and availible algorithms are not designed for
these energies (e.g. the LPM effect is not included).

The detector hardware was not designed to accomodate the
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Fig. 5. The NN output for events on level 1.

large amount of photons induced by bright events. Informa-
tion is lost or degraded by electronic limitations. The detec-
tor simulation was extended to simulate this. In the absence
of a known source of comparable energy, the calibration of
the detector response is difficult. To adress this problem the
MC response to large energy deposits was studied and com-
pared to data takenin situwith the N2-Laser.

The investigation presented here is selecting events of higher
energies. Therefore this study may be sensitive to the compo-
sition and the spectral slope of the elements above the knee.
We have investigated one model as discussed in Freudenre-
ich et al. (1990). The change to a different model will affect
the MC background expectation. A better description of the
afterpulse probability in the detector MC will improve the
agreement in the F1H variable at level 0. The development
of further selection criteria to reject atmospheric muons after
level 2 is currently limited by the background MC (4 events
after level 2). A new MC production will remedy this situa-
tion.

For AMANDA-II (for a description see Wischnew (2001))
the trigger area increases by∼20 % (as shown in figure 6).
Because AMANDA-II has more than twice the number of
OMs, the signal efficency is expected to increase compared
to AMANDA-B10. This and the analysis of the total∼4.5 years
of data recorded since 1997 will increase the integrated ex-
posure significantly. It is expected that a limit that impacts
models shown in figure 1 can be set or in the most optimistic
case a signal can be identified.
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Fig. 6. Aeff for signal events on the trigger level and level 2. The
crosses are for AMANDA-B10, while the stars indicate the tigger
area for AMANDA-II.
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