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Abstract: Cherenkov emissions of magnetic charges moving through matter will exceed those of electric
charges by several orders of magnitude. The AMANDA neutrinotelescope is therefore capable of effi-
ciently detecting relativistic magnetic monopoles that pass through its sensitive volume. We present the
to date most stringent limit on the flux of relativistic magnetic monopoles based on the analysis of one
year of data taken with AMANDA-II.

Introduction
The existence of magnetic monopoles is manda-
tory in a large class of Grand Unified Theories.
Predicted monopole masses range from 108 to
1017 GeV, depending on the symmetry group and
unification scale of the underlying theory [1]. The
monopole magnetic charge will be an integer mul-
tiple of theDirac ChargegD = e/(2α), wheree
is the electric elementary charge andα = 1/137
is the fine structure constant. Since magnetic
monopoles are topologically stable, they should
still be present in today’s universe and can be
searched for in cosmic radiation. Once created,
monopoles can efficiently be accelerated by large
scale magnetic fields. Monopoles with masses be-
low ∼ 1014 GeV are expected be relativistic [2]
and neutrino telescopes could detect their direct
Cherenkov emissions. The number of Cherenkov
photonsNγ emitted per path lengthdx and pho-
ton wavelengthdλ radiated from a monopole with
magnetic chargeg passing through matter with in-
dex of refractionn is [3]

dNγ

dxdλ
=

2πα

λ2

(gn

e

)2
(

1−
1

β2n2

)

, (1)

whereβ is the speed of the monopole as a fraction
of the speed of light in vacuum. The Cherenkov
light intensity in ice radiated from a relativistic
magnetic monopole carrying one Dirac charge is
enhanced by factor(gD · n/e)2 = 8300 compared

to the intensity radiated from a particle with elec-
tric chargee and the same speed.

Search Strategy
The AMANDA-II neutrino telescope consists of
677 light sensitive optical modules (OMs) embed-
ded in the ice under the geographic South Pole at
depths between 1500 and 2000 meters. Each OM
contains a photomultiplier tube (PMT) and sup-
porting electronics enclosed in a transparent pres-
sure sphere. The OMs are deployed on 19 verti-
cal strings arranged in three concentric circles (see
Figure 1). The inner ten strings are read out elec-
trically via coaxial or twisted-pair cables, while the
outermost strings use optical fiber transmission.
For each triggered event, leading and trailing edges
of up to eight PMT pulses and one peak amplitude
can be recorded per OM. AMANDA-II has been
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Figure 1: Arrangement of the 19 strings of the
AMANDA-II detector in the horizontal plane.

taking data since the beginning of the year 2000.
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This analysis concerns data taken between Febru-
ary and November 2000.

We have simulated the detector response to rel-
ativistic magnetic monopoles carrying one Dirac
Charge with four different speeds:β = v/c =
0.76, 0.8, 0.9, and1.0. Down-going atmospheric
muons, which form the principal background to
this search, were simulated with the air-shower
simulation packageCORSIKA [4]. Following a
“blind” analysis procedure, the data selection chain
is optimized on simulated data, and only a subset
of 20% of the experimental data is used to verify
the simulation of the detector response. This 20%
is later discarded, and the developed selection cri-
teria applied to the remaining 80% of the data. The
blinded data comprise about 154 days of livetime,
after correction for dead-time and rejection of pe-
riods of low data quality.

A relativistic magnetic monopole passing through
the detector’s sensitive volume will stand out as
an extremely bright event relative to the atmo-
spheric muon background. Observables that pro-
vide a measure of the light yield in the detector are
the number of OMs hit during an event, the total
number of pulses (orhits) recorded, the fraction of
OMs which registered only a single hit (as opposed
to those which recorded multiple hits), and the sum
of the recorded PMT pulse amplitudes. These ob-
servables are used to reject the bulk of low energy
atmospheric muons, either as one-dimensional cut
parameters or as input to a discriminant analysis
[5].

Up-going Monopoles
Magnetic monopoles with masses in excess of
1011 GeV can cross the entire earth and enter
the detector from below [6]. The search for up-
going relativistic magnetic monopoles is in princi-
ple background free, since up-going charged lep-
tons induced by atmospheric neutrinos from the
northern hemisphere will produce significantly less
Cherenkov light than would magnetic monopoles.
However, track reconstruction algorithms some-
times fail to identify large atmospheric muon bun-
dles as down-going, and those misreconstructed
events will remain as residual background. Fig-
ure 2 shows the zenith angle distribution of recon-
structed particle tracks obtained from an iterative
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Figure 2: Cosine of the reconstructed zenith an-
gle for simulated atmospheric muon background
(light black histogram), 20% experimental data
(black markers), and simulated monopole signal
(heavy grey histograms). Each of the four grey
histograms corresponds to one of the simulated
monopole speeds fromβ = 0.76 (lightest grey) to
β = 1.0 (darkest grey). A zenith angle ofΘ = 0◦

corresponds to vertically down-going.

likelihood reconstruction [7] for simulated signal
and background as well as for 20% of the experi-
mental data. For the up-going monopole search we
reject all events for which the reconstructed zenith
angle is smaller than 90 degrees. The background
of misreconstructed atmospheric muon bundles is
rejected by a final cut on the sum of PMT pulse
amplitudes (ΣADC). At this level of the analy-
sis, an excellent simulation of the OM response to
large amounts of light is required. This involves
an accurate modeling of the sensitivity of indi-
vidual OMs as well as the probability with which
OMs “overflow” , i.e., record more than eight hits
during one event (in which case a fraction of the
hits is discarded by the data acquisition system).
These requirements dictate that we use the ampli-
tude sum of only a subset of OMs as final cut pa-
rameter, including only those OMs for which the
detector simulation provides an exact description.
This is the case for the OMs which are read out via
fiber optics and which are located at depths below
1630 m. The fiber OMs have a substantially bet-
ter time and double pulse resolution than the elec-
tronically read-out OMs. Thereby the simulation
of their response to multiple photons is more reli-
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Figure 3: Sum of the PMT pulse amplitudes mea-
sured in the outer strings below a depth of 1630 m.
The final cut (dashed line) requires the amplitude
sum to be bigger than 476 photo electrons.

able. Using only this subset of OMs does not affect
sensitivity, since the fiber OMs are attached to the
outer nine strings of the array and define the sur-
face area of the detector. Rather, the obtained flux
limit improves as a result of the reduced systematic
error.

Figure 3 shows the distribution of the final cut pa-
rameter. The exact value of the final cut is deter-
mined by optimizing thesensitivityof the analysis,
i.e., the cut is placed where we expect to obtain the
most stringent flux limit [8]. The background sim-
ulation predicts 0.23 events from misreconstructed
atmospheric muons to remain in the 80% data set.
After unblinding the data, no events are observed.

The 90% C. L. flux limits in units of
10−16cm−2s−1sr−1 obtained for monopoles
with various speedsβ are listed in Table 1.

The limits are valid for monopoles with masses
greater than1011 GeV. A systematic uncertainty of
20% in both background rate and signal efficiency
is incorporated into the calculation of the confi-
dence belts according to [9].

β 0.76 0.8 0.9 1.0
Φ90%C.L. 8.6 0.66 0.42 0.37

Table 1: 90% C. L. upper limits in units of
10−16cm−2s−1sr−1 on the flux of relativistic mag-
netic monopoles with masses> 1011 GeV.
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Figure 4: Expected background from atmospheric
muons in thecos(Θ)− ΣADC plane before plac-
ing the final cut (dashed line).

Down-going Monopoles
The search for down-going magnetic monopoles is
subject to a much higher background rate. In or-
der to preserve sensitivity over4π sr, we use lin-
ear combinations of the reconstructed zenith an-
gle and observables that are sensitive to the light
deposition in the detector as cut parameters. The
coefficients of each observable are found by a dis-
criminant analysis. This optimization naturally re-
sults in cuts that require a greater light deposition
for vertical tracks (smaller zenith angles), while the
requirement is relaxed towards the horizon.

The final cut parameter for the down-going
monopole search is a linear combination of the
cosine of the reconstructed zenith angle (cosΘ)
and the sum of pulse amplitudes recorded by the
OMs on the outer strings at depths below 1630 m
(ΣADC). Figure 4 shows the expected distribu-
tion of background events in thecos(Θ)−ΣADC
plane. The final cut parameter is shown in Figure 5.
Like in the up-going monopole search, the final cut
is optimized such that we expect to obtain the most
stringent limit. The background simulation pre-
dicts 2.6 events to remain in the experimental data
set, and three events are observed after unblind-
ing the data. The limits on relativistic monopoles
with various speeds obtained from this observation
are listed below (Table 2). The limits are valid for
monopoles with masses greater than108 GeV. Sys-
tematic uncertainties are accounted for according
to [9].
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Figure 5: Final cut parameter (obtained from a dis-
criminant analysis usingcos(Θ) and ΣADC as
input observables) for the unblinded 80% experi-
mental data (black markers), expected atmospheric
muon background (black histogram), and simu-
lated monopole signal (grey heavy histograms).
The dashed black line marks the final cut.

β 0.8 0.9 1.0
Φ90%C.L. 16.33 4.1 2.8

Table 2: 90% C. L. upper limits in units of
10−16cm−2s−1sr−1 on the flux of relativistic
magnetic monopoles with masses greater than
108 GeV.

Conclusions
The analysis of data taken with the AMANDA-
II neutrino telescope during the year 2000 per-
mits constraint of the flux of relativistic mag-
netic monopoles with speedsβ = v/c > 0.76.
For monopole speeds greater thanβ = 0.8 and
monopole masses greater than∼ 1011 GeV, the
flux limit is presently the most stringent experi-
mental limit. The search for lighter monopoles
is possible, but less sensitive. With the analysis
of one year of AMANDA data, the flux of mag-
netic monopoles with masses as low as108 GeV
and speeds close toβ = 0.8 can be constrained
to a level below the Parker Bound [10]. Figure 5
shows the flux limits set by AMANDA compared
to those set by some other experiments.
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Figure 6: Limits on the flux of relativistic mag-
netic monopoles set AMANDA-II (this work), by
MACRO [11], and by BAIKAL [12].
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