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FIG. 12: Comparison of ANITA upper limit on diffuse
monopole flux with other results. Save for RICE, other ex-
perimental results have been extrapolated up to our sensitive
kinematic interval. In performing this extrapolation, the lim-
its for γ ≥ 109 have been weakened by a factor of two, to
account for increasing Earth opacity.

in Fig. 12, which are on the order of 10−19(cm2 s sr)−1.
Previously, AMANDA[11], Baikal[12], and MACRO[10]
determined monopole flux limits on the order of
10−16(cm2 s sr)−1 for β greater than 0.8, 0.8, and 4 ×

10−5, respectively. Although the results of this study
cover a much narrower range of β values than previous
works, it is the range that is of the greatest interest for
IMM searches. Within much of this kinematic range
(E = 1016 GeV; γ ≥ 109), monopole flux limits from
ANITA are stronger than the limits from any previous
astrophysical monopole search.
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ANITA-II: Upper Limit  
~10-19 (cm2 s sr)-1, 1010≦γ

n Magnetic monopole is expected 
from Dirac quantization equation. 
Existence of Monopole would 
achieve complete symmetry to 
Maxwell’s equation.

n Typical energy is ~ 1025 eV 
accelerated in extra-galactic or 
intergalactic magnetic field or 
astrophysical site.

n If assuming as a moderate mass, 
m=1011~1020 eV, monopole requires 
ultra-relativistic velocities, and 
detectable with Auger.
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log10(γ) log10(Mass/eV) #sim. #det AΩ (km2 sr) Efficiency 90% C.L. limit (cm2 sr s)−1

9 16 1536 36 ? 0.02 ??
10 15 4984 1075 ? 0.22 ??
11 14 420 196 ? 0.46 ??
12 13 63 62 ? 0.98 ??
13 12 ?? ?? ? ∼ 1? ??

TABLE II: Event efficiency under the final selection for IMM search.

C. Event Efficiency

We evaluate event efficiencies for IMMs with several
assumptions for IMM mass, m = 1012−1016 eV including
the final selection. The obtained efficiencies are shown
in Table II. Since IMM with log10 γ = 9 is difficult to
trigger and survived the quality cuts, the efficiency is
only 0.02. While almost all IMMs are detected above
log10 γ = 12 because of bright signal emitted by ultra-
relativistic IMMs.

The aperture and exposure for FD is essential to mea-
sure a flux of IMMs. Since the FD aperture depends on
a distance, atmospheric conditions or detector calibra-
tions, the exposure is estimated from MC simulations,

not simply geometrical calculation.
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Longitudinal Developments
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Feature of Monopole Showers 
with Auger FD

n Observe only “head” of developments.

n Xmax is out of the FD field of view.
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Parameters for Monopole Search
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Field of View

Shower

Xup (XTrackMax)

FD
dE/dXup 

Monopole shower generates an 
extraordinary large signal at the 
lower edge of FD field of view. 



idealMC Study
n Simulated region

n 0 < zenith < 60 degree, uniformly

n 0 < azimuth < 360 degree, uniformly

n Core: Auger SD region

n Background

n Proton, Iron (Sibyll 2.1)

n 17.0 < logE < 21.0

n Wighted to fit Auger spectrum

n Monopole

n Fixed total energy : 1025 eV  (same energy with ANITA paper)

n γ=109, 1010, 1011,1012

n ex) If γ=1010, m=1015 eV.  If γ=1012, m=1013 eV. 
6

ApertureMC ~ 7000 km2 sr



Quality Cuts
n eyeCut 1111                       (trigger efficiency)

n maxCoreTankDist  1e20    (geometry reconstruction efficiency)

n maxZenithFD        90  

n minLgEnergyFD    1e-20  (shower profile reconstruction efficiency)

n maxCoreTankDist   1500   

n xMaxError     150     

n profileChi2      2.5      

n depthTrackLength    200 

n MaxDepthHole  20

n maxZenithFD     60 

n mindEdXupFD    3.0 (PeV/(g/cm2))

n !maxShowerAge  1.0 
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Pre-selection

Event selection

Unbracketed Xmax 
Large signal at Xup



Monopole Signal
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Background
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Assuming FD Exposure ~ 7000 km sr2 yr
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Proton

(Tlive ~ 1 yr. including duty cycle)



Composition Dependence
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Proton showers are larger contamination 
than iron ones.



Simple Aperture Estimation
n Monopole γ=1010

n Reconstruction efficiency 
as a function of RpTRUE.

n Considering stereo or 
triplet

n Thrown : sum up 
stereo or triplet 
event.

n Reconstructed : no 
double counting.
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Optimization of Final Selection
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Expected Upper Limit
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Expected Upper Limit
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FIG. 12: Comparison of ANITA upper limit on diffuse
monopole flux with other results. Save for RICE, other ex-
perimental results have been extrapolated up to our sensitive
kinematic interval. In performing this extrapolation, the lim-
its for γ ≥ 109 have been weakened by a factor of two, to
account for increasing Earth opacity.

in Fig. 12, which are on the order of 10−19(cm2 s sr)−1.
Previously, AMANDA[11], Baikal[12], and MACRO[10]
determined monopole flux limits on the order of
10−16(cm2 s sr)−1 for β greater than 0.8, 0.8, and 4 ×

10−5, respectively. Although the results of this study
cover a much narrower range of β values than previous
works, it is the range that is of the greatest interest for
IMM searches. Within much of this kinematic range
(E = 1016 GeV; γ ≥ 109), monopole flux limits from
ANITA are stronger than the limits from any previous
astrophysical monopole search.
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Auger

A order of magnitude lower than ANITA-II Limit.



Summary and Future Plans
n Search ultra-relativistic magnetic monopoles by Xup and 

dE/dXup. 

n Expected upper bound with Auger FD is a order of 
magnitude lower than ANITA-II limit.

n Need to determine a final selection for monopole search.

n Need to estimate a real exposure of monopole.

n Open the observed data.
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