Ultra-relativistic Magnetic
Monopole Search with the

Pierre Auger Observatory
( — s -f' i“"f/w?" u @y
‘

. g !
Toshihiro Fujii and Paolo Privitera
(KICP, University of Chicago)
2013/Oct/12
Auger US Analysis Meeting@CWRU



Ultra-relativistic Magnetic Monopole

& Magnetic monopole 1s expected No detection

from Dirac quantization equation. = ::2 = e
Existence of Monopole would %\ ek p'\/’lﬁ%%% —
achieve complete symmetry to e e e e
Maxwell’s equation. E oo
é 1e-17 |
-+ Typical energy is ~ 10%° eV =
accelerated 1n extra-galactic or E teto —
intergalactic magnetic field or d O e e e

astrophysical site. og1)

: , » : FIG. 12: Comparison of ANITA upper limit on diffuse
S.D. Wick, T.W. Kephart. T.J. Weiler, and P.L. Bier- monopole flux with other results. Save for RICE, other ex-

mann, Astropart. Phys. 18, 663 (20()3). perimental results have been extrapolated up to our sensitive
kinematic interval. In performing this extrapolation, the lim-

its for v > 10° have been weakened by a factor of two, to
account for increasing Earth opacity.

~& [f assuming as a moderate mass,
m=1011-1020 eV, monopole requires ANITA-II: Upper Lamat
ultra-relativistic velocities, and S o s s 1()10§Y

deteCtable Wlth Aug CT. M. Detrixhe et al. (ANITA collaboration), Phys. Rev. D,
9 104, 161101 (2010).



Longitudinal Developments
Monopole 10%° eV: Mass= 104 eV, y = 10!
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Feature of Monopole Sh

with Auger FD

& Observe only “head” of developments.

& Xmax 1s out of the FD field of view.
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Parameters for Monopole Search
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extraordinary large signal at the

lower edge of FD field of view.
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1deal MC Study

-  Simulated region

ApertureMC ~ 7000 km? sr

& (< zenmith < 60 degree, uniformly

& () < azimuth < 360 degree, uniformly
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Pre-selection

N

eyeCut 1111 (trigger efhiciency)

Quality Cuts

- maxCoreTankDist 1e20 (geometry reconstruction efficiency)

&

maxZenithFD 90

~ minLgEnergyFD 1e-20 (shower profile reconstruction efficiency)
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run 1, event 1000020101

time stamp: SE8001 IS0 & 6III960 ns

Trigger: ‘Simulated - Sw trigger”, Noise'

In Los Morados mieror 2(n DAQ: 123456)

hybeid geometry. station 4357 (TOT), ASP = 605 m
(00) = (44,4411, 209.6:0.6) deg [43.7.2102)
(xy) * (16.6010.10, 19.09+0.03) km [16.59,1%
deato Eye = 2378 0.03 [23.77)
E = (3501 0.34) 10" eV (100« 10" )
Xmax = 1233 + 35 glom’ [2576.2. 7]
dEAXmax = £37.15 = 2048 PeVi|glem’)
(AXD) = (642 90,-210:122) glom”
Cherenkovdraction = 6%, mvasi deg

Nie attenuation: model

LIDAR: no data ; CloudCam: no data

molecular profile: model; time correction. good

Large signal at Xup

Event selection -

o maeCare TankDist - 1500

-+ xMaxError 150 |
- profileChi2 2.5 T
-+ depthTrackLength 200 ig
- MaxDepthHole 20 B

-+ maxZenithFD 60

- mindEdXupFD 3.0 (PeV/(g/cm2)) ge"""""""
=

Unbracketed Xmax
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Simple Aperture Estimation

-  Monopole y=101"

- Reconstruction efhiciency

Entries

as a function of RpTrUE.

-~ Considering stereo or
triplet

- Thrown : sum up
stereo or triplet
event.

Efficiency

& Reconstructed : no
double counting.
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Need to use real MC.

(with F. Salamida)
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Expected Upper Limit

Assuming no

monopole candidate,

Frioie?
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Expected Upper Limit
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A order of magnitude lower than ANITA-IT Limat.



Summary and Future Plans

Search ultra-relativistic magnetic monopoles by Xup and

dE/dXup.

Expected upper bound with Auger FD 1s a order of
magnitude lower than ANITA-II limat.

Need to determine a final selection for monopole search.
Need to estimate a real exposure of monopole.

Open the observed data.
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