Search for Relativistic Magnetic Monopoles with the

lceCube Neutrino Telescope

Jonas Posselt, Anna Obertacke
for the IceCube Collaboration

University of Wuppertal

BERGISCHE

. =0
UNIVERSITAT °
WUPPERTAL ?°

Astroteilchenphysik

‘ bmb-+f -Férderschwerpunkt

GroRgeréte der physikalischen
Grundlagenforschung ICECUBE



@ Monopole Detection with IceCube
Properties
Signal
Background

® Relativistic Monopoles with 1C-40
Overview
Cuts
Results

® Sub-Threshold Monopoles with 1C-86
6-Electron Production
Overview
Results

O Summary

J. Posselt (Wuppertal) Relativistic Monopoles 1



Monopole Detection with IceCube Properties

Properties

Charge: g— k% ~ k-68.5¢, k € N (CGS Units)

dN 2
Cherenkov Radiation: d—; x (%) ~ 8300 (Dirac Charge in Ice)
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Monopole Detection with IceCube Signal

Examples (Signal)

B = 0.995 B =0.76

Large brightness variation between monopole velocities
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Monopole Detection with IceCube Background

Examples (Background)

Atmos. Muon Bundle Atmos. p-Neutrino
Eprim = 5.34 x 107 GeV Eprim = 4.25 x 108 GeV
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Relativistic Monopoles with 1C-40

Contents

® Relativistic Monopoles with 1C-40
Overview
Cuts
Results
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Relativistic Monopoles with 1C-40 Overview

Overview

e 40 String Geometry

IceCube-40 interstring (surface) distances

e Blind Analysis: Use only Er
simulated data to develop cuts sof

e Signal: 8 =0.76c, 0.8c, 0.9¢, a0
0.995¢ 200[-

e Background: Atmospheric
muons/muon bundles +
atmospheric neutrinos

L] Bul’n Sample 1 month of e)(p_ -500 4210 ra‘uo 200 -100 0 u‘w 2{‘1(1 31‘10 400 560 st‘m
[m]
data to verify simulation; not
used in final analysis
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Relativistic Monopoles with IC-40 Overview

Analysis Scheme

[ Exp. Data (Burn Sample)] [ Background Simulation ] [ Monopole Simulation ]
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Faint Events

l

‘ Remove Down Going Events
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Remove Very Faint Events
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Remove Cascade Events
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Remove Coincident Events

Relativistic Monopoles

]

Bright Events

'

Keep Bright Down Going Events




Relativistic Monopoles with 1C-40 Cuts

Remove Cascade Events

Use cut variables derived from brightest hits = sensitive to hit clusters
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Relativistic Monopoles with 1C-40 Cuts

Remove Coincident Events

Cuts based on event topology (“topological trigger”, “hit gaps”)

esasgigge o
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Relativistic Monopoles with 1C-40

Final Cut: Bright Events

Burn Sample Atmospheric Muons
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Color scale: event rate per bin in Hz (different normalizations)
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Relativistic Monopoles with IC-40 Cuts

Final Cut: Faint Events
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Relativistic Monopoles with IC-40 Results

Observed Events (Low Light Density)
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Expected BG Events: 2.1
Observed Events: 1
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Results

Relativistic Monopoles with IC-40

Observed Events (High Light Density)

Expected BG Events: 0.14
Observed Events: 2

Relativistic Monopoles
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Relativistic Monopoles with IC-40 Results

Limits

I I
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IC40 limits more conservative than [C22

J. Posselt (Wuppertal)

Relativistic Monopoles

14



Sub-Threshold Monopoles with 1C-86
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Sub-Threshold Monopoles with 1C-86 J-Electron Production

d-Electron Production

Monopole N “‘\‘\W\
NN >

Cherenkov Cone

Mott Cross Section: KYG Cross Section:
e magnetostatic calculation e magnetodynamic calculation
e Monopole approx. with no Spin e Monopole has Spin 1/2
e no backward scattering e backward scattering
e preferred (more complete

calculation)
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Sub-Threshold Monopoles with 1C-86 J-Electron Production

Cherenkov Light

10’ :
— Direct Cherenkov radiation from Muon
Max. number of photons from a muon
sl — Direct Cherenkov radiation from Monopole
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Sub-Threshold Monopoles with 1C-86

Overview

Full IceCube Geometry

Signal: 8 = 0.6¢c, 0.65c, 0.7c,
0.75c for Mott and KYG

Background: 10% of 2011 exp.
data (Burn Sample)

One analysis for all speeds/cross
sections = cover intermediate
cases

J. Posselt (Wuppertal)
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Sub-Threshold Monopoles with 1C-86 Overview
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Sub-Threshold Monopoles with 1C-86 Results

Sensitivity
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Mott results shown for comparison with ANTARES
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Summary

e Currently best flux limits for 8 > 0.76
e Extension to 8 < 0.76 feasible with IceCube

e KYG cross section preferred
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Summary

Thank You
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Backup Slides

Backup Slides |
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Backup Slides
Dirac Quantization

g
X B= m Fy = eVZBX
e b
s F = cve Sy sin 4 372
47 (b2 + (vt) ) am <b2 n (vt)2>
S 7 egvb dt eg
J Apy — / =
. 4 <b2 + (vt)2>3/ 2mb
eg h
Alz=blpy =5 =No

J. Posselt (Wuppertal) Relativistic Monopoles 24



Backup Slides
Mass

Acur

MMP [0 e
agutr

Myp ~ 4-10% GeV: Agur ~ Agw (lower bound)
Myip = 108 GeV: SU(15) GUT

Myp ~ 10° GeV: Modified SU(5) GUT

Myp ~ 10'° GeV: SO(10) GUT

Myp ~ 10*" GeV: SU(5) GUT
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Backup Slides
Kinetic Energy

Lorentz Force: F = Qe (E + % X ]§> + qm (]§ — % X E)

Kinetic Energy: T = /g]§ dl ~ gBL

|

path
| cosmic environment | B/pG | L /Mpc T /GeV
normal galaxies 3-10 1072 (0.3-1)-10"
star-burst galaxies | 10 — 50 1073 (1.7 - 8)- 10"
AGN jets ~100 | 1074 -1072 | 1.7- (10 - 103)
galaxy clusters 2-30 1074 -1 3-10° - 5-10%
extragal. sheets 01-1 1-30 7-1013 - 5.10™
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Backup Slides

Simulation Scheme

monopole-generator

Y

monopole-propagator
I

I3MCTree

ice model
AHAO07v2

- = o (i + - ( random number
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I3MCHitSeriesMap

noise-generator

'~

detector

Y

PMTSimulator

I3MCPMTResponseMap

~

DOMsimulator

I3DOMLaunchSeriesMap
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Backup Slides

Simulation Scheme
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Backup Slides

Simulation Scheme

monopole-generator

Y
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Backup Slides
Analysis Overview: Level 1

Motivation: Data reduction before attempting reconstruction

Cuts: e Nchiapc > 59
e (NPE/Nch)fapc > 8
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Backup Slides

Analysis Overview: Level 2

Motivation: Remove cascade dominated events
Cuts: e linefit speed > 0.719c
hd Nstring >3
e event time length > 792 ns
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Backup Slides

Analysis Overview: Level 3

Motivation: Remove coincident events

Cuts: e event not split by topological trigger
e NHFy99 < 0.784
e lateral distance RMS < 110 — 64 - NHFqg

e max. gap between consecutive hits projected on track
< 420m
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Backup Slides

Data Split

e Zenith distribution shows data-mc discrepancy around horizon

e Spliting the data allows to isolate the discrepancy

Burn Sample
Corsika

2-comp Corsika IR
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4
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Backup Slides

Analysis Overview: Data Split

e Zenith distribution shows data-mc discrepancy around horizon

e Spliting the data allows to isolate the discrepancy

. Burn Sample
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Backup Slides

Analysis Overview: Data Split
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Backup Slides

Analysis Overview: Level 4 (High NPE/Nch)

Final Cuts: e Two zenith dependent cuts on NPE/Nch and evtTL

Optimize by minimizing model rejection factor

Use 2-component Corsika as background (better
data-mc agreement, more statistics)

Include atmospheric neutrino samples into background
calculations (since up-going cuts are rather loose)
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Backup Slides

Analysis Overview: Level 4 (High NPE/Nch)
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Backup Slides

Analysis Overview: Level 4 (High NPE/Nch)

Bum Sample 2.comp Corsika
104 104
10°
10° 10°
z z 107
2 10° 2 10°
& i o
10
8 L 107 1010
E T
10
E 8 12
r 08 06 04 02 0z 04 06 08 1 10 08 06 04 1 10°
cos(6,,)
atm. neutrinos MP B =0.995, 09, 0.8
s
x10 10° 10°
i
_ 10" _ TR ; 10°
2 2 I’ R
o =t 4 =
5 H >
& H E
E 10 E = e 2 1010
F 200 sk G
E e
E 1 i 1 12 1 1 i i 1 1 1 H 11
05 06 04 02 0 02 04 06 08 1 10 005 %6 04 2 0 0z 04 06 08 1 10
008(0,.,) c0s(0,4,)
J. Posselt (Wuppertal) Monopoles 36




Backup Slides

Analysis Overview: Level 4 (Low NPE/Nch)

Cos(zenith) < 0.2

e Need to handle the discrepancy wf e
L : i
and remaining up-going i
o mE 7 4
background R i
* 00 |“|II||||!H|\ ~/\,\7
10° M
10"
e Tighten cuts on event time wE
length and gap parameter E
e Make hard cut on zenith well
below the horizon g
e Background only from atm.

neutrinos . gap ()
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Backup Slides

Analysis Overview: Level 4 (Low NPE/Nch)

Rate (Hz)

Zenith cut not optimized; placed "by hand” to be on the safe side
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