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The High Energy Deep Universe Mystery

The first galaxy

The fisrt star  8oomillion years
million years
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The Largest Neutrino Detector in the world:

The IceCube Detector
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lceCube Construction and Runs

IC86 = full IceCube (2011~)

lceCube-86 (78+8) Interstring (surface) distances
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IceCube-5841 infarstring (surface) distances

Data
(year)

Strings

Livetime

trigger rate
(Hz)

HE v rate
(per day)

IC40 2008-09

375 days

1100

~40/ day

IC59 2009-10

350 days

1900

~70/ day

IC79 2010-11

320 days

2250

~100/day

IC86-1 [2011-2012

360 days

2700

~120/day

IC86-I  2012- 2013

360 days

2700

~120/day

|IC86-II 2013- TBD

2700

~120/day

Very stable full operation since May 2011
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IC40 (2007-2008)

lceCube-40 interstring (surface) distances
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Detection Principle
Dark and transparent material

An array of
photomultiplier tubes



lceCube event signatures
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With 59 strings 2009
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hadronic

shower

With 40 strings, 2008 Dec
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high energy cosmic-ray indaeed—=
atmospheric muon bundle évent
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~100TeV -up-going muon
track event

Run 109682 Event 6298338

With 22 strings 2007 =

run 109652 Phys sRewe DI84, 072001 (2011)
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‘Brightness’ is the signature for UHE neutrinos

below ~PeV, upward- » ‘Very bright’ is an important feature
going tracks and
cascade-like topology
IS important

A brightness condition can select both type of events
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* NPE is the number of
photoelectron signals
measured by IceCube
detector

from MC simulatiott
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SK IceCube/DeepCore
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Extraterrestrial neutrino search with v,

Data:2009-2010
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log10(E, [GeV])
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Upperlimit on ¢,,,°<E

Best fit results of ¢, ., <
E2¢=(2.7+5.9)x10 [GeV cm-1 s-1 sr-1]

Deviation high energy upward-going
muon tracks from the well measured
atmospheric neutrino flux

arXive:1302.0127
Anne Schukraft, Dissertation

The found highest energy event

2 for v,
E2¢=1.4x108 [GeV cm-1 s-1 sr-1]

Null hypothesis 1.80

E-2 for v,
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Extraterrestrial neutrino search with cascades

cascade-like
7Signatures
—%» hadronic
\V/j shower
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Extremely high energy neutrino search

above PeV & v,y v=6:1:2at 1Pev, 3:4:2 at 10PeV, 2:5:3 at 100PeV
2..8sigma excess over 0.08+%-04_, - events of default

IC79+1C86
atmospheric background

Phys. Rev. Lett. 111, 021103 (2013)
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Starting Event Search (cascade+starting track)

* Followup analysis on the UHE cascade-like events with

sensitivity extended down to 30TeV
* Atmospheric muon/neutrino background largely reduced by

vetoing events with initial photons in outer layers
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Veto region

vetoregion I 90 meters :

\1‘25 meters
Rejected
o : , background events
. . S S S 1<-2085m
: I 80 meters : :
. . Pty i«-2165m
. veto region . {jducgal vo;lum'?i
Pl i b0 meters : E+-2450 m
Top Side

* Down-going atmospheric neutrinos also reduced by vetoing

atmospheric muon events
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High Energy Veto Method

Events with NPE > 6000 (the case for EHE, NPE > 60000)

Throughgoing muon

Total detector

Q/pe Q/pe
; (C ive
i dQ/dt
250 |
" 1 | ] -
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Veto region i
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Contained cascade Vil

Total detector

QIDT
dQ/dt
20| i (ﬁ

0 ] 2 3 Time/ps

o ilo‘
Veto region - barely contained cascade

Q/pe
L/

0 'y 2 3

Time/ ps

Veto regjon - well contained cascade
Q/pe

loeCube Prellminary
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Effective Areas
Propositional to expected event rates

Area x vilux x 4m x livetime = event rate

10000 g —
- NTT Starting Event analysis

& B EHE analysis 7]

= 1000 -
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Comparisons of different channels

* JR+FH + K =cascades
* ik =starting track
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Starting events®NPE % #a

arge Threshal
e LLL 2010-2012 (2 years)
Background Atmospheric Neutring Flux
memmemmescmmee oo oo | BFFA Background Uncertainties (ALm, Meutrinos)
Backaround Atmaspheric Muon Flux [Tagged Data)
it 0 26 new events found
Dats (19 cascades, 7 with tracks)

... IceCube Preliminary;

O over background
expectation of 12 +/-4
atmospheric muons(6+3)
and atmospheric
neutrinos(6+2)

Events per 662 Days

O no new events near the PeV
region but deviation from
background only
hypothesis observed

Already observed two events

Total Collected PMT Charge (Photoelectrons)

Aya Ishihara ==—RN) /70 74T HF3ES oy



Examples of events
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declination: -0.4°
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Energy, declination and topology

80 —kéChbé'PfélimihaEy Showers —e—
60 |-

E 40 | @"’i"

E" 20
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T 20 -2

ol + .
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10° 10°
Deposited EM-Equivalent Energy in Detector (TeV)
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cos @

Up-Down Asymmetry

expected Energy vs cos 6 distributions

signal atmospheic neutrinos

Distribution of E Neutrinos Distribution of Atmospheric Neutrinos
10" 1

10720.5

Rate (Evends per Year)

10740.5

- 10° -1
1 04.0 1 04.5 1 05.0 q 05.5 1 06.0 1 06.5 1 07.0 1040 1 04-5 1 05-0 1 055 1080 1 0&5 1 0?-0

Neutrino Energy (GeV) Neutrino Energy (GeV)
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Rate (Events per Year)
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Vertex positions
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Extraterrestrial neutrino search with starting events

' Southern Sky (downgoin | { Northern Sky (upgoin ]
I Background Atmospheric Muon Flux l y ( 9 g) Y ( P9 g)
]_02 —IceCUbe I Bkg. Atmospheric Neutrinos (#/K) !
.. S J P L | Background Atmospheric Muon Flux
prellmlnary Backgrounq Stat. and Syst. Uncertainties ] LO 7777777777777777777777777777 _|mm Bkg. Atmospheric Neutrinos (#/K)

= Atmospheric Neutrinos (Benchmark Charm Flux) | Background Stat. and Syst. Uncertainties

- Altmospher\c Neutr\lnos (90% le Charrzn Limit) = Atmospheric Neutrinos (Benchmark Charm Flux)
0 — Signal+Bkg. Best-Fit Astrophysical £~ Spectrum |1 = Atmospheric Neutrinos (90% CL Charm Limit)
> 101 LA L —— N | = signal+Bkg. Best-Fit Astrophysical £ Spectrum | |
8 eee Data
o™ i 1 . .
(o] ; r : :
© e o | | | |
s ) | ] SO — S I S S - S
5 7, ! ; lceCube
Q. "% . o .
2 | ; | preliminary
: f// . RS SR T A

///// | |
——
|
2 3
10 10 0
Deposited EM-Equivalent Energy in Detector (Tev) =1.0 =0.5 0.0 0.5 1.0

sin{Declination)

* Inconsistent with background only model at 3.3c for 26 events and 4.1c with 28
events combined (preliminary)

* Event features (reconstructed energy, zenith angle, vertex positions and topology)
consistent with background + astrophysical (¢,s,,<E?) fluxes

* Best fit results E2¢=3.6x10-8 [GeV cm-1 s-1 sr-1] with a hard cut off at 1.6PeV
- Need to be evaluated with adding more statistics soon!
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Directions

UBE PRELIMINARY

* All p-values are post:trial

_.3
shower events : .26
p-value = 8%
360 2
24 11 £ e
. 23 2
18 ‘16 g - all events
X T % _ = 8’0°
: p-value = 80%
W
: 4+
I’
[ - |
0 TS= 2log(L/LO) 12.4
1.04PeV
1.14PeV
p-values All 28 Events 21 Cascade Events

Cluster Search

~80% 8%
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Summary
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The Energy-Brightness re
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* NPE is the number of photoelectron
signals measured by IceCube detector
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Energy of incoming particle « Energy-losses in
detector «« number of photo electrons (NPE)

bremsstrahlung
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