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* Introduction
- we built a km? neutrino detector = 3 challenges:
« drilling

* optics of ice
« atmospheric muons

« search for the sources of the Galactic cosmic rays
 search for the extragalactic cosmic rays

— « gamma ray bursts
-1 * active galaxies

dark matter

lceCube.wisc.edu
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cosmic ray spectrum
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cosmic rays interact with the
microwave background

p+y —>n+xz"and p+

cosmic rays disappear, neutrinos appear

E >2x10°TeV
~1GIK event per kilometer cube per year
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photomultiplier
tube .



« shielded and optically
transparent medium
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IceCube eventdisplay

time = color (red % purple)

size = number of photons
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energy measurement (> 1 TeV)

Tl e N _
“*photo-nuctear pair-creation

Y
bre msstreﬁluw.

convert the amount of light emitted
to measurement of the muon
energy (number of optical modules,
number of photons, dE/dx, ...)
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architecture of independent DOMSs

10 inch pmt

LED
flasher
board

Ban B 'f,--"'-

HV board




each DOM Is an autonomous unit
lceCube

Digitized Waveform




each DOM is
iIndependent:
continuously
sends time-
stamped
wave forms



lceCube / Deep Core

5320 optical modules on
86 strings ( + IceTop)

detects ~220 neutrinos
and 1.7x108 muons per
day

threshold 10 GeV
angular resolution
< 1 degree

Digital Optical Module (DOM)

IceTop @m

currently instrumented

AMANDA
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IceCube 40-string Data @eutrino-induced muon



89 TeV

Run 110977 Event 6561545 [Ons, 40000ns]
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Neutrino Oscillations with DeepCore

Mena, Mosicil & Razzaque, Phys. Rey D78, 093003 (2008)
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* Introduction
-we built a km3 neutrino detector > 3 challenges:
e drilling

* optics of ice
« atmospheric muons

 search for the sources of the Galactic cosmic rays
* search for the extragalactic cosmic rays

e gamma ray bursts
e active galaxies

1,8 dark matter

lceCube.wisc.edu
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drilling and deployment

drill and install
60 DOMS In less
than 2 days
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22 Muon event in IlceCube

downgoing cosmic ray muon
~ 2700 per second
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M. Santander - TeV cosmicray anisotropyin IceCube (Prelim exam) - 03/07/2011



Signals and Backgrounds

South Pole
|

iy
IceCube Depth:

astrophysical
neutrino

atmospheric
North Pole muon



muons detected per yeatr:

e atmospheric* u 7x10%
e atmospheric*™* v—>pu > 8x104

* COSMIC v>u ~ 10

*> 2000 per second ** 1 every 6 minutes



within trigger time window

— down

i up



(not) final performanc




present (!)

IceCube
performance

then
and
now

neutrino
“mirror”
area
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IceCube neutrino area (0902.1176)

predicted performance (blue)
Astroparticle Physics 20, 507 (2004)
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Differential Energy Reconstruction of 5 PeV Muon in IC-86

Monte baﬂc— Truth
Reconstructed

Total True Energy Loss: 107.9 TeV
Total Reconstructed Energy Loss: 108.8 TeV
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Improved angular and energy resolution
soon




... on to IceCube science

we measure the flux of atmospheric muons and
neutrinos at higher energies and with better
statistics than previous experiments. Any deviations
from what Is expected Is new neutrino physics or
new astrophysics. We just look for surprises.
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375.5 days IC40
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nugenHist

zenith angle
two analyses
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neutrino flavors

hadronic
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electron neutrino

Run 109655 Event 4490744 [Ons, 12348ns]




seen: 14 events
predicted: 3 atmospheric and 4 background

Run 109655 Event 4490744 [Ons, 12349ns]
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31C40 V. Cascade

Candidates

d(E) E*7 [GeV'T /(cm? s sr)]

anxiv: 1010.5084
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Three strong v_candidate events above 100 TeV in IC40
(+1 in IC22)




early
astronomy directions of ~ 600 neutrinos
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lceCube 40 strings

operated 375.5 days northern sky: 14139 neutrinos

§ S T ﬁ“/»
5
<
.
o
=
S
g
< .
02““113““;““;1 6 7 wénng
log, [E™ (GeV)]
» lotal events: 43339 (upgoing) + 64230 (downgoing)
»Livetime: 348 days (IC59) + 375 days (IC40)
* clustering

- high energy (>> 100 TeV) southern sky: 23151 muons
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|C40 Point Source Search

Below Horizon:
Data dominated by atmospheric Neutrinos
Energy Range 10s-100s of TeV

A o

Above Horizon:
Data dominated by atmospheric Muons
Energy Range >PeV, increasing with angle

-log, p: 5.28
P : 18%

random "

J. Dumm et al., UW




* nothing seen yet (ongoing)
* nothing expected (next)



imits (symbols) / sensitivies (lines) to point sources
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* Introduction
- we built a km? neutrino detector = 3 challenges:
» drilling

* optics of ice
« atmospheric muons

« search for the sources of the Galactic cosmic rays
 search for the extragalactic cosmic rays

e gamma ray bursts
e active galaxies

dark matter

lceCube.wisc.edu



solar cosmic ... often wrong, but never in doubt ...
rays

—

Galactic: —
supernova
remnants?

Grigorov
JACEE
MGU
TienShan
Tibet07
Akeno
CASA/MIA
Hegra
Flys Eye

A

104

-.~'_
Ehe Ankle
Et% *s

¢ HO 64 44 P

extragalactic:
gamma ray
bursts?
active
galaxies?

HiResl
HiRes2
Auger SD
Auger hybrid
Kascade

L
ll—l
7
n
7
o
=
=
>
L
©
—
<3
=
ol

Hrode

Illllll’

1 Lol L 1 | |
1013 1014 1015

'1]:]16' '1]:}”]
E [eV]




particle acceleration In solar flare

coronal
mass

flows of charged particles result in large B-fields



gravitational energy
released Is trans-
formed Into
acceleration

acceleration when
particles cross
high B-fields



Galactic
cCosSmic rays :

must produce
pionic y-rays
In Interactions
with hydrogen

In Galactic plane
(1 proton cm)
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molecular

clouds as
beam
dumps

Dense
molecular
cloud

Supernova
remnant

Compressed

shell of hot gas
Inverse Compton

scattering— y-rays



neutral pions
are observed as

gamma rays

charged pions
are observed as

neutrinos

vV, S Y +Y




cygnus region : Milagro

translation of
™ eV gamma rays
r‘ INto

¥ a TeV neutrinos :

o’
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Significance
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3 £ 1 vperyear in IceCube per source



f our Galaxy > 10 TeV
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J2019+37
J1908+06
J2031+41 (cyg ob2)
J2043+36 (C1)
J2032+37 (C2)
J1852+01

IC59
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0.035
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1C40+ AMANDA confirm only ﬂuctuat»ons of background
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IC22 and IC40 : muon astronomy (!)

7lc'Cube-22 interstring (surface) distances
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cosmic ray
:
10 TeV

to several
100 TeV

air shower

muons from
air showers

10 TeV
+— 2 KHz
3 deg resolutio

cosmic rays
In IceCube

« we map the highest
energy Galactic
cosmic rays, but...

* their gyroradius is
< 1 pc in microgauss
magnetic field

» closest sources
> 100 pc

should not point!
- that's why we
detect neutrinos!




32 billion muons/ 59 strings

IC59 Hotspots: 6° Smoothing

significance



IC59 Hotspots: 10° Smoothing

significance



IC59 Hotspots: 15° Smoothing

significance



IC59 Hotspots: 20° Smoothing

significance



1C59 Dipole + Quadrupole Fit Residuals (12 Smoothing) 1C59 Dipole + Quadrupole Fit Residuals (200 Smoothing)

significance siggfficance

Vela
» closest supernovaremnant
e Sfrongest gamma ray source



ON SUPER-NOVAE
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* Introduction
- we built a km? neutrino detector = 3 challenges:
» drilling

* optics of ice
« atmospheric muons

 search for the sources of the Galactic cosmic rays
 search for the extragalactic cosmic rays

e gamma ray bursts
e active galaxies

dark matter

lceCube.wisc.edu
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* Introduction
- we built a km? neutrino detector = 3 challenges:
» drilling

* optics of ice
« atmospheric muons

 search for the sources of the Galactic cosmic rays
 search for the extragalactic cosmic rays
e gamma ray bursts

* active galaxies

dark matter

lceCube.wisc.edu



O Halo WIMPs scatter on nuclei in the Sun

Q@ Some lose enough energy in the scatter to be
gravitationally bound

O Scatter some more, sink to the core

@ Annihilate with each other, producing neutrinos

@ Propagate+oscillate their way to the south pole, convert
Into muons in the ice

L+ rD>W+WDv+y
b+b 2> v+v
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Conclusions

* 5 years to depression, 10 to despair
* Hess 1912.... and still no conclusion
* the instrumentation is in place ...

* ... supernova remnants and GRB are in
close range !

e dark matter ?



Uppsala University

/

University of Alberta 'f\

~

EPFL, Lausanne

b
U. of West Indies, Barbados

N’
Univ Alaska, Anchorage
Clark-Atlanta University
Georgia Tech

Southern University, Baton Rouge
UC Berkeley

Lawrence Berkeley National Lab
University of Maryland

The Ohio State University 7

UC Irvine S F
University of Kansas }
University of Wisconsin-Madison 7
U Delaware / Bartol Research Inst
University of Wisconsin-River Falls
Univ Alabama, Tuscaloosa
Pennsylvania State University e

R
. it

Stockholm University

x \
University of Oxfw

g

] a

RWTH Aachen

Humboldt Univ., Berlin
Ruhr-Universitdt Bochum
Universitat Bonn
Universitat Dortmund

‘/

MPI Heidelberg
Universitat Mainz
Universitat Wuppertal 1 Chiba
~ DESY, Zeuthen J University
=1 -9 yew G

Universite Libre de Bruxelles 2 &
Vrije Universiteit Brussel — _
Universiteit Gent \ 3 ’
Université de Mons-Hainaut m\) :

—~—

% : N
Univ. of Canterbury, Christchurch

- &

e

\' ; 8 g -
The IceCube Collaboration
36 Institutions, ~250 members

e



