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324 optical sensors

IceCube Array

86 strings including 8 DeepCore strings
5160 optical sensors

1450 m

DeepCore
8 strings-spacing optimized for lower energies
480 optical sensors

Eiffel Tower
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5160 PMs
in 1 km?3




muon track: color is time; number of photons is energy
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lceCube / Deep Core

5160 optical sensors
between 1.5 ~ 2.5 km

10 GeV to infinity

< 0.4 degree muon track
~ 10 degree shower

< 15% energy resolution

Digital Optical Module (DOM)
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... you looked at 10msec of data !

muons detected per year:

e atmospheric* ~
e atmospheric** v 2 u ~10°
e COSMIC V=2 U ~ 10

* 3000 per second ** 1 every 6 minutes
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Events

cosmic neutrinos in 2 years of data at 3.7 sigma

il
‘ID T r——r—rrrT Y r——rrrry r r—r—r—rrrrT T e e R |
o Ve Conventional atmospheric s ;
%% Prompt atmospheric memss |
3| ¢ y E™ astrophysical wes
107 | . . Sum of predictions 1
y Experimental data e  ;
2 ¢ % '
10° f E|
[ ] ]
10" #* 4
ﬁﬁ_ §
10°
10 IceCube Preliminary
10
10° 10* 10° 10°

Muon Energy Proxy (GeV)



el
:_ﬁ 107k ____ Super—K v,
b NG u g
-2 m Frejus v
ﬂ"E 10 S 0 Fréjus v,
o i AMANDA v
> 107F o unfoldin? -
0] - /-forward olding
=10 N IceCube v
& F . unfmdin?"‘_
g o \ Tlforward olding
107E
10°%
N P,
107 ompy
= fes W
= e & GZK

10 GRB i )
Galactic Supernouae‘ ‘ i ‘,.--""
r ol ’f
L L 1 1 | L1 1 | | L1 1 | | L1 1 1 | L1 1 | L1 1 1 | ] Iﬁ!‘l | L1 1 | I ;\j 11 I L1 11 |

W30 1 2 3 4 5 6 7 8 9
log (E [GeV])

atmospheric cosmic

100 TeV




muon neutrinos through the Earth - 5.6 sigma

Assuming best-fit power law:
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after 7 years: 3.7 - 6 sigma
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astronomy here: through-going muons with resolution
0.2~0.4°
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cosmic rays Interact with the
microwave background

p+y—>n+z"and p+7°

cosmic rays disappear, neutrinos with
EeV (10° TeV) energy appear

0.7 events per year in IceCube
...but It points at its source!



- | Upper limits from this analysis
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GZK neutrino search: two neutrinos with > 1,000 TeV
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tracks and showers
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cascade
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PeV v, and v, showers:

« 10 mlong

e volume ~5m3

* isotropic after 25~ 50m






Vorführender
Präsentationsnotizen
IceCube has allowed scientists to launch a hunt for some of the most elusive particles in our universe, neutrinos. These high-energy neutrinos give us an exclusive way to study powerful cosmic engines like exploding stars and black holes. This illustration shows one of the highest energy neutrino events ever measured super-imposed on the Mendota lakefront to give a sense of the enormous size of the IceCube detector.
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v select events interacting
Inside the detector only

v no light in the veto region

v’ veto for atmospheric
muons and neutrinos
(which are typically accom-
panied by muons)

v energy measurement: to-
tal absorption calorimetry

Veto

[

2
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after 6 years: 3.7-> 6.0 sigma
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flux < 1% of astrophysical
neutrino flux observed
Nature 484 (2012) 351-353

timing/localization
from satellites

timing + direction: =
— low background
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correlation with Galactic plane: TS of 2.5% for a width of 7.5 deg

HI column density [em 2]




v, 1, v at source o p
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e we observe a diffuse flux of neutrinos from
extragalactic sources

e a subdominant Galactic component cannot be
excluded

 where are the PeV gamma rays that accompany
PeV neutrinos?
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electromagnetic
cascades in CMB
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we observe a flux of cosmic neutrinos from the
cosmos whose properties correspond in all
respects to the flux anticipated from PeV-energy
cosmic accelerators that radiate comparable
energies in light and neutrinos

the energy in cosmic neutrinos Is also comparable
to the energy observed in extragalactic cosmic rays
(the Waxman-Bahcall bound)

at some level common Fermi-lceCube sources?



active galaxy

particle flows near
supermassive
black hole
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e a next-generation lceCube with a volume of 10 km?
and an angular resolution of < 0.3 degrees will see
multiple neutrinos and identify the sources, even
from a “diffuse” extragalactic flux in several years

 need 1,000 events versus 100 now In a few years

« discovery instrument = astronomical telescope
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measured optical properties - twice the string spacing

[m]

(increase in threshold not important: only eliminates energies
where the atmospheric background dominates)
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Conclusions

 more to come from IceCube: many analyses have not exploited
more than one year of data

e analyses are not in the background-dominated regime
e next-generation detector(s):
1. discovery = astronomy (also KM3NeT, GVD)
2. neutrino physics at (relatively) low cost and on short
timescales (PINGU/ORCA)

3. potential for discovery

e neutrinos are never boring!
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