Matter and the Universe Topic 3: Astroparticle Physics, The non-thermal Universe

Evidence for Extraterrestrial Neutrinos in IceCube

Lars Mohrmann — DESY, Platanenallee 6, 15738 Zeuthen

The IlceCube Neutrino Observatory

-_*

e |Largest operating neutrino telescope (1 km3 instrumented volume) __:_::__:_-E__:_;_.: =
e Embedded in glacial ice at geographic South Pole lceTop
* Construction time: 6 years (2004-2010) 81 stations

324 optical sensors

e Detected > 100,000 atmospheric neutrinos by now 1450 m

* Main purpose: Detection of extraterrestrial neutrinos

* Three detection channels currently employed:

IceCube
86 strings
5160 optical sensors

Contained showers ~ Starting tracks |

1000 m

Eiffel tower
324 m
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Evidence for Extraterrestrial Neutrinos
ICRC 2013, 0662
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Background Atmospheric Muon Flux

Bkg. Atmospheric Neutrinos (#/K)

Background Stat. and Syst. Uncertainties
Atmospheric Neutrinos (Benchmark Charm Flux)
Atmospheric Neutrinos (90% CL Charm Limit)
Signal+Bkg. Best-Fit Astrophysical E~2 Spectrum |
Data

* High-energy excess in multiple data sets / channels:

I Atmospheric v (conventional)

a) Contained showers (40 strings, 2.70) +4 Da

IceCu be Prellmlnary

b) Contained showers (59 strings, no excess)

c) Throughgoing tracks (59 strings, 1.80)

d) Contained showers+starting tracks (79/86 strings, 4.10)
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* No evidence for a point source yet... log,, (deposited energy [GeV])
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@ atm. ve +v, (conventional) -+ data _ experimental data

B aim. ve +v, +v; (prompt) -o- atm. p extrapolation conv. atms. v (HKKMS07 + H3a)
A atm. y + atm. v conv. atms. v (best fit)

prompt atms. v (90%CL upper limit)
astrophysical v (best fit)
astrophysical v (90%CL upper limit)
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Forming a global picture

B Best-fit conv. (v, +v,) 0 Bestfit astro. (v, +v, +v,)
e Aim: Combine the results of individual data sets / channels to achieve —  Limit prompt (v, +v,)

— Better sensitivity to extraterrestrial flux Prelﬁn inary

— Improved constraints on parameters of extraterrestrial flux

e Method: Simultaneous likelihood fit of energy distributions

e Results:

— Best fit is a power law with index ( —2.7f8j§

— Incompatible with background-only hypothesis at 4.80

Preliminary

00.5115225335415
norm. |10 B Gev! st ! cm 2] power law index
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