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Low-Energy Point Source Searches

* The Southern sky is “terra incognita” for the Atf’sfsphe” 2
search of steady lTeV-neutrino point sources o i )
in lceCube ,; e
* ANTARES has access to the Southern sky Vu
at these energies but Is smaller (factor ~60) Detector /1 J L " astrophysical

Neutrino

* Previous Southern sky starting analyses have
focused on energies above |00 TeV were
the background is low

* Many interesting sources In the Southern .
sky, potentially at energies below 100 TeV, e p P .

* Point source sensitivity down to 100 GeV
can be reached by using advanced veto
techniques, I.e. looking for events starting
inside the detector volume

Atmospheric
Shower

Rickard Strom - lars.rickard.stroem@cern.ch 3


mailto:lars.rickard.stroem@cern.ch?subject=

Low-Energy Point Source Searches

Simulated signal event distributions in final event samples:
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* Improved point source sensitivity for lceCube in the Southern sky
* [dentify starting events - search for clustering of events
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-xample Method - Causality Study inVeto

* Study causality of noise hits in outer layers relative to
first coincident hit (reference) in the fiducial volume.

Study
correlation of
noise hits in the
veto region

* Are the veto noise hits consistent with a particle
traveling with the speed of light through the detector?

e Causality is studied for all pulses in two veto regions:
top and side.
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-xample Method - Causality Study in Veto

* Study causality of noise hits in outer layers relative to
first coincident hit (reference) in the fiducial volume.

* Are the veto noise hits consistent with a particle
traveling with the speed of light through the detector?

e Causality is studied for all pulses in two veto regions:
top and side.
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-xample Method - Causality Study inVeto
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Veto-Based Event Selection

* Challenge: Reject background while still keeping low- ovel 80 billon events
energy events with a reasonable pointing ~(1-2)° — oger (~2500 Hz)
* [wo selections: O Level 2 ~6 billion events
--|: FSS Filter (~ 190 HZ)
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Point Source Sensitivity

IceCube (E7?h.c. 1 TeV)
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Combined Results - Unbinned Likelihood
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Conclusions and Summary

* Southern sky is a challenge for lceCube, especially at low-energies

* A new data stream and two event selections were developed to select
starting track events, utilizing veto methods.

* Application: lceCube point source searches in the Southern sky at
energles as low as 100 GeV

* Searching for a clustering of starting events

¢ No evidence for localized neutrino sources found in data taken
between 201 [-2014
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Backup



The lceCube Neutrino Observatory

lceCube | ab e [ceCube Is a cubic-kilometer sized
T leeTop detector,
\.‘.":::: °°°°°°°°°°°° * | ocated in the ice cap at the South

1 Pole, Antarctica,

| e Monitors over | billion tons of ultra-
| clear glacial ice,

5160 optical

e Operates in 45t mode,
SENSOrs

In-lce lceCube

* Detects Cherenkov radiation of
neutrino induced charged particles

lﬁ”" | Burj Khalifa traversing the ice.
: = World's tallest
2 building ~828 m

DeepCore

:
:
:
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Search for Clustering of Neutrino Candidate Events

* Unbinned maximum likelihood algorithm using 3 observables:
Angular reconstruction, Angular uncertainty estimate, Energy proxy

N
B = Sbkg(5 ) X gbkg(Eu 527 0-27’7)

Signal Background

* The total likelihood of the combined samples Is the
product of the individual likelihoods

, . [dE A (E,sind) E~7
* The total number of signal events is split evenly among 0

. , , 77,‘39 =nNng X >
the sampllesl given j:hen” exposure time and expected S [dE Al (E,sin8) E—
signal statistics derived from the effective area i 0
| L(hs,d) ks’ Wi
Test Statictics TS = 21n (Ns,7) Wilks' theorem: y~with 2 d.of. as
L(ng = 0) sample approaches 0o
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Source List of Known Gamma-Ray Emitters

— Galactic Plane ® Binary ® BL Lac ¢ Globular cluster
¢ SNR ® Not identified @ TFanaroffRileyl @ FSRQ Source list definition (total of
€ Superbubbles ® DARK @® Galactic Center XB/mgso .

PWN € Massive Star Cluster ® Starburst & Seyfert 96 SOUI’CGS).

* All 84 Southern sky TeVCat
sources In the stable catalogs
'Default Catalog’ and 'Newly
Announced,

* |2 additional source
traditionally investigated by
lceCube,

+180° * Known gamma-ray emitting
sources as observed by ground-

based experiments such as
VERITAS, MAGIC, and HESS.
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