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Neutrinos as astrophysical messengers

lceCube
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Astrophysical neutrinos oSICRCa01S) 108
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lceCube

The PeV Scale




Many questions

PoS(ICRC2015) 108

ICECUBE PRELIMINARY

lceCube

® 5o far, observed astrophysical flux is
consistent with a isotropic flux of
equal amounts of all neutrino flavors

Galactic

® No evidence for a point source in
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several analyses ° To=2log(LL0)
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® What is the spectrum? Cutoff?

® What is the flavor composition?
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® Multi-messenger physics?

® G/ZK neutrinos?
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lceCube: Gen2

IceCube

® While able to deliver amazing discoveries, IceCube is
limited by the small numbers of astrophysical neutrinos

o ~few |Q’s of astrophysical neutrinos per year

® The lceCube-Gen2 High Energy Array will instrument a
significantly larger volume (~10 km°)

® Deliver significantly larger samples of astrophysical
neutrinos

® Gains in sensitivity can grow rapidly, especially for
transient events.

® Detection of multiple events more likely

® Sensitive to wider classes of transient phenomena



IceCube

Antarctic lce

® Construction of lceCube has
yielded a wealth of data on the
optical properties of glacial ice.

® Absorption length for
Cherenkov light is large

® Ve can extend instrumented
length above and below
current instrumented volume

® 25% gain in instrumented
volume

Absorption length [m]

Expanded region of instrumented ice: 1270 m
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Gen2 High Energy Array: Realization

lceCube
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lceCube
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lceCube
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lceCube
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Angular resolutions

lceCube

® Gen2 geometries show promising angular resolutions
® Using lceCube reconstructions: 0.3-0.5 degree
® Selecting highest quality track events(~10%): 0.1 degree

® Expect improvements as reconstructions improve for Gen2 geometries

Median Angular Error (throughgoing)
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Point source sensitivity

lceCube

® Fvaluation of point source 12014 20|16 2()'18 20|20 gg?; 2024 2()'26 2()'28 2030
sensitivity is a work in
progress for Gen2 5 . =
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Contained events

IceCube

® (Contained cascades arise from charge

current interactions of e/t neutrinos and Number of Ve cascades between 5-7 PeV Eyis

neutral current interactions of all flavors. O, ‘nteraction Dp source

® Observation of these events is important [Ge\;; cm_s_st 1 _ pe 186 240m
1.0 x 107 *¥(E/100 TeV) ™% GR 0.88 7.2
® Observed energies are directly relatable DIS 0.09 0.8
to neutrino energies 1.5 % 10_18(E/1OO TeV)_2‘3 GR 0.38 3.1
| DIS 0.04 0.3
® Can probe source mechanisms by flavor , ;. 15-15 /100 Tev)-27 R 0.19 0.0
and neutrino-antineutrino ratios DIS 0.01 0.1

® Glashow resonance key tag for anti-Ve
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Atmospheric neutrino surface veto
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lceCube

Bedrock

lceCube-Gen2 Facility

The lceCube Gen2 Facility

=~ 14 km

lceCube Gen2 High Energy Array (HEA)

- lceCube-86, Icelop

Deepcore/PINGU

lceCube Gen2 Cosmic Ray Array (CRA)

|6




lceCube

lceCube-Gen2 Facility

® [he lceCube-Gen2 collaboration intends to build an

integrated particle-astrophysics science facility at SouthPole

® |ceCube + Gen-2 HighEnergyArray - Neutrino astronomy

at the highest energies

DeepCore + PINGU - Neutrino oscillations and the mass
heirarchy

Surface detector - Cosmic ray physics and surface veto
for atmospheric backgrounds

Radio detector - Search for GZK neutrino signals

Wider physics reach - WIMPs, Beyond standard model
physics, ...

|7

The IceCube Gen2 Facility

/PINGU




lceCube-Gen2 Facility

[ceCube

Penetrator
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lceCube Gen2

KEY:
‘ G e n 2 D O M DO M Component identical DO M

Component eliminated
Component redesigned

® New electronics PoS(ICRC2015) 1148

® Enhanced hot water drill

® Modular, efficient system

|18



lceCube

® Alternative DOM designs with
the aim to increase detector
sensitivity

® [ncreased light collection

® |ncreased directional
information

® Currently under study.

lceCube-Gen2 Facility

main
electronics
board

support structure/

reflector

PoS(ICRC2015) 1147 PoS(ICRC2015) 342

small PMT

_______adiabatic
light guide

______wavelength shifter
coated cylinder

<€— pressure housing
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lceCube

Gen2 at ICRC

® Several lceCube Gen2 specific contributions (talks
and posters) here

® Surface veto design studies: 1070, | 156
® (alibration devices: | 33, | 145

® Hardware development: | 137, 1147, 1148
® PINGU science potential: | | 74

® Cosmic ray science potential from an extended
surface detector: 694
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Summary

IceCube

® |ceCube-Gen2 High Energy Array will deliver
significantly larger samples of astrophysical
neutrinos

® Understand these events and how they connect
to the high-energy universe

® |[ceCube-Gen2 facility will provide samples of
neutrinos from a few GeV to EeV energies.

® The lceCube-Gen2 collaboration are developing
proposals in the US and worldwide to see this
facility constructed.
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lceCube

® T[hanks!
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