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Detection principle 5
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Track topology

» Good angular resolution 0.2°-1°
=» Neutrino Astronomy

» Vertex can be outside the
etector = Increased

effective volume

Cascade topology A

» All flavors

» Fully active calorimeter =
Good energy resolution
+15% deposited energy

» Angular reconstruction \
possible = ~10°> 100 TeV ..
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Neutrino emission from the direction of TXS 0506+056

IceCube-170922A E=290TeV Follow-up detections of IC170922 based on public telegrams
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Science 13 Jul 2018: Vol. 361, Issue 6398
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Neutrino emission from the direction of TXS 0506+056 8

original GCN Notice Fri 22 Sep 17 20:55:13 UT

lceCu be- 170922A F=290TeV 6.6° refined best-fit direction IC170922A
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Neutrino emission from the direction of TXS 0506+056 9

IceCube-170922A E=290TeV

side view
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The atmospheric background 10

~10 events/h%Jr ~10 events/year
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travelled through the Earth
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Diffuse-v, sample (Northern Sky)
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Updated calibration, updated background modeling and systematics.
[IceCube Collaboration, PoS (ICRC2019) 1017]
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Updated calibration, updated background modeling and systematics.

[IceCube Collaboration, PoS (ICRC2019) 1017]
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Astrophysical neutrinos: diffuse flux

High Energy Starting Events (HESE)

Vu

u , Veto

X
Hybrid (tracks and cascades) - 41t
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15 [lceCube Collaboration, PoS (ICRC2019) 1004]

Updated calibration, updated background modeling and systematics, new double cascade identifier.
Southern Sky
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Astrophysical neutrinos: diffuse flux 16

Single power law astrophysical neutrino spectrum (no break preferred)
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Double bang signature from v+ 17

Standard neutrino oscillation predicts full mixing at Earth: ~1/3 of astrophysical neutrinos should be v+
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First v: candidate event: “Double double” in HESE 7.5 years 18

[IceCube Collaboration, PoS (ICRC2019) 1015]
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BLV2019
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First v: candidate event: “Double double” in HESE 7.5 years 19
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Partially contained cascades: the first Glashow event candidate 2

S. L. Glashow, Phys. Rev. 118 (1960) 316-317.
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Hadronic Cascade

1077 |

[Lu Lu (IceCube coll.), UHECR 2018, pub. in prep.]
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Astrophysical neutrinos: 10 years all sky point sources 21

[IceCube Collaboration, PoS (ICRC2019) 851] | Noft.he;n Hottest Spot. _
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BLV2019 SOURCE LIST SEARCH IS INCOMPATIBLE WITH BACKGROUND AT 3.30 (2.250 WITHOUT TXS 0506) S. Toscano




More results (not covered In this talk) 22

» Searches from neutrinos from the Galactic plane [aarisen et al. 2017, Astrophys. J., 849, 67, arXiv:1707.03416;
Albert, A., et al. 2018, Astrophys. J., 868, L20, arXiv:1808.03531; Aartsen et al 2019, arXiv:1907.06714.]

» Joint point source searches with ANTARES
) FO”OW-Up observations of external triggers [lceCube Collaboration PoS (ICRC2019) 1026]

» Follow-up observations of GW events [icecube Collaboration PoS (ICRC2019) 918, IceCube Collaboration PoS
(ICRC2019) 930]

» Joint coincident analysis with HAWC (Galactic plane and subthreshold transients through
AMON) [HAWC, IceCube Collaboration, PoS (ICRC2019) 932, HAWC, IceCube Collaboration, PoS (ICRC2019) 841]

» Search for correlations with UHECRs (Auger, TA and ANTARES) (ANTARES, iceCube, Pierre Auger.

Telescope Array Collaboration PoS (ICRC2019) 842]
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ICECUBE
GENZ2

o OPTICAL DETECTOR: 5-10 KM3
o RADIO DETECTOR: ~300 KM?

o STUDY OF THE ASTROPHYSICAL FLUX > 10 PEV
o DISCOVERY OF GZK NEUTRINOS (~EEV)

vy Gen2-Radio ® IceCube-Gen2
. ’ : ¢ 0. :‘
......................... ... Q"... Q.. .
0. .. 0. .. * 9. ) '. ’ ,. 0..',. . .0 ...o:o ..........
............... ' ol ..:0:0 g
...................... ) ?.o.i.'oo“
AL D N 1 L.
5 km 1 km

ICELCUBE #

UPGRADE

o DEEP CORE INFILL (7 NEW STRINGS) IN 2022-2023
o NEUTRINO OSCILLATION

o R&D FOR GEN2: DRILLING, NEW SENSORS
o IMPROVED CALIBRATION OF ARCHIVAL DATA
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lceCube-Gen2/Upgrade timeline 24

2019 2020 2021 2022 2023 2024 2025 2026 . 2033

" IceCube Upgrade
Design  Production  Deploymen

\_

GceCu be-Gen2

Design &

Approval Production

R&D
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FAST RESPONSE ANALYSIS FOR TRANSIENTS 2%

@ Perfect sky coverage (all sky) and high duty cycle (99%)
@ Follow up on internal and external triggers

® 67 analyses performed as of July 10, 2019

@ No statistically significant results
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AGNSs, SNRs, GRBs... MR

They are charged particles and
are deflected by magnetic fields.

x

* X

Gamma rays -

They point to their sources, but they
can be absorbed and are created by
multiple emission mechanismes,

Neutrinos

They are weak, neutral
particles that point to their
sources and carry information
from deep within their origins.

air shower

’

27



The atmospheric neutrino background 28

Prompt atmospheric neutrinos
Heavy mesons decay in the atmosphere

Conventional atmospheric neutrinos
Pions and kaons decay in the atmosphere

Harder energy spectrum: E-3
Steep energy spectrum: E-3.7

Rate: 20/yr

Rate: 100,000/yr - cO;mlc ‘ay
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Ref: Stuttard 20181128

lceCube  DeepCore  Upgrade

o OPTICAL DETECTOR: 5-10 KM3

* RADIO DETECTOR: ~ 200 STATIONS (~ 20 KM FOOTPRINT)
o STUDY OF THE ASTROPHYSICAL FLUX > 10 PEV

o DISCOVERY OF GZK NEUTRINOS (~EEV)

o DEEP CORE INFILL (7 NEW STRINGS) IN 2022-2023
o NEUTRINO OSCILLATION

o R&D FOR GEN2: DRILLING, NEW SENSORS
o IMPROVED CALIBRATION OF ARCHIVAL DATA
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