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IceCube $}'\ceCuse

5160 DOMs with PMTs to
observe Cherenkov radiation

IceCube Laboratory 86 strings of DOMs,

125 met rt
Data is collected here and setiles meters apa
sent by satellite to the data

warehouse at UW-Madison

1450 m

DeepCore: 8 strings ( 6 have
quantum efficiency about

35% higher) separated 40-70 &
m with vertical spacing of 7 m E;ggal,g[;}gﬁ;)

for the lowest 50 DOMs. (+7
surrounding strings)
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Lowest energy for observing single neutrino 5 —
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Specialized for 0.5 - 5 GeV | D
Consists of several hard cuts on low-level B o
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Improving ELOWEN noise reduction

NoiseEngine Filters on:

e Number of hit-pairs necessary
e Velocity window
e Time window

Combine many settings to train a BDT

can reach nearly 10%reduction in noise
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Direction reconstruction

e Single string reconstruction
o Zenith direction

e Using 2 boosted decision trees
o 77% accuracy

Direction classification of 0.5-5 GeV neutrinos

Events classified as downgoing
60°

® Upgoing

Events classified as upgoing Color by classification
» Downgoing
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ELOWEN follow-up

ELOWEN HESE follow-up

time

Motivation t - X to (H ESE) t - Y
e Astropysical fFlux observed at TeV-PeV

e Short transient origin possible
o  Can also produce GeV neutrinos

w
o

x
Analysis plan 2 10° Mé
o ‘ ©
e Check possible impact of HESE on 5 i 2.6 g
ELOWEN precursors g 17 .
e Counting analysis in window around HESE S / T2
event 10 223
o  Check stable background etc L/ s

e Time series analysis o

e HESE subgroup clustering L R o u—

HESE events
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Sub-GeV emission

Bridge energy gap between ELOWEN
and SNDAQ

Differentiate between

e Noise
e Atmospheric muons S a e Pl
* Neutrinos RN AR I

More on that from Jonathan :)
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Solar neutrinos

Solar flare: MeV-GeV, from
atmosphere, transient

Corona Field lines

Magnetic
Reconnection

Photosphere
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Dark matter: GeV-TeV, from
core, continuous
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WIMP
[ SM
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All-energy Solar WIMP Search
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Effective Area for Track Events in Solar Declination Range [-23.5, 23.5]°

: =
Solar neutrinos: Next - =
= P acks
Go to 10 orders of magnitude! fun i o
e Probe different neutrino production 10t]
m O d e S 1o 1fci)rawergy (Ge%/ﬁ>5 1o’

e Help answer solar anomalies

Effective Area for Cascade Events in Solar Declination Range [-23.5, 23.5]°
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Solar neutrinos: Next

Single out solar neutrinos

— Direction reconstruction
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Time windows for different analyses for GRB221009A

TO )
2022-Oct-09 Not to scale

T90:
13:16:59.99 UTC (325.8+6.8)s * T90 from the Online GBM Burst catalog
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Gravitational wave follow up

Neutrinos from Gamma-Ray burst
following merger

Low-energy neutrinos emitted from

pp/pn interactions inside photosphere (‘ ) )
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O4 follow up

B Background |9
0.08 Observations
Currently ongoing IceCube Preliminary | °
_
. . e 79
2 Time Windows: £ 3
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Searching for AGN neutrinos and gravitational waves

Multi messenger search for common Binaries in AGN accretion disks
source of GW and neutrinos

Accretion disk Q

Non-GW emission from BBH mergers:

No clear singular model prediction

v Many (heavy) black holes
v Frequent mergers
v Gas-rich environment

Localization alone can already probe this
by counting AGN
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Joint v-GW search for BBH in AGN disks

Spatial distribution of GWs and AGNs

E.g. using Véron-Cetty AGN catalogue
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Joint v-GW search for BBH in AGN disk:

Neutrino Follow Up
Time window: standard 1000s
First High-energy sample (>100GeV)

add lower-energy samples in future
(GRECO, ELOWEN)
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AGNSs

Need uniform and complete catalog:

enough events, but not to many to lose
sensitivity:

TOOK EXTENSIVE LITERATURE SEARCH

Settled on Quaia, best coverage

Chris Raab, Matthias Vereecken
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lceCube Upgrade

Lower energies, different DOMs

) ICECUBE UPGRADE OPTICAL SENSORS
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Planned to deploy 2025-2026 ‘%’
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lceCube Upgrade

BSM:
e Probe lower energies of Dark
Matter
e C(Calculate improvements in
sensitivity

e Expand DM limits to mo <20 GeV
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ELOWEN:

Creating new simulations using
two different photon propagators
and comparing results for low
energies

Calculate improvements in
sensitivity

Plan transient searches for after
deployment
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Summary and Outlook

Working on many different activities

e Eventselection and reco

o ELOWEN
o Sub-GeV
o TeV
o Upgrade
e Study different sources
o Sun
o Gravitational Waves
o GRBs

Much planned for the future
e Also DOM building (together with ULB)
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