ICECUBE

ICECUBE

UPGRADE

oD |DUO”DUJ6{U| L“QE ‘

The IceCube Upgrade
Design and Science Goals

Aya Ishihara for the IceCube collaboration

ajuor) Aoy diws

® 0

T |CEHAP

CHIBA UNIVERSITY

FONIAVIINOD SIISAHd IDILAVAOULSY FHL

- VSITAIM ‘ugsipoyy - 2dual



IceCube Lab ‘3’.
lceCube B coTop

- - TS - = = = 81 Stations
50 m Tt S - == 324 optical sensors
@ Amundsen-Scott IceCube Array
South Pole station 86 strings

including 8 DeepCore strings
5160 optical sensors

1450 m

DeepCore

8 strings-spacing optimized
for lower energies
480 optical sensors
Eiffel Tower
324 m

2450 m
2820 m

w oot

IcECUBE



- @

lceCube o1
. e o o RS
U ra d a Geometry optimized for 1500~ i special calibration region
Pg « GeV neutrinos . moow B ool Pt Il
. . e DEgg R e e+ e e e s e
» Calibration of the IceCube detector - won AR
POCAM | 1700- . . . .
Pencil beam E
® Acousti itt s * .
' ]OOOm . coustic emitter oo . ‘ - =
- 07 ;, - ® 1900~
\:\‘.\\, .« L dusty ice £2000- .
N : 5 ?
. 2 e " o : . .
o AT N g W 021007 &+ physics region
inner fiducial volume\22Mton = * R L 22004
‘ g & W 5 Ceety g @ clear ice :
; » 57 _ 2300~ | - 275m
o i W © 3mvertical | ———4| |
« & ° separation 2400- -
. /
| .’ .O .@ 2500- . « & @ -
.~" IceCube  DeepCore  Upgrade -
2600- R
2700-
\30@(/ O@Q’,\ & q?’ P oY o 62
\(,Q’(JQJQ




Why GeV Neutrinos so Interesting?

Neutrino Oscillations!
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Neutrino Oscillations
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Tau-neutrino Appearance with DeepCore

from 3 years data analysis (7 year sample currently on-going)

Phys. Rev. D 99, 032007 (2019)
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Densely Instrumented and Improved Optical Sensors
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Improved Reconstruction Capabilities
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More Events
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Tau-neutrino Appearance Sensitivity

Consistency/inconsistency of
Unitarity in 3x3 PMNS mixing
matrix with 1 year of data

 Conservative assumption of
inner fiducial volume event
only analysis
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Muon-neutrino Disappearance Sensitivity
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Systematics Uncertainty

ICECUBE
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Upgrade Calibration
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applied over 10 years of lceCube’s archived
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Calibration of IceCube Main Array

* Calibration allows to make improved
samples to access to CR/neutrino
sources

 angular reconstruction
 flavor ID

HESE with ternary topology 1D
Best fit: 0.29: 0.50: 0.21
Sensitivity, E-*" spectrum

» 1:1:1 flavor composition
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lceCube-Gen2 Facility

Surface array

* muon veto
 CR physics

Radio array
- cosmogenic neutrino
* neutrino >10 PeV

Dense array
» 26 strings
* 125-192 sensors/string
+ =25m distance
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IceCube
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Main array

~100 strings
~100 sensors/string

6 times more IceCube
surface area

30% more extended
above/below IceCube
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Special R&D Sensors

New R&D sensors are also to be
studied in the Upgrade array

Why we want sensors fit into
narrow holes?

» Significant cost/time saving in
Gen? drilling!
* If hole diameter becomes 1/3
= drilling time/cost becomes 1/10
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Summary
and

Outlook:
Toward

Gen2

* IceCube has established the way to observe neutrinos in
GeV to PeV using naturally existing medium at South Pole

» The Upgrade array with 7 strings of densely instrumented
optical sensors to be deployed in 2022-2023 season

* It will enhance the capability of GeV neutrino detections
and leads to world-leading sensitivity to neutrino
oscillations

* Improved calibration of optical ice properties will reduce
systematic uncertainties in reconstruction and
astrophysical neutrino analysis

« R&D opportunities as the first stage of IceCube-Gen2

2018 \ 2019 | 2020 ' 2021 \2022 \ 2023 | 2024 2025 2026‘ \2032
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