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x:_ e IceTop
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S50mE— e S 2 lceTop Cherenkov detector tanks
—————— 2 optical sensors per tank
324 optical sensors
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IceCube Array

86 strings including 8 DeepCore strings
60 optical sensors on each string
5160 optical sensors

December, 2010: Project completed, 86 strings

DeepCore
8 strings-spacing optimized for lower energies
480 optical sensors.
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The PeV Neutrino Universe
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.ot | 1-2 PeV cascade events N,
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6.0£0.3 PeV cascade events
Well compatible with Glashow resonance! Systematic studies ongoing

The highest energy deposit to date

an upward-going track

Deposited energies 2.6+0.3 PeV

Median neutrino energy 8.7 PeV

Observed number of photoelectrons 130,000pe




Science 361, eaat1378 (2018)

IceCube-170922A event

» 2017/9/22 20:54:30.43 UTC
5th and the most cosmic neutrino signal like EHE alert
« automated alert was distributed to observers just 43 seconds later
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EHE (Extremely-high Energy)
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v, — v, disappearance probes oscillation parameters

Phys. Rev. Lett. 120, 071801 (2018)
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Neutrino Absorption Pattern

High energy neutrinos disappear because of neutrino-Nucleon interaction in Earth

, tventrate = VAT Q@ Npo Q ¢ ® exp(—NAai()
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Zenith angle 90-100 gives near zero

absorption normalization at 1-10TeV .
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v, disappearance probes high energy (TeV scale) neutrino cross-section
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Nature 551 596 (2017)

-® Neutrino
~&- Antineutrino
— Weighted combination

— This result
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lceCube-Gen?2 DX @

IcECUBE
GENZ2

- Surface array
* muon veto
« CR physics

- Main array

« =100 strings

- ~100 sensors/string
« ~240m distance

Dense array
« 26 strings

« 125-192
sensors/string

 =~25m distance

- Radio array |
- cosmogenic neutrino
- neutrino >10 PeV
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lceCube Gen? in-ice detectors ~
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Phase 1 (IceCube upgrade) TfajZ B39 H
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lceCube-Gen2-phase

Optical Sensors

“left-over” lceCube DOM D-Egg
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® D-Egg :

lceCube-Gen?2 A2 ICECUBE
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optical coupling elastomer

PMT #2
(upward-facing)

plastic/silicone holder

—— -

HEIX 72—

UV transparent glass housing™
silicone buffer '

FBAEF — HV board for PMT #1
mainboard
magnetic shield
HiigE
PMT #1
(downward-facing) N
ERLEF

wa i BERBFSE
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Divider circuit

HV generator

DC coupling transformer
HV board

-40C T4k Be & fE L < 3
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S e

The circuitis on a custom
maid thin socket = easy to
attach and dis attach
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Cherenkov Photon detection area

ICECUBE

100 . .
« Cherenkov-light weighted effective i é é i

areas of DEgg is well compatible
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Harnessing the Data The Future of Work Mavigating the Mew Arctic Multi-messenger Astrophysics The Quantum Leap
Revolution
Understanding the Rules of Life Mid-scale Research NSF 2026 Growing Convergence NSF INCLUDES
Infrastructure Research at NSF

NSF'’S

In 2016, NSF unveiled a set of "Big Ideas" -- 10 bold, long-term research and process ideas that identify areas for future

investment at the frontiers of science and engineering. With its broad portfolio of investments, NSF is uniquely suited to

advance this set of cutting-edge research agendas and processes that will require collaborations with industry, private

foundations, other agencies, science academies and societies, and universities and the education sector. The Big Ideas

represent unique opportunities to position our Nation at the cutting edge -- indeed to define that cutting edge -- of global

science and engineering leadership and to invest in basic research and processes that advance the United States'

prosperity, security, health and well-being. 25




AKERIOFE NSF “10 Big ldeas” @

Multi-Messenger Astrophysics
TILTF Xy v—KNF
Windows on the Universe: The Era of Multi-Messenger

Astrophysics

Using powerful new syntheses of observational approaches to provide unique insights into the nature and behavior of matter
and energy and help to answer some of the most profound questions before humankind.

For years, we have been making observations across the known electromagnetic spectrum — from radio waves to gamma
rays — and many great discoveries have been made as a result. Now, for the first time, we are able to observe the world
around us in fundamentally different ways than we previously thought possible. Using a powerful and synthetic collection of
approaches, we have expanded the known spectrum of understanding and observing reality.

$30M (%9 30 (BEM) % Z DL FFICE) ) YT

lceCube & AIFTIEC D AT T —ICA->T Ty 7oL —Fan3
IceCube Observatory
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AloFH NSF “10 Big Ideas” @
HRBIE DI A > 7 T DFE

I — S Mid-scale Research Infrastructure

Developing an agile process for funding experimental research capabilities in the mid-scale range. The National Science
Foundation's science and engineering activities rely increasingly on infrastructure that is diverse in space, cost and
implementation time — everything from major observatories to nationwide sensor networks to smaller experiments. There are
many important potential experiments and facilities that fall between these; this gap results in missed opportunities that leave
essential science undone. The long-term consequences of that neglect will be profound for science as well as for our nation's
economy, security and competitiveness. We need a new approach to research infrastructure, one more dynamic and flexible
in response to this new reality.

$60M (% 6012F) ZFIY BT

lceCube HAIFFIEZ D AT TY —ICA->T 7y 7L —FKEn3
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DEgg Production

FY1 Degg (20) except MB 5
FY1 Degg reopen/add MB (20) M1
FY2 Degg (130) 2DEggs/day 14 4
FY3 Degg (150) 2DEggs/day = s
FY4 DEgg (spare) # 1
DEgg Verification

X}

FY1 Degg (20) with preliminary MB -
FY¥1+2 Degg (150) 30Eggs/month 1=
FY3 Degg (150) 30Eggs/month =

b

F¥Y4 DEgg (spare) 4
Extra testing
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Ship to Pole

Packing 3

on surface 7oz
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NSF MREFC

(Major Research Equipment and Facilities Construction Funding)

lceCube EEH ZDTF v v 2L TFELLEIN (~$280M)

SEIREINTWEEHD 2018FEFE%E
DKIST (Daniel K Inoue Solar Telescope) $20M
INT AIZERIE KGR AJHRIEH oiriR
LSST (Large Synoptic Survey Telescope) $55.8M
) ICERIEB LR (9.6E)LERiE X —7 T x/)L¥— XKE
RCRV (Regional Class Research Vessels) $106M

AR HREM
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