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10 yrs of lceCube - a first view on the PeV Universe

Multimessenger spectroscopy First sky map of cosmic neutrinos
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Some highlights:
2013: Discovery of cosmic PeV neutrino flux

2018: Evidence for Blazars as neutrino sources
2019: Observation of first tau neutrino




Scientific objectives 3
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Completing the multi-wavelength view of the Universe
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Scientific objectives

Revealing the sources and
propagation of the highest
energy particles in the universe
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Probing source populations and composition of

highest energy cosmic rays



Requirements for IceCube-Gen2

——  KM3NeT(3y)
——IceCube (10y) '
== IceCube-Gen2/10y) |

1. Increase the neutrino point source sensitivity at 107 ¢
least 5 times over the current IceCube array

2. Enable multimessenger astronomy with
individual, high-energy neutrinos

.
: —
. 3. Collect 10 times more neutrinos per year than o
. : =
. the current IceCube array in the energy range 3
= 100 TeV to 10 PeV e
. . m

). 4. Expand energy range to beyond 1018 eV with ”g
— sensitivity improved by two orders of magnitude 2

J L

4 5.  Enhanced sensitivity to neutrino flavors and the 5 ;

. ability for flavor identification 1077 s [NGC 1068[M87] - [MRK 421} - 1
- [ : [VER J2019+368] |

. [TXS 0506+056] .
-1.0 -05 0.0 05 1.0
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Sensitivity to all realistic source
populations (steady and transient)
explaining the diffuse flux




Recent progress:

Submission to Decadal Survey on Astronomy and Astrophysics 2020

Important review process and definition of Gen2.
Still going on. Expect report in spring 2021.

White paper: IceCube-Gen2: The Window to the Extreme Universe
arxiv.org/abs/2008.04323

Science case developed in more detail. (Special thanks especially to Markus Ackermann)
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Currently under way: Snowmass process. Strong presence of lceCube important.



https://arxiv.org/abs/1911.02561
http://arxiv.org/abs/2008.04323
https://arxiv.org/abs/1911.02561
http://arxiv.org/abs/2008.04323

lceCube-Gen2: Scope

Optical Array of 120 strings with 100 sensors each
Surface array: for cosmic rays and veto

Radio Array: 500 km”2 for neutrino detection above 10 PeV
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radio array,
500 km"2

120 strings
surface detectors

Artist’s conception
120 strings at 240 m spacing




Advances in optical sensors

Building on understood technologies.

lceCube Upgrade
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Power and communications architecture

A safe strategy with room for

optimizations and cost savings.

- Reference deSign \ FieldHub \—{ FieldHub }:‘ FieldHub ! Surface cables

IceCube Lab
- Adiabatically evolved from IceCube: 240

copper for power and comms, use
field hub to switch comms from
copper to fiber.

Downhole Cable

~— Main Cable

- R&D for alternate approach:
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~— Breakout Cable

* Optical fiber all the way to deep ice.

* Less copper needed (1/2) 1350 / % Assembly
| D
)
)

Locally switch to comms on copper. | optical Module

Optical

2600
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The Gen2 radio array

A highly transformative addition.

Design under review.

Task Force assigned to advance and detail
the conceptual design.

A large array with distances of more than
10 km from South Pole.
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lceCube infrastructure

Cost advantages of Gen2 compared to Gen1

IceCube exists and is running.
—> Gen2 can be essentially integrated into Gen1.

—> Significant savings in design effort eg for DAQ and data systems.

—> Benefit of established IceCube Maintenance and Operations that
will provide an existing host environment.
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There is still effort (and budget) needed, but it is different from
starting from scratch.

* Aninteresting detail: fractional cost in optical sensors of total project cost:
* IceCube: 11%
* IceCube-Gen2: 23% (cathode area more than 4 times larger)

» Possible due to huge head-start on system design, drilling, data systems,

data acquisition design, commissioning and calibration, and existing
operations structure.
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| Mobile drill/deployment towers

EHWD heating plant: stationary

—> Gen2: mobile . v \




. Gen2 hot water drill: significant advances.

13
1 o iR T g e Evolution:
. .4 , ﬂ-‘ 5 <ol R | e |ceCube EHWD
“" o - I 1 ,/' Tk
A, / : e —> Upgrade: refurbishments and modifications
// e —> Gen2 configuration
// Hot water high pressure
o ienn%%grn L e (Construction on |arge sleds: Condensed Tower operations site
@ o / \ - deep drilling ops
LA s ‘ ‘ e Transport to Pole and mobility at Pole - moves every hole

Hot water (low pressure) hose
Up to >400m,
enough for a season

Seasonal equipment site
(power, heaters, water storage,...)



Logistical Support 14

1. Logistical Support: IceCube Gen1 had 9.5 million Ib of
cargo + fuel delivered by plane, more than 300 LC 130
missions. Construction took place simultaneously with
South Pole station completion and SPT construction.

2. Inrecent years logistical support has dropped
compared to 10 years ago. This is primarily funding
driven. However, funding for logistical support is
provided by the project.

3. Strategies for logistical support exist and have been
discussed with ASC.

1.Population of 60 people: —> separate field camp.

2.Cargo: Traverse is scalable and can take care of
fuel (2/3) and possibly cargo but this is not current
practice.

4. Successful support will require high level prioritization
and strategic planning at NSF’s Polar Program.




Cost
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installation) and Antarctic Support.

‘4. ICECUBE
GENZ2

modules for the array of 120 deep strings
—> Construction: Implementation (Drilling +

L2 |Task Total cost In-Kind NSF
1.1|Project Office 28.1 .0 28.1
1.2 |Implementation 61.6 .0 61.6
1.3 |Instrumentation - Deep 151.9 64.0 87.9
1.4|Instrumentation - Radio 25.9 5.0 20.9
1.5|Data Systems 13.1 .0 13.1
1.6|Commissioning and Calibration 12.2 .0 12.2
1.7|ASC Coordination / Polar Support 53.9 .0 53.9

Total w/o contingency 346.8 69.0 277.8

Contingency 61.1 61.1

Total with contingency 407.9 69.0 338.9

Cost Drivers:
—> |Instrumentation: 12,000 Optical Contingency:

- DOMs provide options for
scope contingency.

15
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International collaboration

Built on history:

lceCube Gen2 builds on IceCube, a truly international collaboration.

The international character builds on 30 years of collaboration when
groups in Sweden and in Germany joined forces with US groups to
develop AMANDA and 10 years later IceCube.

Strong traditions and well established relations.

Today, the collaboration is almost precisely half and half US and
Non-US.

Large contributions:

For Gen2, the hardware contributions in DOMs and radio will be
almost 1/2 of instrumentation.

Assumed contributions expressed monetarily: $69M (In
US counting this would be well above $100M*)

Contributions in other areas, including logistics and field work being
explored.

—> These pledges will help Gen2 in the US
and thus all of us enormously

‘4. ICECUBE
3 GENZ2

Footnote:

* The construction of the budget will usually under-represent in-kind
contributions for two reasons:

* contributions are formulated primarily as hardware and
other products.

* —> contingency is largely owned by the country that
commits hardware.

* Labor does not even appear as contribution and is
supported off project.
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Timeline

YEAR (calendar year)

IceCube Upgrade
Scintillators/Field Hubs
Radio development

IceCube-Gen2
Project year

Conceptual design phase
Preliminary design phase

Final design phase

Cconstruction

DOM production
On ice construction: Strings

On ice construction: Radio

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Radio development in Greenland
development at Pole

30%

PY1 PY2 PY3 PY4 PY5 PY6 PY7 PY8 PY9 PY10
since 2016

500 1000 1500 2000 2200 2200 2000 600
I 4I 8I 8I 2|:,I 21I 21I 21I ’
5 10 30 36 36 36 36 11

Major field activity

Hot water drilling operations

Notes:

Drilling possibly 1.5 seasons shorter, also cost savings (—> Jeff Cherwinka’s talk)
No formal linkage between Upgrade and Gen2

No formal linkage between RNO-G (or Arianna) and Gen2

17
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Timeline

YEAR (calendar year)

IceCube Upgrade
Scintillators/Field Hubs

Radio development

IceCube-Gen2
Project year

Conceptual design phase
Preliminary design phase
Final design phase

Cconstruction

DOM production
On ice construction: Strings

On ice construction: Radio

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Radio development in Greenland
development at Pole

30%

PY2 PY3 PY4 PY5 PY6 PY7 PY8 PY9 PY10
since 2016

1500 2000 2200 2200 2000 600

1000
I 4 8 8 20 21 21 I 21 I 17
5 36 11

10 30 36 36 36

Major field activity

Hot water drilling operations

Notes:

Drilling possibly 1.5 seasons shorter, also cost savings (—> Jeff Cherwinka’s talk)
No formal linkage between Upgrade and Gen2

No formal linkage between RNO-G (or Arianna) and Gen2

18
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Timeline

YEAR (calendar year)

IceCube Upgrade
Scintillators/Field Hubs

Radio development

IceCube-Gen2
Project year

Conceptual design phase
Preliminary design phase
Final design phase

Cconstruction

DOM production
On ice construction: Strings

On ice construction: Radio

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Radio development in Greenland
development at Pole

30%

PY1 PY2 PY3 PY4 PY5 PY6 PY7 PY8 PY9 PY10
since 2016

__

500 1000 1500 2000 2200 2200 2000 600

I 8 20 21 21 21 21 8

10 30 36 36 36 36 11

Major field activity New timeline

Drilling possibly 1.5 seasons shorter, also cost savings (—> Jeff Cherwinka’s talk)
No formal linkage between Upgrade and Gen2

No formal linkage between RNO-G (or Arianna) and Gen2

19



Developing Project

Next big milestone: ‘Preliminary Design’ by fall 2021

(PD is as much about project plans, cost, risk schedule, as it is about technical matters.
Eg. PD total cost will be seen as final)

» Optical sensor design progress.
» Project support starting to come into place
« Working towards a organizational structure

* Project team, Project office, Level 2, Level 3 coordinators

» Advisory committees
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Near term timeline

Internal Review by January/February 2021
Radio by January,
Project total by February

Possible workshop later in spring 21, perhaps May, immediately after
Astro2020 decadal review report released.

Preliminary design

Challenges:
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Preliminary Design

Bridging from Gen2 development phase and Upgrade to Gen2
construction




lceCube-Gen2: From Discovery to Astronomy

22

...building the future of a new field

Coincident events: 32, 55

Dropped events: 5, 6, 42, 53, 61, 63, 69, 73 Equatorial
| T
0.0 65 13.0 = =
TS = —2AIn(L) -
E < 300TeV 300TeV < E < 1PeV 1PeV < E Gen2 Phase 1 (Upgrade) drill camp; January 29, 2020
First source

Discovery of
astrophysical
neutrino flux

1st atmospheric identified

neutrinos in ice

2002
AMANDA
(Upgrade)

First full Gen2 Gen2 full detector
deployment completion
season




Backup slides
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lceCube Organization Structure
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’ Science Advisory

Supernova DAQ, S. BenZvi (Rochester)

Processing & Filtering, E. Blaufuss (Maryland)

Data Storage Systems & Cybersecurity, S. Barnet (UW)

UW Manager

P. Desiati (UW)
Resource

Analysis Working Groups:
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Wisconsin IceCube Observatory ! B.Barish, Caltech, Chair ! D. Grant (MsU)
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. K. Hanson, Executive Director R . R : M. Delfino, PIC, Chair : Future Gen2 Coordinators,
K. Chorlton, HR, Bsnss & Admin A. Karle, Associate Director for Science ! Education & Outreach | A. Karle (UW) & M. Kowalski (DESY)
. , r L. & Instrumentation | . |
M. O'Keefe, Communications ) ) \ Advisory Panel K
- D. Comerford, Busnss IT Support J. Madsen, Associate Director for e .
' \ K Education & Outreach
. Maintenance & Operations Technical & Science
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:zzlzzé)gsgatlons, ;T!?é\ié[)(ﬂmare) South Pole System & Test System, R. Auer (UW) C. Vakhnina (UW) Neutrino Sources
! ’ Data Transfer and Archive P. Meade (UW) TET Coordination Beyond Standard Model
libration — . Data Management, J. Bellinger (UW) N. Kurahashi Neilsz;n Cosmic Rays
Calibration S. Blot (DESY) / K. Mase (Chiba) Distributed Computing, V. Brik (UW) . (Oroxel) & Oscillation
Data Processing & Simulation Serv — J.C. Diaz-Velez (UW) Data Processing, A. Sheperd (UW) Supernova

Offline Data Production, R. Snihur (UW)
Simulation Production, K. Meagher (UW)

Program Coordination — C. Vakhnina (UW)

Collaboration Simulation Production Centers:

Belgium: |IHE-Brussels; Canada: Alberta; Japan: Chiba
Germany: DESY, Aachen, Dortmund, Wuppertal, Mainz

Networking and Facilities,
Production Software,
Data Archive at DESY,
Data Archive at LBNL,

Software — A. Olivas (Maryland)

IceTray Framework/Development, D. LaDieu (Maryland)

Simulation Software,
Offline Processing Software,

US: UW (NPX, GZK, CHTC, 0SG), UMD, UDEL, LBNL/NERSC, PSU, Alabama

S. Barnet (UW)

D. Schultz (UW)
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February 26,2020



lceCube Organization Structure
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& Instrumentation

J. Madsen, Associate Director for
Education & Outreach

M. O'Keefe, Communications
\D. Comerford, Busnss IT Support

Advisory Panel

Maintenance & Operations

Offline Data Production, R. Snihur (UW)
Simulation Production, K. Meagher (UW)

Networking and Facilities,
Production Software,
Data Archive at DESY,

Program Coordination — C. Vakhnina (UW) Data Archive at LBNL

Collaboration Simulation Production Centers: Software — A. Olivas (Maryland)

Belgium: |IHE-Brussels; Canada: Alberta; Japan: Chiba Slm}Jlatlon Soft_ware,
Germany: DESY, Aachen, Dortmund, Wuppertal, Mainz Offline Processing Software,
: US: UW (NPX, GZK, CHTC, 0SG), UMD, UDEL, LBNL/NERSC, PSU, Alabama

South Pole Logistics, R&D Support — J. Haugen (UW)

IceTray Framework/Development, D. LaDieu (Maryland)

S. Barnet (UW)

D. Schultz (UW)

K. Leffhalm (DESY)
S. Klein (LBNL)

R. Moore (Alberta)
Real-Time Oversight
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E. Blaufuss (Marylandy

A. Olivas (Maryland)
C. Kopper (MSU)

Technical & Science
Working Groups

Detector M&O — J. Kelley, UW Manager Coordination
Run Coordination, M. Kauer (UW) Quality & Safety — M. Zernick (UW) Committee Chair Analysis Coordinator —
DAQ, D. GIOW?Ck' (uw) Computing & Data Management — B. Riedel, P. Desiati (UW) Anna Franckowiak (DESY)
Supernc?va SD(A(}' - > B:ensz (Rocheslter)d UW Manager Resource Analysis Working Groups:
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lceCube-Gen2 Organization Structure 2

( )
National Science International Oversight and . . .
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Cost

Note:

This is not a total project cost.

Instrumentation budgets do not include in-kind contributions.

Assumed in-kind contributions: $76.2 M (90% in instrumentation)

Also, L2 radio is not a standalone project budget (does not include deployment, project office, data, etc.).

‘ﬁn ICECUBE
N

27
Cost Profile - US [Real Year, M$)
Development Project Year

L2 | Task 2020| 2021| 2022| 2023 PY01{PY02|PYO03(PY04|PYO0S|PY06|PYO07|PYO8|PY09|PY10 | TOTAL

1.1|Project Office 26 72 74 80 2.83] 2.89] 2.95| 3.01 3.08] 2.73| 2.66| 2.72 2.77( 2.45 28.08
. 1.2 [Implementation 1.73 91 1.15] 198 21.68] 5.09| 4.25| 4.34| 4.57| 4.61| 4.27] 435 4.44] 4.06 61.64
: 1.3 | Instrumentation - Deep 11 22 22 23[ 6.28] 6.84[ 9.38]| 14.70| 16.45]| 16.59| 12.35| 5.32 87.91
- 1.4 |Instrumentation - Radio 21 44 45 46 1.51] 193] 2.67[ 2.69( 3.11| 2.73| 2.83| 2.14 .66 .68 20.92

1.5 [Data Systems 1.27| 1.03| 1.06| 1.37] 1.44| 1.28| 1.35| 1.36] 143] 1.51 13.10

1.6 | Commissioning and Calibration 1.13] 1.15] 1.18[ 1.20 .99 1.26]| 1.28| 1.31]| 1.34| 1.37 12.22
g 1.7] ASC Coordination / Polar Support 91| 7.98| 10.70( 8.33| 7.70 7.55| 3.82| 3.31| 2.74 91 53.94
~ Total development 2.32| 2.30] 2.56| 3.47
4 Total US w/o contingency 35.59| 26.90| 32.19| 35.64| 37.32| 36.74| 28.57| 20.50| 13.38| 10.98 277.81
é Contingency (22%) 61.12
—



