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* Objectives of the IceCube Upgrade

* Cooperative agreement and contributions in kind
* PY1 performance
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* Summary
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The IceCube Upgrade Technical Baseline

Objectives: (1) Provide a densely populated ice region within IceCube to improve energy and
angular reconstruction and track / cascade classification for atmospheric neutrino events in the
energy range 5 — 50 GeV for world’s best measurement of U,; allowing a probe of beyond
standard model physics. (2) Exploit opportunity to deploy additional calibration instrumentation
to better characterize the ice to improve IceCube’s sensitivity to astrophysical neutrinos.
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Upgrade Scope

String | 87 88 89 90 91 92 93 TOTAL
mDOM | 55 56 58 53 61 59 60 402
DEgg | 39 39 40 39 40 40 40 277
ppoM | 1 1 2 1 2 4 3 14
 Unchanged woM | 2 2 1 2 11 1 10
since start FOM 2 2 0 0 1 1 1 7
_ POCAM| 2 2 5 3 2 3 a4 21
« Interesting PB 1 2 1 2 3 1 1 1
technical oMis| 0 0 1 0 o 1 o
L iIce
opportunities 2P o 1 o o 1 o 1 3
RR 1 0 0 0 0 2 0 3
AH 0 0 1 1 0 0 0 2
LOM 2 11 3 o0 1 1 9
AP 2 1 2 1 1 1 2 10
ALL 108 108 113 106 113 115 115 778
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Surface Plan

* Very close holes

* Logistics and cable
management focus

* Integration with ICL
* Wet drill test project year 4
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Project Office

UW Leadership Team ] . .
Chancellor: Rebecca Blank National Science Foundation ( Project Advisory Panel A
VCRGE/Vice Chancellor: Norman Drinkwater Brenna Flaugher (FNAL, Chair)

* Organization Albert Laggarin (Caltech)

David Nygren (UT Arlington)

St re n gt h e n e d pe r \ John Jacobser;(NP)( Designs) y

Project Leadership o
reco m m e n d at I O n S Principal Investigator Project Manager [
Kael Hanson (UW-Madison) Farshid Feyzi (UW-Madison) Change Control Board

* Level 2 managers
responsible for all
scope

* Tech board and
change control board
fully functional

IceCube Upgrade Project Office i i
Technical Coordinator

Michael DuVernois

Upgrade Technical Board

Quality and Safety
Michael Zernick
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| Perry Sandstrom |
| Project Controls 1
: Catherine Vakhnina |
|
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Production and Logistics
Marek Rogal

James Haugen

1.2 1.3 1.4 1.5 1.6
Drill Sensors Coms, Power, Timing Calibration Data Systems
Tom Hutchings Timo Karg. Tvce DeYoung Dawn Williams Erik Blaufuss
(UwW —PSL) (DESY — Zeuthen) (MSsU) (U of Alabama) (U of Maryland)
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Funding profile in Cooperative Agreement

FY| (NSF Appropriation year) Baseline Contingency Total PY
FY18 54,069,959  $664,979 $4,734,938 1
FY19 $5,130,419  S$575,002 $5,705,421 2
FY20 $3,638,072  $362,229 $4,000,301 3
FY21 $3,604,047 S464,748 54,068,795 4
FY22 $3,985,016  $788,853 $4,473,869 5
Total $20,127,513 $2,855,811 $22’9A8t3'324
Performance

Measurement Baseline
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IceCube Upgrade In-Kind Contributions

1.2 1.3 14 1.5 1.6
lceCube U;::-grade p— Deep ice sensor Comms. F’_ower and Calibratiqn apd M&(? data s_ystems
modules timing Characterization integration

mDOM modules ($0.6M);
1.5 FTE Tech

German Universities
(BMBF)

Chiba
(JPS/MEXT)

module hardware
(50.5M)

IceCube #

Karisruhe Institute of [l MDOM modules
Technology ($2.5M)
L
Muenster
L]
T.U. Munich
Michigan State =
University
ot
[e:] Camera systems ($0.04M), 3
SKKU FTE;
(0.2M), 2.5 FTE
Uppsala/Stockholm | — JEENeTp. mDOM modules ($0.5M pencil beam source
(Swedish research ($0.8M) (51.6M) M) (50.05M)
Crnneild
Total $0.8M $9.62M, 10.5 FTE; $2.7M $2.56M, 1 FTE; $0.5M $0.73M, ;55 I—;Ir% $0.25M,
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Funding Management

= Total NSF Performance Measurement Baseline (PMB) $22.983M unchanged since Sept
2018, this incudes contingency

= Contingency increased to 19% while keeping PMB constant

= PMB does not include contributions in kind

= PMB and contributions in kind tracked in project schedule

= PMB scope tracked in Earned Value Management System (EVMS)
= Yearly detail planning in August and September

= PY2 detail planning is in progress and will be added to PY3-PY5 yearly plans to arrive at
estimate to complete-must stay within PMB

= Maintain contingency level in accordance with risk and cost uncertainty

= PY2 detail planning will be added to PY1 actuals to arrive at scope of PY2 work to stay
within PY1+PY2 commitment

ICECUBE
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Earned Value Management System

$25,000,000 - =+—PFlanred Value (PV)
e €0 Tracking NSF funded |
e At ot 40) raCKinNg unaea scope only
$20,000,000 - . . . .
Contributions in kind managed by L2s
$15,000,000 <
$10,000,000 - ICECUBE UPGRADE PROJECT SCHEDULE VARIANCE AND COST VARIANCE %
FY2019
40.0%
$5,000,000 -
30.0%
$0 | o | MNow18 | Deots | e [ Feb1® | Ma18 | Ap15 | Mey-15 | Jun1® | Jub1S | Aug1® | Sepis | PvZ Fra_ | Fra FYS 20.0%
e Planned Value (FV) | 290 241 207,152 332,360 495204 704,391 | 1,088,200 | 1535754 | 1,890,652 224358 | 26088146 | 3,031,674 | 3,628,039 | 10,230,953| 13,383, 784(16,377,205 19,185,125
==l E grned Value | EV) 104,286 278,378 408 689 801,758 771,919 | 868886 | 1,127,096 1,409,500 | 1800887 | 2036677 | 2476,186
g A sl Cost{AC) 121840 272244 404 205 561336 675,023 | 812243 965,077 | 1,218,215 | 1,456,100 | 1,748,004 | 2123,315 | 10‘0%
0.0%
$4.000,000 - —+—Planned Value (PV) 100%
$3,500,000 —=—Eamed Value (EV) '
$3,000,000 —e— Actual Cost (AC) 200%
$2,500,000 -
$2,000,000 - -30.0%
?222222 Ot1s | Novls | Decls | landd | Febld | Marld | AorlS | Mayld | lndd | WS Augd
$500.000 - -+=CVh 264% 1% L1%  6T%  126%  64% 4% 136%  190%  142%  143%
$0 - : , , __FY2019 , , =SV 1AT% 3M8% 2% 205%  96%  -187%  -266%  -55%  -197%  -B7%  -18.3%

Oct-18 Nov-18 Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19 Jun-19 Jul-19 Aug-19 Sep-19

| Oct-18 Mov-18 | Dec-18 | Jan-19 Feb-19 | Mar-18 | Apr-19 | May-19 | Jun-19 | Jul19 | Aug-18 | Sep-19 . .
=+—Planned Value (PV) 90,941 | 207152 @ 332360 | 495224 | 704,391 1,068,260 1535754 1890692 2243588 2668,146|3031,674|3628 039 (V% ==V

—8—Famed Value (EV) | 104286 | 278,378 | 408689 | 601,758 | 771,919 | 868,886 |1.127.096 1409,500 1,800,697 2,036,677 | 2.476,186
——Actual Cost (AC) | 131840 | 272,344 | 404305 | 561336 | 675023 | 812,943 | 965077 |1218.215| 1,456,100 1,748,004] 2,123,315
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Technical Progress

* Following slides from L2s summarizing technical progress
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WBS 1.2: Drill

* Generator-1: Overhaul is complete

* Control System: Motor drive selection complete/testing is underway

* Drill Hose: Procurement is in process (governor’s waiver approved)

* Independent Firn Drill: Completing testing, repairs, and upgrades

 Equipment: 287B Skidsteer and 2 snowmobiles procured

» Site Plan/GPR Map: Developed and delivered to ASC

* Property Control: Custodianship of EHWD is in process

* Drill Heads: Initial assessment, sensors/telemetry system being tested

e Support: All ASC season support activities coordinated and scheduled

T. Hutchings
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Drill - Schematic

ENHANCED HOT WATER DRILL — IceCube Upgrade

pz’,- V20150301 T. H utc h i n gs

SYSTEM SCHEMATIC

Intent: Drill 7 lceCube-magnitude holes in one season to support installation of the lceCube Upgrade

Capacities: 4.6 MW thermal delivered to drill nozzle; 250 kW system electrical load

Run two gensets at a time, each at 125 kW, third genset is online backup

Makeup water obtained from stationary Rodwell, supported by ARA Hot Water Drill (pump, heat, hose reel — RWS no longer available)

192 GPM, 2°C, 10 psig |

Return Water Hose and Cable
Reels

Main Heating Plant 1
+1000

200 GPM, B8°C, 1100 psig

Water Tank 2

18°C

High Pr

40 psig

Drill Supply Hose Reel

Main Heating Plant 2 -
+1000 (8 of 9 htrs)

Water Tank 1
10*C
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A A
Cable Reel, Tower, and TOS
40 GPM
10°C ARA Hot Water Drill
Other Buildings: 80 psig Used for Rodwell Maintenance
+ 300 kW & pump
Drill Control Center
18 GPM, 27°C, 10 psi
\_ 5 psig )
Electrical Shop
10 GPM, 10°C, 80 psig warm | |18 crm 58 ‘:lsms
Generators 78°C| |2°c Stationary every
AN pei 10 psi all season
Mechanical Sh + 318 kW heat recovery pee psig hole
(while consuming 250 kW electrical) i

Return
Upto Water
360m Pump

separation
POM v

Drillhead
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WBS 1.3: Deep Ice Sensors

* MDOM
* Readout and High Voltage PDR passed in Aug. 2019
* Procurement of 10,500 PMTs commenced at KIT

* D-Egg
* Delivered Rev. 2 mainboards allow developing DOM firmware and software
* High Voltage system finalized
* Preparing for production start in Jan. 2020

* PDOM
* Unification of D-Egg and PDOM mainboard schematics

* [ce Comms Module
* Prototypes delivered to D-Egg group and integrated
* Close to final design (review passed in Aug. 2019)

* Special Devices
* First review of special devices planned for Spring 2020 Collaboration Meeting

D cECUBE T Kare
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-Egg Mainboard
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D-Egg Rev. 2 Mainboard
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T. Karg
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T. Karg

Ice Comms Module mounted on D-Egg Rev. 2 Mainboard



WBS 1.4: Comms/Power/Timing Systems

* Main cables
» Test quads produced by Hexatronic this week, under evaluation at factory
* Discussions ongoing with three other potential suppliers

* Penetrator cable assemblies
* Prototypes in production from three suppliers, RFP to be issued in coming weeks

* Surface cables
* Layout determined with ASC, to be confirmed by GPR survey this season

* FieldHubs
* Mini-FieldHub production underway, to be shipped to labs in November

* CPT infrastructure and Northern Test System
* Timing and comms units (GPS clock, White Rabbit) delivered, to be installed at NTS in Oct.
* Smart power distribution prototype being assembled, power supply selection beginning

JICEGCUBE T. DeYoung
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Updated Configuration

FieldHub| |cecube Lab (ICL)
o Surface
* |IDF eliminated, Breakout Cable Junction Boxes |7
 Will use 2 surface Assembly (BCA)
junction boxes / iF " |
. Penetrator ;/.__/ Surface \
* FieldHub moved to |Cable Assembly| , e CPT Central
IcL /\ / Infrastructure
/ ‘. [Main Cable
A Downhole Northern Test
- Cable System (NTS)
Assembly
|
-._\\ /;f
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WBS 1.5: Calibration and Characterization

* Scope for devices onboard photosensors has been set at:

Flashers and cameras controlled by a calibration interface integrated into the mainboard
(mDOM and D-egg)

Common flasher circuit (modified Kapustinsky) and 405 nm LEDs for all flashers

12 LEDs (8 horizontal, 4 downward facing) and 3 cameras, 3 camera illumination boards
per D-egg

10 LEDs (8 outward facing, 1 upward, 1 downward facing) and 3 cameras, 4 camera
illumination boards per mDOM)

Accelerometer, magnetometer and pressure sensors on the mainboard

Control software is being written for all of these devices

 Standalone devices: POCAM (isotropic light source), PencilBeam
(collimated/steerable light source) and Acoustic (sensor + pinger assembly)

&

Discussions underway for common mini-mainboard for these devices
Reviews start in October 21-22 for POCAM, January TBD for PencilBeam and acoustic

ICECUBE D. Williams
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Calibration Interface Sector of the Mainboard

Q mDOM Block Diagram @LEEEEUEE
Pressure Vessel ’ Flasher Light
Optical Gel
/ PMT Support Structure 8 At
//-_ Mainboard :
A== l=f=f=]
[

Light

¥ Cherenkov Light
l :E Tima Karg, mDOM Calibration Interface, 14 Septamber 2019 3 A

t®/ LFcr. Timo Karg, Ryo Nagai, Thomas Me(ras’ -




WBS 1.6: Data Systems

* Data Systems and Integration efforts here will ensure that new sensors and
calibration devices deployed in the Upgrade become first-class members of
the overall uniform IceCube data systems

* Triggering and DAQ readout
* Treatment in online and offline data processing and filtering
* Inclusion in analysis level simulation and data samples

* Leverage our rich software ecosystem from IceCube to speed progress to
analysis results that take advantage of new OM sensors and calibration devices

e Strong team from IceCube maintenance and operations in place to lead this
effort

42 I CECUBE
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Summary

* PY1 was project formation year, momentum building

* PY2 plan is a significant increase, need to push the schedule

* Time critical project, have only one season to drill and deploy
* Many design reviews in the near future, must pass all

 DOM failure statistics in Gen1l is a good lesson, all things could
happen in one season — QA for al hardware and deployment a must

 Safety is critical, no incidents can happen at all anywhere
* BUT, we are experienced, committed and have time to get it right

Fpio=Cuee



Thank You!
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Cost and Schedule Development and Tracking

* Project schedule was assembled in Project - includes all Upgrade scope
* Cost estimates were assembled in Excel — includes only NSF funded scope

* Have switched to Smartsheet for cost and schedule development plus
tracking

* Cost and schedule data were imported to Smartsheet
* Detail planning tools well developed for cost estimating
* Schedule development tools in progress

Fpio=Cuee



T

mDCT_1
mDOM Te! tboarg
DEs -
2019-g ;. )

O
\ov)

T. Karg

)JICECUBE

UPGRADE




LED head in

Flashers M=
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top view

® flasher LED

@ camera

@ ill. LED e .

D'EGG P \; O : Downward-pointing LEDs
&, (4 in total at 90 deg. interval) |

glass plate

guiding
cylinder

Flasher
Board

Thomas Meures
Holder ="

MDOM
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Cameras

PMT support structure glass plate MDOM

camera as
example device
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