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WBS 1.3 Scope

WBS 1.3.4
900 Ice Comms Modules

WBS 1.3.1 WBS 1.3.2
430 mDOMs 310 D-Eggs

WBS 1.3.3 WBS 1.3.5
20 Refurbished IceCube DOMs Coordination of R&D Sensors
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WABS 1.3: Overall Deliverables and Spares

 WBS 1.3.1 430 mDOMs 1.3
(402 to be deployed + 28 spares ) Deep Ice Sensor
Modules
 WBS 1.3.2 310 D-Eggs -
(277 to be deployed + 33 spares ) Dol Omtio

[ Module (MDOM)

| 1.3.2.D-Egg

« WBS 1.3.3 20 refurbished IceCube DOMs (PDOMs)
(14 to be deployed + 6 spares )

1.3.3. PDOM
e« WBS 1.3.4 900 Ice Communication Modules, incl. firmware B

(803 in to-be-deployed devices + 97 spares, R&D)

| 1.3.4.1ce Comms
Module

e WBS 1.3.5 Coordination of Special Devices
(all Special Devices are contributed in-kind) | 1.3.5. Special

Devices
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W8S 1.3 schedule

WBS 1.3: Schedule B

* Full schedule, including in-kind contributions, in project-wide Smartshegf/

* Percent-complete for all activities updated monthly
to track progress of in-kind contributions
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WABS 1.3: Shipping Schedule

e Sensors for first two strings are shipped in summer 2024
 Will betested on arrival at South Pole and stored DNF during the winter

* Remaining sensors are shipped on summer 2025

* Reasonable float for all sensor shipments (63 wks to 116 wks)

ICECL
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Cargo Item Owner/Guardian mﬁ Ship by date or | Expected Route: (| Recommended
o ey pe - B
respective | Work Package |Item Description Contents & Comments institution schedule actual shipment | Owner - PTH or | Transportation
WBS Level e —]. date CHC tion
completion
String Sensors 87-88 (mDOMs Optical sensors for 2 strings from
1.3 Installation e ) Germany (mDOMs) (spares included) - DESY 5/19/2023 8/1/2024 DESY - CHC ComSur
DESY)
Do Not Deep Freeze
. Optical sensors for 2 strings from
13 Installation SD‘é‘gf,)sc‘“m 87-88 mDOMs |5 many (mDOMs) (SPARES) - Do DESY 5/19/2023 8/1/2024 DESY - CHC ComSur
Not Deep Freeze
. Optical sensors for 5 strings from
- DOM
13 Installation SDLE;’%{)SC"S“” 89-93 mDOMs | many (mDOMs) - Do Not Deep DESY ! 721 8/11/2023 8/1/2025 DESY - CHC ComSur
Freeze
. String Sensors 89-93 (mDOMs Optical Sensors for 5 strings from
13 Installation MSU) MSU (mDOMs) - Do Not Deep Freeze MSU 686 9/15/2023 8/1/2025 MSU - PTH Truck
. Optical Sensors for 5 strings from
13 Installation i;rs'"ug) Sensors 89-93 (mDOMs |y 141} (mDOMs) containers (TBD) - Do MSU 686 9/15/2023 8/1/2025 MSU - PTH Truck
Not Deep Freeze
. Sensors (D-Eggs) pallets with 8 sensors .
13 Installation | r "8 Sensors 87 & k8 at Pole overwinter - Cryo location - Do Chiba 736 7/27/2022 8/1/2024 ChibaU - cHe | 2" shipment by
(D-Eggs-8x) CHU
Not Deep Freeze
. Sensors (D-Eggs) pallets with 8 sensors .
13 Installation | g Sensors 87 & 88 at Pole overwinter (SPARES - TBD) - Chiba 736 7/27/2022 8/1/2024 Chibau - cHc | Ca"0 shipment by
(D-Eggs-8x) - CHU
Cryo location - Do Not Deep Freeze
. Sensors (D-Eggs) pallets with 12 .
1.3 Installation String Sensors 87 & 88 sensors at Pole overwinter - Cryo Chiba 736 7/27/2022 8/1/2024 ChibaU - CHC Gagmeiliiziby
(D-Eggs-12x) . CHU
location - Do Not Deep Freeze
SENSors (D-EgES) Palets WIth T2
. String Sensors 87 & 88 sensors at Pole overwinter (SPARES - . i Cargo shipment by
1.3 Installation (D-Eggs-12x) TBD)- Cryo location - Do Not Deep Chiba 736 7/27/2022 8/1/2024 ChibaU - CHC CHU
Erooza
13 Installation  |String Sensors 89-93 (D-Eggs-8x) | cns0™ (D-Eggs) pallets with 8 sensors Chiba 812 5/12/2023 8/1/2025 Chibau-cHc | C@rBo shipment by
- Do Not Deep Freeze CHU
. String Sensors 89-93 Sensors (D-Eggs) pallets with 12 . " : Cargo shipment by
1.3 Installation (D-Eggs-12x) sensors - Do Not Deep Freeze Chiba 812 5/12/2023 8/1/2025 ChibaU - CHC CHU




WABS 1.3: Critical Path and Float

WBS Task Name Started 2022 2023 2024 2025
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

© f.(
1.3.1.1.23.5.2 ) Tender and procurement of parts for main production run Started =-_1
1.3.1.1.2.353 | Parts delivery Not Started : I
1.3.1.1.2355 ) Production and burn-in of mainboards (rate: (60) / week), pt. 1 Not Started a
1.3.1.1.23.5.7 Production and burn-in of mainboards (rate: (60) / week), pt. 2 Not Started 1
1.3.1.10.1.1.2 Integration of (54) half-mDOMSs (Batch #1) Not Started -_1
1.3.1.10.1.1.3 Integration of (54) half-mDOMs (Batch #2) Not Started |
1.3.1.10.1.1.4 : Integration of (54) half-mDOMSs (Batch #3) Not Started J'.
1.3.1.10.1.1.5 Integration of (54) half-mDOMs (Batch #4) Not Started Ji
1.3.1.10.1.1.6 : Mainboard integration and sealing Batch #1, pt. 1 Not Started |
1.3.1.101.1.7 ) Holiday Break Not Started }1
1.3.1.10.1.1.8 | Mainboard integration and sealing Batch #1, pt. 2 Not Started L
1.3.1.10.1.1.9 FAT Batch #1 Not Started
1.3.1.10.1.1.10 1 Mounting of harness wires and packing (Batch #1) Not Started : r|
1.3.1.10.1.1.11 1 Mainboard integration and sealing Batch #2 Not Started Ll
1.3.1.10.1.1.12 1 FAT Batch #2 Not Started : [ |
1.3.1.10.1.1.13 : Mounting of harness wires and packing (Batch #2) Not Started |
1.3.1.10.1.1.14 Mainboard integration and sealing Batch #3 Not Started L
1.3.1.10.1.1.156 FAT Batch #3 Not Started ]
1.3.1.10.1.1.16 Mounting of harness wires and packing (Batch #3) Not Started I
1.3.1.10.1.1.17 1 Mainboard integration and sealing Batch #4 Not Started |
1.3.1.10.1.1.18 1 FAT Batch #4 Not Started [ ]
1.3.1.10.1.1.19 Mounting of harness wires and packing (Batch #4) Not Started } ~6 3 w kS
1.3.1.10.2 Ship 116 + 12 spare mDOMs for Strings 87-88 from DESY to CHC Not Started ) < =-

»

* Critical path is procurement of mDOM Mainboard parts, mainboard production, and
integration in mDOMs for first two strings

* Also large schedule uncertainty due to supply chain issues
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WBS 1.3.1: mDOM Technical Status

* Integrated mDOM Final Design Review completed
April 11-13, 2022

* Purchases of major components for series production
have been expedited

* PMT assemblies produced and delivered

« Glass pressure vessel produced and delivered Destgn Verlfication mbOMs n Dark Freezer Lab fortesting

e Optical gel produced and delivered

* Internal cabling tendered and in production

e PMT supportstructure tender published, deadline for submissionis May 6

* Mainboard various electronics parts backordered 24-ch. mDOM Mainboard
 Severe supply chainissues, esp. for main FPGA e (

(first 200 parts expected May 2023, rest unclear)

e Same situation for similar parts and
similar-sized parts from other manufacturers

* Evaluatingre-design of mainboard using available parts
* Latestpossiblestartdate for redesignisJanuary 2023

ICECUBE
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https://ted.europa.eu/udl?uri=TED:NOTICE:183380-2022:TEXT:DE:HTML

WABS 1.3.1: mDOM Production and Testing Plan

* Integration and testing will be done at DESY (225 mDOMSs) and MSU (205 mDOMs)
* Facilitiesat DESY and MSU ready

* Eachmodule will be operated in the cold for three weeks during Final Acceptance Testing
before shipping to Antarctica

* Pre-production of 20 mDOMs at each site in spring/summer 2022
to exercise and optimize facilities and procedures

* Supply chain delays for several parts on the mainboard, most notably the main FPGA

* Miti at;cle by producing half-mDOMs and fillingin Mainboards as last step once they become
available

MSU Integration Lab

MSU Dark lfreezer Lab

DESY Integration Lab DESY Dark Freezer Lab

igys ™ K



WBS 1.3.1: mDOM PMT Dark Count Rates

* It was discovered that the dark count rate of mDOM Dieslixatog of 703 ERTs @200 vs ENLL Sextal Nuniber

100ns deadtime, 10s integration, 0.3PE threshold

PMTs increases significantly for serial numbers > 1130 (*) ™ —
i i ) ) _ 600 - i T ek

* Increase is caused by highly time-correlated noise and Z 500 et
is only observable at low temperature g 'd | “ w “ B

* Root cause analysis by Hamamatsu identified radioactive Exo 1 |i | W ﬂ ! )
contamination of the PMT glass in a newly introduced g 200 e
melting furnace * 100 {1/} i

. 0 T T T T

* All screened PMTs across the full production exceed the 0 2000 4000 6000 8000 10000 12000 14000

dark rate specification of < 150 Hz at -20°C L TR e T S

* Replacing the PMTs has prohibitively long lead time of 2 yrs before production start at
the manufacturer

* Detailed studies resulted in reasonable mitigation strategies for the increased data
rate and predict only minor impacts on physics performance

* |t was decided to start mDOM production with the available high-dark rate-PMTs
 Remaining risks are tracked in the risk register: TECH45, TECH48, TECH49

ICECUBE (*)10,700 PMTs have been produced for the mDOM
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D-Egg Integration

WBS 1.3.2: D-Egg Technical Status

* Final Design Review passed in Feb. 2020
* All 310 D-Eggs have been integrated
* Final Acceptance Testing (FAT) pending

e Eachmodulewill be operatedin the cold for three weeks
during FAT before shippingto Antarctica

 D-EggFAT s afirstsystemintegrationtest,
including communications, DAQ, and timing system

* Progressis sloweddown by COVID travel restrictions

Chiba Dark Freezer Lab
 We are establishing a project-wide effort to support Pl =——gp

the D-Eggteam to startfinal acceptance testing
as quickly as possible

ICECUBE
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WBS 1.3.3: PDOM Technical Status

PDOMs are Genl IceCube DOMs refurbished with
Mo d ern e I ectron |C S PDOM prototype mainboard in remote test system

* Improve cross calibrationbetween IceCube and the Upgrade

Synergies used with D-Egg development

* PDOMandD-Egg Mainboardsuse the same schematics
* Expedited D-Eggdevelopment

PDOM prototype mainboards built and comissioned

Genl facilities will be used for IceCube DOM
refurbishment

ICECUBE
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WABS 1.3.4: Ice Comms Module (ICM) Technical Status

* |CM is the common interface in all Upgrade devices: DOMs, special devices,
stand-alone calibration devices

e All ICMs have been produced and delivered for D-Egg integration and
development and production of all devices

* ICM “Golden Image” firmware cannot be changed after installation

* mustenablecommunicationand uploading of new firmware at all times
* significantdesign, implementation, and testing effort on-award (WIPAC)

ICM mounted on D-Egg mainboard

ICECUBE
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WABS 1.3.5: Special Devices Overview

Wavelength-shifting Optical Module R&D Sensor

PDR passed 2021-12-10

String 87 88 89 90 91 92 93 TOTAL
mDOM 59 57 57 53 60 58 58 402
Fiber-Optic Module R&D Sensor DEge 39 41 40 38 40 39 40 277
pDOM 1 1 2 1 2 4 3 14
\ WOM 4 4 0 4 0 1 1 14
DM-Ice Dark Matter Detector adrs 2 ! ! 0 ! ! 1 7
= 2 2 5 3 2 3 4 21
PB 1 2 1 2 3 1 1 11
Radio Pulser \PS 1 1 R 1 1 1 R ;
g PDR passed 2021-09-02 \ 0 1 0 1 0 0 0 2
RP 0 1 1 1 0 0 1 4
- RadioReceiver ———— A& . 0 0 0 0 2 0 3
AH 0 0 1 1 0 0 0 2
LOM 0 1 2 1 3 3 2 12
eLongated Optical Module /AM 2 1 2 1 1 1 2 10
(Gen2 Prototype Sensor) FTS 0 0 0 6 6 0 0 12
PDR passed 2021-12-14 v SWE 1 1 0 1 0 1 1 5

“I" cr pending

Very Broadband Seismograph

* All instrumentation provided in-kind by collaborators

* Reviews
* 2022 Preliminary Design Reviews for individual devices
e 2023 Final Design Reviews for individual devices
* 2024 Deployment Readiness Reviews for individual devices

ICECUBE
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WBS 1.3.4: ICM “Golden Image” Design Verification & Review

* Golden Image Design Review (March 2021) passed

e Communication test setup with 2.8 km of Hexatronic triplet
connected to 4 D-Egg Mainboards in a freezer

e Selected test re

FR3-B: In-ice reboot: PCR 10.2
temGox

Confrn that devices can reladly de booted

ire0 ancther femware remotedy regardiess of
TTRUNStion Letting On the 1trng ne
Run preparition (common): Verification sectisn
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3 Read regnter state of InKe Oevices 4 Ot melevart regiter values .
31 Ohech relevact regater values L. Femware version
1 Fursware verson 1. GoMden image 1D .
3 Gold image vy rentime smage 1. Confiem device booted nto new image

FPGA remper mure 4

] Betoot 10 gOoslen i=age
4 Termmation stting

sults:

e e | ot
QaL: 1013
- w

LR

Statistics:

Sepest for ol Sovices en WP )
Pepeat test for a1 accesulite

P

| FR3-C: In-ice flash rewriting: PCR 10.3 |

Flash oc tests:
Contym that frmware images can be
wctes fully written 10 ol devices, regardiess
Fevmare oy niwinin niw nie niw niw na of tlermination wethng o the string
rage mom stir ] o1 0200 S0 Owa0 Ou500 w0

|t nin

ICECUBE

UPGRADE

1 Verification section
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https://drive.google.com/drive/folders/1EQzBZHMVjePpYK9pZqqhXNvybKYeivkK?usp=sharing

WABS 1.3: On-Award Cost

$1,174,963 $155 778 $1,330,741
Current/Actual $71,262 (PY4 est.) $218,668 $289,930

* Major non-COVID contributions to cost difference

* (S756,956) cost-neutral transfer of firmware work packagesfrom WBS1.3t0 1.6
(Change Request #27)

e ($236,960) cost reduction due to reducing the number of PDOMsfrom 120to 20
(Change Request #1)

* Major COVID-affected elements
* Developmentand productionhave been delayed due to COVID

ICECUBE
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WBS 1.3: Off-Award Cost

« Cost and cost risk are tracked by in-kind partners
— only rough estimates available here

« Majority of WBS 1.3 are in-kind contributions

« mDOM ~$5.6M from German collaborators, not including production
facilitiesat DESY and MSU and labor for development,
Integration, and testing

* D-Egg ~$2.7M from Japanese collaborators, not including production
facilities and labor for development and testing

 ICM $130k from DESY, not including labor development, production,
and testing

« SpecialDevices contributed in-kind from various collaborators

ICECUBE
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WABS 1.3: Risks

Majc'v
~ ~ ~ - - v ~ v ~ - v - - v ~ v - v | Risk Flag
Revision History Prabability and Impacts Exposure
Last Risk Impact on Technical Risk Handling
Associated Risk Impact on Schedule Cost Risk Risk Occurrence
Risk ID . Risk Description Risk Title Risk Origin Date | modified | Retirement N pa Impact on cost technical u Performance | Risk Owner u Approach / Risk Trigger Risk Mitigation Plan and Actions
WBS Probability | schedule Risk Score Score Timeframe
Date Date performance Risk Score Response
If one of the planned sensor types does not pass FDR as scheduled the project until FDR, April ) Design and plan the production capacity of all production facilities
= Fl Fi il
TECH3L 12 Jichedule could be severely disrupted OMFOR #13/208 Low High Moderate tow DL || G R Mitgate DR fals with sufficient flexbilty to be able to fall back to a different OM type
Optimize surface of support structure (use MIF, chemically
B N . smoothing, remave sharp edges)
TECHIZ 131 " :';h':""':'(“‘" " ::E:DOM“::“E' Gel, the aptical sensitivity of the mDOM Bubbles 1/27/2022 Maderate Low Low Moderate mDOM Lead :::;FDR April Mitigate Design d:“ "°""'ee' bubbles in si and investigate impact an physics
mROM might worse than expe: requirements Gel-pad mDOM: Will delay the start of series production by several
manths

Continuously monitor market throughout collaboration and centrally
collect information of availability of critical components

If electronics parts for the mDOM Mainboard cannot be procured in time, the | - mDOM Electronics Supply ) ) " '
ExTo 131 ) ° 12712022 High Moderate Low Low OMLesd  |until procurement Mitigate External Place arders { publish calls for tender as early as possible
mDOM production and testing will be delayed Chain L
Develop plans for series integration of half-mDOMs, add in
mainboards as late as possible
If suppliers don't have sufficient capacity to 3D-print mDOM PMT Support mDOM Support Structure ) Foresee production of PMT Support Structures in several batches that
BXT10 131 7/2022 Moderate | Moderat Lo L OMLead  unti nt Mitigate External
< Structures, the mDOM production and testing will be delayed Supply Chain Rl loderate oderate w o a Procureme: - erna can be tendered ta different manfufacturers
S —
Produce mDOM test batches at DESY and MSU as early as possible to
If mDOM series production does not reach the projected rate of 8 mDOM:
TECH33 131 MDOM series pracuction does not reach the projected ra mDOMs / mDOM Production Yield 1/27/2022 Low Moderate Low Low Moderate mDOM Lead |Until OM shipping Mitigate Technical problems excercise integration and FAT procedures

site / week, the shipping date for the mDOMs for Strings 87+88 will be missed see also risk ORGS

Regularly monitor the inside pressure of a sample of stored sensors
OMLead  [Until deployment Mitigate Store sensors such that they are accessible for monitoring (not
McM?)

If integrated sensors have to be stored for too long before deployment, the
ExT11 13 Sensor Long-Term Stor 7/2022 Low High Lo L
vacuum seal might leak and re-sealing might become necessary S vy, . w o

If during D-Egg FAT a high failure rate or design flaw is found, reworking D-Eggs Commence D-Egg FAT as early as possible

2. TECH34 132 D-Egg FAT Yield 7/2022 Low Loy Lo Moderate D-EggLead  [Until FAT Mitigate
- will lead to significant cost and schedule slippage &% FAT Yiel vy, w w e Eee Work with D-Egg team ting and i FAT
= OM Lead
If one of the Special Devices is not delivered, the string design must be N © |until deployment " Start early developing contingency plans how to replace or bypass
ExT12 135 pecial Devices s n 6 design mu Special Device Cancellation 1/15/2022 1/27/2022 Very High Low Low Very low D ployi Mitigate v ping contingency p P oy
readiness review missing Special Devices during deployment

updated and verified

Major risks that have been discussed
lenary sess

Lead
5 PDOM sels are re-furbished from Gen1, handiing and )
ccause pressure vessels are re-furbished from Gend, handling 2 ) i i No comms with deployed | Inspection of sealing surfaces, comparison of Gen1 and Gen2 PCA
TECH3S 133 [resealing with new PCA may introduce subtle flaws that could cause PV PDOM PV leak 50 | 1277200 Low Moderate Maderate Low PDOM Lead ~[until after freeze-in [ Mitigate ! ° "
! PDOM sealing surfaces, High Pressure testing.
flooding after deployment.
f mDOM planned main board ics parts remain unavailable, a few ) o
Parts del Begin pl d d k ahead of risk th
EXTI8 131  |mainboard redesign will be required: this includes hardware design effort (off mDOM redesign 4/6/2022 4/6/2022 High Moderate High Low mDOM lead  |Calendar 2022 Mitigate e i 'I'v:‘” " &in planning an e“","":;;d * of risk trigger on the new
of the NSF budget) and software & firmware effort {on NSF budget). clays/unavaiiable pa main esIgn
Employ appropriate internal ESD protection dircultry in the xDOM and
Because NPX is very dry, sensar electranics could be damaged by ESD duri DOM Electranics ESD OM Lead, Modules fallures, eICMpme- En:::‘:; L::sm:::“ I;:s:::ma:::ms o :::y:dn:
u ! , sen ics cou urin ¥ ! i u utralization |
TECH38 13 i ® & yispon | 12z Low Low Moderate Low Deployment ~[Unil deployment Mitigate procedure errors during | = "Ee " v
NPX testing or deployment Damage o ——— procedure and equipment during NPX testing. Ensure that charge

neutralization s present between electrical cables, TOS and XDOMs as
they are being deployed.

ICECUBE
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WBS 1.3:

* mDOM
e April 2022
Aug. 2022

* Oct. 2022

* Nov. 2022
* May 2023
* Aug.2023
* Sept.2023

* D-Egg
e July 2022
e May 2023

* PDOM
* Sept. 2022
* Jan. 2023

ICECUBE
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L2 Milestones

2022 2023 2024

mDOM Final DESign Review @ Q@ Q3 Q4 Q 02 Q3 Q4 Q@ Q2 Q3 Q4 Q1 szozs(
mDOM PrOdUCtlon Readlness ReVIeW ’mDoM Ffl?zejif:s:jt:D-EggsforSlr'ngsS?-SB ready to ship to CHC
(DESY site; afterintegration and testing of first 20 modules at DESY) 6 DOM Broducton Resciness Review (i Germany)
‘ PDOM Final Design Review

MDOM Production Readiness Review | ¢ mOOM Produstion Readiness Review (US 2t MSU)
(MSU site; after integration and testing of first 20 modules at MSU) "’DC’,S::BGV"m
All components for mDOM Mainboard full production available "2‘““’i’j:ff’:f'”S‘;fj‘“i‘“jf‘”’ﬂ:;;f“’Z“T”T’TCHC
128 mDOMs for Strings 87-88 ready to ship from DESY to CHC O st o s sty

: 96 mDOMs for Strings 89-93 ready to ship to CHC
96 mMDOMs for Strings 89-93 ready to ship from DESY to CHC 4 200 mhés for Singe 88 83 mady o s o P Hyenerme

200 mDOMs for Strings 89-93 ready to ship from MSU to Pt. Hueneme

78 + 18 spares D-Eggs for Strings 87-88 ready to ship from Chiba to CHC
197 + 11 spare D-Eggs for Strings 89-93 ready to ship from Chiba to CHC

PDOM Final Design Review
14 + 6 spare PDOMs ready to ship from PSL to Pt. Hueneme




