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WBS 1.3 Scope
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WBS 1.3.1
430 mDOMs

WBS 1.3.2
310 D-Eggs

WBS 1.3.3
20 Refurbished IceCube DOMs

WBS 1.3.4
900 Ice Comms Modules

WBS 1.3.5
Coordination of R&D Sensors



WBS 1.3: Overall Deliverables and Spares

• WBS 1.3.1 430 mDOMs
(402 to be deployed + 28 spares + 10 DVT modules)

• WBS 1.3.2 310 D-Eggs
(277 to be deployed + 33 spares + 10 DVT modules)

• WBS 1.3.3 20 refurbished IceCube DOMs (PDOMs)
(14 to be deployed + 6 spares + 10 DVT modules)

• WBS 1.3.4 900 Ice Communication Modules, incl. firmware
(803 in to-be-deployed devices + 97 spares, R&D)

• WBS 1.3.5 Coordination of Special Devices
(all Special Devices are contributed in-kind)
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WBS 1.3: Schedule

• Full schedule, including in-kind contributions, in project-wide Smartsheet

• Percent-complete for all activities updated monthly
to track progress of in-kind contributions
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mDOM Mainboard schedule (WBS 1.3.1.1)

WBS 1.3 schedule



WBS 1.3: Shipping Schedule
• Sensors for first two strings are shipped in summer 2024

• Will be tested 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)
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WBS 1.3: Critical Path and Float

• 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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~63 wks



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
• Optical gel produced and delivered
• Internal cabling tendered and in production
• PMT support structure tender published, deadline for submission is May 6
• Mainboard various electronics parts backordered

• Severe supply chain issues, esp. for main FPGA
(first 200 parts expected May 2023, rest unclear)

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

• Evaluating re-design of mainboard using available parts
• Latest possible start date for redesign is January 2023 
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Design Verification mDOMs in Dark Freezer Lab for testing

24-ch. mDOM Mainboard

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


WBS 1.3.1: mDOM Production and Testing Plan

• Integration and testing will be done at DESY (225 mDOMs) and MSU (205 mDOMs)
• Facilities at DESY and MSU ready
• Each module 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
• Mitigate by producing half-mDOMs and filling in Mainboards as last step once they become 

available
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DESY Dark Freezer Lab
MSU Dark Freezer Lab

DESY Integration Lab

MSU Integration Lab



WBS 1.3.1: mDOM PMT Dark Count Rates

• It was discovered that the dark count rate of mDOM
PMTs increases significantly for serial numbers > 1130 (*)

• Increase is caused by highly time-correlated noise and
is only observable at low temperature

• Root cause analysis by Hamamatsu identified radioactive
contamination of the PMT glass in a newly introduced
melting furnace

• All screened PMTs across the full production exceed the
dark rate specification of < 150 Hz at −20℃

• 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

• It was decided to start mDOM production with the available high-dark rate-PMTs

• Remaining risks are tracked in the risk register: TECH45, TECH48, TECH49
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(*)10,700 PMTs have been produced for the mDOM



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
• Each module will be operated in the cold for three weeks

during FAT before shipping to Antarctica

• D-Egg FAT is a first system integration test,
including communications, DAQ, and timing system

• Progress is slowed down by COVID travel restrictions

• We are establishing a project-wide effort to support
the D-Egg team to start final acceptance testing
as quickly as possible
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Chiba Dark Freezer Lab

D-Egg FAT box w/ camera test pattern

D-Egg Integration



WBS 1.3.3: PDOM Technical Status

• PDOMs are Gen1 IceCube DOMs refurbished with
modern electronics

• Improve cross calibration between IceCube and the Upgrade

• Synergies used with D-Egg development
• PDOM and D-Egg Mainboards use the same schematics

• Expedited D-Egg development

• PDOM prototype mainboards built and comissioned

• Gen1 facilities will be used for IceCube DOM 
refurbishment
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PDOM prototype mainboard in remote test system



WBS 1.3.4: Ice Comms Module (ICM) Technical Status

• ICM is the common interface in all Upgrade devices: DOMs, special devices, 
stand-alone calibration devices

• 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
• must enable communication and uploading of new firmware at all times

• significant design, implementation, and testing effort on-award (WIPAC)
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ICM mounted on D-Egg mainboard



WBS 1.3.5: Special Devices Overview

• All instrumentation provided in-kind by collaborators

• Reviews
• 2022 Preliminary Design Reviews for individual devices

• 2023 Final Design Reviews for individual devices

• 2024 Deployment Readiness Reviews for individual devices
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DM-Ice Dark Matter Detector

Fiber-Optic Module R&D Sensor

eLongated Optical Module
(Gen2 Prototype Sensor)
PDR passed 2021-12-14

Radio Pulser
PDR passed 2021-09-02

Radio Receiver

Very Broadband Seismograph

Wavelength-shifting Optical Module R&D Sensor
PDR passed 2021-12-10

CR pending



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

• Golden Image Design Review (March 2021) passed

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

• Selected test results:
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https://drive.google.com/drive/folders/1EQzBZHMVjePpYK9pZqqhXNvybKYeivkK?usp=sharing


WBS 1.3: On-Award Cost

• Major non-COVID contributions to cost difference
• ($756,956) cost-neutral transfer of firmware work packages from WBS 1.3 to 1.6

(Change Request #27)

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

• Major COVID-affected elements
• Development and production have been delayed due to COVID
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PY1-PY4 PY5-PY8 Total

Baseline $1,174,963 $155,778 $1,330,741

Current/Actual $71,262 (PY4 est.) $218,668 $289,930



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

facilities at 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

• Special Devices contributed in-kind from various collaborators
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WBS 1.3: Risks

18

M
a

jo
r 

ri
sk

s 
th

a
t 

h
a

ve
 b

e
e

n
 d

is
cu

ss
e

d
in

 p
le

na
ry

 s
es

si
on



WBS 1.3: L2 Milestones
• mDOM

• April 2022 mDOM Final Design Review

• Aug. 2022 mDOM Production Readiness Review
(DESY site; after integration and testing of first 20 modules at DESY)

• Oct. 2022 mDOM Production Readiness Review
(MSU site; after integration and testing of first 20 modules at MSU)

• Nov. 2022 All components for mDOM Mainboard full production available

• May 2023 128 mDOMs for Strings 87-88 ready to ship from DESY to CHC

• Aug. 2023 96 mDOMs for Strings 89-93 ready to ship from DESY to CHC

• Sept. 2023 200 mDOMs for Strings 89-93 ready to ship from MSU to Pt. Hueneme

• D-Egg

• July 2022 78 + 18 spares D-Eggs for Strings 87-88 ready to ship from Chiba to CHC

• May 2023 197 + 11 spare D-Eggs for Strings 89-93 ready to ship from Chiba to CHC

• PDOM

• Sept. 2022 PDOM Final Design Review

• Jan. 2023 14 + 6 spare PDOMs ready to ship from PSL to Pt. Hueneme
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