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Project Recent Events and Status

Project organization and infrastructure, technical development, and planning, has been developed in
readiness for Conceptual Design Review (DOE) and Preliminary Design Review (NSF)

Strong recommendation from Astro2020

Director’s Status Review held in November 2021

Prepared for a DOE Office of Project Assessment (OPA) Status Review planned for February 2022
DOE OPA Status Review was postponed

Currently at an appropriate level of maturity in most aspects, however the scope of the project and in
particular use of resources at the South Pole must be re-assessed

Performing R&D commensurate with funding
Developing potential in-kind contributions that could offset project costs

Performing an Analysis of Alternatives to understand options, to inform and discuss with the
agencies
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A Suite Of Project Tools Has Beenllm
To Enable Efficient Project Execution

Matthaeus Leitner, Project Manager

p I e m e n te d Jeff Zivick, Deputy Project Manager
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Project Quick Links + O Important Project Dates @ Project Databases v @ Project Meetings +

Welcome to the CMB-s4 Project Site

CMB-S4: Next Generation CMB Experiment

The 'Stage-4 ground-based cosmic microwave background (CmB) experiment, CMB-54, consisting of
dedicated telescopes equipped with highly sensitive superconducting cameras operating at the South Pole, the

high Chilean Atacama plateau, and possibly northern hemisphere sites, will provide a dramatic leap forward in
our understanding of the fundamental nature of space and time and the evolution of the Universe, CMB-S4 will

be designed to cross critical thresholds in testing inflation, determining the number and masses of the

neutrinos, constraining possible new light relic particles,

providing precise constraints on the nature of dark
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(summary of key project infor
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Matthaeus Leitner, Project Manager

Project Design Maturation Is Coordinated By The Jef Zivick, Deputy Project Manager

Bobby Besuner, Project Engineer

Project Engineering And Systems Engineering Office

e Interfaces and requirements are captured and traced in a
central project database
e CAD and document standards have been established

Doc: CMBS4-doc-520-v4
Date: 10/21/2021
Status: Released
Page1of21

— B TR e
Systems Engineering Management Plan

CMB-S4

B SYSTEMS ENGINEERING MANAGEMENT PLAN
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S = = = i Bobby Besuner, Project Engineer !

ystems Engineering - Requirements

SCIENCE Inflation Matter Mapping mm-Wave The Dark
. . GOAL Transients Universe
e Requirements flow down from high-level
science goals described in the | |
preliminary baseline design report SCIENCE SR1.0 SR3.0 SR4.0 SR20
(PBDR CMBS4_dOC_716) and program REQUIREMENT PGW Galaxy Clusters GRB Light Relics
level requirements (PLR, / \ / \ / \
CMBS4-doc-671) to technical MEASUREMENT |- v:x:.; . m.: st [ v:nz;
implementation requirements on the REQUIREMENTS |-t e |- oot ::o:"s.,,;;zwm s ::::*z“ | [ —
system, subsystems, and lower levels M
. A
e Successful requirements workshops and | Utia-Doep  Ura-Deep | Doep-ide
. . . ow-Resolution igh-Resolution igh-Resolution
a recent internal requirements review COMEORRAT | e - o Depth
have helped refine the technical "GROPERTIES | ~Anguia Resoiion Anoulr Resoution Frecuoncy Distebution
requirements as captured in the project’s - Opservation Gadence . Oarvation GAOsS
Jama requirements management tool | |
° Re fmemen t an d fu rther ﬂOW— down o f INiT;lI:_}mZNT SmaII-Agzr::lr:eP:Lescopes Large-Agzrl“t:ﬁ’:T;escopes Large-Aperél:‘ri‘IzeTelescopes

requirements continues, along with
detailing of system interfaces

Technical Implementation Requirements on Level 2 Subsystems and Below
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Bobby Besuner, Project Engineer

Systems Engineering - Performance Margin

Observation Efficiency Summary % & &

Ongoing efforts are identifying areas
where performance can be improved
over the baseline configuration, to build
performance margin

Current areas of focus include
O

Observing efficiency (optimizing
scan strategies and system
up-time, Observing Strategy
Group)

Fraction of deployed detectors that
contribute to mapping (by rigorous
detector fab process control and
screening, DRM and QA teams)
Use of low-ell data from SPLAT (to
augment mapping from SATSs,
Low-ell BB WG)

10

3
s
B
7
8
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File Edit View
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R&D Is On Track To Test Detector Arrays In Modules This Year

Wiring vacuum

e “Flat” module and no flex cable to facilitate first tests ), 3 RN ) N
of CDFG and CMB-S4 prototype detector wafers and
early prototype readout (dark and optical tests)

e Feedhorn and coupling wafer prototype designs for
optical tests

e OQultfit 3 module test beds with readout and v 2 ; o o
equipment to characterize and develop integrated oo e
detector modules a U 1 .

e Expect to test ~ 12 wafers from 2-3 sites in CY22

3 SATIS e gon s
i 1 b

Figure 43: Left: A photonic choke wafer. Center: A waveguide interface plate. Right: A backshort array.
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Nick Emerson, LAT CAM N

SPLAT TMA Primary Mirror Development
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CMB-S4 Organization Is Developed To

e Lowest 1echnical Levels
Project Organization Is Distributed Across National Laboratories and Universities

l
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e Lowest Iechnical Levels -
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DOE and NSF Guidance for FY22

Both DOE and NSF remain enthusiastic for CMB-S4

DOE funding for FY22 is, however, limited to $9M
o Reason given for the reduced DOE funding level from the $20M in the appropriations bill is lack of
alignment between agencies, specifically:
m NSF is not ready to work with CMB-S4, or others, on South Pole Station needs
m NSF is developing plans in response to Astro2020 recommendations including CMB-S4
m  NSF says our baseline plan is not supportable at this time
m Same message as given for postponement of the February OPA review

NSF guidance is also for reduced funding in FY22, via a MSRI supplement
Both agencies have indicated that an Analysis of Alternatives is urgently needed that will inform the future
direction of the project

CMB-S4 plans will be developed as the NSF responds to:
o Science needs at the South Pole Station
o Broad set of Astro2020 recommendations
o Availability of NSF design & development funding
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Analysis of Alternatives (AoA)

In February of 2022 it became apparent that some of the assumptions being used by the
project are not correct, and the funding agencies need time to clarify those assumptions

In particular, constraints on the South Pole Station do not currently allow for support of the
CMB-S4 preliminary baseline configuration

DOE and NSF requested that the CMB-S4 project perform an analysis of alternatives to
assess options for configuration of the project including different distributions of equipment
between the South Pole and Chile sites, the science potential of each option in comparison to
the goals articulated in the Preliminary Baseline Design Report and Program Level
Requirements, and estimated life-cycle costs of those options

Emphasis of this analysis should be on options that minimize the use of South Pole Station
infrastructure and logistics, in particular on options that fit within the current SP logistical
“footprint”
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AOA Status

e Mandate is to identify alternate approaches to CMB science using the Chile and South Pole
sites, assess telescope needs to achieve identified science goals, and assess life cycle costs
for each option

o Not a re-start; using existing designs with potential modifications
o To inform an optimization of science/dollar

e L1 has re-directed project effort to support a broad AoA, with three core perspectives to assess
in development of integrated alternate approaches:
o Chile r forecasts, comparison with South Pole
o Chile configurations
o South Pole configurations and r forecasts

e Holding regular dedicated meetings to provide L1 and other oversight with input an all aspects
of the AoA
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oA - Cost Estimating

Matthaeus Leitner, Project Manager
A Jeff Zivick, Deputy Project Manager

e We have developed a parametric cost model utilizing latest project cost_
roll-up data from P6 and Cobra -

e Cost model parametrizes all project sub-systems based on fixed and
per-unit costs : c
SAT and LAT telescope mounts S = —
Detector modules (wafers, readout, modules) === . —
Site installation and commissioning

Optional credit for mass-production discounts g Existing CMB-S4 Schedule
y

(@)

o O O

NSF MREFC TOTAL

S 13779652 |S 58,079,150

e Analysis of Alternatives incorporates a more detailed life-cycle anal and Cost Database

based on a draft operations plan e it

o oSk 379 S 65684588
1,04 - Readout 4563064 |S 61241747 § 65804811
2750302 |§ 37,768,288 S 40518590

S 82012307 S 82912307

o Developed a strawperson operations organization with FTE counts i s s -

ement
1.10 - Chile Site

Yearly material and supplies budget

1.11 - South Pole NSF AL

Site operations budget T T —
Spare part budget ‘

Divestment costs

5573,094 S 48046695 S 54510780
497499 S BISTOSD S 66554240

S 110303818 S 110303818
35056052 § 311060859 §  323870,635

421917 |S 124784344 |S 129548254 S 258,551,714

30215169 5 436745203 5 453418880 |RNERNERE

$
$
$
$
$
$
$
$
S
$

o O O O

e Schedule impact is also analyzed

Life Cycle Cost = Projectized Costs + Operations Costs + Decommissioning
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AoA Timeline

e Collaboration meeting May 9-13
o Inform the Collaboration, provide transparency in process and concepts, preliminary
results

e L1 meeting in Chicago May 18
o Qutline of presentations for a June agency briefing

e Dry run(s) late May, early June

e Agency briefing(s) first half of June
o Progress in AoA that has options for project scope supportable by NSF/OPP

e Internal review August
e Agency briefing September

e Continued interactions and iteration to fully converge with agencies
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Key Near-term Project Goals

e Perform a broad Analysis of Alternatives (AoA)

e Maintain a minimal Project Office to support development of AOA and enable readiness for
agency phase-gate processes

e Support R&D with a focus toward maintaining core technical team capabilities and

demonstrating first articles of Detectors, Readout, Modules, and test stands:
o Fabrication of first articles of prototype Detector wafers, integration into Modules with Readout

o Perform tests of prototype assemblies
o  Support for critical teams working on SAT, LAT/LATR, DM, and DAQ

e Strong participation in Snowmass process, emphasizing CMB-S4 science case and project
readiness, including in-person Seattle meeting July 17-26

e Perform an internal review of the AoA in late summer
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Summary

e The CMB-S4 experiment has an exciting science case crossing critical thresholds in
fundamental physics, cosmology, astrophysics and astronomy and this is recognized by
strong endorsements and continued agency support

e Project organization and infrastructure is in place and actively functioning to Level 3

e Technical maturity is near to conceptual level, and we have demonstrated ability to prepare at
CD-1/PDR level

e \We have a solid plan and process in place for Analysis of Alternatives, performance and cost

e \We will propose option(s) to converge with agencies on science reach and resource
availability

o It will likely be late CY22 before the configuration is agreed with our funding agencies
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CMB-S4 Strongly Endorsed In The Astro2020 Report

e Recommendation: The National Science Foundation and the Department of Energy should jointly pursue the
design and implementation of the next generation ground-based cosmic microwave background experiment
(CMB-S4)

e ... ground-based cosmic microwave background (CMB) studies are poised in the next decade to make a major step
forward, and the CMB Stage 4 (CMB-S4) observatory (with support from NSF and DOE) will have broad impact on
cosmology and astrophysics

e The Panel on Radio, Millimeter and Submillimeter Observations from the Ground (RMS) evaluated a number of CMB
projects, and suggested that the CMB-S4 observatory as the compelling and timely next leap for ground-based
observations

e Important to our recommendation is that CMB-S4 is a project with a balanced commitment from both NSF and DOE
from inception, to design, implementation, operations and science. NSF nurtures and supports university
groups with broad scientific and technical experience who have been leading groundbased CMB efforts both in
Chile and in Antarctica, and that have been and will continue to train new generations of talent. DOE brings to
bear the technical expertise of its national laboratories, scientific expertise including large scale computation,
and importantly systematic management approaches that have proven to be effective for large-scale projects.
The agencies have been working jointly and effectively to prepare for initiating this compelling project.
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AoA - Cost Basis and Methodology

wes

Y21 FY22 Y23 Y24 FY2s FY26 FY27 FY28

FY29 FY30

Q1 Q2 3 Q4 Q1 G2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 G2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

1,01 Programmatic Milestones.

DOE OPA Review ¢ +CD1 Review CD2/3AReviews  +CD2/3AApproval  #CD3 Review CD4 Early Finish, Start of Operationse.
+ NSF Status Review +NSFFOR +NSF MREFC Construction Award NSF Project Complete/Start Operationse
NSF FD Award « +NSFPDR
1.03 Detectors Wafer Prototypes Wafer Pre-Production Wafer Production
—

1,04 Readout

Electronics Prototypes

1,05 Module Assembly & Test

Prototype:
Pre.Productione—

— Prototype Test Cryostat Start

1,06 Large Aperture Telescope

South Pole LAT Engineering Design 5P LAT Construction
Chile LATS Eng. Design Chile LAT 182 Construction
— e

'TATR Engincering Desgn SPLATR Construction

CH LATR 1&2 Construction

1,07 Small Aperture Telescope

— 05t PrOLOIYPE

SAT Integration
1,08 Data Acquisition ‘Design production
—= e
1,09 Data Management
+OM Data Chalenge 18 Compiete M ata Chllnge 3 Complete oM Data Challenge & ompltes
1,10 Chile Infrastructure, Chile Design ChileSite Construction
sugiisailotnhd N

111 South Pole Infras|
Integration & Commis

Existing CMB-S4 Cost Database

TIZ
$AT4,5,6 Mount Constructio

SAT4,5,6 1 Commmme.

DOE OPC DOE TEC NSF MREFC
1.01 - Project Management & Systems Engineering $ 4,104,399 ' $ 40,195,099 | $ 13,779,652
1.03 - Detectors $ 5,150,209 | $ 60,534,379
1.04 - Readout $ 4,563,064 | $ 61,241,747
1.05 - Module Assembly and Test $ 2,750,302 | § 37,768,288
1.06 - Large Aperture Telescope (LAT) and Receivers $ 82,912,307
1.07 - Small Telescopes $ 3,624,307 | $ 60,502,378
1.08 - Observatory Control and Data Acquisition System (DAQ) $ 2,938,718 ' § 17,454,885
1.09 - Data Management $ 1377,261 | $ 34,264,083 | $ 6,348,613
1.10 - Chile Site $ 5,573,094 $ 48,946,695
1.11 - South Pole Site $ 4,974,699 $ 61,579,550

1.11 - South Pole NSF AIL

58,079,150
65,684,588
65,804,811
40,518,590
82,912,307
64,126,685
20,393,603
41,989,957
54,519,789
66,554,249

R

Matthaeus Leitner, Project Manager
Jeff Zivick, Deputy Project Manager

Parameterize
WBS Data
(Fixed & Variable Costs)
Specific

|::> E::Il:' Alternative

Project Cost
Site Specific Cost
Modifications

40% contingency on DOE (OPC Commiss

TOTAL DOE OPC+TEC Plus NSF MREF
DOE OPC includes actuals before FY22, remaining

Life Cycle Cost = Projectized Costs + Operations Costs + Decommissioning
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Matthaeus Leitner, Project Manager

Parametric Model Allows For Adding Site Specific \_ efzvick beputy Project Manager
Cost Modifications

e e.g., Chile SATs may have additional fixed and variable costs due to the need for half
wave plates or modified ground shields
e Site installation may need an additional highbay building
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MOU: Memorandum of Understanding..-—

MOUs/MOAs/SOWs MOA: Memorandum of Agreement

SOW: Statement of Work
IPMP: Intellectual Property Management Plan

e MOUs (standard format)
o Legal framework for work in Chile. U of Chicago: completed
o Framework for potential in-kind contributions to CMB-S4 are completed:
m Harvard-Smithsonian
m CCAT Prime Observatory, Inc. and U. Chicago
m Simons Observatory and U. Chicago

e MOAs (bespoke format)
o Detector fab sites MOA and IPMP completed
o Institutional MOAs (signed once) + FY Appendix (update each FY):
m LBNL, ANL, FNAL, SLAC completed
m Caltech and CfA | Harvard in progress

e SOWs (key part of contracts between LBNL and DOE funded institutions)
o Being renewed for FY22, based on recent budget allocation and capabilities
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E EII alcﬁnese, m%erlm Eepu%y Ero;ec% !
Director

Opportunities - MOUs and Non-US Contributions

e Realization of Opportunities would reduce the DOE & NSF Project costs

e It's very early in our understanding of Opportunity probabilities

e \We have not “taken credit” for possible realization of any Opportunities, at this
time, in the establishment of a point estimate or lower cost range for the Project

e Realization of most Opportunities needs to occur to match DOE or NSF agency
gates

e Exception is detector-related opportunities that can be maintained during the
early fabrication phase and gradually realized or not

e As Opportunities are realized, they will be incorporated into P6 via the baseline
change process
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: John Carlstrom, Project Scientist !
AoA Update - Chile Alternatives

e Preliminary Baseline Design

e All CMB-S4 telescopes in Chile
o Determine # detectors/telescopes required for all science goals with sky conditions
o Assess science risk and required R&D
e Impact of SAT deployment on site resources
o Power generation, fuel storage, telescope towers, laboratory facilities, concession size
e Technical issues in operating SATs in Chile
o Ground shielding, Y2-wave plates, terrain blockage
e Opportunities for use of SO and CCAT infrastructure and data
e \What can be done with a constrained budget
o Science reach and gaps
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: John Carlstrom, Project Scientist !
AoA Update - South Pole Alternatives

e Preliminary Baseline Design
e Continuation of existing SP CMB program

o Use of SPT-3G, BICEPS3, BICEP Array (BA)

o BICEP Array (with Bicep Array Replacement Tower BART)

potentially with 1 optics tube of CMB-S4 detectors (i..e, pathfinder SAT)
e Alternative configuration (with assumptions identified: power, transportation, towers,
buildings)

o SPLAT and use of existing BICEP Array with CMB-S4 Detectors

o Above with an additional SATs

o Smaller aperture LATs with or without SATs

o Assess science risk and required R&D
e \What can be done with a constrained budget

o Science reach and gaps
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Simons Observatory (SO)

e MOU among LBNL, U Chicago and Simons Observatory (SO) (represented by UC San Diego)
o Potential in-kind contribution: reuse of SO equipment
o Two options, dependent on future SO funding
m Ultilize the SO LAT and fully populated SO LATR
e Advanced SO, MRSI-2 proposal submitted to NSF to fully populate the SO LATR
e Proposal moving through NSF review process
m  Or utilize only the SO LAT
o Note that partially instrumented LATR(SO) is not sufficient to meet CMB-S4 requirements: full LATR
(ASO) needed to provide one CHLAT and CHLATR for CMB-S4
o Status
m  Multiple discussions
m Held a technical workshop March 1 that brought together representatives from the two projects
e Meeting Science Requirements for CMB-S4
e LAT and LATR and DAQ Critical Interface Requirements
e Site Critical Interface Requirements
e Data Management Critical Interfaces
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CCAT / Fred Young Submillimeter Telescope (FYST)

e MOU among LBNL, U Chicago and CCAT Prime Corporation
o FYST would provide one CHLAT for CMB-S4
CCAT is an International partnership, with interests in other science as well as CMB

O
o 2 instruments simultaneously mounted
o Operations planned to start June 2024

e Status
o Members of CMB-S4 are part of CCAT and facilitating discussions
o Met twice with chair of CCAT board from Cornell
m Timescales discussed
m CCAT constraints for use
m  Will not move FYST to CMB-S4 site
o Planning for a joint CCAT/CMB-S4 workshop this summer to gain common understanding of the
minimum set of interfaces and specifications needed to evaluate and define scenarios for the use
of FYST infrastructure and/or data as part of a program to attain the science goals of CMB-S4
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Project Contributions from non-US Members

Typical US science projects expect international partners to contribute to construction project costs in
return for data/publication rights
The project is now engaging with non-US members to identify their contributions that can offset
project costs

o  Currently 89 non-US members at 75 institutions in 17 countries

Project leadership has been meeting with groups of non-US members with common funding sources
(typically at the country level)
o Explaining the expectations and timeline (pre-CD2/FDR) of the necessary cash or in-kind
contributions
o Initiating discussion on possible in-kind contributions

This will also require changes in the collaboration bylaws on membership and governance; the
co-Spokespeople have started this discussion with the Governing Board
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Who Am |

John Corlett

Interim Project Director

e 30 years at LBNL

e Involved in scientific contributions and project

management of DOE projects for last 30 years
Advanced Light Source

PEP-II B-Factory

Linear Colliders

LCLS-II

LCLS-Il HE

o O O O O

e LBNL Project Management Office since 2018

o Broad portfolio of science and facility construction projects
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