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CMB-S4 Data Acquisition an o ‘
(DAQ) CDR

L1 Introduction to Reviewers

Bobby Besuner - CMB-S4 Project Engineer
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Science Goals

CMB-S4 will dramatically push forward our understanding of the history, evolution,
and contents of the Universe by achieving four Science Goals:

GOAL 1: Test models of inflation by measuring or putting upper limits on r, the ratio of tensor
fluctuations to scalar fluctuations.

GOAL 2: Determine the role of light relic particles in fundamental physics, and in the structure and
evolution of the Universe.

GOAL 3: Measure the emergence of galaxy clusters as we know them today. Quantify the formation
and evolution of the clusters and the intracluster medium during this crucial period in galaxy
formation.

GOAL 4: Explore the millimeter-wave transient sky. Use the rate of mm-wave Gamma-Ray Bursts
(GRB) to constrain GRB mechanisms. Provide mm-wave variability and polarization measurements
for stars and active galactic nuclei.

(Ref. Program Level Requirements, CMBS4-doc-671)
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Experiment Design

Flowdown from the science goals leads
to an experiment with:

e A 7-year deep-wide survey targeting ‘
~70% of sky from Chile using 2 x 6m  &m c-D design in Chile, ike Simons
telescopes with 269,184 detectors servaionyand L ATprime felescopes

over 6 frequency bands. 5m TMA design with monolithic

mirrors and boresight rotation at

e A7-year ultra-deep survey targeting South Pole
~3% of sky from the South Pole
using 18 x 0.5m telescopes with
154,560 detectors over 8
frequency bands and 1 x 5m
telescope with 126,360 detectors @
over7 frequency bands. 18 x 0.5m small telescopes (3 per cryostat/mount)

heritage from BICEP Array & Simons Observatory
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Top-Level Milestones

FY 14 FY 15 FY 16 FY 17 FY 18 FY 19 FY 20 FY 21 FY 22 FY 23 FY 24 FY 25 FY 26 FY 27 FY 28 FY 29 FY 30 FY 31 FY 32
« Particle Physics Project Prioritization Panel

Endorsements by «” NAS Antarctic Research Strategy Report
National Science

Panels « AAAC Concept Definition Taskforze Report

A\ Astr02020
NSF Pre-PDR (I)esign and Development Grant)
A \ISF Status Review
NSF Milestones ANSF Preliminary Design Review (Proposed)
ANSF Final Design Review (Proposed)
AStart MREFC Construction Phase (Proposed)
« CD-0 (Mission N:ed)
«#” CMB-$4 Lead Lab Selected
A DOE Status Review
DOE Milestones ACD-I (Conceptual Design Review, Proposed)
ACD-2 (Preliminary Design Review, Proposed)
A CD-3 (Start of Construction, Proposed)
CD-4 (Project Completion) A

e  Subsystem CDRs Completed Summer 2021 e  Project Early Completion ~2030

° DOE/OPA Status Review February 2022 ° Project Late Completion ~2032

° NSF PDR March 2022 e  Survey Completion ~2037

° DOE CD-1 August 2022
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Near-Term Schedule

CMB-S4
Director’s Review
DOE CMB-S4 Conceptual Design and R&D / \ / \ A B
Update Update Validate | Risk Analysis DOE CMB-S4 DOE CMB-S4
P6 Project Schedule ; :Cost Estlmates: ; Costs :Cntlcal l:’ath Status Review CD-1 Review
Subsystem Conceptual A (Proposed)
_ Design Reviews ) i
L2/CAM Risk |
Training Workshop :
° :
SF MSRI-1 Award CMB-S4 Preliminary Design A NSF CMB-S4 Design
NSF MSRI-1 NSF CMB-S4
Status Review Preliminary Design Review
(Proposed)
% : 1 : ;
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

C FY 2021 X FY 2022 )
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Project Organization

« Joint funding by DOE and NSF
o DOE Labs: LBNL (lead lab), Argonne, Fermilab, SLAC

o NSF Lead Institution: University of Chicago

o Multiple universities and international institutions
o Level 1includes overall ES&H, QA, Systems Engineering
management responsibilities

*interim position

NSF
funded Senior Advisors
o Jim Yeck
funded Steve Kahn

Education & Public Outreach
Manager Juliet Crowell

Equity, Diversity & Inclusion
Manager tbd

1.01
PROJECT OFFICE

Project Director John Corlett” (LBNL)

Deputy Project Director  Gil Gilchriese® (LBNL)
Project Manager Matthaeus Leitner (LBNL)
Deputy Project Manager Jeff Zivick (U. Chicago)
Project Engineer Robert Besuner (LBNL)

Lead Systems Engineer Robert Besuner” (LBNL)
Technical Integration Scientist Brenna Flaugher (FNAL)
Project Scientist John Carlstrom (U. Chicago)
Instrument Scientist John Ruhl (Case Western)
Data Scientist Julian Borrill (LBNL)

Project Operations

Project Controls Manager David Sala
Project Controls

Kevin Long (DOE Lead), Sherese Humphrey (NSF Lead),

Suzanne Nelson, Jon Coleman
Finance Liaison (U. Chicago) Marco Leoni
Finance Liaison (LBNL) Jessica Aguilar
OCFO (LBNL) Bill Fortney

Procurement Lead (U. Chicago) Diane Stanek
Procurement Lead (LBNL) Karen Lingua
Risk Manager Jeff Zivick
ES&H Ingrid Peterson
QA Jessica Aguilar
Administrative Support Tami Blackwell

US Transportation and Material Flow Coordinator Jessica Aguilar

Legal (U. Chicago) Russell Herron
Legal (LBNL) Michelle Wong
IP Sebastian Ainslie

1.03 1.04 1.05
DETECTORS READOUT MODULE ASSEMBLY
AND TESTING

Brenna Flaugher* Zeesh Ahmed Brad Benson
(FNAL) (SLAC) (FNAL)

John Joseph Gunther Haller John Joseph®
(LBNL) (SLAC) (LBNL)

1.06 1.07 1.08
LARGE APERTURE SMALL APERTURE DATA ACQUISITION
TELESCOPES TELESCOPES AND CONTROLS
Mike Niemack John Kovac Laura Newburgh
(Cornell) (Harvard) (Yale)
Nick Emerson Robert Besuner* John Joseph*
(U. Arizona) (LBNL) (LBNL)

1.09 1.10

DATA MANAGEMENT CHILE

INFRASTRUCTURE

INTEGRATION AND

COMMISSIONING

Julian Borrill* Kam Arnold
(LBNL) (UCsD)
Kevin Long® Mauricio Pilleux

(LBNL) (EONS)

111

SOUTH POLE
INFRASTRUCTURE

INTEGRATION AND
COMMISSIONING

Amy Bender
(ANL)
Erik Nichols
(RSS)
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Collaboration Organization

e 300 scientists at 100 institutions in 17 countries on 6 continents

o 77 have collaboration governance roles

¥
o 41 have project roles -
4 v
Governing i 5 '3 9
Board N- l
Ombudspeople
Election & Voting
Spokespeople Commission
o
Executive =
Team
| | ]
Science Membership Publication & O S - T e " £
Council | Committee Speakers % =
Committe e . V W 2 2
[ | ; V"”" WAA SR
- - N ,_ rrrrrr
Publication Speakers I T
Board Bur [ —— e i ST
P w0
? o F
I I Zesiond.
Education & External Junior Scientist
Public Outreach Collaboration Advancemen it :
Committee Committee Committee | e
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CMB-S4 Systems Engineering

O

The project is being developed using Systems Engineering processes, described in the CMB-S4 Systems
Engineering Management Plan (CMBS4-doc-520)
Defines overall organization of the Systems Engineering team (org chart below)
|
|

Lead Systems Engineer (and likely future additional SysEs) at L1

Engineers in each L2 with Systems Engineering responsibilities for that L2

o Defines Systems Engineering roles and responsibilities

O

Defines policies and processes for Systems Engineering areas (requirements, interfaces, budgeting of
technical resources, verification plans, design value management)
|

L1 System-level and L2 Subsystem Technical Requirements flow down from Science Goals
Current funding levels mean the L1 Project Engineer is the acting Lead Systems Engineer and L2 Leads are
performing L2 SysE duties | within Project office

Project Engineer

Instrument Scientist i

Lead Systems

‘ Engineer
J -
WBS 1.10 wes 111
WBSs 1.06 W8S 1.07 WBS 1.08 WES 1.09 ,?r '1 3 i Pol 1
WBS 1.03 WBS 1.04 WBS 1.05 Large Small Data : 52 53
Data Infrastructure, Infrastructure,
Detectors Readout Modules Aperture Aperture Acquisition & >
. Management | Integration & Integration &
Systems Systems Systems Telescopes | Telescopes Control | B R
. R Systems Commissioning
Engineer Engineer Engineer Systems Systems Systems
Engineer Engineer

Commissioning
Engineer Enginger Systems

Engineer

{ ) | J {
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Charge Questions

- Technical scope
1. Are the requirements defined at a conceptual design level of maturity, and is the proposed design expected to meet them?
2. Have the major interfaces been identified and appropriately incorporated into the design?
3. Have alternatives been appropriately studied in developing the design?
- Design management
4.  Have the major subsystem risks been identified?
5.  Are procurements being planned and prepared for appropriately?
6. Have major cost and schedule drivers been identified?
- Quality Assurance
7. Is QA sufficiently incorporated into the design and execution planning?
8. Are the necessary future QA documents identified and are plans at a level of maturity commensurate with a conceptual
design?
- ES&H
9. Is ES&H sufficiently incorporated into the planning and design?
- Miscellaneous
10. Have all the previous review recommendations been addressed?
11.  Are there any other issues that have been identified that need to be addressed?
- Overall readiness
12. Is the design maturity at a sufficient level for conceptual design review approval?

ellow-filled text boxes on presentation slides denote Charge Question(s) addressed: | CQ5 >
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Conceptual Design Definition

Conceptual Design Review [~5-15% Design Maturity]

The Conceptual Design Review (CDR) is held to assure that the objectives and requirements of the item being
designed are understood and that the proposed approach will meet these requirements. The emphasis should
be on the requirements, and how the proposed design will meet them.

The CDR should occur early enough so that the concept can be modified without a major impact on the project.
The review should present the major design alternatives considered, the relative risk for each and the reasons
for the approach chosen by the design team.

The output of the CDR is a baseline design (subject to the closure of any requests for action/recommendations
resulting from the review). A successful CDR allows the design effort to proceed to the preliminary design phase.
The CDR should address the following items:

Design Objective

Technical Requirements

Organizational Interfaces

Technical Interfaces

Safety Hazards (Design for Safety)

Risk Areas

Proposed Design Approach _

Consideration of major design alternatives

Lessons learned from previous projects or experience
Preliminary Budget and schedule

WBS 1.08 DAQ Conceptual Design Review - September 28, 2021
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Review Closeout

e Closeout plans to be discussed at the end of today’s review

e Final report in the provided format requested by the end of next week
(October 8)
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Link to Agenda

CMB-S4 WBS 1.08 DAQ Conceptual Design Review - September 28, 2021 12


https://indico.cmb-s4.org/event/14/

Link to Review Report
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https://docs.google.com/document/d/1Yyf5-XKnNjjVFedjhTkb6hD71mmMRuQ9/edit#heading=h.gjdgxs

