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▪ T.J. Sarlina: CMS Upgrade QA Coordinator
▪ Fermilab Quality Assurance Manager and Specialist; IERC and CMS US HL-LHC QA 

Coordinator (2014-present)
▪ Associate Project Manager for ESH and QA for NOvA (2010-2014)

▪ Project Manager at Fuel Tech, Inc. for Air Pollution Control Projects  (2008-2010)

▪ Fermilab Project Scheduler CDF Upgrade Project, DO Upgrade Project, Minerva, 
Dark Energy Camera (2002-2008)

▪ Assistant Radiation Safety Officer for Meson Department (1979-1982)

▪ Fermilab Senior Safety Officer for Research Division and Particle Physics Division 
(1982-2002)

▪ Carol Wilkinson – CMS Upgrade Associate Project Manager
▪ Consultant with 25+ years management experience with DOE and NSF large 

facilities (2016-present)
▪ Visiting Facility Advisor with NSF Large Facilities Office (2013-2016)

▪ Advanced LIGO Project Manager (2003 -2013)

▪ Los Alamos Project Manager - Nuclear Weapons Hydrotesting Program (2002 –
2003)

▪ Los Alamos Project Manager and Group Leader – DAHRT Accelerator Operations 
and Facility Construction (1999-2002); Deputy (1998-1999)

▪ Los Alamos LAMPF Team Leader - Beam Line and Accelerator Physics (1989-1998)

Biographical Sketches
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U.S. CMS QA/QC Program
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Quality Assurance for U.S. CMS deliverables ensures that the 
CMS experiment achieves its science requirements and goals. 

(listed in the document 
Science Requirements for U.S. CMS HL-LHC, CMS-doc-13337)

Major components of the U.S. CMS QA Program are:
▪ Quality Assurance Plan (CMS-doc-13093)

▪ Subproject (L2) Quality Assurance Plans in QAP Appendix

▪ Subproject (L2) QA/QC Activities Spreadsheets with ties to 
requirements and detailed procedures

▪ Resource-loaded activities in P6 schedule

▪ Experienced, dedicated, and pro-active technical leads

▪ Assigned FNAL QA Coordinator for U.S. CMS effort

▪ Oversight by CERN, CMS, and U.S. CMS management

https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13093


Quality Assurance Plan (QAP)
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Key Elements

▪ Applies to both NSF and DOE funded 

activities

▪ Describes the QA requirements and 

processes for international CMS and CERN 

oversight as well as U.S. CMS oversight.

▪ Describes responsibilities for each U.S. 

participating institution for the day-to-day 

QA/QC practices relevant to its work.

▪ Controlled document approved & signed by 

U.S. CMS PM, Deputy PM, and QA 

Coordinator

▪ Appendix provides specific  detail allowing for 

differences in sub-project deliverables and 

organization.

 
 

Quality Assurance Plan for the U.S. HL-LHC 
CMS Upgrade Project 

 
Revision 6.1 

August 26, 2019 
 

CMS-doc-13093 

QAP Appendix contains 

detailed QA implementation 

for each L2 subproject



Under CERN/CMS Collaboration QA
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▪ CERN has a formal review and approval process for all 
LHC experiments
▪ Large Hadron Collider Committee/Upgrade Cost Group 

(LHCC/UCG) have final approval

▪ Overall responsibility for CMS QA is held by the 
international CMS collaboration.
▪ The CMS Technical Coordinator – Austin Ball, appointed by CERN, 

holds overall responsibility for all CMS activities.
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CMS Organization – QA Roles

Upgrade Project 
Coordinator

Technical 
Coordination
(ESH&Q)
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QAP Section 4: CERN/CMS Approval Process
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▪ Highlights of the international CMS review & approval
▪ Determination of technical requirements
▪ Standard technical or engineering design reviews, procurement readiness 

reviews, etc. during R&D and pre-production
▪ Compliant with all relevant codes and standards
▪ Approvals of QA activities, readiness reviews, and acceptance reviews 

during production and installation

▪ Approvals are scheduled at four steps of the project 
(Like Critical Decisions):
▪ Step 1 – Initial Design (Technical proposal)
▪ Step 2 – Baseline Design (Detailed Technical Design)
▪ Step 3 – Final Design / Construction Readiness
▪ Step 4 – Project Completion/Operations Readiness

The formal approval process is described in the LHC Experiments Phase II Upgrades 
Approval Process [CERN LHCC-2015-007]



QAP Section 5: 
CERN/CMS Oversight Roles / Responsibilities
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▪ CERN LHCC/UCG

▪ Approve plans for QA as part of Step 2 baseline design approval 

and at Step 3 for detailed implementation approval.

▪ CMS Upgrade Coordination Lead

▪ Calls for and conducts the CMS internal reviews leading to Step 2

▪ Works with the CMS TC for reviews leading to Step 3.

▪ CMS Upgrade Technical Coordinator (UTC) and Electronics 

Coordination (UEC) Leads

▪ Keep up-to-date drawings and ensure inter-compatibility 

between CMS subcomponents and LHC infrastructure. 

▪ Participate in planning/coordination of QA activities and metrics.

▪ Call for reviews of all subprojects leading to Step 3

▪ Maintain technical documentation in the CMS EDMS or DocDB 

document systems, including specifications and QA procedures.



QAP Section 5: CMS Subdetector Roles and 
Responsibilities
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▪ CMS Subdetector Upgrade Coordinators

▪ Oversight and management of each integrated detector 

subsystem, including efforts from all contributors. 

▪ CMS Subdetector QA Managers (assigned by CMS)

▪ Coordinate of QA processes across all participating 

institutions for that subdetector.

▪ Responsible for defining or approving assembly/test 

procedures for each component or subassembly 

▪ Maintain common data-base and tracking tools for 

grading, performance matching, and history tracking



HL-LHC CMS Detector 
Upgrade Project

Project Manager
S. Nahn (Fermilab)

Deputy PM (NSF)
A. Ryd (Cornell)

Deputy PM (DOE)
V. Papadimitriou (Fermilab)

MANAGEMENT TEAM 

Assoc. PM (cost, schedule, risk): L. Taylor 
Assoc. PM: C. Wilkinson
Project Scientist: C. Hill
Lead Systems Engineer: J. Dolph 
CMS HL-LHC Liaison: P. Rumerio
Education and Public Outreach: S. Rappoccio
ESH&Q Coordinator: T.J. Sarlina

U.S. CMS HL-LHC UPGRADE 
ADVISORY BOARD

Chair: M. Chertok
Deputy: M. Klute

U.S. CMS 
COLLABORATION BOARD

Chair: M. Narain
Deputy: S. Eno

PROJECT CONTROLS, FINANCE, ADMIN.

Project Controls Lead: W. Freeman
Project Controls : E. Moreno
Scheduler: S. Rogers
Finance (DOE): J. Teng
Finance (NSF): W. Franklin

DOE Scope NSF Scope NSF and DOE Scope

402.2:
Outer 

Tracker

L2 Manager:
P. Merkel
Dep. U. Heintz

402.3:
Barrel Calo.

L2 Manager: 
C. Jessop

402.5:
Muons

L2 Manager: 
A. Safonov

402.4:
Endcap Calo.

L2 Manager: 
J. Mans
Dep. H. Cheung

402.6:
Trigger/DAQ

L2 Managers:  
J. Berryhill, K. 
Ulmer
Dep. R. Cavanaugh

402.7: 
TFPX

L2 Managers: 
J. Alexander, 
K. Ecklund
Dep. W. Johns

402.8:
MIP Timing

L2 Manager:   C. 
Neu

Dep: F. Chlebana, 
D. Stuart

402.9: 
Trigger

L2 Managers:          
J. Berryhill, K. 
Ulmer
Dep. R. Cavanaugh

U.S. CMS Roles in CMS HL-LHC Upgrade Project
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▪ QA procedures for each CMS subdetector (e.g. L1 Trigger) established by relevant CMS 
Subdetector Upgrade Coordinator

▪ Corresponding U.S. CMS subproject L2 manager (e.g. 402.6) responsible for implementation, 
documentation, etc. within U.S. project to satisfy CMS requirements and U.S. project/DOE 
requisites

▪ Facilitated by the integration of U.S CMS with CMS management

▪ Trigger/DAQ Example Shown: CMS Subdetector Upgrade Coordinator is the U.S. CMS L2 manager

Subdetector Upgrade 
Coordinators

CMS Upgrade Organization U.S. Upgrade Organization



QAP Section 5: 
U.S. Roles and Responsibilities
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▪ Project Manager (and deputies)
▪ Ultimate QA responsibility for U.S. scope

▪ Project Scientist
▪ Supports planning and provide review of the Quality Tests and 

Inspections developed by the WBS Level 2, 3, & 4 managers/leads

▪ Works with Subproject Leads and QA Coordinator to ensure technical 
requirements are met

▪ Subproject Leads (WBS L2, L3, L4) 
▪ Responsible for QA/QC for their scope of work

▪ QA Coordinator
▪ Provides planning support & review/surveillance of participating 

institution QA procedures

▪ Can draw on additional FNAL ESH&Q staff as needed

▪ QA contact at participating institutions
▪ Responsible for QA/QC for their scope of work and communication 

with Subproject leads

QA Finding 2

QA Finding 2



▪ Details the U.S. QA efforts
▪ Personnel Qualifications and Training

▪ CMS Requirements and Quality Validation

▪ Design & Production Work Processes and Controls

▪ Software Quality Assurance Guidelines

▪ Procurements (In line with institutional requirements)

▪ Acceptance Inspection and Testing

▪ Shipping Requirements

▪ Issue Tracking via Fermilab iTrack program

▪ Documents and Records

▪ Technical and Management Assessments

▪ Control of Suspect/Counterfeit Items (S/CI)

▪ Lessons Learned

QA Plan Section 6: U.S. QA Efforts
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QAP Subproject Appendix
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▪ The QAP appendix contains high level descriptions of QA 

implementation specific to each L2 U.S. CMS subproject, 

including:

▪ Short description of the types of deliverables (designs, 
hardware, software, test results, etc.)

▪ Subdetector organization and communication methods 
within CMS and U.S. CMS

▪ Short over-view of the types of QA activities (electronic 
prototyping, simulations or other modeling, material testing, 
procurement, assembly, QC, performance testing, etc.)

▪ List of participating institutions

▪ Management of non-conforming parts

▪ Document and Record keeping
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Subproject QA/QC Activity Spreadsheets
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▪ Summary of QA/QC Activities by subproject, including 

acceptance tests to verify that deliverables meet design 

performance specifications.

▪ Activity titles and descriptions

▪ Assigned responsibilities/contacts

▪ Flowdown links to technical engineering and/or scientific 
requirements

▪ References to related QA/QC procedures, hardware, 
training, calibrations 

▪ Working documents expected to evolve and mature with 
design efforts

QA Activity Sheets posted with subproject Requirements Documents:
Outer Tracker Forward Pixels CMS-doc-13388
Endcap Calorimeter CMS-doc-13447
Trigger/DAQ CMS-doc-13318
MIP Timing Layer CMS-doc-13536
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https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13388
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13447
hhttps://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13318
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13536


▪ Endcap Calorimeter
▪ WBS, Responsibilities and contacts, QA Activity IDs and titles, and technical 

requirement references

Sample QA/QC Activity Spreadsheet (1)
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WBS WBS Title L2, L3, L4 Lead QA/QC Activity Name
Responsible 

Institution

QA/QC 

Coordinator/ 

Contact

QA/QC Activity ID

Quality Control or 

Assurance 

Activity/ Parameter

Specification(s) Requirement ID Requirement Title

402.04.03 Sensors
N. Akchurin, R. 

Yohay
Neutron Irradiation Brown, TTU Hinton CE-QA-006 Measurement

[sensor supplier (or CERN) spec 

dwg/doc numbers  assuming that 

after rad test sensors must still 

meet spec]

CE-engr-021 CE sensor radiation hardness

402.04.03 Sensors
N. Akchurin, R. 

Yohay
Proton Irradiation FNAL R. Yohay CE-QA-007 Measurement

[sensor supplier (or CERN) spec 

dwg/doc numbers assuming that 

after rad test sensors must still 

meet spec]

CE-engr-021 CE sensor radiation hardness

402.04.04.04-06 Module Assembly
N. Akchurin, M. 

Paulini
Visual Inspection UCSB/TTU/CMU L3s CE-QC-008 Monitoring

multiple engineering 

specification drawings and 

documents

CE-engr-006 CE System Integration and Maintainability

402.04.04.01.03 Module PCB
M. Paulini, K. 

Kaadze
Acceptance Testing KSU K. Kaadze CE-QC-009 Measurement [PCBs dwg/doc numbers]

CE-engr-027, CE-engr-

028, CE-engr-041

CE silicon module PCB features has to match 

those of the silicon sensor within tolerance; CE 

silicon module PCB wirebonding pads; silicon 

module able to operate at -30C and tolerate 

thermal cycling.

402.04.04-06 Module Assembly
N. Akchurin, M. 

Paulini
Acceptance Testing UCSB/TTU/CMU L3s CE-QC-010 Measurement

[module components top 

dwg/doc numbers]
CE-engr-006 CE System Integration and Maintainability

402.04.04-06 Module Assembly
N. Akchurin, M. 

Paulini
Standardized Assembly UCSB

J. Incandela, S. 

Gyre
CE-QA-011 Process Control

multiple engineering 

specification drawings and 

documents

CE-engr-006 CE System Integration and Maintainability

402.04.04-06 Module Assembly
N. Akchurin, M. 

Paulini
Acceptance Testing UCSB/TTU/CMU L3s CE-QC-012 Measurement [module top dwg/doc numbers]

CE-engr-041, CE-engr-

045,CE-engr-048

silicon module able to operate at -30C and 

tolerate thermal cycling; Robust sensor 

connections and HV standoff, Alignment 

precision for the module layers is 25 microns



▪ EndCap Calorimeter (cont.)
▪ QA/QC process descriptions, procedures, calibrations, records, training

Sample QA/QC Activity Spreadsheet (2)
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QA/QC Activity Name QA/QC Activity ID
 (QA)

Validation Activities

(QC) 

Inspection / Acceptance Tests
Measurement/ Method

Associated Hardware/ 

Software

Standard / Procedure / 

Process Doc
Calibration Planning

Record (Data, 

Calibration, etc.)

Training and 

Qualifications

Neutron Irradiation CE-QA-006

Sample of sensors 

irradiated with neutrons 

to verify radiation 

tolerance

NA

Neutron Irradiation and evaluation is carried out on a 

subset of sensors per batch to ensure radiation 

tolerance throughout production

Access to RINSC, post-

irradiation 

Sensor/Process QC 

tests

[neutron rad test 

procedure doc number]

Neutron Flux and 

Energy spectrum 

calibrated periodically

Test results stored in 

database, available 

through etraveler

Irradiation done 

professionally, evaluation 

as above

Proton Irradiation CE-QA-007

Sample of sensors 

irradiated with protons 

to verify radiation 

tolerance

NA

Proton Irradiation and evaluation is carried out on a 

subset of sensors per batch to ensure radiation 

tolerance throughout production

FSU linac, FNAL ITA, 

post-irradiation testing

[Proton rad test 

procedure document 

number]

N/A

Test results stored in 

database, available 

through etraveler

Irradiation done 

professionally, evaluation 

as above

Visual Inspection CE-QC-008 NA

Visual inspection of mechanical and 

electrical components before use in 

assembly

All components will be visually inspected at the 

Assembly Sites before entering the assembly chain
Microscope

https://twiki.cern.ch/t

wiki/bin/view/CMS/HG

CALModuleTesting

N/A

Visual inspection results 

stored in database, 

available in etraveler

Short learning period to 

be able to identify 

substandard fabrication 

(discoloration, poor 

traces, etc.)

Acceptance Testing CE-QC-009 NA

Electrical testing and thermal cycling of 

readout PCBs before integration into 

modules;

Validation of PCB functionality before 

module assembly including thermal 

cycling and burn-in

PCBs will be tested at a common point using standard 

test systems before shipment to module assembly 

sites.  Test will include thermal cycling of the PCBs, 

visual inspection, etc.

Module test system, 

thermal cycling system

https://twiki.cern.ch/t

wiki/bin/view/CMS/HG

CALModuleTesting

N/A

Test results stored in 

database, available 

through etraveler

No special skills but 

training required on test 

systems

Acceptance Testing CE-QC-010
NA

Verification of component functionality 

before integration into Modules:
Components will be acceptance tested at the 

Assembly Sites before entering the assembly chain

Component test 

systems

https://twiki.cern.ch/t

wiki/bin/view/CMS/HG

CALModuleTesting

Standard-candle 

components will be 

used to verify testing 

capabilities

Test results stored in 

database, available 

through etraveler

No special skills but 

training required on test 

systems

Standardized Assembly CE-QA-011

Assembly at different 

sites will follow identical 

procedures

NA

Fully specified and documented Assembly procedures 

followed at all sites, identical tooling sets used for 

module assembly, cross-site calibrations

N/A

https://twiki.cern.ch/t

wiki/bin/view/CMS/HG

CALModuleAssembly

N/A

Official procedures will 

be under document 

control

Clearly assembly requires 

skilled technicians

Acceptance Testing CE-QC-012 NA

Validation of module dimensions, 

features, functionality, and robustness 

before shipping to cassette assembly site.

Modules will be acceptance tested and graded at the 

Assembly Sites before shipping to the cassette 

assembly site. Visual inspection, OGP measurements 

of the module features, thickness, and flatness, and 

functionality testing with a standard module test 

stand. Tests will be done both before and after 

thermal cycling and burn-in.

OGP, Module test 

system, thermal 

cycling system.

https://twiki.cern.ch/t

wiki/bin/view/CMS/HG

CALModuleTesting, 

example from 

previous project is 

Phase 1 FPIX module 

testing procedures 

CMS-DocDB-12690

N/A

Test results stored in 

database, available 

through etraveler

QC work requires 

technician trained in use 

of existing testing 

systems



Subcomponent QA/QC Plans and Procedures
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▪ Detailed QA/QC plans, procedures, and acceptance tests and processes

▪ Many based on previous work: initial construction, phase 1 upgrades, or HL-LHC 
upgrade  prototyping

▪ Some provided to U.S. CMS by the CMS collaboration

▪ All U.S. plans written in collaboration with or approved by CMS

▪ Finalized as design efforts and production planning mature
Samples of existing QA/QC plans
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Need DOE 
samples

HGCAL Module 
Assembly &Testing

Wire 
Bonding 
Assembly 
&Testing

 

CMS HL-LHC DocDB Project Document No. 

CMS-doc-13318 

Trigger and DAQ System QA/QC Test 

Plan 

Page 1 of 1 

QA/QC TEST PLAN DOCUMENT Revision: B Date: 07-October-2019 

 

Trigger and DAQ (WBS 402.06 and 

402.09) QA/QC Test Plan 
NOTE: 

The most recent DocDB version of this document is the 

ONLY controlled record of this document. 
Refer to CMS-doc-13318 

This document is only to be revised by the Trigger and DAQ (WBS 402.06 and 

402.09) Manager or Systems Engineer 

Abstract 

The purpose of this document is to describe how the Trigger Boards will be tested to show that 

it meets its design and functional requirements. 

. 

Prepared by: 

Richard Cavanaugh 

 

L2 Systems Engineer(s) 

Checked by: 

J. Dolph 

 

Lead Systems Engineer 

Approved by: 

J. Berryhill 

K. Ulmer 

L2 Manager(s) 

Revision status recorded in: 

CMS-doc-13318 

 



QA/QC Activities Cost and Schedule
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▪ QA/QC activities are integrated into the Resource Loaded Schedule (RLS)

▪ Schedule activities: Readiness reviews, prototyping, materials testing, 
acceptance QA/QC, performance testing, acceptance reviews, etc.

▪ P6 schedule (RLS) includes cost and labor for QA activities
QA/QC 
activities 
highlighted 
in blue
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402.2 - Outer Tracker Example - 2S Module Production – Batch 01



Response to Previous Reviews
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2018 IPR: Institutional QA/QC plans, roles, and oversight not 
clearly defined

▪ The Quality Assurance (QA) Plan, prepared in May 2018, relies heavily on CMS 
processes and specifies that each institution will have its own QA plan.  The 
institutional plans were not presented or available for review.  QA evaluation and 
oversight for institutions must be clearly defined and include any CERN qualification 
steps by defining sequence and prerequisites.

▪ Similarly, the university/institutional ES&H plan coordination, review, and 
acceptance/ concurrence process and criteria is not defined.  The Integrated Safety 
Management and QA plans need to clearly define the role of the project in the review 
and coordination and oversight of institution ES&H and QA plans.

Efforts since the 2018 IPR

▪ QAP revised

▪ QAP Section 7 clarifies U.S. QA/QC  institutional plans and roles within the CMS 
framework

▪ QAP appendices and spreadsheets updated; QA/QC activities linked to requirements

▪ Held dedicated ESH&Q review Nov. 29, 2018 to ensure that we addressed concerns

QA Finding 1

QA Finding 2

Charge 8

https://indico.fnal.gov/event/19119/


2018 ESH&Q Review: The QAP needs to address the packaging and 
shipping requirements for components to be sent to CERN. 

▪ Added Section 6.10 on Shipping Requirements to the QAP

2019 DR: ESH&Q aspects have been addressed

▪ The QAP is thorough and ready for CD-1

Response to Previous Reviews
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Charge 8



QAP Section 7: QA Oversight for Participating 
Organizations

Oct 23, 2019 p 22

All participating U.S. CMS institutions must follow QA plans 
that satisfy CMS Subdetector requirements and the QAP.
▪ QA plans and procedures created collaboratively

• U.S. L2, L3, L4 leads work with institutional technical and QA 
representatives and the US CMS QA Coordinator

• U.S. leads ensure adherence to CMS requirements and approved 
procedures, subject to CMS review and approval process

• Includes work under subawards to vendors or other 
participating institutions. 

• Institution staff responsible for verifying compatibility of QA/QC 
plans to local institutional QA programs

• L2 lead and the US CMS QA Coordinator review and approve the QA plans 
and monitor/verify compliance.
• Most plans are still in development as production readiness 

advances
• Site visits may be required for QA plan approval and surveillance
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QA Finding 1

QA Finding 2

Charge 8



▪ Preliminary ESH&Q Site visits have started (Reports CMS-doc-13856 )
▪ .
▪ .
▪ .

List of Participating Institution Site Audits
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QA Finding 2

Charge 8

https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13856


Site Field Audit Checklist
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▪ L2 and U.S. CMS ESH&Q 
Coordinator visit sites to review 
ESH&Q as necessary.

▪ Site Visit QA Audit Checklist 
Template CMS-doc-13668
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Need Example of site QA 
plan and  filled-out audit 
report from TJ. Site QA 
plans and audit reports  
should be available to 
reviewers (references?).

QA Finding 2

Charge 8

▪ Sample QA Audit Report for UCSB. 
CMS-doc-13856

https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13668
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13856


Summary
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▪ Quality Assurance Plan updated and finalized: signed & posted

▪ Capable management team in place 
▪ QA leads assigned, with defined organization, roles, and responsibilities 

▪ QA policies are established & applied consistently throughout project
▪ Quality Assurance controls defined from CERN/CMS through Fermilab to 

U.S. participating institutions

▪ Applied consistently to all participating U.S. efforts (NSF and DOE) 

▪ Documented QA/QC activities to verify that performance is met
▪ Activity spreadsheets and procedures (on-going procedure development)

▪ Flowdown captured from technical requirements to QA/QC Activities 

▪ QA/QC activities integrated into RLS (P6) schedule and budget

▪ All previous review recommendations addressed   

QA/QC Plan ready for CD-1

Charge 8

Charge 7


