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[bookmark: _Toc52868021]Introduction
The PIP-II Project’s superconducting linear accelerator (Linac) will fuel the next generation of intensity frontier experiments at Fermilab. Benefitting from the high efficiencies of superconducting radio-frequency (SRF) technology, the linac shall consist of five types of superconducting cavities and cryomodules. They will accelerate H− ions to 833 MeV for injection into the Booster Complex of Fermilab. Upgrades to the existing Booster, Main Injector, and Recycler Rings will enable them to operate at a 20 Hz repetition rate and provide a 1.2 MW proton beam for the Deep Underground Neutrino Experiment (DUNE) at the Long Baseline Neutrino Facility (LBNF). The superconducting Linac shall operate at harmonic frequencies of 162.5 MHz, 325 MHz, 650 MHz, with energy ranging from 2.1 MeV to 833 MeV. The relativistic β for the H− ions goes from 0.07 to 0.854 over this energy range. 

The PIP-II Linac shall consist of one half wave resonator (HWR) cryomodule, two single spoke resonator of type 1 (SSR1) cryomodules, seven single spoke resonator of type 2 (SSR2) cryomodules, nine low beta elliptical cavity (LB650) cryomodules, and four high beta elliptical cavity (HB650) cryomodules. The HB650 cryomodules contain six 5-cell cavities each, with geometric beta of 0.92 and operating at 650 MHz.  Due to presence of legacy cavities with geometric beta of 0.90, and due to fabrication and qualification of the beta 0.92 cavities, the prototype HB650 cryomodule may have an exception of having up to three 650 MHz cavities with geometric beta of 0.90. The PIP-II linac is to operate with continuous wave (CW) RF, and a pulsed beam. Having pulsed RF compatibility is encouraged, to lower operations costs. In both regimes cryomodule shall support peak currents of 10 mA chopped with arbitrary patterns to yield an average beam current of 2 mA.

PIP-II is the first US Department of Energy particle accelerator project with significant international in-kind contributions from France, India, Italy, Poland, and the United Kingdom. 
Due to the complex design of the cryomodules as well as the international partnerships, PIP-II requires a significant design coordination and integration oversight. As part of the oversight strategy, a design review plan specific to PIP-II has been developed. The primary goal of the Project design reviews is to ensure optimized and safe design by identifying potential or actual design problems as early as possible to minimize the cost, schedule, and performance impact. 

This review comprises of the Final Design Review for the prototype HB650 Cryomodule and the 650 MHz Tuners. These tuners will be used in the HB650 prototype cryomodule and the LB650 pre-production cryomodule. Per the PIP-II Design Review Plan,

· Final Design Reviews (FDRs) are technical and programmatic reviews conducted to give assurance that the completed design achieves all physics, functional, technical, and interface requirements. The technical areas addressed during the review include the design configuration of the selected design; verification planning, requirements, and compliance; operations planning; support equipment; and systems compatibility. In cases of significant complexity, an FDR may be required for advanced prototype procurement (e.g. prototype SRF cavities, cryomodules and ancillary components). Prototype FDRs enable high-cost prototyping procurements and testing to proceed. Prototype and production FDRs will be identified by indicating which type in the RLS activity names and in the System Design Plans (SDPs). 
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	Location:
	Microsoft Teams

	Date:
	July 29th (Wed.) – 31st (Fri.)

	Indico Site:
Meeting link:
Reviewers:
	 https://indico.fnal.gov/event/43274/ 
Join Microsoft Teams Meeting
Ed Daly, JLAB (Chair)
Camille Ginsburg, JLAB
Samuel Miller, FRIB
Tom Peterson, SLAC


Agenda Details 
Day-1, July 29th Wednesday
 
1. Reviewers executive meeting
 
2. Day-1 Morning session 1
a. HB650 CM proto FDR and Tuner FDR Introduction 		S. Chandrasekaran
b. Tuner introduction and activities at FNAL					Y. Pischalnikov, S. Cheban
c. Tuner activities at RRCAT								V. Jain
d. Discussion                  
 
3. Reviewers executive meeting
 
4. Break  
 
5. Day-1 Morning session 2
a. Coupler status											K. Premo
b. Cavity B0.9, B0.92 status								G. Eremeev
c. STC results												A. Sukhanov
d. Discussion      
 
6. Lunch break    
 
7. Day-1 Afternoon session 1
a. Requirements, and Internal interfaces						V. Roger
b. PDR recommendations, and main changes					V. Roger
c. Cryomodule assembly process and plan					V. Roger
d. Discussion      
e. Vacuum vessel (Mechanical design)						Y. Orlov
f. Vacuum vessel (Structural analyses)						M. Chen
g. HBCAM												S. Zorzetti
 
8. Break
 
9. Day-1 Afternoon session 2
a. Thermal shield											G. Smith
b. Cryogenic lines and heat loads							V. Roger
c. Pressure drop, valve sizing and instrumentation				B. Squires
d. Open Discussion
 
10. Reviewers executive meeting
 
Day-2, July 30th Thursday
 
1. Reviewers executive meeting
 
2. Day-2 Morning session 1       
a. Opening												S. Chandrasekaran
b. Strongback – Mechanical								M. Lacroix
c. Strongback – Thermal									N. Bazin, R. Cubizolles
d. Cavity cool down										N. Nigam
e. Open discussion
 
3. Break  
 
4. Day-2 Morning session 2
a. Rail design, lifting tooling, and strongback supports			V. Poloubotko
b. String Assembly procedure								Y. Orlov
c. String tooling & procedure, traveler 						Y. Orlov
d. Endcap tooling											R. Cubizolles
e. Open discussion          
 
5. Lunch Break   
 
6. Day-2 Afternoon session 1
a. Magnetic shields; design, simulation, and hygiene			Y. Xie, G. Romanov
b. Instrumentation											B. Squires, F. Lewis
c. CM Assembly process experience							C. Grimm
d. Experience and Lessons Learned							V. Roger
 
7. Break  
 
8. Day-2 Afternoon session 2
a. QA, QC, ESH											F. Furuta
b. Open discussion          
 
9. Reviewers executive meeting
 
Day-3, July 31st Friday
 
1. Reviewers executive meeting
 
2. Day-3 Morning session 1
a. Opening												S. Chandrasekaran
b. Transportation plan										J. Holzbauer
c. Transport frame											M. Kane
d. Transportation analysis									S. Cheban, J. Helsper
 
3. Break  
 
4. Day-3 Morning session 2
a. Open discussion          
b. Schedule and Cost, include testing plan					S. Chandrasekaran
c. Procurement plan										V. Roger
d. Open discussion          
 
5. Lunch Break   
 
6. Reviewers executive meeting
 
7. Close out 
            




[bookmark: _Toc52868023]Review Charge Statement
The review committee is charged to evaluate the design and programmatic readiness of the PIP-II 650 MHz high beta prototype cryomodule at final design stage. The review committee is urged to evaluate by responding to the following questions:

1) Technical Scope 
a) Are the designs mature and technically sound to satisfy design specifications? 
b) Are the development of CAD and drawing packages sufficiently mature (>90%) for final design stage?
c) Are items that could affect safety, quality, cost, schedule, or performance mitigated or managed? 
d) Are the design, assembly, and testing plan appropriate to validate the prototype cryomodule for performance requirements of the production modules? 
e) Are the design and testing plan appropriate to meet transportation requirements?

2) Management
a) Is the team organized and staffed to successfully complete the project?
b) Have all the recommendations from previous reviews been addressed?
c) Have all the major risks been identified and managed? Have all lessons learned from previous experiences been incorporated?
d) Are appropriate ES&H, QA, and QC steps being implemented?
e) Is the cost and schedule reasonable to achieve the planned scope?
f) Are there any COVID-19 impacts and are they being managed appropriately?

3) Overall Readiness
a) Is the design of the HB650 prototype cryomodule sufficiently mature to allow Final Design Review approval?
b) Is the design of the 650 MHz tuners sufficiently mature to allow Final Design Review approval for use in the HB650 prototype and LB650 pre-production cryomodules? 

[bookmark: _Toc52868024]Acronyms

	HB650
	High Beta 650 MHz

	LB650
	Low Beta 650 MHz

	B90
	β=0.90 HB650 

	B92
	β=0.92 HB650 

	B61
	β=0.61 LB650 

	PDR
	Preliminary Design Review

	FDR
	Final Design Review

	PRR
	Procurement Readiness Review

	ICD
	Interface Control Document

	ISD
	Interface Specification Document

	
	


[bookmark: _Toc300307727][bookmark: _Toc52868025]Review Deliverable Documents List for prototype HB650 Cryomodule
	#
	TC#
	Description

	1
	ED0001322
	HB650 Cryomodule FRS

	2
	ED0009659
	HB650 Cryomodule TRS

	3
	ED0003734
	Relief valve sizing of the vacuum vessel

	4
	ED0006723
	SSR1 - SSR2 - HB650 - LB650 CRYOMODULES THERMAL STRAPS

	5
	ED0006724
	SSR1 - SSR2 - HB650 - LB650 CRYOMODULES COPPER FOIL THERMAL STRAPS

	6
	ED0007562
	PIP-II HB650 Cryomodule Interface Control Document

	7
	ED0008200
	Heat loads analysis

	8
	ED0009469
	Component's weight and Helium volume

	9
	ED0009470
	Preliminary transport analysis

	10
	ED0009719
	G11 Support post, Assembly procedure

	11
	ED0009813
	G11 Support post, MLI Specification

	12
	ED0009950
	G11 Support post, Design report

	13
	ED0010081
	Movement during cool down

	14
	ED0010433
	Master Interface Control Document

	15
	ED0011210
	2 Phase pipe analysis report

	16
	ED0011220
	HB650 CM proto PDR review report

	17
	ED0011220
	HB650 CM proto PDR review response

	18
	ED0011225
	CM design handbook

	19
	ED0011227
	PIP-II HB650 CM L3 Internal Interface Control Document 

	20
	ED0011227
	PIP-II HB650 CM L3 Internal Interface Specification Document 

	21
	ED0011276
	Failure Mode Effect Analysis (FMEA)

	22
	ED0011810
	PIP-II 650 MHz B9A-AES-010 1st STC test report, Oleg

	23
	ED0011810
	PIP-II 650 MHz B9A-AES-010 1st STC test report, Sasha

	24
	ED0012328
	HB650 Transportation Requirements Specification

	25
	ED0012337
	Design and analysis of the thermal shield

	26
	ED0012420
	Transportation - Design report

	27
	EN02594
	String lifting tooling

	28
	EN03108
	Vacuum vessel engineering note

	29
	EN03291
	Cryomodule lifting tooling

	30
	EN04182
	Beam line engineering note

	31
	F10047288
	CAD - Top Assembly

	32
	F10127878
	Enveloppe, transverse, PIP II cryomodules

	33
	F10088592
	CAD - Lifting tooling

	34
	F10090094
	CAD - Stronback

	35
	F10090096
	CAD - Stronback + beam line

	36
	F10090540
	CAD - Beam line

	37
	F10101087
	P&ID of HB650 Cryomodule

	38
	F10105016
	CAD - Rail

	39
	F10127563
	CAD - Dressed cavity 0.92

	40
	F10127566
	CAD - Dressed cavity 0.9

	41
	PIP-II-doc-142
	PIP-II Project QA Plan

	42
	PIP-II-doc-2964
	PIP-II Lessons Learned Procedures

	43
	PIP-II-doc-3100
	PIP-II Nonconformance Handling Procedure

	44
	PIP-II-doc-3283
	Tracking in QC plan Tracker

	45
	PIP-II-doc-3415
	SRF Quality Assurance Plan

	46
	PIP-II-doc-4236
	High Beta (HB) 650 MHz Cryomodule QC Plan

	47
	PIP-II-doc-4369
	Low Beta (LB) 650 MHz Cryomodule QC Plan

	48
	ED0009629
	PIP-II 650 MHz beta=0.90 & 0.92 Jacketed Cavity Prototype FDR Review Report

	49
	ED0009629
	PIP-II 650 MHz beta=0.90 & 0.92 Jacketed Cavity Prototype FDR Review Response v2

	50
	ED0011840
	650 coupler proto FDR Review Report v05

	51
	ED0011840
	650 main coupler proto FDR Review Response

	
	
	

	Snapshot of technical documents from Teamcenter is available on PIP-II Docdb (PIP-II-Doc-4878-v2) for the upcoming 650 MHz Prototype Coupler FDR/PRR for Reviewers. Documents are considered obsolete after the review is completed (2020-07-27).
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	#
	TC#
	Description

	1
	ED0001322
	650 MHz β=0.92 Cryomodule Functional Requirements Specifications

	2
	ED0001830
	650 MHz β=0.61 Cryomodule Functional Requirements Specifications

	3
	ED0005146
	650Mz CAVITY TUNER ENGINEERING SPECIFICATION, B0.9 and B0.92

	4
	ED0009658
	650 MHz β=0.61 Cryomodule Technical Requirements Specifications

	5
	ED0009659
	650 MHz β=0.92 Cryomodule Technical Requirements Specifications 

	6
	ED0011227
	PIP-II HB650 Internal Interface Control Document

	7
	ED0011227
	PIP-II HB650 Internal Interface Specification Document 

	8
	ED0012009
	HB650 B09 Tuner_Installation_Procedure_10_4 (for STC)

	9
	ED0012009
	HB650 B09 Safety Bracket Removal Procedure_3

	10
	ED0012009
	HB650 B09 Safety Bracket Installation Procedure_1_v2

	11
	ED0012239
	Failure Modes and Effects Analysis 

	12
	ED0012241
	Prevention through Design, 650MHZ Tuned

	13
	ED0012413
	650 Tuner Trust Table

	14
	ED0012423
	Phytron QC test at FNAL_2 (draft)

	15
	ED0012423
	Stepper and piezo actuators specs for SSR1-2 cavities (Draft)

	16
	F10088673-A
	Drawing; ASSEMBLY, LEVER TUNER 650-B92 CAVITY

	17
	F10113889
	Drawing; ASSEMBLY, LEVER TUNER 650-B90 CAVITY

	18
	PIP-II-doc-142
	PIP-II Project QA Plan

	19
	PIP-II-doc-2964
	PIP-II Lessons Learned Procedures

	20
	PIP-II-doc-3100
	PIP-II Nonconformance Handling Procedure

	21
	PIP-II-doc-3283
	Tracking in QC plan Tracker

	22
	PIP-II-doc-3415
	SRF Quality Assurance Plan

	23
	PIP-II-doc-4236
	High Beta (HB) 650 MHz Cryomodule QC Plan

	24
	PIP-II-doc-4369
	Low Beta (LB) 650 MHz Cryomodule QC Plan

	25
	ED0012683
	Lessons learned 650MHz tuner design process

	
	
	

	Snapshot of technical documents from Teamcenter is available on PIP-II Docdb (PIP-II-Doc-4881-v2) for the upcoming 650 MHz Prototype Coupler FDR/PRR for Reviewers. Documents are considered obsolete after the review is completed (2020-07-27).
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