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[bookmark: _Toc10127097]Introduction

Longitudinal coupled-bunch instabilities in the Booster lead to emittance blow-up that can result in beam loss in the booster as well as slip stacking losses in the Recycler. The longitudinal coupled-bunch instabilities are driven by the Booster cavities higher order modes. There are three RF bands that are capable of for driving coupled bunch modes. Two of which are center around 65 MHz and one centered at 80 MHz. These cavity impedances correspond to modes that cover a frequency band of approximately 6 MHz at 80 MHz and 5 MHz at 65 MHz. Originally those modes were damped by installing a set of passive high-order mode dampers in the cavities [5]. In 1994, an active damping system was built and integrated with the Booster RF high level system. This system did not have adequate power and phase control at 80 MHz, so a dedicated longitudinal kicker cavity (center frequency 82.6 MHz, Q=11) was installed in 2002 [6]. In the mean time, modes 1 and 2 are still damped by using the Booster RF cavities.  A schematic of the current Booster longitudinal damping is shown in Figure 1.

For PIP-II, the Booster beam intensity is increased by 50%. The passive cavity dampers centered around 65 MHz (mode m=16) may not be able to damp these coupled bunch modes. A dedicated cavity with a center frequency of 62.5 MHz and a loaded Q of 16 will be installed for the active damping of these modes. A cavity that meets the damper specifications already exists. A new damper board and a new RF amplifier will be needed. 
[image: ]
	
Figure 1: Schematic of the current Booster longitudinal damping system
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	“Booster Longitudinal Dampers PDR Review” Agenda


	Location:
	ZOOM only

	Date:
	March 31 2021

	Time:
Indico Site:

	09:30-15:30
 https://indico.fnal.gov/event/45270















Participants:

	Ioanis Kourbanis (ioanis@fnal.gov)
	Fermilab
	L2 Manager

	David Johnson (dej@fnal.gov)
	Fermilab
	 L3 Manager/Coordinator

	James Steimel
	Fermilab
	  Review Chair

	John Byrd
jbyrd@anl.gov
	ANL
	 Reviewer

	Brian Chase
chase@fnal.gov
	Fermilab
	 Reviewer

	William Pellico
pellico@fnal.gov
	Fermilab
	  Presenter

	Nathan Eddy
eddy@fnal.gov
	Fermilab
	  Presenter

	
	Fermilab
	

	
	Fermilab
	




Agenda details (Preliminary):
Introduction (10’):  Dave Johnson (L3 manager/Review Coordinator)
[Primary Review Content Overview.  E.g. organization, requirements, cost & schedule, etc.]

Booster Longitudinal Dampers: Historical Perspective and recent measurements (30’+15’):  Bill Pellico
[Technical Content.]
New Booster Longitudinal Dampers (30’+15’):  Nathan Eddy
[Technical Content]
 Closeout – Review Chair
[Summary Statement]
[Preliminary Findings]
[Preliminary Comments]
[Preliminary Recommendations]
	



[bookmark: _Toc10127099]Review Charge Statement
[bookmark: _Hlk3655613]The reviewers are asked to perform a Preliminary Design Review of Booster Longitudinal Dampers for PIP II.  


Specifically, the panel is asked to answer the following charge questions:

1. Are the requirements documented, clear, complete and appropriate?

2. Is the proposed design for the Booster Longitudinal Dampers likely to meet requirements?  Explain any deficiencies or concerns.  

3. Are there any features present (or absent) that threaten the intended function and performance of this design? 

4. Have safety and environmental aspects been appropriately considered?  

5. Have quality aspects been appropriately considered?  

6. Does the proposed schedule seem reasonable? 

The intended outcome of the review:
· Collect and document findings, comments and recommendations necessary to proceed to the Final Design stage.
The following documents will be available at the review site:
· Booster FRS document
· Booster Longitudinal Dampers PRD document
· Booster Longitudinal Dampers TRS document
· Prevention by Design Table
· Failure Mode Analysis document
· 
 .
[bookmark: _Toc10127100]Acronyms
List and define any relevant acronyms as necessary.

	FRS
	Functional Requirements Specifications

	TRS
	Technical Requirements Specifications

	PRD
	Physics Requirements Document



[bookmark: _Toc10127101][bookmark: _Toc300307727]Reference Documents
List any relevant documents referred to in the Review Charge Statement.  Include reference links or locations where the references are found.  This list should include all documents with which the review committee should be familiar prior to the review.

	1
	PIP-II Technical Review Plan – TC ED0008163

	2
	PIP-II Quality Assurance Plan DocDB # 142 

	3
	PIP-II Systems Engineering Management Plan – TC ED0008164

	4
	PIP-II IESH Management Plan DocDB # 141

	5
	“HOM RF Cavity Dampers for Suppressing Coupled Bunch Instabilities in the Fermilab Booster” PAC 1993.

	6
	“Booster’s Coupled Bunch Damper Upgrade” PAC 2003.

	7
	

	8
	121.05 Accelerator Complex Upgrades Design Plan DocDB # 2593 

	9
	121.06 Conventional Facilities Design Plan DocDB # 2587 

	10
	PIP-II Value Engineering Plan DocDB # 2830 

	11
	

	12
	

	13
	



The review coordinator should populate this following table with the document list for this review from their SDP.
 
Table 1 - Document Deliverables for this review from the System Design Plan
	
	Document Title
	Status
(preliminary, final, released)
	Comments

	[bookmark: _Hlk41494200]1
	Booster LongitudinalDampers FRS/TRS
	Released
	

	2
	MICD/ISD for Booster Longitudinal Dampers
	
	

	3
	Failure Mode Analysis
	Preliminary
	

	4
	Prevention by Design Table
	Preliminary
	

	5
	Risk Assessment Document
	N/A
	

	6
	Updated Schedule
	Preliminary
	To be presented

	7
	Draft Installation Plan
	
	To be presented

	8
	Booster L3 QC Plan
	N/A
	

	9
	Design Verification Methology Plan
	Preliminary
	To be presented

	10
	System Procurement/Manufacturing/Oversight Plan
	
	
To be presented
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