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[bookmark: _Toc524345352]Purpose
[bookmark: 3_Scope][bookmark: _bookmark8][bookmark: _Toc509474829]A TRS describes the technical characteristics, performance requirements, and requested behavior of a system or component.  TRS requirements may be derived from higher-level requirements in an FRS or ICD or recommended from the design process.  TRS requirements may be specific to a particular design concept.    

[bookmark: _Toc524345353]Scope
The Booster currently has a longitudinal damper system which requires upgrade to cure deficiencies in the present system and prepare the Booster for higher intensity from the PPIP-II linac. The scope of this TRS encompasses only the longitudinal Booster damper system upgrades. 

One of the key components in the longitudinal system will be a new digital damper board that can be utilized in a diagnostic mode to measure growth rates (with dampers off) or damping rates (with the dampers on. Along with the new digital damper board a new front-end and software for controlling the digital damper board and it’s interface to the ACNET control system is included. The longitudinal pickup (RWCM) of the current system will be maintained in the upgraded system. 

 In the damping mode, the longitudinal damping system will drive wide-band amplifiers which apply the damping signal to a low-order cavity or one of the cavities utilized to damp higher order longitudinal instabilities.  
  
[bookmark: _Toc524345354]Acronyms, Terms, and Definitions
	CAD
	Computer Aided Design

	FESHM
	Fermilab ES&H Manual

	FRCM
	Fermilab Radiological Control Manual

	FRS
	Functional Requirements Specification

	TC
	Teamcenter

	WBS
	Work Breakdown Structure

	RF
	Radio Frequency

	MI
	Main Injector

	AccU
	Accelerator Upgrade

	CHG0
	Charge Zero – acronym for Booster Beam Current Monitor










[bookmark: _Toc524345356]Key Assumptions
The following key assumptions are made regarding the development and implementation of the upgraded longitudinal damper system.
· The implementation schedule for this task assumes that it is completed during the current 400 MeV injection operational mode, prior to the PIP-II shutdown.
· The implementation of the digital damper board shall allow for parasitic measurements of instabilities throughout the Booster cycle on selected Booster events.
· It is assumed that the digital damper software shall allow the monitoring of the operation of the longitudinal damping function.
· It is assumed, based on previous measurements, that the system shall require the utilization of two different narrow band cavities to address the two different frequency bands of longitudinal instabilities. 
· It is assumed only a single cavity will be required to damp low order modes defined the Booster Damper PRD.
· It is assumed the system will include the currently installed longitudinal damping cavity with a center frequency at 80 MHz.
· It is assumed that the system will include the installation of a currently existing RF cavity with a center frequency at 65 MHz.



[bookmark: _Ref516143020][bookmark: _Toc524345357][bookmark: _Toc509474832][bookmark: _Toc510692260]Technical Requirements for Longitudinal Dampers

	Requirement #
	Requirement Statement

	Capabilities & Performance

	T-121.05.04.04.02-001
	The longitudinal phase error oscillations at extraction shall be less than ±10 degrees at the PIP II beam intensities (6.7E12ppp).

	T-121.05.04.04.02-002
	The digital damper system shall include a diagnostic capability to parasitically measure growth/damping rates of any longitudinal mode on selectable Booster clock events.

	T-121.05.04.04.02-003
	The damper system shall provide for spare electronics board and spare RF amplifiers.



Technical Requirements for Transverse  Dampers  (To be determined )

	Requirement #
	Requirement Statement

	Capabilities & Performance

	T-121.05.04.04.02-001
	

	T-121.05.04.04.02-002
	

	T-121.05.04.04.02-003
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	#
	Reference
	Document #

	1
	The Bergoz NPCT Datasheet  (Specifications)
	PIP-II          docdb - 5198

	2
	PIP-II Booster Functional Requirements Specification, FRS
	ED0008097


[bookmark: _Ref516488536][bookmark: _Toc524345358]
Standard Safety Requirements
The system shall abide by all Fermilab ES&H (FESHM) and all Fermilab Radiological Control Manual (FRCM) requirements including but not limited to:

	Electrical Safety

	· FESHM Chapter 9190 Grounding Requirements for Electrical Distribution and Utilization Equipment

	Radiation Safety ANSI ASC A14.3
-2000 
Safety Requirements for Fixed Ladders


	· FRCM Chapter 8 ALARA Management of Accelerator Radiation Shielding

	· FRCM Chapter 10 Radiation Safety Interlock Systems

	· FRCM Chapter 11 Environmental Radiation Monitoring and Control

	General Safety

	· FESHM Chapter 2000 Planning for Safe Operations



Any changes in the applicability or adherence to these standards and requirements require the approval and authorization of the PIP-II Technical Director or designee.

In addition, the following codes and standards in their latest edition shall be applied to the engineering, design, fabrication, assembly and tests of the given system:

	NEPA 70 – National Electrical Code

	IEC Standards for Electrical Components



In cases where International Codes and Standards are used the system shall follow FESHM Chapter 2110 Ensuring Equivalent Safety Performance when Using International Codes and Standards and requires the approval and authorization of the PIP-II Technical Director or designee.
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