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[bookmark: _Toc21088127]Purpose
Physics Requirement Documents (PRDs) contain the summary parameters and configuration definitions for systems, sub-systems, and devices that impact higher-level requirements established in the PIP-II Global Requirements Document (GRD) [1].  PRDs establish a traceable link to lower-level requirements (FRSs, TRSs) that affect the PIP-II beam or machine performance.  In the aggregate, the PRDs for the PIP-II Project contain the essential parameters and configuration developed through the preliminary design phase to enable completion of the PIP-II accelerator and complex design.

[bookmark: _Toc21088128]Scope
This document describes the high-level parameters for the Booster Dampers.

[bookmark: _Toc21088129]Acronyms

	FRS
	Functional Requirements Specification

	GRD
	Global Requirements Document

	L2
	WBS Level 2 System

	L3
	WBS Level 3 System

	PIP-II
	Proton Improvement Plan II Project

	PRD
	Physics Requirements Document

	RF
	Radio Frequency

	TRS
	Technical Requirements Specification


[bookmark: _Toc509474831][bookmark: _Toc510692259][bookmark: _Toc514850530]
[bookmark: _Toc21088130]Requirements
This document describes the physics requirements for the Booster dampers:
[bookmark: _Toc21088131]Physics requirements for the Booster Longitudinal Dampers

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 [3]. 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. 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 4‑1.

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. An available cavity that meets the damper specifications is shown in Figure 4-2. A new damper board and a new RF amplifier will be needed. 

Note: the impedance that causes the coupled bunch modes centered around 65 MHz has the same magnitude as the impedance that causes the coupled bunch modes centered around 80 MHz. Thus, a 3.5 kW amplifier which is used to drive the 80 MHz damper cavity will provide enough voltage for damping. 

For the mode 2 instability, there are two options: (a) a dedicated cavity will be built with new electronics and a new amplifier (b) Phase modulating the present accelerating RF cavities with new electronics.
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[bookmark: _Ref19174615][bookmark: _Hlk16684670]Figure 4‑1.  Schematic of the current Booster longitudinal damping system
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Figure 4‑2.  Booster 65 MHz resonance cavity  


[bookmark: _Toc21088132]Physics requirements for the Booster Transverse Dampers

Currently, Booster is equipped with a bunch by bunch digital transverse damper system able to damp transverse dipole oscillations. An overview of the current Booster damper system is shown in Figure 4‑3. The current damper system is not effective in damping the Booster transverse instabilities early in the cycle [5],[6]. The Booster is currently operated with large chromaticity to stabilize the transverse head tail modes. The large chromaticity increases the tune spread and creates losses. In order to be able to damp the instabilities in the early Booster cycle and to reduce the chromaticity, we plan to upgrade the current damper system with new higher bandwidth (400 MHz) stripline kickers, a new broad band amplifier (2 kW) and a new damper board.
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[bookmark: _Ref19174789]Figure 4‑2. Schematic of the current Booster transverse damper system
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