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[bookmark: _Toc366226617]Introduction
The measurement of transverse positions and bunch phases in the PXIE [1] beam line are performed with the Beam Position Monitor (BPM) system. This specification describes functional performance requirements for the initial stage PXIE BPM system, which can be realized in the least expensive way using already existing components. 
[bookmark: _Toc366226618]Scope
The PXIE BPM system will need to operate under a variety of operating conditions. This specification defines the beam parameters and the nominal beam modes set by chopping in LEBT and MEBT at the initial stages of the PXIE program. Partly, these parameters are determined by the present choice of the LEBT kicker driver. 
This specification only establishes the BPM performance functional requirements and does not specify other requirements such as mechanical constraints. Also, discussion of possible further improvements (i.e. addition of other measurement modes) is not included. 
[bookmark: _Toc366226619]Key Assumptions, Interfaces and Constraints
[bookmark: _Toc366226620]MEBT Beam Parameters
Typical PXIE beam parameters relevant for BPM measurements are listed in Table 1.
Table 1.  Typical beam parameters
	Ion type
	H-

	Beam energy
	2.1 – 25 MeV

	Particles per bunch, nominal (range)
	2x108 
(0.2x108 – 4x108)

	Maximum rms beam size, X/Y
	4 / 4 mm  

	Maximum rms bunch length in MEBT
	15º of 162.5 MHz

	Maximum rms bunch length in SC cryomodules
	6º of RF frequency

	Bunch/RF frequency in MEBT & HWR
	162.5 MHz CW

	RF frequency in SSR1 
	325 MHz CW

	Accelerating phase in SC cryomodules (counted from the on-crest acceleration)
	15 - 30º 


[bookmark: _Toc366226621]Measurement modes 
There are three modes that need to be supported by the BPM measurements at the initial stage. 
[bookmark: _Toc366226622]Pulsed, one trajectory
Applicable to (1) the BPMs upstream of the MEBT chopper and to (2) all BPMs when the MEBT kicker is off. It is the main mode for commissioning and optics measurements.
· Bunch train duration: 1 s to the repetition time (CW)
· Bunch train repetition rate: 60 Hz, phase locked to power line
· All 162.5 MHz buckets are filled, single-beam trajectory

[bookmark: _Toc366226623][bookmark: _GoBack]Two trajectories
Only occurs in 4 BPMs in the MEBT chopper region when the MEBT kicker is on. It is the mode for commissioning the MEBT chopper.
· Bunch train duration: 1 s to the repetition time (CW)
· Bunch train repetition rate: 60 Hz, phase locked to power line
· All 162.5 MHz buckets are filled, but Y position of neighboring bunches can differ by up to 10 mm
· Micro-period*: 5 – 500 RF 162.5MHz buckets (~0.03 - 3 s) 
· Bunch train can include arbitrary number of  repeated micro-periods. 
* Micro-period: a period within the bunch train. The bunch pattern can be characterized  by variation in trajectories or/and bunch filling.
[bookmark: _Toc366226624]Repetitive structure
Only occurs after MEBT chopper when the MEBT chopper is on. It is the mode for long – term and high- power tests. 
· Bunch train duration: continuous
· Only some of 162.5 MHz buckets filled; all bunches have the same intensity
· All bunches have the same trajectory 
· Micro-period: 5 – 500 RF 162.5MHz buckets (~0.03 - 3 s) with at least 20% beam occupancy. 
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The BPM system is aimed to provide beam transverse position, phase, and intensity measurements. This section describes the performance requirements of the BPM system. The requirements are listed for relative accuracy (in the tables, “accuracy” for briefness) and precision, which is interpreted as an rms statistical deviation of the parameter reported in a single measurement from its average. 
For position, the relative accuracy indicates the allowable deviation, at large averaging, of linearity between the reported and actual beam positions over ±5 mm range. The system should be able to subtract in software an absolute offset of BPM pickups and electronics up to 1mm. 
For phase, the relative accuracy indicates the allowable deviation of linearity between the reported and actual beam phases, at large averaging, over ±5º. 
For intensity, the relative accuracy indicates the allowable deviation between different BPM channels processing the same signal. The reason for the requirement is the intention to use BPMs in beam loss studies.
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The BPM front-end electronics continuously generates position, phase and intensity values at 60 Hz. These measurements can be processed while reporting at lower frequencies to improve precision. The reporting frequency is 1, 15, or 60 Hz. 
Precision in the table is specified for either long pulses (≥ 10 s) or averaging over shorter pulses so that total beam time is ≥ 10 s. 
	
	Accuracy
	Precision

	Position, m
	10
	30

	Phase, degrees of 162.5 MHz
	0.05

	0.2

	Relative intensity, %
	1
	3


[bookmark: _Toc366226627]Repetitive structure
The BPM front-end electronics continuously generates position, phase and intensity values at 60 Hz. These measurements can be processed while reporting at lower frequencies to improve precision. The report frequency is 1, 15, or 60 Hz. 
Information from all bunches observed between 60Hz reporting points can be used. 
	
	Accuracy
	Precision

	Position, m
	100
	100

	Phase, degrees of 162.5 MHz
	1

	1

	Relative intensity, %
	1
	1


[bookmark: _Toc366226628]Pulsed, two trajectories
The BPM system reports positions and intensities of individual bunches in a snapshot mode in 4 BPMs in the MEBT chopper region over a single beam pulse. 
· This mode provides transverse position and intensity values for 16 K bunches (~100 s total time)
· Measurement rate: 0.2 Hz; one BPM at a time
	
	Accuracy
	Precision

	Position, m
	100
	300

	Relative intensity, %
	1
	3
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