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LWFA Micro-valve and Nozzle Requirements Definition Document

Science Requirement:

A valve and nozzle are required to create a variable density gas jet.  Pulsed lasers will ignite a plasma channel in the jet that will be used to explore a parameter regime for Laser Wake Field Acceleration (LWFA) research at LBNL.

Engineering Requirements Table

	Index
	Requirement

	Value
	Weighting Factor (1-5, lowest - highest)
	Requirement

Type
	Notes

	1.0
	Electron density 
	
	
	Functional
	Depending on working gas type, atmospheric density is commensurately lower.

	1.1
	Minimum density
	1017 /cm3
	2
	Functional
	

	1.2
	Nominal Density
	1018 /cm3
	5
	
	

	1.3
	Maximum density
	1021 /cm3
	3
	Functional
	

	2.0
	Density Gradient
	100 m
	4
	Functional
	At location of laser interaction (i.e. 1 mm from nozzle)

	3.0
	Density Fluctuation

	<5 %
	4
	Functional
	This is the fluctuation with respect to the nominal denisity, which may vary along the beam axis

	4.0
	Jet Length
	
	
	Functional
	

	4.1
	Min
	1 cm
	5
	
	

	4.2
	Max 
	10 cm
	2
	
	

	5.0
	Jet width
	
	
	Functional
	

	5.1
	Min
	100 m
	4
	
	

	5.2
	Max
	300 m
	5
	
	

	6.0
	Duration of gas jet pulse
	
	
	Functional
	Depends on pumping speed

	6.1
	Min
	10 s
	2
	
	

	6.2
	Max
	1 ms
	4
	
	

	7.0
	Gas Types
	
	
	Functional
	

	7.1
	He
	-
	5
	
	Currently using He

	7.2
	Ag
	-
	1
	
	

	8.0
	Shaped density profile
	yes
	5
	Functional
	Control injection and acceleration of gas/fluid along length of jet

	9.0
	Parametric control
	
	
	Functional
	Adjust valve and/or nozzle to change the jet

	9.1
	Multiple distributions with one system
	yes
	5
	
	No need to open up the vacuum system to swap out valve or nozzle hardware

	9.2
	Variability of density within jet
	100 %
	3
	
	Depends on linear spacing and the number of valves

	10.0
	Reliability
	20 %
	2
	Nonfunctional
	Relates to availability of system

	11.0
	Reproducibility
	90 %
	4
	Nonfunctional
	Enables precision

	12.0
	Rep Rate
	
	
	Functional
	

	12.1
	Min
	Single pulse
	5
	
	

	12.2
	Max
	10 Hz
	4
	
	

	13.0
	Max leak rate
	5 %
	2
	Nonfunctional
	Percentage integrated leakage constitutes of flow during jet pulse, depends on vacuum system

	14.0
	Interface Constraints
	
	
	Interface
	

	14.1
	Fit in existing vacuum chamber
	yes
	3
	Interface
	Building 71 I’OASIS facility

	14.2
	Vacuum operating regime
	1e-3 Torr
	3
	Interface
	Vacuum compatibility – relates to pumping capacity of chamber

	15.0
	Begin operation
	Summer 2003
	2
	Implementation
	

	16.0
	Total Cost
	$1 M
	1
	Implementation
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