ILC Damping Rings Component/Subsystem Specification

Part I – Classification Information

	Component Description:
	Pulsers for electron damping ring injection/extraction kicker

	Component Location (beamline):
	EDRI
	Lattice Version:
	OCS6, 2006-06-30

	Document Number:
	EDRI-INX-plsr-001
	Date:
	2006-08-22

	Prepared by:
	Tom Mattison (UBC)
	email:
	mattison@physics.ubc.ca

	Technical/Global System:
	Magnets
	
	

	Technical/Global System Contact:
	John Tompkins (FNAL)
	email:
	jct@fnal.gov

	DR Area System Contact:
	Mike Zisman (LBNL
	email:
	mszisman@lbl.gov


Part II – Main Parameters

	Parameter
	Value
	Reference

	Beam energy
	5 GeV
	[1]

	Injected normalized emittance
	45 μm
	[1]

	Maximum particle coordinate
	5σx
	[1]

	Acceptance, Ax,max
	0.001 m-rad
	[1]

	Minimum bunch spacing
	3 ns
	[2]

	Assumed stripline geometry factor
	0.7
	[3]

	Total required kicker amplitude
	1.5 kV-m
	[4]

	Stripline length
	20 cm
	[5]

	Kicker rise time
	< 1.67 ns
	[5]

	Kicker fall time
	< 1.67 ns
	[5]

	Kicker flat top
	2 ns
	[5]

	Total kick voltage amplitude
	7.5 kV
	[6]

	Module voltage
	10 kV
	[7]

	Number of modules required
	1
	

	Pulser voltage
	5 kV
	[8]

	Number of pulsers required
	2
	[9]

	Unit cost per pulser
	Public version: no costs information shown
	[8]


Part III – Other Parameters, Information, and Drawings
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Part IV – References

[1]
Baseline Configuration.  See also: A. Wolski, J. Gao, S. Guiducci (editors) “Configuration Studies and Recommendations for the ILC Damping Rings,” LBNL-59449, February 2006.


The acceptance is defined as the maximum value of Ax for any particle in the beam, where:
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where γ is the relativistic factor.  Note that the largest transverse coordinate of any particle in the beam at a location with zero dispersion is:
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The injected rms beam size is:
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Assuming that:
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then we have:
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[2]
Baseline Configuration, for 4346, 5658 or 5782 bunches (bunch populations 1.29×1010, 0.99×1010, 0.97×1010 respectively).  See H. Ehrlichmann, S. Guiducci, K. Kubo, M. Kuriki, A. Wolski, “Recommendations for ILC Configuration Satisfying Timing Constraints”, April 2006.  https://wiki.lepp.cornell.edu/ilc/bin/view/Public/DampingRings/WebHome
[3]
For striplines with cross-section forming arcs of a circle and subtending an angle of φ at the center of the circle, the geometry factor is:
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For φ = 90°, the geometry factor is k = 0.9.  A more conservative assumption, taking into account engineering constraints etc., would be k = 0.7.
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[4]
The deflection angle from the kickers is:
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where k is the geometry factor, V is the voltage between the striplines, g is the (full) gap between the striplines, L is the length of the striplines, and E is the beam energy.  The horizontal offset at the septum from the deflection θ at the kickers is:
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where R12 is the matrix element from the kicker to the septum, βx,k and βx,s are the beta functions at the kicker and at the septum respectively, and μks is the phase advance from the kicker to the septum.  If we assume (making no allowance for beam stay-clear or thickness of the septum blade):
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and that the minimum gap between the striplines (again making no allowance for beam stay-clear) is:
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and finally assume the optimum phase advance μks = 90°, then we find from equations (4)-(7):
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Using k = 0.7 [3], Ax,max = 0.001 m-rad [1], and E = 5 GeV [1], we find:
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Note that this required kicker amplitude makes no allowance for beam stay-clear at the kicker or septum, or for the thickness of the septum blade.

[5]
The stripline length adds to the width of the voltage pulse from the pulser to give a total effective pulse width.  Assuming a pulse rise time of τrise, an optimum flat-top of τflat = 2L/c (where L is the stripline length) and a fall time of τfall, the minimum bunch separation is:
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A stripline length of 20 cm allows a maximum 1.67 ns rise or fall time for 3 ns bunch separation.

[6]
Required total kicker voltage V = (VL)/L.

[7]
Assuming two pulsers per module, one providing +5 kV with respect to ground, the other providing –5 kV with respect to ground.
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[8]
FID GmbH, Carl-Benz-Strasse 28, Industriepark, 57299, Burbach, Germany.


http://www.fidtechnology.com/Products/fastpowergens.htm
[9]
Number of pulsers required per kicker.  Each ring requires one injection and one extraction kicker.  Here, we have assumed that the injection and extraction kickers are identical, and are driven by the size of the injected electron beam; and that the maximum particle coordinate is five times the rms beam size.  This allows zero margin for beam stay-clear, septum blade thickness etc.
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