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1.0 Introduction 
The Linac Coherent Light Source (LCLS) project at the Stanford Linear Accelerator 
Center (SLAC) is intended to create a free electron laser source of 1.5 Å x-ray pulses of 
unprecedented brightness and short time duration. 
 
The LCLS requires two kicker magnets.  BXKIK is a horizontal kick into a beam 
diagnostic in the linac, and BYKIK is a beam abort kicker just upstream from the 
Undulator.  Their design is similar to the SLAC SLC single beam dumper magnets.  They 
are air core coils pulsed constantly by a single cycle sine wave that does not deflect the 
beam in the 'off' portion of the wave.    When it is desired to deflect the electron beam, 
the phase of the rectified power is shifted by 90 degrees so the magnet is energized when 
the beam passes; this can be done at up to 120 Hz. 
 
Further information about the LCLS can be found at: http://www-
ssrl.slac.stanford.edu/lcls/.  The physics requirements for these magnets are presented in 
LCLS Physics Requirements Document (PRD) 1.3-015 (BXKIK) and 1.3-014 (BYKIK). 
 
 1.1 General  
All communications concerning this specification shall be in English. Measurements and 
dimensions on drawings shall be in inch units, and may in addition be in metric units. 

1.2  Scope  
This document describes the technical details of a proposed fabrication order for the 
construction of the LCLS kicker magnet coils.  The major portion of the kicker magnet 
system is the power supply, which is being designed and prototyped by Antonio DeLira 
of the SLAC power conversion group.  It will be described in separate documents.   
 
1.3 Deliverables 
The magnet assemblies comprise the following components. 
 
• Magnet coils 
• Armature to hold coils onto beampipe  
• Alignment fiducials 
• Safety covers 
• Water cooling connections for BYKIK. 
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It is expected that the coils will be built in-house at SLAC.  The basic physics parameters 
are given in Table 1: 
 
 
Specification BXKIK BYKIK units 
maximum beam energy 5.0 17 GeV 
max field integral required 0.05 1.0 kG-m 
maximum allowable magnet length  1.0 2 x 1  m 
Allowable RMS current density 1.5 10-15 A/mm2 
Maximum trigger rate  120 120 Hz 
Field repeatability from pulse to pulse  <0.5 <1.0 % 
Minimum beam stay-clear diameter in magnet 25 25 mm 

Table 1:   Physics parameters for BXKIK and BYKIK. 
 
 
 
 
2.0  Design 

2.1  Concept 
Both of these coils involve straight conductors in an approximate cosine distribution 
around the beampipe, with saddles at the ends that take the conductor around the 
beampipe.  The useful magnetic fields and the inductance comes from the straight 
portions of the conductors. 
 
Antonio deLira of the SLAC Power Conversions Group is building a prototype power 
supply for BXKIK and BYKIK, and using an SLC dumper coil to test the system.  We 
are basing the design around the notion of using a ceramic beampipe of 30 mm OD, 
which will have metal or TiN deposited on the ID.  This coating is not necessary to avoid 
wakefield effects, according to calculations by Ju Hao Wu, but it is required to avoid 
charging effects on the insulating ceramic.  Ju Hao is presently doing calculations of the 
expected heating effects if we were to use stainless steel beampipe; if air cooling would 
suffice, we might not need ceramic beampipes. 
 
We propose to use identical one-meter coils for both magnets, for simplicity of 
fabrication, and to reduce the length of the ceramic beampipe.  BXKIK can be air cooled 
because it has very low current density, but BYKIK needs to be water cooled. 
 
Both BXKIK and BYKIK will be wound on the same coil form and will use identical 
conductor.  BXKIK and BYKIK will use 0.255" hollow conductor with a 0.125" diameter 
water cooling channel. The cooling channel for BXKIK will be plugged and unused. 
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Each rectangle represents two conductors, with parallel currents.  The currents on the left 
are equal and opposite to those on the right. The sextupole content is quite sensitive to the 
azimuthal position of the conductors. The conductors have an inner diameter of 1.5" = 
38.1 mm, and the conductors at an angle are at 45 degrees and are centered on radii from 
the beam axis. Centerline axis of angled conductors are to be coincident to the center axis 
of the beam pipe. 
 
 
For water cooling calculations, it was assumed that there would be two parallel circuits, 
one for each half of the coils.  BYKIKwill comprise 8 full lengths in each half, with one 
half above and one half below the midplane.  The electrical current will be run in series 
through all coils. 
 
 
2.2  Specifications 
The basic engineering specifications  are shown in Table 2.  A RADIA model of  these 
kickers was written, and these calculations used the following parameters in order to meet 
the specifications in Table 1. 
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Parameter  BXKIK BYKIK units 
magnet overall length 1000 2 x 1000 mm 
Nominal peak field 49 406 G 
Nominal peak current 46 380 A 
Maximum RMS Current 21 173 A 
Maximum Peak Current 60 500 A 
rms current 18.7 134.35 A 
estimated magnet inductance (Tanabe) 3.3 3.3 mH/m 
conductor cross sectional dimensions 0.255" square 

w/ 0.125" hole 
0.255" square 
w/ 0.125" hole 

 

cooling air water  
RMS current density in copper 0.826 3.95 A/mm2 
sextupole field calculated in model at 
radius, r = 10 mm, relative to dipole field 

2.15 1.6 % 

decapole field calculated in model at 
radius, r = 10 mm, relative to dipole field 

1.32 0.71 % 

total conductor length - approximate 16 32 m 
total resistance 13 17.5 mΩ 
model calc. total voltage drop 0.25 2.36 V 
total power dissipation for both coils 4.65 317 W 
water pressure drop/circuit (2 circuits) N/A 30 psi 
water temperature rise (2 circuits) N/A 3.36 oK 
water flow (each of two circuits) N/A 0.17 gpm 

Table 2:  Engineering parameters for BXKIK and BYKIK. 
 
2.3  Materials 
Because these coils are pulsed constantly, they will tend to vibrate and this will cause 
noise and metal fatigue.  Therefore, the coils will be embedded in a suitable non-
conducting material, preferably an alumina loaded potting epoxy; the alumina loading 
can be the SLAC standard mix.   The armature will be made in two parts, an upper and 
lower half, so it can be split and assembled around the beampipe; the coils will be thus 
mounted onto the beampipe, with no additional supports.   
 
The main coils shall be built with water-cooled copper conductors that are connected in 
series electrically; the water cooling channels will be connected in parallel.   
 
All conductors shall be of OFE copper alloy 102 with conductivity 100% of the 
International Annealed Copper Standard.  The material shall be bright annealed per 
ASTM B188, with dead soft temper, and free of surface defects.  The conductivity of 
each sample is to be measured and recorded.  Entire length of conductor is to be eddy 
current tested.  Certification of hardness, grain size, tensile strength, elongation and 
chemical analysis is to be obtained and recorded. 
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SLAC prefers the use of Multi-Contact® connectors for high power applications.    Two-
hole flag type connections may also be used; the holes should be 1/2" diameter and 
should be spaced 1.75" apart. 
 
SLAC requires Parker JIC 37o male flare fittings be brazed to all water cooled 
conductors; the procedure for this and the fitting selection must be approved by SLAC. 
 
The main coil terminals shall be fitted with a removable cover or covers that prevents 
contact with exposed magnet and power supply conductors, including swaged hose 
fittings that extend 3" above the end of the water connection.   These covers shall meet 
the specifications given in Appendix 1, below. To meet SLAC safety requirements, the 
cover must be designed so that it has to be removed with tools in order to release cable 
connectors.   

Any exposed conductors must be wrapped with insulating material (insulator + epoxy)  
so they are safe electrically. 
 
The two halves of the coils can be bolted together with 300 series stainless steel bolts – 
1/4" should be adequate. 
 
Each water return on BXKIK and BYKIK shall be fitted with a thermal interlock switch 
(85°C), normally closed, that is mounted to the conductor with low thermal resistance.    
SLAC recommends Elmwood switches, e.g. p/n 3100-3-381-L175.  The thermal switch 
connection may be made by a terminal block, for example Marathon 670A-4 type, with 
Marathon CB-104D type safety covers; equivalent products from other manufacturers are 
acceptable. 
 
The cable connection will be Universal Teminal Block/Terminal UK35 (3008012). These 
will be supplied by Power Conversion Department. 
 
2.6  Tooling Balls 
Four standard SLAC tooling ball sockets mounted on fixtures that are embedded into the 
epoxy at the time of potting, or fitted into the epoxy armature by machining. 
 
3.0 Safety 
Any hazardous materials involved in the fabrication of the magnet must be used with 
appropriate precautions, and an MSDS for any such materials must be included in the 
documentation for the magnets. 
 
If the coil + armature halves weigh more than 50 pounds, they shall be fitted with a lifting 
eye rated at 5 times the weight of the magnet, and a document shall be supplied showing 
the specification of the lifting eye.    The lifting eye can be ferromagnetic, as it may be 
removed in operation. 
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4.0 Magnetic Tolerances and Measurements. 

A thorough test plan will be written for the testing procedure.  The main magnet array is 
required to meet the following field quality tolerances: 
 

specification symbol BXKIK BYKIK unit 

Max. quadrupole (n = 1) field at r = 10 mm |b1/b0|  2 1 %  

Max. sextupole (n = 2) field at r = 10 mm  |b2/b0|  8 6 %  

Max. decapole (n = 4) field at r = 10 mm  |b4/b0|  24 20 %  

Table 3:  Magnetic tolerance specifications. 
 
Using a rotating coil of 20-mm diameter (r = 10 mm), the integrated multipole fields 
shall be measured up to decapole (10-pole). The rotating coil must be shown to be 
accurate to within 1% at the fundamental, using a calibration standard.   
 
5.0 Installation 
Using the tooling balls, whose positions are known with regard to the central axis of the 
coils, the following tolerances should be achieved in the alignment of the magnet on 
installation.  Since the coils will be clamped to the vacuum chamber, horizontal and 
vertical alignment, and pitch and yaw alignment must be done by moving the vacuum 
chamber, which is assumed to have bellows on both ends. 
 

tolerance  symbol BXKIK BYKIK unit 
Horizontal alignment tolerance  |∆x| 1 1 mm 

Vertical alignment tolerance  |∆y| 1 1 mm 
Longitudinal alignment tolerance  |∆s| 5 5 mm 
Roll alignment tolerance  |∆φ| 10 10 mrad 

Pitch and yaw alignment tolerance |∆θ|, |∆ψ| 8 2 mrad 
 

Table 4:  Alignment tolerance specifications. 
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Appendix 1:  Magnet Terminal Cover Guidelines: SLAC-I-730-0A11S-003-R000 

Purpose 

The purpose of magnet terminal covers is to prevent accidental or inadvertent 

contact with exposed live electrical parts.l  The following recommended 

guidelines are for designing safe terminal covers for exposed live parts. 

Requirements for covering live parts are described by DOE, OSHA, NFPA, 

ANSI, NEMA, UL, and SLAC documents. See references for specific details. 

Applicability 

When the terminal voltage is over 50 volts DC, or over 50 volts ACrms, or the 

terminal has over 10 joules of stored energy, then either the terminal needs to be 

covered and the appropriate voltage sticker attached, or the terminal energy 

source must be interlocked to the PPS electrical hazard circuitry .2 

Recommended guidelines 

a. Conductive covers must be grounded and have a 1/2 inch separation 

or more between the live part and the cover where the voltage does 

not exceed 250V. This spacing shall be increased to at least 1" for 

voltages 251 to 600 volts, nominal. 3 For voltages above 600V, see 

NEC article 710-33. (See Figure 1.) Non-conductive covers must have 

at least the equivalent insulation to the conductors/ of the maximum 

operating voltage up to 600 volts. Conductive covers are required 

above 600 volts.4 

b. Any unused gap or hole in the cover shall be no greater than an 1/2 

inch. This includes gaps between conductors and covers. If the 

distance between the opening and the nearest live part is more than 4 

inches, a gap shall be no greater than 3/4". Use Rod test as described in 

NEMA 250-6.2.1.25. (See Figure 2.) 

c.  A WARNING - Electrical Hazard and/or WARNING - High Voltage 

sticker must be attached to the cover as appropriate.6 
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d.  The preferred cover-material is conductive and non-combustible. 

Conductive covers must be grounded locally. Class 1 or Class A 

combustible material such as fire retardant - wood, polymer, or 

equivalent material may be used after review by the fire protection 

engineer.7 

e.  Temporary covers, installed for 6 months or less, must have at least the 

mechanical strength and electrical insulating properties equivalent to 

the insulator of the conductor8. For example, properly installed rubber 

roll and tape may be used with approval of the Accelerator Department 

Safety Officer (ADSO) or SSRL Safety Officer. 

f.  A sufficient number of fasteners must be used to mechanically secure 

the cover in place.9 

g.  New or retrofitted covers must be inspected by the ADSO or SSRL 

Safety Officer before circuit operation.  

h.  Significant variations from the above guidelines must be approved by 

the Laboratory Director (the SLAC Authority Having Jurisdiction 

(AHJ)) with advice from the Electrical Safety Committee. 
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1   NFPA —National Fire Protection Association: National Electrical Code (NEC), article 110-17. 
2  SLAC — Stanford Linear Accelerator Center: Operational Safety Policy(OSHA Electrical 

Hazards Related to Electromagnets in Accelerator Areas, section V - C. 
3   NFPA—NEC, article 373-11 (a)(3). 
4   OSHA — 29CFR1910.303(h)(2)(ii).   
5   NEMA — National Electrical Manufactures Association: Standard 250 Enclosures for Electrical 

Equipment (1000 Volts Max.), section 6.2.1.2. 
6   OSHA —29CFR,1910.14S(f)(7). 
7   DOE — Department of Energy: DOE Order 5480.7A Fire Protection, section 9-3. 
8   OSHA — 29CFR1910.303(b)(l)(ii)&(iii). 
9   SLAC – ES&H Manual chapter 8-7.3 


