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Abstract
A beam diagnostic tool to modify single bunch orbits in 2 MAGNET TECHNOLOGY OPTIONS

all four quadrants is proposed for measuring various  \/arious magnet technologies were considered to
machine physics parameters at the Advanced Liglteet the requirements for the pinger application. C-
Source (ALS). QuqspTraveImg Wave pinger magnets, agnets and window-frame magnets were considered and
were chosen to provide programmable bipolar ho“zom%mpared. System topologies considered included
and vertical kicks of sufficient duration while providing|umped inductance, 1% underdamped series RLC
negligible deflection on subsequent beam revolutions ifayejing-wave, and quasi traveling-wave. In an effort to
the storage ring. ~This magnet technology, originallyyinimize system cost and complexity, it was desirable to
investigated at the SSCI[1], provides a cost-effectivgjiq each horizontal and veritcal kicker with a single 475

method of achieving the moderately fast pulsg,n magnet and to maintain operating voltages below 35
requirements of the pinger application. The design of thg, (single-gap thyratron).

pinger magnet and associated pulsed power drive unit
will be presented. Electrical response results of initidl.1 C- vs. Window-frame magnets
pinger magnet prototypes and ceramic beampipe coatir\%ﬁ

will be given. ndow-frame magnets, with a septum decoupling the

two halves of the magnet, are advantageous in reducing
1 INTRODUCTION thg ovgrall magnet inductance _vvhen the two halves are
driven in parallel. However, this magnet type becomes
An orthogonal set of horizontal and vertical fast kickegn integral part of the beam line once installed, since
magnets and their requisite pulse forming networksemoval of the magnet requires complete disassembly of
termed the “pinger" system, are currently beinghe magnet. C-magnets can be removed from the beam
constructed for installation in the ALS storage ring. Th@ne with a minimal effort by removing the return

pinger system was specifically designed to apply a sing@nductor plate and sliding the assembly away from the
one turn kick to an orbiting bunch in the storage ring. Thgeampipe.

kick is intended to provide an independently adjustable _ .
change in the single bunch’s transverse momenturh.2 System topology considerations

Following the kick, 1024 subsequent turns of ransver§g,mneq inductance magnets were considered first
bunch motion can be capt.ured by an existingecause of their relative simplicity. A peak operating
cwcurnfgrenhal array of 96 BPM's operating in the fas{/oltage of 35kV with a current peak of 2400A dictates a
acquisition data” mode. , __maximum driving impedance of Z8 An impedance of
Comparison of actual bunch motion orbits Withg 557 \as chosen to maintain charge voltages at 30kV
computer simulations should provide improved parametef,y till allow for operation 10% over specification. At
definition for the model and refine measurements is impedance level with a 600nH kicker magnet
critical machine parameters that should lead to improvqﬂductance, the time constant is 96ns, making any flattop
storage ring performance. The necessary parameters (0. hievable.
accomplish this task are shown in table | below. An underdamped RLC circuit, allowed to reverse
1% within the 650ns post-pulse oscillation period, was

Table I—Pinger Magnet System Parameters also considered. The condition for this case is

Horizontal Bdl Kick

+2.5-157.5 Gauss-m

Vertical Bdl Kick

+6.25-80 Gauss-m

Magnet Aperture

91mmx 91mm

Magnet Length 475mm V&H
Field Uniformity +5%
Pulse flattop duration >25ns

Post-pulse Oscillations

<+1% Bax after 650ns
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R=1.7(LCJ". Circuit simulations were run to determine
the system topology. The inductance and capacitance of
the cables connecting the magnet to the pulser were found
to have a profound effect on the circuit performance. A
solution was found which used &2able, but post-pulse
ringing in the cable was~5%, and thus deemed
unacceptable.

Traveling-wave magnets were investigated, and
could easily meet the system parameters. Their high
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manufacturing cost made them unattractive, so othe
alternatives were investigated. 4800 440n 440n 3405, |20

Quasi traveling-wave magnets, consisting of a| " [ PR PP
lumped ferrite magnet with shunt capacitors placed along F86m Y PV 4465 TA558] wanm100a
its length, approximates a transmission line, and thu e Ple PR PRTT Mdea T
should produce a moderately fast risetime with minimal enm wane anm T e
reflections. The magnet topology is shown in Figure 1. ®15p  pisp e wvisp P
The risetime is limited by some percentage of the magneg ]
inductance (which is a function of the number of discrete Lo Lio" Lot sl
capacitors incorporated) which the forward-going pulse 130n, 6.25 ohms -
initially sees upon arrival at the magnet. gf,ﬁzo&

| = R=lo.
Cable feeds < 200"% =_ 200m % 1 200n %Bﬂ
N 500 T2.6n 500 12,53,, 6.25 T

Figure 2—Pinger System Schematic used in Circuit
Simulations

Capacit::“te \( ' The inclusion of a resistively-coated ceramic
beampipe is necessary to carry beam return currents in a

A g low-impedance configuration. The high resistivities

required for magnetic field diffusion into the beampipe
result in moderate power dissipation generated by the
Metal frame  Deam image currents. The penetration time constant,

Busbar given byt =2ra/R ns, where a is the pipe radius in cm

Busbar insulator and R is the surface resistivit@/d), must be much less
Ceramic beampipe than the risetime of the external magnetic field[2].

The permitted 5% variation in field over the
Figure 1—Quasi Traveling-Wave Pinger Magneduration of the flattop of the pulse permitted the use of a

Geometry. Load not shown for clarity. pulse-forming network for driving the magnetic field.
The ability to “float” the PFN also allowed for a
3 PINGER SYSTEM DESIGN relatively low inductance output structure, an important

ature to achieve sub-100ns risetimes at ®@.25

Design of the pinger system is closely coupled to th
g ping y y P impedance. Bipolar operation is achieved through the use

design of the magnet. The initial inductance seen by tf! i . 4
forward-going wave as it arrives at the magnet affects t two identical P.FNS connected to the same switch. The
riseime of the/Bdl signal and subsequent post-pulsémum'zed PFN is shorted and connected to ground,
reflections. These effects influence the choice of numbgllereby referencing the anode or cathode of the_ thyra_tron
of stages in the quasi traveling-wave magnet, the Ieng‘ﬂ ground. The PFN outputs are connected, via a high-

of the cable isolating the pulser from magnet and th\éoltagg qust?m SPST switch on fa &xSstripline
pulse-forming network (PFN) topology. transmission line, to a common set of output connectors.

The forward-going wave, upon arriving at theCabIes then feed into one of twenetwork high-voltage

magnet, is partially reflected back toward the pulser b@trip_line attenua}tors. Use of the_se attenuators a_llows_for
the initial magnet inductance. After transiting througﬁ’ert'cal and hor|zontal low and high range operation with

the cable and PFN, the reflected energy is thetlli'e same pulser units. )

transformed into/Bdl signal following the main pulse. Thg remote co_nnectlon to the ALS computer cor_1tro|

To first-order, the sum of the two-way transit timesSystem is accomplished through the standard Intelligent

through the magnet to pulser cable and PFN is equal lr8cal Controller (ILC)[3] module_. The module is :
the bunch transit time in the ring minus the risetime o_onnecte_d t(_) the control system via §tandard 422 serial
[BdI (the duration of the reflected pulse). To maintai |ber. optic link. A” analog and d|g|ta'l .controls and
post-pulse levels below 1% in the pinger application, thigm'_mor,S are provided by the ”‘C" All digital and +2,4V
resulted in a three section magnet with 120ns and 100f3aN signals to and from the pinger are also optically
one-way cable and PFN transit-times, respectively, in tH@OIated from the ILC.

optimized system. Figure 2 shows the systerB Basic' trigger timin'g (Storage R’.ing' Orbit Qlock) yvill
schematically e transmitted to the pinger racks via fiber optics. Trigger

delay control will be provided by a commercial timing
delay generator controlled through an IEEE interface to
the ILC.
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4 PROTOTYPE RESULTS 4.2 Beampipe coating and penetration measurements

To verify the suitability of a quasi-traveling wave magnetrhe inside surface of the ceramic vacuum chamber
for the pinger application, a prototype magnet was buifi37mm length and 72mm dia.) was coated with
and tested. The prototype used Stackpole C11 NiZRermally sublimed titanium in a nominal vacuum of
ferrite, had an 88mr88mm aperture, and was 530mmex10° Torr. The coating process was driven to an
long. Ceramic doorknob capacitors were located equallgstimated center tube resistivity of @M. The actual
spaced at three locations on the structure. The Algngitudinal resistivity profile was parabolic in form.
kicker magnet test stand, an &B3ystem with 20ns Thus the average resistivity for the total tube was
risetimes, was used to drive the @2pinger magnet measured at 2(Z/C]. This value was chosen to minimize
through a 6dB attenuator/impedance-matchimgtwork.  excessive eddy current shielding effects of the fast rising
This prototype magnet was used to measure the electrigabons) magnet field and reduce the thermal heating of
response of quasi-traveling wave magnets and to quantifye tube from beam image currents. Calculations indicate
penetration time effects of resistively-coated beampipes.a maximum of 110 watts will be dissipated in the tube at
nominal storage ring energies and currents.

Magnetic field penetration measurements were
performed on the 6.5 magnet using the stripline B-dot
A 50Q stripline B-dot probe, 600mm long, wasprobe. Figure 4 shows the measured waveforms for
constructed to monitor the magnetic field in the magnevarious resistivity coatmg
The signal generated was then integrated using the '
digitizer integration package. The result for the prototype
magnet is shown in Figure 3.

4.1 Electrical response of prototype magnet

Mathi A00nYs 50, 0ns

Figure 4—fBdl for Various Resistivity Beampipe
FETOL NG T o Coatings. Beampipe 1.D. 60.3mm with a) infigt&]
@EE  so.onvs  100ns (1,=0), b) 1.940/0 (1,=9.8ns), ¢) 0.572/01 (1,=33.1ns),
Figure 3—Pinger Magnet Prototype Electrical Respons@nd d) 0.18(Q/0] (z,=105.2ns) coating resistivities.
Signals are a) direct B-dot signal and b) software
integratedBdl (pulse). REFERENCES
[1] D. Anderson and L. Schneider, “Design and Preliminary
The magnet produced aBdl risetime (10-90%) of Testing of the LEB Extraction Kicker Magnet at the SSC”,
120ns, with 53ns of flattop a&.5%. The calculated one- Proceedings of the 1993 Particle Accelerator Conference, May
way transit-time through the magnet of 107ns agrees wéf#93, pp.1354-6.
with the measured risetime minus the input pu|S£2] Peterson, J.M., “Requirements for Resistive Coating on
risetime. The poor falltime with the long “foot” is due togzrim'c Tulbes in Kicker Magnets3jngle Pass Collider Memo
the energy reflected off the magnet after returning fro 9 April 1981, . .
. ] Magyary, S. and et al, “The Advanced Light Source
th-e PFN. The peak value of the dB/dt S|gna_l agrees W%Bntrol System”, LBL-28412, LSEE-067.
with that expected for the calculated magnetic gain at the
measured dl/dt.
A higher impedance magnet structure was also
tested. This 8.33 magnet, with identical physical
dimensions, was also pulsed. The risetime was reduced
to 106ns, which agrees well with the 80ns one-way
transit-time through the magnet.  Other aperture size
magnets were also tested with predictable results.
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