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Abstract substantial gaps to allow for the rigedfall of injection

: and extraction kickers. The large current can resutaid
We report progress on the designtioé RF systems for growth of single-bunchand coupled-bunchinstabilities,

the Next LinearCollider (NLCPamping Rings [1]. The and the RF cavities may be a dominant part of the

714M.HZ R.F system is a critical component .Of th'i:"mpedance driving these instabilities. Transients in the RF
damping ring complex,and must provide flexible

operation with high-power systems generating 1.5 MV i\ﬁoltagewaveform experienced bybunches along a train

the main damping ringand 2 MV in the positronpre- may result in phaserrors inthe extractedbeam, which

o . propagateinto energy errors inthe bunchcompressors
dampingring. Averagebeam currentg@re approximately following the damping rinas
750 mA, and bunch trains are rapidly injected and 9 ping rings.
extracted. A cavity design incorporatihggher-order-mode

: N X Table 1: NLC Damping Rings Parameters
(HOM) damping schemes to minimize beampedance ping Ring

and maximize current thresholds foicoupled-bunch Pre-damping  Main
instabilities will be presented. Cavity construction ring damping
techniguesare designed toeducecosts while providing a rings
reliable system withexcellent performance. DescriptionsEnergy (GeV) 19-21 19-21
of feedbacksystemsrequirementswill be presentedwith  ~ircumference (m) 214 297
particularattention to the klystromandwidth requirement ,
for feedback against transient beam loading. Flextale ~Bunch spacing (ns) 2.8 2.8
level controls and feedback loops will be described. Fill pattern 2 trains 95 3 trains 95
bunches bunches
1 OUTLINE OF DAMPING RING RF 2 gaps 100 ns 3 gaps 68 ns
PARAMETERS Damping time (ms) <521 <521
The design of the NLC damping rings idescribed Nma/bunch 1.9x18 1.6x10°
elsewhere[1], here we present theparametersmost Current (mA) 800 750
relevant to the choices of RF systems designs. Table]nl : )
. 7 . Jected emittance X/Y < 9x10 < 150x1¢°
lists p_arar_neters fothe pre-dampingring and the main (m-rad) (normalized) (edge) (rms)
damping rings. _ S Extracted emittance X/Y < 1x10* < 3x10°/
Synchrotron radiation loss in the main ringsd@minated (m-rad) (rms, normalized) 0.03x10F
by the damping wigglerand requiresapproximately 600 RF voltage (MV) 2 1.5
kW of RF powerand anadditional125 kW isneeded to Momentum compaction 0.0051 0.00066

provide the peakvoltage. We have chosen to base our
design on a 1 MW klystron to alloadequateverhead for Energy spread (%) 0.09 0.09
operation of feedback and feedforward systems. Bunch length (mm) 8.4 3.8
Based onrecent experiencérom PEP-II B-factory RF
systems, we propose to use conventiarggdper cavity
design and similar technology for the NLC dampiimgps.
To obtain the required voltage, with a reasonable
dissipated power density ithe cavity, three cavitiewill
be used inthe main damping ringsand four in the
positron pre-damping ring.

The RF systemslesign is drivenmostly by thelarge
beam current. The beam @ranged inbunch trains with

A flexible low-level system including variouteedback
and feedforwardoops, controlsand protection interlocks
will be provided.The system will belesigned to provide
cavity voltageand beam phase control, minimize the
effects oftransient beam loadin@nd to provide ease of
monitoring of RF systemperformancewnith a minimum
of complexity.

" Work supported by the U.Separtment of Energy under Contract
Nos. DE-AC0376SF00098 (LBNL), DE-AC03-76SF00515 (SLAC), W
7405-ENG-48 (LLNL).

* email jncorlett@lbl.gov

0-7803-5573-3/99/$10.00@1999 | EEE. 800



Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

To avoid coupled-bunch instabilities driven by the cavities 2 MW high-voltage power supply with SCRoltage

wherepossible,andallow control ofresidualoscillations control and solid-state crowbar based orhe successful

by coupled-bunclieedbacksystems, we propose wamp PEP-II design is proposed. Voltage ripple on fusver

the cavityhigher-order-mode@HOM'’s) using waveguides supply will be filtered to 0.1% or less.

attached to the cavity in a manrsémilar to thatused in Klystron bandwidth of up to 10MHz is presently being

the PEP-II B-factory cavities [2]. considered, tallow feedforwardcontrol of cavity voltage

and phase during the bunch train gap transient. The

Table 2: NLC Main Damping Rings RF Parameters increase in bandwidthesults in a highperveance and

reduces the efficiency of the klystron.

RF Frequency 714 MHz A network of WR1500waveguideconnects the high-
Harmonic Number 708 power components, with the circulator, hybrid, anagic-
Usr. 750 kev/tumn T splitters tgrminated in _1 MWaveguideloads. Cavities
are placed inthe beamline 4.75 wavelengths apart, to

UHOM's 5.6 keV/turn directcommonmode reflectecbower into the loads, and
Uparasitic 36 keV/turn fine adjustment of the phase betwamvities is obtained
VRE 15 MV with the use of waveguide bellows.
Cavity Wall Dissipation 42 kWi/cavity
Klystron Power 1 MW 3 LOW-LEVEL SYSTEMS
Shunt Impedance 3.0 MQ/cavity
Unloaded Q 25500
Coupling Factor 5.8
Synchronous Phase Angle 32°
Synchrotron Frequency 6.9 kHz
Energy acceptance 8 %

2 HIGH POWER SYSTEMS
Figure 1 shows a schematic of the RF system layout

the main dampingings, a similar layout iproposed for

the positronpre-dampingring but with an additional Figure 2: Block diagram of low-level RF systems
cavity and modified power split to feed four cavities.

A single Klystron, protected from reverse power by a higit modularLLRF system isplanned based itthe PEP-II
power circulator,feeds a2:1 waveguide hybrid power System [3]. The RFhardwarewill reside in asingle VXI
divider. The greatepart of thepower is furthersplit in a crate and interfface to a family of commercial
waveguidemagic-T (which provides additionasolation Programmable logic controller (PLC) modules handle
and protection for the Klystron),and then feeds two Slow interlocksand tuner stepper motor control. The

cavities in the ring. The third cavity fed from the low Pulsed aspect of the ring operation will sepported by
power arm of the power divider. connecting several machine timing system triggers to VXI

interrupts, allowingsoftware to launctany time critical

tasks related to injection, store or extraction.

Many RF vectors throughout the system will be

monitored with digital 1Qdetectors. The bandwidth of

each channel will need to be sufficientdetectthe desired

signal in the pulsed environment of the dampmp.

Diode basedanalogdetectorswill provide hardwired RF

interlocks with programmable trip levelnd response

times.

The system will perform the following functions:

1. Station voltageand phase control withsoftware

feedback loops.

2. Interlock functions by a combination of fast RF

hardware and PLC protection.

Figure 1: Main damping rings RF systems layout 3. Tuner control in the pulsed environment tiggered
software loops.
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4. Direct RFfeedbackwill be implemented inbaseboard
electronics.

5. A baseboardhetwork analyzersimilar to the PEP-II
design will be included.

6. Precise measuremeand control of the mearbunch
phase for next train to be extracted bgeglicatectetection
module with a DSP.

7. Feed forwarddamping of the cavity phaségap)
transientcaused bythe empty buckets with aadaptive
algorithm driving a wideband klystron.

The gap transient is a critical parameter sinceffitcts the
energy spread inthe main linacs. Early resultfom
simulations show that a 4.8legreetransient can be
reduced to+/- 0.05 degreeswith a klystron bandwidth of
10 MHz. Other options taleal with the gap transient
issue are being investigated. One method ishiEnge the
frequency of the RF system such that the bunches will
properly spaced for injection in to the linac. Thgproach
introduces additionatonstraints to the timingscheme.

Another possibility is toreducebeam loading transients -

by use of a low R/Q cavity or a high stored energy device _—
4 RF CAVITY DESIGN o ' —

An extensive R&D program has been initiateddavelop i

a high-power spectrally pure cavity for the Nidamping i

rings. We propose a copper structure, with HQ&mping

accomplished by three waveguide loads attached to tH

cavity shell. Lossydielectric materials in thewaveguides
absorb the higher-order-modepower. Input power is
coupled tothe cavity from the WR1500waveguide
through a ridged iris aperture.

To reduce the broadband transverse impedance,
beampipeaperture atthe cavity isincreasedfrom the
nominal 1.6 cmdiameter by a factor ofpproximately
two. Tapers connecthe larger cavity aperture to the
adjacentvacuum chamber at ttends ofthe RF section;
the larger diameter is continued betweka cavities. This
allows a reduction in transversdoss factor while
maintaining a high shurimpedancefor the fundamental
mode.

Over 200 modesare expected to be trappéelow the
beampipe cut-offrequency(the highestdipole mode cut-
off frequency is5.9 GHz), and the dampingwaveguides

the

along the length of thguide to provide a goonhatch to
the waveguide modesnd power density commensurate
with the heat flow through tilebrazed to avater cooled
copper plate.

The maximumdissipated power density icavitiesscaled
from PEP-Il design is 72 Wcry comparablewith the
PEP-II operating power density of up to 67 Wcnwe
have designed ridgedvaveguide apertures teeduce the
associatedheating from RF currentgrowding at the
waveguide coupling apertures in the cavity. The
intersecting surfaces are designedith large radii to
decrease power density. Figure 3 shows ahree-
dimensional desigmrawing for a half-cavity shell with
short damping waveguides attached. Toreduce
manufacturing costs we propose to form ttended radii
on the cavityaperturesusing a plungeelectric-discharge
method.

&

\

Figure 3: 3-D engineering sketch of half-cavity showing
ridged damping waveguides, beampipe, and nose cones.

-

Cooling of the cavity will beaccomplished by water flow
through channels cut in the outer wall of the cavity shell
and covered with an electroplated copper layer [4].

Other design considerations for the cavity maydasd in

[5].
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