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WIDEBAND RF SYSTEM FOR THE FERMILAB RECYCLER RING
J. E. Dey and D. W. Wildman, Fermilab, Batavia, IL

Abstract In addition, newly injected bearhas to becaptured,

) debunched, and@ombined with the beam fromearlier
A broadband RFsystem hasbeen built for the new (ansfers. For transfeisto the Main Injector, draction

Fermilab Recycler Ring. It is designed to both bunch agdl the cooled beam has to be isolased then bunched in
capture beam during transferand create multiple, 2.5 MHz RF buckets. Taccommodateall of these
moveable RFbarrierbuckets for azimuthal control of thebeam manipulations, wideband RFsystemcapable of
stored antiproton beam. Beam will be bunched and generating three independent sets of barrier [_2] RF buckets
captured using bursts of four RF cycles at 2.5 MHz. Thas been constructed. To maximize the barrier buarket
maximize bucket area, the multiple barrier buckets will g@r adglt;/etn azkljmutlhal ei(tent,l thbzlirrler b;Jc(:I;etst Slfe
generated by pairs of 2000 V bipolar square pulses (1 td®9Me€d Dytwo Dipoiar reclangularpulses oracjustable
ps in duration). The high level portion of the syster‘wldth andar_‘nplltude. Togeneratethe 2.5 Mszuckets

. ) . . needed during transfers, the RF system will gismluce a
consists of four 5@ ferrite loaded cavities, eachdriven

. train of four RF cycles at 2.5 MHbketweentwo of the
by a 3.5 kWbroadband10 kHz - 100 MHz) solid-state bipolar barrier buc)liets.

amplifier. For arectangular barriebucket,formed by two pulses
of width T andamplitude+/- Vo , the bucket half height

The Fermilab Recycler Ring [1] is an@eV/c antiproton

storage ring, utilizing permanent magndtsated directly T 2 [32

above the new Fermilab Main Injector. TRecyclerwill AE, = | — — eV, E, @)

perform multiple functions in the Tevatron colliding \ T, n

beams program. Cooled antiprotons from the

Accumulator will be periodically injected and stored in the
Recycler. When théesiredantiprotoncurrent isreached,
four bunches of antiprotons will be formed adjacent 2.5
MHz RF bucketsand be extracteftom the Recyclerinto
the Main Injector. The Main Injector will thegrccelerate
these bunches to 15@eV/c and inject them into the
Tevatron collider. This processwill be repeated %imes
until a total of 36 bunches are circulating in the Tevatron. A
After the luminosity of the Tevatron collider has
decreasedlue to beam emittance growth, the proton and
antiproton beams will belecelerateback down to 150 . o )
GeV/c, the protons will bescraped away, and the 10 ensure that there is sufficient bucket area available to
remaining antiproton bunches will beansferred, in Capture and confine the hotrecycled beam from the
groups of four, back into the Main Injecto©Once in the Tevatron, the RF system must &epable of generating 1

Main Injector, the four bunches will Harther decelerated to 2 us wide rectangulabipolar pulses with apeak

o . voltage of 2 kV. Lee and Ng[3] have shown that the
to 8 GeV/c and injected into the Recycler to be cooled namics of a pair of thedmrrier pulsesdependonly on

reused in the collider. This process will be repeated a tofgé total voltage integral of thearrier pulses and is
of 9 times until all of the antiprotons thaereinitially  independent ofhe actual RF waveform. This important
in the Tevatron are transferred back into the Recycler.  fact relaxesmany of thehardwarerequirementssince the

two halves of thebarrierpulse pairmeednot have equal
2 RF SYSTEM REQUIREMENTS amplitudes, be symmetric, or even have similar shapes.

At any given time, thdRecyclerring may contaircooled

beam, hotrecycledbeam from the Tevatron, beam being 3 HARDWARE

injectedfrom the Accumulator, or beam beiransferred The high level RF system consists of four @0cavities,
either into or out of the Main Injector. Durinthese each driverindividually by an Amplifier Researcimodel
processes, the various beam segments musiefprated 3500A100 broadband solid-state amplifier.  Each
from each other azimuthally around the ring. amplifier, operating in the push-pull mod=&nsupply a
minimum of 3500 watts outpuyiower overthe frequency
range of 10 kHz to 100 MHz. The amplifieiscated in
‘Operated by the Universities Researdssociation, Inc. under the MI-60 service building, are connected to the cavities in
contract with the U.S. Department of Energy. the tunnel by 20 m of 7/8” Andrew LDF5-50 coaxial line.

where b is the beam energyy is the momentum
compaction factor, andoTis the revolution period. If the
two rectangular barriepulses of width Tare allowed to
touch, the resulting bucket area A is

8
-3 AE,, T )
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Figure 1: Schematic drawing of Recycler Wideband RF Cavity

A schematic drawing of the wideband cavity is shown is a photograph of the cavity, taken in the laboratory,

in Figure 1. It consists of avater-cooled outer showing the outer shell aluminum cooling coils ,the
aluminum shell, an aluminum inneonductor,and a 60 Q RF load, and thecopperendplate connecting to
4” diameterstainless steel beampipe with a cgramic the protruding beampipe.

gap which is electricallgonnected tathe cavity with
beryllium-copper fingestock. A thincopperendplate
completes the electrical conmnection betweenbtsm
pipe and outer cavity shell. The beampipe is thermally
isolated from the cavitynd is wrappedvith heating
tapes to allow the vacuum system toldadedout after
installation. The cavity isfilled with twenty-five,
11.5"0D x 6"ID x 1" thick Mn-Zn ferrite cores
(Ceramic Magnetics MN60) and three, 10"OD x 6”"ID x
1" thick Ni-Zn ferrite cores (Ceramic Magnetics
CMD10). Theferrite cores are air-cooledpaced by
0.5”, and supported by Kaptospacerblocks. A 10
kW, water-cooled, RF load; modifiedith a 60 ohm
resistor, isconnected directlyacross the cavity gap.
This resistor in parallel with the stack of ferrites results
in an inputimpedance ofpproximately 50 ohmever
the frequency range dfo0 kHz to 20 MHz. Both the
input drive andthe 60Q resistorare connected to the
inner conductor athe gap by 1"wide x 4” long flat
copper straps. The voltaglevelopedacross the gap is
monitored by two 1000/1 resistive voltage dividers.
The low level RFdrive signal isderivedfrom eight,
DSP controlled, arbitrary waveform generators
synchronized tathe machine revolutiorfrequency of
89.8 kHz [4]. A feedforward circuit is used to
compensate for theroop induced bythe ac coupled
high power amplifier and the lofrequencyresponse of
the RF cavity. Thefeedforwardcircuit utilizes an
AD830 high speedvideo difference amplifier and a
passive network that models the amplifier/cavity
response tgoroducethe modified drive signal. The
modified low level signal is then amplified by a 2kHz —
500 MHz amplifier (Mini-Circuits ZHL-6A), divided
by resistive splittersand then distributed with the
proper delays to the four 3500 watt amplifiers.
Photographs of avidebandamplifier and cavity are
shown in Figures 2&nd 3. InFigure 2, fouridentical
air cooled RF modules, which are combined to form its
3.5 kW output,arevisible in therearview. Figure 3

Figure 2: FrontandRear views of AmplifierResearch
model 3500A100.
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Figure 3: Wideband Cavity.

4 RESULTS

A network analyzerplot, from 50 kHz to 20 MHz, of
the real and imaginary parts of thewideband cavity
input impedance is shown in Figure 4. Thigpedance
representsthe load seen by the highpower RF
amplifier. The upper trace shows the real impedance on
a 2Q/div scale centered around $2 The lowertrace

is the imaginary componegentered at @ with a 5
Q/div scale. At low frequenciesthe cavity looks
inductive. It is slightly capacitive betweef.5 and 4
MHz andthen becomes inductive over the remaining
frequency range.

Figure 5 shows the output signal from one of the
four Recycler RF cavity gap monitoaseragedver 16
machine revolutions. Thdata werdaken without any
beam in the machine with a final amplifiewerage
poweroutput of 2560 wattsThreesets ofrectangular
barrier pulses withdifferent amplitudesand durations
are shown along with four cycles of 2.5 MHz fmam
capture. The peak gap voltage is approximately +/-
500 volts. With all four RF systems operating, a
combinedtotal acceleratinggap voltage of more than
+/- 2 kV will be available. Tests of the new RF
system with beam are scheduled for late spring.
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Figure 4: Input Impedance of Wideband Cavity.
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Figure 5: Gap voltage monitor output (1000V/V).
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