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Abstract

The RF systems of the Frascatouble ring (€'/e)
®-Factory DAPNE arefully operative since the autumn

P.O. Box 13, 00044 Frascati (Rome), Italy

continuous 50 Hz injection/1 Hz extraction process during
the injection sequenceinto the MRs. To prevent
continuous activity of the plunger gear, the tunssgvo-
loop is usually kept off during the injection sequence. The

1997. The RF complex consists of one 73.65 MHeirculator also allows to set safely a largobinson
system for the damping ring and one 368.26 MHz systedetuning.

per each ring. Thacceleratingcavitiesare room-tempera-
ture single cellcopperresonators,broadband loaded by
waveguides taeducethe impedances otheir High Order
Modes and, consequentlihe coupled-bunchinstability
growth rates.

The main operationdkatures othe DA®NE radiofre-
guencysystemsare reported irthis article, including the
performances observed undezavy beam loadingondi-
tions.

1 INTRODUCTION

The commissioning of D&NE, the 510 MeVdouble
ring e'/e ®-Factory [1], is in its final stage at the

In the initial DR commissioning phase, longitudinal
instabilities have been occasionatiigserved. Two cavity
HOMs were found tolay very close to unstable syn-
chrotron sidebands of the revolution harmordos might
be responsible for such instabilities. Anywaafter a
small correction tothe RFfrequency tosynchronize the
DR to the MRsand asmall change ofthe cavity
temperatureset point, longitudinal instabilitiehave not
beenobservedanymore. So far, no significant faults or
incorrect function of the whole RF system have occurred.

3 MAIN RINGS RF SYSTEMS

Frascati laboratories of the INFN. A maximum of 1203_1 The Damped Cavities

electron-positron bunches can Btored in eachring.

Being DA®NE a multibunch machine, intense R&D wasThe mostrelevant parameters dhe MR DA®NE RF

dedicated tadesignthe RF cavities since thegan cause
coupled bunch instabilitiesbecause ofundampedhigh
order modes (HOM) [2].

The DA®NE injector is a full energy system composed

systems are reported in Table 1.

Table 1: Main ring cavity parameters

by a Linac [3]and adamping ring (DR) [4]. Herein, the
operational experience with the BNE RF systems, to-
gether with some remarks about their behauimaterhigh
current, multibunch operatiorare reported.The Main
Ring (MR) RF frequency is368.26 MHz while the DR
one is 73.652 MHz, i.e. the MR frequency divided by 5.

2 DAMPING RING RF SYSTEM
The aim of the DAANE DR is to reduce the beaamergy

spread ancemittancebefore injection in the MR. The
e*/e beams are accelerated to 510 MeV with a 2856 MH

fre Resonant frequency 368.26 MHz
Ve Accelerating voltage 250 kV
Qo Unloaded quality factor 33,000
Rsh Shunt impedance 20
Pc Power loss 16 kW
B Input coupling factor 2.5
Py Non saturated klystron RF power 150 kW
Ip Max beam current Bmps
E Beam energy loss per turn =15 keV
1 Prom | HOM power = 3 kW
A bl Max. beam loading detuning | =- 500 kHz

linear accelerator, injected at 50 pps in one DR bucket g
extracted at Jpps for transportation to tHdR. The DR
cavity is a singleendedcopper coaxial resonatarith an
internal profile designed tominimize the probability of
resonant discharge (multipacting) [5]. The cavitfei$ by
a 50 kW tetrodeamplifier through a 6-1/8" coaxidihe.
The cavity shunt impedances4.6 MQ, and therequired
accelerating voltage for the operation is in the
150+200 kV range.

A ferrite circulator protects the tube fromeflected
power bursts due to transient beam loadiagsed by the

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

The cavitiesare room-temperaturesingle cell res-
onators, designed with the aim to reduce at the et
contribution to the ring broadband and narrowband
impedances. The cavities hax@inded profiles and are
connected tahe ring pipe with longaperedtubes to re-
ducethe longitudinalandtransverseHOM R/Q'sand the
loss factor. Further damping of HOM shunt impedances is
obtained by connecting to the cavity f@ctangular
waveguides (wg), with cut-off at 500 MHz, whicbuple
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out the parasitionode energy inthe TE10 mode. The 500us at the maximum machine current, calling for an
coupled waves are transformiedo standard7/8" coaxial efficient operation of thaledicatedbunch-by-buncheed-
TEM waves by means dfroadbandransitions [6]. The back system [8] in order to keep the beam stable.

HOM energy is then dissipated on external 5@
commercial attenuators via wideband ceramic .
feedthroughs. Each attenuator outputdsnectechrough =
a cable tothe acceleratorcontrol area, where the
waveguideoutcoming signalsan be analyzeddamping

to the rectangular waveguidapertures. Twoadditional
wg's with 1.2 GHz cut-off are placed on the tapers with i
90 relative position. Theycan couple those HOMs that
mainly resonate in the tapers. The longitudinal HOMS|
have been measured up to 3 GHz on bemith the wire
technique, and the results are showrig. 1. The upper
plot is obtainedwith all the waveguides terminated on §

50Q loads.
CHi MEM  log MAEG 5 dB/ REF 30 dB
7] Figure 2: The RF cavity installed in the positrong.
3.2 The RF System Assembly
A view of the positron ring cavity installed on the ma-
et N N e chine is given in Fig. 2. The cables connecting the wg's
to the dummy loads are visible in the pictuEach cavity
cHe 1/6  lag MAG 5 g8/ REF 30 a8 is connected to 450 kW/cw klystron through a 3 port
ferrite circulator.Such highpower isneededfor the full
current operation.
The RF power couplers are similar to those of the LEP
normal-conducting cavitiesand they are basically
.i} — i l.uhL T Ajﬂvll T 1., waveguide to coaxial transitions, ending with loops
id S e T through a vacuum tighteramic windowwhich is air-
! ; : .
START 300.000 000 MHz STOP 3 000.000 000 MHz water cooledand monitored with aninfrared probe for
Figure 1: Cavity spectrum with thevaveguidesloaded temperature check. Moreover, a fast interlock turns off the
with 50Q (up) and shorted (down). power if excessive reverse forward cavity power ratio

occurs and in case of a steep cavity pressure incréaie.
Table 2: HOM cavity impedanceseasuredvith thewire  avoids stress of the Rwindows in case ofudden beam
technique. losses or arcs. Oneindow has cracked inJanuary '98
fah ks of hi
el Q [ 2y(01 (A Q | zyfal| becausecls humamorand cavsed deeks of machine
672.5 40 110 1086.4 1650 66 ) '

798.0 47 149 1138.05120 300 plunger seizing were the only significant fautisring the

DA®NE RF system operation.
862.8 | 4470 o8 1142.9 1060 147 Intense beam loading fereseen afull beam current.
1047.0| 2680 75 1172.

9 510 226| To increasehe threshold of the™ Robinson limit, an
1065.3 | 2080 94 | 11810 336/ 310| RF feedbackystem hadeendeveloped andested in the
1074.5 340 95 1297.2 860 110| cavity test hall [9]. The final implementation of the RF
feedbackswill be made asoon as weapproachthe full
Figure 1 gives gylance of the successful HONamp- design beam current.
ing. The soleundampedine (the first one in theupper The low power RF control electronics includes servo
plot) representghe cavity fundamental mode. However, loops toregulatethe cavity tuning, leveandphase. The
the wire techniqueperturbs significantly themode fre- RF phasestability directly impacts on that of the longi-
guencies and the unloaded quality factorghst themea- tudinal position of the interaction point, as well as on the
surement results have to be taken with some caution. Timgection efficiency. In the DANE MRs a long term RF
measured values are listed in Table 2. phase stability within few tens of ps has been measured.
It has been estimated [fhat, even being heavily The operation of the main ringdiofrequencyhasbeen
damped,the RF cavity HOM'scan drive longitudinal very reliable so faralso, theperformances othe whole
coupled bunch mode instability with rise times faster thasystem were fully satisfactory.
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4 THE FAST RF PHASE JUMP

During the first machine shifts dedicated to the luminosity

tune-up, theperformances werdimited by injection

5 SOME REMARKS ON HIGH
CURRENT OPERATION

The maximum achieved current during the DAD®NE

saturation when injecting in the collision mode [1]. Orcommissioning iss 550 mA in 30 bunches in bothH/e
the other hand, schemes of transverse beam separatimgs. Some longitudinabnd transverse coupled-bunch

(horizontal or verticaldid not work satisfactorilydue to
the lack of synchronism in the variation of tfields in
the corrector magnets.

instabilities have beerobserved inthe e and € ring re-
spectively [10], but none of themould be clearly at-
tributed to the cavity HOMs. On the contrary, in spite of

In order to get over these limitations we adopted a "fashe strong Robinson damping, we occasionalbgerved
RF phase jump" technique. This consists in injecting tHengitudinal barycentricoscillations of the beam at high

beams with aradequatdongitudinal separatiomnd put
them suddenly in collision by fast changing the ptiase
of one of the two beams.

The RF phase jump isbtained by daast electronic

current. They were due to excessive wide band response of
the RF amplitudeand phaseloops, aneffect known in
literature[11]. Once the gaiand the bandwidth of the
servo loops have been reduced, no more barycentric insta-

delayline acting on the RReferencesignal entering the bilities have been observed.
positron cavity control electronics and driven by pulses of The performances dhe RF systemsinderhigh beam

a suitable amplitude and rise time.
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Figure 3: Driving signal (CHX 3 rad/div vert. scale) and

detectedsynchrotron oscillation (CH2= 58 mrad/div
vert. scale) during adrad. RF phase jump.

The driving signal # 600pus long) together with the [5]

inducedsynchrotron oscillatioraroundthe moving syn-

chronous phase for a two-bucketst (dadians) RF phase

jump are reported in Figure 3. The derivative of phase
pulse is a modulation of the Rffequency.This transient

frequencymodulation puts temporarily the beam on ex-
ternal (internal) orbits and is responsible for the increasing]

(decreasing) bunch delay.
The phase jump is basicallybarycentric longitudinal

motion of the beam, and therefore the synchrotron oscill#!

tion damping isdominated bythe Robinsoneffect. The
envelope decay shown Fig. 3 gives a Robinsodamp-
ing time of=120us (@ 25 mA ofbeam current in
1 bunch), in afairly good agreementvith the expected
value. The Robinsoramping is beneficial for théast

RF jump techniquesince it reduceshe amplitude of the [11]

oscillations as well as the transient duration.

loading were quite satisfactory, since no special operation
difficulties have been observed. Howevéne 550 mA
current value isstill far from the 2d Robinson limit
threshold, and the implementation of the fast ieédback
system remain necessary to approach the ultimatent
value.
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