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Abstract
The ®-Factory DAPNE, a 1 GeV c.m. high lumi-

2 DESIGN PARAMETERS
The aim of the harmonic system is keepthe rms

nosity double ring collider, is presently in operation at theunch length at, = 3 cm. Since theshort-rangevake-

Frascati Laboratories of INFN. The studgd the design

fields alwayscontributes to the bunch lengthening, the

of a high harmonic RF systenaimed to increase the harmonic system has been designed to work withtaral

bunch lengthand to add Landau damping through the
broadening of the synchrotron tuspread, is improgress.
The bunch lengthening wilbrovide better beam lifetime
(which is Touscheldominated atthe DA ®NE energy)
and will decrease the interaction between the bawadnthe
high-frequencypart of the machinémpedance. Alarger
Landau damping is alsexpected tacontribute to thesta-
bilization of the beam dynamics. In thigper we report
the beam dynamics study in theesence ofhe harmonic

bunch length ob,, = 2cm. The harmonic voltageeces-
sary to get theequiredbunch length isobtained bysolv-

ing the Haissinski equation. In Table 1 the voltages re-
quired to haves,, = 2 cm for RF harmonic number 2, 3
and 4 areshown, together with thexpectedsynchrotron
frequencyvalues and their variation for oscillations of

1 o,, amplitude. The RF voltage isg¥= 200 kV, the
momentum compaction ig. = 0.02, and the harmonic
voltage is assumed to be°d@ut of phase withrespect to

RF system, with special attention to the impact on titee harmonic of the beam current,arder to have only

performances of the bunch-by-bunch longitudiieetlback
system. Comparison between the passmeéactive mode
of operation is also presented.

1 INTRODUCTION

The needfor a harmonic RF system in the BAE
main rings hasbecome evident duringhe luminosity
tune-up of the machine [1]. Tincreasethe singlebunch
luminosity the couplingfactor in both rings hasbeen
decreased, thus reducing the beam lifetime.

The best values of single bunch luminoditgve been
obtainedtypically with 10+15 mA per bunch, with a
bunch length of 2+2.5 crand a RFvoltage of 120 kV.
Since the nominal bunch length value is 3 cm,haee a
margin toincreaseboth the bunch lengtland the accep-
tance byrising the main RF voltagand adding a har-
monic voltage with an opposite slope on the bunch.

pure reactive beam loading on the harmonic RF system.
Table 1: Basic Parameters

n of RF harmonic 2 3 4
fre, [MHZ] 736.53 1104.8 14731
Vrry [KV] 81 57 45

fs[kHz] 15.15| 13.42 10.6

Af§(@0,)[kHz] | 0.54 | 1.63| 3.55

The harmonic voltages reported in Table 1 do suatle
exactly asl/n, and the synchrotronfrequency(i.e. the
slope of the overall RF voltage) is not constant dibr
ferentharmonic choices. This idue to the non-linearity
of the harmonic voltage over the bunch length.

The required harmonic voltagecan be obtained by
powering a cavity with an external RF sour@etive
pption) or by letting the bearourrent interacwith the

this case the bunch length can be kept always at abouthiggmonic cavityfundamental mode impedance (passive

nominal value, with the maximunenergy acceptance

option). In the lattercasethe cavity has to b@rogres-

available. An improvement of the Touschek lifetime isively detuned upward athe current increases iorder to

expectedandthe gainfactors fordifferent scenarioshave
been calculated and are reported in this paper.

The bunch lengtheningndthe Landaudampingdue to
the increasedynchrotron tunespread arelso expected to

keep the harmonic voltage constant.

The passive option is more attractive since it is much
simpler and cheaper. On the other hand, the aotitien
is alreadyeffective at zerocurrent, and allows single

give a beneficial contribution to the machine dynamics, ibunch measurements in lengthening regime.

particular concerning the microwave regime [2, 3].

On the other hand, the harmonic voltage significantly

perturbs the longitudinal beam dynamics, the nust-
cerning issues being the shift of tbeupled-bunchmode
“0”, “1" and “N-1" coherentfrequencies (N igshe number
of regularly spacedbunches)and the synchronouphase
spreadalong a bunch train with a gap.Thexpected
performance of the high harmonic systendiscussed and

3 COHERENT FREQUENCY SHIFT

The shift of the coherent synchrotréequencies of the
coupled bunch (CB) dipole modes is given by [4]:

1, pw? expg(-p?wf of)

(w, - w) = AT wEle

Z, (pw, + @) (@)

where p=kN + M, M designates the CB mode, is the

a comparison of the various options is given in the papefevolution angular frequencyy, and w, arethe coherent
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and incoherent synchrotron angulequencies,o, is the 35 i ‘ f  [kHZ] -

bunch rms durationE/e is the beanenergy ,and Z, is 30| lines-> analytic ~ S f‘””“ kHi
the longitudinal coupling impedance. This formukdich i dots-> S'mmat'on? nose 4

) o A - —o- - f [kHd
is accurateonly for small shifts, indicates that the 4 : mode  LN-
imaginary part ofZ, changeghe frequency ofthe CB 20 [ I e g [ ] """""""" 7
coherent oscillations. Too large shifts are not tolerable fot® o , i i
the bunch-by-bunch longitudinafeedback system [5] 10 R == ;,,_,,,,f: ,,,,,,,,,,,,,,,,, -
(LFB) which damps coherenbscillations in a limited 5 i i i I
band around the unperturbed synchrotron frequency. 0.2 0.4 0.6 0.8 LA 1.2

In an active RF harmonic system the cavityaliways
tuned nearby NCWge , and the imaginary part of the Figure 1: Shift of the CB mode coherent frequencies.
fundamental mode impedant#eracts only with the CB
mode “0” (the beambarycentricmotion). In thiscase the ~ The harmonic cavity R/Q value plays a crucial role in
interaction between the beaamd the fundamentalmode the previous results. THerger itis, the more theavity
impedance can beeduced bymeans of activefeedback has to bedetuned tokeepthe voltage constangnd the
techniques including the RF power source [6]. larger is the frequency shift of the modes "1” and “N-1". A
In the case of a passive harmonic cavity the situation [&/ge R/Q, which is desirable for an active cavity, may be
quite different since thefundamental mode impedance,very unsuitable for a passive cavity.
depending on the beam current, is tuned in betweeg According toboth simulationsandeq. 1, the coherent
and nwe- + @, and its imaginary part interacts also witHrequency shift of CB modes 1” and “N-1" is less critic for
the CBmodes “1”and “N-1”. An existing time-domain lower harmonic numbers (n=2,3).
tracking code [7] has beendapted tostudy the CB
dynamics in presence of gassive harmonic cavity. The 5 SIMULATIONS OF BEAMS WITH GAP
code tracks the motion of macroparticles in the The operational configuration of the KNE beam
longitudinal phasespace inthe presence ofongitudinal consists in a bunch train with30% gap toavoid ion
resonant modesand includes radiation damping andtrapping in the ering.
realistic models for the RF and the LFB systems. The presence ofhe gap substantially complicates the
analyticalapproach othe CB motion, since theoncept
4 SIMULATIONS OF UNIFORM BEAMS of CB spatial mode has to leeply revised. Wéollow a
To study the CBdynamicsrelated tothe shift of the numerical approach inthis case, which consists in
coherent synchrotron frequencies, the motion of uniformi¢nning the time-domain trackingode andinterpreting
filled beam has been simulated in the time domain. THe output results by means of physical arguments.
frequency ofthe coherent CB modes is obtained by EET Itis well known that different bunches in a train with a
transforming the output of the tracking code. gaparesubject todifferentlong-range wakefields, result-
The frequency ofthe coherent CB modes as a functioning in differentvalues of theenergyloss per turn or, in
of the beancurrent isshown inFig. 1 inthe case of .a Other words, in a parasitloss spreadalong the train. If
passive # harmonic cavity. the train interacts mainly with imaginaimppedance, the
Modes differentfrom “0”,"1” and “N-1" do not show average of this spread is zero.
significant frequency shift since there are no resonant ~ The parasitic losspread is converted in synchronous
impedances interacting with them in the simulations. THehase spread along the train, sinceevery bunch is
CB mode “0” interacts with both mairand harmonic Positioned at the RF phaserresponding tdts energy
cavity impedancesindits coherentfrequency , according l0ss per turn. The primargffect of the harmonic cavity
to the simulations, ifargely shiftedup. Theagreement on that is toproduce alarge magnification of the
with eq. 1 is not very good, since in thiasethe shift is synchronous phase spread since the local slope of the total
a result of two very large contributions of oppositgns, RF Vvoltage at the bunch position lswered by the
while eq. 1 isvalid only for small frequency shifts. harmonic component. The parasitic losgread isalso
Anyway, although the LFB system is neffective on it, increased bythe contribution of the harmonic cavity
the “0” mode motion is stabilized by Robinson damping.impedance tathe long-range wakefieldsBecause of the
The CB modes "1”and “N-1" interact with thehar- harmonic voltage non-linearitygachbunch acquires its
monic cavity and their coherentfrequency decreases. InOwn synchrotron frequency, shape, length and lifetime.
this case, which is |e5r3ecu|iarwith respect tothat of The bunch train distribution over the total RF voltage,
mode“0”, the agreementvith eq. 1 is much better. The the synchrotrorfrequency andhe natural length of the
frequency decreasegﬂy by = 35% for a beamcurrent bunches along the trasndthe Chargedistribution in the
increasefrom 0 to 1.2 A,andthe LFB systemcan be first, central and last bunches are showrFig. 2, in the
tuned insuch a way that it will beffective for all CB  case of a 8 harmonic cavity for a current df.2 A in a
modes (except the mode”0”) in that current range. 40 bunch train filling 2/8f the ring.
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The calculatedimprovement is in the 35+60%ange

Fig. 2a: Bunch distribution over Fig. 2b: Synchrotron frequency

total RF voltage distribution over the train depending on the bunch position over the tramj is due
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Figure 2: Effects of the gap on the bunch characteristics. 2 : . 2 ‘ ‘
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decoherence ithe CB motion acting as a sort lofinch-
by-bunchLandaudamping. We observihis effect in the
simulations. In fact, thesimulated CB dynamic$ooks
more critical in the 2 harmonic caseyherethe total RF
voltage is linear on a wider phase range. ‘
Anyway, large values of synchronous phapeead may 0 [ R =N N
changethe interaction point (IP) positioeading to -0 -5 0 5 10-10 -5 0 5 10
luminosity degradation. Thegffectalso the synchronism
of the LFB front-end and back-end,limiting the system
performances. We believéhat these effects set the
ultimate operational limits to the RRarmonicsystem. CONCLUSIONS

From this point of view the active and passive options € The most important issue related to the implementation

equivalent, with t_he annotation that low R/Q cavities givgs o high harmonic RF system is the large synchronous
smaller contributions to the synchronous phase spread. phasespread ofthe bunches along intense trains with a

6 BUNCH LENGTHENING AND gap. From this point of view active cavities, with high
LIFETIME R/Q, are worse with respect to passive ones.
The short range wakefields tends taeduce the |, Tlfle.cohe:emfrequgncyshmdof the QBmpdesh“l“ and
differences in length and Touschek lifetime from bunch tgv+ 'S felevant, but not destructive, in the passive
option and it is less critic for low harmonimumber

bunch in trains with a gap. lorder to study the singlev\/é]_2 3), while it is not an issue in the active option
bunch dynamics including the higher harmonic cavity, AT . S
y g g y Simulations of the CB dynamics of bunch trains filling

have adapted single bunch trackingode already used to 213 of the ring show that a 1.2 A is still stabléen

estimate the DANE bunch length [3]. deri veand 4 h ) ii
The results of the simulations are shown in Fig. 3. TH&"S!d€MNNg passiverand &1 ardmonlc cavies.
We believe that a passive® harmonic cavity is a

solid line represents the bunch length as a function of the . .
bunch number for a™harmonic cavity with aurrent of simple and effective option.
1.2 A'in a 40 bunch train with a gap of '#/8f the ring. REFERENCES
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