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Abstract plate of arco-like shape the bigger axis of which is parallel to

» . _ the beam axis. Inay also have a shape of a fork opd. If
_ In RF cavities, built at BII\_IP for eleqtreposnron storage he heam revolution frequency High, only oneHOM tuner
rings, special tuners arerovided for higher ordermodes o, he ysed. Its position is choserttsat it affectsthe most
(HOMs). The HOM tuners effect on different modes in yaqeroudiigher ordemode. Sothe RFcavity of VEPP3
different ways. Electrical characteristicand tuningcurves of storage ring (beam revolution frequency is 4 MHz, RF
cavity modesare measured. Using these experimental daﬁ@quency is 72 MHz) has one HOM tuner. '
the bearncavity interaction at higher order modes is analyzed "¢ the beam revolution frequency isw orthe bunch size
for different HOM tuner positions. There are combinations gf very small, severaHOM tuners areneeded for proper
HOM tuner positions, at which theavity caused beam . oction of theHOM frequencies. Each tuner acts on
instabilities may occurand there areombinations, at which different modes in different ways. B., there are three HOM
they maynot. The lastonesare recommendelr routiné y,ners in each of six cavities WEPR4 collider (revolution
cavity operation. frequency0.82 MHz, RFfrequency 181 MHzJ2]. Two of

them are shown in Figure 1.
INTRODUCTION

Beam-cavity interaction on higher ordemodes may
cause beam instabilities, coherent energy lossesother
phenomena. Differentvays are possible for minimizing
negative effects of that interaction for the beam.

In oneway the cavity geometry may be chosentbat the
frequencies ohigher ordemodesare far from harmonics of
beam revolution frequencgnd beam-cavity interaction is
rather weak. This way isespecially goodwhen the
accelerator or the storageng is small andtherefore, the
beam revolution frequency 8gh, i. e. thedistancebetween
harmonics is large.

The other approach is the damping of @eof higher
order modes. Ithe HOM bandwidthsbecomegreaterthan
the repetition rate of the particle bunches, coheb=am
instabilities cannot be excited bgavity HOMs. This
approach isgood for large machines fothe necessaryQ
damping is not strong in that case.

The thirdway isthe evolution ofthe first one. It is the
correction oHOM frequencies dthe cavity by speciatuners
in order to avoid beam instabilitieT.he smaller the machine
is, the easier it is to solve the problem.

At Novosibirsk we have usedhe last approach to
different RF cavities for years [1]. W&an do thabecause RF MEASUREMENTS OF HIGHER ORDER
our machines are notery large. The largest machine is MODES IN RF CAVITIES
VEPPR4 electron-positron collider with its revolution
frequency of0.82 MHz. An accelerator ofhat size is We have built a specialised automated setup for study of
probablythe largest machiner whichthe HOM frequency the higher ordermodes in RF cavities. Athe setup
correction approach can be applied. characteristics of the fundamentahd higheworder modes

can be measured includin@ and R/Q values, shunt
HOM TUNERS impedances, resonance frequencies of rtiugles,and the
effects of tuners on them.

We use HOMuners of differentypes. In one case itis a Figure 2 presents experimental frequencies and
barrel that can be plunged into the cavity. In other case it igrpedances of the fundamentabde and the higheorder

Figure 1: HOM tuners of VEPP-4 cavities.



APPLICATION TO BEAM DYNAMICS
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Experimental dataallow to compute the integral
4 ] influence of the higher order modes of the cavity on
longitudinal beam dynamicsThe results of the analysis for
3 ] the single bunchmode of operation othe VEPP4 are
] presented in Figure 4. 2bgher ordermodes of oneavity
102 ] ] ; with greater impedances in tlieequencyrange up tol200
]r MHz were taken into account. The coordinatég at the

0 T diagrams are the positions of the cavity tuners of number
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Frequency, MHz is computed. Her&, (f) is the value of the regart of the
impedance of th@-th higherorder mode athe frequencyf,
Figure 2: Modes of a VEPP-4 cavity. fy is the re_volutio_rfrequen(_:y othe beam inthe storageing, _
Mnpfo (Mp is an integer) is the harmonic of the revolution
frequency which ighe nearest to theth mode,fs is the

modes of a VEPRR cavity that have longitudinal electrical frequency of synchrotron oscillation$ is the number of the
field on the beam axis. higher order modes taken into account.
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For each point of the diagram, the value of

Shunt impedance, kOhm

The dependence of the frequenciesahehigherorder  y»)  y3)=0 y=c° X(2)  X(3)=17 ¥=0°
modes on HOMuner positions is shown in Figure 3. Theyg
numbers of curves correspond to the numbeksQi¥ tuners. 8
Thin solid horizontal lines at the plots correspond to
harmonics of the beam revolution frequency of the VBPP 60
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R I R As it is known [3], if the sun > 0 thenbeam-cavity
0 20 40 60 80 100 0 20 40 60 80 loo interaction at the higher orderodes may produce a positive
Tuner insertion, % Tuner insertion, % increment of the phase oscillations of the buticht will
cause longitudinal beam instability. 1 < 0, then
Figure 3: Tuning curves of some higher order modes. beam-cavity interaction at the higher orderodes produces a
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negative increment (i. e. positive decrement) dhe phase A single bunch approach to theam-cavity interaction
oscillations of the bunchnd the longitudinabunch motion can be applied to the multy-bunafode of operation, if the
would be stable.The black areas at the diagrams correspoftdquencies of synchrotron oscillations of the bunches are
to conditions when the increment of the phase oscillationsddferent enoughand they may be considered independent
the bunch due tdeam-cavity interactionmay be positive. from each other.
Therefore, one should set tuners at positions corresponding to
white areas.

For three HOM tuners thewhole diagram is three- CONCLUSION
dimensional. The diagrams in the Fig. 4 are two-dimensional

i . . . . . Right tuning ofhigh order modes of RF cavities is an
sections of this three-dimensional picture. They are plouede'ﬁ'ective wav toavoid beam phase instability for small and
coordinates oHOM tuners #1 and #Zpr fixed positions of y P Y

the tuner #3. medium electron-positron storagegs operating in a single

. . bunch mode. This way isapplied to RF cavities of different
The fundamentamode ofthe cavity plays arimportant toragerings built at Novosibirsk. This technique can be

role in the longitudinalbeam dynamics due to its grea : . . :
impedance.  Theeffect depends on the tune of thegpp“ed to the multibuncimode of operation as well. This

fundamental mode. Figure 4 illustraits The first three end splitting of synchrotron frequencies of bunches is to be

diagrams are plottetbr zero tune othe fundamentanode done. It can bachieved by an additional Réystem which

(i. e. it is tuned exactly to the resonance). The fourth diagrgr%quency Is not multiple of the main RF.

is plotted for the fundamentahode tuned 30 off the
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