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undertaken to damp coupldounch instabilities. The
powerful longitudinal feedback systems have been
We describe the results of single bunch measurements andtcessfully commissioned in both ringand the
observations of the multibunch beam behavior in thexperience gainewith the systemduring the DA®NE
DA®NE electron-positron collidemain rings. In single multibunch runs isreported inthis section. The High
bunchmodethe nominalcurrent of 44 mA has been ex- OrderMode (HOM) trapped inthe injectionkicker was
ceededreaching110 mA in bothelectronand positron also identified asthat responsible forcoupled bunch
rings without any harmful single bunch instability. Wevertical oscillations. Special measurpspposed tcavoid
have measuredthe bunch length as a function of thethe transverse instability, are discussed.

bunchcurrent at different RRvoltages.According to the

datathe longitudinalnormalized impedance iswer than 2 SINGLE BUNCH DYNAMICS
0.6 Ohm. Theestimated transverd@oad band impedance The DA®NE Main Rings commissioningstarted with

is small. This isconfirmed bythe fact that thehead-tail single bunch.After careful orbit adjustmentand chro-
instability threshold without sextupoles is as high asmaticity correction the single bunch current was routinely
13 mA. The measuredransversdune shift at the nomi- exceeding 110 mA in both rings. Despite this value is by
nal current is asmall fraction of the synchrotron tune.a factor of 2.5 higher than the nominal projegtrent of
The longitudinal feedback systems have been successfullf mA, nodestructivesingle bunch instability halseen

Abstract

commissioned in both main rings allowing to stova-

tinely high multibunch currents and observe the beam
havior for different multibunch fills. In particular, such
observations havékelped us toidentify some parasitic
High Order Modes trappedvithin vacuumchamberele-

mentsandcapable to drive rathdast multibunch insta-
bilities, both longitudinal and transverse.

1 INTRODUCTION

The Frascati electron-positron collider BPAE is the first
®-Factory [1,2] in operationAfter atotal beam time of
six monthsdevoted tocommissioning withoutexperi-

observed.

be- . . .
5.1 Bunch lengthening and impedance estimate

A comprehensive study of the longitudinal sindench
dynamics for DAPNE [5] including numerical simula-
tions, analytical estimates and experimental measurements
has beenperformed. Inorder to simulate thebunch
lengthening process a computmde modelling alarge
number of macroparticleéup to 600000),interacting
through the machine wakefield and tracked over 4 damping
times has been used.

The wake potential of a short Gaussian bunch with

ments, it isready tostart the operation for physics with g, =2.5 mm (much shorter than the nomindiunch

the experimental detector KLOE [3jt the commission-

length) has beensed as anachine wakeunction. The

ing stage all the machine subsystems such as vacuumake potential hadeencalculatedwith 2D and 3D nu-

RF, cooling system etc., have been checkedpamekd to
be reliable. Since the final goal of tHactory is to
achieve a luminosity as high as632 cnmr2s1 with 5 A
of averagecurrent distributed ovet20 bunchesseveral
machine shifts have beeledicated tostudy high current
beam dynamics. Aeparate paper #is conferencedeals
with the luminosity optimisation [4].

In this paperthe observationand measurement results

obtained insingle bunchand multibunch regimesre de-
scribed and comparesiith the analytical modeland nu-
merical simulations. In particular, Section 2 dedicated
to single bunch dynamics; the bunch lengthening
DA®NE is discussedhe microwaveinstability observa-
tions are comparedvith analytical predictionsand the
broad band impedance is evaluat8éction 3 describes
multibunch performance,with emphasis onmeasures
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merical codes during the machine vacuum chamber design.
In addition, all the vacuunthambercomponents that
could give a significant contribution to the DBBNE
impedanceand wake potential in the timedomain were
measured in the laboratory with the wire method.

Below the results of the simulatioase compareavith
the beam measurements.

Bunch length measurements in the ®ME positron
ring have been performed during single bunch operation at
different currents. The bunch signal from kaoad band
button electrode connected with a low attenuation cable, 8
im long, to a sampling oscilloscope Tektronix 11801A,
equipped with a sampling head SD-24 with a rise time of
17 psec and an equivalent bandwidth of 20 GHz,beas
analysed. The waveform has been digitiaadsent via a
GPIB interface tothe control system for storage and
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off-line processing. The bunch distribution hégen evaluated by making the Fourier transform of thachine
reconstructed byprocessing the buttomlectrodesignal wake field. Inthe frequencyrange up to20 GHz the
taking into account the buttaimansfer impedancand the absolute value of the impedance does not exceed.0.6
cableattenuation. The measurememtsre performed for . . .
different single bunchstored currents irthe range from 2.2 Microwave instability
~ 0 to 48 mA (note that the nominatlesign current is The microwavenstability is caused bythe bunch longi-
44 mA) at RF voltages of 100 kV and 150 kV. tudinal coherent mode coupling. The instability can mani-
Figure 1 shows the bunch length measurements togefbst itself either through the coupling among the
er with the numerical calculation results for an RF voltazimuthal modes orthe radial ones having thesame
age of 100 kV. The agreementgsod except atow cur- azimuthal number. A double water bag distributroadel
rent (<5 mA). This smalldiscrepancy iglue tothe fact [6] which allows to treat analytically th@ode coupling
that for short bunches, with length comparable to the buiaking into accountsplitting of eachazimuthalmode in
ton size, the bunch spectruoovers afrequency range two radial modes has been applied.
where thebutton transfer impedance undergaasgoff and So far the theoretical model predictionstioé longitu-
the measuremenare no longer reliable. Themeasure- dinal modecoupling coincidewell with experimental ob-
ments will berepeatedwith a fast fotodiode (25 GHz  servations.According to the model, at lower voltages
bandwidth), which should resolve short longitudinal (Vrg= 100 kV for DAPNE) the microwavenstability is
bunch dimensions. In Figure 2 tmeeasurecbunchcur- driven by the radial modecoupling of thequadrupole
rent distribution at an RF voltage of 100 kVdsmpared (m = 2) and sextupole (m = 3) azimuthal modes. At
with the numerical simulations for a current of 26 mA. higher RF voltages the instability arises from coupling of
the higher azimuthal modes. The conclusion is that an RF
voltage higher than 150 kWvould be preferable for
i DA®NE operation inorder to avoid the radial mode
3 [ coupling of the lowest azimuthaimodes (dipole,
[ / guadrupole, sextupole) which could lead to a strong bunch
shape modulations harmful for beam-beam interactions.
Indeed, experimentally, atR¢ = 100 kV anappearance
of pure quadrupole synchrotron sidebands has been detected
- at stored current of ~25 mA, while the onset of diole
[poe )/f modewas observedonly at about 35 mAlncreasing the
13 v RF voltage to 150 kV, thguadrupole mode threshold
i shifted to 38 mA while the dipolmodewas stable up to
Lo the nominal bunch current. For higher RF voltages the
I [mA] coupling of the low coherent modes has not been observed
Figure 1: BuncHength at 100 kV RF voltage. Solid line - below the nominal value. Exactly the same threslatd
numerical calculations; circles - measurement results. rent were calculated byapplying the above theoretical
model.

;A[a'u'] / \\ 2.3 Transverse single bunch dynamics

C No special measurements have beefrfiasaledicated to
/ \ transversesingle bunchdynamicsbut someindirect ob-
06 I servations have shown that thansverse impedance is
/ \ small. The following possible single bunttansverse in-
stabilities do not seem to be dangerous foldID:
[ ﬁl \ a) Head tail instability without sextupoles: a véiigh
02 [ / current has beestored inthe single bunch withousex-

r tupoles when the orbit isorrected inthe machine. A
b Wl z [mm maximum value of 13 mA, that is almost 1/3 of the
-100 -50 0 50 100  nominal bunch current, has been achieved. ifk&bility

Figure 2: Bunch current distribution at 100 kv= 26 mA). threshold decreases rapidly by changing the orbit.

Solid line - measured signal; dotted line - simulation. b) Transverse mode coupling instability: when the chro-

maticity is corrected,the observedvertical tune shift

The bunch distribution is wider than a Gaussian one dwersus stored current is a small fraction of the synchrotron

to the interaction with the imaginary part (maimhguc- tune. In the range from ~ 0 to 80 mA thiequencyshift

tive) of theimpedanceThe bunchcentroid is shifted and was ~ 9 kHz compared to asynchrotronfrequency of

the distribution is slightlydistorted because ahe power 35 kHz, demonstrating that DBNE is far from the

loss. ThenormalizedcouplingimpedancelZ/n| hasbeen transverse mode coupling threshold.
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3 MULTIBUNCH BEAM DYNAMICS

During the DAPNE commissioningseveralshifts were
dedicated tothe multibunch operation. Acurrent of
540 mA has beerstored in 30bunches configuration in
both electron and positron rings withouttransverse
feedbackinstalled. Despite some&oherent multibunch

oscillations have been observed they were not limiting i

current. The poor vacuum in the tempordbay-One
interaction regions is the main current limiting factor.

3.1 Longitudinal

A very high current in many bunchesust bestored in
eachring. Specialcares have been undertakehile de-
signing the RF cavityand other vacuumchamberele-
ments todampthe HOMscapable to drivaeinstablecou-
pled bunch oscillations. Theieffectiveness haveébeen
confirmed by the measurements on prototypészerthe-
less, residuallow impedanceHOMs couple thebunches
and a rise time faster than the radiation damgimg can
occur. The rise time durin@jection transientscan be
very fast. A very powerful longitudinaleedback capable
to dampall the coupled bunch instabilities haseen
developed. Abunch-by-buncHeedbackscheme in which
any bunch isicked proportionally to the timederivative
of its longitudinal position error has been adopted [7].

0521190 a0

In the commissioning phase the longitudifegdback
systems have been successfully commissioned allowing
to store in bothelectronand positron ring routinely high
current inany filling configuration. A dampindime of
~ 200us has been achieved.

A current largethan 540 mA hadeen stored ireach
g in 30 bunches configuration without any significant
longitudinal oscillations. At theseurrentlevels thefeed-
back isnot yetsaturatedFigure 3 shows that the syn-
chrotron sidebands disappear with the feedback on.

3.2 Transverse

The firsttransversemultibunch instability haseen ob-
served while tuning the machine to a working point with
fractional part close to the integer (5.09,5.07). Deam
transverse motion wastudied bydigitizing a beam posi-
tion monitor signal with the fronénd ofthe longitudinal
feedback of the other ring and storing the turn by turn mo-
tion of each bunch in its memory. The off-line analysis of
the bunch motion, consisting in the Fourier analysis of
the time domain bunchkignal, permitted to identify the
mode 55 as the one responsible for the instability.

In order to understand whetbe dangerous mode is
trapped, local orbit displacements (bumpsyere made
around suspecteHOMs sources: RF cavitytransverse
kickers, injection kickers. Whave found a cleadepen-
dence ofthe transversemultibunch instability threshold
on a bumplocalized in one of the injection kickers.
Indeed,the unstable line omode 55 coincidesvith the
frequency ofthe HOM (1304 MHz)trapped inthe injec-
tion kicker, that wagound both in the simulations and
bench transversimpedanceneasurements. Tovercome
the problem, the present working point Haeenmoved
elsewherethus shifting themode line away from the
HOM frequency. For the future a transvefsedbacksys-
tem has beeenvisagedand astudy todampthe incrimi-
nated mode bynserting an antenna has begerformed.
Impedancemeasurements confirm the successful HOM
damping.
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