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Abstract

Transverse coherersingle bunb motions are studied
theoreticaly ard experimentally for theeSR- machine.
Starting fran the mode-mergig instability observed at
low chromaticities the head-tail mode frequencieard
current threshokl are measuredsystematically n the
verticd plare as functions of chromaticity, beaaurrent,
RF voltagg ard optics Measurement ofdamping ard
growth rate of the dipolar modeis also attemptedas a
function of chromaticit to characteris the machine
impedane empirically. Theoretich analysis $ madein
parallel toinvestigate te dynamicsand to fit the model
impedanceto best reprodue the observations.Two
numerical methodsare employed: te multi-particle
tracking ard solution of an extendd Sacherer's equation
with the progran MOSES. lItis found that tke machine
impedance carbe well representedby a simple BBR
(Broad Band Resonator) impedancehe parametersof
which are quasi uniquely be deterndrfeom the fit of the
mode-merging instability. Isiexperimentail shown that
the low ggo vacuun chambe sections contribet largely
to the machine impedance. The resultant model isdféoin
describe the observed thresholds at higher chromatieftie
well, the dynamics ofwhich is analysedto consist of
higher-order head-tail instabilities.

1 INTRODUCTION

Associatd with increasing lov gap insertio device
vacuum chambers in the ring, the encoumteesluctionof
the thresha current of the transverseinstabilities has
been compensated the ESH by the use oflarge
positive chromaticitieswhich, however generaly induce
advere effects of reducingthe dynamic acceptances. To
improve tke machire performance, theoreticalard
experimental studies have been initibfg]. The primary
objective & the theoretical studies ido understandthe
dynamics occurringt high currentsAs the dynamicsis
determinedby the wa the bean mode spectra interact
with the machire impedance the modellig of the
impedane becomes onefothe centrd issues Numerical
tools are employed and developed inhathie time domain
(multi-particle trackiny ard the frequeng domain (the
progran MOSES), n which a BBR (Broad Band
Resonatgr impedanceis taken & the startig point.
Experimens are madeto survey systematicall the
coherent transversmotions n various regimes to
provide inputs for the theoretich analysis with a
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particular effort to measure the damping and growthofat
the dipolar mode to empiricaly characterise the
ESRF storage ring impedance

2 MODE-MERGING REGIME

At low chromaticitied&,| = [(AQ\/Qy)/( Ap/p)| < 0.2, in
accordane with theoy the single bund stability is
largely limited ly the mergirg of 0 and-1 verticd head-
tail modes whose threshold currents measurd around
0.8 mA (Fig. 1).
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Figure 1: Observed mode-merging instability.
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Figures 2 Fit with the BBR parameters (fg GHz, Ry
MQ/m, Q) = (5, 8, 1) leftand (22, 5, 1) right8 = 2.7
m.

In the model ofa Gaussian beam interactimgth a BBR
impedance, the tracking and MOSHive identical results
for the mo@ coupling (the bund lengtheniig included as
a function of bean current) Fitting the observe merging
with the BBR parameters leads to
fr=22 GHz R{[B=13.5M) andQ=1. @

While the resonantrequeny fg is found to influence the
merging frequency, the product oktbhurt impedane Ry
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andthe beta functiorf3 affectsthe threshold current. The and &, (Fig. 4) exhibits two noteworthyeatures: i) a
BBR parameters arthus quasi uniquelydetermined from large excursion of(Q,), acrossé,, that amounts to
the fit. An observation that -Inode is also slightly excitation of head-tail modeshigher than rh|=10; ii)
defocused requirdg to be 22 GHz instead @&.g. 5 GHz accordance of the curves @,), for two differentVgg's
(Figs. 2). The implication of thditted BBR impedance (in contrast to the variation dfy,), which is supposed to

shall be discussed further below. be non-accidental.
It becomes a key issue to verify if thebserved
3 DYNAMICS AT HIGHER instability thresholds athigh chromaticities can be
CHROMATICITIES describedwith the assumption ofsuccessivehead-tail

instabilities using theobtained BBR parameters. As

merging, the bearbecomes unstable at aertain current eProduction ofly, requiresthe knowledge of damping
and stabilises again as thaurrent is increasedyithout ~forces, we focused on the relatibatween(Qy)i, andéy.

any merging of the modes. Several of such unstablf® computationsvere made inthree ways; a semi-
points may beobserved before reachirgaturation. The analytical, MOSES and tracking. In the first two methods,

measured coherent tunes indictitat higher-order modes - the modewith the largest growthate was searched by
1, -2, ... are excitecone afterthe other.Instead ofmode- t@king themeasuredy, for a given ¢y, andits mode
merging instabilities amonghigher-order modesthat frequencywas identified as (Qy)y,. Whereaswith the
might be expected to take place, the observatioerefore racking,ly, and (Qy)y, werefully computed. Although
match with the classical picture of théiead-tail (he radiation dampingtime had to beshortened, it
instabilities [2]: With a shift of chromaticitynodesthat Managed taeproducethe entirelyh, versuséy,. In view of
overlapwith a large realpart of theimpedance in the the Landaudampingthat exists in reality, theverall
negativefrequencyregion are unstable, while those that29reement isconsidered asmeaningful. Note that all
have passed this regiame stabilised by thémpedance in Methods includethe bunch lengthening by taking the
the positive frequency region. Thefact that both the Measured dataAll three approachegproduced similar
observations and the analysislicateless detuning of the r€Sults, whichagreewell with the measuredpoints (Fig.

modes as the chromaticity is increased, is also in favour‘gf o )
this interpretation, as it results iweaker interactions | Ne agreementimplies that the unstatledes interact

among themselves. with the negative resi.stance of tBBR impedanceeaked
at -22 GHz andnot with the resistive wallmpedance at
o A}/ertical Tune at threshold low frequencies_

4 IMPEDANCE MODELLING

The fact that no resistive wall impedance is required at low
frequencies appears to be contradicting toctnatinuously
limited vertical stability with increasing low gap
chambers as well as with the observation of resistive wall
instabilities in the multibunch operation. Furthsgudies
have been madexperimentallyandtheoretically to assess
the obtained model.

With chromaticities slightlyabove that of the mode-
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4.1 Dipole mode frequency measurement

% oz 04 o5 o8 % 02 os os os Attemptswere made taneasurehe dampingand growth

_ & & rates of the dipolar mode versus chromaticity to
F;]gure 3:  (Left) Measured threshold current versus characterisahe real part of theimpedance.Details are
C romat|C|ty. H H ¢ > : :

Figure 4: (Right) Measured coherent tunes at thresketdus given md Rsf'f.t?.' Wlttr:] dv kO d?nlﬁmg“?es v;/.ere”
chromaticity. Curves are the theoretical calculation using tpeasure y |_|ng e p.ea S 0 g ¢ rgme} ically
BBR impedance of Eq. 1. modulated amplitude decaying exponentially in time.

Growth ratesvere measuredith &, < 0, thanks to the
To see if the observed trendcontinues overlarger sufficiently large tune spread with amplitude to stbeam
chromaticities, mappings of theurrent |th and the as well as tC.) _t_he timegated transversefeedback .tO
coherenttune (QV)th at threshold versus Chromaticifw, suppress the initial amplltude-.lowever, thechromatic
were constructetbr two RF voltages/ge's (Figs. 3 and frequency could only go down to about -15 GHz due to the
4). The expectedfast non-linear rise ofy, with &, is loss of beamsignal. The monotonouslecrease of the
observeduntil the stability is limited by opticateasons. measured growth time 44, | is increased is iriavour of
A large increase ofy, is alsonoticed asthe bunch is the high resonanfrequency of 22GHz of the BBR
lengthened vid/ge. Whereas, the relatiobetween(Q, ), impedance (Fig. 5 left). Furthermore, gpreliminary
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measurement of thelipolar frequency versus negative The effect of the resistive wall impedance viragestigated
chromaticities for different beam currents showsin the mode-merging regimehereits influence could be
convergence ofthe curves ataroundthe expectedposition relatively important. Thémpedance othe existing low

(Fig. 5 right). gap chambers was evaluated with the expression,
2R Kw . . w’b -1
. ero mode tune shift Z W) = ——~= - 1— + | —
1i -Itr::negfzi;y;?;iv;ﬁh ﬂ 0.002 t DR.W.( ) Eobs [D \ 250 ( J) J 2 ] (2)
) |® 0
0.8 : : ‘j"’.v‘
08 & 1=2mA -0.002 S derived by solving the Maxwell equation without tloag
04 7 ’} oo : :ij: range approximation (symbols have their usual
02 af | @ osma meanings). Unlike the standard formula, tweresponding

O 08 06 04 02 0NV 0008t wake function converges correctly to zero in the limit.
Figures 5:Measuredgrowth times (left)and the frequency With these functions, MOSE&ndtracking computations
shifts (right) of the dipolar mode versus negative were made tcestimate thedipolar detuning. Taking the

chromaticity. beta value at theentre ofthe low gap vessels, the
resistive wall explains at most 10% of tlabserved
4.2 Effect of low gap chamber sections detuning.

A systematic evaluation of the various vacucimamber
To explore the impact of the low gap vacuum vessels, tiepedances irthe ring is to banade and comparedith
measurement dfy, versusé,, wasrepeatedvith an optics  that empirically obtained. One such study hlsady been
that increases the verticBlfunction by nearly dactor of made evaluating the tapers of the low ghpmbers in an
4 at everytwo straight sections withouwffecting much approximate way witiTBCI [4]. The mostly inductive
the rest of the optics (the low gahambersareinstalled nature found, alongvith the experimentakvidence Jeads
in the straight sections). Thabserved drastic reduction ofone to assume that the tapare largely responsible for
lth by a factor of 2 to even largealues at highcurrents  the imaginary part of thebtained BBR impedance. The
(Fig. 6) confirms alarge contribution of the low gap contribution of the resistive wall to thBBR is to be
sections to the impedance. investigated in more detail.

1L__!ntensity t!‘lreshold'(mA) ' 5 CONCLUSION

A simple BBR impedancavith the resonanfrequencyfy
at 22 GHz, the product of the shuntpedanceR; and the
beta functiong of 13.5 MQ andQ equal to 1 fitted from
the mode-merginginstability, appears togive a good
overall description of th@bservedvertical instabilities.
The dynamics ahigh currents is analysed toonsist of
high order head-taihstabilities extending beyond¢im|=10.
The measured growth times and the detuning oflifralar
mode arebasically consistent witfi;, > 20 GHz. Alarge
contribution of the low gapchambers tothe machine
impedance was experimentally demonstrated.
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