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Abstract

It is well-known thatwakefield effectsdue to steep
vacuum chambetransitionscan bedecreased byapering
the steps with small angleslowever, even venjong
tapertransitionscangive rise to harmful highfrequency
resonatorsand contribute to themicrowave instability.
Time domain calculationsvere carriedout on various
transitions, like the oneseeded atboth ends of RF
acceleratingcavities or insertiordevices.The effects of
these tapers on longitudinal dynami® found sizeable
and results are discussed irthe case of the SOLEIL
storage ring light source.

1 INTRODUCTION

With the aim of estimating the overathpedance of
the vacuum chamber of storagengs, the effects of
reduction or enlargement of the beampghameterwere
first studied. Largejumps in transverse size originate
mainly from insertiondevices and acceleratirgiructures.
Whereas the former give rise to pipsluctionand behave

mostly like inductive collimators, the latter give rise to

pipe enlargementand lead to significant resistive
impedance.Since the SOLEIL insertionsare nearly
axisymmetric, simulations have beesrriedout with the
time domain code NOVO [1], which can compute
accuratelyandvery quickly, even withvery long tapers.
Lastly, theeffect of the cavity assemblyterminated in

long tapers atboth ends, on the threshold of the

microwaveinstability wascalculatedfrom the point-like
wake potential.

2 INSERTION DEVICES

exiting into abroadeningpipe (‘step-out’),due to the
change of the self-fieldhoving with the bunch (th&.og

term’ of pipes ofdifferent radii), we can directlgompare
the impedances ofhe two steps (irand out) and when
they are linked together. For long enougbunches
(o>a/m), i.e. for frequencies below the cut-off

frequency, there is noutgoing wavesandthe impedance
is hence purely inductive, given approximatively by

L= Ho (0-a)°
4T |

For time domain calculations with tleedeNOVO, a
bunchlength ofl mm and astep-size smaller than 0.1
mm were chosen, in order to get a high enofugtiuency
bunch spectrunand to get rid of step corner effects at
high frequency. The wakefield is calculated 0260 mm
behind the bunch to achieve a proper frequarsplution.
Separate calculations for isolated “taper-in” and “taper-out”
transitions gave rigourously identical results, when the
‘Log-term’ is omitted, as expected. The real and imaginary
parts of two times thémpedance of asingle transition
(taper-in or -out)are shown on Fig.1(solid and dashed
thick lines). At low frequency,the impedance is purely
inductive and the inductance, inferred from the slope at the
origin, is 0.046 nHper transition, inagreementvith the
previous formula, about 30% larger. A resistive
component appears clearly foigh frequenciegabove 20
GHz), also in agreement with the previous condition.

The cross-talk betwedhe two inverted transitions of
the insertiondevice was last studied, by varying the
length of the connecting tube. Interferences tend to modify
slightly the wakefield effectsand the minimal distance,
above which the total losfactor is constant (k=0.325
V/pC) is about 200 mm. Thémpedance ofthe two

We consideffirst the transition of the beampipe totransitions, linked by a 300 mm long pipe, is also shown
insertiondevices,which will be installed on 13 straight on Fig.2 (thin lines)and is exactly the sum of the
sections of the SOLEIL storage ring. The cross section ﬁ)ﬁpedances oboth separate tapers dow frequency_
the vacuum chamber - octogonal through dhedrupoles However, resonant modese excited ahigher frequency
andrectangularthrough the insertiordevices -has been and add up tothe inductive impedance' even when the
modelled by a roundsymmetric beampipe, with a transitions seem‘independant’. Of course, if the
variation of theradius from b=12.5 mm toa=6.5 mm. beampipeswere interchanged (|arger diamettar the
The wakefield effects are usually decreasedapering the connecting tubendsmaller diameterfor the end-tubes),
transition with a small angle. In our case, the length ghe resonances would have begrre pronounced. One
the taper was choseggual to 100 mm, giving ataper can concludethat the neteffect of these 13 pairs of
angle of abou®=3.4". transitions on the longitudinalynamics ofthe SOLEIL

The interaction mechanism has beabundantly
analysed (see [2-4] for instanca)d is brievely recalled

ring is not significantinductiveimpedancesmaller than
Z/n = 6.5 mQ (roughly half this value if we takento

below. If wedropthe energygain of a bunch entering a accountthe azimuthal filling factor) and resonances at

narrowing pipe (‘step-in’) othe energyloss of abunch

very high frequencies only.
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50 ; assembly, the cavity contribution beingery weak.

Besides, from the wake behavigdieltafunction most of
w0 L [ the bunchdurationwith small reflection at the tail) we
\ can infer that, at thedeequenciesthe bunchexperiences
mainly the resistive component with a smaiductive
30 component of the impedance.
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Fig.1 : Real (solid lines)and imaginary parts -2
(dashedlines) of the impedance @) for two | ____. cavity only
isolated (thick)and connectedthin) transitions 4 tcgpvif;ftn;{)ers )
vs. frequency (Ghz). g | — - -charge density i
| | | | | | |

3 CAVITY ASSEMBLY 20 -15 10 -5 0 5 10 15 20
However, thesituation is lessavourable forthe RF Fig.3 Wakepotentials (V/pC) along thé mm
accelerating system, which mustinclude a pair of bunch (mm) for the 3 structures.

transitions of mucHarger beampipe reductiomyith the
pipe of biggestliameterin-between. As we will see, the Since the lossfactors are roughly inversely proportional
wakefields areactually dominated bythe transitions and to the bunchlengthand to the quare root of the
not by the cavities. bunchlength for cavityand transitions, respectively, we
Two superconductinggf)o MHz cavitiesare presenﬂy expect a negllglble cavity contribution below some small
developed[5] to provide an rfvoltage of 4 MV and a bunchlength value. Theomputedlossfactors, given on
power of 400 kW to the beam. A single cryostat contairfsig. 4 for bunchlengthdetween a fevtenths of mm to
both cavities, darge middle beamtube ofaround 3/2 10 mm, show that the lossfactorsduced bythe tapers
length and of 200 mm radius, and two end-tubes of and bythe total assemblyare practically superimposed
smaller 130 mm radius. Finally, two 500 mm long below a bunchlength of around 3 mm.
tapers (limited by space) form the transitidredween the 100 g——
radius b=130 mm of the cavity tubeand the radius »
a=15mm of the ring vacuum chamber. Theree ] :'::tcaaﬁlétégsoﬁfyy 1
structures, the sole cavities (a), the sole transitions (b) and T cavities Hiapers
the total assembly, cavity with transitions (o@vebeen 10 ¢
separately studied and are drawn on Fig.2. The total length 3

of the cavity assembly is about 5 meters. e
) CEE——A 1r
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_/—/\—R Fig.4: Lossfactors (V/pC) vs. bunchlength
H—\j—/_ (mm) for the 3 structures.

The impedancesfor the sole taperswere computed,
Fig.2 : Geometry of the 3 structures, the sole  separatelyand with the big connection tubefrom
cavities (top), the sole transitior{middle), the wakefields induced by almm long bunch (up to
cavities with tapers (bottom). 200 mm behind). Contrary to the transition of the

insertiondevice(Fig.1), theimpedance isnductive only
: at verylow frequency and dinite real part comesvery

the SOLEIL design soon. Once both tapers are connected, the strong crosstalk
(cavity-like behaviour) induces resonances at low
frequencies, with a large broadband resonance at 10 Ghz.

The wake potentials for
bunchlength of4 mm are plotted onFig. 3 for the 3
structures. We notice that theake induced bythe sole
tapers is very close to theake induced bythe total
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Lastly, Fig.5 shows the neimpedance ofthe total
assembly (cavities with tapers). Smalind sharp

spread(bottom) as a function of the number of turns,
when the current is first linearly increasedfrom 0 to

resonances rise from the cavities at low frequency, but tg ma pefore the flat-top starting at turn 10,000. A

general behaviour is dictated by the tapers: large broadb
resonance around 10 GHand constant resistive
component at higher frequencies.
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Fig.5 : Real (solid line)and imaginary part
(dashedine) of theimpedance @) for the total
assembly (cavities + tapers) vs. frequency (Ghz).

4 MICROWAVE INSTABILITY

With the aim of appraising theffect of the cavity
assemblyimpedance onthe bunch-lengtheningnd the

50

microwaveinstability threshold, tracking simulations for

the SOLEIL ringwere carriedout. However, microwave
instability studies require thienowledge ofthe point-like
wakefunction at very shortlistance(about oneorder of
magnitude smaller than the natural
3.6 mm), while time-domainwakefield codes provide
bunchwake potentials for bunches of finite distribution.
Moreover, it is unreasonable to considminchlengths

much smaller thal mm for a structure of total length

5 m ! The point-like wake was then inferred from a fit of - R

the lossfactors,computed for different bunchlengths.
When the lossfactor, as a functionagfcan be splitted up
into a sum of exponantial functions, tlielta-wake is

then also a sum of exponential functions of the distance s. Fig.7:

k(o)=Y a,o 0O W()= Y an F(ap)s™n
with  F(ap) =~m2Y 9 M (@, +1/2), a,<0

Five termswere sufficient to fit perfectly the total
lossfactor curve ofFig.4 between land 10 mm and to
calculate preciselyhe wake atshort distancefrom the
previous expression. The validity of theconstructed
wake was checked by comparing the results of
convolutions with gaussiachargedistributions with the
bunch wakes computed directly with the NOVO code.

Numericalsimulations, performedwith the parameters
of the 2.5 GeV SOLEIL ring and usirgply the wake of
the cavity assembly (tracking of 400,000articles),
revealed athresholdaround 40 mA. Fig.6 shows the

bunchlength of | |

derenergy widening can be observed beftire final
current. The charge density is plotted on Fig.7, showing a
bunch more populated at theead,due tothe resistive
character of the impedance. Finallyb@adbandesonator
(R=45M2, Q=2)with a center-frequency of 1GHz gave
very similar results.
2

1,8

1,6

1,4

1,2

0 T ‘50‘00‘ ‘10(‘)00‘ ‘150‘00‘ éOOOO
Fig.6 Evolution of the relative rms
bunchlength (top) and energpread(bottom) for

a current of 50 mA (flat-top at 10,000 turns).
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Initial gaussian (thinjand final (thick)
charge densities at 50 mA.
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