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Abstract The harmful HOMimpedances are dhe order of 10Q

for monopole and 10Q/m for dipole modes per cavity
To providethe necessary beam powand RF voltage, Taking the SOLEILparametersand assuming that the
while coping with coupled bunch instabilities, a cavities are installed in the short straight sectioviere
superconducting RFsystem is under study for the g <5m, one obtains HOMamping requirements better
Synchrotron  Light Source SOLEIL. A special than 2500 for longitudinal and 1250 for transverse planes.
arrangemenicombining a pair of single-cell cavities,

strongly coupledthrough a large beamipe, but ended 2 CAVITY CALCULATIONS

with much smaller onesand equippednith “classical For SC cavities, we refrain from mounting couplers along

HOM dampers isinvestigated. Results afimulations, . . i
after optimization of the cavity shape, beam pipe openir{{ge cavity wall and two strategies can be prospected :
’ < either wide-open beam tubes,covered in rflossy

and length, as well as the HOM-couplers design, are . .
o materials on the innersurface, form themselves
presented. Lastly, as beam power deposition and . . R .
S o . coupling devices[2,3]; efficient damping carthen be
contribution to the overall ringmpedance are omain ; : .
) : achieved but at the expense of lagpenings, risk of
concern, the shomange wakefields othe overall cavity . . L .
cavity pollution due tothe proximity of theferrite,

assembly have been also carefully studied. . )
and large overall lengths (one single cavity per
1 INTRODUCTION cryostat).

An R&D program, involving collaboration wittother or a string of cavities, linkeavith large beam pipes
european laboratories, in particular CERNESRF, on in-between, butterminated onsmaller outer pipes,
a superconducting RBystem for the 2.5GeV storage form then resonant multi-cell structures, with strong
ring of SOLEIL light source [1] has beeset up. The coupling for the HOM%”? very weakcoupling for
relevant parametemrethe total RF voltage of about 4  the accelerating modg4]; “classical” HOM dampers
MV for an rf acceptance o£6%, andthe RF power of can hence be mounted ahe large pipes, where the
400 kW, including the magneind insertion losses, to ~ Standing wave HOM fields have large amplitude;
transfer to the beam. The LEP cavitgquency, or more  S€Veral cavities can be housed in one cryastdtthe
rigorously 353 Mhz, has been chosen. Two single-cell €nd béam pipes have moderate opening.
cavitiescanthen be used, with &ery moderate gradient Since first estimations lookery promising, thislatter

(below 4 MV/m) and apower of 200 kW per coupler solution has been chosen for the Soleil projetensive
which lies in the capabilityange ofthe existing LEP calculations have been carried auith the help of aself-

couplers. Coupled bunch instabilities is of majoncern, actingcode,which has been speciallyevelopedfor the
because of the high design beam current of 500 mA, (wiiPtimization of a 2-cavity system. Ttexpected external
the total rf buckets filling by 396 bunches), needed for th@S &€ computed, assuming magnetielectric coupling
high brilliance multibunch mode. Trader ofmagnitude  ((he maximal penetratiodepth ofthe coupler hadeen

of the required damping dhe longitudinalandtransverse fixed to one quarter ofthe pipe radius. Allgeometric
Higher Order Modes ofhe cavities is given by theell- parameters have been varied, like éggator andris radii
known approximate formula (assuming short bunches affi the cell.and in particular the beam tubgiameters and

coincidence of HOM frequenayith one single excitation (e cavity spacing. Aeachstep, after anautomatic re-
spectral line) adjustment of theequator radius toget the right
2E/eQs 2E/e

accelerating moddrequency (350 Mhz), the optimal
fr Rg< N foRg Rl E——— location of the coupler, which minimizes timpedances,

) 9Tslo Potole is sought by a scan all along the inner beam tube. At each
with |, the beam currenE the energyQ, the synchrotron location, theproduct R/Q*Qex,, is computed foall the
tune,a the momentum compactiofi; the beta function
at the cavity location,r; and 1, the longitudinal and

n modesbelow the cut-off frequency ofthe smaller end
transverse radiation dampinignes, f, andf, the HOM

tubesandthe maximal value R,y = Max{R/Q,*Qex.}
resonance and revolution frequencies_ of these nproducts is retainedThe optimal coupler
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location is ofcoursethe one which gives the minimal parameters are R/Q of 43 per cavity, peak electric and
value of Ryax Fig.1 shows for example the maximalmagnetic surface fields of 2 and 4.5 mT/MV/m.

impedance - at optimal coupler location - for dipole (top)
and monopole (bottom) modes, as a function ofitiner
tube lengthandfor differenttube radii, from 140 to 220
mm. The end pipes aperture has bfseed to R=130mm.

The impedancesiecreasaegularly when the inner pipe
increasesbut above a certain radiu@bout 20 cm), the
situation reverses. %

[ Figure 2: Electric field lines for the fundamental mode (top) and the
\\\j highest R/Q monopole HOM (bottom)

3 HOM DAMPERS DEVELOPMENT

The specifications on thmode damping levels will be
carefully checked in the near fututeough neasurements

——r=1 N T on copper cavities and adjustable HOM couplers
i S > .
= ~ il prototypes. Meanwhile, thperformance othe couplers
< Rwﬂww&fﬂ have been evaluated with the help of the “Highgquency
L Structure Simulator” (HFSSkode. These calculations
B N oy s N intendedfirst to insure the validity of the above
\bﬁmﬂﬁn y Q

predictions, but will alsoserve as a guide tahe If
T e optimization of the couplers. Concerning the dipoiede

damping, weadoptedthe SC loopcouplerwith the loop
e et aceBs'e bevopberpendicuiar tahe beam axisalready used orSaclay.

LEP or TESLA cavities (see [5] or [6] for example),
We concludethat a tuberadius of 20cm, with acavity which proveditself, but with a much higher coupling
spacing of about 3 half wavelengths, is optimalldoth  factor. Concerning the longitudinal asle damping,
transverseand longitudinal modesBesides,the optimal magnetic coupling with the loop parallel to tiheam
locations of the dipolendmonopole couplersire found axis, much more efficient thaglectric coupling, has also
very far from the iris of the cavities (2&and 53 cm), been chosen, but with an additional sheet notch filter. The
relaxing the poweconstraints on théundamentalmode outer diameter (160 mm) of the HOM devices has been set
rejection filter. The twenty dipolend monopolemodes to 40% of the bam pipe diametégading to doop mean
are listed on Table 1. Assuming magnetic coupling with eadius ofalmost 50 mmwhereashe innerconductor is
loop area of 20 cry the predictedexternal Q is also between 20 and 30 mm. Once the coupiagameters are
given. Furthermore, we checked that the modes abotve known, the rf elements, whiclare usually added to
off, of much lower R/Qcan beeasily damped bysimple  improve further the response of the coupler, especially in
room-temperature couplers outside the cryostat, close tt@e vicinity of the HOM frequencies, can be determined by
the conic transitions. means ofequivalentcircuits. Though very similar to the
longitudinal coupler, we present here only the method we

M) (Sﬁ) ((1933); MED) RIRE ((1953); | folllowed for designing the dipole coupler.
703 75 080 575 Wi 0.15] The first step consists in evaluating tha&ameterselated
704 51.6 0.00 594 7.7 1.27 to the necessamynotch filter centered orthe fundamental
454 001] 0.50 611 116 0.30) mode. For the dipole coupler (logerpendicular to the
f{gg Gé_'g g_'gz gg§ g_'?l’ 8_‘38 beam axis for Hz coupling), the filter made ofthe loop
504 100.0 0.49 599 83 0.25 inductance, in seriesith the capacitance formed by the
540 2.5 0.21 723 1.9 1.49 loop end, facing the outer wall. We builFSS models
ggg 131'% é‘_gz ;gg 8'3 g'_%? composed of a cylindrical waveguidhe beam pipe of
674 34 T11 844 05 0.11 diameter400 mm), connected tathe HOM port. Three

Table 1. FrequencyR/Q and predicted Qex for dipole (lef) and modes are launchddom the WG (the rode of interest,
monopole (right) modes below cut-off. TMO1, being the third one)and the notch frequency
Electric field lines, calculated by UREL, areplotted for ~ corresponds to a zero transmission. By varying the length
example orFig.2 for the fundamental mode (verweak Of the capacitive line at the end of the loop, the
cavity coupling)and the highest R/Q monopole HOM parameters of the notch filter can decuratelydetermined
(strong cavity coupling). The maifundamentalmode from a linear fit (L=32 nH and C=6.4 pF).
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We look now for ‘universal’ parameters, which 4 BUNCH WAKE AND HOM POWER
characterize completetyre coupling system, allowing to g, thedesign short bunche@round 5mm), the beam

predict the damping for anymode and any resonator, n,wer deposition is of major importance, and must be, as
assuming oftourse the same beam pipe stand. From g,,chy a5 possible, avoided at cryogenic temperature. If the
equivalent circuit [7], composed by a RLC circuit for thqgs factor coming from the cavities aloneraghersmall
cavity mo_de, a trgnsformer for the coupling factord a (about 0.75 VI/pC for both cavities), the main
L,Cp serie circuit for the loop, wededuce that 3  ongihution come from the two transition tapbetween
parameters, |, G, and anequivalentcouplingarea § of  the cavity beam pipe and the tiny ring vacuum chamber of
the loop, are enough for the dipole coupler. These relevdidlf height 12.5 mm, amounting to almost 3 V/pC in
parameters were determined with a HFSS model composiédal, assuming conic 0.5 m long tapers. The bumake

of a lossy cylindrical cavity (diameter 400 mm, the lengtipotentials ¢,=5mm), computed bythe code NOVO (8],
fixing the resonance frequency) connected ttee HOM  are plotted onFig.5, which shows also théndividual
coupler. Because ghe strong coupling, theonductivity contributions of the cavitieand the tapers. The HOM

of the cavity has to be very log@round 10Q-Im1), in  power amounts to about 2 kW and 3 kW for the high flux
such a way that the reflection coefficient is closer to (896 x 1.26 mA) and temporal structure (% 10 mA)
ratherthan unity. The TEMmode is launchedrom the modes, respectively. If it turns out that this HQieler
couplerend at frequencies aroutite resonancdrequency gives too much trouble, thper could be lengthened or
of the TE ;3 mode, where the Hz component is maximunthe vacuumchamber could beenlarged inthis region.

at the coupler location. Fig.3 showsr example the Lastly, thewakefield has been computed for very short
density plot of the magnetidield (He component bunches§,=1mm), is reproduced orFig. 6 up to 150

maximal at the coupler location) for the jM mode, mm behind the bunch centewill be very useful for
used for the design of the longitudinal coupler. From theunch lengthening calculations. It exhibits resistive
S,4 curves obtained for various cavity lengtasdwith a  behaviour at low frequency , but also sheeponances at

least squaresmethod, the values of the relevant 3higher frequency (around 10 GHz)

parameters are determined. For the dipole couplefinde
L,=42 nH, G=4.9 pF and Qex=45 at 650 Mhz,

corresponding to an equivaldiobp area of 40 cri The
S;; curves, calculatedfrom the aboveparameters and

provided byHFSS for the TE 3 mode ofthe pillbox

cavity (the first resonance peak corresponds to the
polarization with theelectric field inthe loop plane) are )
plotted onFig.4. These coupler parameters shoolget Figure 5: Bunch wake potentials5mm) for the 2-cavity assembly
easily the damping requirements of the Soleil cavities. \
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Figure 6: Long range wakefield induced by short burmcf={mm) for
the 2-cavity assembly.

Figure 3: density plot of the magnetic fieldglfhaximal at thecoupler
location) for the T\, » mode.
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