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Abstract -- :m r " " ' " ' .

The electrical characteristics of a short (2/_A=0.4m) [
•,,o,torwith od l tlo,(,,=4) be,, • I
studied using the three dimensional codes, MAFIA. ""
The completeresonator, including the modulated dec-
trodes and a complex support structure, has been
simulated using _ 350,000 mesh points. Important
characteristics studied include the resonant frequency,
electric and magnetic fields distributions, quality fac-
tor and stored energy. The results of the numerical
simulations are compared with the measurements of
an actual resonator and analytical approximations.

I. INTRODUCTION

A prototype" Of a Superconducting RFQ (SRFQ) Fig,re 1: SRFQ o,ter tank (left), inner electrodes and "
resonator has been des_gneql and built at SUNY, Stony support structure (Tight) as simulated by the MAFIABrook [I].

The short length of the resonator is chosen to fs- M3 code
cilitate superconductlngoperation. This design offers
many advantages for the acceleration and foi:ussing mod,latlo, as well.as the transverse geometry of the

electrode tips. The electrodes are budr in shoes whichof low j3 (0.0t to 0.05) heavy ion beams [2].
The SIIFQ resonator has the four rod structure are one mesh step thick and are modulated along the

[3]. The short length of the SRFQ makes it po,sl- z direction. This modulation is defined differently
ble to stm,late the whole structure for a computer, for each slice to account for the transverse profile.
including the modulation of the electrodes and the The electrode geometry in the input file format for
fringe field regions. We used the MAFIA codes (vet- the mesh generator code M3 has been created by. s
,ion 2.04) [41 to compute in detail the electrical char- program which computes the height and modulatmn
acteristics of the resonator, of each slice.

In this paper we compare the MAFIA numerical The o,ter tank and the support tubes appear as
simulations with the measurements of the SKFQ res- inclined cylinders in the reference frame chosen. The
onator as well as the res,lt, of an equivalent lumped code M3 is unable to define inclined cylinders. There- -.
circuit analysis [5]. fore, these geometries have been defined by overlap-

plng a few bricks with appropriate aspect ratios. The
other components, such as the spheres, the connect-

II. GEOMETRY DEFINITION IN MAFIA h,g tubes and the beam ports are easy to simulate
with the standard shapes available in,M3. The result

The definition of the resonator's geometry and the of this geometry simulation is shown m figure 1.
mesh in MAFIA is very Important for obtaining ac- The M3 always makes structure boundaries shlft
curate results, to the closest mesil planes if the M3 input fi!e doesn't

The most complicated objects in the SRFQ are define them on the mesh planes. The locatlon of the
the electrodes. Also, maximum detad in the fields mesh in the input ro,st be defined very carefully in
is req,ired near the electrodes. Thus we place the order to prevent (often unpredictable) distortion of
electrodes in the x-z and y-z planes of the simulation the resonator. For the same reason, the proper posl-
reference frame. The beam is along the z axis. With tion for a change in step size is on the boundaries of
this particular orientation we are able to define the the struct,re. A high mesh density is needed in high i'

field regions and where a high resolution boundary
'Work Supported by NSF Grant No. PHY-8902923 definition is called for. In this particular application
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'Also NSLS Department, Brookhaven National Laboratory, around the tips of the electrodes. In this simulation
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; lt is also advisable to retain the symmetry of the • T.bl., 1. MAriA Results .. Measurements
structure in the choice of mesh densities. Otherwise ,hd Approximate Expresslono

similar objects may distort.lnto different shapes. Our
experience shows that detatled drawings of the str,c-
Cure projections on all reference planes are necessary. Charn©terl`.tlc MAFIA Approx.|Sl Messes...

These drawings should show the surfaces of the struc- r _MllE) ss.4sS aS.4 ST.ST=
tare as well as the mesh lines. This proced,re is q,ite q ') ]0400 s4so 7_n0_tof,,r (pF) 41 45 S$

laborious, th,s we have developed a comp,ter pro- _rT_ (.i) s.s s.s 4_T
gram which produces the necessary drawings. The I (_l) 20.2 IT.2 t4.1
use of the auto meshing routinein the M3 isnot rec- r.7,/u(')({MVln,l_/J)7_ ss 40 .
ommended for optimum placement of mesh planes in E_IU(') ([l_IVlm]71J) l.i I.o I._

Ea/E. 0.12 0.1_1 0.11'

complicated structures such as this SILFQ. 0:i_3 (G_IJ) v.4x10' s.sxlo' sxto'
The number of mesh points required for the geom- ,_v/.v(%)

etry shown in figure I Is 347,733 (81x81x53). The _nas 4.0 s.s --Centre O.S4 |.8

average mesh density is -_l mesh point/cs "I,the high-
est is ll.8/cm "_and the lowest fs 0.5/cs a. Notes,

(1) For room t,-mperatore copper.

Ill. C0bIPUTATION AND RESULTS (2) At a de.lfn,.d Inter-vane voltn|e or Vm0.41SMV [2l.

(S) At the ,.hldl., or a SRFq cell.

Following the mesh generation we use the eigen- (4) Inel,,,1,.,,trnnslt time /'actor and frlnlie field effeet.

valuesolverE3! to compute the electromagnetlcfields.

The E31 requlresconslderablememory, space. Total
running t,me dea)ends on the avadabdlty of on-llne IV. DISCUSSION
memory. The E3I recpdresfreql;entaccessto large

arrays,thus a lot.ofvirtualmemory storageresults As we see in Table I,the agreement between the

In excessive IIO activity. To run the E31 in fast MAFIA and the experiment in frequency Is reason-
• mode with 350,000 mesh.polnts we need about 70 able, considering the complexity of the structure. As

Megabytes of core memory. Since last publication [5] mentioned above, rounding the sharp edges over the

several improvements have been made to mcrease the tips oi" the electrodes has increased the frequency.by
precision of the solution. We have described the tech- 1.8 Ml[z. Sharp corners lead to sn anomalously h,gh
nique by which we generate the transverse profile of e_tergy density which lowers the frequency. The present
the electrodes. The apphcation of this technlq,e re- slm,latlon still contains some sharp corners which do
quires a higher mesh density in beam region and in not exist in the real resonator. We estimate that by
electrode tip area. l{o.wever, rounding the electrode rounding the remaining electrode edges the MAFIA
tips leads to a better slmulation of the str,cture. As frequency will go up by 0.87 MIls to 57.37 MHz, in
a result, we observe sn increase in t,he computed res- remarkable agreement to the measured value. This
onant frequency grom 54.7 MHz to 56.5 Mils. The estimate is obtained by scaling the frequency change
CPU time of the _350,000 mesh point problem was of 1.8 Mllz by the ratio of the length of the tips and
about I hour on a CRAY 2. the electric e,ergy density there to the length and

The accuracy of the solution is also dependent on energy density of the remaining sharp edges.

E3t input parameters. In tl, s simuJatJon the measure We can not explain the higher Q value and geo-
of the accuracy was V x (V x _) = 9.4 x 10-', V. Z_ = metric factor F in MAFIA relative to the measure- ""

5.5 X I0 -ll and V • B = 9.1 x I0 -l'l (MKS units), sent. We note that similar discrep,ancies occur rrc-
This precision has been obtained by using I0 resonant q,ently between simulations and measurement. This
modes and o.p.timizing the highest mode frequency in may be the result of oxidation of the copper surface.

The electric unbalance t_V/V [5} calculated from
the computatlon. Other techniques [6] have also been the MAFIA field distrsbutlon shows a difference be-used to improve the solution.

Table I lists the main electrical characteristics tween the ends of the electrodes and the center. Thls
computed by MAFIA. The values from bead pulling difference is d,e to transmission line effects along the

electrodes. The approximate calculation does not in-measurement and those from approximate exvressions
derived from slumped circuit model [5] are also giS'en, elude thls effect.

The experimental value of the capacitance |s de- The approximate analytical estimate for the total
capacitance Cr,,t,t in Table t also includes the contri-

rived from sn axial bead-pull meas.urement in a given
cell of the SRFQ, using the followmg expression: butions or the fringe regions and the support struc-ture. A better estimate or the various capacitances

C.,',,,_,,,= _aaenkTA?,,(AJ'//)_t,,t_, has also improved the precision in the calculation of
the AV/V as compared to aprevlous publication [5].

where a is the radius of the metallic bead, (Af/f)r,,.,,_ We also note that MAFIA calculates higher peak

is the measured fractional peak frequency devlatiott, surface electric field E, and magnetic field B, than
k = 2x/_A and Aco is taken as the theoretical two measured. This can b'e explamed m. part by sharp
term potential value. Units are MKS. A better agree- corners which appear in the slmulat_on. There are
sent should be obtained once we_et A,o from the several reaso, s for the sharp corners. First, the ft-
complete analysis of the bead-pull data. nlte mesh density results in sharp corners at the mesh
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Figure 2: Electric field (arrows) and electric energ_J !

density (contour lines) distribution at a cross section Figure 3: The magnetic energy density (contours) and
!

of the electrodes in the center of the resonator, magnetic field vectors around one ol the support tub_s. [
1
i

cube boundaries. The second reason Is that the avail- off the s-trace. Thls is an artlfact of the MAFIA al-
able lattice co_lstructlon elements (cylinders, spheres, gorithm, which works with fields rather than poten-
blocks etc) can not match the real structure perfectly, rials. A field value on s node Is averaged with values
so sharp corners may be created. For example, the oil adjacent nodes through the solution of Msxwell's
support tubes, being inclined in the x-y plane had eq,ations in a finite-dilTerence equations [7]. Thus
to be constructed of blocks. This resulted in sharp the value of tile field on a node which is near s metal
corners which enhance the peak surface fields. This s,rface is reduced b_" the influence of the vanishing
enhancement can be estimated as approximately v/2. field inside the metal.
For example, the value of B_/U which appears under .Fig.3 shows the magnetic energy denslty contours

and magnetic field vectors around one of the su.pport
the MAFIA column in Table 1 is too high by approx- tubes. The location of the peak surface magnet,c field
lmately a factor of two. Once this correction is done in thls reso,ator is next to the jolnt of the support
the agreement b_comes quite good. t,he and the tank roof, factng the tank wall.Tile acceleration field E, includes the transit time

t'actor and the effect of the fringe fields. Some of the
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