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VACUUM SIMULATION OF RF CAVITIES TO OPTIMIZE
PUMP CONFIGURATIONS °

S. ShenlL. S. Tund, LLNL, Livermore, CA

Abstract 2 VACUUM MODEL

The pressure history in the components of an rf linac h ;

been modeled using Mathematicg1] Specifically the 21 Overview

Cavity Coupled Drift Tube Linac (CCDTLand Cavity The numerical modetiescribedhere is for the vacuum

Coupled Linac (CCL) sections of theéAccelerator system for a six-cavity section thaépresents the first

Production of Tritium (APT) plant [2] have beemodeled module in the CCDTL. In actuality, the geometryeath

in order to predictthe optimal pump configurationver cavity is unique because afs dependence othe proton

the 224 meter length. Tharessurehistory in up to 43 beam energy. However in our model, the six cavitige

sub-volumes withinthree representative modules (abouthe same size as the actual first cavity. This has the

three meters long) isnalyzed indetail. Included in our smallest geometryand so provides a conservative

model are time-dependenutgassingrates and pressure- description without having to include the details for all the

dependenpump speedsWith this information, we solve cavities.

for the pressurdistory during roughing and with turbo We built two numerical models: first to study tb#ect

andion pumps. The numbeand size of eachpump is of manifold size on the pumping configuratiand second

optimized to achievehe desiredpressurewith minimal to take the first model with the optimized configuration

costs. and install an rf window system ttetermineits pumping

needs. Alayout of evacuatedcomponents for the first

1 APT DESCRIPTION model is shown in Fig. 1. In thesecondmodel, the rf

A high-energy proton beam icelerated by geries of f Window andits pumping systenare modeled aalf a
cavities that have 1wifferent types of geometries or SyStemand are placedfterthe 6" cavity along amirror

modules. The entire length of the 11 modules thaymmetry line. In this way our 6-cavity model with the rf
encompass the CCDTland CCL configurations is window systemrepresents a 12-cavity section with one
224 m. Over this length there are 341 (individually ~manifold.

numbered)segments thaare composed ofrom 1 to 7 rf Figure 1 shows how thevacuatedpace isdivided into
cavity cells.Becausehe rf cavitiesandmagnetssurround sub-volumes and interconnecting conductances for the first

the beam tube. the beam tube must evacuated via Mmodel (without the rf window). Notéhat there are two

pumping connected tche coupling cavities. Withieach 10N Pumpsandone turbo pump shown for six cavities.

module, eachcavity geometry isunique because of its However, aswill be discussedshortly, the optimized
dependence on the proton beam energy. configuration requiresnly two ion pumpsandone turbo
pump for 12 cavities. Consequently the puspeeds in

2 VACUUM REQUIREMENTS the six-cavity model is exactly half of the actyalmp

. speed.Two "half-speed"ion pumpsare used sdhat we
The requirementor the CCDTL/CCL vacuum system .o, shytoff one pump to study theessure gradient along

is to providesufficient pumping toovercomethe surface  he heam tube. (A 12-cavity modslll be written in the
outgassing of vacuum facing componeratsd the oo future with only “whole pumps”.)

window in order tomaintain a beam tubgressurehat is
below 10° Torr. The system must baesignedfor plant 2.2 Method

operation, which ‘implies continuous operation W'ﬂbressure history istudied by solving the coupled the

minimal downtime. Inaddition if one ion pump fails per energy balance betweal the sub-volumes(The routine

manlfold, the remaining lon pump muisdaepthe beam is_written with Mathematica[l] andruns on a 266 MHz
line below the operating pressure. The cavity componenis

! ower Mac G3. The entire ruequires atmost 70sec.)
are composed ofbrazed OFE copper. The manifold, X
: For each sub-volume, the followingenergy balance
pumping ports, and beam tube are composed of

. . equation is solvegdimultaneously for all 43 volumes for
electropolished 316 stainless steel. ) X
each time during pumpdown.

Vidp;/dt=2Q ;= ZQ oy (1)

wherei is the index for théh sub-volume,
V is the volume (liters);
dp/dt is the rate of change in pressure (Torr/sec);
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Figure 1: Evacuated spacéor the first six cavities of the APT/CCDTL adivided into sub-volumes and
conductances. Only the left half of the layout is shown. The right half is symmetric to the left. Sub-volumes are
labeled numerically and indicated with a “V”. Conductances are labeled with the actual conductance Vidlses. in

Note that between each sub-volume is a conductance.

Q.. is the sum of time-dependent outgassing 3 DETAILED RESULTS
or leaking intoV; (Torr-lit/sec);

and=Q,,, is sum of energy removed frovh 3.1 Final characteristics

via conductionQ ., =C,_; (B, —R) (2 Aside from geometry surfaceoutgassing is the strongest
andC,_;is the conductance (lit/sec) factor to determinepumping needs. For our time-
between sub-volumes; dependenmodel, wecombinedthe early outgassingrates

and/or via pumpind? ... = S(R) P 3) of stainless steel from Roth [3] with long term raater
andS(p) is the pressure-dependent ten hours. The long term ratase dependent othe final
pumping speed (lit/sec). material preparation and handling. \tkerived anumerical

This set ofequations is solved fodimes: 1) with the fit that describes this time-dependence of outgassing:
roughing pumpdown to 0.05 Torr; 2) with the turbo .
pump down to 4 x 10Torr; 3) with the ion pumpslown R ['Sl'orr—llt/sec/cnj] = 2.4x10° e>§p(-2.2<
to below 2 x 10 Torr; and 4)with one ion pump off for 10°1) +7.2x 10° exp (-1.%10°Y + B, ®)
50 seconds. The roughing punmpessure isinitially at whereB = 1 x 10', the outgassing rate after ten hours and
720 Torr. The finapressure athe end of eachpumping tis time in seconds.
phase is thesaved to behe initial pressure for the next
pumping phase. For aten-fold in increase irR, we foundthat thebase
pressure followed linearly.
A summary of the totahrea,volumes,andoutgassing
is provided inTable 1. Also given is the finalptimized
pumping configuration. Following this table, Fig. 2
shows the pumping history. When oimn pump fails,
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our modelshows that the beam tulessure above the the beam tube above tHailed pump. If the manifold
failed pump nearly doubles within 50 seconds. diameter istoo large, theadditional outgassingincreases
the beam tube pressure. Thus our simulatietermined

Table 1: Summary of geometry, optimized pumping that a 6” or 8"diameterallows the most coseffective

configuration, and final pressures pumping configuration. Iaddition, becausthe manifold
is attached from abovandthe accelerator issupported on
Pumping System for 12 Cavities box beams that argpacedl8” apart, then a 6” or smaller
One 6" diameter manifold manifold is much easier tmstall. Thus wechose a 6"
One 300 lit/min roughing pump diameter manifold.

One 70 lit/sec turbo pump
Two 55 lit/sec ion pumps (for redundancy)
Three gate valves (one for each turbo and ion

Detailed system parameters for a 12-
cavity section (including manifold and
pumping ports but no rf window)

Total copper surface area = 42,582 cm

Beam tube pressure with one ion pump failed

Scroll pump on

Pump sizes were chosen so that the smallest mizep
available fromvendorsevacuatedhe beam tube tbelow
2 x 10" Torr. Thus with the failure of one ion pump the
beam tube pressure would less than 4 x 10 Torr. In
pump) this way we have a considerable design marginaise the
surface outgassing exceeds™Dorr-lit/sec/cm.

A secondstudyincluded an rfwindow assembly (with
its own pump) at the location of sub-volume 38. Based on
preliminary outgassingdata for the rf window, the

Total stainless steel surface area = 16,920 cm assumed ratevas 2.7 x 10 Torr-lit/sec.[4] We ran the
Total volume = 137 lit code for a range of windopumping speedsandlooked at
Total surface outgassing = 5.9 x%Dorr-lit/'sec beam tubeand rf window pressures. Maintaining a
Beam tube pressure during normal ion pump pressure of at least 1 x 10orr in the rfwindow volume
operation = 1.4 x I0Torr was an operational requirement. Taccomplish this
required that the rf window pumpirgpeed be aeast 275

_ lit/'sec. Because of the small spaoe weight restrictions,
=2.5x 10 Torr .

a NEG (non-evaporable getter) pump was choserttior
job. With no window pumping, the rfwindow pressure

for 6 min. reached 7 x 10 Torr. Based onavailable NEGpump
2 F Turbo pump designs, we conservatively chose a pump size of 500
Beant ¥ | on for lon lit/sec.
tube 1| 6 hrs. pumps
s fi
(To”io_z _ I hor 4 EXTRAPOLATION TO PLANT
al 1.0x 107 We alsoanalyzedtiwo otherrepresentative modules — one
107 in the CCDTL sectiorandthe third in the CCL section.
106} 4.0 X 10-7\> The optimized configuration foeachsectionmodeled is
sl then linearlyextrapolated tathe entire 341 segments to
10 ' ' ' ' characterize the pumping needs for the plant.
10 1?8 100 1t 10

Time (seconds)

Figure 2: Pressure history of optimized pumping of 1PR]
cavities for the first module of the APT/CCDTL [2]

3.2 Component Optimization

The vacuum components that we optimizezte manifold [3]
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diameterand length, bellows size(betweenthe lower [4] APT/LEDA RFQ RF Window Pumping System

coupling cavitiesand manifold), and pump number and
size.

The largest contribution to optimization was the
manifold. Use of a manifold allows the usefefver larger
pumps. For the same total pumpisgeedone canlook
at prices in thevendercatalogsandconcludethat for the
same total pumpingspeed, fewer larger pumps cost
substantially less than more smaller pumps. In our case of
ion pump failure, if the manifoldliameter istoo small,
the reduction in manifoldonductance reducgmmping of
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