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Summary 

Tills paper describes the vacuum system for the 
beam-transport lines used with the L,awrence Liver- 
more L,aboratory 100-MeV electron-positron linear 

accelerator. It is operated in the high (10m4 to 

10-5 Pa) range using star.dard ion pumps with turbo- 
m,?leca!ar pdmps ior roughdown. This paper also 
reviews the important factors considered during the 
inltlal design phases; these factors have contributed 
to the very reliable performance of the vacuum sys- 
tem smc~’ its startup five years ago. The cleaning 
and handling procedures used on the beam-transport 
lines, magnet vacu.Jm chambers, and other vacuum 
components are discussed. 

Vacuum System Description 

Psrtlclc accelerator systems have wide use in 
nuclear physics experiments. The typical system IS 
composed of an accelerator, a particle beam- 
transport system of pipes, bending magnets, and 
target areas where experiments are conducted. In a 
{cell-developed facility there is usually an extensive 
and complicated beam-transport line or lines that 
must be evacuated to high or ultra-high vacuum. 

The .Jacuum system for the beam-transport line 
of the LLL 100->‘Iec electron-positron lrnear accel- 

erator (Lmacil is located 8 m below ground level. It 
starts from the exit of the fifth accelerator wavegulde 
section of the Linac. A complex bending, focusing, 
ar,d steering magnet arrangement splits the beam 
trar,sport ltne into four lines that terminate in four 
experimental caves. Figure 1 is a general layout of 
the vacuum system, showmg the vacuum equipment 
on the beam-transpcjrt lines and the experimental 
caves. 

The vacuum system was designed to maintain 
the beam-transport lmes in the high vacuum range of 

1o-4 to 10 -’ Pa. Getter-ion pumps are used for the 
higil sacuim requirements and turbomolecular pumps 
i,:#r roughdown. We chose ion pumps because dIEfusion 
pumps are sub,lect to oil cnntaminatinn accidents and 
ilquiti nitrc~gen trap problems. Ion pumps require 
more sophistlcatcd system design, but our Ion pump 
v~cu11n1 s,ystcm has been very sutlsiactory in fulfiiling 
iiCSli,ll ObJ"CtlV<!S. It e cho;e turhornolccular pumps 
bccausc ~1:’ thclr non-contaminating and hydrocarbon- 
Crce cil;irnctertstic+ and their ability to pamp noble 
g:;tsc’s. Thi,s cr~r7,bin:rtj0n of pumps prnvidcd a cl can, 
ccm-pac~t, simple, and efficlcnt vnruum svstcm 
crin:~alt’ble s~iii tlie Lirinc 

-I?;i: v:lcdllRI s,ystc:rT 
.\lltulr.tl, l!lti!l. 

‘I’liO t,c::i?: transp~,rt 

:1as been ln opcratinn since 

:incs cG)rit:cln tllc largest 
p~tenti;ll c)atg;i>sillp li)xi In tile entlrc vacuum system, 

a major consideration in the vacluum system design. 

They have a total internal s>Jrface area of 4.7 X lo5 
2 

cm . The total combined ler,gth of the mitial beam 
transport lines is 140 m. The lines consist of 102-, 
152-, and 204-mm-diam tubing rectangular beam 
lines, 16 magnet vacuum chambers, and 72 bellows, 
all made of stamless steel 304. There are 240 
mechanical jomts in the beam transport lines, vacuum- 
sealed with shear pinch-type stainless steel flar,ges 
with copper gaskets. Targets and other cornpocents 
added to the beam transport lines will contribute to 
the outgassing load. 

Roughing and High Vacuum Pumps 

The beam transport 1:nes are roughed down to 

1o-3 Pa or better by two turbomolecular pumps. Each 
pump has a pumping speed of 260 1/s and handles 
approximately half the total gas load from the internal 
volume of the beam transport lines. The turbo- 
molecular pumps are connected directly to the 102- 
mm-diam beam transport lines at two locations in the 
system. 

The optimized high vacuum system design called 
for six 600-C,s and one 200-8/s ion pumps. Th e 
pumps are directly connected to the beam transport 
lines with 6- to !!-m spacings between each pump 
station. The size of the ion pumps are determined by 
the tntal outgassing load of the internal surfare area 
and the cm,nductance limitatior,s m the overall beam 
transport tines. Conductance Limitations were calcu- 
lated from the var;ous beam transport line restric- 
t!ons, calllmator openings, magnet vacuum chamber 
apertures, and pumpout valve ports. Outgassing 
rates ?f stainless steel exposed to air from 1 to 10 h 

are in the range of 10-5 to lo-7 Pa (Refs. 2-4). 

Engineering Design Considerations 

Design Criteria 

,,jt the preliminary declgn st;igc, the engineering 
requirements ccjnsrdered esser:tial to the cleslgn of 
the vacuurr system %ere defined: 

1. ‘ti’acuum nper’atinc pressure must bc at the high 

lo-4 to 1o-5 Pa range 

2. S.yhtCril n1uSt !id\? r:asIm 11~1 r~li~~b.Iit,~; xi;1 
i~.in:n::~rri ~!i)wntir~c . 

:: Zysterr. design must be ecixl-)mically optimum. 

-1 .<,y$itenl dcpign roust ciJncldcr t!~c lntcnrc radia- 
tIcIt Prl’k’lr~x?mf~nt anti it: cffcctr on the c:quipm~:nt. 

.i L’:tcuilni systcn: n?ust be ciimp;itible with the 

I.lli;iC i3 ;/ lo-" \ 1% VL~UIlrn systum. 

\\III+: pc*rforfxctl ir:-itler tilts asplc’(‘s 01 tlte 6. S. Energy Research hi l~evelopment ildministration. 
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600 l/s 

600 l/s 

6. Materials and components must be selected to 
maintain the integrity of the vacuum system. 

7. Handling, assembly, disassembly, and oper- 
ating methods of the vacuum system and its compo- 
nents must be established. 

Component Design 

Using getter-ion pumps for the vacuum system 
meant reevaluating the design requirements for all 
vacuum components, The following design factors 
were used: 

1. Materials must have very low outgassing char- 
acterlstics. 

2. The vacuum operating range must be in the high 

10 -4 to 10 -5 Pa range to extend the working life of 
the ion pumps. 

3. All mechanical joints must be flanges with 
metallic gaskets for resistance to radiation damage 
and increased vacuum seal reliability. 

4. Organic materials must be Jsed on a very 
limited and selective basis. The outgassing rates of 
such materials must be reduced whenever possible. 

5. Vac,uum brazing must be used for all metal 
bonding when materials are not weldable. 

6. Parts used must be designed to eliminate any 
possibility of trapped gases. 

7. -all components must be degreased to remove 
all oil and grease or chemically cleaned to dislodge 
all unstable -aside from the surface. 

The need f:>r very clean vacuum components 1s 
parttc-larly significant with getter-ion pumps. 
Several techr.iques for cleaning materials to reduce 

Fig. 1. General layout of vacuum 
system. Ion pumps are 
labeled PI through P9. 
Only Pl through P7 are 
presently in use. 

outgassing exist. 5-9 We used the Stanford Linear 
Accelerator Center (SLAC) chemical cleaning pro- 
cedure “V” without bakeout for the stainless steel 304 
in the beam transport lines. Table 1, provided by 

E. Hoyt 10 show the necessary steps. The magnet 
vacuum chHmbers were cleaned with the Diversey 

process. 6,9 

Pumpdown Tests 

We tested the beam transport lines cleaned by 
SLAC procedure “V” to determine the response time 

from atmosphere to the 10e4 to 10 -’ Pa range. We 
used 15.5 m of 102-mm-diam strainless steel 304 
beam transport lines. The first tests were made 
with a turbomolecular pump on one end; ensuing tests 
used an ion pump located at the midpoint of the sys- 
tern.. 

Table 1. 
,, a SLAC chemical cleaning procedure “V 

1. Vapor degrease 

2. Alkaline clean 

3. Hot tap water rinse 

4. Acid clean with 20 to 25% HN03, 2 to 3X HF for 
10 min at 50 to 60°C 

5. Cold tap water rinse 

6. Hydrowash (551 kPa air + water mix) 

7. Cold tap water rinse 

8. Deionized water rinse at 80°C 

9. Deionized Lvater rinse at 95°C 

10. Clean air blow-off 

“From Ref. 10. 
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Figure 2 shows the actual pumpdown times to 

reach the 10 -2 to 10-3 Pa range with the turbomolec- 

ular pump and the 10e4 to 10-5 Pa range with the ion 

pump. Figure 3 shows that the overall beam trans- 

port line pumpdown time from air to 10 
-3 Pa using 

the turbomolecular pumps was 3.5 h. At 10 
-3 Pa the 

ion pumps were turned on. The overall vacuum sys- 

tem of the beam transport line was in the high 10e5 
Pa range after a continuous pumpdown of 35 h. 

Vacuum Svstem Performance 

The overall performance of the vacuum system 
through five years of operation has been very 
reliable. Of the seven original ion pumps installed 
in 1969, five are still in operation and two have falled 
after 4.5 years of service. The operating pressures 
of the seven ion pumps between Autumn, 1969 and 
Autumn, 1974 are given in Table 2. 

To avoid interrupting experiments and in- 
creasing costs, it is necessary to keep downtime to 

$zzyF-J 
-26 X 10 Pa Turbomolecular pump 

10m3Pa 600 l/s ion pump turned on. Gate 
valve to turbomolecular pump closed. 

Pumpdown from dry nitrogen 
(exposure time, 16 h) 

Initial pumpdown - 

I I I 
0 2 4 6 8 12 16 20 

Time - h 
Scale change 

F1g. 2. Actual pumpdown curve for 15.5 m of 102-mm- 
dlam beam transport line. Ambient tempera- 
ture was 30°C. Test date July 24 to 28, 1968. 

Atmosphere start of roughdown 

10-6 1 I , I 1 I , i 
0 4 8 12 16 20 24 28 32 36 

Time - h 

Fig. 3. Actual pumpdown curve for beam transport 
line. Test date November 13 to 15, 1969. 

a minimum. Table 3 shows the total downtime rec- 
ord of the beam transport line vacuum system. Our 
maximum downtime has been 64 h; it stemmed from 
a failure in the vacuum system caused by leaks in the 
flanges of two magnet vacuum chambers. Our min.i- 
mum downtime has been 11 h. Comparing Linac 
downtime resulting from beam-transport vacuum 
system failure to Linac downtime from other major 
component failures, we find that the latter is respon- 
sible for 5 to 15 times more. 

Our experience with the vacuum system for the 
beam-transport lines emphasizes its reliable per- 
formance. It indicates that the design requirements 
for the vacuum system, the use of turbomolecular 
and getter-ion pumps, and the special cleaning and 
handling techniques imposed are economically 
justified and that the design objectives were fulfilled. 
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Table 2. Recorded operating vacuum pressure of ion pumps. 

Vacuum pressure readings 
Pump t’umplng speed (Pa) 

AO. El5 Autumn 1969 Sunlmer 1972 Spring 1374 i’i Litunin 11174 

I’1 2 00 5x 10 -6 6 x 10-6 fi x 10-6 !lX 10 -G 

1’2 GO0 6 x 10-6 9X 10-6 3 x 10-5 8 x 1o-J 

P3 600 3 x 10-j 9 x 10-5 1 x 10-J 3 x 10-5 
(falled) (new) 

I'4 GO0 3X 10 -6 B x 10 -6 3 x 10-5 * x 1o-5 

Pri 600 G x 10-6 3 x 10-5 8 X 1O-4 8 x 1o-4 

P6 600 6 X 10-6 9x 10 -6 1 x 1u-3 y x 1 ” - .5 
(failed) (new) 

P7 600 8 X lO-6 3 x 10-5 8 1O-5 X 8 /( 10-4 
PR 200 - - - Aew, not in use yet 

P9 600 - hew, not in use yet 
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Table 3. Yearly downtime: for beam-transport line 
vacuum system. 

Fisca 
year 

Downtime Total Linac 
time available 

(h) (%) (h) 

1970 9 mo! 13 0.44 2908 

1971 64 1 .4 4487 

1972 11 0.34 7784 

1973 22 0.39 5581 

1974 23.75 0.44 5362 

1975 6 mo) 7.73 0.26 3000 

Averages 28.3 0.48 5824 

1. 

2. 
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