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This paper deseribes the vacuum system for the
beum=transport lines used with the Lawrence Liver-
more Laboratory 100-MeV clectron-positron linear

aecvlerator, it is operated i the high 11()_‘4 to

-5
1077 Pa) ranpe uving standard 1on pumps with turho-
muolecutar pumps for roughdown,  Tlus paper also
reviews the important factors considered during the
mitial desier phiases; these fuctors have contributed
to the very rehiable performance of the vacuum sys-
fem sinee its startup five years ago, The clearing
and handting procedures used on the heam-transport
lines, magnet vacuum chambers, and other vacuum
components are discussed,

Vacuum System Description

Jarticle accelerator systoms huve wide use in
nuclear physics experiments, The typical systemas
composed of an accelerator, a particle beam-
transport system of pipes, bending magnets, and
target areas where experiments are conducted, In a
well-developed lacility there is usually an extensive
and complicated beam -transport line or lines that
musi be evacuated to high or ultra~high vacuum.

‘e vacuum system for the beam-transport line
of the LLLL 100-MeV electron-positron linear accel-
1
eratmr (Linac)” is located 8 m below ground level, it

starts frem the exit of the fifth accelerator waveguide
section of the Linac, A complex bending, focusing,
and steering magnet arrangement splits the beam
trunsport line into four lines that terminate in four
experimental caves, Iigurel is a general layout of
the vacuum system, showing the vacuum equipment
on the beam-transport lines and the experimental
Caves,

The vacuum system was designed to maintain
the beam-transport lines in the high vacuum range of
lle to 107° Pa, Getter-ion pumps are used for the
high vacuum reguirements and turbomolecular pumps
for roughdown. We chose ion pumps because diffusion
punips are subject to oil contamination accidents and
liquid mtrogen trap problems, lon pumps reqguire
more sophisticated system design, but our ion pump
vacuum system has been very satisfactory in fulfilling
desipn objectives, We chose turbomolecular pumps
beceause of their non-contaminating and hydrocarbon-
free characteristics and their ability to pump nobte
gases,  This combination of pumps provided a clean,
compact, simple, and efficient vacuum system
compatible with the Linac vacuum system,

The vacuum system has been ir operation since
Autumn, 1969,

Beam Transport lines

‘fhe beam transport hines contain the larpest
potentiol ontgassing load in the entire vacuum system,

Waork performed under the auspiees of the U

a major considerstion i the vacuuny systert desipre,
They have o total internal surfuce area of 4,7 7 10°
r-n\’? The total combined length Fthe intial bean,
trangport lines 1z 140 m, ‘The hinos consist of 102-,
152-, s 204 =mm-diam tubing rectapgalar bheam
lines, 16 mupnet vacoum chiionbers, and 72 hellows,
all made of stionfess steel 304, There are 290
mechanical joints in e beaim transport ines, viacaus
seiled with xhear pinehi-type stinnloss steel Tanges
with copper pashets, Torgets and other compotuents
ardded to the heam transport Vines wall contribate to
the sutpussing load,

Rouphing and tigh Vacaun Pamps

The beam trunsport hues are roaghed down to

1[)-‘5 Pa or bhetter by two turbomolecular pamps, 1ach
pump hus o pumping speed of 260 6,5 and handles
approximiately halt the total gus lowd from the mternal
volume of the beam transport lines,  The turbo-
molecular pumps are connected divectly 1o the 102-
mm-=diata beam transport lines at two locations in the
system,

The optimized high vacuum system desipn called
for six 600-¢;s and one 200-( « ion pumps, The
pumps arce directly connected to the beam transport
tmes with - to '-m spacings between each pump
station. The size of the jon pumps are determined by
the tatal outgassing load of the internal surface aren
and the conductance lmitations 1in the overall beam
transport hnes, Conductance himitations were caleu-
lated (rom the various beamn transport line restric-
ttons, collimator openings, muagnet vacuurm chomber
apertures, and pumpout vajve ports, Outpassige
rates ol stuinless steel exposed to air from § to 10 h

arc in the ranpe of 1077 10 1077 Pa (Refs, 2-91,

Engineering Design Considerations

iteria

Pesign Cr
At the preliminary desigh stape, the ergancoritig

reguirements considered essential to the desgn of

the vucuunm system were defined:

1. Vacaum operating pressure must be at the hiph

IO_4 to 1077 Pa range

2. System must have maximum reliability sna
mimmum downtime,

3. System desigh must be economically optimum.,

9. System desiph must consider the intense radia-
tion environment and its effects on the equipment,

a. Vacuum system must he compatible with the

Linac 8 X 107° Pa vacaum system,
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6. Materials and components must be selected to
maintain the integrity ol the vacuum system.,

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

Component Design

Using getter-ion pumps tor the vacuum system
meant recvaluating the design reguirements for all
vacoum components,  The following design facters
were used:

L. Mauterials must have very low outgussing char-
scteristios,

2. The vacuum operating range must be in the high
1‘.)_4 o 107 Pa range to extend the working life of
the ot pumps,

KB All mechanical joints must e flanges with
metallie gas < for resistanee to radiation damage
and inereased vacuum seal reliahlity,

1. Orgame materiats most be used on a very
himited and selective basis,  The outgassing rates of
such materiads must be reduced whenever possible,
5. Vacuum brazing must be used for all meta!
bonding when materials are not weldable,

G, Parts used must be designed to eliminate any
possibii-ty of trapped pasces,

7, All compnnents must be degreased to remove
ull o1l and prease or chemieally cleaned to dislodge
alb unstable oxide from the surfaces,

The need four very clean vacuum components 15
particnlarly sipmficant with getter-jon pumps.
Several techmgues for eleaning materials to reduce

Neutron cell-

Gueneral layout of vacuum
tem, lon pumps are
beled U1 through P8,
Only 't throuph P7 arve
presently inouse,

ki, L,

-(P4) 600 1/s
(P2} 600 1/s

(P1) 200 1/s

~(TM RP1)

-2~

260 1/s

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

K. Hnytm show the necessary steps, The magnet
vacuum chambers were cleaned with the Diversey

6,9

process,

Pumpdown Tests

We tested the beam trunsport lines cleuned by
SLAC procedure "V" to detern ine the response time

from atmosphere to the 10“l tn 1077 range. We
used 13.5 m of 102-mm-~diam straialess steel 304
beam transport lines.  The first tests were made
with a turbomotecular pump on one end; ensuing tests
used an jen pump located at the midpomt of the sys-
tem.

ot

Tuble 1, SLAC chemical eleaning procedure "V

1. Vapor degreasc
Alkaline clean

5. Hot tap water rinse

4. Acid clean with 20 to 25% H\()j, 2 to 3% Ik for
10 min at 50 to 60°C

5. Cold tap water rinsce

6. Hydrowash (551 kPa air + water mix)

7. Cold tap water rinse

8. Deiomzed water rinse at 80°C

U, Laonized water rinse at 93°C

10, Clean air blow~off

%1 rom Ref, 10,



IFipure 2 shows the setial pumpdown times to

- =
coach the 1007 to 10 R range with the turbomolec-
- -5

wiur pump and the 10 o 1072 o range with the ion
pump,  Frpaee 3 shows that the overall beam trung-
port Line pumpdown time from air to ]U—" Pa using

. -3

the turbomolecutar pumps was 3.5 h, At 10 7 Pa the
ton pumps were lWiened on, The averain vaeaum sys

5
tem of the beam bransport line was in the high 10 )
P2u range atter s contitous pampdown of 35 0,

Vacuum System Performance

Thoe overall performuance of the vacuum system
through Tive years of operatton has bheen very
relioble,  Of the seven oripinal ion pumps installed
in 1964, live are still in operation and two have {ziled
alter 4,5 yoeurs of sepvice,  The aperating pressures
al fhe seven 1on pumps belween Autumre, 14969 and
Autumn, 1974 are given in Table 2,

To uvoid interrupting experimeitts and in=
creasing costs, it is necessary to keep downtiine to

10 T T T T T T T T T T

4 = Atmosphere start of rougidown

10 1
Le— 26 x 10%Pa Turbomolecular pumps A
o ]02 N turned on. ]
i 4
g 1001 -3
S 1 107"Pa A1) ion pumps turned on,
[ /Gate valve to turbamolecular pump
& 1007 closed,
4 Initial pumpdown -
107 from air 4
w1 ]
o 4 8 12 16 20 24 22 32 36
Time ~ h

Actuad pumpdown curve for beam trunsport
hne, Testdate November 13 to 15, Lugo,

a minimum. Table 3 shows the total downtime rec-
ord of the beam transport line vacuum system. Oar
maximum downtime has been 64 h; it stenmimed from
a faifure in the vacuum systent caused by leaks wn the
flanges of two magnet vacuum chambers, Our mini-
mum downtime has been 11 h. Compariong Linac

]06 1 — T downtime resulting from beam=-transport vacuum
system faiture to linac downtime from other major
]04?\Start of roughdown a component failures, we find that the latter is respon-
—26 X 10°Pa Turbomole JJar pump silile for 5 to 15 times more.
Pl ]02 |- turned on. - Our experience with the vacuum sysicn for the
i .3 beam-transport lines emphasiz2s its reliable per-
o 0 10""Pa 600 1/s jon pump turned on. Gate | formance, It indicates that the design requirvments
s 10 valve to turbomolecular pump closed. - for the vacuum system, the use of turbomolecular
v K and getter-ion pumps, and the special cleaning and
ol ~21] : B handling techniques imposed are economically
& 10 Pumpdown frgm dry nitrogen justified and that the design objectives were fulfilled,
(exposure time, 16 h)
. i
107 Initial pumpdown
A from air d
17 Ll L e SR N
0 2 4 6 & 12 16 20 Acknowledpment
Time — h - . .
Scale change Special acknowledgment is given to G, Dellart
and W, F. Beisley for their contributions to the
Fig, 2. Actual pumpdown curve for 15,5 m of 102-mm-~ design, testing, und assembly of the vacuum system,
diam beam transpert line, Ambicnt tempera- and to the Linac Operating Staff for the downtime
ture was 30°C. Test date July 24 to 28, 1968, operating data,
Table 2, Recorded operating vacuum pressure of 1on pumps,
Vacuum pressure readings
Pump Pumping speed (1’a)
No, £/s Autumn 1969 Summer 1972 Spring 1974 Autumn 1974
1 200 5x107° 6x107° 6100 9x 1070
vz 600 6x 1078 ax1078 3x 1072 ax 1973
3 600 3x107° ax 107 yx107d 3% 107°
{failed) (new}
- - -5 -5
1’4 600 :')XIUG 53)<106 8 x 1077 8x107°
&) 600 6x 1078 ax107” g x 1074 g x 107t
-G -6 - .5
g 600 6x10"° 9x 1070 1x1073 3% 1078
(farled} (new)
7 600 g x 1078 3% 1072 g% 1072 8 x 1074
] 200 - - - New, nat in use yet
Po 600 - - - New, not in use yet
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Table 3, Yearly downtime: for beam-transport line

vacuum system,

_Downtime

Totat Linac

2. D. J. Santeler,
Various Maiwerials"

in Trans.

Vacuum Symp., San Francisco,

Outgassm[. Characteristics of
5th Nation,
1958 (Pergamon

Press,

Elmsford, N. Y.,

19581,

Ieiscal time available

vear th) (o) (h}

LY70 (49 mo) 13 44 2508

BB 6l 14 4487

1972 11 0.34 7784

1973 22 0.30 5581

1974 23.75 0014 5362

1975 (6 mo) 7.75 0.206 3000

Averages 28.3 0.48 5824
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