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::L··Introduction• 
.. -. · ... ::-

·---' •" 

The vacuum system of the beam transport liii.e"is.one of the main corn- . < :· -_- - ·: .·~·. -~ ~-·· _·_ .. ' ':. .- .' .::-· --~:: .· _, ·-:- ·"' .,_:_:.,;, __ : 
,ponents of the transport.line:Whereas, operating pr·essure rangesfor vacuµm, 

•. sy~te~ of the ·ECRion sou;ces ke 5,~ 10~2 _<10_.5 Pa.:[11: th~:reqJiredop~-/ 

I 'erati'iig pressure' raiige for the •. vacuum. system _ of .· the b~am transport' line . is 

. 10;.:4-J0"-9 Pa, r~spectiv~ly: Ba~icc11ly, i{c~nsi;ts,of stainl~sssteei and c~pper. 

'The bea~:tubes are pu~peclwith:turbo~,olecular;, cry<>~orption, getter -Ti -. 
·:subli~~tioll, NEG:;umps combined "'ithsorption and"r~ta~y ptimps: Other 

' V C _ , . · ' , · . ,· , . ' . . • . ·-- C , •. \ ' :: • 'i , . . . . - ' c .. · 

suita.ble combinations 6Lthe vacuum pumps as\vell as the pressure measuring_ · 
gauges ~re shmvnin Fig. { . : - . -. . :'-. ·' . . . ·.. ': -

_ . This_paper is giving a_vi~wm{ th~:g~ desorpti~n processes especially.io·n 

- induced ~ress~re instability i~fluen~ing cm th~ ope;atirig vacuu~ inside the·. · 
- ,, / - ~ ~ - ' 

: beani pipe o( the ·tra11sport system; Scaling ~elationships a.re also:pointed: out 
•• - • - ~ ,, ...-· • ·-· •• •• •• • • -,,,.· --. < ,· 

as i bases for ·understandi~g the ;ac~um configurations of b_ea~ transpo~t · 

.Hies as.weli ~ niolecula;c~n~uctan~e~ and be~m pip~ outgassi~g.: The:o~t::. ~ . 

. ga~sing rat~s at roo~ terilperature are -a1si presented ri>~- materiais as \,iton

(Russi~~nd Jloumrii~ vei.sions),-.~o' ring~-(RUBB~R 7889.and.TUMCHf 

,9_()21),•-~olybderium VNII.NP-257 andApiezo~ 'U greases: RaJl!say'f~t, ~~-

·- ... tary punip oil VM~4 and gla.ssfibre -~amples; ~u~rently usel at our laboratory. . 
• ' - :_ > • ~ ~ .I•· -·. . < > - •• • - • 

. . - -'l'h~ pressure from 10...:4 ~. 10-:-9 Pa must b~ maitita.ined inside.the tran~p()rt -- · 
b~am' lines and:ilts ?earn pipe in despit'~ _of: _: . ' ' 

, ·•, •·• -··· ·._ _. r . 

.. · ~-The thermal out gassing of surfac'es; ': .. 
' . •. . _·; . . . / .. 

: ·•· "• -Outgassing due to the desorption of weakly bou~d molecules on th~ walls -'~::or the.vacu~m ~yst~m; C: .- ,·· ' '. . : ' .- . -· . ,- .. · .. ·. '. . .. 

. ·• • .The ions induced by· extract'ed and accelerated'.ions; 

.. .. .• . .. . ·.,:.:nt,X1EJ , 
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, - ' . ' - . - . . . \ . 
_ • The diffusion of hydrogen from the walls of the vacuum system; 

.' . ,.,• - . ' -, _, 

• The neutr_al gas produced inside t~e transport beam li~es; 

.• The desorption of molecuh,s generate~Lby.hard·X - ray bremstrahlung. 
j - . - - ; .. ,. . ' - ' -.·. . ' - : . . 

To ~stablish ·the retjui~ed pressure for a given pumping sp~ed .the a:verage 

thermal outgM~ing ra~: and the total avera~e a:~~rp~ion rate m~st b~ below 
certain definite values. ,·\, 

2.1 Ion - induced pressure instability _, 
•• _.· • ' .' ' > • 

- . · The ions i~ducecl by extracted an4. accelerated'be~m can· produce desorption 
. of strongly bound molecules. The deso{ption flow rate n;, Q; ·can be expresse·d 

' ,,, • ' ·- ' • - •••• - • - ' ' - - t . •. ·: 
by [1] · . - , · · ,, · .. · . · , · . . · · > .· --.-. .ni = r,aL(I/e)n Q; ~ ~dL(I/e)p . - . ·. (1) 

. ~ - . ,-. 

where T/ is the molecular desorption yield (molecules:ion-=--1 ), a is the ionizatio'u 
cross section o( extracted and· a~celerated ions (m2). (for exampl~ for high 
energy protoris a = 1:2 X 10-,22 'm2 [2] and for co, L is the lengthoCbeam' 

'se~tion {m), Us theb~ intensity (A), e.is the 'electron ~harge '(As), n is; 
the mimber. of mo'lecules in unit volume (m-;-3)' arid p is the_ preJsure (Pa). 
Note; if ions art ta½en from _the rest gas, then:17 _will repres~nt a net desorption 
yield. For TJ <

1
0 'a beam pumping' can be observed; i.e. the system acts like 

~n ion pump. In the presence of the icm induced. desorptioµ 17 > 0 and -the · -· 
equilibrium pressur~ can'f>e expressed as.· ·--... ·· · \ · 

> '· •• ' ' > '.' ·.- , 

P ;_JJ/§eu = rJa(I/e)p+ qA 
. - - . Self· 

whi_chgives 

where.p0 =·q A/S~JJ,'.. 
By introducing 

we obtain 

'\ 

Po'-
/ p(I)~=;== 1 - !!...!lL' 

. ·, ---e s.JJ 

( TJI)cr~t. = !!:.seff-:,. 
a .·-

. Po 
p = ' -2JL·. 

1 - (1//Jcrit. ·,. 
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Hence, the "critical Ct;r;erit" pr~du~t for·s --+ 00 c~nuot. exceed 
. . . . ·' . ' . ,· 

.·· '.•. e 12w. . 
( TJl)c;it: ~ d L 2 _, , ( 6) 

-Therefore, the pressure pis ~function of the beani current_ LThehigher the 
curr;ii.t), the_ higher is. the equilioritim pr;ssure p,__ >The ratio C /L is also 
·imporf~t pa~anieter ... -The higher the ratio C/I.,, the higher is the' 'critical_ 

' • • • • ', , • .~ , ' • ' y ~ •. 

current,! I~rit. · . .: ·' 

The press~re .i!].stability caused fo~ example by ;the pressure h~~p~ in the 
va~~~m system of the beam line. cin be reduced by adding cryogenic, getter 
:. Ti·sublimatioii; or NEG pumps; respectively. With a 300 °C 'bake9utai1d. 

·. Ar glow discharge cleaning of the source stages and oeam pipes the mcilecular · . 
desorption yield TJ cin be,reduc~d. _ ··. ' . . _ .. _· _ .... ~- -, . , . . 

The.required ion dose on tlie beam pipe is typicaHy 1022 in-2 and results in: 
that. TJ $. 0. The_ A(glow 'di;ch~rge gives eflicierit: Sp tittering aii'd desorptimi 
of strongly · adsorb~d . gas molecules.•· On -the.-other, hand,· the mlcli t ion·· of 02 

· produces CO arid CO2 compounds from ca~hon co~ta.1~in~nts·b{1 th~ surface •· 
which can easily be pumped out.~ . . . . . .. , . 
. However,, the· fo; -- induced .pressure ·instability. desorption .rate 'dQi/.dt. is 

giyen by · · · 

i - - · ' •, 1 
dQ -" Q· !:!::!._7 10-11 Pa m3 s-- - ,- X 
dt > 

'•(7). 

if the molecular des6rptio~ rate TJ =, 1 molec~iies'ion;:-:1, the leugth.'L ;_ f ui. 

the :bea:~ current -I.;:;_ ·10~1 A,. ari~i'the pr~~sure ~ ·::: 10;_4 . Pa,, .respcctivcf/' 
• -- - ' - ~. .' · .... : • ... ' ---: \· . ' ~ . 

• -·. ' 3.: Main :e·ri:ridples • 
• '·< : <-, 

-
., 

- , ,: The highest obtainable ·average pumph~g speed <?f the hcam t.i:a11sport; _ 
·line.vacuum system ·strongly depends on the. beain_puinp_.COl!,ductmfrc:·· To 

.: . ·illustrate.-this important limitation caused by the finite conductance, let. us 
... consider the system. shown hi Fig; 2. In the,inolecular flow regime the·flon· · 

ofmolecul~s along the vacuum pipe.to the nearest pump'_is expressed by the . 
•• • ....... ' ,•• ' •a- ' • • ' -, 

. . 

· ..... ·· - <dp_. 
· ·Q(x) = "7w-,-;;: 

. -. dx. 



· ,vhere Q is the g~ flow (Pa m3 s-1), ,vis the s~ecific:molec~llar cond~ctance 
(m4·s-1) (w::;; LC),iC is th~ conductiyity (ni3 s..:1):.p is the.pressure i~si~e 
the pipe'(Pa), Ais the specific surfacea:rea (m) (A= F/1), Fis the ;mface' 

·area (m2) and q is the specific outgassing rate (uniform) (Pam s:-1 } These 
equationscan be combined to give . . . 

,,.,,,.-; 
d2p· .. · ·. 

w-=-Aq 
· .dx2. 

: togfther with thebou~dary conditions ofthi~ simple problem . 
. . . . \ . - '". . 

dpl .·. . ·, ,· I . . • :- AqL 
- · • . = 0 and Plx=O ,= -;---' dx x=L/2 . . '. · · . • , S • 

(9) 

.(10) 
'. V ,/ > • 

which follci~ ·from the evident ·symmetry;considerations. ··. As the s~lution we · 
can firid a well known parab~lic p:re;sure profile along tne beampipe 
' . . : . . i . /_ ~ , ' 

I ,p(x) = Aq(L\- ~2i + !:s)··; , 
. ·, . w 

(11), 

Theniaximum~r~ssu~e ~c~ursat the' midpoint betwe~n pump; 
. . ·_ '. . . .... ; L2·· ·- £·. . 

•. Pmax. ~Aq(8w+ 8). 
/· 

(12) 

For the bearii pipe the average pr~s~ur~ is more relevaii.t 
' .' · L. · . . , . ·_. 2 .' ·· .. 

Pa_ v = 2.·jp(x)dx = Aq(£+!:), 
· · L · · '.. . l2w- S 

·O . . . . , . . , . ~-

·Jt is ccmv:enii:int to define an 'effective linear pum:ping speed' 
. . , • '• -:' , , -- ' '-, ·:· Lt L -1 ,·· . ·•· 

._Beu= (12w + s) ,,,\ ._·. •·, (14) ' 

· so that.Pa.ti =,:Aq/S~tf· Itis:evident that Self can·n~t,;~c~ed 12w/L2'.irres;~c-· 
tive of how large pumps are used.. . .. . . . . . . 

·Equally, .the lowestfachievable avernge pressure is limited ·to AqL2/l2w. 
'Since the. conductance is·ge~erally deterinined_by.the~pertures in e~ectrodes 
and screens ( screening of high frequency), the only parameter is the interpump · 

. dista~ce L .. Obviously, many small pumps at short di~tance are prefirable to 
a few a:ndJarge pumps .. Fig:·. 3 Hlustiat.es this effect for a vaciium be~m. pipe 
conductance of O:Of m4 ~-l and different ·pumping spe~ds S (0.02, 0.04, 0.06, 
0.12,·0.24, 0.5,'oo m~ s.:.1), respectively~ It is shown that the effective,pump-

. .. ing speed is p~~ctically. the 'linear function' of the pump di~tance for various 
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· sizes-~£ pump; .. Such a pumpi~g stru;ture may be installed along the yacuum 
system and hence the analysis provides a· 'lhiear pumping speed' inside the · 

·. · beam pip~. · : · · ' . ' · : . ... · · · > · . · . _ . . 

. The real pressure distribution and therefore the average pr~sure also follow · 
from the equation similar to the .previous one . . 

. . . ' ... · _,_·-'.i·p 7: . . ·.: 

~w-=Aq-sp. 
dx2 ·· • · -· 

·~ (15) ... 

wher_e._sis;~th; specific ~umpi~g:speed,definei:as,s =S/L.(m2
:;-

1
). _By the 

:solution of differential equatiori.(15) using the boundary .condition's (10) w~ 
find other-pressure profiles along the beaill pipe. It holds that'· •· .. · 

I ' • ,; ~• , • ._' ,, • ••• , - -

.. · ·p(~) -~ C er"+ C e:-r" +Aq 
. . . '. 1 .. 3,. ·• . s ,• 

. (16)'· 

. where.·· 
...:.. . ' C =·AqL e-rL(f+e:-rLj-:t r ~ (s/'w)°-5 . 1 . s :,, _.· . . ,., . 

·and ,...·~ 6; i: AqL(l + .ec-rL)-1 .. 
. ' 

. ·. s . ; .. 
Usually, the·vacuuni syst~m is designe~l°with respect tb s«:w: In this c'onfig- · 
uration'one· can ohtai:n . . . 

·' . C1~Ci,-=:ic = AqL -
·' 

0 ·.2 s· 
Th~ equ~tio~ (16) · is ·ieclticed to 
.•' . . . .. ·.· .. , .· ' ·••, . . . ~-

~ .JJ(~).~ C0 (kr".+e"'"r")+ _!l_, · . ·:.· . ,., . . . s: . . . 

·and thea~erage pres~ure is detei,:mined by: . - . . ,, ·-. ' 

· ·,, ·co( rL . -~~L) .... Aq ~·2AqL 
Pav = - e -:- e + - = --.. 

•• <. r L.. · · .. · · .. · s · · S · 

(1 Z) 

ii is evident that the. low,est' achievab!e press~re depen.'ds only. on the. ratio 
• ' • ·• • • • 1 • ' • ~ 

of 2AqL/S. The. averag~. pressure versus . the distance bet~een. pumps L for · 

differ~4ti pumping speeds .s . (0.02, 0:04, ().06, 0.12, '. 0_.24, ();5 and CX:m
3

' 

s.::1 )is shownj~ Fig. 4: < :.-
. . ~. ' . .,, . . . 
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. 4. Molecular Conductance 

In. high_ vacuum the flo~. of mol:cule~ is li~ited by wall collisions, i.e . 
· . the mean free path A o{ th_e gas molecitles is greater than✓the. characteristic, 

. · dimensioris·of the vacuum system (D/A < 1; ]2 is the diamefer,of. the beam . , 
•

1 

pipe), In this molecular flow r~gi_me, the conductance 9 {m3 ·s-1)is indepen- { · · 
· _ dent_ oqhe pressure, the~efore the flux ?fgas is, proportional ~o the pr~ssure ·• . · 1 :, 
· gradient .6p. It holds that · · ·. .. •. · · ·. . . . · · . ·. ·· . .. . · 

--:· 

, Q=C.6p. .:(20) 

. Some 
0

usefulexpfessions for conduct~nce ~e [3]: . - 1 . 

. a} Orifice of area F.'(m2); · • 
1 

'· 

,' . ·Rt· 
C_. = 36.4F 'M: .. ' 

3 -1. m·S·,. 
\, 

b)long ~ylindi:icaHube, radius r (m), l~ngth L (m); · 

, . . a~•". . .·.. ·. 
r . :T . ·. 3 .:..1. 

C=305- - .-· m s 
· . L M · · 

C) long tube with elliptic section (s~ini-axes a, b ); a (m), b (m); 
.•. · • • • \ ' ' .. ,. j· '• ,· , 2 2 . _. . . .. • . . 

'.c·=~3l_L.(a2a}b2)1f2~L- ; m3 s.,,,1 
. \··' 

(21) · 

'(22) 

. (23}-

where T is the absolute temperature (K) and M is the mole~~lar weight .. 

The_ molecular flow through co~plex systems can be co~ptited with Monte .. , . 

Carlo ~rograip.s ~dapted,to the specific ~~ometry[2]. '" ' ·· . .. 

( Outgassingpfthe Beam Pipe 

.\ ✓ ' ·, • ... • • • • •. • • • - • . • 

Fo_r: every vacuum system the size of the required pumps is directly related . 
··_ to the outgassing. The first i~portant source is the st_atic .and ,thermal 
. out gassing_ of weakly. adsorbed molecules and diffusion of H2 from the "bulk of 

\. the matei-ia~. The standard procedureto reduce the thermal outgassing is the 
· well known bakeout of the beam pipe. .:.. .. , .. ' 

The pressm:e ins~~e an unbaked sys~em is mainly determined' by water 
'':., 

' ' 
I 

, ,·;,, 
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~1-. 
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·1 ·, 
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·,-,', 
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·.Ii, ... · 
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~ ·-- . ,. ; f / .•· .... _ .......... , 

vapours. In ,;_, clean and well ,baked system H2 will be;the do~inant resid
'ual ·gas constit'uent.' Typically, total specific outgassing rate qfor unbaked 

> and baked beam pipe made of stainless steel is giv~~ in Table 1. Tlierefore; 
.the thermal o~tgassing r~te dQrf dt of.the· shrface area· F = 0.1 m2 is given/· 
by.,.. .·_· . ·,. . . . 

dQr .· .•. , .,· ~ .· .'' , - . 
-- = Fq = 10_ 7 Pa m 3 s 1

• ' (24) · 
dt · · ·. · · · 

The ·second iinport~nt source ~/g~ in tlie beam line isthe so ~- call~d 
• , ,·_ , :·· ,, , • J • ,· ,, ,' : 0. •· •• /' • '. '. ,-

. 'dynamic' c:nitgassing [4] iri the 'presence of the beam. Here, strongly bound 

rri·olecules c~n be des~rbed ihich d~ n~t otherwise cont;i~ute t~ the thermal 
• ' • •• ,. I • • •• 

desorption: : , 
- . . .. ', ' ' ./' . .: .. . .. \ ' / . , 

; ' The_ oufgassirig characteristics of Se".eral materials used in vacui1in tedmol-., 

:. ,ogy are sho~n in Fig> 5 [Sl'. Th~ quantitYof the outgassing ;~~e very strongly 
•,, -:._ • ~- ~ A '•• , '. '. • • •,> :' ••,:• >,z • S •• ,,,; • •,• < 

_depends.on the finished treatment 'Yith materials (untreated; degreased: sol-
, '· ••• ,< - --~ ," ~ -. ' • •• - '. ' ' \ ' • ·,: •• ·I' ·,. ' - -

. vent, _yapour; .polished: mecharical, chemical, blast: electrn; bak~d: non 

metals atso·-:100 °c-upto 24 h;metals at 300 - 400 "C upto 100 hf. It is•· -

.· _also shown that the best metill~ useclin ~he ~acuu~ tech~ology a;~ Al, C1~ a~1d 

.· stainless 'st~el.,,Th~n~ i~ order ,toobt~in t.he specific ~utgassintr~tc kss th~l~l 

10-_7 Pa~ ~:c- 1.the vacuu~ systems are riot u~ing RUBBER, POLYAMIDS, 

.EPOXY ancl)>TFE ~ TEFLON inaterials,Tesp~~tively. . , • . . 
' ' > - • ' 

The outgassing ~~aracteristics of materials exposed t6 vacumi1 arc also 1>ub-
lis~ed inpapers[6~8].--- - · · ,, 

. '~ '. 

: 6. -R~sidual'Gas Spedes -R~sults · 
: ' \{ ' 

• Outgassing ~haracteristics.of several materials were studied in. vacuum 'at -. 

room-te~j>eratu~e .for p~~io~ as long-~ 24 h,. Sarnple~ were placed i~l a stain~ , . 

iess steel vacuum chamber whfch was evacuated·by a 0.5 m3 s-1 turbomolecu-

- lar pump: The vac~um chamber volu~~- and surf ace ~foa were approxim~tely 

-- 0.0025 ~-3 ana 0.12
1 

m2, respectively. Pres~ure~ we~e measured from 0.1 :tvlPa 
• • ' > "• •• •• , • •• • h . "' .- ',' > \, • < 

to lQ-:6 Pa by using a combinaticin of thermocouple, Pirani, Bayard _.:Alpert . ' .. ·,· . ,' ·'. ' - ' . 

. and Penning gauges. 
•-,. ·. . ,_ -·. 



.---~ , 

Typically, th_e test chamber and/~onnecting lines '~:i:e co_ndition~d between 

test ru~s using a vacuum bakeout at about 150 °C at a base pressu~e of about 

· io-4 Pa. ,C~ncurrenfly, the RGA (Residual Gas _A~ctly~e~) pr~be w~ ~ak1;l -
-- out _at 150 °C. A minimum oLlO h was_~llow~d for the ~-h~rnb~r-to cooi to 

room temperature ·prior fo loading the next tesf"samples .. 

The residu;l gases which .were evolved from the samples ~;d~l test we're. 
_:-,- ..... : • ~ • • ,, "f /, '• _, ; > ' ~ 0 Co •• \ : , •-- •" ; 

determined using 'the· zero order method of peak height summation and-by: 

s~btractirig the spect~a measu~e1 of the empt;t~stchamber from the spe~t~a: 
·---. , -· ' . ', ' ' ' , .•. / ' ,-· - - -·' . •'• . ' . ' 

measured with· the samples; 
< _,(,, 

'6.lVac~u~-stand > 

Scherrie of the stand {~shown ~in Fig .. 6.-. It is desig~e~i' to· pump the 
·,, ; ' • , ; '. '-" • • • • , - I • • • • ' 

vacmimchamher'with diagriostic"elements' and gauges"to·the.pressure-of 10-6 

. Pa.' Th~ entii~' syst~m ir;~ludi~g-the" .hold~r·of the· sam~le; is constructed.of ·. 
- .~• ,,,,"·.• __ ,. ,; .•I' • ·, ·"".: ,- •J ·•,,· > •,. :• '·:' -•., •·., '/ >, ~:' •• 

_ stainles~steel,comb,ined ,vith coppei: and steel materials, ,respectively. One •-

rotary pumef. is us~d in o~<ler to produce th~ vorvacuum (BI/90) [9]. 

Th~ rotiry and- turbomole~ular pum~s continuously pU:mp~tlie whole sys

t~I~: iTh~ :rotary pu~p ,{~ also used for slo~. - .acfi~g e~acua~ion ofthe tested 

chamber.before.~onnection of the turbomolecular pump.·_: _. 
' . ·•.' . ', .... .····. . ..... 

Proceeding froni th~ dimensions ~f the vacuum system an ·effective speed· 

se·fl IS calculated for th~ cent~r ~f the standchambe~. Them· ~as- found: to-• .C

.. b~:,S~JJ = _0.1.~3 s-1 ~or air at 10'...5 Pa. The reduced pumping:~p~~d of.the 
,-( ·, '-·- -_ -~·,' _,,,--·' :.:-:· -- --, ,( ' .. '· .. ~ .. ···.- ' - '' ·. ,-_ .. ·, 

turbomolecularpump ismainlydue to·the.small dianieter~of the·used.•pipes. 
r • • , • - , • • ,- ,' • '< ', • - • - •, :~ ,>.... • 

and trap, respectively .. ., 
·-: - ~.._,:___ 

( 

.:..:.,. 
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·- l,.-
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6.2 Results 

Outgassirig ratis are summarized i~ Table 2. It isseen that the VITON 

'O' ring i~ bettei than RUBBER 7889 by a fact~r.of 15 times a~d RAMSAY 

Jet is worse than APIEZON 'L' grease .by a facto/~i 100 times: The w~rst 
-·: ';· . . . '- ' ; . . ·.· . ' ;_ . ,. - ' /· . "" . '•, 

material is the RUBBER 7889 and the worst grease is.the Ramsay;feL 
• . : ,-. · ... ''. • . ~ . , , . . ~'. : - . - -_ , ; . ! I . , • - . , • • . '.. . ' • . , . 

- The outgassing rates presented for the. VITON are th~ same than those 
, .• ·• -- • · · ' I • ,-, ,· I -l' 

. reported in [10]; Similarly, ~ur results again indicate not to__recommehd the_ 

use' of the RUBBER 7889 ana RAMSAY fet for ·~rean interio; surface~ ~f the 
' . . . . . , , ' -..... ~ . . 

. beam transport line·vacuum systems. 
/, , •. I• • .'. •· : ' • • • .~ \ ' I' ' ,·:v 

. The RGA spectra, are shown inFig. T- 13, The spectra are measured by: 

the R9A.sp,e~trome~ers MX 7304 (mo~opole)'[ll] _anaJPDO.- 2A (~mega->· . 

tron) [12];respectiv~ly. The spectro~eter gauges- are placed directly on the 
- . . . ' .I . - . ' . . . , '· 
measuring chamber of the stand (Fig. 6). By spectra analysis one can· see the . 

. . -- - >' - ·... ,. ,- . ! -- ' ' -

peak sets as 27, 29; 39,.41; 43; 55, 57, 58; 69; 77, 78; 85, 87; 101, 103,-105; 
:,,. _· ! '\ -----~ -~~·- •'. - · •. '_;" ·--...- '-~ .. ,,.- .·1: 

. 130, 132,.134, 136; 149, 151,153, 155; 198; corresponding to the characteristic 
- .' ·, ··, ,, > - • ·- ,_ • : I, ,,. - ,:. - - . ' _-- - -·• 

clusters of the n - Q., Hy hydrocarbons, or m ~ Cr Cli,, F zfreoris. These fr,ag-

. me~ts' a;ise als~ during the ionizati_on proces~e; from oils ~sed in the"backing 
• ;. • ,. • • -· '/' _.', ·1 :,., ' .• :·\ .., - , ·, • '... ·- ·,. : ';' 

pump~, some. diffusion/ pumps and· turb~molecular pumps. --

iu addition to the spectra the expr~~sive water vapor. contamination is il.: 

, lustrated but there ar~ .al~b th~- peaks: as 135,-137, 138, 140, 148, 155, 157 

~ci.1~0 ~hicli c~ give ~i~e ~o some difficulties in interpret~tion, mainly\f ~he 
,•_.• .. ,, ," ' , ' •., , :. ' ' ' •, ,: ; ., - ~.-- • ' \: :• , :, • , ' I • ' , , •• J ,,' \ 

vacuum chamber is made of the stainless steel and-if it'is devided from the 
• , ,_ ; ,, ~ '. - \ ' I -:-.. ----.. • , • •~ • .,' I t - " - • •. ! ' 

vacuum pumps, by two liquid nitrogen haps. Nevertheless, by me~ns o~ the; 

spectral catalogs, ~her~; the spectra of the pure substances are standardized, ' 
. - "' . ,.,, . - . •' ' 

it :is possible to firid the appropriate substances in the majority of cases. 
. .· ~ ' . , , ' .-J -

- --.:., ' 

' . T 
,. 

-~-
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Table 1 .. Total specific outgassing rnte q for un-
baked and baked beam pipe ·made· ofstainless 
,st~el [2]. · 

l Process · .1 ·Te~~~atur_e I [Pa~~~~] l· 
unbaked 

· 100 h 
' . . ' . 

-puinpdown 

baked 
30" 150 h 
at 300 °G, 
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Fig.): Vacuum punips and gauges used.for pumping and pressure mea~ -
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surement. in beam transport lines. 
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· T.;_ble 2. '. Specifi/bu'tgassing rates q for some materials 
used in the beam transport line vacuum technology. 
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L for various-sizes ofpumps, a vacuum heani pipe'conductan~e \V = 0.07 m4,, 
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MDV is manual drive valve, EMD i~ electro - magnetic drive valve, PG is -
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Fig; 7:. Sp~ctrum of 'O; RING VITON SKF - 26 and background of thl.' 

, chamber fr-;;m the plasma of the RG A ,_sp,~ctrometei- !v!_X , 7304 ( lllO~l;>J>_ole); -
~ \ . . . / . ' -.. . - ' , .. . 

Measuring conditions were: 'O'.RING .VITON ~ pumping time - 24 h; tem-
. ~-. . . ' . . . - ~ ' , ' ..:. . ' . . . 

perature - 20 ~C;
1

pressure - 7x10""'.-6 Pa and de;orption rate::-· 6.5xrn-5 Pa Ill'. 
',·. . ' •. ~-: ·. . - - . _-.. ' . '. - -· ,_ ' . - - . ~- --._. ,'. \ .- . '.' 

s-1 •. BACKGROUND of the chamber - pumpingtime - 72 h; temperature -

2b °C; pressure - s~io-:-7 p~ and leakage -L3x10-8 Pa,m3 s-1• • 
' . . '. - -.: . . . . - . 
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' 1 . . Conclusion. 
·, '" I ·. , . .•,·,; . - • , 

-.The present work. describes not' only the scaling relationships used at 
' • ' .,,- • • ·' , ' • ✓ ~ _" • ' • ' ' " 

the construc.tfo,n of the beam transport line .vacuum systems but also provides 

'' th/riew,_data i~- the regio~ or: the outgassi~g rates"and the RGA ~pe<:t~a for 

the. differ~nt solid, grease and liquid materials. Taken together; all' these data . 

show that:it may be impo;sible to obtain the suitabl~ ope;ation,vacutini,(io--5 

. Pa) and the neces~ary cle~nliness 'of the heam lines if theva~uum exposed sur-

faces h~"e higher sp~cific outgassing ~~tes tha1110-4 Pa~ s-.:i'_ ·~ . - . ' 

We• recommend ·to make the beam tubes of the transport beam lin~s with 

stainle~~. steel, steel~ith stable structure and with a low relatiye ~agn~ticper

~~eability.' The ~luminium ~nd copper can also b~ successfully used b;cl~se 

of go~d mecha:iii~al pr~pertie~; availability arid veryJow d~sorption rates. It ; '. 

is pradicallyinipos~ible to~eparate _the effects of outgassing, 'diffu~io~, and . 
.~ .. -- • ! - . • - -· ,.,- -~ .,.- ✓ - l 

. permeatio~ ~hich.are manifold higher in.polymers than in metals [13]'. . 
. . · We don't recornme~d to use polymer; for ~le~~ inte;iorsurfaces· of the tra~s- · 

' '• • • ,• • ., , '• • \ < • • ,r•· • • •( ,t • • ( i' j -., ... ~----::•, • • ' \ • 

·port.beam yne vacu11~ sys_terris. ,,, · · · 

•. . '' . \ ' < 
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