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We present main features and status of our vacuum 

system. To remove the hydrocarbon left on t.he inner 

wa 11 sur face of chambers from the manufacturing 

process, Wp have recent.ly applied two discharge 

clean Lng methods to the chamb e rs. The pre lim Lnary 

experiment.a l results showed that hydrocarbon and H20 

are efficiently removed. Two kinds of cr'yopumps which 
7 

are different from the convent. j onR.l cryopumps, 

particularly for the cryopanel geometry glued charcoal 

gra.ins wen' designed and their lwrformances wen' 

exper' imen ta I j y investigated, The r'esu 1 ts are 

discussed wi th spec; a1 emphas -i s on the pumping 

capaci ty for hydrogen, Our ring cyc I otron was 

completed and the pressure of less than 4 x 10--6 Pa 

was achieved early October. 

Since in our ring cyclotron accelerated ions will 

tr'avel up to severa l km, e,g. 3 km for Ar+ 12 , the 

vacuum chmnl> pr has t.o be evacuated suffj ci ent l y well 

to prevent beams from being lost by repeated 

collisjons of tIl" jons w"ith residual neutral gas 

molecules. Thus, in our vacuum chamber- a n oper'at ing 

pressur'e below lhe orcler of 10--5 Pa is n "qui r'ed, and a 

total gas load is of the order of l~ ~ Pa.m3/ s . 

The major part. of our vacuum system consists of 

e Lght c hambers and was connected to each other- by 

means of v :i ton o--- l-ing- scaled n anges , The pumping 

system is divided into three stages: First stage is 

for evacuat in r; from alm(lsphere to 100 Pa by two 

mechanical booster pumps of 2600 m~l /hr, second one for 

evacuating from 100 Pa Lu 10-3 Pa hy four 

turbomolecul ar' pumps of 5000 .I /s , t.hird one for 

pump _ing from 10 -- 3 Pa t.o a f.i na _1 p,' essun, of _10--5 Pa by 

len cryopumps of l04 l / ~, and four panel type cryopumps 

of 6 x 103 I / s . 

.In the fi n,t part. of this paper we describe a 

chemi ca l c l eaniilg method app l lAd to our c hamber's and 

discharge clean:ing met.hods. As UI(-) aim t.o remove the 

hydrocarbon left from the manufact uring process we 

app.lied electron cyc lotron resonance discharge 

clr,aning to the magnet chambers and r adio frequency 

assist.ed 

chambe r-. 

glow 

These 

dischat'ge cleaning to t.he valley 

discharge c l eaIli ng methods showed a 

h :igh effj c j ency _in removing hydrocarbon and H20 from 

the chambers, 

In the second part., the brief descriptions of two 

kinds of our c ryopumps and the results of their 

performance test are given . Our cryopumps are 

different from the convenbomd cryopumps. In the 

design, special emphasis was given to the high pumping 

speed for water vapor and the large pumping capacity( 

or sorption capacity) for hydrogen gas, The 

experimental results are discussed wit.h special 

emphasis on the pumping capacity for hydrogen, 

Our high vacuum chrunber is divided into eight. 

sections: four magnet c hambers, two RF resonator 

chambers and two vall ey chambers as shown in Fig. 1. 

To reduce a total outgassing load, four auxiliary 

vacuum chamb p.rs in whi ch trim coils coated with AJ,203 

and magnet pole surfaces covered with a kapton super 

insulation are enclosed, are separated with a membl ane 

of 4 - nun thickness from the four magnet chambers as 

s hown in F:ig. 2 and the main coDs are kept in air. 

All vacuum c hambers except the aux i lary vacuum 

chambers are interconnect.ed via flan!{es with 

me (Hagne t Vacuum Chamber) 
RVC (RF Vacuum Chamber) 
vve (Valley Vacuum Chamber) 

EDC (Electronic Deflection Channel) 
HOC (Magnetic Deflection Channel) 
BM (Bending Magnet) 
E8M (Extraction Bending Hagnet) 

H-Sector •• gnet' 
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Fig . 1". Plane view of the vacuum chamber. 
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bellows (see Fig. 2) and to prevent permeation of 

atmosphere gases through the o-rings, a vacuum 

tightness between the flanges with bellows and flanges 

of the eight chambers is done by double viton o-ring 

seals with guard vacuum in between. The total 

evacuated volume of our cyclotron is 21 m3 and the 

total surface area exposed to the high vacuum, 

including surface area 170 m2) of components 

inserted is 520 m2 composed as follows: 

Materials 

Stainless steel 

Surface area (m~) 

350 

Copper 153 

Aluminum D 

BeCup(Beryllium Copper) 6 

Viton 

Polyethylene 

l.4 

0.1 

The total gas load estimated from respective 

outgassing rate of these materials after 10 hours 

pumping is of the order of 10-3 Pa.m3/s and the viton 

o··ring spals an' the major contributors( 60 %) to the 

total gas load. 

After the vacuum chamber has been manufactured, the 

interior is usually strongly contaminated with machine 

oils, dust particles and oxides. We wiped roughly 

these contaminations away by acetone and then treated 

a surface of n'spect i ve chamber wi lh a chemi ca I 

cleaning method. The RF resonator chamber was 

mechanically polished with a scotch scrub brush 

instead of the chemical cleaning. 

We applied a chemical cleaning to the magnet 

chambers and the valley chambers and its sequence are 

as follows: 1) removal of machine oi Is by a Freon 

(Daiflon solvent··S3) jet, 2) removal of animal- and 

veget able ·oUs by an alkali solution (Neos··K) jel, 3) 

for removal of welding scales and oxided layers, after 

hour suffusing on the surface with an acid solvent 

(NEOS CM 305 FA) including surfactant and inhivitor 

the acid solvent was washed out by a water jet (at 

room temperature), 4) removal of acid residues by 

neutralizer (NEOS CM 30B), and 5) final spray of ·the 

surface with the water jet. After this chemical 

cLeaning, each chamber was independently pumped down 

and leak checked, and was then installed in the 

cyclotron vault. 

To reduce the gas load from inner waH surfaces of 

the chambers, particulary as the aim to remove the 

hydrocarbon left from the manufacuring process, we are 

planning to apply electron cyclotron resonance 

discharge cleaning (ECH-DC) lo the magnet chambers and 

p'OLE 
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i 

~= 0 

\ ~~I 
Fig. 2. Cross seclional view belween the magnet and HF 

vacuum chambel'. 

radio frequency assisted glow discharge clearling 

(RFAG·-DC) to the va lley chambers. We made pre 1 iminar'y 

experiments 1'01' 3/8 sect.ions conslsting of olle valley 

chamber and two magnet chambers in order to 

investigate discharge cleaning effects. The tot.aL 

inner surface area of two magnet chambers and Lhat of 

the valley chamber including component.s inserted are 

5:~ m2 ancl 29 m2 , respect. i vely, and thE' vo 1 ume of the 
3 whole syst.em is :; m. The system was pumped by a 

5000 lis tUl'bomolecular pump which is attached to near 

the center of the valley chamber and a differenLially 

pumped residual gas analyzpr (QMA) was attached to a 

port of the magnet chamber facing the opposition 

dir'ect ion of the valley chambeL 

A coil anode for the glow discharge consists of a 6 

mm hollow stainless-steel tube allowing water cooling 

and a central lube for introducing ga,,! near the coil. 

The radio frequency was supplied by a 13.5 MHz HF 

generator wilh a maximum power of 300 Wand RF 

electrode system was coupled through an LC network lo 

a DC power supply (0-1 kv, 5 A maximum). 

For ECR-DC we used a 2.45 GHz micr'owave power 

source wilh a maximum power of 1.5 kW. The microwave 

was injected perpendicular to magnetic fields from the 

rear of the respeclive magnet chamber. The results of 
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M/e Mass Spectrum 

Fig. ~~. Mass spectrum of' r·esidual gases in the 

chamber. 

t he mas" spe'ct l'wn by QMA a ftel' about J6 hours of 

d i scharg(· ('oDd it.! un i IJ~J: at a low work i nt{ pressure of :3 ., 
x]O hi (HLI ,\I'" shown in Fig.J. As can bE' seen 

('rom Vi!f. ~~, 110 t h(' mHSS peaks aiH)V(> 40 dre ev(--'r 

obscrvf->d. Thus, 1'('SUlt s of t1lP discharge c] eani.ng 

show ,I high efficil'JlCY 111 removing hydrocarbon from 

If ... chambpI' and HLO. 

Our pumping systf'm is divider! into thr('(' stap;cs: Il 

the l'"ugh i ng s t al~'" ror eva,'uat ing from atmosphere to 

JOO 1-'<.1 by two IDf><:hanical boost.er pwnps of 2liOO m:'/hr, 

~) th(' intt"rmt'dia1r- VDcuum stag-t' for evacuati.ng from 

j 00 l'a l () 10 3 l'u by four llwbomo I enll ar pUUlpS of 5000 

I./s, :lJ the high vacuum stage consistIng of ten 

Cl'yopumps (ANE LVA lIIod('1 CAP-LOO) and four paw'l type 

cryopumps (ANELVA mod., I CAP-(10) pumping from 10'3 Pa 

to a final PI'PSSU"P of 10 'i PR. Thpse cryopumps were 

Ilt'lv I y devp] olJ<,d for 0\11' d('v l,·P und ar<' d i ff"renl from 

lhe convenl ionB 1 'TYOPUUlpS. 

cl . 1 <2 ryoPllmps Cln<j 1 h,' I r IJllmp I 11(\ Sl'(,p,h; 

[n ttl(' d(,~;lgll pf thpt';l' lTyopurnps, spf'Clal pmphasis 

w;,,, given lo th ... high plunping speed for' water' vapor' 

:ll\<! tIll' lart(" pump i nl'( capar; i t.y lor sorpt ion capact t y) 

1'01' hydrogpn gas from ttw following r'eaSOllS: Fi l'st ly 

the p1l1ll1'In,( rapaclt.y for hydrop;t'n, namely Lh", amount. 

of hydl'ogen adsodmble on the charcoal, has to be 

I aq(' be"'Hus,' wi 1 It t hi ski!lel 0 f PUUlp the int erva I 

l,..tw('PIl n'W'ncrat ion dctt'rmincs lh,' mR:intanence-free 

lltp tilDe, of L1w devi,"', and thus is limited by the 

p\lmping capacity. S'~("(lndly, baking ill onr device to 

n~movp W[1ter vapor sOI'bed on lilp sut'faces of Uw 

chmllb('(' and fJ OJlJ im;prtcd components IS impossiblp 

because of the intricated structur'e as shown in Fig.I. 

T]wn'fon', a very hIgh pumping srwpd for watel~ vapor 

is I·equired. TliP CAP-·200 cryopump is a modified one 

e, 
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F.ig. 4. Cross sect.ional view of Ill<' cryopump. 

which is diffprent from the convE'ntional cryopUUlps, 

part ieulary for' a cryopane 1 gpomet ry glued charcoal 

grHlIlS. lts cross sectional view is shown in Fig.4. 

The pumping speeds wel'e measured and the resu 1 ts are 

shown in Fig.5. We can see from this figure that the 

measurf,d average pUUlping speeds for nitrogen and 

hydrogen a,'e 1 x 104 lis and 2 x 104 l/s, respectively 

and t.hese experimental results are iII good agrepment 

with the design values. The design value of the 

pumping speed for water vapor is 2.7 x 104 J /s. In 

tlr" Fig.6 a cross sectional view of CAP-610 cryopump 

is shown. Th is pane 1 type cryopUUlp has a geometry 

like a watpl'I"he,d and is to be mounted in a slem of 

the RF resonator. The pUUlping speed is 6.3 x lO3 lis 

for nitrogen and B.3 x J03 lis for hydrogen. The 

design pwnping spe"d for water vapor is 105 lis. 

As is we-II known, the pUUlping capacity for hydr'ogen 

of a cryopump is much smallel' than for' other gases. 

Therefore the int <,rva I for re-gpncl-at i on of the 

cryopump, namely maintenance-fl'ee lifet ime of the 

H, 0 

00 2X la' 
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PRESSURE. Pa 

Fig. 5. Pwnping speed for gases of the cryopump. 
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device, is limited by the pumping capaei ty for 

hydrogen. The operati ng pressure requi red .i n our 

device is ]0- 5 Pa at where the parUnl pressure of 

hydrogen is considered to be 10- 6 Pa or below. Even 

at 10- 5 Pa, t.he measurements of the pumpi ng capacity 

need too much time and it is also difficult to control 

the smaLl now rate ( 0.1 f'a.l/s) of hydrogen gas to 

keep thc pressure of 10- 5 Fa over a long ti.me. We 

obtained the pumping capacity by a continuous method 

which involved measuring the equilibr:ium pressure at 

the constant high flow rate of 9.3 Pa.l/s; 

fo r CAP-·200 :is shown in Fig. 7. 

the result 

To measure the pwnping capacity in short time even 

at lower pressure, we employed an discontinuous 

method. The measuring procedures are as follows: 

Firstly the amount of hydrogen correspondin1( to 600 

Pa.m3 was injected and pumped at a constant pressure 

of 10- 3 Pa by introducing a flow rate of l5 1-'a.l/s. 

Secondly we stopped the introduction of hydrogen gas 

and waited to re<lch an equilibrium pressure at zero 

flow rate. Thirdly we measured the equilibrim 

pressure as a function of several flow rales alld 

simultaneously checked the pumping speeds. We 

repeated these procedures until, for each flow rate, 

the equi librium pressure became two times the inl t ial 

vnlue thus obtain :ing the pumping capacity for hydrogen 

gas. The experimental results are shown in Fig. 7. It 

is seen that an increase in a total amount of hydrogen 

gas adsor'bed on charcoal resul ts in an incr'ease of the 

equilibrium pressure, namely in the r'ange of 10 '5 Pa, 

it is 2 x 103 Pa.m3 and at 1 x 10 - ~ Pa, it is 7.5 x 

103 Pa.m:J • 

Since a partial pressure of hydrogen gas in our 

vacuum chamber is considered to be of the order of 

Pa, 

Pa.m3 
the pumped quantity is expected to be x 

(see Fig,7). Thus the interval for 

regeneration of our cryopumps with an effective speeds 

of 1 .6 x l04 lis is expected to be 700 days. A 

simular experiment for CAP-610 has been made and the 

result wil.1 be published elsewhere. 

Our ring cyclotron was completed late September and 

the pressure less than 4 x 10-6 Pa was achieved early 

October . The preliminary experimental results of a 

discharge cleaning showed the high efficiency in 

removing 

chamber. 

cryopumps 

and 1. 2 

hydrocarbon and H20 from the interior of a 

The design pumping speeds of our main 

for hydrogen and nitrogen were 2 x 104 lis 

x 104 l/s,respectively, and were in good 

agreement with the experimental results. The design 

pumping speed for water vapor was 2.7 x 104 l is. The 

pumping capacity for hydrogen was dependent on the 

equilibrium pressure, being reduced with a decrease of 

the pressure, i .e . throughput: 2 x 103 Pa.m3 at 1 x 

10- 5 Pa and 7.5 x 103 Pa.m3 at 1 x 10-'3 Pa. 
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Fig. 6. Cross s ec tional view of Lhe pan<,j iype lTyopump . 
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Fig. 7. Pumping capaci.ty for i:he hydrogen gas of Lhe 

cryopmnp. 
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