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Summary 

The success of phase spacr cooling of proton and 

antlproton beams b> electrons cooling and stochastic me- 

thods as LV e I I <IS IllC imprc>ssi\ P cir~\~lof,nlrnts Ii, tllc 

technulog) of hea\> ioil dcceleraiors hd\t’ inltiatetl a large 

number of heat,? ion storage ring projects illlovel. t/l? 

world The vlass of the small rings drsignrd fol- lo\\ 

rccrg> ions of t! picdll) less thCln IO MrViu is allllosi 

e\clusitclj dedicated to atomit ph> ~1~‘s. ds the nw test 

storagt, rir,q TSR at the’ Mai Plancl, h?stitut ttir Kvi-npil>- 

sil\ if, l-Icitlelbi~~-p,. thdt lhdi d< hi?\ Lbtl fil-st zlec.tr.ow ‘~11<1 

las~rcoul ilip, 0f I;idd\! iotas I’SR is Ilwt~l> fnl low rtl 1)) 

the f):.oje:ts .-\STRlD if, Aarl~tcs and thv CRYRING in 

Stockholm Thl, ldl.ge Storage Rng FSR iit thr~ GSI Darm- 

stadt. ahIt% t<) stowe rltid (001 full! sti-iI,@ ul.dllilinl ic)li.s 

\\ith cnvrgl<ss up to 5Oij MeV/u has jus: czntel-?d the 

commlssionin~: phrlsp This paper gi\ t’s cl re\ieA\\ 01: ttlcb 

mdjw stwag:f~ riny: inst~llatl<,ns I1rescantl: iv op(~r,~tlon 01‘ 

undc~r- ~‘rltistru< t1oti 
Introduction 

At prf~t’n: mwi~ tlldll i5 hiv\) ioil 5\tui-a~gc ritlg:a. f11;.1 

shocks as an ewmplv the l’est Storage Rilig TSR at tll(J 

hIa\ I’lanch Instltllt filr Kernph\slh IHeidPlberg -. d1-r 111 

0pcrat;on. 11, the status 0 t r-0nstruition 01 acl\anwd 

Alread! ill the la:? sixtie:, d11d earl! seventies vacuum 

teclliloIog> at the ISRI I I C2d\ancrti t!lJt 1.11.. that ,,I-cssL,:-(.s 

ill tilt> I(‘1 ‘I-10-“’ lore- rairgv r.ould be Illdint~incd ii, d 

\esw1 as lwgr dS thi, ISR < hambers IIt’d:! iIll. >LO,-dgia 

rings. \\ hue Stdtttrilig ,Ind C Ihdrg? ~ll~\ilgiiig 1~) btl.ippillg 

or t.lectrun captur? ui the I-caldual g.25 mdinl) dr~tcrniinps 

the lifetim? of the ioIls. pr01‘1tetl enormousI> f’r01u the. de .I 

vrlopmc~nts of fii-\\ nlritvridl. pumps and hedtlng pl-0~ rdw 

I‘es. 

Ion solli’ct~s II<?\\ ~!iall‘lSIC. Clb LhC‘ 1~131S-(‘K~ t IilSl ;I \cr- 

SiOll\ dr\c~l~lpccl 1,) hllC’L5 <ilId .4i-lailei ‘illI t!1v I.c’R.IlI 

sources I:! Gellri- pru\ldt~ t0d.r> petit It*5 111 liii:tl c 1131 t:t’ 

stcitcs k%itli good intr’llxitir\. t/lit: m&r t/ii‘ Cr~c~lmiiidtioli 

of lr,“’ 10” 10nb jposs~llt iti tlk, tlmc’s c:rti~l-nllli~~tl I,) tt1,. 
duminailt los5 ~1vih~ili1~ni~ 01 L I1 ii I-iil[:‘. t:\ <‘II ‘1 ‘tndi~llr~ 

ilf~tol.iOUS I) lh111)nil t-01- t11i.11. IO’% inti~ns,:! li<ll<~ Ill < U,,l<’ 

USL~i LII 1njer to:‘> 1,) Llli’ I hlc~twr):(~l L>I“.L;‘l pLllst.li i,?$:‘i’,:i 

iou sj)Llttl’l- So~II‘ces dlld ,,,,<~I t IUI t%?lii/ll~‘ llL~‘li~ iOIl 

beams into the .AGS 

h’o new installatiotl t~&j i.s ionrfii,il)li~ k\ithot(t tllc. 

RI‘Q invelltvc! b? Wapchi~:l,ijlH I .v~d broi~p,l~~ li, 1~111 rjpf>li 

cabilit) b> the grolips 1~ Lo:, AIClmu.\ kul:i f-ranl,iclrt Tliv 

C*\ailat~iiit:, (-II- [),.I\\ <srt (1 I I Olll~)ilt~‘l‘ C.lJll<,\ I,)/. l‘lttlir l,‘<‘i: 

net ancl cabIt> di~slgn as \\l’ll L1& fo1- bCw1n ,.I\ ,,‘1,‘1,(.‘1 ii,\ J 

Fig 1: The Heidelberg Test Storage Ring for Hea\! Ions TSR 

-l-n? great sli(‘<-i’ss (If phasr sf,a<‘e <ooIlng that led to 

the disccrier) of the W and 2 bosoms at the CERh SPS as 

\\el! as the irnpl-rssive small ~001~~1. ring for loi\ t’nerg? 

antlpl-otona I.I.AR sL;l-elj gdif’ tll9 big iinlwtus for- thcAse 

activitira,hvdrl> all of the IIC\\ machines \z ill eitlivt- use 

storhasti( coi~lm): I II 01. elec-ttwl ~ooli~~gl21 t\e1: the 

neu I> &\i~lup” nl<~ttlotl 01 laxr c w>lingl 3! tli~trlonatrated 

1’1H’i at the I SR 1~ Iieidelbca~-[: zilltl i:lso lateI> at ASTRILl 

i I? Aat-IlLi 5 will ~rli‘lu~riw t h (2 fLil~Lll<~I~ tl~V<4c~[ml(‘lltS of 

these rings. 

L‘ist llot lea5t dll tnese projei.ts 1, i’i‘e lilatIc possible 

onlj b! otllrr ker> important. althotigh pc-rhaps nut quite 

that spectacular further ad\an~es in d<-(ylc~rator. i,h\si<,s 

and tt%:h:l”log~ 

htigatioils arcs 1, ~d~‘hpl.i’aLl dlld l1ili$’ UI- \\ I/ I LiS;sL,I< cl iast 

paw in c onstrtlitio~~ ‘llld \IICCc’~,sI ill C r,mplet,on ol t 111’S<’ 

hea\) io11 rl!lgs. 

‘I hf.Sf ,,6’\l 111Jc. hnc’2 u III prob~clc rL\t.itinc: ~~o~s~l~i/it~~ b 

in Ind,,:5 fields of ph>si<s 111 d< c <filCrdtol. ph:.sics tll? coo-- 

Ililg pro< ?s9s t IhemseI\ es ril’~’ 5 “hot” issu<l Thp c’\trcni<, 

phrlw space ciHll,~l’essIoI1 bj c’lri.troll ‘iild l‘i5,‘l. C‘uul,ilg 

in+ be I drrlr<l thdt Ifal. thcit the I<,np v~~‘~,,~~ c ~,~lu~i~lb ful. 

<‘CJ> bctr%C’pll tilt’ Ilighl) c haq:t~cl tltddij io,lb $1 ill L~!S~UI~I~C~I> 

dolilii2ate the thw.mal mutioil ill the beaui le,iding to 1w~1t.1 

l)hrnon:ri~a and clt’ll be,+n, <I’> stalirdtir~n [‘iI 

llrkiij ioIls In cil~l~osL di~j pu~bil;l(~ cllat.ge sktc tug<*‘- 

theI. b\ ItI1 photons of ,,OM fl.1 ill ldseis dild the <‘lCCtl-Olls ilf 

the cooler. that (‘<ill also be adjusted to a firliLr rrlati\c 



energ) open up a unique WM field 01 atomtc physics. 

~I-,c~I.c~ fat. r\ampie the process of dirlec?ronic wcombina- 

tioil (DR) can be cxamincd with unprecedented accuracj. 

The data tl!ub ubtdined we of high impot-tancc for 1 usic)n 

/plasma I:1 $2 IllCIl energ> leaks out \ia the photons follo- 

wing the DR 111 contaminant ions[lO~l. Also X-~.a) prod~c- 

titan in thin liut stelldl- roi‘onat’ is llop?d to b~:c0llre Itcw 

ccssil>le in tllr Irshorator> test txnch COUICI. r!ng 

Tll? dmlldiil of 11urleal- ph) sic-s iit the liigiler energ! 

protot, 01. light ion ccwler Irings is clw~-lj in prwisior 

eil)cl Illii’ilts r% ith tllill interilal targets 13~~ tl-on c cooling is 

c,shelitlal tr, hdl;lncr the heatitlg it1 the, ~~3s ji‘t or fiber 

targets Cilii' to I11Lll tll’le scattering. Ltlnllllosities obtactiablc 

,,ith about ll.,‘~‘,“~“t”ll~ bf “oohlt~v stox>cl ill :I:c (‘LLSIIIS 

I-ingtlll ri1.r ill thr I.al,ge of some lOi” r:lll.’ 5.’ i’ol-a gas 

jet txgct thl<.hllc~ss cf tjpicall! IO” atonrs/cn,‘~ up to 

I(i'-' c-n;-', ' f'<>,- <:a,.b on fibws \2 ith tllamctcrs of abotlt 

5 ~111 

f’ulari/i~~l cltwxlic beam t,wgcats. ivllich Ipmfit from the‘ 

dc\c~lopnlent of the storagv < ell bj the bladison group are 

e\pectcd to gi\is d tar-get thithnfss rllsc in the to ’ 

clrolll~/~ 111 ” rai2gc. I‘llt~ Tli TEX e\pt~rinlclitII11 at thr TSR 

d.1~1 I,+tri d; 1 1:AK )\III usv but Ii d till :o poldl~i/? stored 

Although not equlpvd with phase space cooling debi- 

ces. MIMAS C131. the lo\\ energ) ilH7 5 heV/u) accumula- 

tor and booster ring for SATURNE is Included in this 

surve) because many other of the interesting features of 

hea\> ion rings habe been incorporated MIMAS. as TARN 

I 111; I sureI> belong to the pioneering heav> ion machines. 

MlMAS IS a 8 period little fast ramping ( ST/s 1 sbnchro- 

tron with a ma\inlunl magnetic rigidit! 64~ of 1.0 Tn. It 

is injected with heavy ions from all EBIS source and a 

RFQ at a flat bottom of 0.125 Tm. with polarized protons 

and dcutcrons at 0 OX8 Tm and 0.125 Tn? respectiveI). To 

have suffix-irntl! long beam lifetimes at th(x corrrspvnding 

IOM vcloclties. a vacuum of t>@call! S+lO-” Tow is main- 

tained Multitul-n injection is done derrlerating, the par-tic- 

les b? d betatrtsn core ( lliier= S1)@ V). The particles ac- 

reler.at<~d bj t\\o t.f-cavities to full rigidit! rirc ejected bj 

fast kickers Intensities of I.i+ 10” protons. about IO” 
12p+, to” “Ar”‘+ and ?*lO” ““Kr”“’ ions can routineI\ 

he transfewd to SATURNI: 

I TARN 
TARi I ,- a I.2 Tm Iring of 32~ circunlfe!-ence -, was 

o,,eratcd hetucell 1’37” and lYH.5 as test accelerator rinz 

for NtIb-\TKON Injwred from the INS 

.., 
.jclotron it \\ab 

AVY ION COO)r.ER STOV 

n Iniectorw Qpxatbn Sptiti 

MIMAS’Saclay CRYEBWRFQ 1.0 36.8 p,d,LKr 1987 Betatron Stacking 

TARN I/Tokio Cyclotron 1.2 32.0 Stochastic p,He,C 1979-85 MT-RF-Stacking 

CRYRING’MSI CRYEBIWRFQ 1.4 52.0 ECOOL HlcXe 1990? Fast Ramp 

TSR/Heidelberg Tandem/Linac 1.5 55.4 ECOOL p to J 1988 First Lasercoolinl 

Laser First HI-ECOOL 

ASTRIDiAarhus Separator 2.0 40.0 Laser He,Li,Ne,Ar 1990 SR-Lightsource 
COOLER/TUCF Cyclotron 3.6 87.0 ECOOL p,p(pol.),He,Li 1987 First S.-Snake 
LEARICERN ECR/Linac 6.7 78.0 ECOOL p,pbar,O 1982 HI- 1988 

Synchrotron Stochastic 
TARNWTokio CyclotroniECR 6.1 78.0 ECOOL p.He,HkNe 1989 Double OpMode 
CELSIUS/TSL Cyclotron/ECR 7.0 82.0 ECOOL p,HI(Kr 1988 Jet Target/ICE 
ESR/GSI LJNILACI 10.0 108.0 ECOOL up to u 1990 Exotic Beams 

SIS-Synchrotron Stochastic 
COSY/KFA Cyclotron 11.7 184.0 ECOOL/ST. p,light Hl 1992 Hadronic Physics 

ADRIA/INFN Tandem/SC-Linac 22.5 266. ECOOL up to u ? Exotic Beams 

K4/KlO/Dubna U400-Cyclotron 4.0/10.0 88./110. ECOOL 
yp toU20 

1994/95? Exotic Beams 

Kurchatov Cyclotron 3.0 51 ECOOL He to Ne ? Nuclear Physics 

Kiev U240 Cwlotron 4.5 56 ECOOL r, to Ar ? Nuclear Physics 

prot(,ns ill- dntlprotons b: spin-clepr~ntlent interaction of 

zlic c lickil‘ltltig bea;n partiriiss \* ith th? polrlriied II?cli.ogen 

at0m.s. Tllis inight b,rs th(’ OII!\ iiahl<, \\d) ro polari7c lo\\ 

?nel-g> antipr~>t<~ns 

I lhis ‘irtic I<’ reiiixrza the inajor .\i.ordg( Iring installa- 

tions pitbt’lltlj opv~-dti~lg oi undc~ < onstrtlction 

The Storaee RInes 

In Table 1 alltogether 15 heav) ion storage rings are 

listed accur-cling to the ma\imun, magnetic rigidit) B*(, 01 

their dil)ole magnets. The information sllmnlarized there is 

meant to give 01~1) an o\e~.all description of the rings. 

like their sizes, theit- injec tars. the ion species stored and 

bpeuialties at the individual location In the following most 

of the machines are described in more detail 

the first small ring using a combination of multiturn 

injection anti I-f-sta<~hing With this combined method 

beams of p.‘He”. and rzC’+ could be stored with inten- 

sities bct\\een 10” and 10’. taper-inlent> \\Ith stochastic 

cooling were prrformed at 7 MeV proton and 28 MeV 
4 fje” beam5 and ga~r results of a molnentutn spread 

improvement from IO-’ tu t,+lW” for 10’ He ions.TARN 1 

stopped operation in lY8S to gibe room ( and compo- 

nents 1 to the folloiv up project TARN II. 

CRYRING 

CRYKINGCl~l is a hea\> ion storage ring %ith a mag- 

netic rigidit) of B*o=i.4 Tm and a circumfel.ence of 52 m. 

It is under construction for mainI> atomic and molecular 
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physics at the Manne Siegbahn Institute of Physics. 

Stockholm. Ions from a cryogenic EBIS source will be 

accelerated b> d four.-rod RFQ [lOI to all energ! of 0.3 

MeV/u. Due to this rather low injection energ), ramping 

has to be done fast, i.e. in 0.2 s to the top magnetic 

rigidit> Together with the provisions For excellent va- 

cuum this fast ramp should ensure beam lifetimes long 

enough to do experiments with the internal electron 

target ,- the electron cooler ib a Ler) attracti\r dwice 

for atomic physics Itself -.antl ion beam targets in crus- 

sed or merged geometry As wf Ju:Ic IWO the statzs of 

the project is as follo\vs: All magnets are delivered and 

aligned. the x ac~lum (.hambel. is in production The RFQ 

has been sucressfull) tested with beam, the ECOOI. 

system is being assembled. First injection could be e\pec- 

ted for end of this >ear 

The Test Stordge Ring TSR I171 ,- B~>=I.S ‘Tm. cir<.un- 

ference 55.4 ni -, at the Ma\ Planck Inscitut fiir Kernphj- 

sik Heidelberg was the first ring in operation to store 

and elrctron cool as \ve!l as Iuset- cool heal! ions. Coin- 

miss;oning o! the ring started middle of 1088 with the 

acctImuIation of 733 Me\’ “C’” btwms. Alread> in fall of 

the same )ear e\perimrrits ushg thr ele( tron ~oolci- wc~-e’ 

started [IHI. First successfu laser cooling of ‘Ii’ dlld 

“He+ ions L31 was demonstrated in 108’). 70 illustl-atr the 

large barlet? of ions that has been stowtl and electron 

c~ooleti in the ISK tn the last 2 )<‘a,-~ table II sho\~s 

cooled and nncouled beams ranging from l”-utons to coi)- 

per ions i\ith 1lfetimc.s of 30 I~out-s to d Fe\\ s:~ondh The 

main loss m~~chJnisms multIpIe scdttering stl-ipping. eier- 

trun c~al)ttit~c~ in the i~ZSldLldl #db dlld < a[‘tLltY~ III ‘001e1~ 

C’lecirotlb dri‘ illilii ,ltc,tl. 

Table II: Llfetlmes of Cooled Beams In the T S R 

loa BnsL’ Ralvn km Uletlme 

( I0’mmb4r 1 
cc&d UmOlcd 

Bxplahblr by : 

I MeYlu ) III (8) 

P 21.0 

d 6.1 

’ LP 1.3 

9 Ed I.6 

UC- 4.3 

UC*+ 6.1 

UC- 11.7 

‘~06. 3.4 

‘GO” Ea.9 

‘SCP 6.1 

‘S& 11.7 

=sd* 4.1 

316’6. 6.1 

-CUB+ 4.2 

0.s 

1.0 

0.5 

3.0 

4.0 

4.0 

0.7 

2.0 

0.7 

5.0 

0.7 

0.6 

0.5 

0.5 

13”OCJO 

24000 

26 

-- 

li 

720 

4100 

16 

400 

260 

440 

200 

-- 

licKlO 

-- 

20 

3 

10 

15s 

17000 

14 

200 

3600 

440 

20.5 

43 

M.S. 

M.6 

ser. 

str. 

.str. 

M.&s. 

act 

ser. 

M.6. Md”pl.lutlplq. B&s-. 6vlF.pplq. act c.Ptwl d lb0t.r uhlm.. 
RBC ceum 0~81we.ma In lb. R..,dull 0” 

TSR has a number of unique features: 

--- Combined multlturn, rf-stacking and clcc tron cou- 

ler staching. that has produced particle stacks of 

intensities as high as 3 + 10”’ [IO]. 

--- A large momentum acceptance of +/- 3X that bvill 

allow multi charge state olleration First tests 

v.ith 63C~u”““‘“’ have been ver) promising. 

--- A flexible optic can be tuned to a mini beta tnode 

that *as operated to build up stachs of I.! rn~ 21 

MeV protons through a FILTEX storage cell repli- 

ca of onI> 11 mln diametw and 7S cm length 

--- Laser cooling factlities that have produced extre- 

mel) low temperature brama of less than 200 nil<. 

-~- SilnuItaneous storage of d and “‘O’ii beams b\ 

cooler staching LlOl 

I-SK Ihas been hIlilt \cith I,~nilnatr~l magl,cts tu erasure 

a fast ramping in the second phase of operation. A no\e/ 

type of frequent> bail.iablc c,i\it> hrib brvll tested 1’0 1 4nd 

Mill be used shot-tl:, to decelerate or decelerate c-ooled ion 

beams. 

ASTRID 
ASTRID 111 1 at Aarhus is rl small 2.0 7-m ring of 40 m 

circumference. It has to serve the quite different purpo- 

ses. i c as a stol-age ring for hea\) ions deli\cr~xl b\ a 

lO\l voltage ( 30 LV to ?OO I,\’ ) SepdrdtOt- and d h ‘l 

s) nclvotron light sour< v Mith a nia\imun~ (%I~I tron vnerg> 

of (100 hlcV. The ring was under vacuum IJtr Dccembvr 

last ?r’ar. had Its first “‘Al.’ bWll1 of I00 KeV stored 111 

Februdr) and rlemons:tdtr4 Iasw cooling dIread: 111 hid:> 

IOKI I.aser- cooling is the dotii‘iin of tht> plrl51i.h gr<jup at 

4,1rhus and \\ II I br sut-t’ij pursr~wl wgorousl~ to bring t 111s 

technique to its limits \\hene\er the ring ~ilI hc ~~>ailal)l~~ 

between the s> nchrotron rdtlidtlon jrtinb. 

The COOLER at IUCF 
The couIe1. storagr ring at thrx IllCF ill Ulooiliillgtoil, 

Itldianc3 L21 .- sintpl\ _ tl‘rtntTl ‘t/l<, cuol~~~“-. i5 Ij 3 0 In, 

six-sided ring t lhdt came 1iit0 olxl-atioll end ol l’rH7 and 

hdcl its first ~lcv trorr c-~~olrd pl-ototl h(,anl in 4lJt‘ll I’liiii. 

Beans wit11 mass llunlbcrs A bet\\eell I and 7 are ~n~e’ct~yl 

from the 300 Mc-V isothr-otlous c>~ lotI-on h? vithcar stwp- 

ping \ f-l;. Hia’ 1 or i\ic-kcl- inje( tlr)n wit 11 s~muitantwus 

electron cooling. The Inthalla I-illg lhas with 275 kc>\ the 

electron ~OOIRI. r~>titln~~l~ operating wj’th thix iligllest diet - 

troll energ? of all\ of the pwsvnt ring5 r,lr,.\c,l? Iollo\~ed 

b: (IELSIIIS anil 1:SK The first c‘omplett~tl e\prriment i ?3l 

that used all the ac1vantagc.s 01 d t&n intrrndl ih>dr-oger 

gas jet targel of S~lU4 to lr l(i’i atoms/c-in” and ar clvc- 

tron cooler .- a pion threshold experiment with beam 

energies bat\+een 282 MeV and 37.5 Me\’ -, shows con\in- 

cingl) the clean expel-imental conditions onlj possible at 

such a ring. The first e\perimentdl proof 1241 of the 

principle of the “Siberian Snake” for o\ ercoming the in- 

trinsic and s> nchrotron tlcpnlarisation resonan(x~s UPS just 

lateI> perfornled heep~ng the polarisation of the proton 

beam while passing resonances at 108MeV anti 177 McV. 

Little must be said about l.E4R, the machine that b! 

its excellent performance has influenced almost ~111 of the 
described projects. It is ho\\ t’\e~ not \\ itici> knob\ II. tllat 

LEAR can be oprratcd with heav) ioIlsr?il and hdS SLIC 
cessfull) done so for 184 Me\’ “‘OH+ and 115 Me\: 

‘(‘Of’+ with stochastic cooling resulting in beam lifetimes 

of’ 10 hours and about 20 Inlinutes respecti\elb at an a\? 

rage corrected \acuum of 4.51 10-” Torr. After the instal- 

latlon IIf the electron <.OO~PI. I.FAR is ,now ,-at least ,n 

principle-, a full? equipped heav? ion ring as ions as hea- 

\) as sulfur and later l’ossihi) Ivad art’ ‘i\ail,~bI<~ at tllE 

CERN accelerators. 
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TARN II ESR 

1‘4RN II PO1 the successor to the little pioneering 

ring T,4RN I is in open-ation at the IKS sinc.c 1088 ~(1 has 

succreded in electron cooling p. d and Hi beams It is 

a s>nchrotron/cooler ring for heav) ions up to Ne. Its 

maximum energ! , corresponding to a magnetic rigidit, of 

0.1 Trn is 1100 MeV for protons and 350 MeV/u for ions 

\5.1tl; c llarg<~ to mass rdtlo or Cl.5 Oni> interesting fiwtur-c, 

of TARN II is. that it can be operated in two optical mo- 

des. one with d supet.pr~iotl!cit! s = 0 as a s~ncllrotroil. 
giving small dispet-sion and small horizontal [i,-func tions 

resulting III 3 large acceptdncc 01 400 7t n,m mratl. and the 

OLIIFI- hit13 S = .4 ds d waler Iring \vit II three zero dispel.- 

sion stl-algtit suctions from 51hich one is needed for the 

clectl-on c DOI~T Thtx acccptainct~ ~11 this mode is reducwl 

to ILO nmrntnrdd. Further features to not? are an inter- 

nal t;irgLst and a slov beam c\tl-dctlon utiliring thr third 

intc#el- r’sol,~ili~ C’ 

CELSIUS 

\+:ell rltsigncd cxperimc~ntal eclulpnient is ob\iousl) dl- 

most inlniol~tdl. as the dipole magneta installed in the 

coolet~ storage Iring Ct-LS[LlS 1111 at th? The S\edberg I.d- 

boxdtt,r> ,n Up+<: ci I’ al-e hd\ing alrrwd~ t!lelr thit-d cdi’eer 

aflvr tl1r it-9 ,irld tile i(‘F e\perInents at CERN The> so- 

li&iol-e c.o:nl)lncd runt tion niagnets ha\<> bwn stipl~lernew 

ted, afttxr- an c~\trnsivt~ search fat- an optinlciln perrnutati 

011 oi tllL> 1, JliLl k sectors, bj fotw <;uadiwpole doublets 

to fat-III a :‘lr\iblc 82 m < i~c~iml-<~rcncc~ r,ng of 7.0 Tm The 

~C,LII. apl)r<~\inutvl! ‘I 1-1 lone, strdiglit se< tions house a 

!htg:~ boltage ( JIM) I,\’ 1 drcti.otl ~oolw d cluster gas jet 

:r\,.gt’t. ill<’ r-unit and the injectlvn ci>mpol~ents. The ring 

iz, most cflc,:t~\‘~al? injrctd b> strii~pir~p~ t-l?, ions front thk‘ 

Gustaf \\‘crne. (‘~~-lot~-on. Standard multlttli-~7 equipment is 

r~/.\o iiibtdj (~1 ‘I,> dllo\i t (iI_ iill’ illjt’iTlOl1 01 beams ‘lW1, 

d poldn/t~J iill\ 50m.c~ to ii? il~li\c1-c3 t,? a c omm~‘~.f idI 

mallufrlr t~crrr ,411 I:CR i(-,n SOL~~<Y built ill cwlaboration 

\\itll the Irstitutc- rjf I’ll! sic> at th? uni\wsit> of J)\Xs!,)- 

l&i’ I.innlanii 53 I. I suoli bc ~njv:ting bvai11~ up to Kt- to 

tnakr CEI Sll IS a hra\ J 103 ring The stcdtlls of the ring is 

at p:‘esent hrsr bmln atorctl late I’JXX. Ii!-st Iramping to 

ftlrl i-igltlith dnd first e\perinlellts in I’JH’!. first c~lectroil 

:ooi,ng hid! I’J’IC) 

Just in time for this conference and after a breathta- 

king short assembly period the Experimental Storage Ring 

ESR1271 at the GSI in Darmstadt has successfully cooled 

its first “Art’+ beam of 01.8 MeV/u by SO keV fA elec- 

trons on Ma) Zhcl: :‘)OO, onl! about- i Meeks after the 

first beam storage in the ring. Figure 2 shob5.s the historic 

i’il.st longitudinal Schottk> scan of a cooled and uncooled 

bean-i. The ESR ( B~(J = IO Tm. circumference 108 m ) can 

ac-cumu!ate. store and cool ion beams as heav? as urani- 

um. Energies range up to 830 MeV/u for ioIls with charge 

to mass ratios of (7.; dn(l 550 MeV/u fol- uranium ESR 

has been built for the following primar) goals: 

--- Investigation of interactions between stored ions. 

target atoms. electrons and laser photons. Maki- 

mum Luminoslt> can be about 103”cn-2s-‘. 

--- Accumulation of secondar> beams. The high intetl- 

sit! hi& energ) “injectors” UNILAC and SIS alloy\ 

the efficient production of radioactive exotic 

beams which can be cooled h) stochastic pre-cool- 

ing and final electron cooling ( Ee,.max = 37OkeV ). 

--- Coolet- and stret<.hw for SIS 

--- Rcinjector foi- SIS. After stripping dnd cooling in 

the ESR the beams can be reinjerted into the 

s) nchrotron v+ her-c, the energ! of tllc full) stripped 

uranium ions can bv raised to 1.35 GrV/u or lo- 

M wxd to ~aluvs near the Coulo~nb bal-rier. 

Korrttne operation for e\perimtnts call bv eiprcted at the 

ESR still for this :eal 

cosy 
The COoler- SYnchrutt-unl”H1 a~ tll? Fur>< hungsanlagv 

Jiillth IS a light pdt-ticlv. m<,dium clnrr-g) machine that is 

ill the middle of its constructiurl pcxr-iode i!ith the bull- 

dings almost finishrd and first hardware like prototype 

magnrtb being delivered. COSI’ will be injected b) the 

Jr11 1C isochronous qr lotron at the beginning mainI> b> 

stripping li> iws at an enrvg> of 80 MvV. The ring has a 

184 m circumference composed of two almost circular 

arcs and two i<‘r? long straight sections of -10 m each 

configured in a telescopic optic for the electron cooler 

and twc internal e\pc‘rimental stations. Electron cooling is 

planned to be done onl) with moderate energ) of 40 keV 

to possibl) 100 ke\’ to compress phase space after injec- 

tion and to rely on adiabatic shrinking during acceleration 

and stow hdstic cooling at th<a flat top energ!. (‘OSY will 

have TV> ramp ul> in 1.5 s from the injection rigidit\ of 

O.‘E TNI to the maximunl value of 11 7 Tm cot-r-espontling 

to a dipole field of I.07 TI and a proton energ) of 2.7 

GcV. Although provisions are made for internal target ex- 

periments, much emphasis is on experiments with external 

brams and third integer resonance extraction will be avai- 

Iablc at the beginning of the c~\perimental operation end 

of ;OY2 i~lter- followed b> stochastic ultra SIOM ritrartiun. 

Res tlu 1.0 kHz [3dE; Vid Bw 100 Hz 
nF.Att 10 dB 

CF.Stp 10.000 kHz 
/ UnltJdEh 

TJ--? 

40Ar’8+ 91.8MeV/u 
50 keV, 1A Electrons 

~‘~o~oi---l~-.~--i. L-L.--L---L-.-l-J . ..- A 
star: 

%!.OOO kHz 
cent P sweep stop 

13.709 loi1 13.959 MHZ 3.0 s 13.809 HHz 

I-:g :! l-i]-st longitudinal Schottk) spect1.a of uncooled 

and cooled “‘Ar”+ beams in the ESR 

ADIUA 

4 ver-) ambitiuus project has just recent]? been intro- 

du:-rd at the INFN at Legnaro FYI The large ,- circum- 

ference 7671~1, rigidit) 22.5 Tm -. cooler sjnchrotron could 

have a 4 straight section geometl-> giving space for a 8 m 

long electron cooler- with the highest energ) jet of 500 

KcV. ‘The ring would be injected from the ALPl Super- 

conducting-Postacceleratol under construction at the 
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Legnaro XTU Tandem Much experimental emphasis is on 

the production and accumulation of exotic radioacti\Je 

beams. 

in Wovlet UslIon 

There are as of now three proposals for- hea\) ion 

cooler rings in the Sovlct Uniot~, at the J[NR Dubna. the 

Kur-chatov Institute Moscow. and at the Institute for NLII- 

lear Resealc h Kicsi 

K4-K10 
The K&K10 project 130 1 would bring ci considerable 

extension of hedi) ion physics reseat-ch at JINR b) impro- 

ving the qualit! of beams from the c>clott-on complex 

U400-U4OOM alld bj increasing the hea\> ion energ) to 

about I GeV/u The project consists of the shaping ring 

K4 ( BI(, = .1 Tin 1 with electron cooling and the s~ncl,- 

rotron ring K;U( Bgp q IlTm). The smaller ring ( clr- 

cumfrrence 8Om) nili besides its cooler function have thr 

task to accunlulatr ekotic ,er! neutron rich particles like 

8He, “Li .‘lBe ii’C and other radIoactive nuclei with llfeti- 

mes longer than 1OlJ ms. The large Iring ( circumference 

1ZO m 1 ~111 thdvia cooling and interndl tal.get facil~tlt~s tu 

e\perltnent nith protons at cnet-gics of 2.5 GeV and v+ith 

uranium at 050 hleV/u. A conceptual drsign report has 

been submitted and funding IS hoped on Li SC cilc. that thcx 

project ntlght bt- finished bj 1095. 

Kurchatov 
A small ( B*<, = 3Tm. circumference 51 m ) storage 

ring1311 with electron cooling has been proposed at Mos- 

co\\ to be injected from the Kurchatov qrlotron with bc- 

ams as thea\\ a? ?“hr yielding afttar- avcClvl-ation a maxi- _ L 

mum encrg~ of 100 hleV/u. Prrcision nLi<.ledr physics et- 

periments are the main intwrst at this marhine. 

A somewhat larger cooler ring 13’1 ( Rip=4 5 Tm. rir- 

cumferencr 58 I,, ) has been proposed with similar intew 

tion at Kie\ to be injected b) the U?4O qclotron with 

beams up to At-. 
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