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ABSTRACT 

A shaft s~jrn’nary of the magnet sycit.-tlls 11‘1 thr FxpPrin,-iltnl 

Slorayt> Ring ESR is givizn. inrlutl,ng tllf? Eleclro~~ Cooling dc- 

gii( P. TIw mdhor!s are tlrscrib~d which wpre apt)lit?d fcr- firltl 

~IP~SIIIOIIIPII~S at~d tile results ail? prespnlrtl 

INTRODUCTION 

Thr Expc~rirni?nial Storage Ring ESR of GSI (FIN. 1) is an iit- 

strirr’lcrlt 1:) store (:oi)l ar’tl ac.cirmuIatc rithnl- llighly stripper1 ion 

txams a(.cPIeratf?d 11, tile Heavy Ion Synchrotron SIS or heam 

fl-agmcr‘tn’inn proditcts analy7ed in thn fragment Separator FRS 

I,;I’way Ilt~twc<-~n SIS a11cl ESR. Cilc.rll~.lliir!l bpal~rs will int-lntt 

with rl11 inleI~1~~l gas jpt target while elnrtrorl cooling sllstaiils 

t?f.‘iinl cltl;llity Bc,arnq c.d,~ hcs al50 rxtrai.lr’il anal transfr?rc‘d tri 

pxtrsrn-11 tarc<,t st&ollc. 1.11~ iilaxinl,Jn) hcam rigidity is 10 TI,, 

illId r nr,r~~:pml’ C’ (I I’: firlly strippeci IU~arutbtn icns 01 

55:: M+V/ci. rllr ril,g ~ircuInfnr~r>ce is 108 nl 

Fig. 1 Layout of the storage-cooler ring 

THE MAGNET SYSTEMS OF-THE yIN(; 

Beam br!nding is estat)lished hy six r?qual dipoles. Their 

n~ax~murr f~i~ld strt-ngtli is 1.6 T. A!: a consc?rlupnco of theil C- 

stl-llctllrr? and of lhe largc apcrtirrc, IO0 <30@ mm’. the weigh! 

of nach is 90 to. For an easy handlilrg :hp yokes arP. thrrc>fore, 

subtlivided ;llony the bran? clircction iidn four seg~nents. 7 IIv 

good field rt@or is 220 mm. 5twn1 Focllssing is done by ~O!II 

tong (1.17 111) and 16 short (0.75 nr) qundrupolns of equal 

cross-section. Their circIIlar apriture is 256 mm, thcail- 

hyperbolic- gooti ftic:ld region 350 mm. Ti, r niaxin~luni field grad- 

ctnt is A.2 T!m. !hP weight 16 to and 11 to, rc?prctively. Thr 

r:ic]ht chrom;ltirity sextupoles have an opl:t-lure of 320 mm, thpit 

Ic?t:gth is 0.34 m, the weight 800 kg, anti their field corresponds 

to R” - 14 T/III’. Ful-ther1I1ore the ring includes lh~ec? soptsin, 

magnet:: and three kicker modules for injection and extraciion. 

and vertical rorroction magnets. 

The mag’irtlr components of the Ele(?ron Cooler- ar-e tllc, 

rnolpr solenoid, 2.5 m long. gun-- and rollcctor sok!noids, 1.1 m 

each, and two pairs of toroid sec,tors whi::h ilend the electror 

beam by 90” into and out off the ion beam direction, respectively. 

The aperture of ail magnets is 500 mm The design field 

sti-enqth is 0.75 T. Fields ‘n thp regions of transition between 

solrl,oiris arid toroids are optim red by shor’ soli~noicial trim 

(.OllS. Dipole coils in thp toroids supress el0rtron beam dc-111 

p’crpcndiccjlar to the bending plane, dipole coils in the solenoids 

nr? [Ised to steer the elertron beam direc-tier‘ A carefully <II?- 

signed additional correclion coil miilimizes field errors in the 
cooler solenoid. The total weight of the magnets is 14 to. Finally, 

two compensating solenoids in front of and behind the system 

c an::rAl out phase sparp rotation of tllP ion \~am whirh is c~ausrd 

by lho Cooler. 

.THE MEASIJREMENT SYSTFMS 

WP ~~si:ri fiv+l I~rt~rit)~lrc~rlt:: 10 vl,rify th,? fieii-I (t Inlity. fl tlrrz-%il- 

dimensional measuring niar.hine (the Mapper] t^ gpt firld maps 

of thi> dipole n)agiipt:i <9rid of t1.c’ (ooli~r ~rii~gllr~ts, ~III(! to I.‘)‘!( I(, 

rlvcllapping fripgr ficllds of a r;uadrupolc/ st~xllii~olr,/ster~rr!r 

group of the ring; secondly, a long g~adicnl-coil system to trst 

quadrupoles and to optimize their pole end piece structure; a 

rotating (.oil equipment for the harnlonic analysis of quadrupole 

and sextupolr fields. a Hall probe Inoved on a small circle 

around the axis of quadrupoles and sextupoles lo determine 

subhartnonlcs which, if present, would cause a mismatch bp- 

tween the magnelic and mechanical axes of the magnets; finally 

a system to detect the local field harmonics along ttlc axis of thy 

cooler solenoid during winding the correction roil. 

The Mappr% consists of a large granite tabI? on a support 

subframe. two longitudinal slideways for the x-direc-tlon and WIP 

for the y- (vertical) and z-dirprtion, rpsprc.tivt>ly. l-h? movable! 

parts are on ail bearing shoes. The linear scan range IS 

:‘.7 y 1 * 1 m3. the resolution is 1,im (if room temperature is kept 

constant). The probe head with three Hall probes (Siemens SEW 

613. orthogonal to each other) is mounted on a long pt-obe arm 

made from cartlon fiber epoxy 

The qfiadr~fpol~? mnasllrnmrnt facility usi?s two 2 6 m Ion~J 

gradient coils. Ope of these is fixed along the axis of tllc rcfrr- 

once magnet, thr other oitt? can ho positioned rad’al’y and vf>r- 

tically by synchronous motors in the qirarlrllpolr aprrturc tn 

check the gradient homogenrity. Both coils can be turned Iby 

1180’ around their axes. The system allows an in-mediate 

comparison of the magnets with the rrferrncp elompnt by inip- 

gralion of the difference of the induced voltages. 

Multipole ana!ysis was don<? with a single rotating pick-ul) 

coil which is radially oriented. Its length is 25 177, the radius 

120 mm. 41 voltage scans were lake11 per revolution alid 

digili7ed in a 12bit storage ADC. The meark values of ten turns 

then were submitted to a Fourier analysis. Ro!alion frequency 

was adjtlsled to make fIllI use of the ADC range. The resolution 

is 2’~ 10m4 relative to the main amplitudt>. 

To save time during the series measurements we did not at 

tempt an alignment of the t”ck-iri? roil in the magnets better ttl,jn 
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i 1 mm Therefore, the subharmonic!! (rlil)oln alnplitude for 

~~II~c~III~o~~?s, dipole- and quadrupole arnpliturlr~~ for scxtirpolrs) 

tlavc large systematic ~lr*rs and call not be lisW for a ClctPl-- 

Inination of the magnnt~r: axr?.? To gr,t ill a (tL1’c.k way Itle SIII?~ 

iiarmonics a Hall probe was f,xerl nr~r ?~IP ax,!? of a 

non-magnetic cylinder which fits tightly bctwoell ihc poles of thr- 

inagnets. Thr pl-ot)e is rarjialiy oric?nlc:l and iiir,asllrc?lnc!ni 0: the: 

fliix densi!ii’s opf)osit e lb- fw~r (nr six) polrs is s~ifficicni tfi get 

the sllt3harmonic.s Dis:atlrr.c? h&Wn~l nlngnr;tit ;*nrl mc;rhaniral 

axis could be deterrninctl in that way will) an accuracy of 

50 ,trn. 

A sinlilar sys’nnl was used to dntcrmino Lhc? lccal field dis 

tortions along the COC)~PI- solcnoirt The r;ldially orientrxd probe> 

c.011lrl hr moved on a slide way alnnq a rigid alliminium i:ibc 

tt~‘.rwg’~ ihn solenoid. Thr? ti~b~. ill !11rn i-o~~/d be rolal~tl aro.ind 

its axis. We tool; 11 field scans per r~vol~ltion. FotIrier analysis 

has givpli us the harnlonics as R flinction of f1lP positiccl iI3 thr 

czil. Knowing amplitudes and phases it is possihlr to rliminalc‘ 

eac:il mullipoln with the telp of .3 qinc!lc Sri of correct ng 

windings by a propr choice of ihf? Iota iWmt)rr of windings altd 

th-ir oric%nfatioll. The absolul ler~n of tllc TOIII ici analysis may 

have thre0 r~as011s’ pithrr the solrnoidal field vill irs along the 

axis {t3rCjd - tlB;tfr). or the prohp is ilot pc~rf~~c9ly nrlilist~cl pf’r- 

penrlicular to the inain field direction, or the rlrrtrollic: has an 

rlffsi~i v;‘/llr. Dit)o’ra , q”a’lrL[x~l”- , sf.~xikifx~‘~~ ,ali~:3liilldPs ari’ 1nol 

seriously affect& hy thpse error soilrces. 

RESULTS 

The measurements or the dipoles WPIP donr with the help 

of ihr mappi’i- Work had lo he dcnc in tl‘rrzii Ilifferenf posilioi::i 

along each mayn~t tec:ausc of the limitl?d length of the mapper. 

1.ig.2 displays tllra fii>ld tiistrihution at n tow ard 9 high field li.v~‘I 

showing, thr clips caused by lhn 20 1n1171 gaps thntween t’ie rwi 
rnnqn?t sactcrs. F1g.3 shows thr> flain~ss of thp effeclive ficslri 

hol:ndary .~t ltle rnagnr4 ends. Ertirnii7iri(i it5 :Ihsr3llJit~ position fi)r 

all tfipolp~ w3s done by a proper choi(r: of thp nurnbF-‘r of itllri 

laminations brllind the tt~lllC)lJlit~~btI? t)Ok! Wd t>k?cf?s. The i,l 

ie(:liv(’ bcnrling radius was so adjlJstett to 6.324 m at 1.0 T. For 

1 .fi I it shrinks to 6.298 m. Fig.4 shows lhe ratfiai field hoinh- 

gpneity at low and tliyh firld levels. M~asJrPrrPnfs with the polo 

face winrjings in action cc1~1Ic1 not yet tip do’li). ihey will be sup 

pli>rnrinlr3t tii.ring the shut dow17 in aliflimn. ‘rhp fipltl ctllalily will 

tlirri he 0.02:; iri 220 Nan, for all field levels 
I,Ii,,,-,,-, , 

III. 
,\. 

‘~ ‘1 ;’ x 

” r’“, 

Fig.2 Dipole field along the rcftrrance trajcctoiy 
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Fi(1.4 Radial field homrqenC,ity of thn ~I~OJPS 

Figures 5 to 8 show results nhtained from the qlradrupolps. 

i guild quali:y i? the sarn~ for the? shor! and tong nlagnels. Thp 

effective lengthns are 0.835 m and 1 255 m and shrink for tlic? 

highest field level by I.046 and 0 59;. resl>eclivrtly. A mapping 
of a quadrupole with a neighboured srxtullolp (Fig.8) showed 

that by SC!-ecnincl ihe length is reduced by 1.3 cm. The diffsr- 

PnCc? between magnetic: and mechanical axis was only in a few 

‘RX’S targrr ttlal, 0.1 mm This was take0 1n10 ac:co!Jnt cturiiq 

alignment in the rilig. 
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Thii spectr[Jm of the sextupoles is s;,own in Fig.9. No 

chamfer of tk pole ends was done The arrrplitlJdc of the firs1 

systematic harmonic 10.6 , 56) will not to bar-rn ion optical behavior 

of Ihn ring. The effective length is 347 mn, 
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The transition from the cooler solenoid field to the toroid field 

was optinli;,eci with the help of the? trilrl coils according to B, -’ 

ED/[1 -t (7-7.r)2] ZT is the coordinate where toroid starts [I]. The 

result is shown in Fig.10. Radial firix densities callSed by 7- 

dependence of the axial field in lh~! c.ooler solenoid are small 

and well irl:;ida thr spezified upper limit (Fig.1 1). Thn dipole field 

error in the cooler could be flattend by lhc correction coil to 

.i.2.5 1 10m4 AII offset of 2 G of tile vertical component is proba- 

hly due to lrnavoidahle alignment imperfections (Fig.13 During 

cooling opclration such PI-r~s can be t)alancr:d hy steel-et oails. 

Fig. 13 shows the qliadrupole field error which is negligible in 

lhc riqion usnfIrl f3r cooling (2 m): the sanlo is Irllr- for liight?~ 

harmonics. 

Fig.10 Axial flux density in cooler solenoid and toroid 
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Fig 11 Radial flux density in the cooler- solenoid 
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Fig.12 Dipole field error of the cooler solenoid 
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Fig.13 Quadrupole field error of the cooler solpnnid 
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