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Pbs:ract:The genera! 1,3y?ut of i’OSY, a c:mpnct, 
~l.lp~‘rc~,ncl~it~t,, nf?y SynChrutrw radisti,,n SGtlrCF dedi 
c;ite~! +:) x-ray 1 it h:graphy is prenefit,ed togrthe- with 
a di.scllss:on n,f I;he mosr important, design considera 
t ions. Prior ts t,he instnllatirn ol’ the SC-dipole 
magnets Ch? injc>c Linn process has bepr: studied. First 
experiment al re.sul t.5 we reported. 

Tntrodu2tion 

Thr- i rcrcasing irlporL:+~c~ of synchr‘,,tron radla 
tion for ind.Astrinl applications calls for the devel- 
cpnent. of sma 11 ,ini? inexpensi VP so1lrre.s. There are 
rr-iny approaches for the design of compact sylchrotrcn 
:>a-.iati:-n ztorigp “irgs, w7i.ch is also reflected hv 
the iqc-ensing ni:mber of projects dedicated for x--rav 
1 ’ t.hogr,-ipry S(i.lt,ti?re:l ,a1 1 over t.r,e uorl d 11‘. ; 

In ;1 rsasibility S’,U~V we have investiqat,ed four 
*aI ternntive solutions 121: , ., a con\Pnti:nal ring with 
nornal conducting (nc) magnets, 3 rybri3 version with 
superconducting wigglers in a nc-ring, a wenk focus-- 
sing super cnnd?icting (3~) nnchine with circular 
symmet~ry and a race track version with two SC 180° 
diyjoles, the fin21 C?SY design. 

Reside t’le advantage of a more compact set-up 
comp3reri t.n the nc-machines, the decision t,o i:se 
.s!ine-cl7ndllct lnj7, m3.gnet.z was main!y mci’.ivat,cd by the 
hiiher development po:ential, to oSt,ain even shorter 
rri’iral w3veleng’hs wi-h fut U”2 inprovenents in 
se-magr.et technol:gy. Trir; will ape? t,hp door for 
possible x,uplicat:nn3 in thP fir’4 of micrcnechanics 
and me;l.cin?. 

General Layout, 

The genernl desipn of COSY is shown in fig. 1. 
Electrons from :a 50 MeV “ace track microtron (Scandi 
tronix) are injected via n transpcrt line of about 
12 !n length int,n l;he vcr:ical phase space of th+ 
stora~:e ring, uhi:h consists of tws 150” sc-dipol~q 
witi: a fiel3 ind*x of 0.525, four nc-quad-upoles an! 
n ?OO MHz rf-cavity. 4b;ut 115 mZ of floor space are 
needed fo- t.hp injector, rf-transmttter, power sup- 
plies and LHe-system, whereas for the storage rinz 
itself an area of ? m x 5, m 1.5 sufficient d. The XC- 
magnets have hecn bcilt. 3y Siemens/Intsratom 
of their trrhni;>l lnyout ?,?n he found iq r?i 

detnils 
. 

Electron Opt its 

Ttip svlipolcs arc pwf air coil magnets, so t,he 
field distrib!ltion along the orbit. deviates signift 
22n:ly fron :i ‘-lard-edge m,ag?et ( f i g. ? 1. Therefor-P 
the 1 inen? optics functions , the nonlinen- particle 
3yn,imirs and t.hc refe*?rce o-bit, have bppn cal culat,erl 
z:th rm’7 is:,mavni’ir f:rl,la ‘11’. 

4; ,7+ r0:;lil 1 t,hl,r ’ nv’i? 732 import,ant devi?+.!ons :: 
the 1 incar latt.ico paraneters from tP.e hard edge 
approrj rat io7, wi’.h th? only exceot!?n of the momen- 
t 11-c compact inn Q, depcnd:r.g sensitively on :he local 
5~q;ivi0.~ of t,Pp d i ‘3 /: t:r s i on f II n r: t. I o 1 i? ‘. he d i po 1 c 4 
:7!, f,sr ro.-+ practical parpozc:i t,hc ha* j edge! :n::s4el is; 
,i 4” .,<I .ipFrr‘~i:ma+ .f?n. T&i.‘- j n ?I:?, ‘,r iri fnr ,-in-l jnc,ir’ 

Flq 1: Genera’ layout of the Coil,-system 

trnc<ir.g ea.1 culations. Only in thP calc!ll?t ions of 
t.he reference orbit the non-isomagcet ic treatnrnt, of 
the dipoles is unrenouncable (fig. 1). The deviations 
nf the non-isomngnet,ic refpreqre orb:t. from thp 
i som?gr.et.ic approximation a-e iTfport,ant, for the 
geometrical layout 0 f the vacuum chamber, :s ‘1,~ t h ( ’ 
local curvature variations of ths orbit, in the region 
of the coil back-bends give rise to a fan of syn,zhro- 
tron radiation in the direction of the opposite 
magnet. For cold bore magnets this may cause problems 
with respect 50 increasing LHe consumption. The most 
important parameters are sunmarizcid in tab. 1 an*l the 
latt,ice functions are shown in fig. 0. 

For, ho-izontol and vsrt ic.11 stueri’~g r~f the beam 
the q:ladrupole magnets can be shifted in the respec- 
t i ‘ie 31 ane . This saves space and has t,hr additional 
advantage that the steering fields follow synchron- 
ously during energy ramping. There are no sext,upolc 

Fig. Field distribution on the design orbit for one half 
01 the SC-dipole 
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Fig. l&sign orbit and isomagneticorbit in the x-dipole magnet 
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Fig. 4: Linear lattice Functions 6x, By and n(m) 

Table 1 : Principal COSY Parameters 

injection enery ‘inj = so MeV 
final energy Ef = 592 Mev 
magnet radius P : “.Lh ” 
circumference L =9.6 g 
cri:lcal wavelength x, =l? A 
number of lattice cells N es ; 
nominal field in SC magnet B0 = 11.U7 T 
rf-frequen-y f rf = 500 MHZ 
harmor.ic number h = 16 
tunes vX = 1.1!9 

;y : 
1.189 

ChromaticLties x -2.5 
= -6.3 

emlttance (59’ %V) :y = 0 2.6 lo-’ Tmrad 

magnets in the ring for chromatizity correction. Part 
nf the chromaticity is compensated by the sextupole 
component, of the SC-dipoles. However, there Is an 
alt,ernative possibility to suppress the head-tail 
instability in case it proofs to he ccrrent limiting. 
By ainor changes of the optics the zero-crossing of 
the dispersion function in t,$e dipoles can be shifted 
slightly with the result cf a negatl ve momentum 
compaction factor. This is an interestin,? feature of 
such type of optics. 

Injection Scheme 

P, t-ansfer line performing phase space matching 
guides the beam from the exit of tha racetrack micro 

trcn (?C mA:l to n Sen’3ing magnet, def!nrtine the bAaiT 

both ii hi.srizont,al an,l vertical dlrectinl tn hl’; the 
charm-1 of a pulsed secttim magr,et. It9 t.hin septum 
sheet is optimized with respect to strayfields. I: 
vertical injectio? scheme was chosen due to a disper- 
sion function of D, 2 1.3 m in horizontal direction. 
For inject ion, a local beam bump. consist,ing of three 
fast p,ll .‘it?d kicxer mngqets, moves the vt?rti’?nl a?o~p- 
tance in t,‘7e direction of the septum magr.et isee 
fig.5), thereby avoiding excitation of the stored 
beam. At the maximum of beam elongation, th? injected 
beam, leaving the septum magnet channel, enters the 
machine acceptance (broken line). A short kicker 
pulse duration prevents the injected beam from 
hitting the septum sheet after a few revolutions. Due 
to t,he short distances between the kicker magnets and 
the small revolution time in COSY, stable kicker 
amplitudes and a small time jitter of t,he kicker 
pulses is mandatory to avoid an excitation of the 
st’zred beam. 

Fig. 5: Straight injection region, indicating the 
kicker positions (Kl - K3) and two quadrupoles (F, D) 
(upper part!. The fully drawn lines mark the envelope 
and the center of the llnear vertical acceptance 
(lower part), the broken lines illustrate its dis- 
placement in the direction of the septum magnet (not 
to scale) in order to catch the injected beam. 

First Results of Injection Studies 

To study the Injection process in parallel with 
the development and construction of the superconduct- 
ing dipoles, a normal conducting version of the COSY 
ring has been built and operated at the injection 
energy of 50 MeV. All experimental results described 
In the following were obtained with thls setup. The 
optics has been ve?ified measuring tunes, B-functions 
an3 chromaticities; maximilm currents of more than 
90 mA have been stored. There is no evidence of head- 
tail instabilities nor transverse multibunch-oscflla. 
tions could be observed, whereas longitudinal multi- 
bunch oscillations are excited already at threshold 
currents of a few mA’z. However, there is no indlca- 
tion that these oscillations are current limiting. 

In fig. 6 the lifetime is shown aa a function of 
beam current for different operation modes of the 
storage ring. A lifetime of about X0 min is obtained 
In the limit I * 0 independent of the mode of opera- 
tiol. This Is in good agreement with the Coulomb 
scattering lifetime [5\ for P, Z 5 * 1O-‘O mbar which 
is the dominant single particle lifetime limiting 
process at low energies. 

The strong current de(~r.denco of the 1 iretine, 
however, 13 caused by multi-particle effects, ;Ihere 
!on trapping is t3e most, important process. The ions 
have two detrimentai influences on the beam. First 
they increase the effective pressure as seen by the 
circ,Jlat,ing beam, Peff = F, + Pion, where an estimate 
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In fig. 7 the decay pa:tern of the beam current 
i:; shown for d i ffcrent var)iiim f-ondi tioni in the r i rug 
which have been prcducell by switching off sorni’ of tie 
Ti sputter pumps. As expected the 1 ifetine i:: gene!‘-- 
~11~ longer for better iiacuum t2ondit,iorls. In ,~ldi:,i:n 
the ctrren!. t,jlr-csh,K? w?~-r :h~ 1 i fe!, i me i r:.pr- ,va:i 
:itrwngly is a1So sigiIf’ic;int..ly ini~~r.:,‘i.Q*:~! ‘init>r )a( I,?? 
VnCUIlm condi t, ions reflecting the importance of 1’:~ 
ion der.sitics. 

Conclusion and Outlook 

The feasibility to inject and accumulate elec- 

tron beams of more that 90 mA at the rather low 
injection energy of 50 MeV has been demonstrated 
experimentally, confirming the accelerator physical 
layout of the COSY-machine. This allows to consider 
inexpensive injection schemes for compact. electron 
storage rings. In order to obtairA adequate cur’rents 
and lifetimes at injection, good vacuum conditions 
and some counter measures with respect to accumulated 
ions are essential. 

of t.hr ion component of the effective pressure gives 
Pior- c ‘3 * 10 9 mbar for CflSY with 100 mA St,orr6 
curren: [5]. Secondly, the ion3 introduce transverse 
focusing forces on the elect-or. beam and thus chnngc 
tne betat!'on tunes of the ring. A rough eSt!mat,e 
gives +rsnsverm tune shift,?, of ? . lo-’ and 5 * lo-’ 
n t. . :nA and 1Oci mA St-red current re.~pectivcly. T,.: 
get rid of at, least part of the inns we lise eli=ctro- 
stat!c alectrndes for ion clearing, 
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Fig. 6: Beam lifetime for diflermt operation mode at in- 
jection energy and calculated Touschek lifetime for 
COSY. 

The influence of the trapped ions ?a~ be seen in 
the lifetime characteristics of fig. 6. A common 
feature of the first three dotted cllrves iS an ini- 
5 i J 1 smooth decrease in life’ime - I followed by a 
strong decrease. The current threshold for the onset 
of this strong dccrense in lifetime, however, tin be 
influenceil by exciting the beam with the kicker 
magnets ‘kicker on), and/or by using the electrodes 
of the orbit measuring syst,em for ion clearing (HV 
on). When exciting the beam, part, of the ions can 
leave the t.rnpping potential after every kick, and so 
t,he accJnula:icn has to start, again. By far the best 
lifetimes are obtained when both methods are applied 
simultaneously. 

We have calculated tne Touschek- 1 i fet ime wi t,h 
the ZAJ-code [b] taking turbulent bunch lengthening 
and emittance broadening due to multiple-Coulomb 
scattering ir.to account. 4s can bc seen, these mode! 
calculations are in qualitative agreement with the 
experimental data measured trl i t h t,t?e ion-clearing 
volt,age switched on and the beam excited by the 
kicker magnets. 
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After several tests, the SupercOnd~uctirg magnets 
have been installed in COSY recently and first injec- 
tion experiments are under way. 
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