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The F:xpcrimenl,al &rage &ring I?,SR. -~ part of t,hc heavy 
ion accelerator facilitiy at, (%I sf,art,ed opetnt,ion early 
in l!WJ. This paper informs about t,he progress achieved 
in accumulation, &&on cooling and int,ernal experiments 
with fully stripped heavy ions from Ost to IJ”“+ ai, energies 
bct5wrxcn 90 MeV/u and 300 MeV/u. Rf -stacking combined 
with colnprcssion in phase space by r,lccl,ron cooling turned 
out t,o be a very effective accumulation lechnique. Maxi- 
111um nutnl)c~rs of stored ions for heaviest ions arc de&- 
niined by llic! cquilihrium between accumulation rate and 
t)(:ailt loss rate ttur t,o radiat,ivc &ct8ron capt,urc of cooler 
electrons. Beam currents for lightrr ions up to Ar’“+ arr I 
linlil~rtl l)y cohcr~t, illstA)iliti~s. I’lirst, t~xcrllc:ntl rcsu1t.s of 
int,c,rnal t>xperimcnt,s wit,11 roolcd, circulai,ing beams of citL 
Ilcr ~)rimafy ions or of sc~rondary nuclear fragmc~n1.s confirnr 
that the combination of the heavy ion facility IJnilac~ SIS 
lPRS with lhc storage ring ESH offers unique yossibilitics 
for atomic, nuclear and acccleral,or physics. 

1 HEAVY ION FACILITY AT GSI 

1.1 Tl?.tI lirl~luc/SI~s/F’I1S colrlplex 

‘I’ht~ first stage of i,hc accelerator facilit,y at, GSI, t,ht: IJni- 
Iac, acc&ral,es heavy ions up t#o IJranium t,o variable cttor- 
giw in ttic, rang<’ 1.4 to 17 Mt:V/u. In 1992 a new high 
cltargca stSak irr.iedor c-orrrbitring an IXR, source with RFQ 
and III acccl~~rating sec1 ions camf: in operation as an ali cr- 
naf,ivc> t.o t,hc old Wideriie pre stripper section. Now the 
Unilac is able to supply low energy experiments and the 
injection line for Ihe heavy i& synchrotron SIS (11 in a fast 
tirnc sharing mode, hased on the 50 Hz macro-~structurc 
of the beam, with differed ions species and different, spe- 
cific energirs. The 18 Tm machint: SIS c:xl~cndetl in 198!) 
t htb range of availablt, ion cnergics to 2 (:cV/u for NC’“+ 
and to 1 (&V/u for II 72+-ions. Up to the present, the 
SIS has accelerated many diffcront ion species from d+ t,o 
IJ7’+ t,o cncxrgif>s bctwet:n 100 McV/u and 2 &V/u. Ma- 
ximum intensities of 2 x LO’” light ions as Os+ and more 
1 ban 1 x 107 heaviest8 ions as UiG7+ pctr arcelerat.ing cycle 
have been attained by radial stacking of up to 40 effec- 
t,ivc, turns [Z] at f,hcb injection energy of 11.4 MeV/u. Up 
to three users can be supplied by the SIS with beams of 
st,rotlgly different, energy in a tinit, sharing mode from cy- 
tlr to cycle. Slow, resonant beam extraction wit#h up t,o 

10 s spill durat,ion may alternate likewise with fast, bunch 
ejfA,ion using the same extraction line. Fast c,jcction is 
used mainly to supply the ESR in t.hc “double shot” mocl~~, 
in which t,wo of the four SIS bunches arc t.ransfcrrc:d by 
two steps to rf-buckets of the half-sixctl st,oragc ring [“I. 
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Figure 1: Typical distribution spectra aft#c>r accclcrat,ion 
in SIS: for atomic charge stales aft,er one more stripping in 
20 rug/cm2 Cu of Hi s7+ at 230 M<>V/u (top) and for nuclear 
fra.gment,s of “‘7Au at 950 MeV/u after a thick Al tar@ 
at different, setAngs of thr: FRS. 

I’roduct,ion of fully si,ripI)ed ions wii,h atomic nun~bcrs 
% 2 36 rf,quircls onr more stripping in t,lic t,ransfer bt,arn 
liue. Alt~f:rriaf.ivrly, f.htr t~ransferretl bunches may l>ass 
t,hrough a t,hick product,ion t,arget followed by I,ht: Iargr 
mragment Separator FllS [3]. I3y this way, separated be- 
ams of Inlclrar projectile fragnlents are dtTlivcrctt1 t,o ESR 
for injection, cooling and eventually accumulation. Ex- 
atnplcs for charge statr distributions after the st,ripper and 
for nuclear fragment distribut,ions after t,hc production tar- 
gf!l, and the FltS are displycd in fig. 1, beam transfer linrs 
bfdwefn the rings are showrr in fig. 2. 
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to target area 4. 

Figure 2: I5SIt wiLti t~f~arn transfer linrs from and t,o SIS. 

1.2 1Crp~ri~r~ntul Sto,qe Riq ESR 

The ESIt &sign has hecn descrihf:d in detail at past con- 

f~ri~nct3 [I], a.ti imprc3sion of t t1(, ring slrtirt ur(‘ is givt,n in 
fig. 2. The following brief list may ht:lp to remind of most 
illij)orf8anl, ring fcat8rirf3. 
0 ‘I‘trc: niaxinluin hending power of 10 ‘T’ri~ a.llows sb 
ragr of fully strip@ ions at, m+xirnurrt onrrgics tdwern 

.X0 McV/u (IT”“+) and 831 IcIcV/u ( Nc’~+). 
0 T,arg’ accc~pt,ancc~s in cor~~hinat,ion witmti flc:xihlc iatt~ic~t~ q- 

tics are provitkd for hcam ~tccuriilll;lt,ioli, cooling of “11oL” 
beams, storage of multi comj)oncnt t)cams, and, not Icast8, 
for braiii isjrct iou aud f:xtractiorl. 

0 EIcctron cooling (EC) at, variable bram cnrq& from 30 
1.0 560 MPV/LI scrvcs for beam brillancc as high as possi- 
t)lo. It plays also an irriport,ant, rolf: fhr tbcarrl acc.urnulat~iorl 

and for int,crnal cxpcrilllcnt,s and facililal,cs t,ltc> diagnosis 
of heam and latt,ice paranid ms. 

0 Sp.~ci;tl quipnmd is itist,allrtl for invrstigations of int cr- 
actmions bdwf~rn cooled, circ.ulatming iotls and internal ga.s 
jrt, at,orns, free cooler clcct,rons or laser hranis. 
0 Acceleration or deceleration of coolcd halus of fully strip- 

ped ions is in preparation for iiiternal experitrleuts at varia- 

ble energy. Slow and fast, extraction shall supply external 
c~xperimcnts with highly brillantS beams. 
l Beam diagnosis applies mainly modern Schottky and 
t)t,am transfer function (RTF) techniques. Act,ivc danlping 

of coh~~rcnt l,ransvf~rsc~ I~anl osrillat~ioi~s has IXTJ~ prarti- 

sed already with some success. Ehiit,t,anfm of circulating 

barrls ran 1)~ d&rlllinc4 in ii tloti &3t,ruct ivfs way rrsing 
several movable position scnsitivc part iclc dr+ctors, which 
df~liver t,rmsvf:rsf, dist.ributious of ions aft t:r riltliat,ivc> clf’c- 
t,ron caplure (RW) in 1.h~ co&r or in t,tic int(~rnal gas 
jd. 

2 APPLICATION OF ELECTRON 
COOLING 

Rrccilt, result3 of r~l(~ct,ron I)(JiiJll coolirig at, Ilit, ICSR arc 

present,t:d in a sepa.rat,f! conhibution to this conferclncr [S]. 
t,h importancf: of t,hr EC tlcvicc, [5] for riug oprration and 

internal experiments may be deduced from following setcc- 

t,ion of cxaiiiplcs. 

2.1 Ihm /1~CPrrrlcl/~l,fion 
13c:arri i3,ccutiiuta.t ion ilk the ESR. is done I)y cott~bining 
the convrnt,ional rf s&king met8hod with elect ran cooling. 
The, rlcrt,ron flncrgy is suitSably swit8chcd hctwecn ill.jt,ct,ion 
and stack It:vc:ls. At first.. t,h injrct,fd t)urlchf!s ;Lrfx rornpm- 

scti iii ordftr t.0 avoid h3lll loss during df:cf~lcra.t~ioli t.0 tmllc 

stack. This is shown in fig. 3 by two longiludinal Schottky 
scans at difkrerlt timrs after il?jcct8ion. ‘I’hc coasting stack 
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Ll’igurr: 3: Co~rlbiurd Rf stacking and cdf:ctron cooling de- 
rnonst,ratcd by tongit,udinal Schottky scans at diff(:rt,nt t,i. 
mr’s 1 aft,(lr buuch irljcct.ioJl: (a) t = ‘Lo00 111s: codfd bun- 

ches art: st.ill on injc>ct,ion orbit (right) and rrlodulate bht> 
coast,ing st,ack (teft) tluc~ to somewhat, fast.er circulat8ion. 
(b) t = 20% rns: hunchm are decrlerat~cd to t8hc, stack, 
whilr t,lic: rf alnptit8rrdr is decreased alrc4y. 
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is cooled in the time hctwcon subspqucnt st,acking proces- 
ses. Since bht: phase space is “cleaned” all the time, bcaln 
acculnulation is limited by other cfff,cts rather t,han by 
ptiasc spacc~. Onr, of the principle hcam current limits for 
t)his t.f:chniquf, is dctt:rminf:tl by t,he equilibrium 1,f:twcen 

the REC rat.e in the electron cooler and the accumulation 
rate. For high 8: high q ions t,hc R,E(: rate (K q2) is high 
and 1,hr: primary int,t:risitSy is rclativcly low, mainly bocaust: 
of rc~pc:at,cd Aripping iii Lhr: Unilac, bcforr, injoct,ion t,o aliti 

aftc,r accfkratifm in SIS. With Au7”+ at 270 McV/u, for 
ilk3ufx~, a sat~urat8iorl currcut, of I .4 llli\, corrcsporiflirig t,o 

6 x lo7 stored ions, was attained recently. The observed 
I1EX: loss rate of about, 5 x 10-‘/s is consistent wif,li t,lie 
injection of nearly 4 X 10” ions (10 PA) every 13 s. For coo- 
led light, iou beams (Z <30), primary int8cusities are much 
higher and RPK loss rates considerably lower. IJp to now, 
t)hr: beartl currclil, is limiled in this case t,o about, 7 mh by 
cohcrenl rriainly Lrarisverstb ~~ inst~abilitics. Some sue- 
wss has twcu achirved aheady by au act.ivc feedback, f8hcs 
sources of high narrow band impcdanccs in tlic frcqucricy 

ran,+’ ‘LO 1’0 40 M tlz, proba,bly ferritr, kickers, clea.ring ~Iec- 
t8rotles with cables or the c+ct.rost,atic septum, have to bt: 
found and fleact~ival,fxl in or&r t,o achicvc essential hcam 
current increase. For higher % ions, t8hc, coherent oscill+ 
t#ions SCCIII to bc tlampcd more and more by int,ra beam 
scat.tering (IHS), which increa.scs t,hc equilibrium rnomclI- 
turn spread in cooled beams approximately oc % (see fig. 4). 
.4 list, of ion qwcies, energies and beam currents stored and 
COOM in the ESR is given in table 1. 

‘l’ablc 1: lous, c,nergies and h<ba,m currents in ESN. by 
April 1993. The major part of beam currents li (number 
of ions h’,) has been recorded duriug physics experimcnls 
and riiay not, br considered as upper limits. 

r Ion 
‘XoR+ 
2t)Nt> tfl+ 

soiQx+ 
jRNi2X+ 
X4 I(Jfi+ 
12LIdyf,54+ 

I ii:l~)v”f~+ 

1!,7*;7”+ 

201) HiR2f 

Energy 
150 McV/u 
250 MeV/u 
250 MeV/u 
250 MeV/u 
150 MeV/u 
250 MrV/u 
297 MeV/u 
270 MeV/u 
230 MeVlu 

1 Mi 
1.1 x 10” 
2.6 x IO” 
4x 10x 
1 x 10” 
1 x 10x 
4 x IOR 
1 x 10s 
6 x 107 
5x 107 

Ii 
2.0 mA 
7.0 mA 
2.0 rnA 

6.0 mA 
0.9 mh 
6.0 mA 
2.0 mA 
1.4 mn 
1.2 mA 

2:%8[J!j2+ 300 Me+ 2 x 107 0.6 mA 
L J 

At energirs above 90 McV/u the lift tintc of fully strip- 
prd or ftxw--electron ions is determined only by RIIX in thr 
cooler. With an 1X current of 1 A t#hc lift: time of Ncl’+ 
ham al, 150 McV/u is nearly 7 hours. Though HEC rat,cs 
increase approxirnat&y ,X y, comfortablr life t,irri?s of about, 
1 h have been achieved also for (Jo’+ and Au7’)+ beams 
ly applying low EC current,, e.g. 100 mA, without major 
reduction of Ihe beam quality, even if ion beam currents 
arf’ in the mA range. Beam loss duf: t,o residual gas iritcr- 

action at pressures <lo-” mbar is negligible compared to 
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Figure 4: ~~quilibrium momcnt,um sprcxfi R~)/P in clcct,ron 
cooled beams vs. numbrr of stored ions Ni 

that caused by REC in tht: cooler. A quite, diffcxrcnt sit>ua- 
tion is expected at low energies of about1 10 Mt:V/u or with 
partially stripped ions (% - q >> 1). For example, stroll- 
gly reduced life times of 300 Y wcrc obsprvcd with HiG7+ 
it.t 230 MrV/u and only 10 s wit.h Nil”+ at, 150 MeV/u, 
due t,o electron stripping ii.t an average rrsifll~al pressure of 
iIl)OlJ!, 5 X 1 (I- ” rrrbar. lri f:xperimc!nt8s wit.11 khc internal gas 
jot target, t,he beam life is tlorninat,cd by charge changing 
processes in t,lic t argrt, iLsf:lf. Wit,h au Ar jet of 6 x 10” 
atoms/cm2 thicknrss a beam of fully stripped Dy’“+ ions at, 
290 MeV/u lived only 150 Y, mainly due to RK of bound 
target &cl rons. 

2.2 *l4n1ti compoPIM:nf Ihrn shYl~]c 

The large momentum acceptance oft bcl 15Sll. and a spt:ci;%l 
lat,ticc optics with small dispersion on long straight, sections 
makes it possible to store and cool simultaneously more 
than one chargr st,at,e of an ion, ~.g. two for Kr , t,hret: fol 
Au 1 and even four for TJ ions. The secondary charge statc,s 
are populated by sequential R.EC in the cooler and are fixed 
to at nearly the same velocity by the cooler. Therefore, the 
relative frequency differences are determined only by orbit 
lengt8h differcnccs AC/C d UC to charge differences Aq/q: 

Al AC 1 4 -=--...---I -- 
fy C,', rt2 Q 

Charge states y are known rxac~ly and mean Schollky 
frcqucncies of cooled beams cau bt: mcasurcd with high ac- 
curacy. Hence, the transition point for tlic givf:n latllict: 
optics, yl; can be derived with an accordingly high preci- 
sion, typically in tbt: order of 1 x IO-’ 
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Other effects producing rnu1t.i~ component8 beams in t,he 
ESR itself are nuclear decay of stored primary nuclei and 
nuclear collisions in the int erual gas jet target. There is also 
strong interest to inject and cool secondary beams of pro- 
jectile fragments, aiming at precise mass determination for 
exot,ic nuclides. Electron cooling is the tool to reduce t.hc 
moment,urn spread t,o extremely low values with a twofold 
profit. Roth the spectral density in longitudinal Schottky 
spectra, i. e. the sensivity, and the precision of mass dctcr- 
mination are enhanced essentially. A precise determination 
of y1 is of comparable importance for planned mass mea- 
surements as are reproducibility and stability of both the 
magnetic bending field and the accelerating voltage of the 
electron cooler. 

2.3 (Inolin~g of Hndiouctiaf 11mm.s 

Injection and cooling of radioactive beams from the E‘RS 
was demonstrated with fragment,s of “‘Ne at 250 MeV/u by 
means of longitudinal Schottky spectra recorded immedia- 
tely after injection and cooling to equilibrium. Besides the 
strong band from the primary “ONe, two weak bauds from 
the isotonic fragments ‘sF and 14N were clearly separated 
in the spect,rurn, though the intensity fraction of fragments 
was only about 2 x lo-“. As in the case of different, ionic 
charge stat,es, all nuclei arc cooled to t,ht: Sam? velocit,y. 
Irsil1g a prcxcisc t?xperilllent,al value for yt t,he masses wcrc 
determined with an rclat,ive error below 1 x lo-“. Scans 
with higher resolution show that relative errors of peaks 
rriay touch the 10W7 range (see fig. 5). Even better pre- 
cision should be attained by means of operating the ring 
near transition using a setting with low 7t. 

Compared to typical cooling t,imrs for primary beams of 

less than 1 s, electron cooling of “‘Ne fragment beams to 
equilibrium required betweeu 10 s and 20 s. This time will 
bc reduced hopefully by a fa.ct,or of IO aft#cr t.he planned 
installatiorl of stochastic prc cooling. 

2.4 Ifi-cf: Electron Turgd 

The EC beam has been applied also as free electron target 
with variable energy, Wr, in tlte crnt,er of mass frame of 
ions. The energy is varied by suitably pulsing the acce- 
lerating voltage of the EC device or by applying a pulsed 
voltage of f5 kV to a drift tube in the cooling section. 
Both methods were combined in a recent, experiment on 
di f~lcct,ronic rrcombiuation proccsscs in order to increase 
the range for lit’, . For t,his experirrrc,ut, t,hc desired bealit 
of I,i--1ikc hu7”+ has been brccdcd frown t8hr: primarily ac- 
cumulated beam of He-like AURA+. The rate of recombi- 
Iiftd Au7”+ ions was then measured as a function of W, 
by using one of the particle detectors mentioned above 281. 
Ot,her cxperimcuts using the cooler as free electron target 
are the investigat,ion of REC by means of X ray spectra 
iti coincidence with recombined particle detection and the 
study of laser induced electron capture (LIREC) to high 11 
states, a process of simultaneous interactiou bewren pho- 
tons, electrons aud highly charged ions. 

The internal gas jet has been applic,ti to measur.cmCt1t.s of’ 
REC and stripping cross sections for various ions and for 
X ray spectroscopy of FI -like ions aft,or REC in the tar- 
get. It played also an important, role for t,he investigation 
of a certain mode of nuclear decay (SW below). The plot. 
of fig. 5 demonstrates that Schotl.ky spectroscopy is app- 
licable for the analysis of nuclear interactions of &ct rot1 
cooled circula.ting heavy ions in the jet, targrt, It, was re- 
corded after about 400 s int,cract,ion of a cooled ls31)v6ti+ I 
beam wit,h an Ar jet, a.nd subscqucnt switching off t,hc jet,. 
‘I’lir~ highest (cut,) band conies from t,ht primary beam. St:- 
vrral small lint,s indicat,tl secondary nuclides produced iu 
the jet, which arc stored and cooled simultaneously with 
the primary beam. The larger rightmost peak is explained 
below. The small 6p/p ~1.8 x 1W6 indicates that, dut\ to 
the momentum dispersion, the secondary components cir- 
culate on orbits, which are well separated from that of the! 
intense primary beam ( where they would bc heated by IRS. 

3.3 l~f.Cfl~~j of Stored .Ndr:i 

‘I’here arc some stablr iluclides get,tting /?I- unst,ablc as soon 
as the electron cloud lra.~ been stripped off. Thc low Q 
value of t,he decay forbids t,hr crnit,ted electron to escape 
from the nIlclear Coulomb fi4d. The clcct,ron is bound to 
innermost electronic shells. The first experimental proof of 
this bound state p--decay (RBD) took placcx in 1992 at 
the ICSR [<I]. Primary 16Wy66+ nuclei decayed during long 
term storage to II-like 1”nHo6”+ ions. which have practi- 
cally the same mass to charge ratio as the primary ions 
and, t,hereforc, circulat8c on t.he sanlc orbit, as the primary 

3 INTERNAL TARGET 
EXPERIMENTS 

3.1 Intemnl Gas Jet 

The internal supersonic gas jet is produced hy a Lava1 
nozzle and a four stage differential pumping and skimming 
system. After crossing the int,eraction charnbcr in vertical 
direction over a free distance of 70 mm, the jet enters a four 
stage dump [7]. ‘l’he jet diameter is less than 5 mm, the 111~ 
ximum thickness at the interaction point is presently about 
0: x 10’” atoms/cm’ for Argon and 2 x 10” atoms/cm’ for 
Nz. The maximum TJIIV pressure in surrounding chatrl- 
bers is in the low lo-” mbar range and contributes appro- 
ximately 1% to thr total target thickness. It should tx 

not,ed t&hat, t,hr accept,ances of IShe ESR are not, affect#ed by 
t,hc jet t,arget , i. c‘. t,hcrc are no ap&ure liinit,at,iorts in ion 
bearn direct,ion. 

Taking into account the numbers of stored ions gi- 
veil in table 1, the presently available lurilinosity for in- 
ternal target experiments raugc from I x 10z7cK-‘s-’ to 
2 x 102Rcm-2s-’ , depending on ion species and target gas. 
The design value of 1 x l(?‘“cm -‘se’ is hoped to be attained 
by improvements of the jet apparatus and by increasing ion 
beam currents. 

3.2 Ihm 7hy9~ t htcrflf-tio7L 
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Ref .Lev 
1oo % -85.00 d8m 4 

&;;a ;:,;6 dB 
. 

CF.Stp 25.000 kHz 
Unit [dBm] 

I I 
163DY66t 

I- I 

90 % 
[ 163HFl 

I I 
u BBD 

I II I 80 % 1163~~66+ 1 

70 % 
I 

60 % 
50 %. 162@66+ 

40 %- 
I ---I-- 161DY66L 

3o % [‘675,7 [160Tbfi5+J (~b659 
I 1 II 1 

O % Start 
77.534 MHZ 

c-n?” J 011 
!! 

LClll.f.3‘ 
50 .OOO kHz 77.659 MI 

Pl\nLnn 
-lZ 

Sweep Stop 
8.4 s 77.784 MHz 

I’igur~’ 5: l,oilgit udillid S~~t~otl.k:y sciti~ of stSorcd aiitt cooled Iiucleitr fraglllt~ltt,s produd it] 15SR at, Z!lO M(~\~/II iri 1,lw 
irilmcrrial gas ,jd from primary ‘a~3t)y”‘i+ (largt~ cut, hand). ‘1%: peak msigrd to ““‘tto”j7+ ~- ahout. 20000 out ol’2 X IO7 
prilliary riuc.tc,i rosulb froul IKHIIL~ stih 3m. dNay (Sf‘(’ h-xt). Spdra wit,11 tiigllf~r h.r~clllulcy rc9olut,iorl i\ttow pi-criscx 
IllilSS arltt cross prodllct,ioti cross scdion rIiCasiIrf~Illf,rlts. 

ions. Orbit, sf~parat~ion was possihlt, by sl,ripping in t,lw in- 
ternal gas jet to fully stmrippcd ‘f~~3110”7+ nuclei, which wcrv 
coimt~cd t I~r>ll by it par~mic:lc: tictccfor. AIl,criiat~ivc~ly, ;tft,c>r rf‘- 
moving the> tld,c~~~or outj of the aper urt’, the 1s~~Ilo”7+ wcrt‘ 
slort:d sil~ir~lt~;~~rf~o~~sly wif ti I,tlt, prilrIary IW~II~ and appm 

red as a sf:parak lmltl irr the Schott,ky spcctrulll, which is 
visible ~II fig. 5 as t hr> targt:r right~trlost, I)mk. ‘1’11~~ arnour~t of 
ctaughtc~r nuclei or the pak height in t,ht~ Schottky scan 

~ror~liiitiml t,o itif> priIrlc+ry iiltf*lisity, was Ilirasurcd its 
a function of sloragf: 1,irrlf:. Ilowf>vcr, the precisf: ttdf:rrn- 

IliLl iou of t.hc, i313D Iif<, tinlf’ TB~~L) rc~quircd coIllplcIIlcIlt iLrJ 

IIlf,ilslfrf:II1f‘Il(,s of rllif.lf:ar anti alorriic. cross st:ct5ioris for dtirr 

cliargtx sht.f3 and isotopt3. ‘I’hc V;tl!.~~ 7-J?/~,,(c.lrl.)= 50 tt 

ilri% was fourici by t.he dt:t.c~ctor lid,liod as well as by 
Sdlot~tky slm:l,rosropy. Siriiilitr cxj)f~riIlleIlt~s art: crlvisagcd 

for ao5T18’+ - 21)RPI)H’ + wit,h prf:di&d 7-~~f~,, x 100 d aud 
1X7t<e75+ - 187~r7”t with qjflll M 10 y. 

4 CONCLUSION AND OUTLOOK 

‘I‘trr coriinlissioning of the b:Slt is by far note cornptete and 

will probably ncvcr bc corriplctrd as tong as new i&as for 
experirnmt3 arc cr&ed. But throt: years of cornniissio- 
uitig. operation ant1 interllal experiments af# ttie ES13 fun- 

firI11 t#ha.t t,hr: rirlg is a highly vcrsatite instrumd. It. gi- 
vcs access to tmv physical systcnls and novel experimental 
1rirdhods with high& precision aud) not teast~, with coni- 

fortahlc lurliirlosif,y. 

Next sbps of’ Iiior(’ appirrnt ivc drvt~lot)Iric~iils arc‘ d(~- 
Imdion of fully slrippd iotis, “rarripd” op-ral,im of t.tict 
dmt rot1 cooler at st,rongly ttiffcrc7lt (,ucrgic>s anti ilisl.atla- 

l,ion of a slochasl~ic prc>- cooling for hoi,. radioactivc~ I)(~- 
illlls. Our iiltf~rcsts ilr I)carll physics arf: ~olif’f~111 rated on 

invt:sl.igat,ious of currfml, and qliatily tiIIrit,ations of &~troli 

cootd lri~lict~fd arid coasl,iug lmuiis, iuctudiiig inv&ip- 
t.ions of irrip~daric~f~s and IIL?. Furt.hor czxpcrilric~nts shall 
df’;ll, P.R., willi I)C;tiil loss t)y (.tIXl.g(‘ chmlgitrg proccsscs and 
di ctrclronic rccorrlt,irl;tt,iotl for c)lcct,ron rich ions, on lirlc> 
r~ronitoring of IIIC t~~aiii largd tuliii~iosity, anti fast 1~11i1~ti 

corrlpn~ssiorl rnf:t tlods for t,tlfs pr.otllI~l~ioIl x1(1 iuvtdigat ion 

of t1ot., dfVlhf‘ pl;tsllls ill solitis. 
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