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Abstract

Recenzly cormissioned of Darmstadt SIS-ZSR
somplex has started the new generation of Radicactive
Ton Bears (RIB) facilities. We give in thes paper the
brief description of the precject of the heavy icn
sorage ring complex K4-K10 and discuss, for the speci-
fiz case, methods which cculd provide the hignest
produztion rates of stored anc cooled RIB's. Some

5

rnumericzl estimations are given for the processes of

storing and cocling the primary and exotic beams.
1.Introduction

Soon after the inventicn of the electron

cooling |1}, the potential of this method was recogri-
zed especially in that case when it is used as a mears
tc  maintain the high guality c¢f the beam in experi-
merts exploiting a thin internal target placed on the
orbit of a storage ring |2]. Building the heavy icn
storage and cooler rings formed, during the eighties,
a considerzble part of generzl zrend towards developing
rnew acce.erator and experimertal tecnriques for atomic
and nus_ear physics. Several projects are either
accomplished or close to commissioning I3-101.
We wou_d like to discuss in this paper one of

the possible future facilities, i.e. the project of
heavy ion storage ring complex K4-K1C recently proposed
in Dubna |[11'. After the brief discription of the
nroject, we shall present some considerations of propo—

sed method =f preducing, storing and
II. Brief discription of the project K4—X10

The layout of the storage ring complex K4-K10
ig shown in Fig. % together with the heavy ion cyclo-
trons of the JINR (Dubna). The
rings, K& and KWC*>. The beam channels relatea to this

project includes two

sroject are also shown in Fig. 1. The most important of

*>We rark the rings K& and K10 and the complex K4-K10
by takirg the abbreviaticr from russian "koltso" (ring)
and the numbers 4 and “C giving the magnetic rigidity

of the rings in T m.
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cocling the RIB's.
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Fig. 1. The lzyout of the storage ring complex

K4—K10.

them are the channel zuiding from the U4CTM cyclotron
tc the injection section of the ring K4 ard the
fragment separation channel. The momentum loss achromat
technique will be utilized in the desigr of this
separator channel.

Two cyclotrons, i.e. J200 and U400, are the
working accelerators whereas <he third one, JaloM, is
at present at the stage of commissioning. The mass
and eriergy ranges of heavy ion beams by the cyclotrons
are given in Fig. 1. The main injector of the storage
ring complex will be tne U400M. The charge states ard
intensities of some representative ions which will be
azcelerated by this machine are given in Table 1.

Two modes of cperation of the U400M cyclotron are
foreseen. The veams ranging from hydrogen to krypton
will be produced by exploiting an sources whereas, for
heavier ions extending up to uranium, the tandem mode
will be used, in which case the U400 cyclotron will
serve as an injector for the U40CM. The values of mean
surrenss for ions with mass numbers A€ 20 and A>"00
in Table 1 are anticipated by taking intc account the
leng term experience of running the U40C cyclotren in
combinatior. with different modifications of the PIG
ion source. For the ions ranging from megnesium to
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TABLE 1
Estimated intensities of U400M beans.

Ions Mean current of bean Number of beam ions per
(s-l) time interval of 1 us
uyt axrot? 2x10%
dgelt 6x10%3 3x10®
Ie?t ax10t? 2x10°
TLi?t ax10t? 2x10®
185+ 2x10%3 1%10°
20ye5+ 3x10t3 1.5x10%
480,10+ 3x1012 3x10’
86y, 18+ 3x101t 3x10°
136ye33¢ 2x10tt 1%10°
20Bp 44+ 1x10tt 5x%10°
238,48+ 1x1012 53105

<rypton, the published results zre used which iliumina-
te the data obtained by the working groups at GANIL
{Caen), MSU (East Larcing) and LBL (Berkeley) in the
ccurse of operation ¢f their cyclotrons with the ECE
ion source. We give in zhe last column of Table ” the
bezm intensities of the terms c¢f the lon rumbers deli-
verec by the cyclotren within cre microsscond, the time
interval clcse to the period of the beam revolution in
a storage ring. These values are given for the pulsed
operazion mode of ion sources.

Table 2 gives the basic parameters of the
storage rings K4 and K10. Apparertly, such a pair of
coupled storage rings both equipped with the electreon
coo_ing secticns, the RF accelerating/deccelerating
systems and having three injectcr cyclotrors will be
capable of previding different cptions on selection of

operztional mcdes. We rote that the highest energy

TABLE 2
Basic parameters of the rings Ké and K10.

Ring K4 K10
Bonay Tm 4 10
Circunference m 70 140
Acceptance, & n mm mrad 50 285

,
(8P/P) pax’ % 1.5 1.5
Maximum cooling
electron energy, kev 100 250
Length of the
ceoling section, m 3 3
Maximur electron
current, A S 5
Cathode diareter, cm 3 3
Range cf the RF
frequency, MHz 0.5-3.4 0.3-2.1

of heavy tons, 200-800 MzV/nucleon, will be achieved

in the case wner ions, after the J400M, are successive-
ly accelerated first in the ring X4 and than in K10
being stripoed every time before injection irto the
ring. Fully stripped ions as heavy zs zirconium and
hafriium will be accessible in the rings K4 ans K10,
respectively. Table 3 lists, for scme typical beams,

*he ionic charges and maximum ion erergies on the
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TABLE 3.
Maximum energies (MeV/nucl.) of heavy ions

of different charge states (q)

Cyclotron U400M Ring K4 Ring K10
lon Ion source or injector Injecter cyclo- Injector ring K4

cyclotron U400 tron U400M

q E/A q E/A q E/A

g 1 120 1 580 1 2200
He 1 30 2 170 2 830
TLi 2 45 3 135 3 650
184 5 40 3 140 8 690
20ye 5 30 10 170 10 830
48ca 10 25 20 125 20 625
36xe 33 35 52 100 54 580
2085, 44 24 72 90 80 550
238y 48 20 82 87 90 535

orbits of the rirgs.

TIT. The possibilities of generating storing and
cooling the RIB's.

We suppese that projectile fragmentation will be
used for generating the RIB's. Cooled and accelerated
in the ring K4 up to the maximum energy, the heavy icn
bear, after the fast extraction, will be focused ontc
a production target positioned at the source plane of
the fragment separator (see Fig. “). As a result of
fast extraction, the oprimary beam can be delivered tc
the target in the form of short bursts having variable
time structure. This will considerably facil:itate
conditions of accumulating and cooling the KIB's in
the ring K10. In the follcwing we shall present some
estimations of luminosity values which will be attai-
nable for the cooled RIE's on the crbit of the ring K10.

The injecticn method adopted for the ring K4 is of
significance fcr the rate of generating the RIB's. Two
different methcds of injection will be empicyed. For
lighter ions extending up to neon, this will be the
charge—exchange injecticn. In order to eliminate the
transverce beam emittance blowing up during the injec-
tion the stripper will be positioned on the closed
orbit bump generazed on the nondispersive straight
secticn of the ring.

Two typical situaticrs are presented Zr Table 4
for 7L12+ and 1805+ beams accelerated in the U400M and
injected by stripping in the ring X4. The limitation
on the maximum number of the ions accumulated on the
ring orbit occurs due to the space charge effect which
sets automatica’ly the mirnimum value of the transverse
emittance of the stored ard cocled beam.

The efficiercy of the charge—exchange injection
seems to be justified for ions not heavier than neon.

It appears to ke problematic for heavier bveams due to
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TABLE 4.

Charge-exchange injection in the ring Ki4.

7 18

Ion Li o]
Injection energy, MeV/nucl. 45 40
Thickness of the 2

carbon stripper, ug/em 10 100
Number of ions injected 8 8
per one microsecond 2:°10 1-10
Number of jions on the

ring orbit for which the

transverse emittance

¢ =ln mm mrad is set

L 10 9
after cooling 1.6-10 6-10
Cooling time, ms 6 55
Maximum energy, MeV/nucl. 135 140
Acceleration tirme, ms 300 300
Total duration of

the werking cycle, ns 310 360
Number of ions on the

ring crbit limited by the

transverse emittance 11 11
€,=501 mn mrad 8-10 3:10

+the increased target thickness needed for producing
fully stripped “ons. Therzfore, we foresee for the

bears of ions much heavier than necn the single furn

injection which will be realized in the same straight

secticn of the ring K4 where the charge—excnange injec—

tion is accomplished (see Fig. 1). We present some

figures in Table 5 which illustrates the condizions of

48, 104
the single-turn injecticr for the case of the Ca
TABLE 5.
. PR . 48 . 20+ . .
Single-turn injection of Ca in the ring K4.
Injection energy, MeV/nucl. 25
Revclution pericd in the ring K4, us 1.8
Number of ions injected per one turn 3 107
Number of ions on the ring orbit for
which the transverse emittance lm mm mrad 9
is set after injection and cooling 1+ 10
Injection and cooling time, ms 170
Number of ions on the ring orbit for
which the transverse emittance 4n mm mrad °
is set after injection and cooling 4-10
Injection and cooling time, ms 1050
Maximum enerqgy, MeV/nucl. 125
Acceleration time, ms 300
Total duration of the working cycle, ms 1350

beam extraztzd from the ULOOM cyclotron. The ions
should be stripped to the charge state 20+ before the
injection in the ring. The accumulation of Ca icrms on
the ring orbit will be accomplished by cooling the
newly injected beam and its adiabatic capture into the
stationary RE bucket.

T

We give in Table © the numker of accumulated
by single turn injection and captured ir. the RF 48Ca?o+
lons (Nizﬂu 3 for which the transverse emittance

Evalﬁflmn mrad will be set as a result of manifesta-
tion of the space-charge instability. The accumulation
and cooling time (170 ms) cf such number of ions is
also preserted in Tzble 5. The number of accumulzated

9]
e

tzns of about bx is of przctical irterest as the sum

of accuraation cocling times aproaches one second for
this case, i.e. a fzctor of two longer than the ion
acceleraticn Time up to the maximum erergy of the ring
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Ki.

Inspecting Tables 4 and 5 one can see that, in
connecticn with the problem of the RIB's generation, we
are interested in accumulation on the orbit of the ring
K& sucn = numoer of ions for which the space charge
instability is actual. We considered zlso mizrowave
beam ‘rstabilities and coms “o the conclusion that this

effezts either would be of minor importance cor one

would easily found the me to suppress this effects
in our case.

Some calculating parameters of different tyre
radicactive icns which will accurwilated and cocled in

the ring K1C are presented in Table 6.

TABLE 6.
Primary RIB Tl/z,s N L, t:m-zs-1 Emax L, cm‘zs_l
beam {injecticn (maximum
energy) energy)
TLi Ste 0.8 3107 2-10%7 430 1-10%7
184 he 0.122 20 2-10%! 260 1-10%°
e 13.8 4107 a-10%7 500 2-20%7
15¢ 2.45 3.107 2.10%7 580 1-10%7
16 0.747  2-10°  2.10%% 520 1-1078
48ca ar 720 3.107  2-10%7 609 1-10%7
A65p 7.8 4 10% 3.10%% 569 2-10°%
87 17.5 5.107 5.10°7 590 3-10%7
38g 1-10% 2-10 2.16%8 619 1-10%8
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