
Ion Storage Ring of the INR Storage-Accelerating Complex 

A.V. Dolixwky, A.I. Papash, S.N. Pavlov, A.T. Rndchik, 
A.E. Val’kov, I.N. Viehnevaky, A.V. Zhmendak 

Institute for Nuclear Research 
252028, Kiev, Ukraine 

V.P. Belov, A.A. Kapustin, V.S. Kaahlhin, A.M. Kokorin, A.A. Makarov, B.G. Mud’yngin, 
B.V. Flogdeatveneky, Yu.P. Severgin, I.A. Schukeilo, MN. TLrovik 

D.V. Efremov Scientific Research inatitnte 
of Electrophyeical Apparatus 
189631, St,-Peterebnrg, Ruaeia 

Abstract 
The Storage - Accelerating Complex (SAC) of heavy ions is 
intended for the storage of ione up to Neon, their accelem 
tion up to a.n energy of 300 MeV/n (A/Z=2), and physical 
experiment on an internal target with the electron cooling 
used at a high energy. The experiments ca.n be performed 
both with narrow aud wide beams on the targets. The 
stored current ia about 10’ - 10” particles, the luminosity 
ie expected to be lOa - 1030cm’3 a aec’l, the ion beam 
life-time - several tens of seconds. 

I. THE STRUCTURE OF THE 
COMPLEX AND ITS MAIN 

PARAMETERS 

The Storage-Accelerating Complex of heavy ionn at the 
Institute for Nuclear F&search (Kiev, Ukraine) comprises 
the iaochronoua cyclotron U-240 wed aa an injector, fast 
booster and storage eynchrotron. Two stages are antici- 
pated for the SAC development. The storage synchrotron 
is planned to be constructed in the first stage to etore an 
ion beam up to Ne with the RF-stacking and electron cool- 
ing eystem used to accelerate ions to 300 MeV/n (A/2=2) 
a.nd to operate on to the inner target at a continuous elec- 
tron cooling. In the second etage a multitnm recharging 
injection into the storage aynchrotron from U-240 will be 
implemented, a fast cycling 200 MeV/n (A/%=2) booster 
with a repetition frequency of 5 Hz will be constructed 
and repeated single-turn injection from the booster to the 
storage synchrotmn will be realized. 

The SAC will make it porrsible to operate with inten- 
eive beame of radioactive nuclei and iona in a wide range 
of maaaea ( from proton to xenon) with a.n energy of up 
to 300 MeV/n (A/a=2) at a high luminosity. The SAC 
acheme is shown in Fig.1. Ite main parameters are given 
in the table 1. 

II. RING ELECTROMAGNET OF THE 
STORAGE SYNCHROTRON. 

It comprisea two euperperiode with a triplet focusing and 
inclndee eight 45 bending magnete, 36 quadrupole lenses 

0-7803-1203-l/93$03.00 0 1993 IEEE 

and 8 eufficiently long rectangular se&one of 3 different 
types. Two of them with a zero dispersion and &,. # 
2 - 5m cue intended for the installation of the electron cool- 
ing system (C30) and acceleration stations (YC), Another 
two of them with a zero diepemion and low /?*,* < 0.8m 
are designed specially for physical experiments on the tar- 
get Ml. The beam ie focueed on Ml by two triplete of the 
quadrupole lensea JIK 46. The arrangement and param- 
etem of the leneee are selected 80 that their switching-on 
changes the characteristic functions only in the section, 
where they are installed. The rest 4 sections with the dip 
pemion different from zero are intended to perfom physical 
experiments on the target M3 (/9 < 4m, J, w 3m) and to 
implement 3 different types of injection into the storage 
aynchrotron, i.e. eingle and multiturn recharging injection 
from U-240 with the electron cooling and RF-stacking used 
and eingle-turn injection from the booeter. Eight eextnpole 
lenses are need for chromaticity correction. 

III. INJECTION AND STORAGE. 
An average current of ion beama from the cyclotron U-240 
varies from 0.2 FA (Ne) to 10 JLA (P). With the ECR 
source need the ion heavier than Xe can be accelerated in 
cyclotron. The operating cycle of the storage aynchrotron 
(without the boo&r) is the following: 
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the eingle-turn injection of light element nuclei or mul- 
titum recharging injection (of about 40 PA duration) 
of heavy iona; 

RF’-stacking (of lo-20 ma duration) with an increase 
in the energy of the injected beam by 2.3% (single-turn 
injection) or by 1.2% (multitum recharging injection). 
The RF-stacking is ased to eliminate the cooled beam 
travel through the input kicker-magnet or the strip 
ping target M2 with, I-eapectively, these two types of 
injection used; 

electron cooling of the injected beam during 40- 
1400 me; 

etorage Iwulting from the multiple repetition of the 
operation according to the above points 1, 2, 3 ( du- 
ration of up to 10 B and more); 
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‘Ikble 1: The SAC parametem 

Perimeter, m 
Number of betatron oscillationa 
Magnet field induction, T 
Maximum magnet rigidity, Torn 
Injection energy from U-240, Mev/n 
light iona 
C- Ar 
Kr- Xe 
Maximum energy, Mev/n 
protons 
ione with A/z=2 
ions with A/z=3 
vacnnm, Torr lower than lo-” 

5. acceleration with a duration of 1 s; 

6. a physical experiment (1 10 e) with the electron cool- 
ing at high energy; 

7. preparation of a new cycle of # 1 8. 

To etore light ioxw in the etorage eynchrotron the engle- 
turn injection ie used. It in need aa weI to inject the beam 
into the booster. The injection of not completely etripped 
ions with A/z = 3 - 5 ie implemented with the stripping 
on the foil. The beam ia injected onto the cloeed orbit 
in the septum-magnet area After lo-15 turna the dia- 
turba.nce is removed for about a period of revolution and 
electron cooling eyatem ia awitched on [I]. The beam ie 
compressed. With a special RF-resonator need, ita energy 
b increased by 1.2% and the cloeed orbit is dieplaced out- 
warde by 3.7 cm. Then, RF is rapidly reeet, the cooled 
beam leaves the resonance with the RF-field and movea 
along the &placed orbit, where 4 = 0. The injection cy- 
cle is repeated. 

The life time of the ione heavier than Ne ie 1 s at a 

storage-eynchrotron booster 
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pressure in the vacuum chamber of < 10”’ Twr and ener- 
giea achieva.ble on the cyclotron U-240. That ie why, their 
etorage ie poeeible only with the booeter need. The total 
storage time in this case amounts to 46 a (Kr), 20 8 (Xe). 
With the operation on the inner target the ion life time is 
determined mainly by a tingle scattering on the target and 
the electron capture by the target atoms, aa the multiple 
proceseee are enpprewed by the electron cooling. The tar- 
get thickneee ehould not exceed 2.6. 10’le/a cm-l IJO aa 
to compeneate energy losses in the target by the electron 
cooling. A typical life time of heavy ione with a plumbum 
target is about 20 a. The cooled beam with a maximum 
energy has an emittance of 2.4~ mmmrad for protona 
(IV = 10”) and 0.2~ mmmrad for Ne iona (N = 10’) and 
a eize on the target of 2.8 mm and 0.6 mm for P and Ne 
ioua, respectively. 
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Fig. 1. The INR (Kiev) Storage-Acceleraiing Complex 
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