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HEAVY ION ACCELERATOR FACILITY 

A.M.Baldin, Yu.D.Beznogikh, V.I.Chernikov, E.V.Chernykh, Yu.N.Denisov, I.B.Issinsky, A.D.Kirillov, 
I .F .Kolpakov, E ,M .Kulakova ,* L.G.Makarov, A.1 .Mikhailov, V.A.Mikahilov, I.N.Semenyushkin, I .A.Shelaev, 
M.Sowinski, V.I.Tsovbun, B,V.Vasilishin - Joint Institute for Nuclear Research, Dubna (*Deceased) 

A.A.Vasiliev - State Committee of Atomic Energy, Moscow 

V.G.Antonenko, V.M.Galitsky, E.P.Goryunov, B.M.Gutner, V.I.Kamensky, A.A.Ogloblin, A.I.Prokopiev, 
V.A.Tarabanko, I.G.Umansky, N.I.Venikov, V.E.Yarosh, L.I.Yudin, V.B.Zalmanzon - I.V.Kurchatov Institute 
of Atomic Energy, Moscow 

V .P .Belov, V .D .Fyodorov, V .A .Glukhikh, 0 .A .Gusev, A .L .Lebedev, N.A.Monoszon, G .L .Saksagansky, 
I.A.Shukeilo, V.A.Titov - D.V.Efremov Research Institute of Electrophysical Apparatus, Leningrad 

G.I.Batskikh, B.I.Bondarev, V.V.Elyan, P.A.Fedotov, V.M.Galkin, V.N.Kapalin, V.V.Kushin, A.A.Kuzmin, 
B.P.Murin, and V.M.Pirozhenko -Moscow Institute of Radio Engineering, Moscow 

The study of relativistic nuclear physics and of 
anomalous states of nuclear matter in the multi-hundred 
MeV range defines to a large extent the approach and 
the main parameters of a heavy ion accelerator facility 
(HIAF)l developed using the Dubna synchrophasotron. 

The HIAF will consist of two steps in cascade 
(Fig. 1). The first step is a heavy-ion synchrotron 
(HIS). It must provide for a physics program utiliz- 
ing beams of heavy ions in the medium energy range 
and also injection into the synchrophasotron. In the 
future it will provide injection into the nuclotron.2 
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Fig. I, Schemadic laycul 06 the hedvg-iorz 
accelehato4 dac,iliAj. 

A special linear accelerator, ULA-10, and a 20 MeV 
proton linear accelerator, IA-20, will be used as the 
HIS injector, The peak energies of some characteristic 
beams are given in Table 1. 

TABLE 1. 

Accelerated 
nucleus 

40Ar 

’ 32Xe 
23eu 

a At fast injection. 

Energy, GeV/nucleon 
HIS SFT 

0.47 0.60' 4.1 

0.35 o.4ga 3.6 

0.25 0.34a 3.4 

As a source of ions for the ULA-10, it is planned 
to utilize a Penning type source. 
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An electron-beam source3 will be used when acceler- 
ating nuclei up to argon or calcium in the u-20. 

It is planned to construct the linear accelerator, 
ULA-10, in two parts. 
variable focusing49 5 

In the first part, phase- 
will be used up to energies of 

1 MeV/nucleon. Focusing by magnetic quadrupoles will 
be used in the second part from 1 MeV/nucleon UP to 
10 MeV/nucleon. A stripping section with a solid 
target, focusing devices and bending magnets is placed 
between these parts, The accelerating system consists 
of four resonators. The first two resonators are 
excited at a frequency of 25 MHz, and the others at a 
frequency of 150 MHz. Each resonator is excited from 
a separate HF generator. The basic parameters of the 
ULA-10 are presented in Table 2. 

TABLE 2. 

FiMpmt: 

Energy of injected ions 

Energy of accelerated ions 

Accelerated ions 

Momentum spread, b/p 

Beam emittance 

Space charge limitation 

Repetition rate 

Second pat-t: 

Energy of injected ions 

Energy of accelerated ions 

Accelerated ions 

q/A of injected ions 

Number of accelerated charges 

Acceptance 

Accelerated beam emittance 
for one charge 
for nine charges 

Momentum spread 
for one charge 
for nine charges 

Space charge limitation 

Repetition rate 

15 KeV/nucleon 

1.0 MeV/nucleon 

Ar - U 

t0.006 

10~ cm l mrad 

3lnA 

l-3 Hz 

1 MeV/nucleon 

10 MeV/nucleon 

Ar - U 

391238 for u 

9 for U 

13rr cm*mrad 

3.577 cm*mrad 
8.3~ cm*mrad 

rto.001 
kO.002 

80 mt2 

l-3 Hz 

Magnetic elements developed for the IHEP booster6 
will be used for the HIS, To a large extent, this 
defines the structure of the synchrotron, 
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As described in Ref. 7, some charges can be accel- 
erated simultaneously in a strong-focusing synchrotron 
with a momentum compaction of c1 << 1. In this case the 
momentum spread Ap,/p, of synchronous ions with 
charge spread hqfq is determined by the ratio 

Ap,/p, = -ay2Aqlq . 

In the HIS, three uranium charges q = 70+1 can be 
simultaneously accelerated for which p,/p, = tO.OO1. 
This momentum spread is about five times smaller than 
for adiabatic capture. 

The accelerator will have a circumference of 150m 
and consist of eight superperiods. Each superperiod 
will include three periods with FODO structure (Fig. 2, 
Table 3). 
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Fig. 2. HIS ~upywtiod. 

TABLE 3. Main parameters of the HIS magnetic system. 

2 3eu70+ 
Nuclei 

q/A = 0.5 

Kinetic energy, MeV/nucleon 
peak 
injection 
critical 

250 616.3 
10 10 

3390 3390 

TABLE 4. Basic parameters of the HIS accelerating system. 

Number of harmonics -3 

Frequency range I, (0.87- 5.06) MHz 

Number of accelerating 
stations 4-6 

Peak accelerating voltage 40 kV 

Acceleration time 0.07 s 

Peak power consumed by 
a station 75 kW 

A vacuum pressure no less than 2~10~~ Torr will be 
held in the HIS vacuum chamber. 

The beam intensity will be increased by means of a 
storage-stripping ring (SSR). Multiply charged injec- 
tion into the SSR is provided by multiple passage of 
ions through a special target placed in the vacuum 
chamber. A special type of magnetic channels is needed 
to implement this method. The dispersion function, $, 
and its derivative should be equal to zero at the 
azimuthal position of the target. 

The intensities of particles at the extraction 
points of the HIS and the synchrophasotron are shown 
in Table 5. 

TABLE 5. 

Type of 
accelerated 

particles 

Intensity (particle/cycle) 

HIS Synchrophasotron 

U 3x10B 10E 

U (with storage) 3x lo9 109 

Xe 3x log log 

Xe (with storage) 3x lOI0 1o’O 

Ar 1.6 x 10” 10” 

Magnetic rigidity, TM 
peak 8.262 
injection 1.556 

_--_-___--__-_-___------- 

8.262 
0.916 

Radius of the orbit curvature 
in the dipole magnets 

Number of dipole magnets 

Number of quadrupole lenses 

Length of a dipole magnet 

7.538m 

32 

48 

1.48 m 

Length of a quadrupole lens 

Aperture of a dipole magnet 

0.465 m 

170 x 74 mm2 
5. 
6. 

Aperture of a quadrupole lens 

Aperture of the vacuum chamber 

g 150 mm 

150 x 54 mm2 

7. 

The betatron oscillation frequency is chosen to be 

Qx = 5.80, Q, = 5.85. The horizontal and vertical a. 
acceptances determined by the dipole magnet aperture 
are equal to Ax = 461~ cm*mrad, A, = 9.6~ cm*mrad, 

The HIS electromagnet will be excited by trapezoid- 
al pulses with a dwell period for injection and a 
smooth transition to the flattop. 
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