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THE FIRST RUN WITH 328 RELATIVISTIC NUCLEI
AT THE LHE ACCELERATING FACILITY IN DUBNA
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The acceleration of *'S nuclei were first performed at the accelerating
facility of LHE. The cryogenic electron-beam ionizer KRION-S was used as a
source of ions. The control system of the ionizer was based on fiber-optical
communication links and a PC/XT computer. The number of particles captured
in the acceleration mode was (2.2+2.5) -10 51/cycle. The stacks of plastic track
detectors and photoemulsion chambers were exposed at an energy of 3.65
GeV/u.

The investigation has been performed at the Laboratory of High Energies,
JINR.

TepBHii ceaHC ¢ MyYKAMH PEISTHBACTCKUX SAEP CEPH
Ha YCKOPHATEIBbHOM KoMILIekce JlaGopaTopmu BHCOXHX
suepruit OUSIU B [y6ue

A.Jl.KoBanenxo u p.

Ha ycxoyme.umom xommekce JIBJ BnepBbie OCYHIECTBIIEHO YCKOPEHME
SIAEP Cephl 325 B xauecTBe MCTOUHMKA HOHOB MCTIONB3OBAH KPHOTEHHBIH 3JIeK-
TPOHHO-Tyueroit nouusatop KPMOH-C. Cucrema ynpaBieHns HOHU3ATOPOM
peann3opana Ha 6ase BOJIOKOHHO-ONTHUECKHX cBaaeii u [TIIBM PC/XT. Uucno
3aXBaYEHHBIX B PEXHMM YCKOPEHHUs 4acTHIL cocTasuno (2,2 +2,5) - 10° 1/upxn.
O6ayuenne c6OPOK MIACTUKOBBIX TPEKOBBIX AETEKTOPOB M (POTOIMYNBLCHOH-
HBIX KaMep nposefeHo npu suepruu 3,65 I'3B Ha nyknon.

PaGora eemnosmena B JJaGopaTopum Beicoxmx sHepruit OUSAH.

Works on accelerating more heavier nuclei are being continued at the
accelerating facility of the Laboratory of High Energies (LHE) in accord-
ance with the proposal on Nuclotron injector development [1 ]. The first run
of accelerating sulphur nuclei at the Synchrophasotron, LHE using the
electron-beam KRION-S was carried out in January, 1933.
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The KRION-S research program was begun in 1985 for the develop-
ment of IBIS technology and for an experimental study of multicharged

ionization processes for heavy ions, including U32*, For this purpose it was
necessary to provide an electron beam with energies of ~30 KeV and an
electron density of ~5.3 A/ cm2. The confinement time should be one second
in this case. The electron beam passes through a drift tube which surface has
the temperature of liquid helium.

A similar research program was begun on the “SUPER IBIS” instal-
lation at the Sandia National Laboratory, USA at that time. In 1988 we
realized for the first time electron beams with energies of 80 keV, an
electron current of 0.2 A and an electron densxty of 500 A/cm?. The con-
finement time for ions in the ion trap produced by this electron beam was no
more than 0.5 s. The ionization factor, namely electron density times con-

finement time, was below 10% I/ cmz. This ionization factor is sufficient to

produce Ar'®*

U56+.

ions and corresponding multicharged heavy ions including

To accelerate sulphur ions at the Synchrophasotron, we have chosen the
“beam-foil” method of acceleration as the most optimum one at heavy ion
accelerating facilities. This method makes easier the mode of functioning an
ion source because substantional increasing of the ionization factor is nee-
ded to provide ionization of K-shell.

KRION-S was installed on the high voltage terminal of the foreinjactor
of the linac LU-20M. We used fiber-optical links to control the KRION-S
from the linac control room. The magnetic field of the superconducting
solenoid, electron current, cathode potential, cryogenic temperatures,
vacuum, level and potential distribution along the drift tube are indicated on
a colour display in the control room.

The parameters of the KRION-S are the following:

— electron beam — 0.2 A (DC-mode)
— electron energy — SkeVv

— electron density — 200 A/cm?

— ionization factor — 3-10% 1/cm?
— gas for operation — HaS.

The ion beam from the source with an intensity of §- 10° 1/Z and

consistivity (Sl4+~80%, Sls+~15%, Slz+~5%) was injected into the linac
LU-20M tuned for the ratio Z/A = 0.437. After going through a carbon

stripper, the accelerated ion beam with another consistivity (Sl4+~98%,
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Sls+~2%)was transformed to the ion beam with (Sl6+~20% ,Sls+~45"/o ,

Sl4+~30°/o, si3+_5 %). Only nuclei were injected into the vacuum cham-
ber of the Synchrophasotron.

The number of nuclei captured in the betatron mode was 3.7-107 1/2Z.
An average intensity of sulphur nuclei at final energy 3.5 GeV/u was

3.5-10° particles per pulse. The spectrum of the accelerated beam consisted

of Sl6+~70% and 08+~30°/o. This means that the gas for the ion source
had some polutions (~1%). The losses of ions during the acceleration

process due to residual gas were estimated as a factor of 20at 2-10~7 Torr
for average vacuum in the chamber of the Synchrophasotron. This vacuum
was provided by a cryopumping system.

The experiments have shown a good agreement between the spectrum of
ions after «beam-foil spectroscopy» for an ion energy of 5 MeV/u and
theoretical predictions. The possibility of stable functioning the IBIS
KRION-S and the effectiveness of the «beam-foil> method were shown up
during this beam run.

The stacks of plastic track detectors with different targets photo-
emulsion chambers and also a number of other targets were exposed to
sulphur nuclei accelerated to a maximum energy of 3.65 GeV/u. Expe-
riments on exposure of plastic track detectors are being carried out in the
framework of the protocol with the physicists from Siegen University (FRG)
during the last few years. These experiments yielded a series of physical
results on the study of nuclear collisions, in particular on fragmentation
cross sections of !0 nuclei over the range of energies from 1 to 200 GeV/u
[2]. The new experimental material will fill up the blanks in data on charac-
teristics of sulphur interactions in the intermediate energy region.

The authors express their gratitude to L.G.Makarov for the arrange-
ment of the KRION-S program and E.D.Donets and Yu.K.Pilipenko for
discussion.
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