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Abstract-The status of the CRYRING project is re- 
ported. Results of the tests that began with the first beam 
in December 1990 are reviewed. 

This report summarizes the present status of the 
CRYRING project [l]. The project is centered around 
a synchrotron/storage ring of maximum rigidity 1.44 Tm, 
corresponding to an energy of 24 MeV per nucleon at a 
charge-to-mass ratio n/J = 0.5. It is mainly intended for 
hrghly charged, heavy ions produced by an electron-beam 
ion source (CRYSIS). Light atomic or molecular ions can 
also be injected from a small plasmatron source (MINIS). 
Ions from the ion sources are accelerated electrostatically 
to 10 keV per nucleon and transported to a radiofrequency- 
quadrupole linear accelerator (RFQ) which brings them to 
300 keV per nucleon. The ions are inflected electrostati- 
cally into the ring where they are accelerated using a driven 
drift tube. The stored ions will be cooled by an electron 
cooler. Fig. 1 shows a layout of the CRYRING facility. 

ION SOURCES 

For the ring and RFQ tests performed so far the MINIS 
plasmatron ion source has been used. This source was 
originally intended for the initial tests only but will in an 
upgraded version also be used to run molecules and some 
light ions such as Li + for laser cooling. It will be provided 
with an analyzing magnet and will be made completely 
UHV compatible. 

The CRYSIS electron-beam ion source [Z], which gave 
the first beam to low-energy experiments in 1987, has since 
been continuously modified and improved. Electron-beam 
currents up to 250 mA have been propagated through the 
source. Typically currents of about 125 mA are used to 
produce highly charged ions up to Arl*+ (3 x 10’ ions 
per pulse) and Xe44f. The ion output has been stable 
during shifts lasting over I2 hours and changing between 
xenon and argon ions requires only a few hours. Recent 
work on the source has included a raising of the capacity 
of the liquid-helium system, implementation of full com- 
puter control of the source parameters, and insulation of 

Fig. 1. Layout of the CRYRING facility. 
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the entire source, including helium liquefier, for 50 kV as 
a preparation for injection of CRYSIS ions into the ring. 
The beamline connecting CRYSIS with the RFQ will be 
completed during the summer of 1991 and then tests with 
heavy ions in the ring will begin. 

RFQ 

The RFQ [3] h as been used with an RF power of 
up to 30 kW and has successfully accelerated ions with 
q/A 2 0.33. Due to the 30-kW limitation particles with 
lower q/A have not been used. The transmitter will, how- 
ever, shortly be upgraded to deliver a pulsed RF power of 
100 kW. Optimizing the low-energy (10 keV per nucleon) 
transport line to the RFQ has been difficult due to a mix- 
ture of ions in the beam from MINIS. This problem will be 
relieved when MINIS is rebuilt and an analyzing magnet 
has been installed or when CRYSIS ions are used. 

RING 

The ring has so far been operated with dipole and 
quadrupole magnets only. Correction dipoles are ready for 
use but have not been needed yet-a first closed-orbit mea- 
surement at injection energy showed deviations of less than 
10 mm. Sextupole magnets are mounted in the ring but 
their power supplies are not purchased. In the runs so far 
the regular working point of QX = 2.30 and Q, = 2.27 has 
mostly been used but a higher working point with QX = 3.4 
and Qy = 1.8 has also been tried successfully. 

The power supplies for dipole and quadrupole magnets 
have operated at DC currents for most of the runs but 
tests of the fast ramping (150 ms ramp time and 500 ms 
cycle time) have been performed and all data concerning 
stability, time response, etc. were found to lie within the 
specified values. The power supply for the electron cooler 
magnets has also been tested with a satisfactory result. 

Since the injection energy from the RFQ is as low as 
300 keV per nucleon the inflection of the injected ions 
and the closed-orbit displacement are made electrostati- 
cally [4]. The displacement is made locally, making the 
injection less sensitive to the choice of working point. The 
four pairs of plates displacing the orbit at injection are sup- 
plied by a single high-voltage supply with one positive and 
one negative output that is ramped from 130 kV to zero 
in 50-100 ps. This allows for a multiturn injection over 
about 10 turns which has been used all through the test 
of the ring. The fields between the plates can be adjusted 
by changing the distances between them using stepper mo- 
tors. 

The acceleration system, a driven drift tube [5], cur- 
rently operates over its main frequency range (<150 kHz 
to 1.5 MHz) up to a peak-to-peak voltage of 1 kV, both 
at constant and ramped frequency, using a surplus test 
power tube. The full design voltage of 7 kV peak to peak, 
needed for fast acceleration of particles with low q/A, will 
be achieved after switching to a full-power tube already 
in house. To allow for bunching and acceleration of slow, 

low-charge ions such as molecular ions, the RF system has 
been designed to work at frequencies down to 10 kHz. This 
feature has been shown to work but is not yet fully oper- 
ational. 

The magnetic field in the electron cooler [6] has been 
measured using Hall probes for rough scans through all 
magnets and an electronic autocollimator for precision 
measurements of the straightness of the field in the cool- 
ing solenoid. Based on the results of the autocollimator 
measurements two sets of correction coils were made. As 
a result a field straightness of better than rfrO.1 mrad was 
achieved. The vacuum system, the gun and the collector 
is under manufacturing and we plan to install the cooler 
in the ring at the end of 1991. 

The pressure in the ring is at present a few times 
10ee torr, maintained by twelve ion pumps with a to- 
tal pumping speed of 1000 l/s. During the early au- 
tumn of 1991 60 NEG-pump modules, each one containing 
2700 cm2 NEG strips, will be installed. This is expected 
to reduce the pressure by about a factor of ten. The UHV 
system has not yet been baked although all critical com- 
ponents such as dipole and quadrupole chambers are fully 
prepared for bake-out. 

Nine horizontal and nine vertical pickups are in use in 
the ring. The signals from these pickups can be processed 
either by a fast peak-detection system [7] or using syn- 
chronous rectifiers for low-bandwidth measurements. A 
system with flash ADCs for Q-value measurements over 
128 turns is also under construction. A Schottky-noise de- 
tector consisting of four plates 135 cm long and 9 cm apart 
has been assembled and tested. 

The first parts of the control system, controlling CRY- 
SIS and its ion injector INIS have now been in use for two 
years. The different subsystems of the ring, such as beam 
lines, RFQ, injection, ring magnets and the acceleration 
have successively been connected to it. Local control of 
subgroups of parameters has been implemented using ter- 
minal stations with limited menues. 

RESULTS 

The initial tests of the RFQ and the ring have been per- 
formed using the MINIS ion source and light ions such 
as Hf , Df and 3He+. These beams have been acceler- 
ated through the RFQ and injected into the ring using 
multiturn injection over 10 turns. During the first runs 
about 1 x 10’ Hz ions were stored, later that number was 
increased to 1 x 10”. The D+ current was somewhat 
smaller than the Ht current since the ion source gives 
smaller amounts of atomic ions than of molecular ones. 
Also the transmission through the RFQ has not been fully 
optimized for all ions run so far. 

The half-life of the Hz beam was only ten milliseconds 
due to the large dissociation cross section at the injection 
energy of 300 keV per nucleon. The residual-gas pressure 
was around 2 x lo-’ torr. Running with Df the lifetime 
was increased and the beam has been seen for more than 
two seconds. In this case the lifetime is probably limited 
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by multiple scattering although an exact calculation is dif- 
ficult due to the uncertainty in rest-gas pressure and com- 
position. 

During most of the runs the beam was bunched by an 
RF voltage of constant frequency and amplitude applied 
to the acceleration drift tube. The beam was then fol- 
lowed through the sum signal from one of the electrostatic 
position pickups. Fig. 2 shows a measurement during the 
injection phase with the beam of HT building up during the 
multiturn injection, getting bunched and decaying. Adia- 
batic trapping has also been used, leading to a consider- 
able increase in the trapping efficiency. The lifetime of the 
beam was measured by monitoring the amplitude at the 
revolution frequency of the above beam signal as a func- 
tion of time. Such a measurement for D+ ions is shown in 
fig. 3. 

The ramped operation of all parameters used during ac- 
celeration has been implemented and gradually tested. In 
a first step, the week before this conference! a D+ beam 
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Fig. 3. Signai from HZJ beam. Sweep time is 1 m5. 
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was accelerated from the injection energy to 350 keV per 
nucleon and followed for one second at the higher energy. 

EXPERIMENTAL PROGRAM 

The first experimental device to be inserted into the ring 
will be a residual-gas-ionization detector. This system will 
allow the measurement of the position and profile of the 
stored beam through the coincident detection of recoil ions 
and electrons from ionization events. A resolution of better 
than 100 pm is expected. 

After installation of the electron cooler during the au- 
tumn of 1991 experiments using the cooler as an electron 
target will start. These will include studies of dissocia- 
tive recombination at very low relative velocities of light 
molecular ions such as Hi or HeH+ and x-ray spectroscopy 
of radiative recombination into highly charged ions. Also 
experiments on laser cooling of Li+ and Be”* are being 
prepared. 

REFERENCES 

[l] C. J. Herrlander. K.-G. Rensfelt and J. Starker, 
“CRYRING-a heavy-ion synchrotron and storage 
ring,” in EPAC S8 Rome. June 7-11, 1988, p. 350; 
K.-G. Rensfelt, “Status of the CRYRING project,” in 
EPAC 90 Nice, June 12-16, 1990, p. 623; C. J. Her- 
rlander, “CRYRING- a Low Energy Heavy Ion Facil- 
ity”, in Cooler Rings and Their Applications, Tokyo, 
November 5-S 1990. to be published. 

[Z] L. Liljeby and A. Engstrom , “Status report on the 
Stockholm cryogenic electron beam ion source!” in Iant. 
Symp. on Electron Beam Ion Sources and Thezr Appl.. 
Upton, N.Y., 1988, p. 2’i. 

[3] A. Schempp, H. Deitinghoff. J. Friedrich, U. Bessler. J. 
Madlung, G. Riehl, K. Volk, Ii. Langbein, A. Kipper. 
H. Klein, A. Killberg, A. Soltan, M. Bjijrkhage, and 
C. J. Herrlander, “The CRYRING RFQ for heavy ion 
acceleration.” in EPAC 90 Nice. June 12-16, 1990. p. 
1231. 

‘41 A. Simonsson, “Injection in CRYRING.” in EPdC s‘s’ 
Rome, June 12-16. 1988, p. 1404. 

:5] 1~. Abrahamsson, G. Andler. and C. B. Bigham. “A 
drift tube accelerating structure for CRYRING,” Xucl. 
Instrum. Methods. vol. B31, p. 475, 1988. 

[6] H. Danared. “The CRYRING electron cooler.” in 
ECOOL 90: Legnaro, May 15-l; 1990, to be pub- 
lished. 

[T] S. Borsuk, K. Agehed. W. Klamra. and Th. Lindblad. 
“A peak detecting pulse height ADC system for beam 
diagnostic pick-up detectors in the CRYRING accel- 
erator,” Nucl. Instrum. Methods, vol. A284, p. 430. 
1989. 

Fig. 3. Signal from D+ beam. Sweep time is 1 s 
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