
LABORATORY DEVELOPMENT 

Accelerator Improvements. 

In spite of the major manpower commitment during 

1980 toward bringing the new pion spectrograph on line, 

the accelerators and beam lines were improved and 

upgraded significantly. In the ion-source area, each 

high-voltage terminal is operated at a positive DC 

potential above ground by means of a power supply using 

a cascade-transformer-type rectified system in which 

identical 50 kV decks are stacked in a SF6 gas 

environment to achieve potentials of 600-800 kV. 

Because both of these power supplies have experienced 

periodic failures which the vendor cannot fully 

explain, we have carried out a program of careful 

testing and optimization to assure that voltages are 

balanced throughout the stack and expect the 

reliability of the units to be improved. Ion-source 

improvements include the installation of a modern 

einzel lens for the Terminal "B" duoplasmatron and a 

host of mechanical improvements (e.g., sliding safety 

doors, quick-release fittings) to simplify operation of 

sources in Terminal "A". 

In Beam Line 1 (preinjector beam line) phase 

compression of the beam is achieved with a two-gap 

klystron buncher operating at the fundamental cyclotron 

frequency f. This unit will be replaced by bunchers 

operating at f/2, f and 2f which, operating in pairs, 

are expected to improve phase compression by a factor 

radii. The combination of two vertical adjustments has 

simplified the inflection process and made the 

cyclotron significantly easier to tune. Other injector 

cyclotron improvements include the extension of the RF 

tuning range up to 35.5 MHz and the installation of new 

diffusion pumps, valves and controls to improve vacuum 

reliability. 

The sector magnet field in each cyclotron must be 

stable to a few parts per million. In order to 

identify small field instabilities we have installed 

pickup loops around the magnet yokes in each cyclotron. 

The resulting dB/dt signal viewed on a microvoltmeter 

gives a sensitive method for correlating beam 

instabilities with field changes and then locating 

their source. In addition to these monitoring coils, a 

set a dynamic correction coils called 

"figure-eight" coils have been added to each sector 

magnet in both cyclotrons. Each pair of sectors 180" 

apart has coils connected in series with opposite phase 

and driven by a small (up to 40 amperes) power supply. 

This provides a convenient method for making a radial 

harmonic correction to the field without changing the 

average field. 

Calculations of the effect of the vz = 1 resonance 

which occurs in the main cyclotron stage for the 

high-energy proton beams show that a 0.3 mm 

of 2.5. The f/2 unit has been built, installed and displacement of the magnetic midplane of one sector 

tested successfully. Routine operation awaits the from the plane defined by the other three sectors can 

arrival of the new f and 2f bunchers which are designed induce a vertical beam oscillation with amplitude 

but not built. in excess of 8 mm at an energy gain of 500 keV per 

In the injector cyclotron a second pair of turn. Vertical excursions of this magnitude have at 

electrostatic deflection plates has been installed to times been observed and can now be corrected by an 

adjust the vertical position of the beam at small estimated 3% relative unbalance of the currents in top 



and bottom main coils of the affected sector. 

At the highest energies, cyclotron operation would 

benefit from larger dee voltages, especially in the 

main stage. As a step in this direction, we have 

purchased and installed a second RF anode power supply 

(17 kV, 20 A). This will permit achieving the desired 

dee voltage at all energies when the high-power RF 

drive system now under development is complete. Either 

anode power supply can be used alone at present power 

levels should the other supply fail. The RF resonators 

in the main stage are supported on insulated wheels 

which have suffered damage through electrical 

breakdown. A new wheel design and modified support 

method has eliminated this problem. Water cooling has 

been added to a slit jaw in the north valley kicker 

magnet to avoid heat damage when extracting intense 

beams. The new main deflector with improved septum 

design (described in the previous section) is now in 

routine use. A new protective interlock system to shut 

off power in the event of a main-coil short to ground 

has been built and installed. This is a hard-wired 

circuit which replaces a system using the controls 

computer. A pump has been added to the high-pressure 

deionized water system to increase capacity and provide 

redundancy. 

General beam-line improvements include 

installation of LED read-outs on all quadrupole magnets 

for a quick check on polarity, and replacement of 

sliding vacuum seals with bellows on the standard 

pneumatic actuators which provide remote positioning of 

beam stops and viewers. Periodic checking of position 

calibration of motor driven slit jaws in all beam lines 

has been simplified by means of a computer program 

which also provides limits to prevent slit jaws from 

bumping together. For Beam Line 2 (between 

cyclotrons), vacuum pumping has been increased to the 

design pressure and new controls and gate valves have 

been installed. The new system provides faster 

turn-around for the in-line polarization monitor and 

also protects the stripping foil assembly from vacuum 

accidents. A more detailed discussion of beam-line 

improvements can be found in a later section of this 

report. 

Polarized Ion Source Performance 

The IUCF atomic-beam polarized ion source was run 

for 314 eight-hour shifts of polarized-proton and 7 2  

shifts of polarized-deuteron operation during 1980. 

The output beam from the source, typically 8-12 PA DC, 

is now routinely tuned while observing it with an 

oscilloscope which greatly facilitates selection of the 

optimum mode of operation of the ionizer and obtaining 

a stable, ripple-free tune. The optimization of the 

beam polarization has also become routine and 

reproducable, especially for deuterons (see following 

section). The average proton polarization is now about 

75%, an increase of about 5% over previous average 

values; the deuteron beam polarizations (vector and 

tensor) are about 90% of theoretical maximum. 

Much effort has been put into increasing the 

intervals between required maintenance and eliminating 

troublesome breakdowns. Mechanical improvements 

include a clean-up of the freon cooling system for the 

solenoid magnet in the ionizer which had become 

contaminated, causing flow difficulties. Two vacuum 

leaks were found in welds below the ionizer. When 

these were repaired, the base vacuum improved from 2 .5  

to 1.0 x 10'~ torr. This improved the polarized beam 

to unpolarized background ratio and accounts for the 

increased average beam polarization. A frequent 

maintenance job had been the replacement of custom-made 

ceramic insulator rings in the extraction assembly, 

which would become partially metal plated, resulting in 



a defocussed beam. A new design uses standard types of 

ceramic standoffs which have a longer leakage path 

length and are better shielded from the beam. The 

ionizer now requires maintenance only every 50 shifts 

for a change of filament and cleaning of ceramic 

insulators. 

Since the change-over in late 1978 to a 

fluorinated pump fluid (Fomblin Y-18, available from 

Montedison USA) for operating all diffusion pumps on 

the ion source, these pumps have run reliably for two 

years with essentially the original fluid charge (with 

only small, 20% additions to make up for normal 

operating losses). We see no evidence of the 

polymerization of the fluid due to hydrogenization) 

which historically has plagued atomic-beam sources 

operating with conventional hydrocarbon or 

silicon-based diffusion pump fluids. 

Problems with the remote control of 

polarization-changing devices were solved. Four of the 

commercial power supplies for the source proved 

unreliable in long-term operation. The ionizer 

filament and solenoid current supplies had internal 

controls problems and were sensitive to sparking of the 

extraction voltage. Both the high-current 

seperator-sextupole and compressor-sextupole supplies 

failed and were replaced with another brand. Two 

epoxy-encapsulated high-voltage isolation transformers 

supplied with the source, as well as their 

replacements, suffered insulation failures and were 

replaced with a single, oil-filled isolation 

transformer, and the 20 kV isolation system was 

generally improved. 

We plan to install in early 1981 a closed-cycle 

helium refrigerator to cool the atomic beam issuing 

from the dissociator bottle to reduce the average 

velocity of the hydrogen atoms and thereby improve the 

sextupole magnet acceptance and the ionization 

efficiency. This scheme was successfully employed on 

the polarized ion source in operation at the Argonne 

National Laboratory ZGS accelerator where it resulted 

in an improvement in beam intensity of about 2.5. 

Deuteron Beam Polarization 

Measurements of the deuteron vector analyzing 

power made prior to 1980 appeared to be too large in 

magnitude. The problem was traced to the calibration 

of the low-energy polarimeter installed in the beam 

line between the two cyclotrons. The deuteron beam 

polarization was being determined from the asymmetry in 

deuteron elastic scattering from 4 ~ e ,  with the 

analyzing powers being taken from the literature1). 

The polarizations displayed a greater degree of 

internal consistency when the analyzing reaction was 
+ 

chosen to be 3~e(d,p)4~e, again with analyzing powers 

taken from the literature2). Because of the large 
+ 

Q-value for the 3~e(d,p)4~e reaction, special plastic 

scintillator detectors were constructed to detect the 

outgoing protons. The high proton energy also provided 

a very clean signal in the high background radiation 

environment of the polarimeter so this reaction was 

adopted as the local standard for deuteron polarization 

measurements. 

The results of elastic scattering experiments on 

5 8 ~ i  motivated a more precise calibration of the 

polarimeter for a final beam energy of 80 MeV. A 

thin-walled gas cell was used with solid-state counters 
A 

to observe the a-particles from the 160(d,a)14~ 

reaction. The first excited state of 1 4 ~  has J" = 0+, 

and the constraints of symmetry on the scattering 

matrix produce a tensor analyzing power of Ayy = -2 at 

all angles. This test rescaled the analyzing powers of 

the polarimeter by about 5% away from the values in the 

literature2). The vector analyzing power was deduced 



from the constraint that all of the beam polarizations 

should be the same fraction of their nominal values. 

This assumes that whatever acts in the ion source to 

reduce polarization is independent of spin. Some 

additional constraints were provided by the 

-. 
measurements of the analyzing powers in 58 Ni(d ,dlS8Ni, 

which needed to fall within absolute theoretical 

limits. Typical values of the vector and tensor 

polarizations come between 85% and 90% of their maximum 

values in each spin state, and are known to within 3% 

of their value. 

The values of the tensor beam polarization for 

positive and negative spin states differ slightly. 
A 

This difference was not observed in the 160(d,a)14N 

calibration, and may be due to other beam moments to 

which the calibration reaction is not sensitive. The 

analyzing power needed, Ax,-A,,, is significantly 
-. 

larger for 3~e(d,p)4~e. This suggests that a more 

precise calibration of the beam polarization must 

include an investigation of all the components of the 

spin. 

A separate investigation was made of the causes of 

depolarization in the ion source, using the deuteron 

beam. Between 6 and 10% can be attributed to the 

ionization of background gas. The remaining few 

percent required to explain the deuteron polarizations 

likely comes from a series of small inefficiencies, 

including incomplete state separation in the sextupole 

magnet and insufficient rf power in the hyperfine 

transition cavities. The difference between the proton 

(P - 0.75) and deuteron polarizations is due to 

inadequate solenoid field strength in the ionization 

region. That field is about 1 kG, only a factor of 2 

above the critical field for protons (where the loss of 

proton polarization is about 30%). 

The operation of the ion source for deuterons is 

now becoming routine. Settings for the rf transition 

units are sufficiently well known that the polarization 

may be preset before the run begins, thus saving 

considerable time for data acquisition. Aside from 

vacuum problems that may cause reductions, the values 

of the beam polarizations remain steady to within the 

precision of the measurements. 
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