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A SCATTERING CHAMBER FOR THE HOLIFIELD 
HEAVY ION RESEARCH FACILITY 

C. D. Goodman and J. E. Corum 

ABSTRACT 

A conceptual design is presented for a 62-in.-diam. general 
purpose scattering chamber to be used for nuclear research with 
heavy ions. The detector rotation mechanism is based on large 
diameter (approx. 58 in.) peripherally driven rings. This leaves 
the central region open for detectors and other apparatus and 
permits the use of a perpendicular ring for rotating a detector 
out of the reaction plane. A precision target slide with pro-
visions for removing the entire slide under vacuum is part of 
the design. Access and viewing ports on the dished top and in 
the reaction plane will be provided. Cryogenic pumping will be 
used to keep the vacuum free from hydrocarbon vapors, water 
vapor, and oxygen. 

I. INTRODUCTION 

The 25-MV tandem electrostatic accelerator and the cyclotron, separately 
and together, wij.l provide a wide variety of heavy ions over a broad energy 
range. The research program will require the use of many different techni-
ques for detection and identification of reaction products. We expect 
that various combinations of AE/E, time-of-flight, and magnetic analysis 
will be employed in reaction studies, and to that end several different 
tools have been built or are planned for the various beam lines.. 

In the immediate future, experiments requiring magnetic analysis must 
use the Elbek spectrograph and a new beam line is planned to bring the 
direct tandem beam to it so that it can be used with either the cyclotron 
or the tandem. Future plans for a new magnetic spectrograph are discussed 
by Ford et al.1 A facility expressly designed for time-of-flight work has 
already been installed adjacent to the Elbek spectrograph and, like the 
Elbek, will have access to beams from both accelerators. 

A 30-in. scattering chamber2 will continue to be use-d with the cyclo-
tron beam. This chamber was designed for and is still used with AE/E 
solid-state counter telescopes. It also features a rigiu sliding seal and 
extension tube that permits placing a detector 1 m from the target in the 
forward quadrant. 
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The design of the proposed new chamber will emphasize features to 
accommodate experiment setups that cannot be used or can be used only 
with difficulty in the SO-in. chamber. Of course, we shall also make 
use of advances in technology and our experience since 1962. Some com-
parisons between the chambers will be made in the body of this report. 

The purpose of this memorandum is twofold, first to inform the 
potential users of our plans, and second to solicit user comment on the 
design before the final engineering takes place. 

II. GENERAL DESIGN PHILOSOPHY 

The chamber is intended to provide apparatus for containing targets 
and detectors in a clean vacuum, for viewing the beam focus, for collecting 
the beam, and to provide precision motions for rotating detectors around 
the target. Figures 1 and 2 show elevation and plan views of the proposed 
design. 

We plan to provide all the hardware necessary to perform certain well-
defined experiments in which solid-state detectors are rotated about solid-
film targets and beam collection is done in a standard faraday cup with 
a current integrator. 

We recognize that experimenters will from time to time use unusual 
detector arrangements, gas targets, and other devices which may be novel 
and complex. We cannot presume to anticipate the designs of novel 
apparatus. Rather, we shall try to design the chamber so that it can 
be stripped down to its bare essentials and then equipped with special 
accessories. We hope that the design will insure that the experimenter 
is not encumbered by special features that may be desirable for other 
experiments but irrelevant to his experiment. 

We shall, however, consider the standard rotation mechanism as part 
of the bare essentials not to be stripped, because we feel that the 
experimenter should not have to align detector mounts, target holders, 
and faraday cup for standard experiments. On the other hand, out-of-plane 
detectors, gas targets, and motor-driven radial motion devices, for example, 
shall be considered as accessories that are completely removable. 

While we can tolerate an experimenter's deteriorating the vacuum 
during his own run, we will insist that plastic parts, leaky gas counters, 
or any parts that adversely affect the vacuum be removed after the 
experimenter's run. We shall design the basic parts to maintain a clean 
vacuum. 

f 
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III. VACUUM VESSEL 

The vacuum vessel shall consist of a 62-in. diam. ring, flat bottom, 
and a dished top. Thv_ cyclindrical ring shall contain twelve 6-in. ports 
at beam height. One of these ports will be used for the beam entrance, 
and the opposite port shall be used for attaching an exit tube with 
faraday cup. Six 2-in. ports will be provided below the beam plane for 
feed throughs. The dish top will contain six 6-in. ports. 

We intend to minimize but not entirely eliminate the use of O-rings 
made from organic materials. At very least we require O-rings for the 
top seal and for the rotating seal around the target tube. We will 
evaluate each seal individually to decide where metal gaskets should be 
used and where the advantages of O-rings outweigh the disadvantage of 
slight outgassing. We believe that a small number of viton O-rings is 
tolerable. 

All ports will be machined to accommodate conflat flanges with 
copper gaskets. At the experimenter's choice, flanges may be equipped 
with safety glass covers for viewing; metal blank-off covers; gas, 
cooling, or electrical feed throughs; or special apparatus built by 
the experimenter. 

A final decision on material for the vacuum vessel has not been 
made. The cost for labor and materials is substantially less for 
aluminum than for stainless steel. The question yet to be answered is 
whether we would expect vacuum problems with an aluminum system. 

An electric lifting mechanism will be provided for lifting the top 
and swinging it to one side for access to the inside of the chamber. As 
is the case with the existing 30-in. chamber, bolting of the top is not 
required and locating pins will be used to provide a unique and repro-
ducible orientation. 

IV. VACUUM PUMPING 

We feel that the most important function of the vacuum system is to 
keep the chamber free from gases and vapors that might react with active 
targets or condense on cold detectors. We also want to avoid pump oil 
and hydrocarbon vapors to minimize the carbon buildup on targets. We 
therefore plan to use cryogenic pumping. 

A discussion of vacuum pumping is given, along with a graph of 
pressure vs time for various pump systems, in a recent Holifield Heavy-
Ion Research Facility Newsletter.3 We plan to use a pumping system 
similar to that used for the beam lines and aim at achieving an operating 
pressure of less than 10~7 torr in the chamber. 
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V. DETECTOR MOTIONS 

The basic turntable mechanism in this chamber consists of large 
diameter rings (approximately 58 in.) on large diameter bearings. This 
rotating structure is supported from a rigid frame outside the vacuum, 
and flexible bellows seals are used where the supports go through the 
bottom of the vacuum vessel. Two rotating rings are driven by small 
motors1* inside the vacuum through peripheral pinion gears. The first 
and third rings Ccounting from the bottom) are fixed and the second and 
fourth rotate. 

A hollow center column is also supported from the same external 
frame, and it also is decoupled mechanically from the bottom plate of 
the vacuum vessel so that the relative centering and alignment of the 
rotating rings and the center column will not be changed by flexing of 
the bottom plate under vacuum loading. 

A single permanent spoke will be provided from each rotating ring 
to the center column to use as a detector mount. These spokes will 
have radial scales in centimeters measured from the center of rotation 
and an array of tapped mounting holes and precision drilled locating 
pin holes. 

One advantage of this design is that the region inside the rings 
is open, making space available for large detectors. Also, signal 
cables and gas lines from the detectors can be strapped to the spokes 
and run toward the center and,then brought out through nonrotating 
feed throughs with minimal fleeing of the cables ar.d very little chance 
of getting caught on other rotating mechanisms. 

\ 
The open center region also permits using a full ring for rotating 

an out-of-plane detector mount. A 22v-in. diam. rotating ring in a 
vertical plane can be attached to thev^ide of one of the permanent 
spokes to provide azimuthal and polar rbtations of a detector. 

\ 

Provisions will be made for mounting Additional, removable spokes 
for multiple detectors or auxiliary equipment. In addition, provision 
will be made to mount removable spokes on theXfixed rings. These might 
be used, for example, to mount nonrotating monitor detectors. i \ 

With no detectors installed, each ring can rotate continuously in 
either direction. The permanent spokes, however, will be equipped 
with microswitches that can sense tabs placed on other moving or fixed 
spokes to limit the range of rotation. 

Engraved angle scales on the outer rims of the rotating rings will 
provide the primary angle readings. Since the vernier does not move, a 
single, fixed TV camera can read the angles of both horizontal rings. A 
special viewing port will be provided for such a camera. An angle encoder 
will be driven by the peripheral gear on each ring. This will provide 
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the potential for computer readout and control, but a computer interface 
is not included in the present scope of the design project. 

Because of the large diameter of the angle scales, it should be easy 
to read to 0.01°. However, such accuracy is not usually meaningful 
because of uncertainties in the beam spot position and other alignment 
uncertainties. 

VI. TARGET LADDER 

We propose to use a target ladder rather than a target wheel in this 
chamber, since the ladder provides less interference with rotating detectors 
than a wheel and seems more adaptable to vacuum transfer systems for 
chemically active targets. 

We plan to achieve the positioning precision and selection simplicity 
of the Geneva wheel of the 30-in. chamber by using a linear Geneva cam to 
move the target ladder incrementally in 1.5-in. units. This dimension is 
chosen to accommodate existing ORIC target frames. 

In addition, we will provide a manually operated fine control that 
will raise or lower the entire target holder 1/4 in. from the central 
position. This manual adjustment will be lockable in the central position. 
When it is unlocked, s warning light will appear on the control panel. 
Thus, in normal locked operation, targets will be selected by number and 
always centered. If an experimenter burns a hole in the center of his 
target and wants to displace it to strike an unburnt section, he can 
do so at his own peril with the manual control. If he relocks the manual 
control, he is back to the center of all targets. 

The entire target slide can be retracted into a vacuum lock. This 
would normally be done when the chamber is being roughed down or let up 
to air. The vacuum lock can also be detached and carried to a target 
preparation laboratory, providing target transfer in vacuum. 

The target rotation mechanism is motor driven and located below the 
chamber. Its angle scale is far from the detector angle scales, and we 
will either provide a separate TV camera for it or an optical system to 
make it visible to the other TV camera. 

The target rotation mechanism contains the only moving vacuum seal 
on this chamber. 



6 

VII. FEED THROUGHS FOR SIGNALS, 
GAS LINES, AND COOLING 

We would like to avoid having any large number of exposed cables or 
plastic tubes inside the vacuum. 

As we pointed out above, it is possible to strap cables to the 
delcw-cor cazrying spokes. We will provide a few 50 ft cables encased in 
metal bellow.s that can be attached to the detector arms. "We will also 
provide metal bellows gas lines. In addition, we will provide feed through 
arrays with BNC and SHV connectors on plates that fit the chamber ports. 
We will also provide feed throughs with reentrant, thin-wall stainless 
lead-ins for thermal isolation of cooling lines. These will be fitted 
with flexible bellows hose. 

Special feed through requirements can easily be accommoi ed, and we 
shall not try to anticipate all needs before using the chamber. 

VIII. FARADAY CUP AND COLLIMATORS 

A faraday cup with magnetic electron suppression will be provided 
that can attach to one of the 6-in. ports on the chamber. 

Four jaw collimator slits will be placed in the beam lines at the 
locations of beam waists as calculated for the ion optics of the beam 
line. 

A retractable, four-jaw cleanup slit will be provided that an experi-
menter may use, if he wishes, on the entrance port of the chamber. 

One of the positions on the target slide will be used for a phosphor, 
and a dedicated TV camera (in addition to the one used for reading angle 
scales) will be used to view the target spot. 

Another target position will be equipped with a four-quadrant current 
readout to verify the centering of the beam. 
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