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Abstract. A low energy beam line facility for atomic and surface physics research has
been added to the injection line of the ECR source at the LBL 88-Inch Cyclotron. -
Beams throughout the periodic table can be delivered to 3 beam line stations at energies
up to 15 Q keV. Experiments using this facility include forbidden line emission from
the ion beam, ion-atom collisions, merged electron-ion beams and sputtering by highly
charged ions. '

1. The ECR Source

The LBL ECR Source (1) is used primarily to axially inject a wide range of positive
ion beams into the LBL sector-focused 88-Inch Cyclotron. Cyclotron beams of mass
number 1 - 150 have been accelerated to 5 MeV/u for the heaviest ions, and up to 32
MeV/u for the lighter ions such as 4He and 160, Experiments with these beams
include heavy ion reactions, nuclear structure and radiation damage studies of electronic

circuits. During periods when the cyclotron is not scheduled for these experiments, the

" ECR source is available for development studies and for atomic and surface physics

research, using the beam directly from the source.

The source is shown in Fig. 1. It is a 2 stage source with independent microwave
feeds for each stage. The first stage provides a low charge state plasma for the second
stage, where the high charge states are created in a stepwise ionization process by
electrons up to 100 keV in energy. The confining magnetic field is supplied by circular
coils and a permanent magnet sextupole. The second stage coils form a mirror field of

about 3 kG, where electrons are trapped and accelerated by cyclotron resonance



heating. Microwave power is typically 150 W at 8.6 GHz for the first stage and 400 W
at 6.4 GHz for the second stage. Beam is extracted by an accel-decel puller. The
source is biased at +5 to 15 kV, giving beam energies of 5-15 Q keV. The source is
pumped by 3 baffled diffusion pumps.

Beam from the source is focused by a Glaser (solenoid) lens to X-Y defining slits,
as shown in Fig. 3. A 90 degree analyzing magnet separates the charge states at the
next X-Y slits. At the full transmiséi_on width of these slits, adjacent isotopes up to
mass 60 can be separated, and at half this width adjacent isotopes up to mass 130
(xenon) can be separated. The current available in one charge state is measured with a
Faraday cup behind these analyzing slits. The currents available from this source are
summarized in references (1) and (2). A summary contour graph of the charge states
available for several current levéls, without collimation, for elements up to atomic
number 83, is shown in Fig. 2. Typical curents are 60 el A 06+, 5 epA 08+ 10
eplA Arl2+ 8 epA Cal2+ and 5 epA Krl6+. Easiest tuning is done with gas feed, but
the use of low and high temperature ovens makes solid feed about as efficient as gas
feed (2). A beam attenuator just before the 90 degree magnet’(Fig. 3) contains an
attenuator box with 6 meshes on air cyiinder drives, which can give beam attenuation
factors ranging from 2 up to 109 in a few seconds (3). The vacuum system uses
cfyopumps and turbo-pumps, with conflat type metal seals for the various feed-thru
flanges, to maintain a vacuum of less than 10-7 torr.

2. The Atomic Physics Facility

When the source is not scheduled for cyclotron runs or development, its charge
analyzed beams can run in the atomic physics facility, shown on the right side of Fig.
. 3. The source and the facility, are located on top of the cyclotron vault roof. They can
" be used when the cyclotron is run on other ion sources because of the radiation
shielding provided by the concrete roof blocks. The beam is switched from the
cyclotron injection line to the atomic physics facility by a 70 degre_e'm‘agnet_ just after the
analyzing slits. A 40 degree magnet is used to switch the beam to one of the atomic or
surface physics experiments. Focusing is providéd by magnet edges and by einzel
lenses. Einzel lenses, rather t/han quadrupoles or solenoids, were chosen for focusing
because they are simple and cheap. Fig. 3 does not show all the focusing lenses in the
center and right lines coming from the 40 degree magnet. Faraday cups, beam scanners
and slits in the lines provide diagnostics and beam collimation. Pumping is by turbo



and cryopumps, and metal seals are used on flanges. The tuning of the beam to the
target has proven to be straightforward, 'using the collimators for centering, and-
lenses for peaking on target.

First order beam optics calculations were made to optimize the transport through the
bending magnets to the experiments. An estimate of the reduction of magnet vertical
edge focusing due to the fringing field was included. The einzel lenses were simulated
by magnet edges which focus in both planes. A sample beam profile is shown in Fig.
4 for beam transport from the source region to the experiment on the left line of the 40
degree magnet. The figure shows the half width of the beam phase space ellipse in the

- X (horizontal) and Y (vertical) planes. The assumed emittance is 190 © mm mrad,

un-normalized, in both planes. This contains most of the beam current (4). The
calculation starts at the first X-Y defining slit after the source, with a beam width equal

‘to the normal slit width. . The 90 degree magnet is approximately double focusing and

focuses the beam into a radial waist at the X-Y analyzing slit where the charge states are -
separated. The 70 degree magnet is located just after this waist to minimize the magnet
aperture requirement. The horizontal and vertical focusing of the 70 degree magnet
produce a lower divergence beam which is easier to transport. The einzel lens focuses
this beam into the gap of the 40 degree magnet, again minimizing the aperture. A final
einzel lens focuses the beam into the first aperture of the atomic physics experiment.

3. Atomic and Surface Physics Experiments

The program of atomic physics utilizing this facility covers a variety of collision
studies, including the study of multiple electron transfer in ion-atom collisions (5), and
quasi-molecular X-ray emission from H-like Ne9+ collisions with Ne atoms (6). In
another experiment, shown on the right line of the 40 degree magnet in Fig. 3, Auger
electron spectfoscopic studies are made of multiply excited states formed in highly
charged projectiles by electron capture from atomic targets (7). These Auger studies are
aimed at understanding the capture mechanisms, and produce new energy level
measurements and production cross-sections. Studies of forbidden photon emission
lines, in the visible range, from metastable ion beam components has been carried out
for a number of highly charged ions with incomplete 2p or 3d subshells (e.g. Ar9+,
Nbl5+) (8). This work provides improved values for fine structure intervals,
previously known only indirectly from measurement of short wavelength (XUV or soft

X-ray) allowed transitions. Currently most of these experiments are continuing, and
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are described in more detail in (9). In addition a novel merged electron-ion beam
apparatus is under test to provide electron excitation cross-sections from ion targets.
The beams are merged with a trochoidal analyzer. The final electron beam is then
analyzed with a second trochoidal analyzer and a position sensitive detector. This
experiment, the energy loss spectrometer, is shown on the left line of the 40 degree
magnet in Fig. 3.

In the surface physics experiments a series of studies have been made of sputtering
yields and angular distributions for multiply charged Ar ions impacting at normal
incidence upon surfaces of metal and crystal targets. One goal of this work was to
study the sputtering process in a regime where the potential energy brought to the

surface by a highly charged ion is comparable to the kinetic energy. Examples of |

jon-surface combinations are Ard+ - 11+ at 48 keV onto LiNbO3, Csl, LiTaO3, NaCl

and Au. Both Rutherford back scattering analysis of collected material and on line
detection of atomic emission lines (Na from NaCl) have been used to monitor the
sputtering process.
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Fig. 1. An elevation cross-section view of the LBL ECR source.
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Fig. 2. Ion charge states available at the 1 euA, 10 eptA and 100 ep A levels for the LBL ECR

source.
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Fig. 3. Layout of the cyclotron vault roof showing the ECR source and atomic physics facility.
V=valve, TP=turbo-pump, CP=cryopump. XBL 889-10453.
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Fig. 4. Beam optics calculation from the ECR source to an atomic physics experiment showing
beam profiles. XBL 889-10451.
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