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Abstract

We briefly describe effortsto model the TSL beam linesthat
allow fast representation of the current beta functions, steer-
ing and beam sizes on the control computers. The beam ma
trix of theinput beam delivered from the Gustav Werner Cy-
clotron is measured by quadrupole scans and subsequently
matched semi-automatically into thebeam lines. Moreover,
experience with delivering beams to different experiments
in ainterleaved mode is reported.

1 INTRODUCTION

The Gustav Werner Cyclotron[1] deliversawide variety of
ionsto experimentsin nuclear physicsand material sciences
and also to biomedical groupsfor cancer treatment. More-
over, about 40 % of beam time is devoted to filling CEL-
SIUS [2]. In order to reach the various experimenta and
treatment areas, the beam passes through about 200 m beam
lines. The basic layout is shown in Fig. 1. The A-lineis
used for radio-isotope production, the B- and D-line pre-
dominantly for nuclear physics experiments, the C-linefor
biological experiments, the G-linefor proton therapy, the -
and K-line for materia sciences, and the F-line brings the
beam to CEL SIUS. Thevariousexperimentsare served with
beams ranging in massfrom hydrogento xenonwithvarious
charge states.

In order to quickly and reliably set up the beam linesfor
thelir respective experiments we initiated a program to de-
velop new standard beam optics and methods to match the
varying input beam from the cyclotron into the beam lines.
These tools and methods will be discussed in thisreport.

Some of the experiments only use the beam afraction of
their alloted time and we started using simpl e switching pro-
gramsto serve parasitic usersin other beam linesin there-

Figure 1: Layout of the TSL Beam Line Complex

mainingtime. Wediscussthe means of how thisisachieved.

2 MODELING

The geometry of the beam linesisstored inaMAD [3] in-
put file that resides on a cluster of centrally administered
VAX/ULTRIX computers. We did not install MAD on the
control computers to avoid excessive demands on mem-
ory which would slow down the response time. However,
choosing the MAD input language as the starting point al-
lows using the capabilities of MAD to calculate the posi-
tionsof eements. Furthermorethe SURVEY output format
iseasily convertibleto other formats. We useit to generate
aflat input file for every unique section of the beam lines.
These input files are then transferred to the SUN/Solaris
control computers where we use a library of home-grown
FORTRAN subroutinesthat allow cal culation of betafunc-
tions, steering, and many other beam dynamics features.

The flat input file is updated from the current magnet’s
currentsby aprogram that reads the currents, convertsthem
to magnetic fields or gradients using a database of calibra-
tion constants and writes a new input file representing the
current state of the beam line.

In order to obtain information about the beam sizein the
beam line complex we need to know the properties of the
beam delivered by thecyclotron. We will describethat next.

3 EMITTANCE MEASUREMENTS

Both horizontal and vertical emittances of the beam exiting
thecycl otron can be measured withinafew minutes by scan-
ning the first two quadrupoles and observing the spot size
on adownstream wire scanner, named “walking pin”. The
incoming beam matrix can be determined in a simplelin-
ear fit from these measurements. In practice the operators
only have to tune the quadrupoles to produce small spots
on ascreen near by the “walking pin” and then start a pro-
gram that varies the quadrupoles and cal cul ates the incom-
ing beam matrix, without further human intervention.

In practice the calculated emittances have to be inter-
preted with a grain of salt, because the measurements of -
ten look like those shown in Fig. 2 which shows a scan of
4OArll+ . Clearly thebeam has alargetail which makes any
interpretation in terms of rms quantities, such as emittance,
problematic. Preliminary attempts to quantify the tails [4]
by fitting gaussianswith different widthsto theleft and right
hand side of the distribution are under way and we plan to
use this information to tune the cyclotron and reduce the



tails. Thiswill makethefurther use of the derived quantities
more rdiable.

Having determined the input beam and having a faith-
ful representation of the current state of the beam lines we
use standard matrix techniques to propagate theinput beam
throughthe beam linesand display the betafunctions, beam
sizes, and orbits (with agrain of salt, or two) on the control
computers.

4 AUTOMATIC MATCHING

Using the input beam and the computer representation of
the beam line, we can use amatching routinethat is part of
the above mentioned FORTRAN library and tune the first
few quadrupolesto produce standard beta functionsat cer-
tain reference points. These standard beta values can be
achieved irrespective of the beam that comes out of the cy-
clotron. The parts of the various beam linesthat lie down-
stream of a reference point can then be set to standard |at-
tices that just need to be rescaled to the proper energy, but
do not depend on the beam from the cyclotron. This strat-
egy was tested successfully using 180 MeV protonsto set
up the beams for the biomedical aress.

There remain, however, afew problematic points: 1) the
bending magnets saturate at high excitations and the cali-
bration constants are unreliabl e, 2) the beam’s energy is not
known very accurately without dedicated energy measure-
ment, 3) thefringefield of big bending magnets affects the
focusing of the beam whichisdifficult to model accurately,
and 4) the already mentioned fact that the beams often have
sizabletail sthat take themeasurement of theincomingbeam
matrix dubious. Morework isneeded to refinemodeling un-
til it can be trusted to set up the beam lines automatically.

5 BEAMLINE SWITCHING

In order to alow easy switching between beam lines we
wrote several simpleprograms. Oneimplementsthe Multi-
knob concept and reads a file which specifies selected el-
ements and the values to which these elements should be
set. Another program reads the time in the CELSIUS cy-
cle and executes specified commands at certain pointsin
that cycle. Combining the two programsit is very easy to
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Figure2: Vertical scan of *CAril+,
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switch abending magnet and afew additiona el ements such
as quadrupol es and steering magnets at specified times.

When running CEL SIUSthebeamisonly needed at CEL -
SIUSduringinjection and by switching we can deliver beam
to other users when not filling CELSIUS. This was tested
and found to work reliably over a 20 hour period.

The switching programs are also successfully used to
deliver beams to nuclear physics experiments parasitically
while treating patients in the biomedical beam line. The
biomedical group only uses the beam for a small fraction
of their total alloted time for setting up and the actual
treatment.

Note that the newly implemented methods are software-
only methods and provide added functionality at no extra
cost.
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