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Abstract have,therefore, arautomatic beam tuning system, only
one operator catune two beamlines of both systems,
A beamline tuning systerhased onautomaticprocedure respectively, at the same time. In this paper, regort
for steering a beam with observing the beam position hasir automatic tuning system which usder development
beenunderdevelopment fothe transport of highkenergy for the HEBT system.
beams at HIMAC. A daily beamlinetuning for
radiotherapy and for most biological experimentsasied 2 PRINCIPLE OF THE AUTOMATIC
out to precisely transport the beam to bedsiivery TUNING
devices. This system replays thedaily procedure
automatically. A beam isteeredusing steering magnets
in accordancevith the deviation of beanpositions from
intendedbeam positions. How much the beausitions
shift due toadjusting a steering magnetdstermined by
the beam optics design. Therefore, if correlati@tween
deflection angles at the steering magragtdvariations in
the beam positiomeasured by wire-grids akmown, the
deflection angles can be calculated bysolving linear
simultaneous equations. The correlation wesasured and
compared with those calculated. Most of thare in good e 44justednsofar as the profile is approximatefgund
agreement. At present, the beamline tuningdiivering shape in the roomswhere horizontal and vertical
beams to the biological experiment room is finished iRomponents of the function were designed to be a same
about 10 minutes automatically. value. Therefore quadrupolemagnetsare usually excited
in designed strengths.

1 INTRODUCTION The principle of the beamline tuning is to steer the
A heavy ion medical acceleratorHIMAC, has been beam with the steering magnetisd move it to arequired
providing carbon beams for cancer radiothersipgeJune  position at each wire-grid as shown in Fig. 1. Insofar as a
of 1994[1]. The beamsxtractedfrom synchrotron rings

In everyday's beamline tuning for tiediotherapyand for
most of the biology experiments, we basically steer the
beam using steering magnetsmd sometimes bending
magnets with monitoring the beam positions usivigp-
grids. The goal of the beamline tuning is to position the
beam on the designed points in the belstivery devices.
The pointsare defined bytwo wire-grids, one islocated
upstream of the isocenter of a treatment room or the
biology experiment roomandanother is in front of the
entrance of the room. The beam profile is not necessary to

i i P4
are trgnsported to three trgatmemoms, a plologlcal sT1 P1 sT2 P2o13 P4
experiment roomand aphysics-general experiment hall | i I d |
through highenergy beantransport lines(HEBT). The — |r - B I - ll | >

A " ST4
beamline is changed from one to another by only exciting
or deexciting switching magnets without tuning the D1 \d_lJ D2 d2| D3 ‘
! Treatment

beamlines tochangethe treatment room in less than 5
minutes. The beamlines are tuned onfgw times aday,
when the accelerated beam energyheracceleratedon is
changed.The beamline tuning for theadiotherapy and
most biological experiments done in fixedforms, but
the beam position, a centroid of a beam profile, should be .. : - —
. ” . : condition, d/D < 1, is satisfied, incident angles of the
finally positioned on a central axis of a beatalivery . : .
e . beam with respect to a required path convendesre D is
system within in a precision af 2.5 mm [2]. At present, : .
. . a distance between steering magneand a downstream
two operatorsare engaged ithe operation of thedEBT . . . . . .
. : . wire-grid, and d is adistance between a wire-grishd a
beamline tuning for theadiotherapy. Wevant, however,

; - :_,next steering magnet. If we know how much the
one operator to tune the beamline efficiently. Espemall%eam position varies at awire-grid for changing the
since the HIMAC has two synchrotron rings, tHEBT

beamlinesare divided into two systems, shorizontal excitation current of a steering magnet, van calculate

beamline systen{LBT) and avertical beamline system the excitation current of a steering magnetamier to

. . move the beam to eequiredposition at thewire-grid.
(UBT) [3]. Bachsystem isoperatedindependently. If we Once beam optical design has been fixed, the variation in

Room
Figure 1: A typical configuration of steering magnets and
wire-grids for observation of beam positions. ST’'s and
P’s mean steering magnets and wire-grids, respectively.
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a beam position at aarbitrary wire-gridwith respect to where n; is the ratio of the position variation of an i-th
the variation in adeflection angle at an arbitrary steeringwire-grid to the current variation of a j-th steering magnet.

magnet upstream of thevire-grid is calculatedusing
transfer matrix equation as the following,
Du |:| |jv|11 M12 DonD

HrH” v, M

where  and y' are abeamposition and aslope of the

beam's trajectory at a steering magnet, respectively. Théh?

and u' are aposition and a slope at awire-grid,
respectively. When the beam dgflected by asteering
magnet indifferent strengths without altering thbeam
position, wecan observe beaositions y and y at a

n;=0 fori<j. A Al, is thecurrentvariation to besolved
and aAu; is the deviation of the beam position from the
required beam position at the i-th wire-grid. A case of i5j
indicates arelation between a steering magraetd the
nearest wire-gridvhich is immediatelydownstream from
steering magnet, such as the relation of &id P1
shown in the figure 1. As shown in tleguation(1), the

o is equal tothe transfermatrix element M, which is
described as follows:

M 12: A BSTB\NG Sinl'IJST7WG

downstream wire-gridwhich are corresponding to the wheref, andBs; arevalues of a3 function at thewire-

strengths A and B of a steering magnet. Theydaseribed

as follows,
uA: M llu0+ M 12uA0

Ug =M Uy + MU, .

grid and the steering magnet, respectivalydthe Wqr.yo
is a phasadvancerom the steering magnet to thére-
grid. So thea's can be calculated. lmur tuning system,
however, the measured values are used.

The last steering magnets (ST4 in the figure) is only

Subtracting the second equation from the first, the ratio about 20 cmaway from the wire-grid (P4) which is in
the variation in the beam position to the variation in th&ront of the room.Therefore, ifthe beam is in theenter

deflection angle is derived as follow,
a= (uA_ UB)/(UAO' _uBO') =M,

@)

of the wire-grid, the beamcan be aligned tdhe required
path in the room by only steering the beam with the last

wherea is the ratio in the unit of mm/mrad. Assuming asteering magnets with a negligibly smahange in the

linear relation betweenthe deflection angle and the
excitation current, ther can be converted tthe ratio of

the position to the excitatioourrentwith respect to a

certain magnetic rigidity of the beam, which we calkit
Then, if we know the differences between thiéial beam

beam position at the wire-grid.

3 PERFORMANCE OF THE
AUTOMATIC TUNING SYSTEM

positionsandthe requiredpositions, wecan calculate the a; present, the automatic tuning processdiided into
current variations of steering magnet by solving thenree parts. Fig. 2 shows the configuration of steering

following matrix equation inversely,

magnetsand wire-grids of the vertical beamlines with

DAuwO O 0 0 00ALD omitting quadrupole magnets in order to simplify.
E - E_ E - -t % - B @) The first part is to align a beam with a path of the
-n - - - - - HEBT beamline which isdefined bythe first two wire-
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Figure 2: The configuration of steering magnetire-grids and bending magnets in vertical beamlines of ttigh
energy beam transport system at the HIMAC. ST and P mean a steering magnet and a wire-grid, respectively.
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beamline. In this part, the beam iadjusted to be wire-grid P4 and the steering magnet Saréusually out
positioned on theenters ofthe two wire-grids, P1 and of use. The former is mainly used for tuning the beamline
P2, usingsteerers othe extraction beamline as well aswhich joints the vertical beamlinand the horizontal
the first pair of the steering magnets, ST1. Bath beamline. The steering magnet ST6(x) is only manually
beamline is controlled by thelifferent computer one used, when the horizontal tuning is out rahge of the
another, and the HEBT's computer cannot directly contreteering magnet ST5. Theertical deflection steering
the steerers ofthe extraction beamline. ThelEBT's magnets ST3(y), which should be paired with ST Hegr
computer adjusts the excitation currents of the ST1, but the wire-grid P7, separategrom the ST7(x),because of
only informs us how muclkhangethe excitationcurrents too tight space near the P7. But the configuration of them
of the steerers of the extraction beamline in ordeadjost  still satisfies the condition for theonvergence mentioned
the beam position in theenters ofthe wire-grids P1 and above. A result of the automatic tuning for the BIO
P2. Therefore,this part issaid to be acomputeraided course isshown in Fig. 3, which has beatone in 10
tuning rather than the automatic tuning. minutes.

The secondpart is to automatically transport the The final part is to steer the beam using the pair of
beam to the entrance of the treatment room or the biolofye most downstream steering magaed to position the
experiment room. In this part, thaire-grids and the beam on thecenter of the wire-grid located in the
steering magnets whichre locatedalong thebeamline treatment room or the biology experiment roofaking
downstream of the P2 are in use. leage of BIOcourse, the BIO course as an example again, the beambees
the beam positions at theire-grids of P3 ~ P8 are adjusted to be irthe center ofthe wire-grid P8 in the
measuredirst. In this process, thAu's are immediately secondpart. Since the pair of the mostownstream
obtained. Then thAl's arederived byinverselysolving steering magnets ST&every close to thevire-grid P9,
the equation (2). We can arbitrarily select whigihe-grids  both of the locations can be regarded as being same. Only
or steering magnetre inuse,andhow many timeghis moving the beam position to tleenter ofthe wire-grid
part is repeatedOne of 18 deflection bending magnets P9 by using the steering magnets ST9, ikam should
can be also involved to steer the beam vertically as & aligned orthe requiredpath of theirradiation devices
auxiliary steerer. We can also set valuepasameters for for the biology experiments or the treatment, which is
the position in which the beam should god for the defined by the P8 and P9.
tolerance ofpositioning the beamaround the required
position at each wire-grid. In most case$).5 mm is set
as the tolerance. When the repetition number is set to be 4 SUMMARY

more than one time, this part ispeatedintil the beam  Thaose scenarios of the automatic tuning thther
position coincideswith the requiredposition within the o iines for the treatments. such as AVC course. are
assigned tolerance at every wire-grid. If tas not gyme The firstand secondparts are well used, for

completed within the  repetition times, thecomputer  egpecially tuning theBIO course which has the longest
informs the operators it by indicating "TIME OUT". The \,aamiine. This system transports the beams to the

treatment roomsand biology experiment room with

—o—X(org) sufficiently good precision for theradiotherapyand the
10 ® X(tuned) T 40 . . .
o Xeal) | |1 B biology experiments, while theperatordoesnot need a
0 fore S U= s W G 30 specialknowledge ofthe beam transportation. Theam
| N . transportation for the most treatmentsdene in fixed
g 1o S oy 20 ,36 forms, so the automatic tuning system is easily
£ i L o ] - .
S e, Giidae 3 applicable and very convenient.
A Y(cal)
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