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Abstract: Nonisomagnetic 3rd order symplectic tracking

by means of NIN/SCB and MARYLIE shows an adequate
dynamic aperture of the present SXLS lattice which in-

cludes superconductirg bending magnets with gzracient
and sextupole in the bulk.
Introduction
The development of compact synchrotron radiation

sources with superccnducting bending magnets is world-
Wwide under way', primarily for chip production by x-
ray lithography, but also as mcre general—pugpose
sources. Some of these sources are already runring<©.

Most of these machines are of the race:track type
involving two 180° superconductirg bending magneti,
SXLS, the superconducting x-ray lithography source?,
is a very compact racetrack. As a conseguence, the
bending magnet has not only a dipecle field, but also
quadrupocle and sextupole contributions for vertical
focusing anz chromaticity correction which ailow to
save quadrupoles and  sextupoles in  the straight
sections.

As has been shown previOJslyu, large-bore strongly
curved bending magnets require a nornisomagnetic nonli-
near treatment of beam dynamics to mocel their influ-
ence on the design orbit, the optics, and the dynamic
aperture. The present work applies the tools developed
in ref. 4,5 to SXLS anc shows that the magnet design
work performed so far has led to a satisfactory dyna-
mic aperture.

Method

From the magnetic field data the real design orbit
and the coefficients of the transfer map in the Lie
algebra&crformalism are computed by means of the code
NIN/SCB™'?. This code gives the 3¥ order map for the
magnet referred to the real design orbit in a form
suitable for use with MARYLIE®. Symplectic 379 order
ronisomagnetic tracking is performed to find the dyna-
mic aperture. The code which was originally formu_ated
in cartesian coordinates’ has been_ supplerented by &
version in c¢ylindrical ccordinates’. This was neces-
sary because the cartesian version is restricted to
berding angles less than 180°.

s In the cartesian versicn, NIN s first used to
find the cesign orbit by integrating tne canonical
equations of motion subject teo corstraints, such as
the required tectal bending angle or a given orbit
location and direction at some place .n the magnet.
These constraints are satisfied by an literative metnod
which varies a scale factor multip.ying the magnetic
field or particle rigidity. The field itself is calcu-
lated with the commercial code TOSCA'.

Given the design orbit, 3CB then integrates the
coefficlents of the transfer map according to ref. 8,
and writes the transfer map to & file wnich can be
read into MARYLIE as a beamline element.

NIN and 5CB  incorporate a 780 order Fethlberg
Runge-Kutta with fractional step size to start the
integration and an 1° order Adams-Mculton predictor-
corrector scheme for the wmain part. The correct
performance of the codes has been verified using a
scaling procedure”’. The basic idea 1s to compare the
result of the 3'9 order mapping (involving the result
of SCB and track:ng with MARYLIE) with a more precise
rumerical integration (performed with NIN). The
difference between the twe should scale as the X4ER
power of the deviations. Using an analytic isomagnetic
fielc with gradient, sextupole and octupole components
this has been found to be the case. The tracking
subroutine used in MARYLIE has been modified to allow
an lterative determination of the stability limit of a
trajectory.

Results and discussion

Bending magnet and field

Fig. 1 shows a schematic cross-section of the
superconducting bending magnet. Two main colls and a
trim coil, all of rectangular cross- section, are used
to produce the desired field. In fig. 2, the vertical
field component and 1it's first three transverse
derivatives on the refererce orbit are plotted versus
the polar angle O describing the longitudiral position
in the cylindrical reference frame. 90° and 0° corres-
pond to the center and the entrance of the ideal 180°
circular are, respectively, while -5U4° describes a lo-
cation 89.65% cm cutside the magnet where the Cield is
considered zero.



1826

Fig. 1: Schematic cross-szection of the superconducting
bencing magnet.

Cesign orbit

Fig. 3 shows tne radial deviatior of the real
design orbit from the ideal reference orbit which is
formed by a straight line and a circular are versus
the polar angle 8.

The particle starts outside the magnet on the
refererce ordit with a velocity directed parallel to

the reference orbit. It is first deflected in the
wrong sense because of the negative return field
outside the magnet. As the fisld resturns to it's
normal polarity, the curvature of the deviation curve
changes sign and the design oralt quickly approaches
the reference orbit. At the entrance of the arc
section the slope of the deviation curve diminishes
but is still large enough so that the design orbit
crosses the reference orbit. Since the radial Ffield
dependence in the arc section is weaker than “/r, the
deviation curve goes through a minimum on the inner

side of the arc and then settles down at an almost

constant deviation which is practically zero in the
present case.
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Fig. 3: Radial deviation of design  zrbit from

reference orbit.
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Fig. 2: Vertical field component and first three

transverse derivatives on reference orbit.



Cynamic aperture

turns
large
beam,

The dynamic aperture based on tracking 5000
dsing tne one-turn map (Fig. 4) is sufficiently
to accommodate not only the damped final energy
but a:so the larger beam during injection. The
srotrusion  showing up as one point iIn the total
dynamic aperture (angular resolution n/30) is magni-
fied and corfirmed by doing a partial dynamic aperture

in the range 13.5n1/30 to 16n/30 with a resolution of
2.51/900. From a practical point of view, however,
this feature has no importance.
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Fiz. 4: Dynamic aperture based on tracking 5000 turns.
Chromaticities compensated. Part of the curve is
Wwith better resclution (dashed line, circles).

shown

Conclusion
Nonisomagnetic 3rd order symplectic tracking by
means of NIN/SCB and MARYLIE shows that even for the
complicated case of the SXLS bending magnet whichk has
gradient and sextupole in the bulk, in addition to

those in the end regions, a dynamic aperture adequate
for the final beam as well as for in‘ection can be
obtained.
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