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Abstract: Nonlsomagnetlc 3rd order synplectic tracking 
by means of NIN/SCA and YAFiYLIE shows an adequate 
dynamic aperture nf the present SXLS lattice which irl- 
eludes superconductirg bending magnets w:th ,:racierit 
and sextupolc in the bulk. 

Introduction -~ 

The deve!opment of compact synchrotrori radiatior, 
sources w:th su erccnducting bending magnets is world- 
uld5 umit~r w,vf pr'marlly for chip FrxiLction by :i- 
ray l.thograp"hy, b,Jt also as mere general-zur)p3sp 
:i 0 LJ r c F .s Sam I= of tke::e sources 3r.r alrcldy runr in):' 

Most of these machines are of the race:racI( type 
involv1r.g tw'l 180" superconductlrg bexdlrlg magnet.. 
SXLS, the xlpercooducting x-ray iithography ? sourcz , 
i3 2 very compact rncetrxck. As a consequence, t/l? 
bending magnc': has Tot only a d1pc.e field, hut also: 
quadr:Jpole xld sextupole contributions for verti,zal 
focus tnp in: chromatlclty correction k,h i ch n i I ow t.l 
SdVf? ~~:JL,ril$ 01~2s -ind .7rxtupoles In t h F' S-r-,Jl~;tlt 

sect ions, 

As has bFen shown pre"lo.,sly4, large-bore strongly 
curirclj bendi.?g magnets require ii nor:isomngnet~: nonil- 
near t t'~RtrrCrt, O! ~ 3~am 1lynxnic5; to nocel tt;cir lnt‘lii- 
ence or> the design orbit, the optics, .ind the dynamic 
nperturs. 'The present work oppl .es the tools developed 
in ref. 4,5 to SXLS ant shows that tne -nagnet design 
work per-formed so far hns led to a satisfactory dylla- 
mic noertiire. 

Method 

From the magnetic field data the red- devigll orbit 
and the coefficients of tte transfer mao ir. the [Lie 
algebra'c formalism are computed bx means of tki: codp 
NIN/SCB4'i. This code gives :he 3" order nap for the 
nagne: referred to :he real 

gesigl 
OrbIt II! ii forKI 

suitable for use ulth MARYLIE Symplect:c srd order 
ronisomagnetic tracking is performed TV fungi tilt2 Lynn- 
!nic aperture. The code w 
in cartes-an '4 

ich was origln?:ly form,l.atctl 
coordinates has been suppl?rrcnterl by ,i 

vcr‘s ion ii! c,/llndricnl ccordinates , 5, I'his ti:)5 :ieccs- 
snry because t,he cartesian 'vcrslo:l ! :; r~!StrtCtcc ?O 
berdlng angle? loss zhnn 180". 

li;j I,, the c;irt<=:;la7 "er';.::rl, NIX .:; !.r:;t uses 5,) 

find the cesign nrbit by li!tegr‘a!lIlg tli' carlOrlLCa1 

e~lllntlons u f mot I ': II .s !, h J t-'c t t 0 c:,r:itI~:ilrl:.:i. iilCh as 
the reqlired tctal bendIng ;:ngl(~ or‘ .' ylven orbit 
locatjon arid direct lo-1 at some pl~cp .r: the magnet. 
These conscralnts are satisfied by ,111 i:erative met?Oc 

which varies a scale factor multlp:ylng the magnetic 
field or particle rigidity. The field itself IS calcu- 
lated with the commercial code TOSCA7. 

C;iv.?:l the di::;i6:: orc.t . ;CR t!-f,r. I :: teg I‘.3 T.c:i the 
coefficients of the transfer nap accordln& to ref. 8, 
and writes the tra.l:;fer map to ;i f‘l !+? w'i1~n r.3r hi, 
read into MARYLIE as a hexxline elerrent. 

NIN and SCH incorpo:,ate i 7 th o:,drt Ft:i-.lhcrz 
Kunge-Kutta with fracttonal step size to stat't the 
integration and an lAth order Adnms-Mculton Frcdtctor- 
corrector scheme f2r the maln psrt. ‘Ill? correct 
performance of the zodes txs been ,verif:ed using a 
scaling procedurei). The has LC tdc,l IS to compat‘i-’ the 
resul', of the 3rd ,crder mapping ( irivolvln;r the result 
of SC'2 and zrackng with MARYLIE) k'lth a m3re precise 
numerical integration (performed with YIN). The 
difference betwee:l the tdc, should scale ,as tne 4th 
power of the deviations. Lislng an anaiyt!: isomagnetic 
f.etc with gradient, sextupolo and octu;,ole !:omponents 
this has bcerl fo_irld to be the <:a>it?. ?i-r trlcki ng 
yubroutirle used in r*AfiYLIE h;s been modif‘lr? to ,illow 
an iteratlvc determlnat:on 01~ tte stnbi:lty Ilmit of n 
tt‘3jcctorY. 

3esult.s and discusslo-! 

3eqdin.q magnet and field 

__ 
:1g. 1 shows a sc,lenatic cross-jcctlor: oi the 

superconducting bending magnet. Two m2.n i:o~ls and a 
trim ~011, 111 of rectangular cross- sect~~:~n, xrp used 
to produce the desired field. In f'ig. 2, tire vt?rtic.i: 
field component and it's first ihrec trar-sverse 
i!r!.i ~'ntl VP?: '.)'i the ri?ferrr CP orbit ‘ire ;~l'zltti'.: "I-'r:;ll!i 
the polar angle U descr;Cing the long-tu3lrnl p>.s~-ion 
in the cylindrlzal reference Frnme. $lCl" ir-,j 0) corres- 
pond to the center and the entrance or the Ideal !&‘ 
circular arc, respcctivcly, while -j4* dr?scrlhe:i ci ln- 
cation 89.65 cm cutside tie magnet wh+~,l? tj!F- f:rld is 
considered zero. 
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Fig. 1 : Schematic cross-section of the sunerconcuctlng 
bencing magnet. 

Cesign orbit 

Fig. 3 shows tne radial deviation of the real 
design orbit from the ideal reference orbit which is 
formed by a straight li.ne and a oiro.l~ar arc versus 
the polar angle U. 

The particle starts outside t.he magnet on the 
reference oroit with a velocity directed parnile to 
‘ihe referenze orbi:. it is first drf’lected ii] t,t;+: 
WrOng sense because cl’ the neg:lt .ve retllr7 L’ I t: 1 d 
outside the magnet. As the fi-:d returns to it’s 
normal polarity, the curvatllre ;f the deviation c11rvc 
changes sign and the design {or3 -t quick-y appro,x.:hcs 
the ref’erence orbit. At the entrance of ‘,he arc 
seetio? the slope of the deviation curve diminishes 
but is still large enough so t,hnt the design orb1 t, 
crosses the reference oroit. Since the radial field 
dependence in the arc section is weaker than ‘/r, the 
deviation curve goes through I minmum 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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mata rhgrear Fig. 3: Radial deviation 0’ design srbit from 
reference orbit. 

Fig. 2: Vertical field component and first three 
transverse derivatives on reference orbit 
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Cynamic ape:-ture 

The dynamic <apert:ire based on tracking 5000 turrs 
Jsing tne orle-tur.11 map (Fig. 4) is sufficiently large 
to accom:,date !!O% only the damped final energy beam, 
311 t 3.S" t;i-.e larger hem dur 1ng injection. Tke 
Dt‘3t,ruS 1 on showing up <as *"C? no:nt. ,r. the tots1 
dynamic aperture (angular resolution II/ 30 1 is magni- 
fled and corfirmed by doing a partial dyn,lmic aperture 
in the rang{? 13.5n/30 to 16~30 41th 3 resolution of 
?.511f9(:0. F:om a practical poirit. of vlsw, however, 
this ft?:lt:lr.ri has no importance. 

Y (m) 

.03 I 

s 

: : 
: ; 
: ‘ 

[4] H.O. Moser, A.J. Dragt, "Infl~~erce of strongly 
curved large-bore superconducting bending magnets 
on tne optics of storage rings", Nucl. Instr. and 
Mm., vol. 824:&, pp. 877-879, 1987 

IS] M.F. Reusch, H.O. Moser, J.B. Murphy, 
"Noniscmagnetic Bending Magnet Hamiltoninn 
Expansions for MARYLIE and their Application to 
the SXLS X-Ray Lithography Source", presented at 
the APS Spring Meeting, Washington, L.C., April 
16, 1990. 

-61 A.J. Drast et al., "MARYLIE 3.0: A Program f'or 
Charged Particle Beam Transport Based Oli Lie 
Algebraic Methods", University of Maryland, 
College Park, MD 20742, 1985. 

(71 Vector Fields Inc., 1700 N. Farnsworth Ave., 
Aurora, IL 60505. 

[El A.J. Oragt, E. Forest, "Computation of nonlinear 
behavior of Hamlltonian systems using Lie 
algebraic methods", J. Math. Phvs., vol. 24, pp. 
2734-2744, December 1983. 

//I\, 

1 t 1 1 

-.02 .oo .02 
x (4 

I91 A.J. Dragt, J. Milutinovic, private communication. 

F i '7 C' 4: Dynamic aperture based on tracking ic?;lO turns. 
Chromaticities compensatrd. Part of the curve is shown 
with better reszLution (dashec line. circles). 

Conclusion 

Nonisomagnetic jrd order symplectic tracking by 
means of NIY,'SCB and MARYLIE shows that even for the 
complicated case of the SXLS bend.ng magnet which has 
gradient and sextupole in the bulk, in addition to 
those in the end regions, d cynamic aperture adequate 
for the finni beam as weti as for in:ection can be 
obtained. 

Work performed under the auspices o!‘ the :J.S. 
Department elf Energy nnd fundrd cy :hf' .J.'3. Ucpar,t71~11: 
of Defense. 
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