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Abstract: Magnetic field calculat ians for a 
superconducting bending napnet w. th <in iror, shield ar!d 
nonisomagnetic 3 rd order symplectic tracking show that 
the dynamic aperture :s ddcquate Ucring rampi.lg and 
can even be improved by the iron snielc. 

:ntrocuction 

Most nf the superconducting bending magnets built 
or designee so far for accelerator aopllcations employ 
iron surrounding the zoi:s in order to increase the 
field in the beam region and to shield the ,outside 
space from the field. The relative conr.riblitior: of the 
:ror to the flux depencs on the field strength. When 
the magretic field is ramped the relative contribu- 
tions from both :ron and coils ginry cni.sing th;? non- 
linear field cortent tc change. This may give rise to 
d variation in tne dynamic aperture. 

Tnerc are sever-al s torase rings with superconduc- 
ting bending magrcts containing iron which have been 
successful ty ramped’. Hosever, different magnet 
designs need to be studied individually. In this work, 
the rn.mplng b’ehaviour of the superconducting bendlng 
magnet ties ignrd for the ~2zncrptLl‘d 1 stui.i~* 

2 
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chrotron radiation sourcr3 at Karlsruhe (FIN. 7) is 
investigated numer:cai-y. The magnet i c fisld and the 
AyrnmLc 3pcrtilf.c are c?lcula:cd I’or the field vdlues 
Of’ 0.4, 1.0, and 4.0 ‘?. Time-dependent effect:; are 
lot t:ikcn ilt: account. 

Fig. 1: Szhenatic layout of a general-purpose compact 
synchrotron radiation source as stucied at Karlsrune. 

Method 

The magnetic _ rield contribution of the coils is 
calc,Alated as described previously3 Using the law of 

Blot 3na Savart. To compute tne iron contribution we 
IiSP i r in’egral method which does not reed a mesh 
outside the iron. The tcrus is enclosed ir a regular 
array of curved volume e tements with rectangular 
cross-section (Fig. 2). Edch element contains a 
segment of the torus or part of it whose volume and 
center of gravity can be calcdlated analytically 
thanks to this particular discretization. The magne- 
tizat ion -of each e:emcnt :s represented by a magnetic 

Ftg. 2: Discrrt:zntion of‘ tttf: torus ?or the f:rst 
i:eration step. 

dipole located in tne center 0:‘ gr‘a,dity. ?‘tie size of 
the elements is control l-d dynamically: if, for 
inslance, the center oi‘ ct‘avity oi‘ a neighbnurina 
element comes closer to the clement ;incer corsidera- 
tiorl than 5 times tne element size, this element LS 
divided into 27 subelements. If the other element is 
closer than 3 times tne or:stral element size the 
e ! emer: t under ooosiderh’ion 1s dlvtded lrlto ’ 1000 
parts. For the self-contribution of t.he elements we 
‘IS? a similar method combined with analytic formulae 
of the magnetic coefficients as giver in ret. 4. 

I n this way I we get the coefficients of the 
Fredholm equation of the second kind which we solve in 
iW0 steps : first, we start with a crude mesh 
(typically 200 elements far a quarter of the 90” 
bending magnet) using a direct metnod wrth Gaussian 
elimination and a Newton-Raphson iteration updating 
the permeability at each step. Then, the magnetization 
values are distributed in a finer mesh (typically 1400 
cells) as starting values for a Gauss-Seidel 
iteration. Fig. 2 illustrates the initial mesh and its 
f’irst subdivisions (27 in voAume, 9 in a plane). 

From the magnetic field data the coefficients of 
the transfer map in the L:e algebraic formalism are 
ccnputed by means of the code NIN/SCB5. This code 
gives the 3rd order map for the magnet referred to the 
real d 

&” 
ign orbit in a form suitable for use with 

MARYLIE to do a symplectic nonisomagnetic 3rd order 
tracking of the particles. The tracking subroutine in 
MARYLIE has been extended to allow an iterative 
determination of the stability limit of a trajectory. 

Results and discussion 

Bending maEnet 

The bending magnet is guilt up of several coils 
distributed over two layers each ’ cm thick having 
circular cross-section. The ~011s are SurroJnaed by a 
C-shaped iron shield. The inner and outer radius of 
the coil layers are 6 cm and 8 cm, respectively. The 
iron shield has an inner radius of 14 cm and a maximum 
thickness of 11 cm. In the longitudinal direction, the 
coil and the iron shield extend over an angular range 
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F i e 5: Field ;i long :h* ~~f~i‘cr~rir!~,i~ 0 I-t; I 1. i j 
region. ‘i‘he inner r,~di~s ot’ the iror .:: 14 CY’ 
corresFords to the center of the magnet. 
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Fig. 3: jD ‘irew of the end of the tcr.ding mngnet. Dynamic apertilrp 

Fig. 6 shows the dynamic aperture for the three 
of‘ ~~0” and ,3i.P. resprctlvely. FL&, ! gives ;1 30 v:cc field cases. The larger apertures hold for the case 
0 f‘ the ~nc ~11‘ the ma-net, 1.1 contrast to ci previo,~sly 

4 
that the chromaticity is not compensated. ‘:‘he irlfluen- 

ciescr tbec ‘ii r 13011 ) the present co1 1 hrlS no Cf of the field strength is not very pronotincc-d. 

qtmiriipoli? wlr;d.ng to compensate the gradient ca.ised 
3y the cllr‘i;itLri?. Instcr.: i, the iron shield prod:~ze:: 1 7 <“I / 
gr3dlf?nt i tsP;I- which rnearly compensates the wrvatt1rS 
aradienl. . 

?!agne:ic fie2.g 

Fig. u shows the transverse -elative field 
deviation for the three field cases and for t;io iron 
shields differ;ng by the lrner rad PUS, The nax imum 
contrihilt,iol of the iron ~;hlsld, lr: Lht: :ase of t,h+i 
inner rad~uk bei:ig 1L cm, 1s ~I.423 ‘I’ .~t 4 T integral 
f‘leld str?npt.k. 0.0699 T it, 10.4 T, and 0. 1538 T it 1 .O 
i’ Yrom whicn nnni II car !~chav~o~~r of the f’lcAd c:in be 
seer, 
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Fig. 4: Ncl?tive f’tt:ld ceviallon ii] zhe center of the 
magnet for the two inner radii of :ror of 12 ant 14 
cm. 
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The main Jifferences lri field b+:h~il.fioilr ,a!?~2 t.:irx t 
electron orbit are found in the toll ~n3 region. Fig. 18 L1 I L ,I In 
5 gives the longitudinal dependence of the verticni I r-1 

field componenl nornalized to its ii,i:u2 ox axis ln tkri 
center of the magnet. The negative f:eld overslo:it F i 6: 6: C~ynamic apertllre’; for the ficid levels 4.0, 
:a:is;lg :‘rom the coil return! 1s reducec at lowc~r t’ic!d 1.0, And 0.4 ‘I’ ,*l:th :daslcd IIW, LY:r~:Irs) and witr.o~t 
strer:sti: due I;o the larger retat I’ve contrlbutlor t 0 ( sol id I inc. square>;) chromnticity c3mpersating sextk- 
the flpld from the iron shield. poles. Inner radius of iron shield is 14 cm. 



HoweLrer , tnere are regions, 
amplitudes, where the dynamic 
with decrens:ng field w t: i c h 
favourabl e inf luencr 0 f the 
apertures are obtained when the 

R t large horizontal 
aperture gets larger 

might point t3 3 111 
iron. The sms 1 1 +r 

ntromaticity is set to 
about 0.' for both planes by means of sextupoles. It 
can be s 13 e II that the vartat iori of the dynamic 
apertures as function of the field strength is much 
smaller thnn ttie influence of the se.qtlipo:es I:ig. ‘: 
displays dynamic apertures for a different inner 
radius of th,? iron shield in the 4 '1 and 1 ‘I cases. It 
car1 be sceri that the dynamic .ipet’ture gets larger when 
the iron snield is closer, at constant field, and when I .) ! 
the fLELd is. smaller, at fixed ir~r geometry. On the 
basis 3f these calc,Jiations, the dynamic aperture 
hecones inrger, with increasing relative contribution 
of the I:‘o~ shilzld. In all cajes, the dynamic aperture 
is large “II c u g h ‘0 achieve ;i sat isfactory beam 
lif?t.ime. 13. 
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Fig. 7: Dynamic apertures for the field 1eve.s 1..0 2nd 
1.0 ‘T with (dashed line, circle:;) ;IY~ without (solid 
Line, squares) zhromaticity compensat Lrlg sextupoles. 

. Inner rnri:~s ot :rnr shield is 12 cm 

Magnetic field calclllations cog- the case 0 f 
a 90" bent ing magriet with super’condiicting coi-s of‘ 
cylindrical cross-section surrounded by an iron shield 
show nonl,nf’,ar “ar1at.sns of thv field dependlns 31, 

tt1c 1ntegrnl 

obta I !l?d 
f‘lteld strength. ‘The dynamic Fyrtut’,2s 

fr om synp.wt ,I! 11011 1 ~;mi#rlet I c 3 0 r 13 i> t 
trscx;r,p SK”W ‘3 trrldenejl t<.> t) .’ t: 0 me :,irgr-, w 1 t t-, 
increasirg relative contrihut.lon ct‘ the iron to the 
field. 
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