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TlTLE: 1ST ORDER COMPARISON OF NUMERICAL CALCULATION AND TWO DIFFERENT TURTLE INPUT

SCHEMES TO REPRESENT A SLC DEFOCUSING MAGNET

Correcting the dispersion function in the 3.LC north arc it -urned out that backleg-
windings (Bid) acting horizontally as well as BLMW acting ve tically have to be used.
In the latter case the guestion arised what is the hest rep. -sentation of a
defocusing ragnet with excited BuW acting in the vertical plane for the computer
code TURTLE /rl/ ?

T™wo different schemes, the l4.-scheme and the 20.-scheme were studied and the TURILEL

output for one ray through such a magnet camnpared with the numerical solution of
the equaticn of notion: only terms of first order have been takeh into account.

inmmerical solution

From the expansions for the maguetic field components to first oruer in the
vertical and horizontal plane /r2/

b‘x(x,y,s) = azy + i

+ a.x + ..,
1 M

one finds the field expansions for the rotated (the dipole field by 90°
ruadiupole field oy 45°) systan

3 (X,y.8) = a
¥y

and the

By{x,y,8) = b; + box + ...

i‘:y(x,y.s} L g+ e

2

vliersz iy, by represent the dipole and ap, by  the quadrupole conponents.

To first order the expansions for the magnetic field couponents of a combinel
Sanction mugnet with normal and skew cunponents can now be expressed in the form

Se(Xeyes) = by + bgx + agy + ...

i_;y(x,y.s) = @) + agx - boy + ...

intraducing these oxpansions into the equation of motion to first orler in x wul vy
one finds

a a b

»" = h{l + hx) = —————I{1 + 2hx) - X+ z Yy
Bo(1+0) Bp(1+8) Bp(1+8) “s'\
,\ . \
y"=——l—- {1 +2hx) + 2 X+ 2 ¥ \\
Bp(1+6) Bp(146) Bp(1+8)

vhere § = %p— rapresents the change in momentu.
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For a defocusing magnet with the parameters /r3/
7 = 2.5462 m , N = 3.5186893%15°3 n 1

ay = 5.96847 kG by = 0.11474 kG
ap= ~700.510464 kGa™L by = -14.05 kom "

the nunmerical solution of the equation above by the JAPLUG-routine ODE using
2500 steps gives the following results for the orbit coordinates ( § 50) and the
dispersicon functions:

-

initial condition values at the magnet exit

xnd x'[irad] yium] y'huiradl xum) x'[urad] ylum] y'urad)l
0 4] 0 0 -1.03445 -1.62292 176.78346 105.532372
1 0 0 0 1.66556 0.00259 176.75550  105.80101
100 0 0 8] 208.96642  160.92545 173.99651  103.546N4
d 1 0 0 2.83520 1.07709 176.7600E  195.79591
2 nn o] ] 355.93307 268.37795 174.44542 103.03653
0 0 1 7 -1.06232  -1.G4570 176.70429 10%.177IL
a Q 100 0 -3.02150 -3,20080 1565,66616 41.23G010
Q 0 0 1 -1.05733 -1,85079 178,52166  105.74:461
] 0 0 100 ~3.37263 4. 1O 330.060320 7K,

Sae dispersion functions at the end of this magnet ace estimated using e. .

= X(8)-x(-8})
L o=

® 26

8 xn) s B rad] yud vy luradd
0 ~1. 03445  =1.62292 176. 78340 105.52378
Lﬂ:g 13.19136  11.97702 176.59650  105.49070
-10 ~15.29293  =15,20148 176.97053  105.9521%

3 Tyt S ¥ 1 1 >
Ly Daal .)x._m.a.J uy [ma] 5 [mrasd]
14.24315  13.61965 -0.18G87 -n.12625
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I scheme using a cambination of 7.0 and 14.0 instructions in TURTLE was developed
by S. kheifets;

7.0 0 0 0 ay' 9O 0;

4.0 0 1 - 0 0O 0 5 2

4.0 -y O 0 1 0 =py'*10 4;

4.0 g/ 5.86047 33924.13774 'DRXC': {with £ = 2.5462 m)
7.0 0 0 D0 Ay' O 0;

40 O 1 =¢ O O 0 ., 2

14.0 =% 0 0 0 0 -iy'*lo 4;

vhere P and Ay' are related to each other by
Y =1.23 % 1074 Ay'[urad]

then slicing the magnet into W equal parts this series of imstructions have

to be repeated l-times. The following table shows for the initial conditions
x=y=0, x* = y' =0 the convergency of U*Ay' wersus N when the goal value y'
at the end of the magquet was y' = 105.82378 prad (this value was taken fron the
nunerical calculation).

U Ay q % Ay

2 46.458570 92.917140
4 22.212320 53.310280
5 14 590331 55.141986
i 10.957200 $7.897600
0] L. 7755030 87.78503¢
12 7.310335 87. 774070

Jsing 10 slices for the Jdefocusing magnet 1st order TUKLLE produces the filowing

resules:
initial condition values at the magnet exit

sl 2 Turad]  yiuml  y'lurad] xTpin] x'Turadl yium] y' T2l
0 0 0 0 -1.01825 -1.62433 176.74323 1N5.52376
i n 0 0 1.68176 0.00119 176.75545 195,300
100 0 0 0 26£2.98263  160.92735 173.99712 103,525¢%
P L 0 o] 2.85147 1.07563 176.706009 105, 79540
0 100 0 0 305.55404  205.37655 174.4541%  103.0050%
8] 8] 1 n =1.046+1 -1.64730 176.70=21 105.177%1
! s 100 Q ~3.£3G690 -3.92212 164.6G65L5 41.23643
[§] 0 o} 1 -1.04154¢ =1.65220 178,32134 1N5.74461
0 a 100 =3.34750  =4.41759 330.69201 97.90a55




s *xlum] x'[prad) ylym] y'[urad)

Q -1.01825 ~1.62433 176.78338 105.82378
1073 13.20652 11.97481 176.59719 105.69457
~103 | ~15.27769 -~15.26126 176.96952 105.95294

Dy (rm] Dy[mrad) Dy[umJ Ds;[mradj

14.24211 13.61804 -0.10617 -0,12919

Comparing these 1alues with the results fram the numerical calculation gives a
satisfactory agreement for the orbit coordinates as well as the dispersion functions.

The scheme using the conbination of 7.0 and 20.0 instructions in TURTLE was
sugyestel by J. Murray:

7.0 0 00 Ay' 0 0:

20,0 -9;

4.0 /U 9.86047 33924.13774 '‘DFUC" 3 {with ¢ = 2.%4652 1)
an.a H

7.0 Q 0 0 Ay' 0 0;

where the relation betuween ¢ and Ay' is yiven by
4 = 1.27902°% 172 py*furadl * /2

The nuixr of asagnet slices is again 3. The convergence behaviour of *Ay® versu.,
for this schanme is demonstrated in the table Lelow for the same initial conditions
and the sare goal value for ' at the end of the mamet as thay Were rotel £
the 14, - schaae.

N N U * Ay'

2 46.451617 2.903274

4 22.209767 £5.039065

v 14.680719 88,132314

3 10.206013 87.838104
10 5.7775622 37.775622
12 7.3095353 87.71406634
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In order to campare the two schemes, alsc for the 20. - scheme the defocusing magnet
was sliced into 10 pieces. First order TURMIE then proaduces the following results:

initial condition

values at the magnet exit

x{ym] x'furad] y[um] y'[urad] x[um] x'[prad] yCum] y'[urad]
0 0 0 0 -1.00813  ~1.58307 176.77260 105.82378
1 0 0 ] 1.69143 0.24200 176.74537 105.80153
100 0 4] 4] 268.95236 160,92396 174.04999  103.59066
0 1 n 0 2.3612% 1.11653 176.74976 105.79G55
o] 100 0 0 3B5.93522  268.37747 174.48852 103.10117
0 n 1 Q -1.03541 ~-1,605632 176.69358 105.17795
0 0 100 ¥ =3.730783 =3.808192 168. 87056 41. 24061
0 0 0 1 -1.03102 -1.61030 173.310% 105.74476
D] o] o] 190 ~3.29225 -4,30567 330,060877 97.92174

§ x{pa] x*[prad) y{pm) v'DLrad]

L] -1.002183 -1.533C7 175.7720 105,372,578

1n-3 13.71330 12,0151 170.G7056 105, 750459

—l”-a =15.20003 =15,2100¢ L70,559:50 1S LR e

Dx[m 1] J’;[I',lfad] Dy D D}: Crrad]

14.724132 13,5171 ~1, 90707 -0.07222

Tie orbib eooclinates at the sagnet oxit as well as Ghe dispersion function in G

horicontal plene ave well representedd by this schame. The seall differeunce in the
vertical dispersion coild e corecled by rultiplying ¢ by N
s vl improve the dispersion function but the orbil coordinates in the

rather then by

s
T

aorizontal plane voul? then differ by fow uicrometers. heverthelass this scheme
aporoximtes the vertical BLyi wvell enough.

A additlonal caparisui of these two sclivmes with the namerically obtaiied results
leads o an ajreement of the sare accuracy. At the entrance of the last lefuocusiug
agiet befory Lhe “IMDCOR™ point in tiwe correctal SuC north arc Lhe dispersion

functiong ara:
Dx= 22.2724 i

DY = ~12.921C :arad

Jith hese

Dy =

by=

3.72400 ra

=2.3951 ural

Aisparsion functions abt the and »f the defocusiiyg wagnot:

ues at the entrance of the magnet the 3 awethods give the following
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¥umerical calculation

8 xlym] x'[uras) ylum] y'luradl

0 -1.03445 -1.62292 176.78346 105.82378
100 g 22,99231 13.07410 172.34009 103.64627
-10 ~25.14895 -16.40443% 181.22908 107.99957

B, [rm] D,: [mrad] Dy [nm) Dy‘ [mrad]
24,07063 14.73930 =}, 44450 -2.17¢50
14. - scheme
& 1 *x(um] x'[urad] ylum] v'lurad]
0 -1.61825 ~1.G2433 126.78338 105.3237¢
10 :.'35 23.00G23 13.07065 172.33762 103.64495

-10 -25.130863 -16.40384 1£1.23029 103.0n051

Cx[l!m] ’J,"[mr:‘l:i] .)y Ul !)\"Z arel
24.068382 14.73725 =i 445634 ~2.1777012
20. = schune
5 xunl ' [urad] vl v oprad}
0_3 =1.00815 ~1.58307 176G. 77260 135..37137:3
10 23.01235 13. 10595 172.42636 103.724G0
-1073 | -25.11044  -16,35761 1HL,12000  107.94)47
Dx[mn_‘, D;([mrad] Dy[mn] 1)",[mr:m]3
2:4.0GH0 14.73228 -4_. 34729 =2.1153441
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NGTICE

PORTIONS OF THIS REPORT ARE ILLEGIBLE. #
has Been reproduced from tha best avallahie
copy to permit the byoadest possible avail-
ability.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranly, express or implied, or
assumes any legal liability ar responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process diselosed, or tepresents
that its use would not infringe privately awned rights. Reference hersin to any spe-
cific commercial produet, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favering by the 17'vited States Government or any agency thereof.
The vicws and opinions of authoss cxpressed herein do not necessarily state or
refiect those of the United States Goverament or any agency thereaf,
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