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Introduction

m Pointed out the possibility of using a distribution of conductors which allow to vary the k

m Started from the KURRI spiral dipole design

30 — \
=\
]
10 — _Fj
=1 ;;_\L NN A

Emmanuel FROIDEFOND CNRS/IN2P3/LPSC Grenoble



FFAGO6 - KURRI, Osaka 3

m First POISSON simulation shows :
@ current law doesn't follow field law BO(X—’;)k,

@ primary uniform field necessary,
@ field osillations allong the median plane.

Magnetic field from Pandira run on file HFFAG.AM
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Field components of a series of conductors

m {¢,n} are the conductor coordinates and {x, 0} the observation coordinates in the median plane

m Field components diduced from basic Biot and Savart law :

ingl - —Hol _ x=¢
@ vertical : By(x, &, m=1% R

. _ I
@ horizontal : By(x, & =4k

m For a series of N conductors :

@ vertical : B, (x,{¢i.m}} )=%Z’_V | X

i=1 1 (x=&)P+n2

. N .
@ horizontal : By(x{ém)=4% > | i i
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Field produced in the median plane

m The system is simply reduced to a linear matrix equation :Ay,x/+ B, =0

Bx,y1
. . . . Bx,y2
- with a series of P observation points : By, =|
Bx,yP
I
- with a series of N conductors :/ =
In
X1—&1 . X1=éN Uil
(X1=E&1P+(y1-11)? (X1 =EN)2+(y1 —1n)? (X1=E12+(y1—m)?
-and A, = : : or Ay =
_Xem& L Xp—én o om
(Xp—E£1)%+(yp—m1)? (Xp—En)2+(Yp—1IN)? (Xp=&1)2+(yp—m1)?

m The matrix has dimensions PxN. If P>N, the system to solve is "overdetermined"

= Ayy.l= Bisthentransformedinto : A],.A,.I= A] .B

N

(X1 —EN)2+(y1 —1n)?

N

(Xp—EN)2+(YP—1IN)?
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Example of magnetic field to produce

m Example field law from 0.1T to 1.8T (not based on a specific FFAG design)
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m Geometric structure of the model : conductors at to”p and bottom and observation points, where the field is calculated in the middle.
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ConductorField example (1)

m The length of the model (with 32 conductors) is exactly equal to the length of the "good field region” k.
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ConductorField example (2)

m The length of the model is enlarged equally in opposite directions, for a total enlargement of /y,

m The density of conductors don't change.
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ConductorField

m Enlargement of 2 [y, density
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of conductors still the same.
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m Conclusion : this function seem to work well with a sufficiently large model compared to the length of the "good field region".
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Poisson simulations

m BUT!... A Poisson simulation shows this can only be considered as a first approximation.

Current distribution from ConductorField function without correction
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m A primary uniform field has to be applied to give the correct values of the field law.

Current distribution from ConductorField function with uniform field added
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m |s improvement necessary?

Magnetic field from Pandira run on file HFFAGZ.AM
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Field produced by a profiled conducting layer

m Problems with conductors : oscillating field.
m As a first solution to this problem : extend one conductor to the whole surface of the pole.
m Fit caculation on pole shape parameter to match the desired field law.

m Expressions of field components include altitude of conductor surface :

Bpy [£_] = Factor eTogether elntegrate | X+ ¢ , & {n,h[€],91}]
N2+ (-x + §)?
Bpx [£_] = Factor @Together elntegrate [ il , & {n,h[€],91}]

N2+ (-X + &) 2

f(—ArcTan[ 9 ]+ArcTan[E])€l§

X—§& X—§&

1
3 f (Loglg? + (x — £)2] — Logl(x — €)? + h[£]*]) d &

m Variable thickness of the conducting layer placed on a flat pole should lead to increase field gradient by decreasing the gap, as current

density don't vary.
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SheetField - Example without pole shape fitting (1)

m Constant altitude
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SheetField - Example without pole shape fitting (2)

m Parabolic variation of altitude
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Stripes - Principle

®m The matrix contains integrals for each stripe as p; < ¢ < g; at each observation point x; = fp‘?’f,-(g)dg. Il'y a P points d'observation et N
J

bandes de courant. La matrice a donc les dimmensions PxN. Exemple :

X=;p =50 =; &= n=;

q = Table [{ql, g2, g3, g4
Table [ Integrate

[fO011,

h [1=:0 =,
31 f

h[£] 2 h[¢]
0 o H11E mdndg [ [0 mdndé

(»Clear ["context’

{&p [[I11, 9 [li]11},

{, 1,4

q‘ o 12lg, mdndé [ Rl ndndé “3 S 12l6, ndndé q“ s e 2L
0 o 1a1E, mdndg [ 281, manag [ o slE nldn dg
q‘ ol mdnde [Tl mdndg “3 3 ey 4IE, M) dn q“ 14
By, (f):f(—ArcTan[ 9 |+ ArcTan| —= hi¢] ])df
x—¢ x—¢

1
B ()= 5 f (Loglg? + (x - £2] - Logl(x — &7 + h[£12]) dé

m e :thickness of a stripe (can be different from to another).

m h[¢] : altitude of the surface of the stripes can vary to allow pole shaping.
Example : linear shaping to obtain constant focusing.

}

q4 re+h[€]
J;[f] f1[¢ nldndé

e+h[£]
fh[ﬂ f3[¢, nldndé

nldndé

nldndé

*x" ]x)p = Table [{pl, p2, p3, p4
= Table [{fl [& nl,f2 [& nl,f3 [& nl.f4 [& nl}l;
{n,h [€],h [§] +e} ],

q3 re+h[é]
o e (1IE nldndé

{i,1, 4

1,

}1 // MatrixForm

m Comparison with conductors (constant thickness and constant altitude) shows same current values are obtained, up to machine precision.

m However stripes should smooth oscillations.
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Stripes - Low thickness compared to width

m When stripe thickness is very small compared to the gap :
- vertical component has linear dependence on thickness,

- thickness disappears from horizontal component.

(x - &) hi¢£]
B, (&)= [ -——22"0 g

m If h[¢] has any expression = numerical integration.
m If h[¢] has polynomial expression = analytical integration.

m Thickness disappears from horizontal component and integration remains possible :

— 2 A2
By, (§) = % (—29 ArcTan[XTf] —(x=9& Log[gi(;f)])
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