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As the appLíed magnetíc fields are Íncreased duríng acceleration,
eddy currenËs are induced in the vacuum chamber. These resuLt in
ñagnetíc field perturbations which we shall estÍmate for the Booster

and X-Ray Rings. our cal-culatíon follows thaË of A"rr"r(1), ín partic-
uLar, T^re use Ímage currents to saËísfy Ëhe boundary condítíons ímposed

by the iron poi-es of the någnets. lhe strength of the magneËic field
perturbations is roughly three times greaËer wíth Ëhe íron poles

presenË than absent.

I,rIe sha11 use ¡nks units ín this noËe. I^triËíng the appLied magneËic

fíei-d as

B = Vx A,

the eddy currenË density is

j"=-"#rc(t),
where o is the conductÍvity in O-1r-1, and c(t) does not depend on the

spatíal coordinates and ís deËemÍned by the condÍtion Ëhat Ëhe net eddy

currenË be zero. the magnetíc fieLd perËurbaËíon is ÁB = Vx 4", v¡here

(x-x')2 + (y-y')2].

InËroducing Ëhe skin deptn U"-' = å o* Gn.dt)lg,

the thickness of Ëhe vacuum chamber waL1 ô, and Ëhe effective radius R

equal to the circumference of the chamber dívíded by 2n, dimensíonaI

arguments indicaËe

LBIB--ôn/ô2.
s

For a 2n-po1-e

of irorr(2),

AB/B = -n

fiel.d appLÍed to a circular cha¡nber in the absence

-1 o*/o 2.
s'
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and for a dipole field applied to Ët47o paralleI plates (1) of width 2a,

separaÈed by 2b,

Aa(x,o) rB = -2(ôR/ôs2) t, - 3 Ëan-l r - #+ 
o(x4¡r,

r^rhere g = la/n.

Booster DÍpoLe . Booster Quad X-Ray DÍpo1e X-Ray Quad

o 8.3 x 105 o-1r-1 8.3 x 105 3.5 x 107 3.5 x 107

6 0.75 mn 2.37 4"0 4.O

R 43 nrn 43 65 4L

drB dB 0.4 sec 0"4 60 60

6 870 mn 870 1600 L600
Ð

. , -¿L -lL -¿L -¿LôR/ô- 0.4x10- L.2x10- 1x10 0.6xL0
s

trüe see that a 60 sec rise time in the aluminum chamber of the X-ray

ríng results in comparable field perturbaËions as produced by a 0.4 sec

ríse time ín the IneoneL charrber of Ëhe booster. The results of nu¡nerÍcal

caLcuLaËíons incLudíng the deËaiLed geometry of the vacuum chanrber and the

boundary conditions due to iron poles are given ín FÍgures 1 thru 5.

Boosller QuadrupoLe (Fig. 1) and X-ray QuadrupoLe (Fig. 2)

fhe variaËíon of the gradient across the aperture ís less than O.LI",

and for x 1 2.0 cm the variatÍon is predominantl"y octupole. This gradíent

variatÍon shoul-d noË be a problem. lhe horízontal asymetry of Ëhe X-ray

vacuun chamber ín the quadrupoLes, due to the rdater coolíng channeLs,

resuLËs in a sn¿LL dípoLe and sextupole component of the field perturbaËion.

Booster DípoLe (Fígs. 3 and 4)

In Fíg. 3 we consíder Ëhe regular booster chamber, and in Fig. 4 the

boosËer chamber r¿ith Ëhe vacuum pump takeoff port.

tune shíft: Av = - N üBt 
ã-y 4r¡ Bp 'y

chromatÍcity change: 
^E 

= - J!- Bg" a ñ'.þy--4n Bp ,y,l
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For the booster N = 8, Bp = 3.33 KG-m (E = 100 MeV), F, = 4.5m, 1 = 0.3m.
ftre reguLar chamber has L = 1.2m,

+{ = s.7 * Lo-4*-1, IÁ8": n o.--2
Bp 

-- ¿'t À ¡v tu t Bp - w.LJu ,

Av--=-L.6xL0-3,
v

OE, = - O.2,

and the chanrber with purnp has L = 0.3m,

E{ = 4.7 x 1o-3r-1 = - o.o73m'2,Bp,Bp

Av__ = - 0.013,
v

oE, 0.06.

In these calculations we have included the quadrupoLe and sextupole
componenË of the appLied magneËic field ín the BoosËer bending magnet.

X-nay Ðípole (Fig. 5l

N = 16, BF = 23.3 KG-m (E = 700 MeV), Ë', = tO n, 1= 0.25 m,

4 = 1.9 * to-3*-1, ++ = o.o8g m-2
BP t BP 

v'vvv u' 
'

Av_- = -0.04,
v

AB, = -0.45.

ftre reLatíveLy large gradient error Ís due to the asyrrmetry in the vacurmr

chamber introduced by the distribured pump.

Slow Br:urp in the WV-Ring

ConsÍder a 4 mrad kick appLied in 0.1 sec by a back 1eg windíng on

Ëhe bendíng magnet. ltrÍs corresponds to a 62 G fiel-d change Ín 0.1 sec or

9E = 620 G/see.dr
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Scaling our previous resuLË for Ëhe X-ray bending magnet by 620/L46,

we obtain Ëhe mag¡¡stic field perturbation due to eddy currenËs,

aB = -19.6 c + (70 c/m)x + (t625 c/*z¡22 + .

tr{e see that this ís a sígníficant effect.
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