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in the first reports on the focussing properties
of magnetic fields having the so called spirally ridged
fora

H = Ho(r'/r'o)k (L4 ¢ sin&*—[ié]) or

H = Ho(r/ro)k (L+ £ sin [l/w Ln r/ro - H?])

The motion was expanded about a circular réferéheo circle
and the inhomogeneous term was ignored in the discussion of
the stability of the motionl’2’3o It was pointed out at the
end of reference 1 that the inhomogeneous term must be cone-
sidered, This is because the scalloped motion of the
clesed equilibrium orbit causes the orbit to spend more time
in the negative field gradient regions and'less.timo in the
positive field gradient regions than would be spent if the
equilibrium orbit were circular, The treatment with a
scalloped orbit as a reference orbit should give stronger
vertical focussinrg.

The differential equation for the metion about the
scalloped orbit has beeh derived by Laslett and the metion
exhibits the expected effect. This is described in a con-
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current report‘by Laslett.

The result ie that the radial focussing of a nega-
tive momentum compaction magnet is practically lacking and
that & positive momentum compaction machine is ;aaior to
achieve, We:will apply Laslett’'s results to a revision of
the example of z spiral ridge 20 Bev rimg magnet as discussed
in 1, Collecting his formulae t the closed orbit Lﬂélott
found is | e

p = rl[l— _Ng_-(l_cm sin [H © 4 arc tan {(k-z)w}j
r, v is the radial displacement from this reference

orbit.
?l ¥ is the axial displacement from this reference

orbit,

-]
For large k and very small J= tan [(kq-a)w] :

. +{L+k=%’- (%)2 (l/N2~19 4._% cos N@ % (f/w)z'é/’ﬂak) cos iN%v:o
L - ~——
g(r,e)

y" “(km%(f/w)z(l/Ngk)-f- cos N e+t €/w F(1/N%) cos 2 m} ¥ o
( .

We see that the usual constant term, k, is decreased

when the reference orbit is scaliopeda

Using g (r,e8) in Symon's smooth approximation

we have



-3= " Revision WURA-DWK-7

A:Gs g[f g(r,e)de + i} 2 for the alternating gra-
dient term in the equation for the smooth motion:

1.£.,2
Ve . ([k',"?_:'(??) m] + .:l.Go Y V=0

- (2)
™ 4 ({x - 352 ;5&:] th e )Y=0

We must have

m.w._..un.n-q.—qm— —

: ¥ > : -ﬁrl
fg\e) de4c= 0= i}% sinne-f,:%- (-E—) -(v;-a-::)sin 2N 0 4C |

So C =0 .
2. (£y2 1 2 1 L3 X
[?é(s}d@ +C € —gé sin Ne-fqgﬁﬁ ﬁ;)_ o sin Now
1 £y _sin2Ne .
»sin 2NO )
+'i—~§'

682 W (§2 - x)2

FEPS T SL R WS N Y S W S
Ejﬁ“"“ﬁz (’;9 w2 T3 D (k)2

(3)
or
T £ 42 <
A.G, = ) which is the same alternating gradient
Y 2wN
term which one gets when a circle is used for the reference
erbit,
The usual rule
o |
\)‘r = 414 K} + (A.G.) (%)
2
l} = -K-} + AG, where K is the non-alternating term
. :

in the differential equation (1), becomes
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)):ﬁ'{lfka(-ﬁs— )2} +(ﬁ~)’

el e ey } o

(5)
or
2 &
))T. 14k
l)f ck 4 E92 e o k42 a0,

Thus 4n this approximation the radial focussing is
determined mainly by the variation of average ﬁield with
radius, not by the alternating gradients while the axial
focussing is enhanced. We have takun'rtdgek which make a
small angle with the orbit to find this result. That is,
weL<l, With w—» &< as in Mark I, the radial
focussing depends on the A.G. term.

As an example of a magnet choose:

= 20 Bev, H '= 14,000 Gausses

maximam e
Key nsection = 2 Mev, H g ™ 64. Gausses
2z 5000 cm
= 4825 em
5]
éd = Po =By F 175 em
Then
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1), = f;;l = 12.3 redial betatron encilluuoﬁ areund
the mechine, |
Chooge

= 6.2 axial oscillations around the mechine.
Choose n)al)r 80 ﬁ: <T.

N e 37 gives rr“i-}':

& T
So by (9)
..f; = \)?2 ¢+ k = 50k, We cen have f 1‘-} so 2w -'-"‘15 cm
radial spacing between ridges, and there would be about
twelve ridges across the pole, each spiraling about one
third of the way around the machine, We know the gap can
beﬂ-*.;,]_;. 2w = 4 cm without critical peints in the shape of the

iron pole surface.,
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This is & bhrief sensidsvetien of the ravaotars for a
20 Bev spirally ridged fleld megnet. The acoompanylimg greph

shews the sts"»ii"t'v aiag‘rmnl feor ‘i))j vhere
H= H@(r/ﬁ.) {f*j’JAW{&'& ""NQ}) defines k.
We heve the gquantitles
| and

@
# i
f 4-#“:2
a g ‘ (LY
g:', )
which muat lie %3 the stable

region of the &, § plane,

W i5 the mmber ef sectors (ridg;es}am A: 28’} is

their rsdiel separation in units ef ¥y
te A >& p We have positive mementim sempsctien
- i

with a trengition energy fer & aynchrotren, it o "radial< o »
we have negative momentum camastion ané ne transitien energy.
Bi viding the above expressions we have

? 7t ﬁZ .  relstimg ¢ snd s

te the astability disgran

rig 3

% ﬂ'morbad by the Hatlomal Boience Foundstione
1 Frem HURE DWK/KUT/LAD /KRS-3,

According
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o PED s, [ Netet * &/n , Be greatest field
index centributed by @ fleld Moy (1 ga £ sindg )

where /7 E-# %‘L&"ﬂ m} 5086 x for atablinty,j

In torms of )“

fs > 0935 k 4is a convenient indicator of (2)
the magnitude of the flutter f needed.
I¢ we degire to redesign and to rgise k to allow emaller
and smaller radisii aperture containing the same momentum
spread, then :

Hy/He® (ﬁ:/f',,) eonstant a8 k is changed fream machine

to mechine or

Lo Wifl B LtV =L L {riw )kl e = Conrr

(W= Ragns APERTVRE)
or/é_ Lmln’-w) = constent, Put if FeSPwW
s ) e Wl -
A= == oconstant whers /M 1s the number of
ridges acyess the radial aperture., 8o if we keep M the

same, (2) becomes

%S\.‘?Js ,é h = censtant as we try different k's;

and we de net enceunter the need for bigger f's provided we
can decrease )s s the ridge seperation, as we increase

Ko We can probably only de this if the vertical aperture is
decreased along with the radiel spergure,
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Example of ring magnet parameters feor 20 BEV:
Take (A= ,1975
?.-:..0088
,é;: 100 (we can use positive k for positive momen~-

tum commaction or negative k for negative momentum compaction).

~ Then N:@ - 45 sectors or ridges

a#augd the machine
£ _ 3._L - ?
Ke=FE=Is

Taking ‘f. >\ =3 x;w""x ( ~20 em out of 10“ cm for ff'. )

JC =224 ~23 % futter.

The angle the ridges make with the orbit is

6‘ '-"'-NX =15 2 Jf: or 15 milliradians ( »= .90.)

It would be importent to keep betatron oscillations down to
much less than # for the approximate linear theoryl to
nhold, However, there are still strong radial restoring forces
for trajectories making an angle * with the equilibrium
orbit,

To hold & factor of 150 on momentum 4in the magnet with
k = 100 we have about a 5 meter radial aperture; but if k

can be higher, the aperture goes down proportionately,



