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I. Introduction
Soume time ago it was suggested that perhaps the circuinfercnce
of Mark I and Mark II FFAG types night be reduced by eliminating the
reversed fiecld nmagnets and relying on edgs focusing entirely for one
sign of focusinge. ith strong edge focusing, the slope of the edges
might bs so grest as to cause the edges of adjecent ssctors to meet
st sone radius ond even cross (producins 2 locel triengle-shaped
resion of tvice the guide ficld). Considerinz only the rsgion of
such e mach.ne where the scctors do not cross, that is where the
guide field is elternastely constant end zero, the linecer equations
for the O 's may be essily derivcecd. A strong disedvantage of this
design 1s thet k is very small, since it ariscs os & differsnt
cffcet. Also, the O valucs are very scnsitive to n and to edge
englce. We conclude that this is not an attractive design for very

high cnergy synchrotrons.

II. GEqusations for O .
1
Using the notetion end method of previous MURA reports, the

metrix elements for transfor.ustions throuzh a megnet, an edgs, a

2 1

straisht section, and an cdgc may be wultiplied, snd cosine O

equated to half the trace of the )ro\u ct hatrlx.* For radial niotion,
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trade name, trademark, manufacturer, or otherwise does not
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views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



-2=

2 s by
e t :“ + 2 t Kl \v
cos0" . = (1+t& )cosf *‘( T T T ) sing ,

where, refering to Figure 1,
g =140
kK = NS
t = ten(X
g: //P .
Similerly, for vertical oscillations,
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Figure 1

For FFAG accelerators in general,
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A curious feature of this design is that, slthocugh n may be every-

where positive, k may be positive, zero, or negestive.

III. Particular <&xampnle. N = 50,

In very high energy machines, only large values of N need be
considerecd. When N is low, accclerators of the reversc field type
become more practical duc to orbit scalloping, howevcr low N leads
to low k and a redisl epcrture too lerge to bec prscticel for a
multi-Bev accelerator.

In order to gein an understanding of the bechevior of this
desizn, seversl mechines with N = 50 and s =) were computecd for a
renge of values of n and edge angle 2 . The velues of cosO x

and cosO are tabulated in Table I for various n and <A valucse

Z

These valucs correspond to & particular point (s =2 ) 1n different

machinese.
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#k 0. for given 4/n , k<0 for grester
k ~ 0 for smallery .

It may be observed in this examnle that therc is only.e small positive
region of k which is vertically stable. Where n is positive end k is
negstive, the high energy orbits lic in weoker fieclds than the low
energy orbits. This is probably not a cese of prascticzl interest.

To extend e particulsr mechine to other radii, the point tan ) = 8,
n = 1l from Table I was computed for diffcrent ratios s/}. Rather
than hold Ok and O% constant, Q[ and n were held constant and
values of O computeds Since at o given s(? (s =,?in teble I) it

appeered that 07 wss very sensitive to both ¢X and n, it was surprising
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to sec that 0 is not very sensitive to varistion in s4». Phesreo=
sults of this example are given in Table II.

Table II
N =50, n=14li, tan {({ = 8

s/j) |¢C = s +1 | cosog cosOy |
s
1 e «38 .88
s 1.5 55 .92
I l.25 6l 1,01
gl | ka0 15 ey

#This point is physically impossible
since {J hss no noaning Bt&l - 0.

IV. Conclusions.

In the numericel cxemple above, k renged between 16 and 32. 50
to 60 secctor Merk Ib or Mark V designs heve k values of 100 to 200.
This elone makes this Merk II unattrsctive. iith ten {{= 8 and N = 50,
the strbaight section goes from the imtagnet length, s, to zero in
1/250 of the radius. For k=30, this change in readius corrcsponds to
only a 10% change .n wmonentum. Conceivably a much grester number of
sectors or much higher n velue would make this design more attractive,
but the experience with Mark II indicates the converse. Thereforec at
this time none of the reverse ficld types of FFAG appcar more
practical than the originsl Mark Ib. The spiral field still offers
the best and only wey of achieving a smoll circumference factor for

hich energy eccelerators.



