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The x-Stabflity Limit in Bpiral Bsctor Accalerators

L, Jo Laslatt snd A, M., Sessler

It 18 the purpose of thlas note to exhibit »
"na:dy formule” for +the x-steblility limit in spiral
sactor sccelerstora., In Part I we coneider the
specisl case of # purely einuscldsl magnetic fleld,
dcriving ¢ fermule in three distinct ways. (It

1ight be recorded thet two of these derlvations
wara knewn to the firat suthor fully % s yeer age.)
Thias formu:ls is then compared with the oltaserved
valuss ebtalned with the digital computer. In Part II
the msthods are extendsd to inolude arbitrary
medlan~plane megnetic-fields, The resulting stablllity
1imit 18 seen nnt to be algnificently modifled by
presently centsmpleted megnetic flelds. It should
howaver re erphasized thet this result hes ot yet
had tha venefit of comvarison with dlgital computer
resully,

Fert I = 3inuscidal Fields

In the neighborhood of “x, X 2 /3 it is cbserved
that the atabllity boundery ia charscterizad by three
fixed points, end by a solution of funderental
frequency N4 . Ccnsequently we sxamine the x asgustion
for quadracic non-linsarities. Taking the largest term
in by (netetion of MURA/FTC-3) we obtain:
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Fe~ our purpesss this may be replaced with the
tyoroximete equations
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Phiz derivation folilews the methods ocutlined
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s+ Hovember 1G50 1}, end wa shall use hiz notmtion freelv,
S represant ire phase - and amplitde-functions
12 ¥M.L. Peport, Ell-1%) cnaracterizring the Flocuet

zoitutions of the linear 4ifferential s etlone,
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™is derivetion employs a veristionsl metheod
snd precesds by repleeing Eq. 2 with the following:
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Take g2 @ trigl famcticn the #impleat posalbls form:
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It 12 avident that the derivation Is rarticulsrly
adaptable to gensrelization to more complicated
trisel functions, and hence to more accurate
exyressions for the stebility limit,

In Table I, ws heve compared the precicted
values of A, sa given by Eq. L, with two sample
digital cemputer runs, erploying both model ernd
fuil=gize riachine persmeters.
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Patle I Predicted snd Observed Stabiiity Limites

_ A obmerved
k fam | or ol o = 27 /3] |4 cateutated (vew0, mod.2)
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128 2112 Jim ko jhioeh7-.667] X =.020M _.00009  ].00010
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On Grsph I we have compared the cslculsted 11m1§qw
with sbaarved values, in the nsighberhood eof Sx == =3
for various nmachines cherscterised by model sire persmeters,

On Gravh II we heve plotted predicted vaslues of

x=gtability 1imit es a functlon of x~-tuns, for fixed
y=tune.

Part 11 ~ Arbitrafﬁ Vedien FPlane Flelds

We wish to exsmine the x-stablility limit in an
accelorator with median~plene megnetic flelds involving
a numper of hsrmonices. The dominant ngn-linesr term
in the x squatien will be of the formil
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wnere the mggnetic fleld has been specified by Fourisr
companents with coefficlents &, . This leads te
the sppreximste x squation?
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Cﬂlo are Iindebted te Dr. F. T, Cole for assursnce that
this is in fect the dominant non-linesr term.
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Gulided by our work of Part I, we assume a trisl function
of the forms
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tne stabllity limit “by the

£ L g} snd proceed to evaluate
thod of harmonic balance,
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since B2~3, end B-3, never contribute. We row cttaein
& single squetion for B,:
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Bowever, alrce thna subtscrists of £ must te i-tes=ra,
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We note that tre ispt term 1a amell, e hNsice we
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