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“.. It turns out that in the presence of
nonlinear perturbations only rational
frequencies Q = p/q with g = 2 or 3, or
sometimes 4, lead to instabillity.
Therefore, it is possible to design
machines with stable orbits by ensuring
that the tunes avoid these values.”

E. Courant, “Accelerators, Colliders,
and Snakes”.

Peggs & Satogata Accelerator Physics, USPAS 2024



) Tove Peape (1nto.)

R) TRATERRY « CLoseh oRgrT
c) H=V  CoupLin G

D) QuAD STREMCTH CREBRS

HippC ) ACELA = IMTRo TO RESOMANCES

Peggs & Satogata Accelerator Physics, USPAS 2024 3



AN TUME  PLENE  IVTLO,

Peggs & Satogata Accelerator Physics, USPAS 2024 4



@WMCC“Q@\/ £ (DSE)
ORE (T

Peggs & Satogata Accelerator Physics, USPAS 2024



\_\/&S«e A V«U\WLQD:)/@ \/\ij@/% C 0(“6):\

Behe gl g

VRIS X TXADK, y2ytly

—

K /\/LEX =cC {&J -—V\&X/f@—f\zgf}f }
Q\)AM\)QDLE‘ e op

>< L ex ~

AX 2 e 28 (P RTAM ]

AR M St € i\CJ/ THe -
= Ox/L = o ] PPoLe | )

Peggs & Satogata Accelerator Physics, USPAS 2024




Do & @OC/(- (Onif a5 fo Wﬂiﬁy>

CC AO/IP@C.E[ $ep)) WEQ 15 pllef st
- | W%@Mn/ TR bj o

Ag oD [xTAST]
40 vm\@o A = 4V‘“m/‘/a

—) O 4() /Aﬁvé’/
So- a;cge M SG j’w@/ \Mﬂf @()\P\Q“@%{B

omple Sesclec A~ OC)/”‘”Z’{ H =\
Q/l How baaf TRy
1 Heed B o=t < ?

Q3 e save o Clad orbit (Wit (PFC>>

Peggs & Satogata Accelerator Physics, USPAS 2024




e S WAIE A Q‘\‘@vs’w(vr [\wt’ o 17 mac

_

Z/ész‘(; OB [ 55,

cG bx =il f=50 w (larye .2)
<><7'>/7, ~

CwT 4’0‘«&((( w\? SOl (\)\ACOVYPJILICD@WWT

QSQ bSZ&UM\ lf» &Za/bv\ Q&\(Fe }[

Peggs & Satogata Accelerator Physics, USPAS 2024 8



8.1 Downstream free wave response to an angular Kick error.
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8.2 Closed orbit wave response to an angular kick.
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8.4 Three-bump vectors ,
rotating in normalized Azh/Ba A/ Bs

phase space, always
adding to zero.
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8.5 The eigenfrequencies of twb weakly coupled pendula as
the length L1 Is varied.

N Eigenfrequencies
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8.3 Closed beta wave response due to a quad strength error.

TAAA N ANANANDN oo
VATATAVRAVAVAVATAVAVAS

—

—

—

Q " \\}L\j m\go \\M(L)JQ MNOVCINE A Czsw‘@jl?(y??_
Q :\UL@Va OKD ‘/\"\ﬂ(\w @TM (\M)v\ M«thﬁ}
(eSonances Cpro él\ﬁ*« 7 o

Peggs & Satogata Accelerator Physics, USPAS 2024 29



