Quasi-periodic Perturbation

Crl

VJ'=cos(z/J+¢O)1/2J/3’Af , ¢0'=—sin(z//+¢0)\/gA
Y=yY-us, @=us+d,
> J'= cos@+ PJ2IBAf . @'=ut—sin@ + @) LAf

New independent variable 9= 27[3

L
L J =cos(yf + @)\ 2JBAf £ %§0=U—Siﬂ(ﬁ+(ﬂ)\/§Afﬁ

Af (x) = A (J2JB sin(y) + @)

The perturbations are 2x periodic in ¥'and in ¢
@ is approximately ¢ =U- )

For irrational v, the perturbations are quasi-periodic.
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Tune Shift with Amplitude

4T =cos@+PN2IBA %, @ =v=sin@+ @)W L AT &
wQ=0,H , S5J="0,H , H®J,0)=vJ 4 [A(3,s)di
0

The motion remains Hamiltonian in the perturbed coordinates !

.
.
o
0
.
%
S
% %
L

If there is a partin 0,/ that does e U =0.0525
0.4 . *.

not depend on@,s => Tune shift P o .

The effect of other terms tends to average out. .|

S,
*a,

P(O)- g, =00, (H)_,())
v(J)=v+ 8J<AH>W9(J)
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s 3)4) Tune Shift Examples

H(p,J)=v-J-L fAf(fc,s)dfc , Avu(J)=0,(AH)
Quadrupole: Af = Ak x 0
AH = AkLx® =LAk JBsin’(§ + @)

J J

27
<AH>W9 =L jO'Ak/a’ d9L o jO'Ak/a’ ds it Av=-L fAk/a’ ds

Sextupole: Af = _k2

AH =Lk, 5x =4k, %\/2]/9)3Sin3(1/7+¢)
<AH> =0 = [Av=0

@,

Octupole: Af —k3§x

AH =Lk, Lx* —ng%(J/)’)2 sin* (¢ + @)

(AH), = o Pds(J (€7 ™)) =>!Av=Jﬁ£k3/32ds[
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\&g)) Nonlinear Resonances

&, &
DED A,o

4 J = cos( + @)2JBAf L, %qp=v—sin(1/7+¢)\/gA =

=0, , d5J==0,H , H(gJ.0)=v-J-% [M(is)ds
0

The effect of the perturbation is especially strong when

cos(f + @)y BAf or sin@ + @)/ BAf

has contributions that hardly change, i.e. the change of

 BDAS (x(9),1) is in resonance with the rotation angle @(T) .

Periodicity allows Fourier expansion:

H(p,J, ) = Eﬁlnmu)e"["ﬂ*mﬂ = EHnm(J)cos(nﬁ+ me+W¥ _(J))

n,m=—00 n,m=—00

H,,(J)= <H((p, J, S)>¢S => Tune shift
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