Betatron contribution to the E-
field correction
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In an ideal cartesian geometry and quad field where the radial field is
antisymmetric about the magic radius, the E-field correction is

independent of betatron amplitude
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In a curved geometry, the integrated E-field along the trajectory depends on betatron
amplitude in two ways

1. Sextupole component of the quads (This component is symmetric about magic radius)
2. Path length (asymmetric about magic radius)



Consider the Laplacian in 2 dimensions and cartesian coordinates

A solution that corresponds to the perfect quadrupole is

V(z,y) = wi% —y°)

Then the divergence gives the E-field, linearin x and y.
and anti symmetric about x,y=0

E = k(zi — y))

But the quad plates are curved.
We assumed in the above that there is no z-dependence.
And that is true only in the limitof 0 — OC



Cylindrical coordinates are a better match to our geometry
p — radial, z — vertical, 0 - azimuthal

Laplacian in cylindrical coordinates ;
|
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Define x P = Po + x e -

The simple symmetric quadratic potential is not a solution to the this Laplacian

Vix,z) # w\i&w — 2%)



The simplest (lowest order) solution to the
2 D cylindrical Laplacian is

Vip,z) =k IA\%ICI\QQ_S|IN,

Then with the substitution
p=po+T
And expanding in the limit where & << P
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Linear term Sextupole

The solution is not unique.
It is possible to find a solution that is linear in x,
but then it is necessarily nonlinear in z (vertical)

There is inevitably a sextupole component with curved plates
independent of the plate shape details and alignment.



Path length

A particle oscillating about the magic radius (p,) spends more time
at x>0 than x<0

dl = (po + x)db
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The E-field along the trajectory at the magic radius (momentum = p,) is zero.



magic radius

three turns

But what about the muon with momentum p,that oscillates about the magic
radius with some betatron amplitude &Q ?

Or the muon with momentum pPg + D@ and betatron amplitude Hmw

T =m0+ Zp 0 = Ap/po
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The average E-field for a muon with momentum Pg + Dﬁ and betatron amplitude m@m is
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E-field correction
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If A&mv — A%vd wm O then according to the Miller/Nguyen rule

To minimize the E-field correction choose J)()so that
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Contribution from betatron amplitude



