Linearized
Helical Undulator Focusing

« Known that planar undulator provides
transverse focusing in non-oscillatory plane

e How does this translate to the helical case?



Magnetic Field
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S.H. Kim, “Magnetic Field Analysis of Helical Undulators”



Magnetic Field (cont.)

e B, = B, [cos(kz) + k2/8 (r2 cos(kz) + 2x2 cos(kz) +
2xy sin(kz))]

« B, = By [sin(kz) + k2/8 (rz sin(kz) + 2y2 sin(kz) + 2xy
cos(kz))]

. B, = B, [(k + kar2/8)*(y cos(kz) - x sin(kz))]



0™ Order Solution

-e/(vzym) (v,B, — v,B,)
-e/(vzym) (v,B, — v,B,)

-e/(vaym) (v,B, — v, B,)



0™ Order Solution

e x =-e B,/ (vy mk2) sin(kz) + AX',z + AX,
e y=e B,/ (vymk2) cos(kz) + Ay',z + Ay,

c7Z=VZ



15" Order Fields

« B, = B, cos(kz)
« B, = By sin(kz)

« B, =B, k (y cos(kz) - x sin(kz))



15" Order Forces

e X" = -e/(veym) {[-eB,/(ymK) sin(kz) + Ay’ V] *
[eBy2/(vymk)-B k(AX', z+AX,)sin(kz)+Byk(Ay', z+Ay,)cos(kz)]
— vB,sin(kz)}

e y" = -e/(vzym) {vB,cos(kz) -
[-eB,/(ymK) cos(kz) + AX',Vv] *
_mmom\%<3_o — Bok(AX'yz + AXy)sin(kz) + Bok(Ay',z + Ay,)cos(kz)]}



1% Order Forces
(Averaged over One Period)

X" = -e2B2/(v2yzmk) Ay’
- e2B2/(2v2y2m2) (AX'z + AX,)

y' = WNWON\A«N/\NBN_AV AX'
- e2B2/(2vzyzm2) (Ay' z + Ay,)

| make the assumption that z changes slowly
relative to sin(kz)/k

<(Ay'z + Ay,)> Is Ay at the center of the undulator



Conclusions

* Focusing force exists, and Is equal to that of the
planar undulator in each plane: ,
EH\S A@.Tl\aw@uv
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|H A mmgmx Vm
ky =
2 Py AH+BNV

D. Sagan, BMAD Manual.

» Additional forces act to couple x and y motion

e Can continue process to get higher-order terms...



Debugging of BMAD Code

* Vardan had found that the peak frequency
found by BMAD does not always agree with
what we would expect from analytic formula

W = (2 w, y2)/(1 + K22 + (y9)?)

 Why?



Finite Undulator Length

» 2m-long undulator ~6m from lens — significant
change in angle between initial and final
electron position



Angle 7.8mm / 6m
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