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Abstract wherem = 1,2 andu = x, y. We obtain

To understand the effects of the insertion devices on bearfiin = ¥s (@1nCine + Bins1nz) (VinCiny + O1ns1ny) »
dynamics, Hamiltonian equations of charged particles infi2n = ks (Q2nCanz + Bansanz) (YanCony + G2n52ny) ,

the presence of the insertion devices have been studied! = —F2nz (2n82nz + Bonc2na) (YonCony + dansony)
Fields with insertion devices are considered to be periodic/2» = K1nz (Q1nS1nz + BinCing) (VinCing + 01nS1ny)

in the longitudinal direction with period length,. The  91n = —Kany (@2nC2na + B2ns2nz) (Y2nS2ny + O2nC2ny) ,
magnetic fields of the different types of magnet structure,92n = Finy (@1nCinz + BinsSinz) (YinSiny + 01nciny) ,
namely AGID, APID and EPU, are derived and discussednd

The linear beam dynamics effects for different kinds of in- K2
sertion devices can be obtained directly from the canonic

equations of the Hamiltonian mechanics.

+ Ky = kS

Eor charged-particles in such a magnetic field, the Hamil-
tonian in Frent-Serret coordinate system[1, 2] is given as

mech \ 2

<1 + Azrjnech )
Do

Various types of insertion devices (IDs) have been designed P, edy \? P, eA, 2)'/?
for generating specific light sources. In particular, ad- _< ) N (p - ) ’
justable gap insertion devices (AGIDs) are the most popu-
lar IDs. Special insertion devices such as adjustable phaséere "P’s represent canonical momenta aiftf* means
insersion devices (APIDs) and elliptically polarizing unduthe (relativistic) mechanical/kinetic momentum. The ra-
lators (EPUs) are being designed and realized for providirgjus of curvature at long straight sectionspig) — oo.
light sources of special properties. At SRRC, W20 wiggleFurthermore, comparing with{*", the transverse me-
and U10P, U5, U9 undulators are AGIDs, the testing puchanical momenta of the electron beams in a storage ring

pose APU9P undulator belongs to the APID, and the EPWre small, i.e.,
5.6 is an EPU. Since these IDs are installed in the storage mech P eA
()
Db

—e X
CEEC ()
1 INTRODUCTION c < (%) 0

p(r)nech B Cp(r)nech Bnech cpgnech

ring, the influence of the magnetic fields of IDs upon the Pu

mech glech B mech

stored electron beam should be concerned. Here, we study Po “Po
the linear beam dynamics effects of IDs by the Hamiltoniawith « = z,y. Therefore we expand the Hamiltonigh

equations of a 3-dimensional periodic magnetic field.  in a Taylor series up to 2nd order of transverse mechanical
momenta
_ mech mech \ 2
2 TRANSVERSE EQUATIONS OF MOTION G —Ca, —ppect | AP0 1 (A
c aneCh 2 panech
We consider the general 3-dimensional magnetic field 1 ( P, eA, )2 1 ( P, eA, )2
2 pgnech cpgnech 2 pgnech cpgnech :
By = Z{fln 2, y) cos (nkss) + fan(x,y) sin (nks 3)} The canonical equations of the Hamiltonian are
B, z[gmx 1) <08 (nk.s) + gou (@.9) sin (k)| dr 0G| P cAr
ds aPT - pmech cp(r)nech’
B = Z[hln x,y) cos (nkss) + han(x,y) sin (nk, s)} dy _ oG ~_ty ed, .
n ds aljy p(r)nech cp(r)nech

From the relationB = V x A, we can selecfl, = 0 and

which is a periodic function in the longitudinal d'reCt'on’solveAw andA, to get the transverse equations of motion:

i.e., § of the curvilinear coordinate syste(w, y, s), with

wave vectork, = 3=. Using Maxwell’s equation¥ - B = dQ_x _d (cPi—eA\ e dy B
0andV x B = 0 we have four equations to solve for | ds2 — ds cpech T eppech \ 7 ds Y
the fin, f2n: Gin, g2n, hiin, @andha,. For convenient, we | d*y  d (cP, —eA, e dzx

— — —-— = o~ B, — Bs—
Setcny = cosh (nkpnuu) @and sy, = sinh (nkpynuu), ds2 ~— ds cpmech cpmech ds
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Dividing w into two partsug + u; with v = z, y, we set 3.2 B, is anti-symmetric ir§ direction

2z —e d?zq e dy On the other hand, the U5 and U9 undulators of SRRC are
ds2 cpech By, ds? cpech T ds” the types withB, (—s) = —By(s). We getky,a2d2 = 0
Pyo e B Py —e dx and
ds? - c mech % ds? - c mech SE' )
Po Po B, = Z klmcalnalnslmcslny S111 (nke 5)
Since* <« 1 for u = z,y, we can apply an itera- n
ds ’ I .
tion/successive approximation[3] By = kiny@1n01nCingCiny sin (nkss)
n
dQ_:C - d2x0 e @ B = Z ksalnalnclmcslny COSs (nkgs) .
ds? — ds?  cpech T ds n
2 2
Ty ~ Yo _ LBS@. The differential equations af andy near thes-axis are
ds? — ds®  cppeh T ds
2
The effects of different kinds of IDs on the electron beam d_f ~ % D kiny@1nbin cos (nkqs) + O(2),
can then be obtained after their periodic 3-dimensional @5 €Po n
magnetic fields are determined by writting down the pa- 42 e 2
rameterss’s, a’s, 3's, v's, andd’s. a2 = \ g > nkinyinbin cos (nkss)
3 AJUSTABLE GAP INSERTION DEVICES : [Z kl:” 17015 €08 (nkss) | -y + O(2).
n

Common properties of AGID structure are

We obtain the effective focusing strengthi€s = 0 and
By(_y) = By(y) = Y1n = Y2n =0, 9 gties

By(~r) = —Ba(x) K, ==L <_) 2
B, (—x) = By(x) = fin = f2n = 0. Kv=7 cpfet ; (1 tnkiny )"
B = B,(z)

For AGIDs, the linear beam dynamics effects are clear
3.1 B, is symmetric irs direction and only non-linear effects should be controlled carefully.

The W20 wiggler and U10P undulator of SRRC have thdh the horizontal plane, the oscillation term comes from the
property B, (—s) = B,(s), which implieski a1, 01n = B, field. The effective focusing strength in the vertical
0. The maz]netic field becomes wenen plane is caused by the interaction of the horizontal oscil-

lation motion and the; field.
B;c = Z —k2n3¢042n52n82n;c82ny COSs (’nkss)
- 4 AJUSTABLE PHASE INSERTION DEVICES
By = Z _k2nya2n52n62nmcgny Ccos (nkss)
n With the APID structure, we have the condition
Bs = Z ksOé2n52nCan82ny sin (nkgs) .

n

B;r<_-r) = —Bx(l‘)

By(—z) = By(x = 5 =p2=0.
The second order differential equationsiadndy expaned BZ((—:C)) — BZ((x)) =i
near thes-axis become

The linear properties of beam dynamics of APID are more

e e complex than the case with AGID. There exist oscillations

52 = oomech > kanyQandan cos (nkss) + O(2), and coupling/mixing of motions in the horizontal and the
) Po o, vertical planes. If the phase of APID definedias 27r%

d*y e . is zero, theny; = v, = 0, and APID becomes AGID diss-

—~ [ —— nkonyandon sin (nkgs » theny, =72 ’

ds? (cp{)““h) [Zn: 2y 020020 5in (nks )1 cussed in section 3.

By settingd; = v = 0 andB, = 0, our 3-dimensional
y+0(2), magnetic field can be reduced to the 2-dimensional field
discussed by Roger Carr [4, 5]. The equations of motion

where((2) are terms of orders equal to or higher than sed?€come
ond order inz andy. The effective focusing strengthes are

) [Z ki:y 2,02, sin (nkgs)

n

— 2z e
K, =0and 2 ] ~ cpg‘m En ksqandop cos (nkgs) | —
— -1 e 9
Ky=—|—= n0onkony)” . e .
Y 2 <Cp(r)nech> ZL (2nd2nkany) W [ E nk2ainyin sin (nkss) | < y+ - -
n
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and The equations of motion become

d?y e V' P € (kb cos kes — kryorn by sin k
E == (cpgnech) Zﬂ:aln’yln COs (nkgs) X ? - cpgnecél ( 2y@202 COS N5 S — F1y 101 SIN SS)
k. ] 2 (e i .
Z — @2n 02y, sin (nkss) | — c =) k2 x { (Cpmech) (K1oB171 €08 ks + kau B2z sin kss)
- n cpl'oneC 1 0 2
12 . 3] . _ —6
Z a1pY1n €08 (nkss)| + [Z Ny day SIN (nkss)} (k1ya101 coskss + koyaadosinkss) - y (cp{)n“h>
n ’ n - (k1eB171 oS kss + kagBoyasinkss)® -z + O(2)
1 .
X [Z Eagnégn sin (nkss)] } Xy 4. and
o o d*y e .
There is an intrinsic oscillation in the plane, though =5 =~ —~ (—kaxBaya cos kss + k1, B171 sin kys)
the quantity of the oscillation amplitude is quite small. A Po %,
particle tracking of($, 2,1, —1,---,1, 52, 1) structure ~ — (m) (k125171 cos kss + Koy Bay2 sin kgs) -
also shows a small vertical drift besides the tiny oscillation. Po

2
The drift is proportional to the period number of APID. (.5, coskys + koy0a0s sin kys) - 2 — ( e )
If we take the average of the x and y terms in the differ- cpgret
ential equations of motion, the horizontal linear coupling - (k1,161 cos kss + kayaadz sinkys)” -y + O(2).
term is cancelled and the vertical average effective focu

) . Yhe equations of motion contain oscillation terms and lin-
ing strength is

ear coupling terms and make the linear beam dynamics ef-
. . 2 fects becomes complex. The oscillation terms come from
K, = > <m> (B2 + BZ) the interaction ob, and the transverse magnetic fields

, Po and B,. The longitudinal magnetic field, couples the
_ =k (L) [Z (a1ny1n)? + Z (a2nd2n)?|,  transverse oscillations in both planes.

mech
2 cpy ~

. 6 CONCLUSION
whereB,, and B, are the amplitudes aB, andB,. For
SRRC's APU9PB?, + B2, does not keep constant suchThe 3-dimensional periodic magnetic field discussed here
that the vertical tune shift appears when phase is chang&én cover the AGID, APID, and EPU in a unified way by

Experiment has confirmed that the vertical tune shift is proadding suitable structure conditions. AGID is the most

portional toBZ, + B%,. popular type of IDs and its influence on the stored beam is
well known and clear. A detail linear beam dynamic effects
5 ELLIPTICALLY POLARIZING UNDULATOR of APU with 2-dimensional field form have been achieved

B . and discussed in section 4.
The conditionB;(s,z = 0,y = 0) = 0 of EPU gives  The analytical solutions of the differential equations of
Q1nYin = Q2n72n = 0. Furthermore, from the structure of motion for EPU can not be written down in a simple form.
SRRC's Sasaki-type EPU-5.6, we have Numerical calculation/simulation is by far the easiest way
to study the EPU’s effects on beam dynamics.
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