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INTRODUCTION

Wigglers and undulators are used as devices for generating synchrotron radiation. They are also
used for mod-ification of various beam properties circulating in a storage ring. Basic ‘dumping
wiggler’ is used for change of the damping time, equilibrium emittance, and energy spread [1-3].
In [1] damping wigglers are used to increase the damping rate of the energy spread induced by
the beam-beam interaction. The commonly used MAD [4] and Elegant [5] software has only
simplified planar wiggler configuration and no model for a helical wiggler.

WIGGLER MODELS

The model will provide the same transverse focusing and synchrotron radiation power using
rectangular bending magnets (no focusing in the deflection plane). The central part of wiggler
usually has sinusoidal field distribution on axis (selecting the pole width to sup-press the third
harmonic while higher harmonics decay exponentially). For example, in a planar wiggler with
peak field Byiggrer and period Aw the transverse components of the magnetic field can be described
by formula

By(s) = Byiggler Sin ks

2
where ky, = "
w

On axis magnetic field of the helical wiggler (with equal field amplitudes Byiggier) is described by

By(s) = Byiggler Sin ks
B,(s) = Byiggier €OS kys

For a planar wiggler each pole can be represented as rectangular dipole with field Beff'and length
Dejrseparated by drift from other poles. We need to have the same deflection angle and
synchrotron radiation power. Hence

Aw/2 B 1

: wiggler’‘W

BerfDerr = ] Byiggler Sinky,sds = —
0
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2BgffDeff = ] sz,,iggler sin? kyysds = —
0

Solving these two equations gives

aniggler
Bepp =——

40y
Derr =—3




While wiggler with integer number of periods does not provide transverse angular kick (the field
integral is zero), it provides the displacement in the deflection plane (the second integral is not
zero). The second integral can be set to zero by utilizing the first and the last poles at half
strength of the central part. The beam displacement from axis (dispersion) will oscillate from
zero to maximal value of 2Bgg1er/ Bpk?Z,, where Bp is beam rigidity.

Bwiggler

BpkZ, (1 + sinky,s)

x(s) =—

To remove the offset of the oscillation axis the more elaborate entry and exit sequence can be
employed [3]. The first (last) pole is quarter strength of internal poles, and the second (second to
last) pole has strength of three quarters. The real and model field profiles as well as beam
trajectory are shown in Fig. 1.

V& Magnetic Field Profile

i

0.5
o
-\_.-:F- ﬂ
o

4.5

1

-1.5
a a 14 15 20 23

0.6 :

04 L

024+

X [rmm)
a
|

-2 L L

0.4
e
]

1.8
a

10 15 20 25
Z {cm)

Figure 1: Profiles of the wiggler (blue) and model (red) as well as corresponding trajectories of
the beam. The wiggler has only one full strength period in the middle.



A helical wiggler can be modeled with two arrays of the rectangular dipoles shifted by quarter of
wiggler period. The first array is comprised of the horizontal dipoles and the second array has
vertical dipoles. The field amplitude in the helical wiggler is constant with rotating direction of
the field vector. Then the dipole field equal to the wiggler peak field will provide the same power
of the synchrotron radiation. The trajectories in the model and wiggler are also close to each
other as it can be seen in Figure 2. The difference in the amplitude of transverse motion is 7%.
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Figure 2: Magnetic fields and beam trajectories in the wiggler and its model.

More precise model of the helical wiggler can be done in similar fashion as for the planar
wiggler. The difference will be that now there will be eight dipoles per period (no drifts) with
different tilt angles (0, 45, 90, 135, 180, 225, 270, and 315 degrees in the middle) and different
amplitudes. Figure 3 shows the field distribution and trajectories while Figure 4 shows the
magnetic field amplitude and tilt angle for the model dipoles.
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Figure 3: More precise model of the helical wiggler: field and trajectory.

Dipole Field

Z, (cm)

Dipole Rotation

== [ W A
T T T
i

Tilt (radian)
L =

&

8 10 15 20 25 a0 a5
Z (cm)

Figure 4: Field amplitudes and tilt angles of the dipoles of more precise model of the helical
wiggler.
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APPENDIX Example of Beamline

DRIFT, L = (1-8/1%)/4 Aw
RBEND, L = Y Aw, B=m/16 Bw, TILT = 0.0
RBEND, L = (4/n%-Y) Aw, B = nv/2/16 Bw, TILT = -n/4
RBEND, L = (V2-4/7%) Aw, B = n/16 Bw, TILT = -n/2
RBEND, L = (4/n-%4) Aw, B =1v/10/16 Bw, TILT = ATAN(1/3) - &
RBEND, L = (¥5-4/7%) Aw, B =3n/16 Bw, TILT =1
RBEND, L = (4/n-%) Aw, B = 31v/2/16 Bw, TILT = 31/4
RBEND, L = (¥2-4/7%) Aw, B = 31/16 Bw, TILT = 1/2
RBEND, L = (4/n*-%4) Aw, B = 51/16 Bw, TILT = ATAN(3/4)
.RBEND, L = (%-4/1%) Aw, B = 1/4 Bw, TILT = 0.0
.RBEND, L = (4/n°-%) Aw, B = 1v2/4 Bw, TILT = -/4
.RBEND, L = (%-4/1%) Aw, B = 1/4 Bw, TILT = -n/2
.RBEND, L = (4/n°-%) Aw, B = nv/2/4 Bw, TILT = -31/4
.RBEND, L = (*»-4/n*) Aw, B=m/4 Bw, TILT ==
.RBEND, L = (4/n*-%) Aw, B = nv/2/4 Bw, TILT = 3n/4
.RBEND, L = (*»-4/n*) Aw, B = n/4 Bw, TILT = n/2
.RBEND, L = (4/n>-%) Aw, B = ©v2/4 Bw, TILT = /4
.RBEND, L = (*»-4/7*) Aw, B = n/4 Bw, TILT = 0.0
.RBEND, L = (4/n°-%) Aw, B = 1v2/4 Bw, TILT = -n/4
.RBEND, L = (*»-4/n%) Aw, B = n/4 Bw, TILT = -1/2
.RBEND, L = (4/n°-%) Aw, B = mv2/4 Bw, TILT = -3n/4
.RBEND, L = (*»-4/n*) Aw, B=m/4 Bw, TILT ==
.RBEND, L = (4/n-%) Aw, B = nv2/4 Bw, TILT = 3n/4
.RBEND, L = (*%-4/1%) Aw, B = 1/4 Bw, TILT = 1t/2
.RBEND, L = (4/n%-) Aw, B = 51/16 Bw, TILT = ATAN(5/4)
.RBEND, L = (*»-4/n*) Aw, B = 31/16 Bw, TILT = 0.0
.RBEND, L = (4/1*>-Y4) Aw, B = 37v/2/16 Bw, TILT = -n/4
.RBEND, L = (*»-4/7*) Aw, B = 31/16 Bw, TILT = -n/2
. RBEND, L = (4/n°-%) Aw, B = mv/10/16 Bw, TILT = ATAN(3)-nt
.RBEND, L = (*»-4/n*) Aw, B=1/16 Bw, TILT =
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31. RBEND, L = (4/n*Y4) Aw, B = nv/2/16 Bw, TILT = 31/4
32. RBEND, L = % Aw, B=1/16 Bw, TILT = n/2
33. DRIFT, L = (1-8/7%)/4 Aw

Lines 1-9 correspond to the wiggler entrance, lines 25-33 correspond to the wiggler exit, lines
10-24 form middle of the wiggler (periodicity is 8 lines). The drifts in the first and the last lines
can be omitted (they are added to calculate wiggler length equal to the wiggler with sinusoidal
field (Nperiodst1/4)Aw).



