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Abstract correction) . Neverthelessystematicerrors can beully
predicted and tosome extent correctedusing a 3D
magnetostatics computeode (passive correction). In the
particular case of pure permanent magnet undulators, the non
unit permeability ofpermanent magnet materia{sldFeB,
mCo) can beresponsible for aon-zero field integral
generated at eadkxtremity of the undulator . The next
sections presenseveral designs opassively corrected

undulators. A new terminatiowvalid for an APPLE I o . ;
. . o terminations to beused with either planar undulator or
undulator is presentedwhich produces a fieldintegral : .
PPLE-II linear/helical undulators.

variation smaller than 20 Gem for any useful setting of the

magnetic gap and phase . It compares quite favorabti 2 PLANAR FIELD UNDULATORS
other known type of terminations.

The field integral tolerances required onthird generation
synchrotron sourceare of the order of 10-20 Gem in the
whole gap range of an insertion device. T¢as beachieved
without electromagnet correction by a proper magne
design of the field termination. Thgaper describes severa
such end field terminations to beused for planar

Figure 1 presents a 3D view of a conventional termination
1 INTRODUCTION (type A) of a pure permanent magnet undulator. The

An idealinsertiondevicemust notperturb theclosedorbit st;ugc;:;e 's terminated with a vertically magnetized half

and the dynamics of the electron beam in a storage ringr?or _
any value of the magnetic gap. Theld integral isdefined
as a function of the transverse coordinates x and z as :

1(x,2) = }B(x, z,9)ds = axg(l)

The derivative of the field integrals vsaxnd zmust also
be equal to zero. The second field integral defined as:

©[]s 0 0.0 Figure 1: 3D view of a conventional termination (type A) of
J(x,2) = J' EU’ B(x,z5)ds %js: H]XE @ a pure permanent magnet undulator (lower part only).
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] ) The termination of type A shown in Figure ptoduces a
must also be equal to zero. Two kind of magnetrors are  gjgnificant variation of the field integral as a function of the
in general responsible for noreero fieldintegral in real magnetic gap(see Figure 4). Thiscan be explained
devices. The first one that we also call “randemors” come numerically by taking intoaccount of thenon unit
from the non-uniformity of the magnetization in the block§ermeabilityand the anisotropy of the magnetic material.
and from positioning errors of the blockSecausehey aré prom the experience made with blocks from various magnet
largely unpredictab_le, this type of errors cannot be tdtm suppliers, wehave founcdthat NdFeB can be magnetically
account at thelesignstage. Theycan bereduced with  gescribed with the remanent field given by the suppiiet a
adequate choice of manufacturing procesthefpermanent |inear (transverse) permeability 5f06 (1.17). Twaspecial
magnets such asdie pressing methodand/or by endfield structures have beetiesigned athe ESRF using
characterizingnagneticallyeachblock andthen by sorting the code RADIA[2]. The first onecalled“B” is shown on
_and pairing the blocks irorder o cancelthg fieIo_I errors  Figure 2. It isderivedfrom type A byadding atthe end an
introduced by eachlocks. Inaddition , somefield integral norizontally magnetized block which longitudinal dimension
shimming[1] can beused toreducethe final errors. The (along the electron beam) is approximategual t03/20 of
se_C(_)ndtype of error that we call “systematieerrors” the undulator periodh,. As shown in Figure 4, type B
originates from the extremities of the magnesicucture terminationreducesthe field integral variations with gap
where the field periodicity is brokeBxperienceshows that by a factor 4 to 5. Neverthelesgntrary totype A, it does

it is difficult to efficiently correct the systematicerrors pot allow the proper phasing between segmented
using shimming and most people use correction ¢adsve ,nqulators.



mm and the magnet are made of NdFeB . The cr@ssethe
field integrals measured on an existing termination.
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Figure 2 :3D view of a termination of type B. T 2000 \
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To satisfy bothrequirements ofnegligible field integral o4—
variation with gap and phasirggtweensegments, wéave — — !
designed andimplemented the type C termination shown 50 100 150 200
on Figure 3. Gap [mm]
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Figure 5:Second vertical fieldntegral/extremity computed
for the terminations of type A,Band C . The undulator
period is 40 mm and the magnet are made of NdFeB .

3 APPLE Il END FIELD STRUCTURES

Helical undulatorsbased onthe APPLE Il structure [3]
have beerbuilt or are underconstruction in a number of
facilities [4],[5],[6],[7] and atthe ESRF. Thesedevices are

blocks with tilted magnetization pure permanent magnet structures. The magnet assembly is
] ] o split into four magnet arrays. Two magnet arrays, one of
Figure 3: 3D view of C type termination the upper magnet arragsdone of the lower magnetrrays

) S are simultaneouslydisplacedlongitudinally. Theassociated

This terminationincludes a number of magnet block$yytion is called the phasing and it results ichange of the
with smaller horizontal sizes, some of whittave an cjrcyiar polarization from left to righthand side. Most
inclined magnetization with respect to the vertical axis. ThApp E 11 undulators built in the world aremade with

termination also presents the advantage that an air 9ap RifeB blocks and terminated asHigure 1. The non-unit
mm (for a 42 mm period) igeft betweentwo undulator permeapility of NdFeB is responsible for some residiigt

segments while preserving the correct phasing for any Usqmégrals which depends on both the gapl the phasdsee
gap value. Allpure permanent magnet undulators of t D.
ESRF include terminations of type B ordépending on the
phasingrequirementsFrom the reasons explained above,
Type C structure is thepreferred one. It has been
implemented to undulator periodsanging from 20 to 42
mm.
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= Figure 7: New endield structure forAPPLE II type helical
T undulators.

Recently, a modified termination structure hadeen
S0 100 150 200 designed at ELETTRA fothe construction of a number of

Figure 4: Vertical field integral/extremity computed for APPLE Il devices[6]. This type of termination habeen
terminations of type A, B or C. Thendulator period is 40 optimized to produce displacement free trajectory and a



reduced fringe field but the residual figlttegral is large and likely to furtherimprove the correction. The RADIAcode

the operation of such a device at the ESRF weedgire the has beerfound to be quite efficierfor this task. A single
used of an active correctioRigure 7 presents a novel typestructure is solvedand the field integrals are computed

of end structure which greatly reduces the field integral within 30 seconds, allowing a systemati@nd automatic
variationsinduced by both the gapand the phase. It investigation of darge number of magnet configurations.
essentially consists ithree magneblocks placed at the The ESRF ID group is presently starting the construction of
endwith some air gaps. For a 70 mperiod and NdFeB several helical undulators of the APPLE Il type wikbriods
material, the normal block dimensiorae 35 x 35 x17.5 of 38 and 88mm. In bothcases aermination similar as
mm (horizontal x vertical x longitudinal). The magnets dhat of Figure 7 hadeen optimized whiclproduces a
type HL, Wand HW (See Figure 7havethe samecross- maximum field integral variations with phasend gap
section but alifferent longitudinal dimension equal to smaller than 10 Gem. Note thRADIA can also beused
11.7, 8.7and 7.3 (respectively). The air gap is 5 mm (2o designthe termination ohybrid undulatorsandwigglers
mm) betweenthe HL and W ( W ancHW) magnet blocks. with reducedfield integral variations with gap. Example of
The two air gaps have been optimizedréducethe vertical such hybrid terminations can be found in [9].

field integraldependences. phaseshift. Figure 8presents
the predictedfield integral vs.phase of thehree type of
extremities discussed above. They are all computed for a
mm period atthe minimum magnetic gap of 16 mm
assuming a symmetric (anti-symmetric) configuration of the
vertical (horizontal) field components.
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Figure 9: Vertical field integra¥s. phaseand gap computed
for the new termination shown in Figure 7.
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