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END FIELD STRUCTURES FOR LINEAR/HELICAL INSERTION
DEVICES.

J. ChavanngeP. Elleaume, P. Van Vaerenbergh
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Abstract correction coils (active correction). Nevertheless,
systematicerrors can béully predicted and tesome
extent correctedusing a 3D magnetostatiaomputer
code (passive correction). In the particulaase of pure
permanent magnet undulators, the non yeitmeability
of permanent magnet materiglddFeB, SmCo) can be

magn'et|c design of theﬁe]d termmaﬂpn. The paper responsible for a non-zero field integganerated agach
describes severaluchend field terminations to beused : .
extremity of the undulator. The next sectigesent

for planar undulators. A new termination valid for everal designs of passively corrected terminations to be
APPLE Il undulator ispresentedvhich produces dield 9 P y

. - U]sed with either planar undulator or APPLE-II
integral variation smaller than 20 Gem for any useflﬁnear/helical undulators

setting of the magnetic gap and phase . It companigs '

favorably with other known type of terminations. 2 PLANAR FIELD UNDULATORS

1 INTRODUCTION Figure 1 presents a 3D view of a conventional termination
(type A) of a pure permanent magnet undulator. The
Isr;[ructure is terminated with a verticallgagnetized half
m%gnet.

The field integral tolerancesrequired onthird generation
synchrotron sourceare ofthe order of 10-20 Gem in the
whole gaprange of aninsertion device. This can be
achievedwithout electromagnet correction by proper

An ideal insertion device must not perturb tlesedorbit
and the dynamics of the electron beam in a storage ri
for any value of the magnetic gap. Theld integral is
defined as a function of the transverse coordinatasdxz -

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

The derivative ofthe field integrals vs. xand zmust
also be equal to zero. The second field integral defined as:

o s 0 0.0 Figure 1: 3D view of a conventional termination (type A)
J(x,2) = IEL[ B(X,z,5)ds %is - H]XE @) of a pure permanent magnet undulator (lower part only).
—00 00 z

The termination of type A shown in Figureptoduces
a significant variation of the field integral as a function of

must also beequal tozero. Two kind of magnetierrors 4, magnetic gafseeFigure 4). Thiscan be explained

are _in general_ responsible for non zero field integratail numerically by taking intoaccount ofthe non unit
devices.The first one that we also cdilandom errors” o meapility and the anisotropy of the magnetic material.
come from the non-uniformity of the magnetization in thg.y .\ the experiencemade with blocks from  various
blocks and from positioningrrors ofthe blocks.Because magnet suppliers, wéave foundthat NdFeB can be
they are largely unpredictabligis type oferrors cannot magneticallydescribedwith the remanent fieldgiven by

be taken into account &te designstage. Theycan be he sypplier and a linear (transverse) permeabilitgt. 06
reducedwith adequatehoice of manufacturing process of(1'17)' Two special end field structures havebeen

the permanent magnets such as die pressing mafior  jo5igned at the ESRF using the code RADIA [2]. The first
by characterizingmagnetically each block and then by .a called “B” isshown on Figure 2. It islerivedfrom
sorting_ and pairing the blocks in order_ qancelthe ﬁeld type A by adding atthe end anhorizontally magnetized
errors introduced by eadblocks. In addition, somefield 501 which longitudinal dimension (along  thaectron
integral shimming[1] can beused to reducethe fmal_ beam) is approximatelyequal to3/20 of theundulator
errors. Thesecondtype of errorthat we call “systematic period A,. As shown in Figure 4, type B termination

errors” originates from the extremities of the magneti¢yy,ces the field integral variations with gap  bfaaior
structure where the field periodicity is brokexperience 4 {4 5 Nevertheless contrary to type Addesnot allow

shows t_hat it is _difficult_ to_ efficiently correct the ¢ proper phasing between segmented undulators.
systematicerrors using shimmingand most people use
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Figure 2 :3D view of a termination of type B. 50 100 150 200

To satisfy both requirements  ofnegligible field ] . S ]
integral variation with gapand phasing between Figure 5: Second vertical field integral/extremity

segments, we have designed and implemented the typ§Q§1Puted forthe terminations of type A,nd C . The
termination shown on Figure 3. undulator period is 40 mnand the magnetare made of

NdFeB .
- 3 APPLE Il END FIELD
— STRUCTURES
Helical undulatorshased onthe APPLE Il structure [3]
—~ have beerbuilt or are underconstruction in a number of

facilities [4],[5],[6],[7] and at the ESRF. Theslevices are

pure permanent magnet structures. The magnet assembly
is split into four magnet arrays. Two magnet arrays, one
of the upper magnetrraysandone of the lower magnet
arrays aresimultaneouslydisplacedlongitudinally. The
associated motion isalledthe phasingand it results in a
change of the circulgpolarization from left to righhand

This termination includes a number of magnet bloc@de' Mo_st APPLE I unduIatorspunt n thg vv_orld are
with smaller horizontal sizes, some of which have a{ﬁhade with NdFeB bIockgndtermlnatgd as |rF|gure L
inclined magnetization withrespect to the verticaxis. e non_—unlt pgrmeablhty oNd_FeB Is responsible for
This termination also presents taevantagethat an air someresidual fieldintegrals whichdepends orboth the
gap of 6 mm(for a 42 mm period) ideft between two gap and the phase (see [8]).
undulator segments while preserving timerect phasing
for any useful gap value. Alpure permanent magnet
undulators of the ESRF include terminations of type B or
C depending onthe phasingrequirements.From the
reasons explained above, Type C structure isptéferred
one. It hasbeen implemented to undulatgreriods
ranging from 20 to 42 mm.

blocks with tilted magnetization

Figure 3: 3D view of C type termination

Figure 7: New end field structure forAPPLE Il type
helical undulators.

Field integral [G.cm]

Recently, amodified termination structure haseen
designed aELETTRA for the construction of aumber
of APPLE Il devices[6]. This type of termination has
Figure 4:Vertical field integral/extremity computed for been optimized to produce displacement free trajectory and
terminations of type A, B or C. Thendulator period is a reduced fringe field but the residual fighdegral islarge
40 mm andhe magnetrre made of NdFeB The crosses andthe operation of such device atthe ESRF would

?re Fhet' field integrals ~measured on anexisting require the used of an active correction. Figure 7 presents a
ermination.
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novel type ofend structure which greatlyreduces the automatic investigation of a large number of magnet
field integral variations induced byoth the gamnd the configurations. The ESRF ID group is presently starting
phase. It essentially consists in three magnet blocke construction of several helical undulators of the
placed atthe end with some air gaps. For a 70paned APPLE |l type withperiods of 38and 88mm. In both
and NdFeB material, the normal block dimensia@re 35 cases @ermination similar as that of Figure 7 hhsen

x 35 x 17.5 mm (horizontal x vertical x longitudinal).optimized whichproduces a maximum field integral
The magnets of type HL, Veind HW (See Figure 7have variations with phasendgap smaller than +10 Gcm.
the same cross-section but different longitudinal Note that RADIA can also be used to design the
dimension equal t011.7, 8.7and7.3 (respectively). The termination of hybrid undulators and wigglers witlluced

air gap is 5 mm (2 mmbetweenthe HL and W ( W and field integral variations with gap. Example of suwbrid
HW) magnet blocks. The two air gapsave been terminations can be found in [9].

optimized toreducethe verticalfield integral dependence
vs. phase shift. Figure 8 presents tipeedicted field
integral vs. phase of ththree type of extremities

. B
discussed above. Theyare all computed for a 70 mm b5
period at the minimum magnetic gap of 16 mm assuming
a symmetric (anti-symmetric) configuration of thertical g
(horizontal) field components. g
el
o e 8
T 2
O 100 - Conventiondl . —_—
= i - ELETTRA  ° ‘ i
B e g 3 ESRF NI | 0 5 0 15 20 25 30 35
€ 1 S NI Phase shift [mm]
b TN Figure 9: Vertical field integral vs. phaseand gap
£ S computed for the new termination shown in Figure 7.
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longitudinalandtransverse dimensions to tperiod and
obtain areasonable correctidout a short re-optimization

is likely to further improve the correction. THRADIA
code has been found to be quite efficienttfis task. A
single structure is solve@nd the field integrals are
computedwithin 30 seconds, allowing a systematic and
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