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Abstract modified to eliminate the horizontal offset of thkctron
orbit in the undulator, this eliminates the large values of

Four insertiondeviceshave beerdesigned andnanu- the vertical second integral for asymmetric configurations.

factured at DANFYSIK A/S, three undulators with 55, 50 he modified end section is shorter than thiaditional

and100 mmperiodand awiggler with 175 mmperiod. one, the variations of the integrated multipotesl second

The undulators have beemultipole- and spectrum integralsarewithin the specified rangevithout using the

shimmed [1],and are characterised Bmall phaseangle correction coils for all gap sizes.

errors (2-3°, small integratedmultipoles and a small

variation of thefield integrals with theundulator gap 4 THE 100 MM HYBRID UNDULATOR

without the needfor correction coils. The wiggler is

designedwith a “flat top” magnetidield to drive several A 100 mm period hybrid undulator has beelesigned

high energy beamlines simultaneously. Thétegrated andbuilt for the SU8 beam line at the 800 Meper-

multipoles are small and well within specifications, the ACO storage ring at LURE in Orsay, France. The

variation of the first integrals with the wiggler gap isnodified endsection design was used, the orbit for a 800

maximum 2 Gauss-meterand there is noneed to use MeV electron in the undulator at minimum gap is shown

correction coils at the 16 mm minimum gap. Allin Fig.1, there is no horizontal offset of the orbit. The

insertion devices designed and manufactunetbet the RMS phase error is shown in Fig. 2, it is less thaif 1

customer specifications with good margins. the two firstandlast polesare excludedThe RMS phase
error increases to°4at 70 mm gap, if the horizontal
1 INTRODUCTION correctioncoil is used to correcthe first integrals the

phase error can be reduced to ab8ut 2
Danfysik A/S has produced insertion devices for
synchrotron light sourcedased onelectromagnet and
permanent magnet technology since 1993. A total of
devices have been built, and four of the themm presented
here with special emphasis on the 100 menod hybrid
undulatorand the 175 mmperiod hybrid wiggler. The
specifications and the as-bugierformanceor eachdevice
are listed in Tables 1 and 2.
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A 50 mm period hybrid undulator has been . - - ; ;
- Fig.1.H tal (solid) and vert hed)rbits f
constructed fothe 600 MeV ASTRID storage ring in 82)90 Mevo;zcz;gﬂ(sm ) and verticiglashedprbits for &

Aarhus, Denmark. It wadesignedusing B3D[2], the end
sectionsare of traditional form with half thickness pole

and magnet block. Theundulator shows verysmall g‘) 25 '
variations in theintegratedmultipoles and the second < ' ®
integrals when changing the undulator géthout using L% 0o: " ‘.":.
the correction coils. 2 v '
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A 50 mm hybrid undulator3.9 m long, hasbeen 0 5 10 15 20 25 30 35 40

delivered to the SRRC synchrotron light source in Pole #

Taiwan. The specification calls for a high magnétd,

low higher order Fourier components in the magnfigid ~ Fig. 2. RMS Phase angle error at minimum gap.
andvery small transversaoll off. The central section of

the undulator waslesignedusing OPERA-3d[3]and the The variation of the first integrals with thendulator
end sections usingB3D[2].The end section design was 9gap without using the correction coils is shown in Fig. 3,
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the integrals are well within the specifieahge of+40 5 THE 175 MM HYBRID WIGGLER
G-cm for all gap sizes.

A high field wiggler with 175 mmperiod has been
designed anduilt for SPEAR Beamline 11 atSSRL,

£ 0 5---1% StanfordUniversity. The wiggler shalldrive two high
(é 10 54 A b PEEEE 3 energy beantines, one on the wiggler axandthe other
i) x '§--§--j;-;" at a 3 mrad angle for 3 GeV electron energy. Tédglires
g 20 x A- a vertical field configuration with wide maxima and
2 30 ‘;:_ 27 unusually long poles.
- I I I I I The central part of the wiggler has bedasignedusing
50 100 150 200 250 OPERA-3d[3] and the end sections usingB3D[2]. The
Gap (mm) wiggler is asymmetricand the end sections have been

designed tominimise thesecondintegralsand eliminate

Fig. 3. Normal (triangles) and skew (circles) first integra%]e need touse thecorrection coils at minimum  gap.

as function of the undulator gap. The correction coise pecial care hqs a]so been taken toeduce the
not used in the measurement. demagnetising fields in the permanent magnet blocks.

Table 1. Parameters for the hybrid undulators.

Parameter: Insertion Device:
55 mm Hybrid 50 mm Hybrid 100 mm Hybrid
Specification As Built  $ecification As Built  Secification As Built

Period Length (mm) 55 55.0%0.12 50 49.920.12 100 99.9%0.13
Minimum Gap (mm)) 22 22 14 14 39 39
Maximum Gap (mm) 230 230 230 230 230 280
Length of Magnetic < 2000 1980 < 3900 < 3900 < 2200 2155

Assemblies (mm)
Average Vertical Field at > 0.505 0.558 > 0.641 0.678 > 0.45 0.479

Minimum Gap (T) (18 mm (18 mm

Gap) Gap)

Number of Full Strength Poles 69 69 152 152 41 41
Total Number of Poles 71 71 154 154 43 43
Transverse Roll-Off at x£10 mm <6 3.6 <0.1 <0.1 2 1.3

for Minimum Gap (%)
Limits on Integrated Normal and
Skew Multpoles for All Gas:

Dipole (G-cm) 40 <10 50 <30 40 < 30
Quadrupole (G) 30 <8 50 < 36 30 <10
Sextupole (G/cm) 15 <8 100 < 37 15 <5
Octupole (G/cR 8 <2 300 <21 8 <2
Limits on Normal and Skew
Second Integrals for all - < 7600 50000 < 8000 15000 < 12000
Gaps (G-ci)

Spectrum Quality at
All Gaps (%):

Harmonics # 1 - > 80 ~ 100 -
Harmonics # 3 - > 80 > 945 -
Harmonics # 5 > 90 > 81 > 90 > 84
Harmonics # 9 > 75 > 67 > 75 >73
Harmonics # 15 > 50 > 55 > 50 > 69

Remarks: The correction coils waret used when measuring the integrated multipoles and the second integrals.
The spectrum quality for a given harmonics is defined as the ratio between the intensity of the real undulator

and the intensity of an undulator with a perfect sinusoidal field, the same number of poles and the same
effective peak field.
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Table 2. Parameters for the 175 mm hybrid wiggler

Parameter Specification As Built
Wiggler Period (mm) 175 175.1
Minimum Gap (mm) 16 16
Maximum Gap (mm) 170 170
Total Length of Magnetic Assemblies (mm) <2330 2310
Number of Full Size Poles 24 24
Total Number of Poles 26 26
Average Peak Field at Minimum Gap (T) > 1.90 1.99 (poles 3-24)
1.91 (poles 2 and 25)
Peak Field for End Poles at Minimum Gap (T) > 0.8 1.30
Peak Field Fall-Off at3 mrad Photon Angle (%) <11 9 (poles 3-24)
10 (poles 2 and 25)
Transverse Roll-Off at x£10 mm and Minimum Gap (%) <2 1
Integrated Normal and Skew Multipoles at Minimum Gap:
Dipole (G-cm) < 100 23
Quadrupole (G) <50 4
Sextupole (G/cm) < 100 40
Octupole (G/cA) < 150 120
Normal Second Integral at Minimum Gap (G&m 100000 24000
Skew Second Integral at Minimum Gap (GZm 100000 51000

Remarks: The correction coils waret used when measuring the integrated multipoles and the second integrals

The shape of the verticéield is shown in Fig. 4, the 2 R .
orbits for a 3 GeV electron through the wigglerFig. 5 S 1000 S .7
andthe first integrals over the interval |g| 3.6 cm in 3 oe S _ < oo
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Fig. 6. Normal (triangles) and skew (circles) first integrals

25T I ' I ' I ' I ' as function of x for 16 mm gap. Ttaashedliines show
1.70 1.80 1.90 2.00m the specified limits.
s (m)
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Fig. 5. Horizontal (solid) and verticédlashed)orbits for a
3 GeV electron through the wiggler.
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