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Abstract . . .
2.1 Mechanical design of the carriage

57 Insertion Devices (IDs) segmersi® now in operation ) . . o
in the ESRF Storage Ring serving 29 beamlines. The carriage and its vacuum system is shown in Fig.1.
review of the presengituation is madetogether with a
detailed description of the recentlybuilt in-vacuum
undulator. The mechanicahd magnetic designs together
with the pumping and conditioning with beam are
described. Nolifetime reduction is observedor any 7
magnetic gapargerthan6 mm. Asummary ismade of
the most important properties of several new innovati
IDs including the3 T permanent magnet wiggler, the| ™
quasi-periodic undulatoand the fast switchinghelical
undulator.

1 INTRODUCTION

The European Synchrotron Radiation Facility (ESRF) is a/
third generation synchrotrolight source optimized to
produce high brilliance X-rays in the 1-100 kedhge by
means of Insertion Devices. The IDs consist of 1.6 m
long segments. A complete 5 m long straight sectidrigure 1: In-vacuum undulatorcarriage andvacuum
accommodates thresegments. At present, 57 segment8ystem

are in operation representing a cumulative length of 90 m_ o

and serving 29 ID beamlines. The IBeebuilt according _ This presents twaemotely-controlledmotorizations.

to the specificequirements of eacheamline user. As a Theé main one isledicated tothe magnetic gap tuning
result, more than 3@lifferent magnetic designs hamen ranging from 0 to 30 mm at a maximum speed ohrh/s
implemented. Almost all IDsare made ofpermanent @nd aresolution of 0.6 um. The other (theffset)
magnets with magnet blocks in the open air on Isidbs vertically translates the full magnet assembly faqrecise

of a fixed aperturesacuum chamber. More than 80% of€ntering of the electron beam in timéddle ofthe gap of
IDs are low field undulators which provide a record the undulator inorder to maximize the beam lifetime at
brilliance of up to1.5x13° Phot/s/0.1%/mAtmradt. Due Small gaps. The offset, rarely used, enablesranediate

to a mechanicand magnetic shimming process, the rmde-alignment following any possiblground settlement.
phase errors ofthe large majority of conventional Stepper motors and absolute encoders are usedvioand
undulatorsare inthe 1-2degreerange atany useful gap, Monitor each motion. To minimize the size of the
allowing safeoperation on high harmonic numbers. Th¥acuum tank, arigid girder is placed in the open air on the
high energy range abow0 keV is covered bywigglers outside of the vacuum. This minimizes tUeformati(_)n
with a moderatebrilliance. In an attempt to shift the under the magnetic load. A smaller cross-secgioter is
undulator spectrum to higher energies, an in-vacuuffated inthe vacuum. Bottgirders arelinked to each
undulator has beebuilt and isnow in operation. It is other by eight connectingods equippedwith UHV
described in detail in Section 2. Other new special IDs &8llows.

briefly discussed inSgction 3, sugh as .thé Tesla 29 Magnets

permanent magnet wiggler, thaguasi-periodic undulator

and the fast switching helical undulator. The magnet structure is a hybrid structure withpé&iods
of 23 mm. It isexpectedthat in extremesituations the
2 IN-VACUUM UNDULATOR gap will be the limitingaperture.This may result in a

possible scraping of the electron beam by rtegnetic
assemblies. To minimize any risk afemagnetization
from exposure to the electron beam [1] a grade ofC3m
V&&COR%, produced byUGIMAG) was used for the
magnet instead of the NdFeB material used in
conventional undulators. The magnetic properties of

An in-vacuum undulator, designeddbuilt at theESRF,
was installed in the storage ring durithge 1999January
shutdown. The commissioning took onlyfeav days and
less than a week after it had received the first beam, it
in use on the Material Science beamline, ID11.
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Sm,Co,;, are more resistant to highemperatureand to junction betweenthe flexible transitionand the magnet
irradiation by electrons. The penalty is a 15ré6luction assembly. However, over théirst two months of
in magnetization. The magnet blockse protected by a operation the thermocoupleplaced onthe poles at 1/3
Nickel galvanic coating (1um thick) which simplifies and 2/3 length of the undulators, never exceeded 40 °C.
the cleaning of the magnet surfaces. Following the S ] B A R
delivery of the magnet blocksand soft iron poles T g
(ARMCO steel), a special cleaningequence[2] was % %
applied: degreasing with Perchloroethylene vapour (at 128
°C), followed by an ultrasonic cleaning in an alkaline bathg
(at 60 °C),andfinally rinsing with deionised water in an
ultrasonic bath (at 60 °C). As a result of this cleaning,
small magnetization loss of 0.25 % waseasured.
Following the assembly of magnahd poles, and after
magnetic correction, a Cu-Ni sheet (i.e. a B0 thick 101
ribbon of Ni, plated with a deposit of 10m of Cu) was

placed onthe surface ofthe blocksand poles. Copper is

used as aneans of conducting the return current flowing

at thesurface ofthe blocks thereby minimizing thieeat 2.4 Effect on the electron beam

deposition. Nickel is magnet@ndmaintains the sheet in ) ) )

close contact with the polaceswithout anycorrugation DPUe€ to & lack of time, it was not possibledarrect and
(permanent or heatload induced@he small thickness of SNiM the magnet structure in the same way otteer
Nickel produces anegligible reduction ofthe undulator COnventional undulators. ~ As eonsequence, a residual
field. At both upstream and downstream extremities of thg'd integral of 150 Gem wasbservedand later corrected
magnet structures flexible transitionge installed. These With coils. No lifetimereductionwas detectecbeyond 43

provide asmooth transitiorbetween the verticaperture N0UrS (8 hours) when the magnetic gap veaisiced to 6
of the adjacentchambersand the vertical gap in the MM (5 mm) in the 200 mA 2/3 fillingnode(80 mA 16
undulator  thereby minimizing any impedance bunch mode). Due to a heatload limitation in fioat-end

discontinuity of the vacuum chamber. In addition, sonf't of the beamline, the minimum gap for usperation
RF masksare placedaterally all along the 1.6 m long @ 200 MA has been left for the moment at 8 mm,
undulator onboth sides of the magnet structure tgrowever, it is likely that it will be reduced to 6 mmin the
minimize the penetration of high order Rfodesinto the N€&r future. These lifetime observatiarenot surprising
rest of the vacuum tank. Thesesksare equippedvith since the lifetime igdefined bytwo scrapers permanently
holes to provide sufficient pumping conductance. closed at 5 mm during the user mode of operation.

2.3 Vacuum System 2.5 X-Ray Spectrum
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Figure 2: Vacuum conditioning curves
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The vacuum tank igquippedwith two 230 I/sand one Fig. 3 presents thandulator spectradlux computedwith

400 I/sec ion pumps as well as two Titanium sublimatorXW [3] for @ gap of 8 mnand 6mm. Someoverlap of
each 1000 l/sec. Before inserting the magnetic assemblff§ harmonics is observed due to the small horizdretal
the vacuum tanknd pumpswere baked a200 °C for 20 function of the ring lattice at theource(0.5 m) which
days. A number of bake-outs were later performed with thSults in darge angulaspread ofthe electronbeam. An

magnet assemblies in place at a maximemperature of 2ngular spectral flux six times higheand narrower
120 °C for several daysFig. 2 shows thepressure harmonicsare expected ithis undulator isplaced on an
recorded in three places inside the vacuusystem, €VeN straight section where the horizontal beta function is

normalized to the circulating ringurrent(mbar/mA), as a 'arge (36 m). .
function of the timeintegratedring current(A.h). Such ~ Again, due to a lack of time, an unusudiyge phase

plots areroutinely performed athe ESRF following any ©€MOr was left, resulting in eeduction of thg angular flux
replacement of a vacuum chamber. As a result BF' unit surface onthe peak ofthe harmonicsCompared

extensive cleaning, bakingand pumping, a rapid to an ideal undulator, the angular flux on harmoniit® 5

conditioning of theundulator chambewas possible, 21d 7 is expected to b@.97, 0.74, 0.6and 0.5
thereby making it immediately available to the usef&ESPECtively).
without Bremsstrahlunglown to amagnetic gap of 8
mm.
On both magnet jaws, some coaxial thermocouples
were fitted on the flexible upstreanand downstream
transition sections as well as on the poles. eXpected,
the highesttemperature ofLl20 °C wasobserved at the
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Figure 3: Spectrum through a 0.1 x 0.1 naperture
located at 40 m from the source computed for am@ 6
mm gap

3 SPECIAL IDS

3.1 Three Tesla Wiggler

A 3 Tesla asymmetric wigglemade oftwo periods of
378 mm, has been built [4]. It is essentially faybrid
designwith polesmade of VACOFLUX 50 and magnets
made of VACODYM 383HR. The magnetidesign was
made in 3D using the RADIAcode[5]. The measured
peak field reaches 3.13 T for a gap of 11 rfseeFig. 4)
and 3.57 T for a gap of 6 mm. Thdvantage osuch IDs

3.3 Fast Switching Helical Undulator

A new fast switching linear/helical undulator hibsen
built and measurefi7]. The verticalfield of this ID is
produced by a coil and a laminated iron structure while the
horizontal field is produced by ararray of permanent
magnetdocated betweethe poles. The spatigleriod is
80 mm andits length is 1600 mm with geak field
around 0.2 Tesla. A fast flipping of thecircular
polarization from left to right isnduced byreversing the
currentfrom + 250 A to — 250 A within a timepan
which can be ashort as 6 ms. Initial testsave shown
that a dichroism signal as low as“@an bedetected
within a few minutes of integration time [8]. Thivice
opens many new scientific opportunities.
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Figure 4: Field Plot of the 3 Tesla wiggleeasured at a
gap of 11 mm.

3.2 Quasi -Periodic Undulator

3T

2 |
]

A

Gap=11mm
—— Measured

-

Vertical Field [T]

o

[1] P. Colomp, T. Oddolaye, P. Elleaume, “Demagnetization of
Permanent Magnets to 180 MeV Electron BeaESRFInternal Note,
ESRF/MACH-ID/93-09 and J. Chavanne, P. Elleaume, P. Van
Vaerenbergh, “Ageing of Permanent Magnet Devices aEBRF”", to

be published at RADECS 99

[2] P. Van Vaerenbergh, Internal ESRF Note, PVV/memo/98-44

[3] O. Chubar, P. Elleaume, "Accurate And Efficigdomputation Of
Synchrotron Radiation In The Near Field Region", proc. ofERAC98
Conference 1177-1179 (1998). SRW is freely available from

" http://lwww.esrf.fr/machine/support/ids/Public/Codes/software.html|”
[4] J Chavanne, P Van Vaerenbergh and P Elleaume, “Redla
Asymmetric Permanent Magnet Wiggler”, NIM A 421 (1999) 352-360
[5] P. Elleaume, O. Chubar, J. Chavanti€pmputing 3D Magnetic
Field from Insertion Devices", Proc. dPAC97 Conference, p.3509-
3511 (1997). Available from: "http://www.esrf.fr/machine/support/ids/
Public/Codes/software.html”

A novel and simple design of a quasi-periodic undulatorl6] J. Chavanne, P. Elleaume, P. Vstaerenbergh,’Development Of

has been tested [6]. It derivedfrom a conventionapure
permanent magnet undulator design &hyifting a few
magnet blocks vertically. Its mairadvantage is its
simplicity and high spectral fluxper unit length. A
rejection ratiogreaterthan 8 (11) has beeobserved on
harmonics 3and 5.With the experience gaineftom this

Quasiperiodic Undulators at th&SRF", Proc. of the EPAC98
Conference 2213-2215 (1998).

[7] J. Chavanne, P. Elleaume, P. Van Vaerenbergh, "A Né&est
Switching Linear/Helical Undulator", Proc. of tfEPAC98 Conference
p.317-319 (1998).

[8] A.Rogalev et al., To be submitted to SPIE.

prototype, a54 mm period quasi-periodic undulator was

designed, and is now undergoing final tests. The
fundamental harmonic dhis device coversthe 1-6 keV

energy rangavith alarge suppression of harmonics 3 to

9.

2664



