7 TESLA 17-POLE SUPERCONDUCTING WIGGLER FOR BESSY-II
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7 Tesla 17-pole superconducting wiggler with a 19 mm magnetic gap and 148 mm in period have been
fabricated in the Budker INP for the first time in the world. The maximum magnetic field, which can be generated
on the central 13 poles, is 7.45 Tesla. To minimize magnetic gap the cold vacuum chamber with liquid helium
temperature have been used. There is a 20 K copper liner inside the vacuum chamber to prevent it of heating by the
electron beam. The inside cross section of the copper liner is 13:109.9 mm. The irradiation power is 60 kW for the
electron beam current of 0.5 A and 1.9 GeV energy. The wiggler tests with the beam on the BESSY-II storage ring
had been performed on March 2003. The main features of the wiggler design and the tests results are presented in

this paper.
PACS: 29.17.+w,85.25.Ly

1. INTRODUCTION

The wiggler has been designed and fabricated in the
Budker INP for the BESSY-II storage ring for
generation of powerful X-ray radiation in the photon
energy range up to 100 keV for materials science. Main
parameters of the wiggler are presented in Table.

Number of poles

main 13

additional 4
Vertical aperture, mm 13
Pole gap, mm 19
Main pole length (period), mm 74(148)

Nominal magnetic field, Tesla 7

Maximum magnetic field, Tesla 7.45
Coil material NbTi
Electron energy, GeV 1.9
Beam current, A 0.5
Radiation power, kWatt 60
Stored energy, kJ 460
Liquid helium consumption, l/hour 0.3 -0.65

2. MAGNETIC SYSTEM

The wiggler has 13 main poles and 4 additional end
poles. Vertical aperture of the wiggler for the beam is
13 mm, and magnetic gap is 19 mm. The vacuum
chamber inside the wiggler is an internal part of a liquid
helium vessel and has a temperature of 4.2°K. A copper
liner is inserted into the vacuum chamber to prevent it
heating by an electron beam. The vertical gap between
the vacuum chamber and the liner is 1 mm. Thin
stainless steel spacers with a low heat conductivity are
used to provide the required gap between the liner and
the vacuum chamber. The liner has thermal contact to
the screen 20 K cooled by two cryocoolers.

Material of the coils is NbTi round wire. The period
of 148 mm has been chosen to achieve maximal
intensity radiation on photon energy ~14 keV at the
limited length of the storage ring straight section.
Maximal magnetic field obtained on 13 main poles is
7.45 Tesla. The working field is 7 Tesla. Coils of the
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central poles and % poles have two sections. The photo
of the central pole is given in Fig. 1. The points of load
lines of internal and external sections describing a
condition of a superconducting wire in the coil (at 7
Tesla in median plane) relative critical curve for a short
sample of superconducting wire is given in Fig. 2.

Fig. 1. The coil of the wiggler
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Fig. 2. The points of load lines describing a condition of
a superconducting wire in the coil relative critical
curve for a short sample of used wire

Two power supplies are used to feed the wiggler
magnetic system. The currents on 7 Tesla magnetic field
for first and second power supplies are equal to 145 A
and 197 A correspondingly. The first current feeds
internal sections of central coils, internal sections of %
coils and whole % coils. The second current feeds
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external sections of % coils. The sum of two currents
feeds external sections of central coils. Such circuit
gives an optimum current - field ratio on windings of
the central poles, and keeps first field integral close to
zero for any field level.

Special bandaging system is used to prevent winding
wire motion under ponderomotive forces action. The

bandaging system consists of two pair stainless steel
thick plates, stretched together by eight bronze studs.
The drawing of wiggler magnetic system is given in Fig.
3.
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Fig. 3. The wiggler magnet system

3. MAGNETIC MEASUREMENTS

A special measuring system was made for magnetic
field mapping. Complexity of this system is caused by
application of the cold vacuum chamber and 20°K liner
in the wiggler and as consequence - impossibility to
work on open air. The measuring system consists of a
frame with two motions (one on each side of wiggler),
directing tube (antechamber) with the Hall probe inside
and two bellows. The frame is motionlessly fixed on the
wiggler. Directing tube passes inside the 20°K liner.
Between this tube and the liner is vacuum to reduce heat
inleak. During scanning of the tube inside the liner there
is a possibility to synchronize motions of the tube ends.
The vertical moving of directing tube is made manually.
The ends of a tube are hermetically connected to the
ends of the cold vacuum chamber through bellows.
Thus the vacuum volume limited to the cold vacuum
chamber, directing tube and two bellows is formed.
Inside a tube there is a Hall probe, which is actuated by
a horizontal drive of motions through a kevlar fiber.

Stretched wire method for field integrals
measurements was used. To realize this the Hall probe
was removed from the tube, and stretched wire was
passed.

Transverse magnetic field distribution of one of
central poles is given in Fig. 4. Parabola with factor
50 T/m* with X* is represented in the same figure. Thus
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on the central pole the magnetic field sextupole
components does not exceed 100 T/m?.

Longitudinal magnetic field distribution on a level
7 Tesla as well as angle orbit deviation and orbit
distortion along the wiggler is shown in Fig.5.
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Fig. 4. Transversal magnetic field distribution on the
central pole. (Solid curve- measurements, dot curve-

parabola with factor 50 T/m’ with X?)

Residual fields in wiggler do not exceed 7-107 Tesla
and 4-10° Tesla after slow down the field from
maximum level, and after quench, respectively. The
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ratio of the currents of first and second power supplies 0

requested for zero first field integrals at any field level I, A

were obtained with the stretched wire method (Fig.6). 165 >
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i - | 4. CONCLUSION
a0 : Superconducting 7 Tesla multipole wiggler with 17
fa |"I ' poles was designed, fabricated, successfully tested and
, . \ | / installed on the BESSY-II ring with parameters as
mrad il [ requested. It was demonstrated good agreement between
o — \ | \ calculated and measured magnetic field properties.
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axis. The cross coordinate of the electron flying through
the wiggler, depending on longitudinal coordinate
CBEPXITPOBOJAIIUI CEMHAJIIHATANIOJIOCHBII 7 Ta BUTTJIEP JIJ1S1 BESSY-1I

C.B. Xpywiés, M.B. Ky3un, H.A. Me3enyes, E.I. Muzunckas, B.B. Penkos, B.M. llykanos, B.A. IlIkapyoa

B Uncruryre sinepHoit ¢pusuku um. I'U. Bynkepa CO PAH BriepBbie B MUpe CO3/1aH CBEPXIPOBOSIIMNA 17-
TIOJIFOCHBIHM BUTTIIEp C mepuogoM 148 MM, MEXIOIIOCHBIM 3a30poM 19 MM U HOMuHanbHBIM nosieM 7 Ti. Ilpu aTom
MaKCHMaJIbHO JIOCTUTHYTOE Toie Ha 13-Th OCHOBHBIX momrocax cocTaBisier 7.45 Tn. C menpio yMEHBIIEHUS
MEXKIOJIIIOCHOTO 3a30pa TNPHMEHEHa BaKyyMHas KamMepa, HMMEIOIas TeMIeparypy KuAkoro remus. UToOs
MIPEAOTBPATUTh HArpeB ITyYKOM BaKyyMHOW KaMepbl, BHYTpH He€¢ IIOMEINEH MEAHBIH JaiiHep, WMEIomni
temreparypy 20 K. Pa3mepbl mnomepedHoro ceudeHuss BHYTPEHHEM dYacTH MEAHOIO JIalHEpa COCTaBISIOT
13x109.9 MM. MomHoCTh M3My4YeHHs U3 BUrTiepa npu Toke mydka 0.5 A u sneprum 1.9 I'sB cocrasnsger 60 xBrT.
WcnplTanus Burmiepa ¢ mydkoMm Ha HakonutedabHOM Konble BESSY-II B Bepnuue Obiiv mpousBeneHbl B MapTe
2003 r.

HAJIMMPOBIJTHUI CIMHA LS TUIIOJIIOCHUM 7 Tn BUTTJIEP 1151 BESSY-II
C.B. Xpywios, M.B. Ky3in, H.A. Me3enuyes, €.I. Mizcincoka, B.B. Penxoe, B.M. I[ykanos, B.A. LlIxapyba

B Incruryti simepHoi ¢isukm iMm. I'.I. bynkepa CB PAH Bmepme y cBiTi CTBOpeHHMH HanmpoBimHuit 17-
MTONFOCHUH BHTTIEp 3 mepiogoM 148 MM, MiXKIOIIOCHAM 3a30poM 19 MM 1 HoMmiHamsHEM ToneM 7 Ti. Ilpu mpomy
MaKCHMAaJIbHO JOCSATHYTE ToJie Ha 13-TH OCHOBHUX Mojrocax ckianae 7.45 Ti. 3 MeToro 3MEHIIEHHS MiXKIIOIFOCHOTO
3a30py 3aCTOCOBaHA BaKyyMHa Kamepa, 10 Mae TeMmreparypy piakoro remito. [1[o6 3amo0irtu HarpiBaHHsS ITy4KOM
BaKyyMHOI KaMepH, ycepearHi Hel po3MilleHo MigHMH JaiiHep, mo Mae Temneparypy 20 K. Posmipu monepeunoro
nepepiza BHYTPIMIHBOI YaCTHHH MimAHOro JyaiiHepa ckiagaroTh 13x109.9 M. TTOTYXKHICTH BHIPOMIHIOBAHHS 3
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Burriiepa npu crpymi mydka 0.5 A wu eneprii 1.9 'eB cknagae 60 kBr. Icruty Burriepa 3 mydkoM Ha
HakonuuyyBasnbHOMY Kinbli BESSY-II y Bepuini 6ynu 3po6ineni B 6epesni 2003 p.
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