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A contract for multipole superconducting wiggler design and fabrication between the University
of Saskatchewan (Canada) and Budker Institute of Nuclear Physics (BINP) was signed in October
2003. The wiggler with the photons energy range from 4 to 40 keV, the maximum field 1.9 T and
the period length as small as possible was required for the micro-XAFS beamline. In 2004 the 2 T
63-pole superconducting wiggler with the average period length 34 mm was fabricated at BINP. To
eliminate the undulator type spectrum the periodicity of the wiggler was broken. A new approach to
the cryostat design enabled the long time (up to 6 months) machine operation without liquid helium
refilling (LHe consumption < 0.03 I/h). In January 2005 after successful tests the wiggler was installed
on the Canadian Light Source (CLS) storage ring with the energy 2.9 GeV. The main parameters of the
magnet and the cryogenic systems as well as magnet measurements data, cryogenic system test data and
experimental results during machine operation on the CLS storage ring are presented.

B okta6pe 2003 r. mexny Yuusepcutetom C ck weB H (K v 1) n UAD um. I U. Bynkep CO
PAH 6b11 3 KJTI0YeH KOHTP KT H M3TOTOBJIEHHE CBEPXITPOBOMSIIETO BUITIIEp U1 CT HUUKM MUKpo-XAFS
B LlenTpe cunxporponHoro usnydenus CLS. Burrep momxeH ObUT HOKPHIB Th HEPTeTHYECKYI0 0Ol CTh
¢otoHoB 4-40 xoB npu M kcum npHOM mose 1,9 Tn u MuUHUM JIBHO BO3MOXHOM nepuoge. B 2004 r.
63-momocHbIi BUTTIep ¢ p 6ounMm mosneM 2 Tn mpu cpenneMm nepuone 34 MM ObUT CKOHCTPYHPOB H U
n3rotosieH B USI®. g Toro 4yTo6sl M30€X Th M3pe3 HHOCTH CHEKTpP , MEPUOIMYHOCTD BUTTIEp ObLT
H pymreH . HoBblif moagxog K KOHCTPYKLMM KPHUOCT T 0OecredyrT BO3MOXKHOCTh MIHMTENbHOH (Gomee
6 mecsueB) p 60THI ycTpoiicTB 6e3 3 mp BKH XuIkuM remueM (p cxop remus menee 0,03 mutp B 9 c).
B auB pe 2005 r. mocne yCHemHbIX HCIBIT HU OH OBUT YCT HOBIEH H H KomuTenbHoM Kombie CLS
¢ sHeprueil 2,9 [®B. B H crosmee BpeMs Bexyrcs KcliepuMeHTHI 1o uccrienos Huio CH. B p Gore
I eTCsl ONHC HUE M THUTHOM U KPHOT€HHOW CHCTEM CBEPXIPOBOJSIIETO BUITJIEP , MPHUBOLITCS I HHbIE
10 M THUTHBIM M3MEPEHHSIM, HCIIBIT HHUIO KPUOTEHHOH CHCTEMBI ¥ pe3ylIbT THI p OOTHI BUITIIEP C ITyYKOM
2JIeKTpOHOB H H komutene CLS.

INTRODUCTION

A superconducting 63-pole wiggler (SCW) for CLS has been designed and fabricated at
Budker INP (Novosibirsk, Russia) according to technical requirements of the contract signed
between the University of Saskatchewan (Canada) and Budker INP. In 2005 the wiggler was
successfully tested at CLS site and installed on the storage ring (see Fig. 1). The wiggler has
been developed as a powerful synchrotron radiation source in photon energy range 4-40 keV
for the micro-XAFS beamline.

The SCW represents a magnetic system consisting of 63 bending magnets with transverse
magnetic field [4]. Field amplitude in the median plane is 2 T. Superconducting windings are
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Fig. 1. Photo of 2 T 63-pole superconducting wiggler for Canadian Light Source

made from Cu/Nb-Ti wire. The magnet is placed into the liquid helium vessel at temperature
4.2 K. The SCW system consists of:

e Magnet system;

e Cryogenic system with insulating vacuum;

e Power supplies and quench protection system.

Control system designed for SCW system control and monitoring includes temperature
probes, LHe level meter, gas helium pressure meter and interlock system. It allows one to
obtain system state information and to provide reliable device protection.

1. SPECTRAL CHARACTERISTICS OF WIGGLER RADIATION

Multipole wigglers represent sign-alternating magnetic structure with many poles with
high magnetic field [1]. Electron beam passing through multipole wiggler concentrates SR
from all poles into the same horizontal angle and increases photon flux. In an ideal case, for
infinitely long periodic wiggler and for zero energy spread in electron beam the spectrum of
radiation is a line spectrum with peak energy values defined by the expression

2v2hn
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where n is the harmonic number; ~ is the relativistic factor; Ay is the undulator period; By
is the magnetic field amplitude in median plane; K is the undulator parameter defined by the
relation

K = 0.934\[sm| B[T]. )

The maximum of radiation intensity from the wiggler corresponds to harmonic number
Nuax = 3/8K3. 3)

For the CLS wiggler the above parameters are: K ~ 6.3, Nmax ~ 95 and photon energy
of the basic harmonic is equal to 0.11 keV. In real situation the spectrum of radiation is
continuous due to final number of the wiggler periods, existence of energy and angular spread
in electron beam.
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Fig. 2. Spectrum of radiation from CLS SC wiggler

The presented wiggler has a rather complicated spectral structure (see Fig. 2) with transition
from the undulator radiation spectra to the spectra of sign-alternating bending magnets array
(wiggler) depending on the energy of photons. XAFS experiments require smoothness of
spectrum in range 4-40 keV. Effects of electron beam energy spread and final number of
wiggler poles are not enough for spectrum smoothness in photon energy area 4-10 keV. To
provide the required spectrum smoothness in low energy range it was decided to bring a
casual disorder in the wiggler periodicity.
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2. WIGGLER MAGNET SYSTEM

Superconducting NbTi wire with lacquer insulation was used to produce the wiggler coils.
The parameters of the superconducting wire can be found in Table 1.

Table 1. Superconducting wire parameters

Wire diameter with/without insulation, mm 0.91/0.85
Ratio of NbTi : Cu 1.4
Number of filaments 312
Critical current at 7 T, A 510-550
Number of filaments in wire 312

The magnetic field on the wiggler median plane is created by 122 central and 4 side
coils wound over the ARMCO-iron cores. The shape of the central pole is a racetrack type
with dimensions of 88 x 16.6 mm and a height of 23.85 mm. Central coils are energized
by two independent power supplies with maximum current 400 A each, where currents are
summarized. Additional 4 side coils are energized by one power supply giving a possibility
to adjust first field integral to zero [2, 3].

The ARMCO-iron yoke is used to return the magnetic flux and to support the coils. The
length of the magnet yoke is 1120 mm. The yoke includes two parts which are placed
symmetrically above and below the median plane of the wiggler. The upper and the lower
wiggler parts are supported by the nonmagnetic stainless steel slab located symmetrically
between the halves. The additional iron plates between the upper and the lower halves are

BT
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2.15

Quench number

Fig. 3. Quench history of the wiggler magnet inside a bath cryostat
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used to close the stray magnetic flux. The dimension of the vertical magnetic gap between
the coils is equal to 13.5 mm.

Training of the wiggler coils by quenches was carried out during wiggler test. Magnetic
field of 2.2 T in the median plane was achieved after 7 quenches. Quench history is shown
in Fig. 3.

3. WIGGLER CRYOGENIC SYSTEM

The cryogenic system consists of external housing, 60 K shield, 20 K shield, liquid helium
vessel, throat, vacuum chamber with a copper liner, upper flange, filling tube, two Leybold
4.2GM One Watt System coolers, two shield Leybold Coolpack 10MD coolers and an ion
pump. The SCW magnet is placed into a special liquid helium vessel having a working
volume 330 1 of liquid helium.

Two shield screens to reduce the irradiation heat flux from outside surround the inner
liquid helium vessel. The temperature on the outside shield screen is about 50 K, on the inner
one it is 20 K. There is vacuum insulation between the helium vessel and the 20 K screen as
well as between the both screens and 50 K shield and an external warm stainless steel vessel
to reduce the heat flux.

Normal conducting current leads

\L

Cooler 4.2GM

External flange

Heat conductor
Electrical conductor
60 K cooler stage

4 K cooler stage

Fig. 4. Assembling of current leads with cooler

Two pairs of current leads are used for feeding the magnet with current 400 A. These
current leads are the main source of heat in-leak into liquid helium vessel due to both heat
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conductivity and joule heat. Each current lead consists of two parts: normal conducting brass
cylinder and high-temperature superconducting ceramics. One pair of current leads assembled
into one block together with the 2nd stage cooler 4.2GM (see Fig.4) which is placed in the
insulating vacuum of the cryostat. The junctions of normally conducting and superconducting
parts of current leads are supported at temperature 50-65 K by the first stage of coolers. The
lower part of a superconducting part of the current lead is connected with superconducting
Nb-Ti cable and supported at temperature below 4.2 K with the help of the second stage of
the coolers. This design allows one to obtain average liquid helium consumption less than
0.03 1/h and provides liquid helium refilling about one time per year at normal operation
conditions.

The wiggler vacuum chamber for electron beam is a part of liquid helium vessel and has
a temperature of 4.2 K. To prevent liquid helium consumption due to electron beam heating
a copper liner is inserted into the vacuum chamber.

The insulating vacuum system purposes to reduce the heat flux from the warm external
walls of the cryostat to the inner helium vessel through a residual gas. The common insulating
vacuum occupies a volume between the internal part of the SCW housing and the external
part of the liquid helium tank joined together. A required vacuum for cryostat operation is
equal to 107°—10~" Torr.

4. POWER SUPPLIES AND QUENCH PROTECTION SYSTEM

DANFYSIK Magnet Power Supplies 883 (400 A/10 V, £25 ppm long term stability,
RS232 interface) are used for magnet energizing. The power supply units are used to feed
the central and side coils. Superconducting coils of the wiggler are protected from damaging
during quench by shunts with resistance of 0.1 {2 and cold diodes.

5. TEST RESULTS

SCW system tests included procedure of cooling down and warming up, demonstration
of field stability at maximum field, fine tuning of currents in the magnet for zero field
using stretched wire method (see Fig.5), Hall probe measurements for field mapping, LHe
consumption tests, etc. The main wiggler parameters are presented in Table 2.

The temperature behavior of main temperature probes, measuring temperatures at various
points of the system versus wiggler magnetic field is shown in Fig.6. The main effect of
temperature increase is seen at the top ends of superconducting high-temperature current
leads at maximal currents in the magnet. The temperature growth is within the allowed limits
and does not influence the liquid helium consumption in the system. During the wiggler
commissioning at field 2 T the zero value of liquid helium consumption was found.

Magnetic measurements with the use of two Hall probes as perpendicular array were
conducted at the following field levels: B = 0 (after slow ramping down), B = 1 T,
B=16T, B=18T, B=2T, B =0 (after quench) at = 0, z = 0. For field level
B = 2 T the magnetic measurements were done for x = 0, £5, 10, 15 mm. The results
of these measurements are shown in Fig. 7.



A Multipole Superconducting Wiggler for Canadian Light Source 39

0.0017 Ist integral a 25
0.0008j ______ B, T F
. 0.0006 f — Istintegra, T*m  _ _ - -- -2
—
=
2
E
g
[
=
)
Q
E
—0.001\\\\\\\\\\\\\\\\\\\\\‘\'0
7 8 9 10 11 12 13 14 15 16 17 18 19
Time, min

Fig. 5. Dynamics of wiggler first field integral during field ramping

Table 2. Main SCW system parameters

Parameters Required value Real value
Period length, mm ~ 33 34
Number of pole 63 63
K value ~ 6 6.5
Vacuum chamber (vertical), mm 9.5 9.5
Vacuum chamber (horizontal), mm 50 50
Pole gap 13.5
Temperature of the vacuum chamber, K 15-20
Shield screens temperature, K 20, 50
Electrical current in the coils, A 730
Time between LHe refilling, months 3-6 6-12
LHe volume of the cryostat, 1 330
Working magnetic field, T 1.86 2
Achieved magnetic field, T 2.2
Ramping time 0-2 T, min 5 5
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Fig. 6. Main temperature probes values versus time at different field levels of the wiggler
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Fig. 7. Hall probe measurements

CONCLUSIONS

Planar type superconducting 63-pole wiggler with short period 34 mm was successfully
tested and installed on the CLS storage ring. The maximum magnetic field 2.2 T was achieved
after 7 quenches and 2 T magnetic field level is acceptable for routine operation. Average
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liquid helium consumption was defined as 0.03 1/h. The electron beam is moving through the
wiggler inside copper liner with temperature 20 K.

In the first weeks of May 2005, the Hard X-Ray Micro-Analysis beamline staff obtained
monochromatic X-ray using radiation from the wiggler.
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