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HistoryHistoryHistoryHistory
1979 1979 –– first in the world 3.5 Tesla superconducting 20 pole wiggler (SCW) for VEPPfirst in the world 3.5 Tesla superconducting 20 pole wiggler (SCW) for VEPP--33
1984 1984 –– 5 pole 8 Tesla superconducting wiggler for VEPP5 pole 8 Tesla superconducting wiggler for VEPP--22

l d h h f ( ) f bl d h h f ( ) f b1985 1985 –– 4.5 Tesla Superconducting Wave Length Shifter (WLS) for Siberia4.5 Tesla Superconducting Wave Length Shifter (WLS) for Siberia--1, Moscow  1, Moscow  
1992 1992 –– 6 Tesla superbend (SB) prototype for compact storage rings6 Tesla superbend (SB) prototype for compact storage rings
1996 1996 -- 7.5 Tesla superconducting WLS for PLS, South Korea7.5 Tesla superconducting WLS for PLS, South Korea
1997 1997 -- 7.5 T superconducting WLS  with fixed point of radiation for CAMD7.5 T superconducting WLS  with fixed point of radiation for CAMD--LSU (USA)LSU (USA)
20002000 –– 10 Tesla WLS for Spring10 Tesla WLS for Spring--8, Japan8, Japan2000 2000 10 Tesla WLS for Spring10 Tesla WLS for Spring 8, Japan8, Japan
2000 2000 –– 7 Tesla WLS with fixed radiation point for BESSY7 Tesla WLS with fixed radiation point for BESSY--2, Germany2, Germany
2001 2001 –– 7 Tesla WLS with fixed radiation point for BESSY7 Tesla WLS with fixed radiation point for BESSY--2, Germany 2, Germany 
2002 2002 –– 3.5 Tesla  49 pole SCW for ELETTRA, Italy3.5 Tesla  49 pole SCW for ELETTRA, Italy
2002 2002 –– 7 Tesla 17 pole SCW for BESSY7 Tesla 17 pole SCW for BESSY--2, Germany2, Germany
20042004 9 Tesla Superbend for BESSY9 Tesla Superbend for BESSY 2 Germany2 Germany2004 2004 –– 9 Tesla Superbend for BESSY9 Tesla Superbend for BESSY--2, Germany2, Germany
2005 2005 –– 13 Tesla superconducting solenoids for VEPP13 Tesla superconducting solenoids for VEPP--20002000
2005 2005 –– 2 Tesla 63 pole SCW for CLS, Canada2 Tesla 63 pole SCW for CLS, Canada
2006 2006 –– 3.5 Tesla 49 pole for DLS, England3.5 Tesla 49 pole for DLS, England
2006 2006 –– 7.5 Tesla 21 pole SCW for Siberia7.5 Tesla 21 pole SCW for Siberia--2, Moscow2, Moscowpp ,,
2007 2007 –– 4 Tesla 27 pole SCW for CLS, Canada4 Tesla 27 pole SCW for CLS, Canada
2008 2008 -- 4 Tesla 49 pole SCW for DLS, England4 Tesla 49 pole SCW for DLS, England
2009 2009 -- 4 Tesla 35 pole SCW for LNLS, Brasil4 Tesla 35 pole SCW for LNLS, Brasil
2009 2009 -- 2.1 Tesla 121 pole SCW for ALBA, Spain2.1 Tesla 121 pole SCW for ALBA, Spain
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Standard 3Standard 3--pole Superconducting pole Superconducting 
Wave Length ShiftersWave Length Shifters

In three-pole magnets only the central magnet with high field is used as a source of
radiation. Two others are used for compensation of orbit distortion by the central pole. The
compensation puts two conditions: vanishing first and second field integrals over the magnetic

gg

compensation puts two conditions: vanishing first and second field integrals over the magnetic
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7.5 Tesla SC WLS for 
Pohang Light Source, 
South Korea 1996
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10 Tesla 3 pole WLS for SPring10 Tesla 3 pole WLS for SPring--8 (Japan)8 (Japan) January 
2000

10 Tesla WLS for Spring-8 Slow Positron Source
2000

10 Tesla WLS installed on SPrimg-8Magnetic field measurements during 
Site Acceptance Test

Nanobeam 2008 WorkshopNanobeam 2008 Workshop 55



Pole number Pole number 33
Magnetic field in central pole (median plane) Magnetic field in central pole (median plane) 10 Tesla 10 Tesla 

(10 3 Tesla) Magnetic(10 3 Tesla) Magnetic(10.3 Tesla) Magnetic (10.3 Tesla) Magnetic 
field in side poles (median plane)field in side poles (median plane) 1.9 Tesla1.9 Tesla
Stored energy at 10 Tesla fieldStored energy at 10 Tesla field ~~400 kJ400 kJ
Weight of wiggler cold part Weight of wiggler cold part ~1000 kG~1000 kG
Windings of the central poleWindings of the central pole

NbNb33S S –– Rectangular wire by the size Rectangular wire by the size 0.85х1.2 мм0.85х1.2 мм22

The iron yoke of the wiggler is intended to mechanically support the superconducting 
windings and the whole magnetic system as well as to reinforce of magnetic field in the 
orbit and to close the magnetic flux. In this case, the iron yoke is designed to completely 
close in it the magnetic fl and to e cl de infl ence of stra magnetic fields pon the33 g yg y

NbNb--Ti Ti –– Round wire by a diameter Round wire by a diameter 0.92 мм0.92 мм
Full length of the magnetFull length of the magnet 1000 mm1000 mm
Pole gap Pole gap 42 mm42 mm
The size of the electron vacuum chamber The size of the electron vacuum chamber 100x20 mm100x20 mm22

close in it the magnetic flux and to exclude influence of stray magnetic fields upon the 
electron beam of the storage ring outside the superconductive wiggler. The core is made 
of a magnetically soft material (ARMCO) to diminish influence of the residual magnetic 
fields.
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TheThe centralcentral polepole isis aa threethree--sectionsection winding,winding, reeledreeled upup onon aa corecore ofof aa
magneticallymagnetically softsoft metalmetal withwith highhigh magneticmagnetic permeabilitypermeability (( thethe
ARMCOARMCO grade)grade).. ElectricElectric contactscontacts betweenbetween thethe sectionssections areare takentaken
outwardoutward andand connectedconnected toto eacheach otherother withwith aa rectangularrectangular

d id i ii TT bb l dl d hh ilil ii l dl d ii i li lsuperconductingsuperconducting tietie.. ToTo bebe reeledreeled up,up, thethe coilcoil isis placedplaced inin aa specialspecial
technologicaltechnological mandrelmandrel.. TheThe innerinner sectionsection ofof thethe centralcentral polepole isis
manufacturedmanufactured byby thethe "dry"dry reeling"reeling" methodmethod fromfrom aa rectangularrectangular NbNb--SnSn
tietie 11..44xx00..8787 mmmm inin sizesize..

Nb-Sn coil disassembled 
after baking out

½ of central pole of 10 Tesla WLS
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HighHigh energyenergy ofof electronelectron inin SPringSPring--88 givesgives aa possibilitypossibility toto obtainobtain widewide spectrumspectrum ofof
synchrotronsynchrotron radiationradiation andand hardhard partpart ofof thethe spectrumspectrum richrich ofof MeVMeV regionregion.. CriticalCritical
energyenergy ofof synchrotronsynchrotron radiationradiation forfor electronelectron energyenergy ofof 88 GeVGeV andand magneticmagnetic fieldfield iningygy yy gygy gg
centralcentral polepole ofof thethe wigglerwiggler ofof 1010 TeslaTesla isis equalequal toto 450450 keVkeV..
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Wave Length Shifters with fixed point of radiation
There is a variant of 3 pole shifter (shifter with fixed radiation point) where the superconducting part of

magnet has non-zero field integrals and requirements of zero field integrals are performed by normally
conducting correcting magnets which are outside of shifter cryostat.

This variant of shifter allows to compensate for the first and second field integrals over each ½ shifter parts so
that in the central pole the radiation point will be always on an straight section axis at any field level of the
shiftershifter.
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Longitudinal magnetic field distribution along staight section
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Phase diagram of photon beam from 3 pole WLSPhase diagram of photon beam from 3 pole WLS
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7 T superconducting wiggler at CAMD7 T superconducting wiggler at CAMD--LSU (USA) storage ring (1997)LSU (USA) storage ring (1997)
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7 Tesla WLSs for  BESSY7 Tesla WLSs for  BESSY--2 (Germany 2000, 2002)2 (Germany 2000, 2002)
General viewSC WLS

e-
Side view

Correctors

Top view
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A superconducting wiggler presents a sign alternating magnetic structure satisfying

Superconducting multipole wigglersSuperconducting multipole wigglers
A superconducting wiggler presents a sign-alternating magnetic structure satisfying

first field integral to be zero. To satisfy this condition, the field integral of side poles should be
twice less than that of the main pole, having magnetic structure like ½,-1,1,-1 …..-1, ½ for
symmetrical magnetic structure with an odd number of main poles, and ½,-1,1,-1 …..1, - ½ with an
even main pole number.

A symmetrical magnetic system with an odd pole number satisfy condition of second
field integral to be zero automatically and does not disturb orbit outside the wiggler while an
asymmetric magnetic structure with an even pole number has non-zero second field integral and
disturbs the electron orbit; hence it needs additional correctors.

A )

-Bo-Bo -Bo

B )

Bo/2

A )

Bo Bo Bo/2

][][934.0 0 TeslaBcmK λ⋅=

-Bo

Bo

-Bo

C)

-Bo

B )

Bo Bo Bo

Orbit distortion inside wigglers

-Bo -Bo

Bo

-Bo

Bo3/4Bo

-1/4Bo

3/4Bo

-1/4Bo

Nanobeam 2008 WorkshopNanobeam 2008 Workshop 1414
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with different magnetic 
structures.



Pole number 20

Pole gap,mm 15

Period, cm 9

SC 20SC 20--pole 3.5 Tesla wiggler VEPPpole 3.5 Tesla wiggler VEPP--3, 3, 
Novosibirsk, Russia,1979Novosibirsk, Russia,1979 ,

Field amplitude, Tesla 3.5

Vacuum chamber dimensions, mm 8 x 20
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Nitrogen shield screen

Superconducting magnet
Undulator light from 
The wigglerThe wiggler
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M lti l i l i tM lti l i l i tMultipole wigglers main parametersMultipole wigglers main parameters

ELETTRA BESSY-HMI CLS-1 DLS-1 CLS-2 Сибирь-2 DLS-2 LNLS ALBA
Italy Germany Canada England Canada Москва England Brasil Spain

Magneic field, Tesla 3.5 7 2 3.5 4 7.5 4 4 2.1
Max. magnetic field, Tesla 3.67 7.45 2.2 3.77 4.31 7.67
P l b 45/49 13/17 61/63 45/49 25/27 19/21 45/49 31/35 121/123Pole number 45/49 13/17 61/63 45/49 25/27 19/21 45/49 31/35 121/123
Pole gap, mm 16.5 19 13.5 16 13.9 20.2 14.4 16.2 13.4
Period, mm 64 148 33-34 60 48 164 48 60 30.16
Beam aperture,VxH mm 10.7x81.3 13x110 окт.50 10x80 9x50 14x120 10x60 12x80 8.5x72
Currents, A 210/288 145/232 400/400 332/285 460/490 160/240 430/470 400/400 423/400
Stored energy kJ 240 400 15 25 27 4 520 47 39 31Stored energy, kJ 240 400 15 25 27.4 520 47 39 31
Year 2002 2002 2005 2006 2007 2007 2008 2009 2009
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7 Tesla 17 pole wiggler for BESSY7 Tesla 17 pole wiggler for BESSY--2(Germany)  (2002)2(Germany)  (2002)

Number of poles (main+side)Number of poles (main+side) 13+413+4

Vertical aperture, mmVertical aperture, mm 1414

Magnetic gap mmMagnetic gap mm 1919Magnetic gap, mmMagnetic gap, mm 1919

Period length (main pole length), mmPeriod length (main pole length), mm 148 (74)148 (74)

Maximum magnetic field, TMaximum magnetic field, T 7.45 7.45 
(7.0)(7.0)

Currents for 7 T magnetic field ACurrents for 7 T magnetic field ACurrents for 7 T magnetic field, ACurrents for 7 T magnetic field, A
First currentFirst current
Second currentSecond current

145145
197197

Electron energy, GeVElectron energy, GeV 1.91.9

Beam current ABeam current A 0 50 5
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Beam current, ABeam current, A 0.50.5

Radiation power, kWattRadiation power, kWatt 6060



Magnet system of 17-poles superconducting wiggler
Stainless steel LHe vessel 4 K Copper liner

Copper liner into helium vessel vacuum tube

½ wiggler pole

Nanobeam 2008 WorkshopNanobeam 2008 Workshop 1919

½ wiggler pole



The electron orbit inside a wiggler with ½ side poles oscillates with respect to the axisThe electron orbit inside a wiggler with ½ side poles oscillates with respect to the axis 
line horizontally, with a shift equal to the oscillation amplitude. In order to avoid this orbital shift, the 
end poles may have a structure 1/4,- 3/4,1,-1,….1,-3/4, 1/4.

As example of this structure, the magnetic field distribution of the 7 Tesla BESSY-2 
wiggler and the orbit distortion inside the wiggler is shown in Figures below. 
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Photon energy, keV 30 25 20 15 10 5 0 5 10 15 20 25 30

Horizontal angle, mrad
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A superconducting 3.5 T 49A superconducting 3.5 T 49--pole wiggler for  ELETTRA (Italy) (2002)pole wiggler for  ELETTRA (Italy) (2002)
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Superconducting 63 pole 2 Tesla wiggler for CLS (Canada, 2005)
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SPECTRAL CHARACTERISTICS OF WIGGLER RADIATIONSPECTRAL CHARACTERISTICS OF WIGGLER RADIATION
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Superconducting 49 pole 3.5 Tesla wiggler for DLS (England, 2005)
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Longitudinal SC wiggler magnetic field distribution at 3.5 Tesla



Superconducting 27 pole 4 Tesla wiggler for CLS Superconducting 27 pole 4 Tesla wiggler for CLS 
(Canada, 2007)(Canada, 2007)
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Superconducting 21 pole 7.5 Tesla wiggler for Siberia-2 (Moscow, 2007)
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Superconducting magnets for Superconducting magnets for p g gp g g
acceleratorsaccelerators

13 Tesla solenoids for VEPP13 Tesla solenoids for VEPP--2000200013 Tesla solenoids for VEPP13 Tesla solenoids for VEPP 20002000
9.6 Tesla Superbend for BESSY9.6 Tesla Superbend for BESSY--22
2 Tesla Curved bending magnet for GSI2 Tesla Curved bending magnet for GSI2 Tesla Curved bending magnet for GSI2 Tesla Curved bending magnet for GSI
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13 Tesla solenoids for VEPP13 Tesla solenoids for VEPP--20002000
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Main parameters of SuperBend 
 

M i Fi ld

9 Tesla superbend for BESSY-2 (2003)
Maximum Field 
(required /reached), T 9 .0 / 9.6 
Magnetic gap, mm 46 
Beam vacuum chamber:  
Vertical, mm  
Horizontal, mm 

 
30 
75 

Current in superconducting coils, A 300p g
Storage energy, kJ 220 
Cold mass, kg ~1300 
Liquid helium consumption, l/h <1 
Ramping time to 9 T ~15 min 
Bending angle, degree 11.25 
Bending radius, m 0.905 m 
Edge angle degree 1 3Edge angle, degree 1.3
Effective magnetic length, m 0.1777 
Distance from flange to flange, m 0.55  
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Fabrication of superconducting coilsof  9T Fabrication of superconducting coilsof  9T 

SuperBendSuperBend

Parameters of coilse e s o co s
Coil

Sections
Wire
Type

Number
of layers

Number
of turns

Total
Turns

Current density in
coil, A/mm2

Fields
at wire,

T
1 Nb3Sn (80%),

 d=1.24mm
10 77, 76 765 217 9.19

2 Nb3Sn (50%),
d=1.24mm

10 77, 76 765 217 7.05

3 Nb Ti 18 105 104 1881 346 6 143 Nb-Ti,
 d=0.92 mm

18 105, 104 1881 346 6.14

4 (correction) Nb-Ti,
 d=0.92 mm

4 105, 104 418

5 (bandage) Stainless steel , d=1 mm 4 95, 94 378
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NMR b

SSuperconducting coil uperconducting coil design design of superbendof superbend

Bandage-stainless steel ring
NMR probes

Liquid helium vessel tube
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External housing20K shield coils Room temperature vacuum chamber

Superbend cross Superbend cross --section in median planesection in median plane

60K shield Iron yoke coils Room temperature vacuum chamber
Beam orbit Liquid helium vessel
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WIGGLER CRYOGENIC SYSTEMWIGGLER CRYOGENIC SYSTEM

The cryogenic system consists of: 
• external housing, 
• 60K shield, 
• 20K shield, 
• liquid helium vessel, 
• throat, 
• vacuum chamber with copper liner,vacuum chamber with copper liner,
• upper flange, 
• filling tube, 
• 2 Leybold 4.2GM One Watt System coolers  
• 2 shield Leybold Coolpack 10MD coolers

Working magnet temperature, KWorking magnet temperature, K 4.24.2

Cryostat parameters

Temperature of shield screens, KTemperature of shield screens, K 20, 6020, 60

Temperature of copper liner, KTemperature of copper liner, K 2020

Liquid helium volume, literLiquid helium volume, liter 330330Liquid helium volume, literLiquid helium volume, liter 330330
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WIGGLER CRYOGENIC SYSTEMWIGGLER CRYOGENIC SYSTEM
January 19-20, 2005

Magnet (bottom)
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LHe tank
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Vacuum-LHe  feedthrough



Vacuum chamber and copper liner

Liquid helium vessel with vacuum chamber
fitti

Insulating vacuum is separated from UH vacuum of a storage ring 
fittings

Beam vacuum chamber system 

and keep at vacuum level 10-6 – 10-7Torr by 300l/s ion pump

Copper liner

LHe vessel
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Control systemControl system

DescriptionDescription LegendLegend DataData

magnet top (4K)magnet top (4K) T1T1 4.2 K4.2 K

magnet bottom (4K)magnet bottom (4K) T2T2 4.2 K4.2 K

LHe vessel bottom (4K)LHe vessel bottom (4K) T3T3 ~ 5K~ 5K

Power supply 2
400A/10V

(DANFYSIK MPS 883)

cooling water

auxiliary current (400 A)
+I

-I

minimum level of LHe (4K) minimum level of LHe (4K) -- interlockinterlock T4T4 max 4.5 Kmax 4.5 K

60K stage of  10MD cooler 160K stage of  10MD cooler 1 T5T5 ~ 40K~ 40K

60K stage of  10MD cooler 260K stage of  10MD cooler 2 T6T6 ~ 40 K~ 40 K

20K stage of  10MD cooler 120K stage of  10MD cooler 1 T7T7 ~ 15 K~ 15 K

20K stage of 10MD cooler 220K stage of 10MD cooler 2 T8T8 ~ 15 K~ 15 K

Compressor 4
 (COOLPAK 6200 MD)

Power supply 1
400A/10V

(DANFYSIK MPS 883)

cooling water High pressure flexline

Low pressure flexline

Return line

main current (400 A)

+I

-I

Back valve
(0.05-0.15 bar)

F

20K stage of  10MD cooler 220K stage of  10MD cooler 2 T8T8 ~ 15 K~ 15 K

60K shield screen60K shield screen T9T9 ~ 40K~ 40K

20K shield screen20K shield screen T10T10 ~ 15 K~ 15 K

HTSC 1 main current lead  upper end (60K) HTSC 1 main current lead  upper end (60K) --
interlockinterlock

T11T11 max 70 Kmax 70 K

HTSC 2 i t l d d (60K)HTSC 2 i t l d d (60K) T12T12 70 K70 K

Cooler 3 
(4.2GM)

Cooler 4 
(4.2GM)

Compressor 3
(COOLPAK 6200 MD)

T11

cooling water High pressure flexline

Low pressure flexline

T12
T13

T14T15
T16

Rupture disk
1.7 bar

Safety valve
1.3 bar

P

HTSC 2 main current lead  upper end (60K) HTSC 2 main current lead  upper end (60K) --
interlockinterlock

T12T12 max 70 Kmax 70 K

HTSC  main current leads  bottom end (4K)HTSC  main current leads  bottom end (4K) T13T13 ~ 5 K~ 5 K

HTSC 1 auxiliary current lead  upper end (60K)HTSC 1 auxiliary current lead  upper end (60K)--
interlockinterlock

T14T14 max 70 Kmax 70 K

HTSC 2 auxiliary current lead  upper end (60K)HTSC 2 auxiliary current lead  upper end (60K)-- T15T15 max 70 Kmax 70 K

T1

T2 T3
T10 T8T7

T4L

interlockinterlock

HTSC  auxiliary current leads  bottom end (4K)HTSC  auxiliary current leads  bottom end (4K) T16T16 ~ 5 K~ 5 K

LHe levelLHe level LL 5 5 –– 100%100%

pressure inside LHe vessel, barpressure inside LHe vessel, bar PP 1 1 –– 1.31.3

Insulating vacuum, TorrInsulating vacuum, Torr VV <10<10--66

Cooler 1
 (10MD)

Cooler 2 
(10MD)

Compressor 1 (COOLPAK 
6200 MD)

Compressor 2 (COOLPAK 
6200 MD)

Ion pump

T9 T6T5

cooling water

cooling water

High pressure flexline

High pressure flexline

Low pressure flexline

Low pressure flexline

Turbo 
pump

Vacuum 
valve

V

Nanobeam 2008 WorkshopNanobeam 2008 Workshop 3838

LHe consumption rateLHe consumption rate FF < 0.05 l/h< 0.05 l/h

g g p essu e e e



Future plansFuture planspp

Facility for measurement of low temperature material propertyFacility for measurement of low temperature material propertyFacility for measurement of low temperature material property Facility for measurement of low temperature material property 
(thermoconductivity, resistivity, heat capacity, critical currents etc)(thermoconductivity, resistivity, heat capacity, critical currents etc)

High field superconducting magnets with indirect coolingHigh field superconducting magnets with indirect coolingg p g g gg p g g g
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Thanks for attentionThanks for attentionThanks for attentionThanks for attention
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