Electromagnetic Undulator with switchable period for soft X-ray application in the SKIF project
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Abstract

The* EI| e c$ tr o un ddannlnets tedicatedor realizationdifferentphotoelectrorspectroscopypplicationin the SKIF project,requiresintensephotonflux in the soft X-ray andVUV ranges
(10 - 2000eV). The generatiorof the undulatorradiationin this rangeis very problematicfor electronbeamswith 3 GeV energy For keepingthe opportunityto coverwhole range,the special
undulatordesignwith possibility doubling of the periodwas proposed The commutationof the coils groupsprovideschangethe undulatorperiodfrom 10 to 20 cm with keepingthe amplitude
magneticfield (0.5 T). The undulatormode (5 cm period) givesa big flux for high energyedgeof the rangeandthe wiggler mode (with period 20 cm) providesthe sufficient numberof the
photonsfor softregion(downto 10 eV). Somedetailsof the undulatordesignarepresentedn thereport

Introduction

The “ EIl e c tsit 0 miclkeamtine is dedicatedfor realization
different photoelectrorspectroscopyapplicationin the SKIF project
[1], requiresintensephotonflux in the soft X-ray and VUV ranges
(10- 2000eV). Thegeneratiorof the undulatorradiationin this range
Is very problematicfor electronbeamswith 3 GeV energy

Spectral range of radiation from undulator with period Au and
maximalmagnitudeof magneticfield is describedoy formula
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It is seenthatit is impossibleto coverthe wholerangeof energiedy
only changingthe magnitudeof magneticfield in undulator
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It is possibleto se undulatorwith variable period, where length of
period is varied mechanically,by changingthe distancesbetween
permanenimagnets[2]. But orderto obtain soft radiation, maximal
periodin undulatoris shouldbe aboutl metersandasresult,available
numberof periodswill be 3-4 units becauseof size restrictionsin
straightareador insertiondevicesin SKIF facility.

Of greatestnterestis the methodof switching from undulatormode
to the wiggler mode by meansof doubling of period length in
electromagnetiaundulatorby commutatingof currentcoils [3]. As
resultthe soft rangeof radiationobtainedn wiggler mode

In currentconstructiondiscussedconstructionof normal conducting
electromagnetiaundulatorwit iron yoke, where doubling of period
lengthis obtainedoy meansof commutationof currentcoils.



Undulator construction

Undulatorwiggler have the €type constructionfig. 1, 2). Such
construction of undulataignificantl simplifies the simplicity of its
Installationat synchrotron

The length of undulatorL=2900 mm. was chosentaking into account
the possibility of manufacturingit on precisionmechanicqtreatment
of partslessthan3m in size)

Gap betweenpoleswas selectedh=12 mm, width of pole S=90mm,
heightof pole d=84 mm, lengthof poles|=20 mm, except2-nd ad 55
th poles,wherel, ;z=36mm.

Device can be operatedin undulator mode with period A=100mm
(numberof regularperiodsis 26, overallamountof periodss 56) and
magnitudeof magneticfield up to the B=5 kGs (Fig. 1,2). Wiggler
mode with period A=200mm (number of regular periodsis 13) and
magnitudeof magneticfield up to the B=5 kGs, is achievedasresultof
commutationof coils suchway that one period in wiggler mode is
formed by 4 poles While switching from undulatorto the wiggler
modeis changedlirectionof magneticfield in poles 4+3n and5+3n,
wheren is integerandchangesrom O to 16.

Magneticfield in undulatorwiggler obtainedby using current coils.
Water cooledcurrentcoils have 10x1 = 10 turns (copperbus 6x6mm
andahole@3mm) areinstalledon theiron poles Watercooledcurrent
coils with 10x2 = 20 turnsareinstalledon poles2 and55. All current
coils, exceptthoseinstalledat 1, 2, 55 and 56 poles,are connectedn
series It is supposedo use4 currentsourcesTo obtainthe magnetic
field B = 5 kGsin theregularpartof the devicein undulatormode,the
currentin thebusl = 270A is necessaryn thewiggler model = 250A.
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Fig.1 Longitudinal cross section of undulatatggler.
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Fig.2 Transversal cross section of undulatgggler.



Simulation of undulator

The undulator -  wiggler
simulationwas carriedout using
the “ Me r maprogram for
magnetestatic calculations and
software to calculate optical
characteristicof radiation from
SRsources SPECTRA”

At fig. 3 presentedhe calculated
3D model ¥ of the edge of
undulator- wiggler.

At fig. 4 shownthe magnitudeof
the magnetic field from the
center of the electron beam
alongthewidth of the polein the
rangefrom Oto 2 cm.

At figures 5 and 6 shown the
distribution of the magneticfield
along the undulator in the
undulatorandwiggler modes
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Fig.5 Magnitude of magnetic field along undulateiggler ate=10cm. Fig.6 Magnitude of magnetic field along undulateiggler ate=20cm.



At figure 7 shown the :
anglesof theelectronbeam
trajectory in the undulator
andwiggler modes
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At figure 8 shown theu
electron beam trajectories -
the undulator and

in .
wiggler modes )
Figure9 showsthe spectral
distribution of radiationin |
undulator and wiggler

modes at a maximal
magneticfield B=05T in
anundulator
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Fig.7 Angle of trajectory of electron beam in undulator and wiggler modes.
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Fig.9 Spectral distribution of radiation at B=0,5T in undulator

Fig.8 Trajectories of electron beam in undulataggler.
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ig.10 Spectral distribution of radiation at different values of field in undulator.

x10™

—100 %

Energy, keV

Fig.11 Spectral distribution of radiation at different values of field in undulator.

Figures 10, 11 show the
spectral distribution of
radiation in the undulator
mode, depending on the
magnitudeof the maximal

magnetic field in the
undulator

Fig. 12 shows the
distributionof the radiation
power density at the
distanceof 12 m from the
insertion device in the
wiggler and undulator
modes

In the wiggler mode of
operation,two maxima of
the radiationpowerdensity
areobservedThisis dueto
the fact that in each half
period of the wiggler there
are 2 peaks of the
maximum value of the
magnetic field (Fig. 6).
However, the angle of the
electronbeamtrajectoryat
thesepeakss different
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Undulatorl ;=100mm

MnoTtHocTb MowHocTH (12 ™), BT/MMZ, Bcero 1.6049 kBT.
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Undulatorl ;=200 mm

_ . .m2 Power density of radiation at distance 12 from undulator.



Conclusion

It can be seenfrom the presenteccalculationsthat the
described undulator design allows covering a wide
spectrumof radiationin the undulatoror wiggler mode
from oneinsertiondevice,which extendghe capabilities
of the beamline A deviceof this typeis proposedo be
installed  on “ELECTRONSTRUCTURE
BEAMLINE 1-6° at SKIF SYNCHROTRON

FACILITY.
Man parametersf theinsertiondevice
undulator| wiggler
Period 100mm | 200mm
Numberof regularperiods 26 13
Overallamountof poles 56 56
Lengthof insertiondevice 2900mm | 2900nm
Gapbetweemoles 12mm 12mm
Width of pole 90mm 90mm
Maximal magnitudeof magnetidield 0.5T 0.5T
Maximal magnitudeof current 270A 250A
Maximal powerconsumption 20kW 17kW
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