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Application of Insertion Device (ID)
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(1) Modulator or Radiator in FEL structure

(2) Main light source in storage ring (SR) structure

(3) Robinson wiggler to reduce emittance of SR

(4) Gradient damping wiggler to vary damping partition

number & momentum compaction factor of SR
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Introduction & history
ÅInsertion devices include the wigglers ( ) and undulators ( ) that

are magnetic devices producing a specially periodic field variation.

ÅThey are all placed in the straight sections of storage ring.

ÅWiggler spectrum at higher photon energies is smooth, similar to that of a bending
magnet. The radiation intensity can be much higher as much as increased numbers
of poles and higher magnetic field generate radiation with a higher critical energy.

ÅWhen the use of periodic magnets in a regime in which interference effects is
coherent, and then the device is called ñundulatorò.

ÅThe main radiation features of insertion devices are (1) higher photon energy, (2)
higher flux and brightness, (3) different polarization characteristics.

ÅThe theory behind undulators was developed by Vitaly Ginzburg in the USSR.

ÅFirst undulator was installed in a linac at Stanford, using it to generate millimetre
wave radiation through to visible light in 1953.

ÅFirst wiggler (undulator) installed in storage ring at SSRL (BINP) around at 1979s.

ÅSuperconducting wavelength shifter: are currently operating in several synchrotron
radiation facilities: ESRF, UVSOR, PF and CAMAD (USA), NSRRC begin early 1980.

ÅEPU (APPLEII) solve the experimental problem of circular polarization light at 1994.

ÅSuperconducting wigglers: are currently used in MAXLab, NSRRC, Diamond, ALBA,...

ÅIn-vacuum undulator: are popular used in the new 3th generation light source.

ÅCryogenic permanent-magnet undulator: ESRF & SPring8, Diamond, Soleil, NSRRC.

ÅSuperconducting Undulator: In developing in NSRRC, ANKA, BASSY II, APS.
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Out of vacuum planar undulator (U90)
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In-vacuum (IU) & cryogenic undulator (CU) 

IU@Room Temperature CUBelow 77 K

üThe cooling method of CU is (1) liquid nitrogen cryogenic system or 

(2) the cryocooler.

ü The cooling method will depend on numbers of CU.

T. Hara et al.,Ȱ)ÎÓÅÒÔÉÏÎ $ÅÖÉÃÅÓ ÏÆ .ÅØÔ 'ÅÎÅÒÁÔÉÏÎɽ, Proceedings of APAC 2004 

Ὲв



É 0.6 m long prototype testing

É 2 m long CU15 will be finished before June 2019

É 200 W CH-110 cryocooler at 77K

Cryogenic undulator (CU15)



Superconducting ID ʟEnhances photon energy



Superconducting wavelength shifter
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 Field Measurement

 Field Calculation
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Superconducting undulator
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Staggered Undulator with YBCO Bulks

type Stagger structure

Period length 5mm

# of period 5

gap 4.2mm

total length 25mm

Current density @ 

77K
66 A/mm2
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Staggered magnet array structure

ü 10 Pole prototype structure without 

end pole optimization & using Field 

Cooling method.

ü The magnet flux density will depend

on the trapped field of YBCO bulks.
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Synchrotron accelerator light source - Insertion Devices

Halback structure arrays
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Different features in the insertion devices
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Basic features of the radiation from insertion devices

The synchrotron radiation emitted from (a) bending magnet, (b) wiggler, (c) undulator.

ÉFor the wiggler, the horizontal radiation cone become is kg-1and the vertical cone is 

the same as that of the dipole magnet.

ÉAn electronbeamtravelingin a curvedpath(Bendingmagnet)at nearlythe speed

of light emitsphotonsinto anarrowconeof naturalemissionangle@g-1.

ÉFor the undulator, the radiation cone in horizontal and vertical are all closed to be g-1. 

ÉThe synchrotron radiation emitted from an electron beam which was

bent in a spatially periodic sinusoidal field in an insertion device.

bending magnet wiggler undulator



Synchrotron Radiation from Insertion Devices
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Spectrum of bending and insertion devices
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Synchrotron Radiation from Insertion Devices
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Field features of plan linear mode 

Insertion Devices

21y zx
Assume x-axis is infinite in plan undulator
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Spectrum features & calculation



Radiation from accelerator electron

É Spectral/angular distribution
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where ( )qfqfq cos,sinsin,cossinĔ=n is the unit vector from the point of emission

to the observer (see Figure). The observer and emission times are related by:

cRtt ret /. += where R is the distance between the emission and observer points,

and hence:

Geometry for the analysis of undulator radiation
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Radiation from bending & wiggler magnet
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In a wiggler, the deflection parameter K is large (typically K²10) and photon 

radiation from different poles of the electron trajectory is enhanced incoherently. 

The angular density of flux is then given by 2N (N is the number of magnet periods) 

times the formula for bending magnets. The angular distribution of radiation 

emitted by electronsthat are moving through a bending magnet, following a 

circular trajectory in a horizontal plane is,

Where eandec are the photonenergy andthe photoncritical energy, 

respectively;ɗand fare the observation angles in the horizontal and vertical 

directions, respectively; Ŭis the fine-structure constant; I is the beam current; e is 

the electron charge; the subscripted Kôs are modified Bessel functions of the 

second kind, andxis defined as
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2

( ) (0) 1 /c c Ke q e gq= -

s-mode p- mode

ec (keV) = 0.665E2(GeV)B(T)
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s-mode

p- mode

Radiation distribution on p-smode



Photon spectrum from different electron energy
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ec (keV) = 0.665E2(GeV)B(T)
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Flux calculation of bending magnet and wiggler
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Flux Density distribution integrated over fis given by
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Therefore, the total flux F(w) of bending radiation is integrated over q. 

However, for the wiggler radiation, the total flux F(w) will be multiplied by 

a factor of 2N ( N is the period number).

Finally, the power density or total power is flux density or total flux 

multiply by photon energy, respectively.
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Function G1(y) and H2(y) of the synchrotron radiation
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Electron motion in the Insertion Devices

By = B0 sin(kz), where k = 2p/ l0 and l0 is the insertion device period length.

where the dimensionless undulator or deflection parameter 

is defined as follows:
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We will only consider cases in which K/g<<1 and so we can write to a good approximation that

ctz b= and tkz W= where oc lbp /2=W . We have electron angle then:
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First integral field ñBds=0 (xô=0) & Second 

integral field ñ( ñBdsô)ds=0 (x=0)

0 ,
2

K
x
g p

l
= '

K
x
g
=



30

Photon Interference in undulator

In the time it takes the electron to move through one period length from point A to an

equivalent point B ( co bl / ) the wavefront from A has advanced by a distance bl /o

and hence is ahead of the radiation emitted at point B by a distance d where:

ql
b

l
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and where ɗis the angle of emission with respect to the electron beam axis. When this

distance is equal to an integral number, n, of radiation wavelength there is constructive

interference of the radiation from successive poles:
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Inserting the expression for the average electron velocity:

2

2

2 42

1
1

1

ggb

K
++@

results in the following interference condition:

[ ]
[ ]

( )

2

2
2 2 2

0.95

1
2

o

E GeV
keV n

K
l g q f

e =
å õ
+ + +æ ö
ç ÷

K >> 1 wiggler, Kº1 undulator,

( )
( )

2
2 2 2

2
2 2 20

2 2

( )(1 )( ) 2( ) 1 1305.6
2 2 ( )

p

K
mmm K

A
n nE GeV

l g q f
l g q f

g
l + + +

å õ
= + + + =æ ö

ç ÷

[ ]
1.2398

( )p

eV
ml me =



31

Angular flux density from undulator -I

F function of Angular flux density in the horizontal (left) and vertical (right) 

planes for the case K = 1. 
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Angular flux density from undulator -2

On-axis angular flux density function

in practical units of photons/s/mrad2/0.1%

bandwidth:

If k ¢2 only n=1,3,5,7,9,11,13,15;

k ¢1 only n=1,3,5,7; k ¢0.5 only n=1,3

k ¢0.25 only n=1
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If n=1 -> Kmin=0.15; n=3 -> Kmin=0.5; 

n=5 -> Kmin=0.75; n=7 -> Kmin= 1; 

n=9 -> Kmin=1.2 ; n=11 -> Kmin=1.4
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Total flux from undulator

É Total flux
We obtain the total flux in the central cone in practical units of flux is photons/s/0.1% bandwidth:
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where ()( )()nKFKKQ nn /2/1 2+= . The flux function Qn(K) and the detuning function

()( )0/ 1wwDNf . It can be seen that for zero detuning (i.e. ()0nww= ) the flux is very

close to half of the usually quoted result. Nearly twice as much flux can be

obtained however by a small detuning to lower frequency by approximately
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Qn(k): Undulator flux function 33

Undulator flux function as function of 

detuning



Radiation power from insertion devices

É Power and power density
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ÅAngular distribution of the radiated power density

ÅTotal power on ID

ÅTotal power on Bending magnet
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G & f Function of the power density
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Function of the calculation 

of the power density
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Definition of Radiation brilliance

É Brightness
We will obtain the brightness in practical units is photon/s/mm2/mrad2/0.1%

bandwidth. Photon flux unit is photon/s/0.1% bandwidth.

The diffraction-limited source size (rms) 

corresponding to the angular divergence of ID 
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Example of the characteristics 

of ID spectrum



Features of elliptically polarized undulator
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Wavelength shifter with 6 T -example
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Power density calculation (total 5.96 kW)
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Field, first & second field integral of CU22

( )' cos ,
K

x t
g
= W

Cryogenic undulator (CU)

Period length: 18 mm,

Period number: 170,

Field strength: 1.23 T,

Br=1.5 T @ 135K


