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History of Insertion Devices

1947 First discussion of undulator radiation by Ginzburg

1951/ 1953 First production of undulator light in
the mm and visible regime by Motz et al.

1976 FEL radiation from a superconducting helical undulator
at Stanford: Madey et al.

1979/ 1980 first operation of insertion devicesin storage rings
(SSRL, LURE, VEPP3)

1980... first operation of wavelength shiftersin storage rings
(VEPP3, SRS, VEPP2M)

today about a dozen of 3rd generation synchrotron radiation light sources;
SASE FELsin the visible and UV (80nm) regime

future SASE-FEL s for the energy regime up to 10 keV



Synchrotron Radiation
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Fokussing of Insertion Devices

Equation of motions in linear optics
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Tracking of Particlesin Undulator Fields
1. Expand x(s), y(s) and B with respect to initial coordinates and 1/ (=x3)
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3: change to canonical coordinates and modify transformation

z = X old
pe = A%/(Bp)+a'[y/1+ 22+ 7 (9@, P, qYi, PY;) = (qx 5, P27, quys, PYY)
Gy = Y new

b = AYBo) 4y Tiantyr 98Py aynpYy) = (a2, DT Yy, pY:)

4. set up generating function and get canonical transformation from derivatives
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Radiation Emitted by Accelerated Charged Particles

acceleration fields as derived from
the Lienard Wiechert potentials:

€ 1

Bt) = 4mege 'R

retardedtime ¢ — ;1 — R(¢')/c

2

(92 . oo ﬁx[ﬁ_ _’) /g] 1wt
dwdQ) 1673 eoc/ [ 1_§ )3 ] te fé
far field approximation:
R(t') & Ro(t') — fio - (1) rr - _ &

0wdQ  16m3ec

[

S




0*1 3e?

dwdQ 1673 ceo

10 1 H2

10

107 107

Y1+ X%

Bending M agnets

. X2
Ky3(€),0

T X2 Ki3(€)

10

¥

on axis flux density

OF
I(Aw/w)oN

= 1.327-10. E*(GeV) - I(A) - H,

Integration over vertical angle

o*F
J(Aw/w)ob

= 2457102 E(GeV) - I(A) - Gy(y)

3 BI;M
. B
B
s AE,

&
2
with Y
X
We
Polarization

S(L+(76,))*?

w/w,
70,
(37°¢)/(2p)

AE; r~ _Bx : (nz + ng) + 18.3 *NgTs

—
0.9
0.8 |
0.7

0.6
0.5
0.4

0.3

~ B NeMy + Bs - NyMs

83/50

02 L/ .80 (norm.)

81/80-

0 / [P T __ ......

0 02040608 1 12141618 2

Y0y



Undulator Radiation

resonance condition
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Fn(6,9=0)

Fn(6,0)

Analytical Approach for Undulator Radiation
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Fn represents an infinite sum over BESSEL functions.
Thelast term is called the line shape function and
describes the interference effects.

Fn line shape function
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Fn(K)

Useful Equationsin Practical Units
on axis flux density
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B”ghtness (Wigner, K.-J. Kim)
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The brightness is not positive definite.

Physical quantities are the angular or spatial flux density, which

are derived viaintegration of the brightness in space or solid angle.
The electron beam emittance can be convoluted with the 4D-brightness.

Assuming a angular and spatial Gaussian
distribution of the photon beam the brightness
can be evaluated from:
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1st harmonic
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Polarization Properties

Helical Devices

Planar Devices
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Sour ces of Brightness Degradation

Undulator errors
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Angular Flux Density of Insertion Devices

g—g(W/mmd?) = 0.01344 - E(GeV)? - I(A)- N - planar device, K=4
/*0/2 [v’£+vf @Y+ @)
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D= l+v+v,
Vafy = V(Bosy = Ozy) i

energy=1.7GeV, current=0.1A, N=100, ®=50mm
Devices with low on axis power:

angular flux density helical device, Keff=4  figure-8 undulator
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Asymmetric Wiggler Elliptical Wiggler
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Elliptical / Helical Undulators

Permanent magnet devices electromagnetic devices
Various types of planar helical devices + fast helicity switching
Ly 5§ + mechanically smple
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Fast Helicity Switching with Double Undulators

Radiation from
Power supply orbit bump

— {2} —
Orbit bump A Orbit bump B
| Helical undulator | Helical undulator l - O
RCP ‘ LCP l | SPRING-8
— L | ) 1 =T -
______ F'“ _________-------F ﬁ | 200urad

11

-

- O [H © (01 i "'*‘QG " dynamic electron

Kicker 1 Kickér_‘g'"mi}(fci\:—m- jl Kicker 4 Klf:k:i::%_______%___h G I Orblt bump,
angular separation

Slit

. N = 7/ static displacement,

\"/‘ N separation in

Light sources focal plane

NN
=

UE56

L] UE56-PGM BESSY
| static angle,

U1 U2 angular separation




BESSY UE56 Double Undulator for fast Helicity Switching




IDs with different states of polarization  figure-8 undulator

at different harmonics alternatively horizontal and vertical
+ polarization switching without pOIa”Z?I'Oﬂ al Successive hé,]rmomcs

complicated mechanics T
+ suitabe for in vacuum applications =7 AP w2

- less flux
- slow switching frequency i o €

asymmetric figure-8 undulator
up to 80% circular polarization in
certain harmonics

parabolic undulator
off axis circularly polarized light
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Quasiperiodic Undulators

generate 1D-quasiperiodic lattice ESRF/ELETTRA design
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Small Period Devices

INn vacuum undul ators superconducting undulators
Complicated but mature technique under development
= Coati ng of magnets to reduce outgassing 20 fror . ,_ -
Ti+TiN ion plating of NdFeB magnets (SPRINGS) 12 . :'j\. - : T 6_ =k
=) high coercive magnetic material (bakeout at 125°) I S s .‘: : EE— :
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=) water cooled RF-fingers B S TR (0 | T e ot S B
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High Field Devices

non super conducting super conducting
Hybrid wiggler HMI Multipolewiggler (BESSY)
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spontaneous emission

SPRING-8
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in vacuum §

Brilliance (photons/sec/mm?/mrad? in 0.1% b.w.)
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Long Undulators

stimulated emission (SASE)
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saturation demonstrated:

VISA 800 nm
LEUTL 300 nm
TTF 80nm

projects:

TESLA 0.1 nm
LCLC 0.15 nm
SCSS SPRING8 3.6 nm
BESSY 1.2 nm



