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) Insertion Device Radiation

Insertion devices do not change the shape of the storage ring!
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Wavelength shifter
Wiggler magnet
Undulators

Super bends

Purpose: harden radiation
increase intensity
high brightness monochromatic radiation
elliptically polarized radiation
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wave length shifter

particle trajectoiry

ot .
"""""""
...........

central pole
compensating poles
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) Insertion Device Radiation

Super bends:
replace conventional bending magnets with
super conducting bending magnets causing the same
deflection angle.

conventional bending magnet

superbend
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Periodically deflecting magnets:
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Wiggler magnets, strong field
Undulators, weak field

Wiggler magnets produce ordinary, broad band
synchrotron radiation;
Intensity increased by factor N, (# of poles)
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deflection angle per half-pole

B,(z) = By kpz

do= ¢ =< dz 0=[& =L | kpzdz = Lok

2mcp

= & K: undulator/wiggler
strength parameter
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= 0.934 Bo(T) A, (cm)
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Photon fluxes (pl/s/mr) for ALS (400 mA)
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assume a magnetic field By (Z) = By cosk pZ
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electron performs sinusoidal oscillations

sinusoidal perturbation of field lines



) Insertion Device Radiation

sinusoidal perturbation of field lines

N, undulator periods N, field oscillations
E(l‘) _ E Sill(l)()f for — 1/2NpT() < Wt < l/szT()

0 elsewhere
spectrum

E(®) = [E(f) e7dt = | E, sinwgte ™ dt = Ey [* e @0oXdy

72NpTo —i(wo— i(wg-)ANpTy _,-i(wg-):NpT) sin(®wo—o)¥%Np T
0—O)t _ e e _ 0 plo
p i(wo—m) (0o—w)”2Np T

sin(wo—w)"2NpTg
(@o—)2NpT

E((D) = E()NPT()




) Insertion Device Radiation

Sinc-function: x) = TTNX
f( ) TtNX
. f(x)
* N=35 f(0)=1 and
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Whatis o, ?

undulator period: A,

: A
in electron rest system: k; = Tp

in lab system (Doppler effect): © = o,y(1 +n;fB)

or 7L = }Lp
y*(1+nB)
+ %k
with n. = & A = Ap n, _ Ap  cos @
. 1+n B y2 B+n; y2 l+cos 0
3in® = sin * e - sin 0"
y(1+B cos 6%) y(1+B cos 0%)
or
,Y2e2 _ sin20* _ 1—cos 0" COSG* — 1_Y292

(1+B cos 6*)? 1+cos 0" 1+y 202



Insertion Device Radiation

A A
e 67
Y + v 14 1-y<0
1+y262
— (eund + eobs)2 — 92 nd T 29undeobs + 9(2)[)3
Oug = YE kpz (Bung) = 0 and <6 nd> = %K_z

fundamental undulator wavelength:

A =

(1 + —K2 + y260bs)
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) Insertion Device Radiation

By(Z) = By cos kpZ this is what we want

Maxwell tells us what we can get!

B,(y,z) = By b(y)coskpz

V xB =0 D= = S = By b(y)kp sink,z
and B, = —Byb(y)(l — cosk,z)
form a;gz ‘95’;“ = k2 b(y) b(y) = a; coshkyy + a, sinhkpy
B, =0

B, = Bycoshk,y coskpz
B, = =By sinhk,y sink,z
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beam dynamics

d’r —_ n _ e [lXB]

? P me?y Y

% = —cP<- sinkyz

dz _ K 2

E = +CB( 2y2 kpZ)

x(t) = a (kpcBg‘F)

z(1) = cB?QT‘Jr é—kp a’ (2kpc[33‘lf)

d’x eBy dz

—_— T — —= Z
dfz mcy dt kp
d’z eBo dx

L= = 4 . z
dtz mcy df kp
drift velocity
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Stronger undulator field

K<<1

transverse motion
completely
non-relativistic

NA N,

oAV

relativistic effect on
transverse motion

source of higher harmonics
( only odd harmonics ! )



Insertion Device Radiation

PEP-Undulator: 77mm, 27 periods, 7.1 GeV
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now we increase strength parameter K

x(t) = a (kpcﬁg‘ﬁ
2(1) = cpr+ Ly a? sinQkpcpn)
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transition from undulator to wiggler radiation

K=0.1 K=0.5 K=1.0 K=2.0

intensity
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energy loss per undulator pass
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pin hole radiation
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Synchrotron Radiation

Undulator line spectrum
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) Insertion Device Radiation

vary field strength by varying gap. For hybrid undulator:

B(T) =3.3 [—%(5.74—1.85—10)]

K.Halbach
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_ A | 12 202
A = 2;2 (1+7K +y GObs)

make A very short to get x-rays !?

does not work well !
K = 0.934 B(T)A,(cm)

short A._leads generally to small value of
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graph
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A
tuning range: A = . = (1 T %Kz T Vzegbs)
Y

compare two undulators in SPEAR: A =20 mm and =80 mm

Undulator line spectrum Undulator line spectrum
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graph
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Insertion Device Radiation
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SUBARU : 2.3 m undulator, A, = 7.6 cm, 30 periods



Insertion Device Radiation

SUBARU : 10.8 m undulator, A, = 5.4 cm, 200 periods
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use harmonics to reach high photon energies
at low electron energy

requires high undulator precision:
cannot build undulators that precise, but
we can fix them by shimming

v-shim / = ?/

h-shim
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BL-V performance comparison in SPEAR-2 and SPEAR-3

o,
e ™
ol \ (™. | SPEAR-3
] AN
o] sPEARZ |V I\ N\
\\
\
\

1E+11-

brightness, ph/sec/mm”2/mr”2

0E+00 5E+03 1E+04 1.5E+04 2E+04 2.5E+04 3E+04 3.5E+04 4E+04

photon energy, eV




) Insertion Device Radiation

transition from undulator to wiggler radiation

K=0.1 K=0.5 K=1.0 K=2.0

intensity
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crit. Photon energy from wiggler magnet at angle v with axis
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