M .Bertolo
Sincrotrone Trieste

I ntroduction to beamline design



Thisinstruction materia is based on the

L ecture notes by

W.B.Peatman, BESSY, Berlin - Germany

for the School on the Use of Synchrotron Radiation in
Science and Technology

30 October - 1 December 1995, ICTP, Trieste — Italy

and on the book
W.B.Peatman, "Gratings, mirrors and dlits: beamline design
for soft X-ray synchrotron radiation sources', Gordon and

Breach Science Publishers, Amsterdam, 1997

with kind permission from the author



review of the sources of synchrotron radiation

the brilliance

geometrical characteristics of the radiation from the
different sources:

- bending magnet

- wiggler
- undulator

gratings

Fermat's principle

mirrors

figure accuracy/ heat load on the optical elements

an example of focusing system

guidelines in designing a beamline

three examples of monochromator/beamlines
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1)

2)

3)

5)

Important Characteristics of Synchrotron Radiation

Continuous
spectrum

IR X-Ray

Emission in small
solid angle

Solid angle

Pulsed time structure

Ll

Time

High degree of
polarisation

hw

Properties can be calculated/predicted



Synchrotron Radiation Sources

Dipole Magnet
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Flux = photons/sec

Fux 1
SxSyS'xS'yBW

Brilliance (or Brightness) =

I = electron current in the storage ring
SxSy= the areafrom which the SR is emitted

sy  =thesolid angleinto which the SR is emitted
BW = photon energy bandwidth

units = photons/sec mmz mrad2 0.1%BW
for given ring current | (typically 100 mA)



ELETTRA's Brightness Curves,
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The electron beam

emittance = e = S S'c = constant
ey =Ce

C = coupling factor (constant), typically 1-10 %

case of ELETTRA at 2 GeV

horizontal emittance ex = 7.0 nm-rad

coupling factor = 1%

beam dimensions in the straight sections
(horizontal/vertical) in um 241/15

beam divergence in the straight sections
(horizontal/vertical) in prad 29/6



The radiation emission process

effectivesize s,
opening angle s’

Total

St= yS¢ +S7

St=+S'g+s'?



Dipole magnet

effective size

St:Se

vertical opening angle

..043
0Q

, &l 0 1 I
s'w(ad)=057¢—~ - for 0.2<—< 100
el .o ¢ | .

| = critical wavelength
hw, = critical energy

g:

o2 = relativistic factor

g=1957 E
E3
hw, = 2218 - = 667 B E?

E = energy of the electronsin GeV

r = radius of curvature of the electronsin the dipole
magnetsin meters

B = magnetic field amplitudein Teda

hw, = critical energy in eV
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| g 400 mA

flux [photons/s/0.1%bw(/mrad)]

0’
photon energy [eV]

Spectral flux of radiation sources in the storage ring at 2 GeV.
case of ELETTRA

E =2 GeV
p=35m
hw, = 3.2 KeV

y = 3914

5 )04
O'w (rad) = 0.57 [}L—) - 255 prad

]



horizontal opening angle
defined by the geometry of the front end

a ELETTRA: 6 or 7 mrad
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magnetic field strength parameter K

& el B,
© 27tme

K = ﬂ+g 34 }LqBa

Ao = length of the undulator period in cm
B, = magnetic field amplitude in Tesla

K = dy

atK=11sd=11



Wiggler

K>>1

vertical opening angle

S'w=S'w (dipole)

horizontal opening angle

s'm=d/2=K/2g

vertical source size

1/2
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horizontal source size

where Dqg is the half opening angle of the optical system



Wiggler W14.0 of ELETTRA at 2 GeV

L=45m

| o =140 mm
B=15T,K=19.6
2Dg=15mradH" 0.28 mrad V

KI,
Xo= ——= =112 pym

g2p
separation between the two "eyes'of the wiggler

haw. = 4.0 KeV
2l 91
v (rad) = 0.57 QI— g_g =108 prad (at aw= 8 KeV)
S'm = 2500 prad
S =105 um



Undulator

O<KEg2-3

k = number of the harmonic
N = number of periods of undulator

NI , =L =total length of undulator

s', = width of the central radiation cone

KZ
b1 W
| kN " g kN




Typical Undulator Spectra

Typical undulator spectra: A, = 70 mm, N = 35 and E,j = 800 MeV. The envelope
of the spectra is determined mainly by the transmission of the monochromator used
to record them [2.7].

a. Spectra of the first harmonic for different values of K. The acceptance of the
monochromator was 0.13 mrad.
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b. The first three harmonics for K = 1.09. The acceptance of the
monochromator was 0.13 mrad.
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