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Introduction to Synchrotron 
Radiation and Beamlines 
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The short wavelength region of the electromagnetic 
spectrum 
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n = 1 – δ + iβ  δ, β << 1 
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Synchrotron radiation 
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Electron binding energies, in electron volts (eV), 
for  the elements in their natural forms 
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Broadly tunable radiation is needed to probe the primary 
(n = 1 & n = 2) resonances of the elements 
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Typical applications of synchrotron radiation 

•  Surface science 
•  Magnetic materials 
•  Materials chemistry 
•  Environmental sciences 
•  Protein crystallogrphy 
•  Biomicroscopy 
•  Chemical dynamics 
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3rd Generation facilities, like Elettra, have many straight 
sections and a small electron beam 
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Synchrotron radiation from relativistic electrons 
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Synchrotron radiation in a narrow forward cone 
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Three forms of synchrotron radiation 
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Bending magnet radiation covers a broad region of the spectrum, 
including the primary absorption edges of most elements 
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What is Ec at a facility near you?  
What is 4Ec? 
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Undulator radiation from a small electron beam radiating 
into a narrow forward cone is very bright 
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Undulator radiation 
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Comments on undulator harmonics 
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Undulator harmonics 
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The transition from undulator radiation (K ≤ 1)  
to wiggler radiation (K >> 1) 
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For very large K >> 1, and large Δθ, a continuum emerges 
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Wiggler radiation 
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Time structure of synchrotron radiation 
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Beamlines are used to transport photons to the sample, 
and take a desired spectral slice 
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A typical beamline: monochromator plus focusing optics 
to deliver radiation to the sample 
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High spectral resolution (meV) beamline 
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Beamline 7.0 at Berkeley’s  
Advanced Light Source 
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MAESTRO: A new varied-line-space grating monochromator beam 
line for angle-resolved-photo-electron-spectroscopy with high 
spectral and spatial resolution at the Advanced Light Source 

24 

Jason Wells, Derek Yegian, Ken Chow, Eli Rotenberg, Aaron Bostwick, Geoff Gaines and Tony Warwick  

The latest soft x-ray undulator spectroscopy beam line planned for the ALS serves MAESTRO a new high 
resolution Angle Resolved Photo Emission facility with zone-plate focused nano-ARPES. The beam line 
design offers spectral resolution 1:30000 from 60eV to 400eV with an extended energy range from 20eV to 
1000eV. Challenges include optical figure quality, thermal engineering, source size and stability and vibrations 
in the monochromator. The optical design is radical in that a VLS grating will provide all of the focusing in the 
dispersion direction, and the mirrors are plane, except for a sphere to collect and focus horizontally.  

Courtesy of Eli Rotenberg and Tony Warwick (ALS) 
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Varied line space gratings 
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1)  to erect the focal plane on a 
stationary set of exit slits 

2)  to keep the zero-order light in 
focus, for easy tuning, and for 
monitoring of the photon energy. 

Linear and non-linear 
line density variation 

AFM 
measured 
groove shapes 

The PEEM3 beam line at 11.0.2 uses a 
Triple-Ruled Varied-Line-Space grating: 

Varied-Line-Space Plane Gratings provide focusing and aberration correction along with the dispersion 
that they generate in the monochromator. They can be used to erect the monochromator focal plane, 
making the position of the focus at the exit slit (almost) stationary as the grating rotates to select the 
photon energy. Beyond that, they are now being used to replace the focusing from shaped optics, making 
beam lines cheaper and easier to align.	



Courtesy of Tony Warwick (ALS) 
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MAESTRO: A new varied-line-space grating 
monochromator beam line at the ALS 
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Courtesy of Tony Warwick (ALS) 



Professor David Attwood / UC Berkeley / Iranian Light Source Workshop / March 3-4, 2014 ILSW_Attwood_Lec1_March2014.pptx 

MAESTRO at the ALS: gratings and efficiencies 

27 Courtesy of Tony Warwick (ALS) 
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Water-cooled optics are essential: correcting slope 
errors due to a thermal bump 
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Body plate showing pockets 
for cooling channels 

Height 
error 

Tangential 
slope error 

Sagittal 
slope error 

Courtesy of Tony Warwick (ALS) 
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Ray tracing beamlines is an important tool 
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600lines_60eV_10000_c=4.02_18.7_0.038_
1.5mmheatbumpcorrected 

600lines_60eV_10000_c=3.93034_18.7_0.038_
1.5mmheatbump 

Significant degradation of the spectral resolution occurs due to localized heating of M202. It is 
almost entirely corrected by adjusting the monochromator focusing parameter from 3.93 to 
4.02. The engineering design will allow this mirror to be built with 1mm thick hot-wall and the 
actual thermal deformation is expected to be less. 

Courtesy of Tony Warwick (ALS) 
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What are the relative merits? 
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A single storage ring serves  
many scientific user groups 
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Typical parameters for synchrotron radiation 
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Typical parameters for synchrotron radiation 



Professor David Attwood / UC Berkeley / Iranian Light Source Workshop / March 3-4, 2014 ILSW_Attwood_Lec1_March2014.pptx 
35 



Professor David Attwood / UC Berkeley / Iranian Light Source Workshop / March 3-4, 2014 ILSW_Attwood_Lec1_March2014.pptx 

Lectures online at www.youtube.com 
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