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8 beamline currently in operation 
 

- IR spectroscopy 
- Soft x-rays spectromicroscopy 
- Hard x-rays absorption and scattering 

beamlines 
- Hard x-ray imaging for medical research and 

therapy (open 2013) 
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H. Winick ed,  

Synchrotron Radiation Sources: A primer 
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The number of photon in a mode (coherence volume) is proportional to the brilliance 

Source Power Brilliance Nc 

Hg lamp 1 W 2 1011  0.003 

ESRF undulator @ 6 keV ~ kW 2 1020  0.002 

He-Ne laser 1mW 8 1019  2  107  

XFEL @ 6 keV 10 GW ~1026  ~109  

ILL 25 meV neutrons 2 1015 neutrons/sec 500  3  10-15  

Source: Prof. B Lengeler (Univ. Aachen) 
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Higher brilliance 
enables focusing at  

~10 nm  
level 
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Pros: 
- Non-destructive 
- Access the bulk 
-Natural contrast for bio-samples  
 
Cons: 
- Weak interaction 
- Imaging resolution ( ~ optical, << TEM) 
- Radiation damage 

Why use x-rays…. 

X-ray crystallography overcomes many of these 
limitations… 

- Diffraction from each cell sums up coherently 
into intense Bragg peaks  

- Radiation damage is spread over ~1010 unit 
cells 

http://en.wikipedia.org/wiki/File:X_ray_diffraction.png 
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Data from SPEAR electron-positron 
storage ring at SLAC 
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The number of structures deposited 
annually in the Protein Data Bank. 
Structures determined with the use 

of synchrotron radiation are 
represented in green, and those 
with conventional sources in red. 

The data represent the time 
window between 1985 and 2009, 
(2009 statistics still incomplete) 

Dauter, Jaskolski, Wlodawer, J. Synchrotron Rad. 17, 

433 (2010) 
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Dauter, Jaskolski, Wlodawer, J. Synchrotron Rad. 17, 

433 (2010) 

R.M. Bill et al, Nature Biotech 29, 335 (2011) 
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Membrane proteins are hard to pack into 3D crystals of 
sufficient size.  

X-ray lasers can make images using micro-
crystals, possibly single molecules 

thanks to the high brilliance 
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There is a Fourier transform relation between  the 
electron density of a sample and the amplitude of 

the diffracted field 

The phase is unknown! 

Phase information is lost in the detection and must 
be recovered to solve the structure. 

http://en.wikipedia.org/wiki/File:X_ray_diffraction.png 

While only the intensity is measured…. 
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F. Van der Veen and F. Pfeiffer, J. Phys. Condens. Matter 16, 5003 (2004) 

D. Sayre (1980) proposed a “crystallographic” approach to image non-periodic objects  
with soft x-rays. 

 
The far-field diffracted amplitude from a (non-periodic) sample obtained with coherent  is the 

Fourier transform of the sample electron density. 
 

This approach can potentially overcome the resolution limitation due to the small NA of x-ray 
optics. 

We still need the phase though…. 

Resolution ~ 
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detector 

R.W. Gerchberg & W.O. Saxton, Optik 35, 237 (1972) 
J.R. Fienup, Appl Opt. 21, 2758 (1982)  

Fourier  

Constraints 

Recorded far-field  
diffraction pattern 

Real Space Fourier Space 

Real Space 

constraints 

support 

Fourier space 

(modified) 

Real Space 

(modified) 

FFT 

FFT-1 

Coherent field 
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Fourier  

Constraints 

Recorded far-field  
diffraction pattern 

Real Space Fourier Space 

Real Space 

constraints 

support 

Fourier space 

(modified) 

Real Space 

(modified) 

FFT 

FFT-1 

 error reduction 

 HIO 

charge-flipping 

S. Marchesini, Rev. Sci. Inst. 78, 011301 (2007) 
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Ambiguities inherent to the inversion process under specific transformation: 

D. Paganin, “Coherent X-ray Optics” 

1D phase retrieval 

The 1D problem has in general no unique solution. Some a priori information on the solution is 
needed. Under some assumption of finite extent solution a log dispersion relation can be written 

The minimal phase is the logarithmic Hilbert transform of the amplitude of the (measured) Fourier 
transform. 

But  
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Production of coherent 1D x-ray wave fields 

Planar x-ray waveguides produce a coherent line-like focus. 

XRF@Elettra with E=7.6 keV 

D. Pelliccia et al. Spectroc. Acta B, 62 215 (2007).  

I. Bukreeva et al. J. Synchrotron Rad. 17, 61 (2010). 
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1. N independent runs of the algorithm 
 
 

2. Calculate correlation between the retrieved phases of any pair of solutions: 
 
 

 
3. Choose a reference (best correlated) solution and discard the poorly correlated ones.  
4. Find the shift that maximizes the correlation of the remainder solutions with the 

reference and apply it 
 
 

 
5. Minimize the error introducing a global phase 

 
 

6. Average the results 

Correlation approach for retrieval of 1D wave fields 

D. Pelliccia et al. Opt. Lett, 37 262 (2012) 
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Correlation approach for retrieval of 1D wave fields 
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Retrieval of longitudinal profile of electron bunch 

The longitudinal profile of an electron bunch can be characterized by the measurement of the 
spectrum of the coherent transition radiation. 

Interferometric measurements give the form factor 

The minimal phase can be obtained by Kramers-Kronig method, while the presence of zeros in the 
upper-half complex plane give an additional contribution. 

 
First tests on the use of iterative phase retrieval: 

1. Start from the minimal phase plus random contributions 
2. Impose known properties of the charge distribution (i.e. real and positive) 

3. Seek best convergence 

Data taken at A0 photo-injector, Fermilab            with Tanaji Sen 
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Preliminary results… 

Retrieval of simulated pulse structures       with Tanaji Sen 
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