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Motivations

Knowledge of transverse coherence properties of the photon beam is important to 

plan and execute experiment at SR and FEL facilities

ÂCoherent X-ray diffraction

ĄRetrival algorithms converge reliably only in the coherent case

ÂX-ray phase contrast imaging

ĄThe phase contribution grows with the propagation distance for sufficient 

coherence only

ÂXPCS

Ąpartial coherence reduces the speckle contrast

(See e.g. K. Nugent, Advances in Physics, Vol. 59, No. 1, JanïFeb 2010, 1ï99 for a comprehensive review)

ébut do not forget thaté

When planning experiments

we should require both

Transverse coherence length > sample dimensions

Phase and amplitude of field constant on sample 
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Considerations on coherence properties
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Considerations on coherence properties

Physical meaning of the spectral degree of coherence 

a

Position of fringes Ą Phase of g

Visibility of fringes Ą Modulus of g
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Considerations on coherence properties

From: Born and Wolf: Principles of Optics



Probing the transverse coherence of X-ray beams using Brownian particles

International workshop on XFEL Diagnostics and Applications, Ryn, February 15th, 2010

Gianluca Geloni, European XFEL GmbH

SR & SASE FEL:  radiation properties are strictly related to shot noise

Transverse coherence properties of XFEL and SR sources

ÂEach electron can be identified by a given coordinate in phase space

ÂOffset, deflection angle, arrival time, energy with respect to reference position

ÂThese fluctuate, due to shot noise 

Then as we know

ÂSR exhibit intensity fluctuations (temporally and transversely) due to shot noise 

on a bunch-to-bunch basis

ÂFELs amplify shot noise in a narrow bandwidth (temporal and spatial) and also 

exhibit fluctuations

étransverse coherence properties of the emitted radiation

are strictly related to shot noise as well
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Electrons have random offsets and deflections due to shot noise

z
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Offset l: shift the virtual source

Deflection h: tilt the virtual source

Transverse coherence properties of XFEL and SR sources

Offset and Deflection excursion is obviously linked to the emittance

Smaller emittance in III generation sourcesĄ better coherence properties
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Relevant transverse parameters: 

Case                  describes a quasi-homogeneous (QH) source

QH sources           Quasi-Stationary sources
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Analogous of WK theorem: for a quasi-homogeneous (QH) stochastic process, the 

far zone power spectral density (intensity) and g form a Fourier pair

Van Cittert-Zernike theorem: For a QH stochastic process, power spectral density 

(intensity) on source and g divided by a phase form a Fourier pair

Only for QH sources

Practically, if               it does not hold
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Transverse coherence properties of XFEL and SR sources

0¢e



Probing the transverse coherence of X-ray beams using Brownian particles

International workshop on XFEL Diagnostics and Applications, Ryn, February 15th, 2010

Gianluca Geloni, European XFEL GmbH

In FELs the electric field is a superposition of many modes solution

Of the FEL eigenvalue equation  with different gains

Transverse coherence properties of XFEL and SR sources
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How many modes are excited, and how well does the selection mechanism work?

All depends on the solution of the eigenvalue equationé

éand the relevant parameter entering in the eigenvalue equation is 

the diffraction parameter B

éand remember VCZ does not hold

for          ...
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We can write the degree 

of coherence vs emittance

Transverse coherence properties of XFEL and SR sources
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The  challenge of the European XFEL

European XFEL challenge: energy ~mJ/pulse; ~3.104 pulses/s

From: European XFEL Technical Design Report, 2006
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Probing transverse coherence using Brownian particles
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Probing transverse coherence using Brownian particles

Testing coherence with small spheres

450 nm ...Not expensive,

disposable!
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Probing transverse coherence using Brownian particles

Transmitted Homodyne Interference
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Probing transverse coherence using Brownian particles
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Probing transverse coherence using Brownian particles

z

Heterodyne near field X-rays 

speckles generated by a water 

suspension of colloidal silica

Transmitted Interference
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Probing transverse coherence using Brownian particles
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Probing transverse coherence using Brownian particles
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<é>        Ą average over ensemble of pulses

e0(z,r,È)   Ą incident field

e Ą sensor-dependent constant

p              Ą sensor PSF

Kt Ą noise term 



Probing the transverse coherence of X-ray beams using Brownian particles

International workshop on XFEL Diagnostics and Applications, Ryn, February 15th, 2010

Gianluca Geloni, European XFEL GmbH

Probing transverse coherence using Brownian particles
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280 ɛm

es(z,r,È,t) Ą scattered field

<é>        Ą average over ensemble of pulses

e0(z,r,È)   Ą incident field

e Ą sensor-dependent constant

p              Ą sensor PSF

Kt Ą noise term 
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Probing transverse coherence using Brownian particles

Now take the signal at different 

times t and t+Ëand calculate

280 ɛm
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Probing transverse coherence using Brownian particles

The difference signal can be written as

with

Now use

With f the scattering amplitude for the single scatter
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Probing transverse coherence using Brownian particles

Then we write the FT of our signal difference

as

Finally we calculate the power spectrum <|S|2>t averaged over the brownian motion
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Probing transverse coherence using Brownian particles

Finally we calculate the power spectrum <|S|2>t averaged over the brownian motion
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Probing transverse coherence using Brownian particles

Finally we calculate the power spectrum <|S|2>t averaged over the brownian motion

t>2 s



Probing the transverse coherence of X-ray beams using Brownian particles

International workshop on XFEL Diagnostics and Applications, Ryn, February 15th, 2010

Gianluca Geloni, European XFEL GmbH

Probing transverse coherence using Brownian particles

Finally we calculate the power spectrum <|S|2>t averaged over the brownian motion

t>2 sknownmeasurable measurable
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Probing transverse coherence using Brownian particles

Finally we calculate the power spectrum <|S|2>t averaged over the brownian motion

t>2 sknownmeasurable measurable
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Probing transverse coherence using Brownian particles

28 mm5 mm 68 mm

208 mm138 mm98 mm

140 ȋm

Probing transverse coherence using Brownian particles


