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Knowledge of transverse coherence properties of the photon beam is important to
plan and execute experiment at SR and FEL facilities

Coherent X-ray diffraction
A Retrival algorithms converge reliably only in the coherent case

X-ray phase contrast imaging

A The phase contribution grows with the propagation distance for sufficient
coherence only

XPCS
A partial coherence reduces the speckle contrast

(See e.g. K. Nugent, Advances in Physics, Vol. 59, No. 1, Jani Feb 2010, 11 99 for a comprehensive review)

ébut do not forget thaté

When planning experiments

Transverse coherence length > sample dimensions
we should require both <

Phase and amplitude of field constant on sample
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Characterization of transverse coherence

Cross-spectral density

G 15 2m) = (E( 2 WE (72, w)
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Physical meaning of the spectral degree of coherence
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From: Born and Wolf: Principles of Optics

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

Each electron can be identified by a given coordinate in phase space
Offset, deflection angle, arrival time, energy with respect to reference position
These fluctuate, due to shot noise

Then as we know

SR exhibit intensity fluctuations (temporally and transversely) due to shot noise
on a bunch-to-bunch basis

FELs amplify shot noise in a narrow bandwidth (temporal and spatial) and also
exhibit fluctuations

€ transverse coherence properties of the emitted radiation
are strictly related to shot noise as well
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Radiation from a single electron at wavelength A
in undulator of length L,

—2
)
(NENEN yi
Far zone z>>L:
Spherical wavefront
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Radiation from a single electron at wavelength A
in undulator of length L,

Special laser beam (non-Gaussian)

Z
Far zone z>>L:
Spherical wavefront
Waist at undulator center.
Plane wavefront. _
Transverse dimension Divergence angle %/
5l >> % diffraction angle ~ V'’ L,
o W
diffraction size ;
VAL, \JR/L, ~%
Rayleigh length: L, Order of minimal phase-space cell
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Electrons have random offsets and deflections due to shot noise

a7

v

Offset |: shift the virtual source
Deflection h: tilt the virtual source

Offset and Deflection excursion is obviously linked to the emittance
Smaller emittance in Ill generation sourcesA better coherence properties
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rj:, . |_;|'3 .
Relevant transverse parameters: D,, = ;E’ . Nyy= TEF —- ND
A e ; i

e>X)

!
(

Case € > X0 describes a quasi-homogeneous (QH) source
[(r,w)

QH sources <«—» Quasi-Stationary sources

A

International workshop on XFEL Diagnostics and Applications, Ryn, February 15th, 2010 B?sv\ ﬁ HELMHOLTZ
Gianluca Geloni, European XFEL GmbH e/ | ASSOCIATION



|| BN probing the transverse coherence of X-ray beams using Brownian particles

European

XFEL ] transverse coherence propertles of XFEL and SR sources

| gl 0| {|EEol>

waE

I - g\ panal Imentinoal

sy Iworglmentiona.

\ ( Z.’ )/ CONEEd Fourter trensfomm
. o

random mensiy fluctuations spectrue: contain splkes
IJ'cham:ters:.c time T, ith ty pml width (o

@ VCZ theorem a—

aver &0 énkerndle
of bunches spectrum ervelope
wi l‘r;d:a_ vidth
@ Inverse VCZ theorem Mm'
'Lr transform

Yeray szPI:A Ing a duration

Far zone: max[N,, 1] « 22max[D,, 1]

G =I(F,)g(AF,w) where 1= <‘E_7(?,(0)‘2>

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
® v | =2 Only for QH sources

° s, Practically, if eC¢ O itdoes not hold
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In FELSs the electric field is a superposition of many modes solution

Of the FEL eigenvalue equation with different gains E(z,7,) 24 b7, ) exp(A,2)
1 T : : I |
TTEM, o E
0.01
o ,/--/'f YTEM
E.L. Saldin et al | Optics Communications 186 { 2000) 185-209 § 164 _ f.»--f"/ L 3
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Fig. 1. Distributions of the radiation intensity across one slice of the radiation pulse at different undulator lengths, Z = 5, Z = 10, and
2 =15 (left, middle, and right plots, respectively). The coordinates are normalized to 2'7a,. Here B =1, ll‘ — 0, and ﬁ = 0. Cal-
culations have been performed with linear simulation code.
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How many modes are excited, and how well does the selection mechanism work?
Al I depends on the solution of tnh

eéand the relevant parameter enterin
the diffraction parameter B

/2

a2,0 65 We can write the degree
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European XFEL challenge: energy ~mJ/pulse; ~3-:10% pulses/s
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From: European XFEL Technical Design Report, 2006
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PRL 103, 194805 (2009) PHYSICAL REVIEW LETTERS 6 NOVEMBER 2009

Probing the Transverse Coherence of an Undulator X-Ray Beam Using Brownian Particles

M. D. Alaimo,"* M. A. C. Potenza,' M. Manfredda,’ G. Geloni,” M. Sztucki,” T. Narayanan,”* and M. Giglio"*
'‘Dipartimento di Fisica, Universitit di Milano, 1-20133 Milano, CNISM, Iraly
*European Synchrotron Radiation Facility, BP-220, F-38043 Grenoble, France
*Deutsches Elektronen-Synchrotron and European XFEL GmbH, D-22607 Hamburg, Germany
(Received 16 August 2009; published 5 November 2009)

We present a novel method to map the two-dimensional transverse coherence of an x-ray beam using
the dynamical near-field speckles formed by scattering from colloidal particles. Owing to the statistical
nature of the method, the coherence properties of synchrotron radiation from an undulator source is
obtained with high accuracy. The two-dimensional complex coherence function is determined at the
sample position and the imaging optical scheme further allowed us to evaluate the coherence factor at the
undulator output despite the aberrations introduced by the focusing optics.

DOIL: 10.1103/PhysRevLett. 103.194805 PACS numbers: 41.50+h, 07.85.0Qe, 42.25Kb, 61.05.cf
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Testing coherence with small spheres

.

450 nm ...Not expensive,

disposable!
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Incident wave

. Transmitted wave
Scattered wave

A 4

Interference fringes

Intensity

- 2 _ 2
distribution | =|E, +E| =|Ey| +2Re( E, E, ) +§,

[ [\

Transmitted Interference Homodyne
(Heterodyne)

‘ 2
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‘ 2

| =[E+E[ =[E +2Re( E, E, ) +]E,

[ ]\

Transmitted Interference Homodyne
(Heterodyne) Heterodyne near field X-rays

speckles generated by a water
suspension of colloidal silica
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. Primary
High b Slits

undulators (300 x 300) T m?

mirror Sample
Si-111
monochromator Phosphor +
Objective

Torroidal

NI 1l \
[T 7 / ' — 1l I-
—=10* |<—>
/ y \
} /// : : /// : Phosphor
Om 30m 33m 54 m equivalent pixel

size: 0.28T m

Source output

FWHM (945 x 18) T m? g
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fo (26w = alle(z o) * pIT +k (5w

< é > A average over ensemble of pulses
eo(z,r,E) A incident field

e A sensor-dependent constant
p A sensor PSF
K: A noise term

A

v

280 em
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fo(z,0w) =alle, (2w +e (2 E ) * p(fY+k (7 w)

es(z,r,.Et) A scattered field

< é > A average over ensemble of pulses
eo(z,r,E) A incident field

e A sensor-dependent constant
p A sensor PSF
K: A noise term

A

v

280 em
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Now take the signal at different
times t and t+E and calculate

folz, 7, @, t) — folz,7, @, t + T)

w,
s(z, 7, w,t,t+1T)= -
[ ) folz, 7, w,t) + folz,7, @, t + T)

A

v

280 em
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The difference signal can be written as

s(z,ﬁm,'{}s%[bs{z,ﬁm,t] Os(z, 7, @, t + T)]* p(F) + k(F, ) — k(F,t + T)

with

e; es(z, 7, w, t)ey (z, 7, w };:

os(z, r,w, t) =
If‘ul }
Now use
3 oF F—7 | explilz —z)/A] il7- 7]
(2,7, 0,8) = ;f“( 2Tty @) f( Az —z) t, @-z) F|2z-z)A

With f the scattering amplitude for the single scatter
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Then we write the FT of our signal difference
s(z, 7w, T) = % [0s(z, 7, w, t) — 0s(z, T, @, t + T)] * p(F) + k(7, ) — k(7, t + T)
as

S(z, 7w, T) = % [0S(z, 7, @,t) — O0S(z, 7, w, t + T)] P(7) + K(7, t) — K(7, t + T)

zAg?

5 ][f{sﬁt}—_f(rii+T}]P(rﬂ+K(:§’,i}—K(zT,t+T}.

= 2mg(zA§) sin (

Finally we calculate the power spectrum <|S|?>, averaged over the brownian motion

2 A

zAq ] (fA@n), - (f@f@t+1),)+2K@G P

2

(IS(z, §, w, T)*); = 87%|g(z A7) |P(§) P sin’ (
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Finally we calculate the power spectrum <|S|?>, averaged over the brownian motion

(1S(z, 4, w, T)*) = 8m*|g(zA)I*|P(§)* sin (_qu ] ((.F(fﬁ f}% - <_f_@f)_f_(if+ TJ')J + 2(|K(F, 1)),
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Finally we calculate the power spectrum <|S|?>, averaged over the brownian motion
t >
F+1)) )+ 20K(@, P,

(IS(z, §, @, 1)) = 8m%|g(zAF)PIPG)? sin (“’T‘? ] (fF@n),—(f@1)

International workshop on XFEL Diagnostics and Applications, Ryn, February 15th, 2010 B?sv\ ﬁ HELMHOLTZ
Gianluca Geloni, European XFEL GmbH e/ | ASSOCIATION



|| BN probing the transverse coherence of X-ray beams using Brownian particles

European
XFEL Probing transverse coherence using Brownian particles

Finally we calculate the power spectrum <|S|?>, averaged over the brownian motion

t > measurable
/ .
F+ T})E) + 2(K(@, 1))

A/measurable /known
(IS(z, §, @, DR = 8r2IgADPIP@)P sin (“'“hF ] (Ff@n),-(f@
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Finally we calculate the power spectrum <|S|?>, averaged over the brownian motion

t > measurable
/ .
F+ T})E) + 2(K(@, 1))

A/measurable /known
1Sz, §, @, 7)) = 8ml|gADIRIP@)P sin (“'“T‘F ] (@), —(f@r
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