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Fractional Talbot Effect of Phase Gratings Illuminated by
Partially Coherent Synchrotron Radiation

Hua Wengiang Bian Fenggang Song Li  Wang Jie
(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201204, China)

Abstract Propagation model of hard X-ray beams from partially coherent synchrotron source through different
optical elements is proposed based on the coherent mode decomposition of Gaussian-Schell model and wave-front
propagation. The fractional Talbot effect of phase gratings illuminated by focused partially coherent synchrotron
radiation is simulated. Both the focusing beam'’s intensity distribution and the coherence properties are obtained. And
the self-imaging of gratings illuminated by defocused beam is analyzed. The influences of different factors on the
shape of Talbot images at different fractional Talbot distances are analyzed through the comparison of the self-imaging
fringes in the diffraction pattern of gratings illuminated by collimated beam. The diffraction images of rectangular
phase gratings are submitted to a Fourier transform procedure, yielding the Fourier coefficients of different orders as
a function of propagation distance, and the information on the lateral coherence of the beam is obtained.
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Table 1 Parameters of high brilliance synchrotron radiation

source PETRA 1II (5 m undulator, energy E=12 keV)

Parameter Value
Source size /pm 5.5
Source divergence /prad 3.8
Transverse coherence length at the source /pm 4.53
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Fig. 1 Transmittance function of rectangular and
sinusoidal phase gratings
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Fig. 2 Schematic diagram of grating Talbot imaging illuminated by focused synchrotron radiation
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Fig. 3 (a) Beam's intensity distribution in the focal plane; (b) modulus of the complex degree of coherence
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Fig. 4 (a) Diffraction intensity distribution of grating illuminated by defocused synchrotron radiation; (b) fractional

Talbot images at different distances z; (c) diffraction intensity distribution of grating illuminated by a point source
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Fig. 5 (a) Schematic diagram of diffraction intensity of grating Talbot imaging illuminated by collimated synchrotron

radiation; (b) beam collimation
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Fig. 6 Diffraction patterns of (a) rectangular and (b) sinusoidal phase gratings
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Fig. 7 Fractional Talbot images obtained on rectangular
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G LA R — 2B G L iy 7 al R B R
FFR Y A5 SO B AR R AR 1R - A OL SR A HR
AR TP S OGS OGR4 A AR
3.3 MHERERRMNEXRETFE

AR SRR i AR X5 200 R A s ) A T
XE B H A T R B E R, N
ACH)FIPE 7 AT A S OE A B8 o0 A0 T P 2 51
DGR 2% 1A A % BON) B T I A% 5 B 2 4 184 i
BWREAR . X2 B X T A o A A2 Gl R U, X
Srek gt e T S . 80 BB AR P AE =1
b B LG 3 ' A Y Ol TRRT L AR R P R
BRI T = A/d Ak 8 FoR . e B R IT Y
PIROEIE R = BB O Z B M BE 25 222 /d

[ s A2 EHE T 307 = B R T AR Sl e e
e _EARRR 222 /d B9 PR R B9GP I 2R
JEHR 2% 8] P AH TP A 2 SR A S dy X AT
AT 2k SO X EG BE SR A 1L T LG R U8
= QB 2R U0 EE R I LS5 AT A O AN B 222 /d
(1) P A Y DRI B RIDAR TR

K8 Sutlh T m &l

Fig. 8 Schematic diagram of grating interference
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Fig. 9 (a) Coherence degree of incident beam as a function of beam separation Ax, fringe visibility of rectangular and

sinusoidal phase grating diffraction pattern as a function of distance z; (b) Fourier coefficients of the fundamental

and second harmonic of grating’s diffraction pattern as functions of distance z
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