










Protein 3D structure of Lysozyme

Figure: Lysozyme (wikipedia)



Protein 3D structures

Figure: Protein structure gallery (Monash univ.)





Crystalization

Figure: Lysozyme (wikipedia)



Crystalization

Figure: Crystalization.(Cornell Univ. CrySis)



Crystalization and protein structure identification

Figure: Crystalization and diffraction pattern.(Cornell Univ. CrySis)



Crystalization and protein structure identification

Figure: Crystalization and Structure recovery.(wikipedia)







XFEL (X-ray free electron laser)

Figure: Spring8



XFEL (X-ray free electron laser)

Figure: XFEL





XFEL (X-ray free electron laser)

Figure: XFEL in the world







Protein structure identification with XFEL

Figure: Protein diffraction pattern with XFEL.





Protein structure identification with XFEL

Figure: Angle retrieval problem.







Protein structure identification with XFEL

 

 

(a) Electron density. (b) Ideal diffraction pattern.

Figure: Electron density and ideal diffraction pattern.



















Protein structure identification with XFEL

(a) X-ray fluxes 1.0× 1021(photons/pulse/mm2). (b) X-ray fluxes 5.0× 1021(photons/pulse/mm2).

Figure: Diffraction patterns in experimental situation.















SPR
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Figure: Sparsity prior wxy.











SPR

(a) Reconstructed electron den-
sity with µ = 10000.

(b) Reconstructed electron den-
sity with µ = 100.

(c) Reconstructed electron den-
sity with µ = 1.
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Figure: SPR results with different µ for true diffraction data.



SPR
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Figure: Error and µ.



SPR

(a) Reconstruction from diffrac-
tion image Fig.2b by the SPR
method with µ = 0.001. ErrorF

is 1.60×10−3.

(b) Reconstruction from diffrac-
tion image Fig.2c by the SPR
method with µ = 0.1. ErrorF is
0.209.

(c) Reconstruction from diffrac-
tion image Fig.2d by the SPR
method with µ = 0.05. ErrorF is
0.277.
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Figure: Reconstruction with SPR.



HIO

(a) Reconstruction from diffrac-
tion image Fig.2b by the HIO
method. ErrorF is 3.30×10−3.

(b) Reconstruction from diffrac-
tion image Fig.2c by the HIO
method. ErrorF is 0.220.

(c) Reconstruction from diffrac-
tion image Fig.2d by the HIO
method. ErrorF is 0.291.
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Figure: Reconstruction with HIO.







SPR without 1 center pixel
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Figure: Error and µ.



SPR without 1 center pixel

(a) Reconstruction from diffrac-
tion image Fig.2b without the
central pixel by the SPR method
with µ = 0.0001. ErrorF is
1.78×10−6.

(b) Reconstruction from diffrac-
tion image Fig.2c without the
central pixel by the SPR method
with µ = 0.002. ErrorF is 0.156.

(c) Reconstruction from diffrac-
tion image Fig.2d without the
central pixel by the SPR method
with µ = 0.005. ErrorF is 0.195.
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Figure: Reconstruction with SPR.



HIO without 1 center pixel

(a) Reconstruction from diffrac-
tion image Fig.2b without the
central pixel by the HIO method.
ErrorF is 1.01×10−2.

(b) Reconstruction from diffrac-
tion image Fig.2c without the
central pixel by the HIO method.
ErrorF is 0.245.

(c) Reconstruction from diffrac-
tion image Fig.2d without the
central pixel by the HIO method.
ErrorF is 0.318.
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Figure: Reconstruction with HIO.



SPR without 3× 3 center pixels
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Figure: Error and µ.



SPR without 3× 3 center pixels

(a) Reconstruction from diffrac-
tion image Fig.2b without the
central 3 × 3 pixels by the SPR
method with µ = 0.0001. ErrorF

is 2.34×10−6.

(b) Reconstruction from diffrac-
tion image Fig.2c without the
central 3 × 3 pixels by the SPR
method with µ = 0.002. ErrorF

is 0.222.

(c) Reconstruction from diffrac-
tion image Fig.2d without the
central 3 × 3 pixels by the SPR
method with µ = 0.005. ErrorF

is 0.267.
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Figure: Reconstruction with SPR.



SPR without 3× 3 center pixels

(a) Reconstruction from diffrac-
tion image Fig.2b without the
central 3 × 3 pixels by the HIO
method. ErrorF is 0.128.

(b) Reconstruction from diffrac-
tion image Fig.2c without the
central 3 × 3 pixels by the HIO
method. ErrorF is 0.487.

(c) Reconstruction from diffrac-
tion image Fig.2d without the
central 3 × 3 pixels by the HIO
method. ErrorF is 0.557.
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Figure: Reconstruction with HIO.











. . . . . .

.
Astro-H project...

.



. . . . . .

.
smartphone with a radiation detector..

.



福島での応用(JAXA, 日本物理学会の HP より ).



福島での応用(JAXA の HP より ).





. . . . . .

.
gamma-ray camera as a pinhole camera..

.









. . . . . .

.
Compton camera imaging...

.

Compton Camera





. . . . . .

.
Physical parameters of the simulated semi-conductor...

.

density energy resolution
[g cm−3] FWHM[keV]

scatterer Si 2.33 2.0
absorber CdTe 5.86 2.0











. . . . . .

.
Design of bins of u and v...

.

u v

α δ
w1√
|w1|

w2√
|w2|

cos θ

[degree] [mm1/2]

min −30 −30 −8.2 −8.2 −.24
max 30 30 8.2 8.2 .96

# of bins 21 21 17 17 24



Distribution of the received photon from center.



Distribution of the received photon from 8◦ off center.



Distribution of the received photon from 12◦ off center.











. . . . . .

.
Gamma-ray sources used for numerical simulations...

.

(30°,30°)

(30°,−30°)

(−30°,−30°)

(−30°,30°)

(a) single point source.

(30°,30°)

(30°,−30°)

(−30°,−30°)

(−30°,30°)

(b) two point source.

(30°,30°)

(30°,−30°)

(−30°,−30°)
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(c) two point source.

(30°,30°)

(30°,−30°)

(−30°,−30°)

(−30°,30°)

(d) distributed source.



. . . . . .

.
Reconstructed images for data from (a) sigle point source.
..

.
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MLE reconstruction. MAP reconstruction. Back projection reconstruction.



. . . . . .

.
Reconstructed images for data from (b) two point source.
..

.
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MLE reconstruction. MAP reconstruction. Back projection reconstruction.



. . . . . .

.
Reconstructed images for data from (c) two point source.
..

.
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MLE reconstruction. MAP reconstruction. Back projection reconstruction.



. . . . . .

.
Reconstructed images for data from (d) distributed source.
..

.
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MLE reconstruction. MAP reconstruction. Back projection reconstruction.






