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プレゼンター
プレゼンテーションのノート
Thank you Mr. Charman. I am Eiji Nishibori from University of Tsukuba.
Thank you for organizing committee giving me an opportunity to talk at this meeting.
Today, I would like to talk about our recent work relating to In-situ and charge density study by SR X-ray diffraction.
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プレゼンター
プレゼンテーションのノート
では内容と成果について発表します。
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プレゼンター
プレゼンテーションのノート
言いたいこと：
　①短波長、Dual data⇒高分解能、高統計精度

実験はSPring-8のBL02B2で行いました。
（クリック）本研究では35keVの短波長X線を用いて、2θで80°までのデータを得ました。（クリック）2θで80°は各光源ではこの程度の分解能です。短波長X線を用いることで実験室系光源では到達し得ない0.3 Åの分解能を得ています。（クリック）dで0.3Åのデータを得ましたが、最強線の強度に比べて80°付近の強度は1/1000程度の強度しかありません。少ない価電子を精密に観測するにはデータの精度が必要とされます。
統計精度と分解能の向上のため、（クリック）IPケースを2θ方向に進めたDual data測定を行いました。2つ目の測定は1つ目の測定の4倍の時間をかけました。（クリック）同一2θで比べたとき、このように統計精度の向上は明らかです。（クリック）この方法により、2θで120°付近までのデータを測定できます。2θ=120°はd値で0.2Åに相当します。
（クリック）短波長X線とDual data測定により、多くの情報量と高い統計精度を得ることができます。

CuKα 1.54Å : 2θ < 80°としてd > 1.20 Å　⇒本データ2θ < 17°
MoKα 0.71Å : 2θ < 80°としてd > 0.55 Å　⇒本データ2θ < 38°


New Detector @ BL0O2B1 (2019~)

DECTRIS

Opportunities:
= Fast readout — faster data collection
= No detector switch between screening/measurement
= High dynamic range

= Large area Our Experience:

* Common image file format = Data quality on par with or better than IP
* Conversion * Exceptional data quality for weak reflections
* Use of existing software = Conversion ready

* Mask inactive detector areas
Challenges: * Bruker-Software-Suite

= Adapt to new hardware Indexing

= Data collection strategy Integration

= How to efficiently use it Processing

= What/Where are the drawbacks

= Any pitfalls, things to avoid? = Problems with strong reflections

* Problem of high diffracted flux
* Inadequate count-rate correction
At standard framewidth (0.5°)
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プレゼンター
プレゼンテーションのノート
着目点は２つです。１つは非常に弱い強度の反射をどう測定するか？もう一つは測定可能な光の量に制限があるのか？あるとすれば上限はどこか？です。一般に、PILATUSは100万カウント/秒まで線形に数えられるといわれますが、それが本当か？を調べました。弱い強度については、ステップを細かくした測定でも幅を広くとったものでもほぼ変わらない結果となりました。それよりは、データの積算を３次元で複数のフレームを使って行うことが本質的であり、そうすることで、IP検出器より格段に精度高く強度が測定できることがわかりました。
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プレゼンター
プレゼンテーションのノート
最終的に最適化した方法で、測定解析した電子密度をIP検出器と比較して示します。モデルと実験値との差を示すresidual densityで示します。良く知られる炭素ー炭素の結合ですので、この残差が少ないほど質が高いデータになります。こちらがIP検出器、こちらがPILATUS検出器です。一目でわかるように残差が明らかに減少しています。最終的な効果的な利用法は、最初にω180°領域をΔω=0.1°ステップ0.1秒で予備測定、実験条件は、予備測定から最強回折線強度が60万カウントを下回るように決定、測定はΔω= 0.1°ステップ短時間のファインスライス測定、強度が強い回折線にはΔω= 0.01°ステップのファインスライス測定が電子密度研究には最適だとわかりました。
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low gain settings and an energy threshold at half the X-ray energy.
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プレゼンター
プレゼンテーションのノート
では内容と成果について発表します。
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プレゼンター
プレゼンテーションのノート
This slide shows the powder profiles of 300K and 800 K.
This is 1 1 1 Bragg reflection.
We normalized the diffraction angle and intensity using this reflection.
300K and 800K are almost identical in the first five reflections.
The intensities of 800K are more than 80% of 300K around resolution 1.2 region.
This is 222 forbidden reflection. We clearly observed a weak forbidden reflection.
The height of this peak are still more than 50% of 300K. 
It becomes less than 50 % in this region.
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Low Signal-Noise ratio of High Angle Region
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It is difficult to see the Bragg peaks of 800 K data due to the low signal to
noise ratio.

Analysis of background noise


プレゼンター
プレゼンテーションのノート
It is difficult to see the Bragg peaks of 800 K data due to the low signal to noise ratio.
We would like to use these reflections for accurate charge density study.
Since it is favorable to use the same reciprocal resolution data for quantitatively comparison. 
So, we analyzed the background noise.
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プレゼンテーションのノート
At first, we estimated the amount of background noise.
We selected the flat region, then we made a intensity histogram.
We estimated the standard deviation sigma from this histogram,.
Sigma should obey a Poisson distribution if they originate only from the random noise.
We created the histograms using 6 kinds of background counts region.
The background counts are 5000, 20000, 40000, 80000, 160000, 625000.
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These are intensity histograms.
These 1D profiles show a selected range.
This graph shows the ratios between estimated sigma and ideal standard deviation, root I.
The ratio is plotted against the background counts. 
These numbers are correspond to each histogram.
The histograms ①　②　③ can be expressed as a single peak.
The ratio between sigma and root I is close to 1.0.  
Random noise is dominant in these data.
These are histograms ④⑤⑥.
The histograms become broader with increasing the counting statistics, .
We also estimated the ratio between sigma and root I.
As you can see, sigma/root I increases with increasing the counting statistics.
The ratio of the ⑥ data exceeded to 2.0.
This result probably indicates the existence of systematic noise.


Fourier Series Expansion
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Next, we did a Fourier series expansion for powder data.
This is a equation of Fourier series expansion for periodic function f(x).
The number of data points of 1D powder data N is 7848.
an and bn are Fourier coefficients.
The plots of the Fourier coefficients are shown here. 
This is an, this is bn.
A horizontal axis is n.
At a glance, there is no peak in region n grater than 1000.
These are expanded regions around 1300.
There is a peak.
This peak corresponds to a 6 data point step.
We found there is a systematic noise in this data.
We investigated the origin of the 6 data point step noise.
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Finally, we found the origin of the noise.
6 point step noise was probably originated from the IP scanner.
This is schematic figure of IP reading system of BAS2500.
A six sided polygonal mirror is used as a guide of the laser. 
I’d like to explain the reading method.
This is a six sided polygonal mirror, this is an IP.
The laser is reflected by the polygonal mirror.
The mirror is rotated during the IP reading.
The laser scans the IP perpendicular to 2tth direction, step by step.
So, six point step fluctuation may occur.
The possible origins are non-uniformity in reflectivity or shift and tilt of mirror from ideal position. 
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Estimation of the 6 data point step noise
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Then, we estimated the 6 data point step noise of powder data.
We sum up the intensities of background region at every six-data-point step.
This graph shows the intensity fluctuation of six data points from the averaged value.
Error-bar is a statistical error.
Intensity fluctuation of 6 data point is larger than statistical error.
The maximum fluctuation is 0.4%.
We carried out the data correction by multiplying these coefficients for every six data points.
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This slide shows the effectiveness of the data correction.
These are uncorrected data.
This is 888 Bragg reflection that is one of the weakest reflection.
This graph shows a fitting result in high angle region.
These are corrected data.
This is same reflection as this uncorrected one.
We can clearly recognize this peak.
This is same the region of this.
The intensity fluctuation becomes less than 50% of uncorrected data.
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We made a histogram using corrected data.
As you can see, the histogram is close to a single sharp peak.
We also estimated the standard deviation sigma from this histogram.
This plot shows the ratio between sigma and root I.
Pink star symbol is the ratio of the corrected data.
The background noise of the corrected data approached to random noise.
Then, we did charge density study using the corrected data.



Summary

® Data correction for the noise from IP reader required for the extraction of the
Bragg intensities of weak reflection at 800 K.
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Structure factors and charge-density study of
diamond at 800 K

Yuka Deguchi® and Eiji Nishibori®®*

*Graduate School of Pure and Applied Sciences, University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki 305-8571,
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The structure factors of diamond were determined by synchrotron radiation
X-ray powder diffraction at 800 K at sin0/A <2.2 Al reciprocal resolution. The
structure factors were estimated using six powder profiles measured on
beamline BLO2B2 at SPring-8 (Hyogo, Japan). A high reciprocal resolution at
sinf/a < 22 A" was required to reveal the temperature dependence of the
charge density, due to the high Debye temperature of 6y, = 1860 K of diamond.
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These are summary of my talk.
We have reported today’s contents in this paper.
Thank you for your attention.



FLAT Panel Detector 2020~

W VARE X

I M A G 1 N G

XRD3025 S U—X

® Siadll - SBEFPD
e FEIFILF: &KX 450KV
® EJvIEWYF: 100pm

® FIU54JIVUF :30x25cm

® 15—J1I—2A :GigE



In-situ powder diffraction data of HfO, nanoparticles
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In-situ data collected at 673 K and 33 MPa showed very slight decrease in the width of -111 reflection.



Before and after the intensity correction
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S/N ratio was significantly improved.
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