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Precision & Accuracy of Observations
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J. Helliwell, Acta Cryst. A77, 173 (2021).

Accuracy: Bias from the true value = Systematic error

Precision: Deviation from the mean value = Random error



X-ray Total Scattering
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Required Typical*
Q range (Å-1) ~30 ~40
Q step (Å-1) 10-3 10-2

Precision 0.1% ?
*P. J. Chupas et al., J. Appl. Cyst. 40, 463 (2007).

Scattering vector:
𝑄 ൌ 4𝜋 sin𝜃 𝜆⁄
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Module Assembly for Total Scattering

OHGI: Overlapped High-Grade Intelligencer
K. Kato et al., J. Synchrotron Rad. 26, 762 (2019).

SPring-8

Required OHGI
Q range (Å-1) ~30 ~30
Q step (Å-1) 10-3 10-3

Precision 0.1% 1%
𝑄 ൌ 4𝜋 sin𝜃 𝜆⁄

30 keV
0.4 Å
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Si microstrip module
MYTHEN by DECTRIS

0.01 step



Precision reduced by Accuracy
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Precision: 
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Systematic error or Inaccuracy:
Differences in X-ray response

between channels
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Can we improve data precision?
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Statistical Approach to Reference Intensity

1st measurement

2nd measurement

Correction factor for channel j
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Statistically estimated
intensity at 2θ

Conventional (Flat-field):
Linear fitting to uniform reference intensity



Time-Efficiency Problem

Unused

1D detector with 8 channels

Used

SiO2 glass（60 min）
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Data-Driven Approach

1D detector with 8 channels

Unused
Used

K. Kato et al., J. Synchrotron Rad. 27, 1172 (2020).

SiO2 glass（60 min）

Half a day to half an hour
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Straightforward vs Data-Driven
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Precision:
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Effects on Diffuse Scattering
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Four orders lower than 1 1 1
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Effects on Bragg Scattering
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Si



Hardware: OHGI + Software: ReLiEf
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Required OHGI+ReLiEf
Q range (Å-1) ~30 ~30
Q step (Å-1) 10-3 10-3

Precision 0.1% 0.1%

Restoring Dynamic Range

Module spec
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107 (<0.1%)

K. Kato et al., J. Synchrotron Rad. 26, 762 (2019). K. Kato et al., J. Synchrotron Rad. 27, 1172 (2020).



Precise & Accurate ADPs

Si

Total 
scattering SXRD[1] PND[2] INS[3] CBED[4]

Probe X-rays X-rays Neutrons Neutrons Electrons

Sample Powder Single Powder Single Single

T /K 298 293~298 284~293 293 300

U /(10-4 Å2) 59.5(1) 58.7(1) 59(3) 59.4(2) 58.6

T /K 100 -- -- -- 93

U /(10-4 Å2) 30.0(1) -- -- -- 32.9
[1] M. A. Spackman, Acta Cryst. A 42, 271 (1986).
[2] Z. Baisheng et al., Acta Cryst. A 46, 435 (1990).
[3] C. Flensburg & F. Stewart, Phys. Rev. B 60, 284 (1999).
[4] 300 K: Y. Ogata et al., Acta Cryst. A 64, 587 (2008).

93 K: M. Saunders et al, Ultramicroscopy 60, 311 (1995).

Present References

𝑓 ൌ 𝑓𝑒ିெ

Debye-Waller factor

𝑀 ൌ 8𝜋ଶ 𝑢ଶ ொ
ସగ

ଶ

Atomic Displacement Parameter: U

K. Kato & B. B. Iversen et al., IUCrJ 8, 387 (2021).
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Valence Density Studies from Powders
Chemical formula C5H12O5

Space group P212121

a (Å) 8.2660 (4)
b (Å) 8.8977 (4)
c (Å) 8.9116 (4) OH

OH

OH

OHOH

𝑼𝑿
𝒊𝒊/𝑼𝑵

𝒊𝒊
𝚫𝑼𝑿ି𝑵

𝒊𝒋 𝚫𝑼𝑿ି𝑵
𝒊𝒊 wRMSD

OHGI 1.14(5) 0.0007(5) 0.0007(5) 2.14
Ref. 1.21(6) 0.0012(4) 0.0011(4) 3.82

K. Kato & B. B. Iversen et al., Acta Cryst. A77, 85 (2021).

Powder (Present) Single crystal (Ref)

Static
deformation

densities
0.1 e Å-3 step

Residual
densities

0.05 e Å-3 step

A. Ø. Madsen et al., Acta Cryst. A 60, 550 (2004).Positive
Negative

Comparison in ADPs
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A. A. Pinkerton,
“Nothing trumps good data”,
Acta Cryst. A77, 83 (2021).
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