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We conduct research on materials and life sciences by using four types of
quantum beams (synchrotron radiation, neutrons, muons, and slow positrons)
produced by the accelerator and we also develop advanced instruments.

Tokai Campus 
(Neutron, Muon)

Tsukuba Campus 
(Synchrotron Radiation , Slow Positron)



Slow Positron

Synchrotron Radiation alignment and behavior of atoms

3D visualization of  
materials 

Taste differences 
by crystal structure

Asymmetric arrangement of 
atoms on a photocatalytic 
surface

Atomic Arrangement of material surface 

Tsukuba Campus
Photon Factory (PF)
Slow Positron Facility (SPF)

Mechanism of 
carcinogenesis by 
H. pylori

rutile-type titanium 
dioxide TiO2



Tokai Campus
J-Parc MLF

Neutron Arrangement and dynamics of nuclei and electron spins.

Muon Positive muons reveal the distribution of magnetic fields in materials.
Negative muons reveal the distribution of elements.

hydrogen behavior
in pyrite
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FIG. 3. Calculated distribution of ! for the cross-sectional layers
parallel or perpendicular to the oxygen channels in the tetragonal
and the monoclinic VO2. The values of ! (numerical values in the
contour map, unit: Gauss) are calculated by using Dipelec code
[39] with reported lattice parameters [40]. Crystal structures were
visualized using the VESTA program [41].

As the temperature increases, ! decreases rapidly to about
one-fifth of its low-temperature counterpart (! ∼ 0.05 µs−1)
above TMI. The muon sites corresponding to such a small value
of ! are not found for the interstitial position, even consider-
ing a lattice distortion caused by hydrogen intercalation in the
rutile structure. Therefore, it is highly likely that implanted
muons are trapped in vacancies at high temperatures. Since
the crystallite size of this sample is 50 ∼ 80 nm (Fig. S3),

FIG. 4. (a) The reduction rate of ! as a function of the number
of removed vanadium N . The inset shows the spatial arrangement of
muon (Mu) and surrounding vanadium, the first (V1), second (V2),
and third (V3) nearest neighbors. (b) Temperature dependence of the
experimental ! with the simulation result. The dotted lines indicate
the reduction rate of ! at each stage of removing V1, V2, and V3.

the surface contribution is expected to be small. However,
muons might have diffused to the grain boundaries at high
temperatures considering the saturation of ν above 280 K.

We performed a simulation of the relationship between !
and the size of the vacancy based on Eq. (2). The virtual
element muon (Mu) was fixed at the center of the oxygen
channel, and ! was calculated for a variety of situations where
the V ions at the first, second, and third nearest neighbors
(V1,V2, and V3) were removed sequentially. Note that struc-
tural distortions due to the vacancy was not taken into account.
Figure 4(a) shows the reduction rate of ! as a function of
the number of removed vanadium N . One can see that !
decreases almost linearly as N increases within the each V
shell (V1–V3), down to about 20% when the V ions in the V3
shell (the third nearest neighbors) are removed. Figure 4(b)
compares the simulation result and the experimental !. The
existence of the vacancy of a radius of ∼0.38 nm (the distance
between center Mu and V3) can explain the magnitude of !
above TMI. The discrepancy in ! between our result and that
reported in the previous µSR study [38] can be interpreted as
due to the difference in the oxygen ratios between samples.
According to their µSR result, some magnetic order was
observed even in the nonmagnetic state below TMI. While
the details of the sample quality in Ref. [38] are unknown,
magnetic secondary phases may have formed during the bulk
sintering process. In any case, our results strongly suggest that
muons at high temperatures spend most of their life in a dif-
fusive process of repeated “capture and release” by vacancies.
The µSR study in a similar trapping mechanism has been dis-
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Structural Biology Research Center (SBRC)
Protein Crystallography by X-ray Crystallography/Small-Angle Scattering and Cryo-Electron Microscopy
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構造生物学研究センターは、"What is life" をスローガ
ンに掲げ、量子ビームを利用して生命現象を分子や原子
のレベルで理解することを目標とした研究活動を展開
しています。当研究センターに在籍する約40名のメン
バーは、PFビームラインの整備・高度化や、構造生物
学的研究に従事しています。PFでは、5本の生体高分
子用X線結晶構造解析ビームラインと、2本のX線小
角散乱（BioSAXS）ビームラインを運用しており、最
近では、低エネルギーX線を用いたNative SAD 法（タ
ンパク質に本来含有されるイオウ等の軽原子の異常散
乱を利用し位相決定を行う）の開発、SEC-SAXS 法（ゲ
ル濾過によって試料溶液を単離・生成しながら連続的に
SAXS測定を行う）をはじめとする溶液散乱法、そして 
PReMo（実験データを効率的に取り扱うためのデータ
ベースシステム）を軸とした測定データベースや全自動
測定システムの構築などに重点を置いて開発を行って
きました。また、当研究センターは生化学実験施設も有
しており、タンパク質の発現・精製から、全自動結晶化
スクリーニングロボットを利用した結晶化、各種物理化
学測定、生化学実験などが可能です。このように構造生
物学研究センターは、構造生物学研究をシームレスに行

うことができる研究拠点として機能しています。現在参
画している日本医療研究開発機構（AMED）の創薬等先
端技術支援基盤プラットフォーム事業においては、この
利点を活かしてライフサイエンス研究者のサポートを
積極的に行い、構造生物学研究の更なる普及に務めてい
ます。一方で、独自の構造生物学研究も展開しており、
生物学のみならず創薬分野にとっても重要な研究成果
を挙げています。
2017年度には、200kVのクライオ電子顕微鏡を 、
2022年度には300kVのクライオ電子顕微鏡を導入
し、超分子複合体の構造解析に関する体制を構築してい
ます。これらの施設を利用して国内外の構造生物学研究
者および企業研究者の支援を積極的に行っています。

結晶化ロボット

研究センター

構造生物学研究センター（SBRC）



Equipment Development

He chamber diffractometer 

Scanning transmission 
x-ray microscope 

Resonant soft x-ray scattering

Muon microscope
We also conduct research on the advancement of new experimental and analytical methods and the 
development of experimental equipment.


