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Neutron Diffraction Study of Asymmetric Anharmonic Vibration of the Copper Atom
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atomic-potential fields for the zincblende structure
V)= Vo, + Yo fui + i3+ u3) + f oty + - - -

were oblained as @e, =074+ 001, ac=1-35+002x10""erg A2, and feu=115+066, fic; =00+
1-6 = 10~ Yerg A-3 Tt is also shown that the temperature dependence of the Bragg reflexion observed
from room temperature to 523°K can be explained very well with the use of the above parameters.

| | |
"
(a) (b) {e)

Fig. 1. The schematic models for thermal vibrations of copper
atoms in cuprous halides, (@) harmonic thermal vibration,
() asymmetric anharmonic vibration and (¢} atoms located
statistically at four displaced positions with moderate
thermal vibration.
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X-ray diffraction experiment
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s AT AL D =

FQ)= Z b;T;(Q) exp (iQr;), (1)
T,(Q)=exp { — Bj(sin 0/4)*} , 9)
B;=8x"(uj) (10
B,=8n*kyTa, . (11)
(i) h+k+I1=4n

FIQ)F*(Q)=[bc, T (Q) + b T (Q)* (6)

(i) h+k+I=4n+2
FIQ)F*(Q)=[bcy Tcy(Q)— by Te(Q)F (7

(il) h+k+1=4n+1
FIQYFHQ)=[be T (Q)) + [be, Te,( Q). ()
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Vi= Vo, + Yo (ug + ud + ud) + s,

+ (higher-order terms) ,

i(Q)=T_ Q) +iT,;(Q) .

() h+k+1=4dn
FIQYF*(Q)=[bcy Tocu(Q) + b Toc(Q)F

(12)

+ by Tacu(Q) +bey Toe(Q) - (13)

(ii) h+k+1=4n+2
FIQ)F*(Q) = [beuTecu( Q) — by Tocy (QVF

+[beuTacu(Q) — b Tuc(Q))  (16)

(i) A+k+I=4n+1
FIQVF*(Q) = [beu Tecu(Q) +[be1 T (Q))*
+ 2beyboi[ Tocu(Q) Teci(Q)
— T-:L‘.ulQ} TEEI[Q}]
+ [bey Taca QN + oy T (Q)]°.

(17)

(3)
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Fig. 2. Observed structure factors for the three types of reflex-
ions as a function of sin #/4. O, A, O represent two reflexions
with different indices.
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J. Appl. Cryst. (1979). 12, 554-563
An Analysis of the Rietveld Profile Refinement Method

By M. SAKATA* AND M. J. CoOPER
Materials Physics Division, AERE, Harwell, Oxfordshire, OX11 0RA, England

(Received 24 August 1978 ; accepted 25 June 1979)

Abstract

An analysis of the Rietveld profile refinement method
used in the interpretation of neutron or X-ray powder
diffraction patterns has been carried out. It is shown
that the values obtained for the structural parameters
are not exactly the same as those obtained from an
integrated intensity refinement of the same data and
that the standard deviations of the parameters are
determined incorrectly. Whilst the differences in the
values of the parameters may not be statistically
significant, the fact that their standard deviations are
estimated incorrectly severely limits their usefulness.
These conclusions are confirmed by refinement of a
number of data sets using both methods and in most of
these cases the standard deviations are found to be
underestimated by the profile refinement method by a
factor of at least two. Discussions based on the results of
profile refinement must therefore be reconsidered and
the relative value of powder diffraction techniques must
be reviewed.
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Fig. 1. Illustration of the correlation between 4; , values for the same
Bragg peak. The observed points are distributed randomly about
the observed peak rather than the calculated peak, so that the
differences which must be considered statistically are 4, and
Aj.k_ G_;'k.dk rather than /_'l_,'. ke
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Fig. 2. Values of 4, , for five peaks in the profile for UO;, showing
their correlation for the same Bragg peak. The shaded arcas
correspond 1o the values of 4,. (g) The solid lines give the average
values of 4, , for each peak. (b) The solid lines correspond to the
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- Short Communication

The Neutron scattering amplitude of Uranium

M. J. Cooper and M. Sakata*
Materials Physics Division, AERE Harwell, Oxon., OX11 ORA, England

Received: November 28, 1978

Abstract. Reanalysis of six different sets of neutron diffraction data for UO,
leads to a value of the neutron scattering amplitude ratio of b,/b, = 1.451(2)
and hence a value for the neutron scattering amplitude of uranium of b,

between 0.842(2) and 0.846(2) x 10~ 12 cm.
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Chemical short-range order in liqguid and amorphous
C“ﬁﬁTi34 a“[lys

M Sakatats, N Cowlamt and H A Daviesl

t Department of Physics, University of Sheffield. Sheffield, 53 7RH, England, UK
* Department of Metallurgy, Universily of Sheffield, Sheffield, 51 3JD, England, UK

Received & March 1981, in final form 26 March 1981
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Figure 1. The structure factor $(Q) for liquid CussTiy, is shown together with S(Q) for
CugeTiag glass, both curves being obtained from neutron diffraction. The inset shows a
comparison of the structure factors of CugeTise glass obtained by neutron and x-ray
diffraction.

(IHS(Q) =[Sy (0) +2AF(f38Sy(0) +A S (Q). (2)

For a binary alloy A, B. , the atomic scattering factors have the following
values

(f)=Cafa+ Cal,
(f2)=Cfd + Caf,
Af=1 — /s
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DIFFUSE SCATTERING AND CHEMICAL SHORT RANGE ORDER
IN BINARY METALLIC GLASSES

M. SAKATA * N. COWLAM and H A. DAVIES **
Depariment of Physics, University of Shelfield, Sheffield, 53 TRH, UK

Received 12 June 1981
Revised manuscript received 24 September 1981



NiNb@ Chemical Short Range Order
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Journal of the Physical Society of Japan
Vol. 54, No. 10, October, 1985, pp. 3796-3807

Study of Local Atomic Order in a Ternary
Cu, .4;Niy 20Zn, ., Alloy Using Anomalous
Scattering of Synchrotron Radiation

Shinya HAsHiMOTO, Hiroshi IwAsAkL* Ken-ichi OHSHIMA,!
Jimpei HARADA, Makoto SAkATA' and Hikaru TErRAUCHIT
The Research Institute for Iron, Steel and Other Metals,
Tohoku University, Sendai 980

tDepartment of Applied Physics, Nagoya University, Nagoya 464
Yt Faculty of Science, Kwansei Gakuin University, Nishinomiya 662

(Received May 7, 1985)

Ispo(@) =x 45| f4 —f3|205AB(9) + XpXc|fp ‘”fclzﬁﬂc('?) + xcxal fc —fAIEWCA(‘I)a (1)



Table II. Warren-Cowley SRO parameters ofl,
determined for the three pairs of atoms in Cug 44
Nio.ggzng.zq, a[lﬁy.

Imn Ni-Zn Zn-Cu Cu-Ni
000 0.8 0.6 0.3

110 —0.0424+0.005 —0.0194-0.004 0.0154-0.006
200 0.1304-0.005 0.0584-0.004 —0.046+0.006
211 —-0.036+0.005 —0.0174+0.004 0.013-+0.006
220 0.1104+0.005 0.0494+0.004 —0.038-40.006

Fig. 7. A model for the local atomic arrangements
in the quenChEd CUQ_47Ni0.292n0_24 a]ID‘}'.
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Acta Cryst. (1990). Ad6, 263-270

Accurate Structure Analysis by the Maximum-Entropy Method

By Makoto Sakata anp Masumi Sato
Department of Applied Physics, Nagova University, Furo-cho, Chikusa-ku, Nagoya, Japan 464-01
{ Received 4 August 1989; accepred 3 November 1989)
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Table 3. Values of the structure factor F(222) for
silicon at room temperature

Reference

Hewat, Prager, Siephenson & Wagenfeld (1969)
Aldred & Hart (1973)

DeMarco & Weiss (1965)

Alkire, Yelon & Schneider (1982)

Roberto & Batterman (19704

Jennings { 1969

Fujimoto (1974)

Present work (calculated value)

Colella & Merlini ( 1966)

Renninger ( 1960)

Fehlman & Fujpmoto (1975)

Gottlicher, Kuphal, Magorsen & Waolfel (1959)

Fi{222)
088
1-35 £ 0-04
§-dd = 0-08
1-456 2= 0-008
1-d6 & 0-04
1-48 £0-03
1-50+0-015
1-527
1:54
1-55
1-65=0-03
1-78



MEM for Charge density study.

Collins’s formalism is based on the entropy expression, S, obtained by Jaynes(1968):
p'(r)

T’(r)

The probability of 7(r) and prior probability £(r) are connected with the actual density by

p0)=plr )L plr). <(r)=clr) el
We introduce a constrain as given information = 1 Fcal (k)_FObS (k)(z
ein u g . C = ﬁzk: O-z(k)
where, F.,(K)=V"Y_ p(r)exp|- 27k r]

We use Lagrange’s method of undetermined multipliers to constrain C to be unity while

we maximize the entropy. ’( ) J)
0(2)=-3 p'(r)tn 25 - Z(c-1)
; z"(r) 2

Information Entropy S =—- p'(r)/n
r

2,8'((/3 =0, we have p(r)= r(r)-exp{ljl\:o > s (k) ~ £ (K)} exp(-27i -k - r)}

B tti
y setting k az(k

F (k)= Vzr: 7(rJexp|- 27k - r]



The Flow Chart of MEM Analysis

experimental data : F . (K), 0 (k)
space group
number of electron(F,)

>
oC i oC
p, =17, exp[ -4 1/ > z,.exp[ -4 ]
Y op, kzl ' 00,
. N
z-k _ IOk F ey (hj):VCQtotZ P exp[ i27[hjrk]
k=1

Cp) =23 25 F (h)) = Fy ()

Jj=1 i

MEM Charge Density




The process of obtaining the MEM solution

Initial solution

Charge density
of Silicon

for (110) plane
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The process of obtaining the MEM solution

After 10th iteration

Charge density
of Silicon

for (110) plane

1D Charge densites
of (111) direction

Amplitude of

atomic scattering factor

charge density[e/Az]
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Amplitude of atomic scattering factor

Estimated structure factors by MEM
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Charge densities of Silicon (110) plane

MEM

2 ~200, 20[e/ A 3] step
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Fourier synthesis
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Charge Densities of Silicon (110) Plane
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MEM for Nuclear density study.

!
r
Entropy of the density from Positive Scattering length b 4o = _Z ,0+ ( )
!
()
!
r
Entropy of the density from Negative Scattering length b_ : — _Zp fn '0—( )

7'(r)

Total Entropy of the system  § = S+ +5

Ti nuclear density O muclear density .
) - VE Lo, (r)b, + p_(r)b_lexp|- 27k -r]
<np> initial state <ng> initial state
J st iteration l
@
| " 6 Pu\_|
4 N
I converged 1 O
@
0 O O
| | Ti 0
| | 0
' N Ve
® @ (b)
Fig. 4. The MEM maps of the nuclear-density distribution of rutile
obtained by the third approach; (a) and (&) show maps on the (002)
and (110) planes, respectively. The contour range is from 0 to 10 with
MEM Solution intervals of 1.0 (neutrons A-?). These figures are judged to provide
Fig. 1. Third approach: schematic illustration of the iterative procedure realistic representations of the nuclear density in rutile and it has been
used to solve the two MEM equations. concluded that the third approach to dealing with negative scattering

lengths is very satisfactory.



An Example of MEM Charge Density: Silicc

) Acta Cryst. (1990). Ad6, 263-270
Structure Factor for Si

by Pendellésung Method Accurate Structure Analysis by the Maximum-Entropy Method

P By MAkOTO SAKATA AND MAsSUMI SATO

obs

60.13 (5) Department of Applied Physics, Nagoya University, Furo-cho, Chikusa-ku, Nagoya, Japan 464-01
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Maximum-Entropy Method. A Re-examination of the Electron-Density Distribution in Si
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Powder Data@SPring- i S i
owder Data@SPring-8 i s b Accurate structure factors and experimental
Foundations of

Crystallography charge densities from synchrotron X-ray powder
ISSN 0108-7673 diffraction data at SPring-8
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F(hkl) F(hkl)

Powder Powder  Saka Kato Powder  Saka Kato Powder
k1 100K 300K 294K bk 301 294K k
T 1 60.4 (1) -60.0 (I) -60.13 (5) 10 6 1 3
2 0 68.3 (1) -67.2 (1) -67.34 (5) 11 3 7. 9
1 1 443 (1) -43.4 (1) -43.63 (3) 9 7 7. 7
2 2 16 (3) 16 (3) 12 0 -10.! 3
0 0 57.7 (2) -56.0 (2) -56.23 (4) 8 8 -10. 11
3 1 39.7 (1) 385 (1) 3822 (3) 77 -T. 6
2 2 513 (1) 493 (1) 49.11 (4) 1 5 7. 10
3 3 345 (2) 329 (2) 3283 (2) 10 6 0. 9
11 345 (1) 329 (1) 3294 (2) 12 2 9. 5
4 0 455 (2) 431 (2) 42.88 (3) 11 5 -6. 11
3 1 30.7 (1) 289 (1) 2881 (2) 9 7 -6. 9
2 0 403 (2) 374 (2) 37.59 (6) 12 4 9. 0
3 3 27.5 (2) -255 (2) -25.36 (4) 9 9 -6. 9
4 4 36.5 (3) -334 (3) -33.18 (5) 10 8 -8.
5 1 246 (2) -225 (2) -22.42 (3) 13 1 6.
11 24.6 (2) 225 (2) 2237 (3) 9 9
4 2 32.7 (1) -295 (1) -29.42 (4) 1 7
3 1 22.2 (1) -19.9 (1) -19.90 (3) 11 5
5 3 22.2 (2) -19.9 (2) -19.98 (3) 12 4
0 0 29.1 (4 258 (4) 26.23 (4) 9 7
3 3 20.1 (2) -17.6 (2) -17.83 (3) 13 3
2 2 26.9 (2) -23.6 (3) -23.48 (4) n 7
6 0 26.9 (3) -236 (2) -23.48 (4) 12 6
5 1 18.4 (1) -16.1 (2) -15.98 (2) 9 9
5 5 18.3 (4) 16.0 (4) 1598 (2) 13 3
4 0 245 (2) -21.4 (2) -21.15 (3) 8 8
5 3 16.8 (2) 145 (2) 1443 (2) 13 5
11 16.8 (2) -145 (2) -14.46 (2) 1 7
6 4 228 (2) 194 (2) 1913 (3) 10 8
3 1 15.5 (2) -131 (2) 10 10
4 4 209 (2) 175 (3) 14 2
5 5 14.3 (2) 11.9 (3) 1 9
7 1 143 (2) 11.9 (3) 13 5
3 3 143 (2) 119 (3) 12 8 7p]
6 2 19.2 (2) 16.0 (2) 11 9 —
2 0 19.2 (2) -15.9 (3) 9 9 5
5 1 134 (2 110 (2 14 4 <
73 133 (2 109 (3) 2 6 —_
5 3 124 (2) 9.9 (2) 10 10 —
4 2 16.7 (2) 136 (2) 13 5 o
7 5 11.5 (3) 9.1 (3) n 7 =
11 115 (3) -9.1 (3) 3 7 e
8 0 16.2 (4) 12.8 (4) 12 8
3 1 109 (2) 8.6 (2) 15 1
7 1 109 (2) 8.6 (2) 1 9
5 5 10.9 (3) -85 (3) 3 7
6 6 14.8 (3) -115 (3) 14 6




Charge Densities at Bond midpoint

S IR Charge Density at Peak
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Charge Density by MDM and Fourier

Fig.2 The (110) MDM Fig.1 The (110) Fourier
electron density distributions  electron density distributions of
of Si based on the data Si based on the data measured

measured by Saka and Kato by Saka and Kato



Difference MDM and Fourier

........

.......

Fig.1 The (110) Difference Fig.2 The (110) Difference

MDM electron density Fourier electron density
distributions of Si distributions of Si



MEM (Maximum Entropy Method) I

1Pi} { o(nN}

Probability distribution Electron density distribution

-InP, ~Inp(r)

Information Geometrical distribution

S——Zp(r)ln’o((r))

Information Entropy Geometrical Entropy




Imaging of Diffraction Data Fine Structure
by the MEM | > Prediction

Real Space Image

Reciprocal Space

X-Ray
Diffraction Data
Neutron

Diffraction Dat

Imaging
Processor

Nuclear Density




MEM

Virtual Crystallographic X-ray Microscopy
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SR Powder Method at Photon Factory

Imaging Plate
Monochromator

X-ray
PF BL-6A,

Translation Geometry
Right Materials
(Fullerenes, Borons, etc.)

Collimator

Scintillation
PF BL-3A Counter
Reflection Geometry .
Heavy Materials Soller Slit

: : lon Chamber
Manganites, High-Tc Superconductors, etc.

ﬁ: | Sampl
X-ray R ample

Monochromator




Experimental Arrangement at BL-3A(PF)

Sample : NdSr,Mn,O,

Temperature : R.T. & 19K

Wave Length : 1.0A

Stepin26 :0.01°

Collection Time : 20s

Resolution of Data : 0.782A  petector

Soller

lonization Slit
Chamber

Synchrotron

Radiation ﬁ Holder

Sample

Y Y

Y Y

Monochromator
Be-window
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The Large Debye-Scherrer Camera
at SPring-8 BLO2B2

Sample



Low and High Temperature Powder Diffraction

15K ~300K 80K~ 300K 300K~ 1000K
Displex System Dry N, Gas Flow System Dry N, Gas Flow System

Be Window " 20 Stage

Collimator

Displex



Powder Sample Sealed in Silica Glass Capillary
(O.2mm int. diam.)
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tor charge density studies
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Congratulations, M. Sakata




Essential
Sclence
Indicators
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Dear M Sakata,

It's time to celebrate!

Since 2000, you have had 47 citations to your article,

THE LARGE DEBYE-SCHERRER CAMERA INSTALLED AT
SPRING-8 BLO2B2 FOR CHARGE DENSITY STUDIES

This means that the number of citations your article
received places it in the top 1% within its field according
to Essential Science Indicators™. Your work is highly
influential, and is making a significant impact among your
colleagues in your field of study.

Keep track of your article's influence:
set up a citation alert in Web of Science”.

http ff'lsnknowlledge com, and click

“Create Citation Alert” on your article's full record

If you do not have access to Web of Science, the most
in-depth and respected source of citation information and
searching available, ask your librarian to set up a free trial.

Congratulations on your extraordinary
career accomplishment!



MEM/Rietveld for Endohedral
metallofullerene

Confirmation by X-ray
diffraction of the
endohedral nature of the
metallofullerene Y(@Cs:

Masaki Takata®, Buntaro Umeda®, Eiji Nishibori®,
Makoto Sakata®, Yahachi Saitot, Makoto Ohnof
& Hisanorl Shinoharal

* Deparment of Applied Physics, Nagoya University, Nagoya 464.01,
Japan

¥ Depanment of Electrical and Electronic Engineering, Mie University,
Tsu 514, Japan

} Depariment of Chemistry, Nageya University, Magoya 46401, Japan

The syathesis of fullerenes encapsulating various metal atoms
within the carbon an (emdohedral metallofullerencsy has stimo-
lated wide imterest'” because of their unusual structural and
electronic properties. Most of the metallofullerenes prepared so
far have been based on Cyy, and have incorporated lanthanum'- %,
vitrium®™”, scandium® " and most of the lanthanide elements™ a2
Although here has been some debate about the endohedral nall.me

of these cmmlmnﬁ’ AR observations using scanning tunnel i
mHCTsCOpY oxtmded X-ray abmrp'tlnrl fine structure’ ™',
tramsmission tlu:tmn microscopy™  and  electron xpm

resonance™™ *'" have strongly suggested that the metal atoms are
indeed inside the fullerene cages: theoretical caleulations™ ™ alsy
indicate that this is the case, But wntil now, no structural model

has been derived experimentally to confirm the endobedral nature
of the metallofullerencs. Here we report the results of a symchro-
trom X-rav powder diffraction study of Yo Cey that confirms that
the vitrium atom is lecated within the carbon cage. The yttriom
atom is displaced from the centre of the Cs; molecule and is
strongly bound to the carbon cage.

Soot containing YOy was produced in direct-current
(500 A spark mode under He Aow at 50 Torr and collected
under totally anacrobic conditions to avoid degradation of the
metallofullerene  during collection  and handling”"" . The
Y i Cyz Nullerene was separated and isolated from various hollow
fullerenes {Cao—Ci ) by two-stage high-performance liquid chro-
matography (HPL C)*. The isolation of Yii Ces was confirmed
by mass spectromelry 1'l:rr the corresponding HPLC fraction. The
purity of the fullerene was =99 YiaCy; powder samples
grown Trom toluene solvent™ were sealed in 0.3 mm int. diam.
silica glass capillary. To obain an X-ray powder pattern with
good counting statistics, the Synchrotron Radiation X-ray pow-
der experiment with Imaging Plates as deteciors’ ** was carried

out at Photon Fa
The wavelength o
data for the holle
ence under the sa
pattern of Y@ C
sponds 1o 2.9 A

whether the Y at
ous X-ray singhe-
space group of 1
preliminary strw
model. The presea
good agrecment 1
of YiaCy is alse

Nort abstract art, but
concrete evidence of
something that fuller-
ene specialists had
hoped and suspected to
be the case, the figure
shown here demon-
strates that a metal
atom can indeed be
trapped within a cage
of carbon. The contours

M.Takata et al.,
Nature(1995)

map the electron
density across a section
through the metallo-
fullerene Y@Cg,, the
shorthand notation for
yttrium in an 82-carbon
cage. The pink and
swollen bulge inside the circle's lower
rim shows the high electron density
expected to be associated with the
yttrium atom — here clearly ensconced
within the blue carbon framework.
Theory and experiment had both
suggested that this was so; but the new

i4

Atom in a cage

structure, derived from X-ray powder
diffraction experiments, may finally allay
any doubts. Details of the experiment,
carried out by Japanese researchers M.
Takata ef al. at Mie and Nagoya
Universities, can be found on page 46 of
this issue. L N.
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IPR-Violated Metallofullerene, Sc,@Cgy

Side View Nature 408(2000)426-427



The MEM Charge Density of

Half Section of
MEM Charge Density

Structure Model



Sc,C, Imprisoned in Cg,

Angew.Chem.Int.Ed. 40(2001)397



MEM Charge Density of La,@Cyg,

(La’*),@Cgy°*




The section of Charge Density of La,@Cqg,

La—C:2.39(3) A



Pentagonal Dodecahedral La, Charge Density
in lcosahedral Cg, Fullerene




Orbital order in perovskite manganite.

Magnetic Structure of Perovskite-type Manganite
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Structure Parameters of NdSr,Mn,O, from Rietveld Analysis

14/mmm R.T 19K

. a 3.85029(6 3.85015(7
Lattice (6) (7)

Parameters(A)

C 19.9540(3) 19.8867(4)

Mn-O1 |  1.934(1) 1.928(1)

Bond

Lengths(d) | MO2 | 2.009(4) 1.968(4)

Mn-03 | 1.925181(7) | 1.925086(5)




The MEM Charge Densities of NdSr,Mn,0-, for (200) Plane
0.0~4.0[e A3],step:0.2 [e A3]
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The Equi-contour(0.6eA-3) Density Map of the MEM Charge Densities
of NdSr,Mn,0 at R.T.




The Equi-contour(0.6e 4 -3) Density Map of the MEM Charge Densities
of NdSr,Mn, 0, at 19K
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The MEM Charge Densities of Nd, :Sr, :MnO, at 18K
(020) Plane

O}

at R.T.




Equi-charge (0.8eA-3) MEM density map of Nd, 3:5r, ;sMNO,
at R.T. and 30K for the MnO, octahedron




Direct Observation of CE:ype (Nda:SioshinOg
Orbital Ordering ' -

Synchrotron Radiation Powder Data

n 2

MEM / Rietveld

C-type (Ndy 5551 5sMNO,)
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A 281 Tflops Calculation for X-ray Protein Structure
Analysis with Special-Purpose Computers MDGRAPE-3

Yousuke Ohno', Eiji Nishibori?, Tetsu Narumi®, Takahiro Koishi*, Tahir H. Tahirov®, Hideo Ago®,
Masashi Miyano’, Ryutaro Himeno®, Toshikazu Ebisuzaki®,

Makoto Sakata'® and Makoto Taiji'’
RIKEN (Institute of Physical and Chemical Research), Nagoya University, Keio University and University of Fukui



Figure 1: Procedure for updating the population in GA-DS methed.



Acta Crystallographica Section D . . * _ .
Biolonieal Application of maximum-entropy maps in the

Crystallography accurate refinement of a putative acylphosphatase
ISSN 09074449 using 1.3 A X-ray diffraction data

Eiji Nishibori,™ Takahiro
Nakamura,” Masanori Arimoto,”
Shinobu Aoyagi,” Hideo Ago,”
Masashi Mi'fanu,h Toshikazu
Ebisuzaki® and Makoto Sakata®

*Deparment of Applied Physics, Nagoya
University, Magoya 464-8603, |Japan, PStructural
Biophysics Laboratory, RIKEN SPring-8 Center,
Harima Institute, 1-1-1 Kouto, Sayo,

Hyogo 679-5148, Japan, and “Computational
Astrophysics Laboratory, RIKEN Discovery
Research Institute, 2-1 Hirosawa, Wako,
Saitama 351-0198, Japan
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Disorder® F IV DI

— : #BMEM Density 0.4[e/A3] — : #BMEM Density 0.4[e/A3]
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— : ZMEM Density 0.4[e/A3] — : ZMEM Density 0.4[e/A3]
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-XFEL (X-ray Free Electron Laser)
XIRBEBEFL—Y—
2010FE DT ZEBIEL. 2006 FE N oD EEMNIRFYELT -,
-J—PARC(Japan Proton Accelerator Research Complex) MLF
K& E [ F &SR T 5%
2001 FEICEERICETF, 2008 FERICIL E—LZHBDTFETY .
-ERL(Energy Recovery Linac)
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