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���, X73@'(�ABCDE (1)
-jklKm$�LS&n/lop/�@q -

]m[]m/s[]sJ[]s[]sJ[]J[ -1 λν chhE ⋅=⋅=

N���rstjuv(.
X7wx3C(EKm$�1yzE;6{|DE}~5. 

Njk��Km$�1y��'(LS&n/

��B3r

]C[/]m[/]m/s[]sJ[]eV[ echE λ⋅=

]nm[/84.1239]eV[ λ=E

8) jk 0.1 nm�X7Km$�1yr12.4 keV�LS&n/%�'(

N��op/E���d��_3����(Km$��

]eV[]C[]s[]W[ -1 EenP =����,: 

i�h�"$&��,: �= EdEEenP )(

8) jk 0.1 nm �X7 1010 photons/s � 2x10-5 W
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���, X73@'(�ABCDE (2)
-�����\��C�-

2mc
Eb=γ

N���3�^���s��LS&n/E�����\���@q

8) 2.5 GeV��,

8 GeV��,

N�\3456 (1�>�E\~�)

~

#/g���� (s����BCLS&n/):

`�st��������� BC�\��: γ1

�����\��, VW�X1/�¡��, F�YZ�¢£¤C�
3¥56, ;¦;¦mrad, μrad�§/¨��©}u6ª(.

�rad2001 =γ
�rad641 =γ

rad2360 π=°

mrad5.171 =°

�rad85.4"1 =
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�J (1)

`�st�
8) BL47XU�ñò>��ãg/ä

4.5 mk, 140óô,óôk= 32 mm

ÙÚ�J
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�J (2)
`�st�~ÙÚ�J
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á5LS&n/õö,i�h�"$&
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>��ãg/ä (úûüý�J�þ�)
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8) “SPECTRA” by T. Tanaka & H. Kitamura
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K#�$L��

(1)åc��� (2§�æ�çC�): åc�èé (10-9l10-7 Pa)

(2) Â2�./0!RÕä: �����Ú/Ó�

N��>��/�¥Ëë./0!RÕä (400 mmä��hÛ��#Õ")

(3) Áh", XYh�Õ$: cdBCop/ab

N��®��FC���IF%��

(4) �����?0�: ��M OPQR�S&E�åc�!Í_

./0!RÕä��

400 mm�ä��hÛ��#Õ"

(8) >��ãg/ä./012��K#�$L�� (SPring-8)

�J"# 14 kW�|$500 WF%��MNOPQR�S&3P_"'
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��MNOPQR�S&

(8) BL01B1

光源からの距離
55 m50 m45 m40 m35 m30 m25 m

光学ハッチ 実験ハッチ
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光
器

�OPQR�S&e�æ/S�$
åc��%&Õ$ 'h3Ë(�¹, (×%)*. ��+��,-%)*

.�!RÕä �ÐhÛ/!Ü�
�./0��ÚEÓ�

'�Áh$Õo ���3/0;6ª('�Á7%Ó�

���?0� ./012�12uX7%��33_"'

h"�/�4&ä ./0��Ò5[\%ï6'(

���Me�æ/S�$
VW�X1/ ./0+�, ¯LS&n/IF��C�

YZF�* Ã��������X7%3_"'

8) SPring-8
BL14B2

8) SPring-8
BL02B1
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VW�X1/

Pt, RhC�u7l10-5 (�l 0.1 nm) 8 9cl�mrad

X7wxur:£;r1Ë_<=�3>�5

)1(1 <<−= δδn

?@�A.uVW�}BC(

λρδθ const2c ≈=

1cos0
cos c n=θ

(Snell�DEË_)

 

VW� ?@� θc 

FG}�H�I+��C(E÷,

( ) ( )��
�

�
��
�

� +�
�
�

�
�
�= λ

λ
φ

π
λδ '2sin

2 0
a

2
e ff
V

r ( )( )λ
π
λδ '

2 a

2
e fZ
V

r +=�JK�¹�E÷:

LMF�N}O¡u÷(E÷r, jk�PQ3R8'(. 

(Km$�LS&n/�PQ3WR8'()

s�\ (��-^v�_�s�� Z / Va) 3R8'(.
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X1/W�;���8

ST 50 nm, UVW� 1 nm
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X1/XG,¡��,k�
�YX

Ã�� (Z[\v_): Si
��� (Z[\C;): SiO2, ]^_'1hC�

� e/Û���X
Pt, Rh, NiC�
`�LS&n/, W�;, (×2�@q��ÎÏ

�¡��
2l10 mrad�\ (SPring-8 X7./012���,)
`�LS&n/, W�;, (×2�@q��ÎÏ

� X1/�k�
400 mml1 m
./0Æ2ÇE¡��3Ëa6bc(

(8) 100 μradd50 m/5 mrad= 1 m

14

X1/3Ë(+�

8) 9= 5 mrad, p= 40 m, q= 10 m��,
r= 80 mm, R= 3.2 km

efX1/, ¢gefX1/, �hVX1/, ¢g�hVX1/

8 fiVX1/, $#2¨&X1/ujk

θsin2 pr =
θsin2 pR =

l q8m��,

W�./0%nopu÷(
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p
q 
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p q

Æ�ä&+� ä��q�!R&+�

θsin2
qp

pqr
+

=
θsin)(

2
qp
pqR

+
=
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X1/A-¥ËëX1/rs)H

>��ãg/ä./012��

400 mmkX1/rs)Ht`� 

�Òbuv\: 0.2 μm, �\buv\: 0.2 μrad

ä��q�!R&K�wx)H/ (R: km§/¨)

`�st�./012��

1 mkX1/rs)Ht`� 

yVdz��)H/ (Ã��{)

�Òbuv\: 0.2 μm, �\buv\: 0.2 μrad

ä��q�!R&K�wx)H/ (R: km§/¨)

16

wxX1/3Ë(+�
ä��q�!R&�wxX1/%�5�+�3¥|(./0Æ2Ç

MF Σ= 35.2coma

pM
MLF

16
)1(3 22

spherical
−= θ

MpF nfabricationFabricatio 35.22 Δ×=

( )[ ] 2/1
nfabricatio

22
sphericalcomatotal FFFF ++=

0

0.1

0.2

0.3

0.4

0.5

0 0.1 0.2 0.3 0.4 0.5 0.6
Magnification

B
ea

m
 s

iz
e 

(m
m

)

coma
spherical
slope error
Total

Σ: �JÆ2Ç

M: }>; = q/p

L: X1/k

Δfabrication: h#/ç~�

θ: ¡��

J. Susini, Opt. Eng. 34, 361 (1995)

��8

Σ = 10 μm

L= 400 mm

Δfabrication = 3 μrad

θ = 4 mrad

p = 40 m

Á2"#/��./0+�3r, ��$X1/urCª,

v3���È3â���, c�,�÷C���%

�'(X1/%�5(ÄÅ}v(.
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X1/3Ë(¢£�@+� (1)

��Â/ä§/¨�UV�È~�uv3

â����efX1/3Ë(��+�

����}+�./0Æ2Ç%bu(

H. Mimura et al.,

Appl. Phys. Lett. 90, 051903 (2007)
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X1/3Ë(¢£�@+� (2)

9ave= 3 mrad

�= 0.083 nm (E= 15 keV)

L= 45 mm

q= 50 mm

 

x

Mirror

Oblique aperture 

K0 Kd
� 

�+� 

(a)

(b)

w

θ
λ

π
λ

φ sin
8858.07831.2

Lw
FWHM ≈=

θ
λ
sin

8858.0
L

qFWHM X =

��h�Õ$4�&3Ë(]^_

� Fraunhofer¢£3Ë(�\��}_

���q3¥|(cd��}_

� FWHM = 27 nm
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YZF�*

X7./012�3¥56ÄÅ�¿�C��Me�æ/S�$

 

� �
d�

dsin� dsin�

�F���� �VC�YZ3Ë(BraggW�
2d sin9 = n�
d: ��Vd�, 9:¡��, �: X7�jk

�F�YZ Si, ¨2�4��C�

�YZF�*�)¬
(i) ���LS&n/�X7%F�;3_"'DE
(ii) LS&n/¤%�Ð3ÄÅC��3ab'(DE

(iii) �M�5��(PYZF�*ur, LS&n/%��6�

F�*%"�;6øù3�(cu���%��C5DE

(iv) YZ�x�3Ë_./0%+�'(DE

(v) ����Z[\3��;, �����)¬%�'(DE

20

F�¿¬CLS&n/õö

�W�V
Si 111W�, 2d= 0.627 nm
Si 311W�, 2d= 0.328 nm
Si 511W�, 2d= 0.209 nm
NNN

� Bragg��õö
3l27�

� LS&n/õö
4.4l110 keV

SPring-8ñòF�*��,

0
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Si 111 refl.

Si 311 refl.

Si 511 refl. 
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#Õ ��¡/� ((×�C5�,)
#Õ ��¡/� (¨/?��¡/�)

- �1Õ�¢/h, (×C;, £FT5YZ��, -

2
11 0rn χδ +=−=

( ) )1(1
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00

−<−+== WWW
E
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)11(1 ≤≤−= WR �VW�wx

( ) )1(1
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2 >−−= WWWR
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hr

rBKW
χ

χθθ 12sin 0+Δ=

W: Bragg¤¥���=�%v�<'

¦�p���o1Â/ä

�§�1Õ�¢/h, ¨`���,:

h
BK

hr F∝=
θ

χ
ω

2sin
2

¨/?��¤�©W = 2

LS&n/F«¬5F�	�[\%

]^�(�u�ªÅCo1Â/ä

:s�«¬;�K/�LIFhrr χχ ,0

:£;E�@q:

22

#Õ ��¡/� ((×%®)

�VYZ3¥|(¯#�¢£�U3;�}|

N¢£¤r�£μradA.�§/¨

N(×}>�|�¦°/"W�;r13j5

¢£¤

¢£¤

0
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0.4

0.6

0.8

1

-100 -50 0 50 100
Δθ (μrad)
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Si 111 refl. 
10 keV

Si 333 refl. 
30 keV
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¢£¤¥Ëë�J���

>��ãg/ä��\��r]±�¢£¤E²�\uv(

ωλ
λ

γ
σ

�

11597.0 ∝≈′
c

r

`�st�

'355.2 rFWHM σ=

>��ãg/ä (N= 140)

ωλ
λσ

�

1
2

∝≈′
u

r N

c@�rad90 λ≈FWHM

103

0 20 40 60 80 100

Photon energy (keV)

FW
H

M
 (μ

ra
d)

102

101

100

10-1

Bending magnet

Undulator

Si 111 refl.

Si 311 refl.

Si 511 refl.

nm1.0@�rad8 =≈ λFWHM

SPring-8, Eb= 8 GeV��,

24

LS&n/F«¬

�M�¤¥ur©E/E= 10-3�\A.uv(

22
Bcot ωθ +Ω=Δ

E
E

³: �J����, ´: ¢£¤

DuMond¨2>�10

10-5

10-4

10-3

10-2

0 20 40 60 80 100
Photon energy (keV)

ΔE
/E

BM & Si 111 refl.

BM & Si 311 refl.

BM & Si 511 refl.

Undulator & Si 111 refl.

φ
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n 

en
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gy
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Light source 
distribution

Angle �

Acceptance 
by crystal

Resolution
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>��ãg/ä.µ0%YZF�*uÍ_"'
SPring-8ñò>��ãg/ä

(λu= 32 mm, N= 140, K= 1.34, E1st= 10 keV)

+ PYZF�* (Si 111W�)

10 keV (1st) 30 keV (3rd) 50 keV (5th)

tK�3h�Õ$%á�¶·6�F���C5]LS&n/IF}¸�(¹|

>��ãg/ä
[\Fº

200

ΔE
(e

V
)

-50 500
φ (μrad)

-200

0

600

ΔE
(e

V
)

-50 500
φ (μrad)

-600

0

1000

ΔE
(e

V
)

-50 500
φ (μrad)

-1000

0

φ

YZ�
>"»çä�h
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PYZF�* -��Ò"����-

B

hy
θsin2

AB ==

B

hz
θcos2

OB ==

y (9B890º), z (9B80º) E�3h/23¼j'(

��Ò"�= Bragg� (X7�jk) %�p�½6�

"�./0��Ò, K�%H�3ð4¾�C)H

J¿À�

úHÁ�úPYZr²HVd�

�4Á�W�V}no
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第一結晶

第二結晶

�B

�B

出射ビーム 
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θ-stage 

Translation stage 

1st crystal 

2nd crystal 

θ-stage 

Â�

Ã�

SPring-8 BL15XU
SPring-8 information Vol. 5, No.1 (2000)

PF BL-4C
Matsushita et al., NIM A246 (1986)

θ stage

1st crystal
2nd crystal

θ rotation center
Y1 stage

Z-cam stage

SPring-8 ñò 
Yabashi et al., Proc. SPIE 3773, 2 (1999)

PYZF�*�8
91+ÄÅ+92Æ

9+2�ÄÅÆ (2�¡0Æ)

9+2�ÄÅÆ (1�¡0Æ)

28

YZ��� (1)
CÇYZ���}ÄÅ�È
Qin (���(×3Ë(Z��Ú) = Qout (��3Ë(�Z + É�..)
�°\ÊË ©T�Ì©T = ©d (��Vd���p)

Ì: Z^_q�

or �©9 (ZÍ3Ë(��V�x}_)
NúH, úPYZ��s,�jk���K$, [\�ÎÏ

NÐÑ or ZÍ�@�Ð« or ÒÓ


«bÔ:
Z^_q�Ì, YZ�ZÕ�\Ö, ��M
�ZÕ×q�

(S1) Ö/Ì��÷ª'( (.UØÙ)
(S2) ��M (�F) E�zÚV^%¸5'

(S3) Ù�op/\%>�ª'(

結晶

Qin
T1

T0

輻射

熱伝導

熱伝達 冷却系

Silicon (300 K) Silicon (80 K) Diamond (300 K)
Ö (W/m/K) 150 1000 2000
Ì (1/K) 2.5x10-6 -5x10-7 1x10-6

Ö/Ì x106 60 2000 2000

YZ���Figure of merit
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YZ��� (2)

<>��ãg/ä./012����>
�&>>��ãg/ä, N= 140, �u= 32 mm

Ù�op/¥Ëëop/\: 300~500 W , 
300~500 W/mm2

a)¢g��ÛÒ + !�e�°�æh$YZ

(Üz��) – (S2) & (S3)

b) !�e�Ý-Þ+�� (dz��ß- (S1)

c) IIa¨2�4��dz�� - (S1)
0.6 mm

0.6 mm

0.5 mm

0.2 mm

Water flow

Water flow

X-rays

O-ring

Si-Au-Si
bonding

<`�st�./012����>
Ù�op/¥Ëë\: 

~100 W, ~1 W/mm2

K��YZÜz�� - (S2)

30

F�	�[\�]^�_ (1)
F�	�Km$�� (h&/çÕ$) rF�*3¥|(

�àBC���¤3Ëa6]^�(DE}u÷(:
Km$�� (ph/s) =

�J��u6ª(Km$�� (ph/s/0.1%bw)  x 1000

xF�*3¥|(�àBC���¤

0

0.2

0.4

0.6

0.8

1

-5 -4 -3 -2 -1 0 1 2 3 4 5
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2

(x10-4)

1.4x10-4

©E/E

8) Si 111W� (PYZF�*) ��,
����¤r1.4x10-4uáâH�

YZF�3¥|(���¤  
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Si 111 refl.

Si 311 refl.

Si 511 refl., Si 333 refl. 

(x10-5) 

W�x7�^F��ãu�
�àB���¤

P
ho

to
n 

en
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gy
 � Light source 

distribution

Angle �

Effective 
band width

Acceptance 
by crystal
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F�	�[\�]^�_ (2)

`�st�./012����8

�J�����50 m3¥|(�Ê���\
(a)l(c): 0.1%���¤v�_�[\
(d): �àBC���¤ (l1.4x10-4) %®;�

F�	�[\
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104 
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0 10 40 50

Ph
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s/

m
A/

m
m

2 ) 

(a): SPring-8 bending magnet 

(b): (a)×Double Pt mirror, 5 mrad 

(c): (b)×0.75-mm-thick Be window

(d): (c)×DCM (Si 111 refl.) 

20 30
Photon energy (keV) 

(d) 

(c) 
(b)

(a) 
 

1010

1011

1012

1013

1014

1015

0 10 20 30 40 

Photon energy (keV)

Fl
ux

 (p
h/

s/
10

0 
m

A)
 

(a) Partial flux (/0.1%b.w./1x1 mm2 @30 m) 

(b): (a) x Si 111 refl. x2 

>��ãg/ä./012����8

�J�����30 m3¥|(�Ê���\
(a): 0.1%���¤v�_�[\
(b): �àBC���¤ (l1.4x10-4) %®;�

F�	�[\

32

`��ab (1)
X7wxur, ÙÚ�Jä���3Ë(`��Í_å�}æ;5.
(çèf`�é�¡&>��ãg/äE Õ¡/st�3Ë(Í_å�C�)
� �&>>��ãg/ä (�nÜ7`�) + ê��

YZ: IIa¨2�4��C�(×�ëC5�VYZ%��

��: �VYZ3¥|(¯#�B¢£3¥56, ¢£¤¥��Ì�C�\=�
'DE3Ë_σ`�Eπ`�3¥56:£;��%ì�, ���T�¹|
X7%í¶�½6ÄÅC���δ%ì�(.

δ = îπ/2 : �n`��è-/ç-f`�
δ = π : �n`��ïÜ`�

X7t�fP�¸ (XMCD) 5ä�ð`�%��'(�Ð3`<�(.

Thickness
(mm) Index Reflection Energy (keV) Transmittance 

(%)

0.34 (111)
111 Bragg 5~5.8 3~7
220 Laue 5.8~7.5 7~41

0.45 (111) 220 Laue 6~9 5~53
0.73 (111) 220 Laue 8~12 22~65
2.7 (001) 220 Laue 11~16 13~47

¨2�4��ê���ÎÏ8
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`��ab (2)
 

�`�

�`� 

Ú� X7 (Ü7`�) 

YZ��\: �B±�� 

¢£ X7

í¶ X7

è¢_f`� 
ç¢_f`� 

�VYZ

h

kh- π

O

H

K0 Kh

kh- σ

k0- π

k0- σ

Kd

π-pol.

Crystal

σ-pol.

t

h
kh- π

O
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ê��!hÛ0 (SPring-8 BL39XU)

X-rays from DCMX-rays from DCM

Transmitted beam to 
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Transmitted beam to 
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Diffracted beamDiffracted beamDiamond crystalDiamond crystal
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f < 100 Hz (°Ló+�)
f < 2 kHz ('&��h R�/)

M. Suzuki, et. al, Rev. Sci. Instrum. 74, 19 (2003).
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