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Fig. 1. DuMond diagram for the symmetric Bragg geo-
metry. The differential equation (2) of diffraction formula
corresponds to the line band with a slope of cotfg. fg and
wp represent the kinematic diffraction angle and the Dar-
win width of the dynamic diffraction, respectively. In this
article, we ignore the change of X-ray diffraction angle posi-
tion which is influenced by crystal refraction. When the in-
cident white beam is completely parallel, both the receiving
and emitting angle of the symmetric crystal are the same,
which can be represented by wp. The limited angle broad-
band introduces the corresponding wavelength distribution
AXp/A. When the incident beam with a divergence angle,
the distribution of the incident angle on the crystal be-
comes larger which affects the angular divergence of band-
width changing from wp to 6s(the divergence angle of the
beam) and the wavelength distribution changing to AXg/\.
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Fig. 2. The experimental configuration of (+1, —1) type non-dispersive consists of the second crystal of Sil11-DCM and Silll ana-

lyzer. The[111] is the crystal direction of the normal of the diffraction plane.
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Fig. 3. The experimental configuration of (+1, +1) type dispersive consists of the second crystal of Sil11-DCM and Silll analyzer.

t(a) 1)

AX/A
AX/A

el
S
=

Tk

B4 (a) i (b) 430 JEEHL(+1, ~1) Ko & A (+1,
Dl i o A T R NS S T R 1 v e )
DuMond [&l . £k X 5 2 W 5 B 64 2% A9 DuMond % [, 5
R B3 23 AT i 4K ) DuMond %

Fig. 4. DuMond diagrams during scanning the output beam
of DCM by analyzer. Panel (a) represents the non-dispers-
ive (+1, —1) configuration and panel (b) represents the dis-
persive (+1, +1) configuration. The oblique line region is
the DuMond window of the DCM. The point region is the

DuMond window of the analyzer.
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Fig. 5. The experimental configuration of (+1, —3) type dispersive consists of the second crystal of Si111-DCM and Si333 analyzer.
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Fig. 6. The experimental configuration of (+1, +3) type dispersive consists of the second crystal of Sil11-DCM and Si333 analyzer.

HR AN RNt B A e AN TR 9 £ J3E 0 LAk
SH Tl i AL B D7 SRR O (B BC L. FE AN
PRAE IR /R SCTERE MR, 1A B XA T 2 A
SER T HT i AO RO HUA Os . PRI A A (0 BEORE e
AT AR M A (R L) 582 3
TEH KW . 75 2, R LR A &
B A PF AR 20 (0 B B T A5 (9 R4 T 2 Y £
v KA TTRR. (LRI, XA A B AL 0s G, B
Z 9 “TEE” OO

P43 B SRR R i 333 F8 5 A2 25 A 2,

3 Y SEIG B (41, -3) BRI (41, +3) BIfD
B (B 5, E 6). K| 7(a) il (b) 3450 T EANH
AR DuMond El. E 7(a) 5El 4(a) B9 X GIFE
T BT R A3 AT i A B A3 S5 T 505 it XL R
RIS R BN — 20 BV (4, ) RS ER
BeHE, DuMond Bl A 43HT dR A B 1140 5 80 i R 62
i ATAT . TERE 3N 3 BT db AR 25 77 A= 8 R
. HI (+n, —m) BIFD (4-n, +m) BIEC & #R R T
UM E . ] 7(a) F1 (b) S5E 4(b) B IX H7E T
3T AR DuMond % HAORFERR ], RBELE
S50 T AR RO AR, R PR G AR
ORI . A ORE B N SER  A H 0s
XK, o5 B FRAAA R R 43 AT AR DuMond % H Y
BERA R Hd, (40, +m) BIECE QRRURROK,
B o sk L. 52 AR, K (b,
—m) BUPCE A SOh 55 L E . (B B X
HLA 557 FURAXT R SR 1 5 1, A —E
L (4-n, +m) 78 [ (o BIONC B o FRORE R 5.
I 4 FNEL 7 B4 FT T AL, Je e B g
o BT s R () oA AN EURR, R 5O
PRI LA 5 XU B8 R o BT db R AR B 19 38K

SCTEARSE. T (A FBC R ST I 5 P ) 0 A U S 231 €2
IIABURR, P SRR 2 A Y REAME 2 AGHE
FAA AR, RS2 B HH DB RY B A A
IIAT AR SRS TR B R . L, — B (AR

AM/A

AM/A

05 A0

Bl7 (a) A1 (b) 43 o ffi FH Si333 48043 A AR Y (41,
—3) TN (41, +3) T (0 BT &, FR 0 6 8% D R Y
DuMond &l &% 8 5 2k 7 Sk 35/ 7 53 8, w4 [R50y
X3k 25 T 43 H7 K DuMond £ 1 1R &

Fig. 7. DuMond diagrams during scanning the output beam
of DCM by Si(333) analyzer. Panel (a) and (b) represent
the (+1, —-3) typeand (+1, +3) type dispersive configura-
tion, respectively. The green dotted arrow indicates the
scanning process. The two point-regions give the starting
and ending position of the DuMond window of the analyzer.
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Fig. 8. (a) and (b) give the rocking curves of the Si (111)
analyzer with different slit vertical widths under the condi-
tions of non-dispersion configuration and “fixed dispersion”
configuration, respectively. (c) gives the FWHM curve of
the rocking curve when the slit vertical width is adjusted
under the condition of non-dispersion configuration and

“fixed dispersion” configuration.
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Fig. 9. (a) and (b) show the results of slit width difference of rocking curve with (+1, —1) and (41, +1) experimental configurations

with Silll analyzer, respectively. The coordinate origin of the transverse axis corresponds to the diffraction angle of the analytic

crystal at 10 keV. Also, (b) is the DuMond diagram without slit (angle) - wavelength conversion obtained using Silll analyzer un-

der the condition of dispersion configuration. The measured values of rocking curve FWHM with different slit widths can be read

directly from the figure.
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Fig. 10. (a) and (b) give the pseudo DuMond diagram using Si333 analyzer under the condition of (41, —3) type and (+1, +3) type

dispersion configuration, respectively.
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Table 1.  The experimental values obtained from different experimental configurations and the values after deconvolution of
the analyzer and removal of dispersion broadening. Unit: arcsec.
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Characteristics of multi-crystals monfiguration X-ray
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Abstract

In this paper, the X-ray diffraction experiment with multiple crystals configuration and its application in
characterizing the emission characteristics of double crystal monochromator (DCM) on BL09 beamline of
Shanghai Synchrotron Radiation Facility (SSRF) are reported. It is a non-dispersion configuration when the
second crystal of DCM and the crystal analyzer form a (4+n, —n) type experimental configuration. The rocking
curve of the analyzer crystal can only reflect the operation of the DCM. It is the dispersion configurations when
the second crystal of DCM and the crystal analyzer form the (+n, +n), (+n, —m) and (4+n, +m) type
experimental configuration. The width of the analyzer crystal rocking curve includes not only the intrinsic
bandwidth of the DCM and the analyzer crystal, but also the angular divergence of the beamline. In this paper,
we use the method of DuMond diagram to explicitly illustrate the characteristics of the output beam of the
DCM which can be measured under the above two kinds of experimental configurations, and distinguish the
diffraction characteristics of different experimental configurations at the same time. Finally, the angular
bandwidth and the relative energy bandwidth of the DCM are 5.40(4) arcsec and1.30(1) x 10 @ 10 keV,
respectively, which are obtained by deconvolution of the analyzer crystal in (+1, -1) nondispersive
configuration. The angular distribution and the relative energy bandwidth of the synchrotron radiation beams
are 26(1) arcsec and 6.3(2) x 10* @ 10 keV, respectively, which are obtained by deconvolution of the analyzer
crystal and removal of dispersion broadening in (+1, +1), (+1, -3) and (+1, +3) dispersion configuration. After
removing the influence of the DCM, the obtained angular divergence of the light source by 25(1) arcsec @ 10 keV,
is consistent with the theoretical value of the bending source. In addition, under a series of different white beam
entrance slit widths, we characterize the divergence and bandwidth of the beam emitted from the

monochromator by the method of multi-crystals dispersion configuration and the DuMond diagram.

Keywords: synchrotron radiation, double crystal monochromator, multiple crystals X-ray diffraction, energy
bandwidth, DuMond diagram
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