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optical hutch1Exp. hutch1

Opt. hutch2 & exp. hutch2

wiggler & undulator source
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Wiggler mode
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Undulator mode

Superconducting: SCUWSuperconducting: SCUW
Wiggler & Wiggler & undulatorundulator

Switchable modeSwitchable mode

SPECTRA, T. Tanaka

Wiggler parameters
Period length l u [mm]: 45
Period number: 33
Deflection parameter K: 13.8
Magnetic field [T]: 3.21 T
Critical energy [keV]: 13.108

Undulator parameters
Period length l u [mm]: 15
Period number: 99
Deflection parameter K: 1.2
Magnetic field [T]: 0.86 T
Fundamental energy [keV]: 2.250
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Full-field microscopy
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Rocking Curve Imaging

Tomography Laminography

D. Pelliccia



Imaging requirementsImaging requirements

XRM focused beam, high brilliance, intermediate energy

Tomography & radiography
large beam size, high energy photon�È
high flux

Coherence imaging

Diffraction enhanced imaging
Rocking curve imaging

Coherence, high flux

High energy resolution, high brilliance, 
focused beam
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Mask:50´ 0.5cm2

Collimator: 20´ 0.3cm2



Optical Layout, option Optical Layout, option 22

vertical beam instability from DCM ~ 100 nmrad=0.1mrad
DCM at 35m: 8*106´ 0.1*10-6 =8 mm
DCM at 18.5m: 24.5*106´ 0.1*10-6=24.5 mm — kill the coherence!

coherence length at 43m: xx=2.8mm, xz=29.2 mm (direct beam)
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Compound refractive lens used as a beamline
component for collimating & focusing



RayRay--tracing simulations (XOP2.1, shadow1.0)tracing simulations (XOP2.1, shadow1.0)

• Simulations for wiggler and undulator source, 
separately.

• Beam spot size is given in x´ z dimension (cm).
• x’ and z’ are divergence (mrad) in x and z.
• Intensities are given relative to source intensity, 25000.
• Monochromator: infinite dimensions.
• Collimating mirror: 100cm´ 20cm

Y

XZ

Beam direction
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High coherence
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Standard DMM 
Bandwidth: 10-2, Mo/B4C, W/C
d-spacing =2.7~ 3 nm, N~200
High resolution DMM
Bandwidth: 10-3, Mo/B4C
d-spacing =1.5 nm, N=600
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Beam profile xz at 27 m 
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wiggler source, W/Si, 3nm, 200 layers
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Divergence at 8 keV

Vertical beam 
divergence: 
0.371 mrad

Darwin width 
(Si111 double 
crystal, 8 keV): 
0.0499 mrad

Non-aberration 
optics, 0



Fixed exit
4°~40°
Si111, Ge111: 3.2~25keV
Si311: 6~50keV

10.35.785.159.855.55Footprint (cm)

25.441.977.2247.02.134.3223.910.617.935.0109.2Darwin width ( mmmmrad)

4.357.2713.736.44.348.7139.14.547.5714.338.2Bragg angle (°°°°)

251583.250256251583.2Energy (keV)

Ge111Si311Si111Crystal plane

DCMDCM
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Ge 111 has higher flux, comparable 
energy resolution with Si111

wiggler source

8keV, wiggler, S111
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DCM: combined with front SlitDCM: combined with front Slit
image

source collimator slit DCM

Results from ray-tracing

Horizontal Vertical

High energy resolution
For DEI, RCI

wiggler source



DCMDCM Image
source collimator DCM

undulator source

2.000.235́́́́ 0.143
1753

0.538́́́́ 0.303
1753

DCM
Si111

11000
±±±±10

53

2.590.120́́́́ 0.082
2962

0.607́́́́ 0.337
2962

DCM
Ge111

7152
±±±±6

32

2.000.116́́́́ 0.083
1628

0.561́́́́ 0.348
1628

DCM
Si111

7152
±±±±6

31

resolution
eV

image
x’ ´́́́ z’

image
x´́́́ z

monoenergy
(eV)

HarmonicNo

1 2 3

Beam profile 
xz at 43m



DCM: DCM: SagittalSagittal FocusingFocusing
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wiggler source

Optimal location for DCM: 32m from source point at 43m imaging point

Beam profile xz at 43m
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wiggler source, 1m long CM, 2.1mrad incident angle, Pt

CMCM
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Beam profile xz at 43m

A correlation for horizontal 
and vertical size?

High energy resolution, 
high energy & high 
harmonics cut off
Coherence deterioration, 
Beam vertical offset 
(9cm at 43m)



Beam profile x́́́́ z at source Beam profile x́́́́ z at pre-
mask

Beam profile x́́́́ z passing 
through collimator (2.0´́́́ 0.30 

cm2).

Focused beam profile x́́́́z at 
43m

Energy resolution at 43mFootprint x ´́́́ y on CM Footprint x ´́́́ y on DCM

source collimator DCMCM Image
Source+CM+DCM+focusingSource+CM+DCM+focusing

wiggler source,25keV

Beam profile x́́́́ z cut off by 
collimator (2.0´́́́ 0.30 cm2).



Compound Refractive Lens (CRL)Compound Refractive Lens (CRL)
CRL: Focusing, collimating and energy filtering 

3ID undulator beamline,  SRI-CAT, APS. 
WBS: white beam slits; BM: brilliance meter; HHLM: 
high heat-load- monochromator.
CRL is combined with water-cooled collimating fixed 
mask (CFM). (Zhao et al, 2002) 
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Photon shutter: Finite element analysisPhoton shutter: Finite element analysis

Power density: 150 w/mm 2, Gaussian function

Glidcop

OFHC Cu

Cooling water

Standard component at APS front end
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