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Bragg geometry 



Curved crystals can be used as neutron monochromators 
over a wide energy band to analyze magnetic structure of materials 

  Sample 

detector 

   Curved crystal 
in Bragg geometry 

Neutron beam 



Channeling is confinement of charged particles travelling 
through a crystal by atomic planes or strings (planar or 
axial mode)  

2 

0.5 

Channeled particles in a bent crystal follow the curvature 
of the crystal thereby they are diverted like an equivalent 
magnetic filed of thousands of Tesla would do!!! 



  Crystals fabricated at 
Ferrara and 

experimented at SPS 
(CERN) 

Phys Lett. B 692 (2010) 78  



• Space-borne telescope to 
concentrate radiation over 
selected energy bands in the 
hard x-ray/soft γ domains. 
• Crystals are arranged as 
concentric rings to diffract   
radiation in Laue geometry from 
celestial sources to the focus. 
• Mosaic crystals are normally 
considered for application 

Curved crystals allow focusing and concentrating  
high-energy x-rays at high diffraction efficiency  
and increasing the energy bandwidth of the lens 



Curved crystals for a Laue lens 

vs. 



Scientific motivations 

Sources of positrons in galactic center 

Low Mass x-ray binaries (LMXRB)? 
Dark Matter? 



Imaging in nuclear medicine: SPECT  

Curved crystals would improve gamma-ray detection in 
SPECT with better resolution and lower radioactive dose 
to the patient than for the standard case with a gamma-

camera system. 

Curved crystal  
Optics in LAUE 

geometry 

Detector 

Gamma-ray 
 source 

Decay of 99mTc to 
140 keV photons 

99Mo → 99mTc + β－+ νe 

99mTc → 99Tc + γ 

-- 



Positron Emission Tomography scheme 

A Laue lens made of curved  
crystals would concentrate  
511-keV photons due to 

annihilation 
providing higher resolution  

with respect to existing 
instruments. 

It can work under either 
standard radial or innovative 

axial geometry. 



Self-standing bent crystals through 
surface grooving 

Grooved Si crystal Optical profilometry of  
the surface without grooves 



Principles and features 

N. Barrière, V. Guidi et al  J. Appl. Cryst. 43 (2010) 1519  



Measurements at ESRF  

  Grooved crystals were tested by x-ray diffraction of (111) 
planes in Laue geometry.  

  Aim of the experiment was to assess the performance of such 
crystals 

European Synchrotron Radiation Facility 
(Grenoble, France) 

A  quasi-parallel and highly 
monochromatic pencil beam 
was set at energy ranging 
from 150 to 700 keV.  
Measurement consisted in 
Rocking Curves. 

V. Bellucci et al. Exp. Astron. 31 (2011) 45–58 



Silicon samples 

(a)  
Beam quasi-parallel to the grooves 

(b)  
Beam perpendicular to the grooves 



Rocking Curves at 150 keV 
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Angle of  incidence (arcsec) 

Parallel configuration Perpendicular configuration 

Angle of  incidence (arcsec) 

93 % 

71 % 94 % 

53 % 

z=0.4 mm 

z=0.85 mm z=0.8 mm 

z=0.15 mm 

13 ” 

15 ” 

60 ” 

54 ” 



Discussion 



Insight into the method of  
surface grooving 



Efficiency vs. energy  
beam parallel to the grooves  
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Angle of  incidence (arcsec) 

Angle of  incidence (arcsec) 

200 keV 

400 keV 

300 keV 

500 keV 

92 % 

54 % 68 % 

84 % 



Efficiency vs. energy  
beam perpendicular to the grooves  
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Angle of  incidence (arcsec) 

Angle of  incidence (arcsec) 

200 keV 

400 keV 

300 keV 

500 keV 

59% 35% 

24% 17% 



Parallel configuration Perpendicular configuration 

Model for a curved Si crystal 

Model for a mosaic Si crystal 



Samples of germanium 

z 
y x 

Beam quasi-parallel to the grooves 



Rocking curves at 300 keV  
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Angle of  incidence (arcsec) 
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z=1.25 mm 

z=0.25 mm z=0.85 mm 

Diffraction efficiency 
averaged 58% 

Passband is determined 
by the curvature 





Possible configuration for a Laue lens 

[111] 

x-ray beam 

V. Bellucci et al. Exp. Astron. 31 (2011) 45–58 
See also poster presentation  P20 by R. Camattari 



Experimental results on Si  
stack at ILL 

Analyzed at different y 

Beam set quasi-parallel to the (220) planes 
Beam size: 10 x 1 mm2 

(111) 
x => 3 mm 

Red arrow => X-ray beam 

(110) 
y => 45 mm 

(211) 
z => 10 mm 

(211) 
z => 10 mm 

(111)  x => 3 mm 

(110) 
y => 45 mm 



1) No misalignment 2) Critical misalignment 

3) Less important misalignment 4) Indifferent misalignment 
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Horizontal Average Cross Section 

      y = 0 mm (edge of the mul0‐crystal) 

(220) planes are coplanar, thus cri0cal and 
indifferent misalignments can be excluded 

(110) 
y => 45 mm 

(111) 
x => 3 mm 

(211) 
z => 10 mm 



y = 21 mm 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Horizontal Average Cross Section 

(110) 
y => 45 mm 

(111) 
x => 3 mm 

(211) 
z => 10 mm 

(220) planes are coplanar, thus cri0cal and 
indifferent misalignments can be excluded 



y = 38mm 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Horizontal Average Cross Section 

BeCer welding of neighbouring 
plates must be done near the 

mul0‐crystal edge 

(110) 
y => 45 mm 

(111) 
x => 3 mm 

(211) 
z => 10 mm 



y = 42mm   

BeCer welding of neighbouring 
plates must be done near the 

mul0‐crystal edge 

(110) 
y => 45 mm 

(111) 
x => 3 mm 

(211) 
z => 10 mm 
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Horizontal Average Cross Section 



  Slit width: 10x10 mm2 

  The beam impinges on the whole 
volume of the mul0‐crystal 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Horizontal Average Cross Section 

Alignment of (111) crystalline 
planes but misalignment of (211) 

planes.  

(111)  x => 3 mm 

(211) 
 z => 10 mm 

(110) 
y => 45 mm 

Cri0cal misalignment is excluded 



Photons 

Configuration with focusing 

Angular 
spread 

V. Guidi et al. J. Appl. Cryst. 44 (2011) 1255-1258 



Primary curvature:  allows focalization 
Secondary curvature (QM):  increases the energy pass-band 

 avoids the factor 1/2 

_________ 

R (QM) 
R (primary) 

_________ ≈  2.4 for Ge 

R (primary) 
≈  2.6 for Si R (QM) 

Quasi-Mosaic crystals for high-resolution focusing of  hard x-rays 



One ring 
Laue lens – Quasi Mosaic Crystals 

Focal plane 



One ring 
Laue lens – Quasi Mosaic Crystals 

Focal plane 



Photons distribution  
on the focal plane – QM case 

Focal plane 
(meter) 
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Conclusions 



Thank you for  
your attention 


