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Bonse-Hart double-crystal diffractometers (DCDs) with multi-
bounce channel-cut crystals show rocking curves that depart 
dramatically from dynamical diffraction theory in their wings. The 
intrinsic background is many orders of magnitude higher than the 
predictions of dynamical diffraction theory. This effect was studied 
at the ultra-small-angle neutron scattering facility at the Atominstitut 
in Wien and at facilities in Grenoble, Jülich and Villigen. The 
scattering intensity contains Bragg reflections from the front and the 
back faces, and thermal diffuse scattering from the internal volume. 
The aim of this study was to eliminate this contamination and 
develop a new crystal design which provides optimal resolution. 
Therefore different ways were tested. In the first step the 
contamination was eliminated by cutting a groove in the middle of 
the back plate of the channel-cut crystals and inserting a cadmium 
absorber in this groove. With this modification an additional 
suppression of the wings of the rocking curve of about one order of 
magnitude was achieved. After this, we developed a new design for 
a DCD. The concept for this new crystal design was to avoid the 
back reflection and the thermal diffuse scattering. The different steps 
on the way to produce these crystals are presented in a detailed way. 
The crystal preparation and the different instruments where these 
crystals have been tested are also described. 
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1. Introduction 

To describe diffraction phenomena of neutrons by a perfect crystal, 
the Bragg law alone is not adequate. To understand the relationship 
between the incoming neutrons and the periodic crystal dynamical 
diffraction theory is needed (Rauch & Petrascheck, 1978; 
Zachariasen, 1967). In this dynamical theory there are two cases, the 
Bragg case and the Darwin case. The simple relation between these 
two cases was studied by Takahasi & Hashimoto (1995). There 
theoretical and experimental studies was one of the main reasons to 
develop a new crystal design. The second main motivation was the 
work of Agamalian  and his group during the last years (Agamalian, 
Wignall & Triolo, 1997; Agamalian et al., 1998). The Bonse-Hart 
double crystal diffractometer (DCD) (Bonse & Hart, 1965) is now 
used in many research laboratories  around the world. One of the 
main problems of this technique is the user community. Compared to 
small-angle neutron scattering (SANS), which is a major tool for 
studies in different fields, DCDs for ultra-small-angle neutron 
scattering (USANS) are not so established. To open the USANS 
DCD to the large community of SANS users, it is important to 
optimise the signal-to-background ratio and to increase the Q-range 
of the instrument (Q is the modulus of the scattering vector, 

4πsinθ/λ where θ is half the scattering angle and  λ the wavelength 
of the incident neutrons). This work was performed under 
cooperation between different neutron sources around Europe. The 
first steps were done in Wien, additional experiments were 
performed in Jülich, Villigen and at the ILL.    

2.  Theoretical background 

The rocking curve for a DCD with channel-cut crystals is a 
convolution of reflectivity curves from the monochromator and the 
analyser crystal 
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where n and m are the numbers of reflections in the 

monochromator and the analyser crystal. The reflectivity R(y) is 
described either by the Darwin formula (Darwin, 1914) or by the 
Ewald formula (Ewald, 1917). The Darwin formula is expressed as 
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in the case of non absorbing crystals. The dimensionless angular 

parameter y describes the deviation of the incident beam from the 
Bragg condition corrected for the refraction effect. In the region of y 
≤ 1 total reflection occurs. In contrast, the Ewald formula is 
described as  
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The difference between these two cases is shown in Fig. 1. 
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Figure 1  

Comparison of the Ewald and the Darwin cases. 

The profiles of these two curves differ considerably in their tail 
parts, and the Ewald formula gives twice the value of the Darwin 
formula at their tails. Takahashi & Hashimoto (1995) have shown 
that for a transparent thick crystal, the Darwin formula gives the 
reflectivity only from the front side, while the Ewald equation 
describes the total Bragg reflection from the front and the back.  
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