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Reflection high-energy positron diffraction (RHEPD) is the positron version of 
reflection high-energy electron diffraction (RHEED). Unlike the case of the electron, 
the crystal potential for the positron is positive, and hence positrons incident on a 
crystal surface with a glancing angle smaller than a certain critical angle are totally 
reflected. This feature makes the positrons a tool much more efficient and sensitive to 
the topmost layer of the crystal surface [1]. Since the first report of the RHEPD 
pattern taken with apparatus based on 22Na positron source [2], considerable number 
of measurements have been performed by a single research group of JAEA[3]. 

Recently, the present collaboration of the group and the group of the Slow Positron 
Facility at KEK started [4].  This collaboration takes advantage of the high intensity 
of the slow positron beam created using a dedicated electron linac [5]. The high 
intensity allows us to install a brightness-enhancement section upstream of a RHEPD 
chamber, leading to observing clear diffraction patterns of positrons from the crystal 
surface under the total reflection condition. In this report we introduce total reflection 
positron diffraction (TRPD) as an ultimate tool for the determination of the atomic 
arrangements of crystal surfaces. It is demonstrated that the total reflection pattern 
certainly shows the diffraction from only the topmost layer of the surface. The 
implication of this is twofold; we observe a diffraction pattern only form the topmost 
surface by a simple measurement on a bulk sample, and analyzing diffraction patterns 
with increasing glancing angle across the total-reflection critical angle provides a 
technique to determine the surface structure from the top downwards. 
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