For an accelerator multi-pass extraction can occur where particles pass through a crystal several times before they channel. The overall extraction and bending efficiency is
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where 
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is the extraction efficiency. Biryukov simulations at 900 GeV give values of 
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 0.7 with s optimized at 1 cm. Fermilab measurements with 
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4 cm were about 30%. CERN measured 15% at 120 GeV/c. IHEP has reported 85% efficiency with 70 GeV protons. An approximate ansatz is 
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where 
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 is the fitted multi-pass scattering angle and 
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 is the nuclear interaction length. (Biryukov's Monte Carlo for 
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). At high energy this formula favors very short crystals. A major step toward short crystal lengths has been the development of anticlastic bending geometries at Serpukhov. IHEP has tested bends as short as 0.3 mm. Typically the crystal is placed at the beam edge and halo is pumped out to the crystal via a kicker, beam-gas scattering, noise or beam-beam collisions. Recent results from RHIC and Fermilab show alignment effects over the entire bend of the crystal, possibly due to so-called volume reflection. This development is important for alignment, particularly for collimation.
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