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The GlueX experiment at Jefferson Lab requires 20μm thick single-crystal diamond radiators for photon beam production via coherent bremsstrahlung.  One critical requirement for these radiators is that their whole-crystal mosaic spread be less than the divergence angle of the electron beam, which is on the order of 20μr.  Using mechanical diamond thinning techniques, one can obtain diamonds of area 1 cm2 and thickness down to 50μm, but below this thickness the quality of the diamonds is severely degraded.  X-ray rocking curve topographs have been taken of a variety of thin diamond samples to explore the effects of different thinning techniques.  The results of these measurements show a very general behavior that below a thickness of about 50μm the samples abruptly deform away from the regular planar geometry and exhibit whole-crystal rocking curves that are orders of magnitude larger than their intrinsic Darwin width.  One way to circumvent this problem is to mill a thin region out of the center of a larger crystal, leaving behind a thick outer border to stiffen the membrane and hold it flat.  The UConn nuclear physics group has developed the capability to mill monocrystalline diamond to arbitrary thickness profiles using laser ablation with a high-power pulsed UV laser. Surface profiles and rocking curve measurements are presented which demonstrate that this process can be used to fabricate diamond radiators which meet the GlueX criteria for thickness, flatness, and crystal mosaic spread.
