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Figure 1. Schematic of a neutron microscope with a condenser and objective mirrors. Red lines trace
edge rays through the system and the dotted line is the optical axis. The sample-to-objective distance is
commonly referred to as the working distance in a microscope.

Incident neutrons are reflected from mirrors only at the grazing-incidence angles smaller than the81

material- and wavelength-dependent critical angle. The critical angle can be increased by coating the82

surface with multilayers generally referred to as neutron supermirrors. The supermirror parameter,83

m-number, is the ratio of the critical angle of the multilayer to that of Ni. For example, 58Ni has a critical84

angle equivalent to m = 1.2. The critical angle is proportional to the wavelength and the m-number.85

To build a high throughput microscope, the condenser and the objective should be designed86

simultaneously. This is because the condenser determines the size and the divergence of the beam87

which is later intersected by the objective. The numerical apertures (NA) of the two optics have to88

match. (The NA is the ratio of the mirror diameter to the focal length). Another important factor89

is the sample-to-objective distance, or the working distance (see Figure 1). The closer the sample90

to the mirror the better the resolution can be achieved. The reason is that the imperfections of the91

mirrors, called figure errors, create a distribution of reflected rays with a certain angular spread. The92

angular spread results in a sharper point-spread function at shorter working distances. However, the93

minimum working distance (the sample-to-objective distance) is set by both the need to insert a sample94

environment around the sample and the critical angle.95

3. Results. Design of Wolter Microscopes96

We present neutron microscopes suitable for a beamline upgrade at the NG6 guide at NIST.97

We have performed the raytracing simulations using McStas [32,33] to optimize neutron microscope98

parameters. (The sample size was 106 rays for the design optimization and 109 rays for the resolution99

calculations.) The 68 m long NG6 neutron guide will have an m-2 supermirror coating. Neutrons are100

moderated using a liquid deuterium moderator at 20 K and the neutron spectrum is approximated101

by a Maxwell-Boltzmann distribution with a characteristic temperature 40 K corresponding to a peak102

wavelength of 5 Å. Thus, the beam in the 3 Å to 10 Å wavelength band will have less than 2�of103

divergence at the 6 cm ⇥ 10 cm guide exit.104

105

The microscopes are designed here with Wolter type I condensers, which consist of axisymmetric106

confocal paraboloid and hyperboloid (P-H) mirrors. The focal point of the paraboloid is confocal with107

that of the hyperboloid. The sample is positioned at the second focal point of the hyperboloid [26,34].108
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- PostDoc hired
- familiarisation and	conceptual	design	work	started
- Critical	contacts	to	other	WPs	established
- Requirements	exchanged
- 1st communication	with	stakeholders	for	

ESS	instrumentation/SANS	established
- Facility	boundary	conditions	considered
- Strategy	for	further	contacts	made	(SE,	McSTAS,	Wolter)
- INS,	NR	to	be	considered	in	addition
- Fully	on	track
- First	6	months	critical
- Tbd:	establish	plan	with	Mads	

WP7 – Status Summary
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