Slit Packages

SPEAR uses four slit packages to collimate the incident neutron beam and reduce the measured background. The T‑Zero and sample slit packages are each composed of two vertically and two horizontally mounted slit plates. Incident neutrons are collimated into a converging beam by these two slit packages to define a footprint on the sample. The after-sample and detector slits are each composed of two horizontally mounted slit plates. Their purpose is both to 
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intercept the direct neutron beam and, by limiting the field of view of the detector, to reduce background radiation from various other sources. Even with very modest slit openings, the direct beam will overwhelm and potentially damage the 3He detector, so it is essential that it is blocked and that only reflected neutrons are measured. Additionally, these slits can be positioned to block spurious and uninteresting neutron reflections not originating from the sample or intense regions of off-specular scattering. 

Slit Plates

All slit plates, produced by Eagle-Picher, measure 4” by 8” by ¼” thick and are made of a sintered boron carbide ceramic (B4C). Since nuclear scattering and absorption cross sections vary from isotope to isotope, the isotopic composition of the plates is also important. The absorption cross sections of boron isotopes vary dramatically. For 2.2 km/s neutrons, 10B has an absorption cross section of 3.8 x 102 barns while 11B’s absorption cross section is only 5.5 x 10-3 barns. Unfortunately for those wanting to stop neutrons, naturally occurring boron contains 80% of the 11B isotope and only 20% 10B. By enriching the 10B content of SPEAR’s new slit plates to a minimum of 96%, their neutron-absorbing power becomes approximately five times greater! Additionally, the two B4C after-sample slits are backed with 1”-thick lead plates to reduce gamma contributions to the background produced both at the target and from neutron-capture events. 

Linear Positioning Stages for Slit Plates

All of the slit plates are mounted on stepper-motor-driven Velmex linear-positioning stages. These stages provide 5” of travel, moving 0.025” per revolution with an error of less than 0.0015” per 10”. With the greater precision and accuracy of motion control, the footprint of incident neutrons on the sample is more precisely defined. This prevents the footprint from spilling over the edges of the sample. The horizontal slits of the sample slit package are the most essential for defining the beam footprint. Optical linear encoders mounted on these slits provide additional feedback, assuring precise slit positioning.
Stepper Motors
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Most of SPEAR’s motion control involves the use of ES series Compumotor stepper motors controlled by Zeta 6104 drives. The detector gantry is the only component of SPEAR not controlled by a Compumotor system. ES-23B 

motors, with 0.89 N·m of static torque, power the detector slits. ES-22B motors, with 0.71 N·m of static torque, power all other slits and all goniometer stages. ES-31B motors, with 1.14 N·m of static torque, power the two motorized slit stands and large Z table. Each motor is equipped with a 4,000 steps/rev rotary encoder. Zeta 6104 drives 
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provide single-axis, active damping motion control with a position range of +/- 2.1x109 steps, a velocity range of 1 to 2x106 steps/s, and an acceleration range of 1 to 2.5x107 steps/s2. Each drive is controlled via an RS-232 interface.

Detector
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A class II laser, located behind the T-zero slits, is used for initial sample alignments and for centering the slit plates on the beam. When in position, the laser traces the same path as the neutron beam. Laser alignments are made by visually observing where the laser’s path is in relation to the slits or the sample. Mounted on a motorized linear translation stage, the laser is moved into the beam’s path for alignment and out of the way for neutron measurements.

Target-Moderator-Reflector System

By slamming high-energy protons into a target, spallation neutrons are produced. However, spallation neutron energies are too high (several MeV) to be used for the study of condensed matter. For reflectometry and other neutron scattering techniques, the neutrons must be “cooled down” by passing through a moderator. In a series of collisions, the high-energy neutrons lose energy to the moderator atoms and eventually emerge with energies close to the thermal energy of the moderator. Finally, reflectors are used to increase the low-energy neutron flux from the moderator. High-energy neutrons that have passed through the moderator can be reflected back into it and given another chance to be “cooled down” to useful energies.
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From the accelerator, the 800MeV proton beam is directed into the proton storage ring (PSR). There the pulse width of the beam is compressed from 5x10-4 s to 2.5x10-7 s. Next, proton pulses from the PSR are directed down into the Lujan center (1L) target. The 1L target is a split tungsten target and, using the flux-trap geometry, the lower tier moderators (one of which SPEAR views) are positioned in front of the gap between the tungsten targets.

In addition to the target geometry and proton pulse width, the moderator material and geometry contribute to the final energy spectrum of the neutron beam. SPEAR views a partially coupled liquid hydrogen moderator at 20K. The moderator dimensions are 13cm x 13cm x 5cm thick. Two competing factors determine the optimum moderator size. If the moderator is too thick, attenuation will decrease the neutron flux and if it is too thin the neutrons won’t be sufficiently thermalized. Since liquid hydrogen has a large scattering cross section for neutrons, many collisions between the neutrons and the moderator atoms occurs in a small volume and the moderator can be made thinner to reduce attenuation. 
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In a decoupled moderator, decoupler, liner or poison components preferentially direct the neutrons to produce a beam with a narrower pulse width. The pulse width of a neutron beam from a coupled moderator is much larger (reducing the resolution) but has a much higher flux (allowing shorter measurement times). SPEAR’s moderator is described as “partially” coupled because of the slight decoupling caused by a Cd liner between the Be and Pb reflector components and from Cd liners surrounding adjacent decoupled moderators.

Hydrogen molecules have two angular momentum states: para-H2 and ortho-H2. When at equilibrium at 20K, 99% of the H2 is in the para state. However, this equilibrium changes to some extent because the energy delivered by neutron collisions converts para-hydrogen to the higher energy ortho state. Since para-H2 and ortho-H2 have distinctly different cross sections for neutrons, the ratio between the two spin states also makes a significant contribution to the neutron spectrum coming from the moderator.

Spallation neutrons produced at the target fly out in all directions. Reflectors are designed to redirect errant neutrons back into the moderator to increase the thermal neutron flux. SPEAR’s moderator is surrounded by a composite Be, Pb, and Fe reflector with a Cd liner between the Be and Pb components. The characteristics of the reflector are determined by the neutron scattering cross-sections of its components and fulfillment of the Bragg conditions for scattering. Be reflects the low-energy spallation neutrons well, Pb reflects neutrons with higher energies better and Fe reflects neutrons with higher energies still. All of these components are designed to maximize the thermal neutron flux emerging from the moderator.
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The thermal neutron energy spectrum of SPEAR’s moderator is shown above. When the accelerator is operating at 100 μA, the integrated thermal neutron flux coming from the moderator is approximately 9.3x106 neutrons per cm2 per second. 

Sample Positioning Goniometer

Precision sample positioning equipment is required to align samples in the neutron beam. SPEAR uses a large, coarse positioning Z-table to accommodate a wide size range of sample environments. On top of this table rests a precise five-axis goniometer for sample alignment. Going from bottom to top, the sample positioning goniometer consists of an X stage, Z stage, stage,  stage, and sample changer.
Z Table

The coarse positioning Z table moves on four vertical screws driven, through a series of gear boxes, by a single stepper motor. The table surface measures 50 cm x 70 cm and supports the five-axis sample positioning goniometer. By design, the table has 300 mm of travel but due to space constraints it’s motion is typically limited to 200 mm.


Z Stage

A model 5103.2 Huber stage is used for fine Z positioning. The stage has 40mm of travel and moves 0.02mm/rev with accuracy better than ±3 µm.

X Stage

A model 5101.2 Huber stage is used for Xpositioning. The stage has 100mm of travel and moves 2mm/rev with accuracy better than ±10 µm.
 Stage

A model 5202.1 Huber stage is used for positioning. The stage accommodates ±17º of rotation and moves 1º/rev. The rotation center of the circle segment is 220 mm above the stage surface. 

 Stage

A model 5202.1 Huber stage is used for positioning. The stage accommodates ±17º of rotation and moves 1º/rev. The rotation center of the circle segment is 220 mm above the stage surface. 
Sample Changer

The sample changer translates the table surface to move samples into and out of the beam. It has 300mm of travel and moves 2mm/rev. The anodized aluminum table surface measure 12” x 18” and has a 1” x 1” grid of ¼-20 tapped holes for mounting samples and equipment.
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Schematic of the moderator and reflector system.
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