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The HYSPEC Fermi chopper used for selecting the incident wavelength has been described in ref 1. The slit package will be taller and wider than the guide (4cm wide and 15 cm tall) and will have a length of 1cm. The package will consist of natural Gd foil sandwiched between Al plates. It had been proposed that the width of the Al plates should be 0.6mm and that of the Gd foil be 0.03mm. These simulations were performed to check if the thickness of the Gd was enough to block the incident beam when the chopper was closing or opening.

Simulated models:

NISP and McStas:

A 4m long straight m=3 supermirror guide was placed downstream of the SNS coupled hydrogen moderator. The guide was 4cm wide and 15 cm tall. A 1cm long collimator was placed 10 cm downstream of the guide exit. A 4cm by 15cm monitor was placed 10cm downstream of the collimator. The McStas collimator consists of totally absorbing blades and vacuum slots. The NISP collimator can have Al as the slot material and Gd as the blade material.

[image: image9.bmp]
Fig 1. Schematic drawing of the simulated model. NISP and McStas have real supermirror guides, in MCNPX guides are simulated by appropriate absorbing surfaces and selecting a beam energy and divergence. 

MCNPX:

The source used in these simulations was a monoenergetic beam with a divergence equal to that of a m=3 supermirror guide. The guide was simulated as a 4x15 channel surrounded by an absorber, thereby approximating the physical dimensions and divergence of the neutron beam exiting a m=3 supermirror guide. The slit package was simulated as alternate layers of Al and Gd, and the slit package was tilted at different angles representing ‘frozen frames’ of the rotating chopper. The motion of the chopper during the time taken for the neutrons to cross the 1cm slit package could not be taken into account. Once again the slit package was placed 10cm downstream of the simulated guide. A surface normal to the incident beam and 10cm downstream of the slit package was monitored. The total number of neutrons crossing this surface was tallied, and the flux of neutrons crossing this surface was mapped. In addition to that the number of neutrons crossing a 4x15 area was tallied and the divergence of these neutrons was binned. The total number represents the number of neutrons entering the downstream guide, the divergence binning tells us how many of these neutrons will be transmitted by a m=3 guide.
Simulation results
(a) Comparison between McStas and NISP results for 90 meV neutrons

Since the slit package has a slot width of 0.6mm and a length of 10mm the divergence of the corresponding collimator will be ~3.43 degrees. We therefore expect the transmission to be zero for tilt angles greater than 3.43 degrees. For totally absorbing blades and a tilt angle of 4 degrees the transmission is zero.
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Fig 1. Comparison of McStas and NISP results for a collimator with totally absorbing blades and ‘void’ slots. This was done to compare the results of the two codes.
(b) Comparison between MCNPX and NISP results for 90 meV neutrons 

Results of another comparison – this time between NISP and MCNPX for Al slots (0.6mm wide) and Gd blades (0.03mm wide) are presented in Figs 2a and 2b. The transmission for a tilt angle of 4 degrees is small but no longer zero. Differences between the NISP and MCNPX results are due to differences in the values of the scattering and absorption cross-sections. Both models assume that the scattering is isotropic. For polycrystalline Al there will be some Bragg scattering in the forward direction. Since neither model takes that into account both underestimate the effective transmission.
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Fig 2a. Transmission plotted on a linear scale
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Fig 2b. Transmission plotted on a log scale to emphasize the difference in the results for large tilt angles. The transmission for a tilt angle of 4 degrees is small but no longer zero.
These results imply that even though the pulse shape is triangular on a linear scale there will be both high and low energy tails that will have a magnitude greater than 10-3 times the peak pulse height. For experiments attempting to identify inelastic peaks that are 10-4 times smaller than the elastic peak these large tails may well mask the signal. 
(c) Simulation results for 15 and 90 meV neutrons with Gd blade thicknesses of 0.03 and 0.06mm. 
The results for 15meV neutrons are presented in Figs 3a and 3b and the results for 90meV neutrons Figs 4a and 4b. The transmission through the slit package can be defined as (1) the ratio of the number of neutrons entering the guide with a divergence that would be transmitted by the guide, to the total number of neutrons incident on the slit package. Clearly this number depends on the position of the guide and its m value. The second way to define the transmission is (2) as the ratio of the total number of neutrons crossing a virtual surface 10cm from the slit package to the number of neutrons incident on the slit package. Definition (2) measures the stopping power of the slit package. Definition (1) is a measure of the effective transmission that takes the coupling with the guide into account, but it is model dependent.
For 15meV neutrons the divergence of the upstream guide and the angular acceptance of the downstream guide were set at 0.7 deg, the acceptance of a m=3 supermirror guide. 
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Fig 3a and 3b. Transmission results for 15meV neutrons. The slit package has Gd blades of thickness 0.03mm and 0.06mm. The slot width is 0.6mm in both cases. The green and blue lines represent the transmission due to all neutrons crossing the tally surface (def 2) the black and red lines only the neutrons entering a 4x15 guide with a divergence that would be transmitted by a m=3 guide (def 1). 
Fig 3b shows that the transmission of 15meV neutrons through the slit package alone (def 2) for tilt angles ≥ 3.5 degrees is of the order of few times 10-4 for blade widths of 0.03 and 0.06mm. If the blades were perfect absorbers the transmission would have been zero for a tilt angle of 3.4 degrees. When the coupling of the slit package with the downstream guide is taken into account (def 1) the values of the effective transmission decrease by many orders of magnitude for tilt angles greater than 4.5 deg. For tilt angles between 3.4 and 4.5 degrees there is a tail whose magnitude is 10-4 to 10-3 time the peak value. This implies that the neutron beam selected by the Fermi chopper will have both high energy and low energy tails. The magnitude and energy range of these tails will depend on the rotation rate of the chopper. However, these results are model dependent, and if the downstream guide is moved further away from the Fermi chopper the transmission with decrease.
For 90meV neutrons the divergence of the upstream guide and the angular acceptance of the downstream guide were set at 0.3deg, the acceptance of a m=3 supermirror guide.
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Fig 4a and 4b. Transmission results for 90meV neutrons. The slit package has Gd blades of thickness 0.03mm and 0.06mm. The slot width is 0.6mm in both cases. The green and blue lines represent the transmission due to all neutrons crossing the tally surface (def 2) the black and red lines only the neutrons entering a 4x15 guide with a divergence that would be transmitted by a m=3 guide (def 1). 
The results for 90meV neutrons were very different from those of 15meV neutrons. The transmission for tilt angels ≥ 4deg even when coupled to the guide acceptance are ≥ 10-3 for a Gd blade width of 0.03mm, and as large as 3.5x10-5 for a blade width of 0.03mm. To check whether the Al or the Gd was responsible for these transmission tails the Al was removed from the slit package. The transmission due to the Gd blades alone was slightly larger in magnitude than when we had Al in the slots and followed the shape of the bumps as the tilt angle was changed.

Scattering and absorption cross-sections of gadolinium

The slit package blades are made gadolinium because it has a large absorption cross-section for thermal neutrons. In order to understand the cause of the large values of the transmission through the slit package we examined the scattering and absorption cross-sections of the various isotopes of Gd. The values of these cross-sections for some representative neutron energies are presented in Tables 1 and 2.

	Gd isotope
	% in natural Gd
	Absorption cross-section for
	Scattering cross-section for

	
	
	1meV
	10meV
	100meV
	1meV
	10meV
	100meV

	Gd155
	14.8
	3x105
	105
	104
	45
	50
	30

	Gd156
	20.6
	10
	3
	1
	6
	6
	6

	Gd157
	15.7
	106
	3x105
	5x104
	800
	900
	400

	Gd158
	24.8
	10
	3
	1
	3.5
	3.5
	3.5

	Gd160
	21.8
	4
	1.5
	0.4
	4
	4
	4

	Average cross-section
	2x105
	6.2x104
	9.3x103
	135
	152
	70


Table 1. Absorption and scattering cross-sections of the different isotopes of Gd extracted from MCNPX.

	Neutron energy(meV)
	Absorption cross-section(barns)
	Scattering cross-section(barns)
	Ratio of scattering to absorption crosssections

	1
	2x105
	135
	6.75x10-4

	10
	6.2x104
	152
	2.45x10-3

	100
	9.3x103
	70
	7.55x10-3


Table 2. Ratio of scattering to absorption cross-sections of natural Gd for three different neutron energies.

Gadolinium is the material of choice for stopping thermal neutrons because Gd 155 and 157 have very large absorption cross-sections. However, these two isotopes also have large scattering cross-sections. When an incident neutron hits a Gd blade the ratio of scattering to absorption is of the order of 10-3. These scattered neutrons re-enter the Al channel and may be transmitted. This gives rise to a net transmission through the slit package of the order of 10-4 (see the green and blue triangles in Figs 3b and 4b). How many of these transmitted neutrons will enter the guide downstream of the chopper and will have a small enough divergence to be transmitted through the guide will depend on the position of the guide and the guide coating. 

Conclusion

The original plan was to make the Fermi chopper slit package out of Al and natural Gd. The slit package would have a length of 10mm and the width and height would be larger than 40 and 150mm, the width and height of the HYSPEC guides. The slot width was to be 0.6mm and the blade width to be 0.03mm. We conclude from this study that in order to reduce the magnitude to the low and high energy tails for 90meV neutrons the blade width should be increased from 0.03 to 0.06mm.
Source
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