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This work presents the design, construction and experimental characterisation of a lightweight and low-cost thermal neutron assembly, to be used with the existing Am-Be source irradiator of CERN radiation Calibration Laboratory (Cal Lab). The assembly consists of a cylindrical moderator (18 cm diameter, 25.5 cm height and 5.5 kg weight) and an optional reflector box (5 cm thick walls, 20 kg weight). The moderator is tailored to fit on the Am-Be source in its irradiation position, while the box encloses the detector under test during the irradiation. The exposure volume delimited by the box is 30 × 30 × 30 cm 3 . The thermal neutron fluence at the exposure location, i.e., 30 cm from the source, was optimized by FLUKA Monte Carlo (MC) simulations. The simulations were validated with measurements performed with a bare 3 He proportional counter. The thermal neutron fluence at the nominal irradiation position is 7.43×10 2 cm -2 s -1 with the cylindrical moderator only, and 5.75×10 3 cm -2 s -1 with the cylinder and the reflector box, with the detector placed at the centre of the box. The thermal neutron fluence inside the box is rather uniform (variation < 5%).

Introduction

The CERN Calibration Laboratory (Cal Lab) is a state-of-the-art radiation calibration facility. It is provided with a small room housing a 11.8 TBq (in August 2014) 60 Co source mainly used for studies of radiation damage to electronics, and a main calibration hall (13 m × 13 m × 13 m in size) housing four Am-Be neutron sources, six γ-ray sources, two β sources and an X-ray generator [START_REF] Brugger | New radiation protection calibration facility at CERN[END_REF]- [START_REF] Pozzi | CERN Radiation Protection (RP) calibration facilities[END_REF]. The main hall is used for a variety of metrology and dosimetry applications, from the calibration of personal dosimeters, handheld survey meters and monitors installed in the accelerator tunnels and experimental areas, to characterization of novel detectors. The need for a thermal neutron source pushed us to design and construct a moderating assembly to be coupled with the existing Am-Be source set-up to maximise the thermal neutron fluence.

A thermal neutron source usually consists of one or more fast neutron sources surrounded by moderating material, graphite and polyethylene (PE) being the most common. Thermal neutron facilities employing graphite usually consist of very large moderating assemblies. An example is the facility at PTB in Braunschweig, Germany, which provides a thermal neutron fluence of around 80 cm -2 s -1 using a 4 m 3 graphite assembly [START_REF] Luszik-Bhadra | New PTB thermal neutron calibration facility: First results[END_REF]. Bedogni et al. [START_REF] Bedogni | ETHERNES: A new design of radionuclide source-based thermal neutron facility with large homogeneity area[END_REF], [START_REF] Bedogni | The thermal neutron facility HOTNES: theoretical design[END_REF] proposed a new design, based on a cavity with PE walls, which embodies the radionuclide source, the irradiation volume and, between them, a shadow PE sphere or bar. The main concept is that neutrons reach the irradiation location only after several scattering reactions. With the neutron source available in these facilities, the thermal neutron fluence ranges from 5.5 × 10 2 cm -2 s -1 to 8.0 × 10 2 cm -2 s -1 in ETHERNES [START_REF] Bedogni | ETHERNES: A new design of radionuclide source-based thermal neutron facility with large homogeneity area[END_REF] and from 7.3 × 10 2 cm -2 s -1 to 9.7 × 10 2 cm -2 s -1 in HOTNES [START_REF] Bedogni | The thermal neutron facility HOTNES: theoretical design[END_REF].

We designed and built a very compact and lightweight PE assembly for CERN Cal Lab, consisting of a small moderator to be placed around the source and a reflector box facing it. The result is a simple and lightweight moderating set-up providing a rather intense and uniform thermal neutron field, which can be adapted to different source driving mechanisms and easily built in a mechanical workshop for a very limited cost. Monte Carlo (MC) simulations were first performed to determine the optimum geometry and dimensions of both moderator and box (section 2). After building the assembly (section 3) measurements with a bare 3 He 2 proportional counter were performed to benchmark the MC predictions (section 4). Additional MC simulations were then performed to characterise the new thermal neutron facility in terms of intensity and uniformity of the thermal neutron fluence, and neutron energy spectrum. Simulations were also carried out enclosing the irradiation position within a cadmium shell (section 5), which can be used to discard the fast neutron contribution through a difference method [START_REF] Luszik-Bhadra | New PTB thermal neutron calibration facility: First results[END_REF].

Bedogni et al. [START_REF] Bedogni | ETHERNES: A new design of radionuclide source-based thermal neutron facility with large homogeneity area[END_REF] define a q factor for comparing different thermal neutron facilities: [START_REF] Brugger | New radiation protection calibration facility at CERN[END_REF] where is the total emission rate of the neutron source (in s -1 ) and Φ is the neutron fluence rate below 500 meV in cm -2 s -1 . As reported in [START_REF] Bedogni | ETHERNES: A new design of radionuclide source-based thermal neutron facility with large homogeneity area[END_REF], the factor for for the PTB facility is 7 ×10 5 cm 2 , in ETHERNES it varies from 6 ×10 3 cm 2 to 9 ×10 3 cm 2 . The q factor of the CERN CalLab facility was also calculated and is compared with the literature data in section 6.

Moderator assembly optimisation

The MC simulations were performed with version 4.0 of the FLUKA code [START_REF] Battistoni | Overview of the FLUKA code[END_REF]- [START_REF]Home | The official CERN FLUKA website[END_REF]. The input card DEFAULT was set to the option PRECISIOn, which ensures the fully analogue absorption for low-energy neutrons and neutron transport down to 1×10 -14 GeV [START_REF]Home | The official CERN FLUKA website[END_REF].

Simulation geometry

The FLUKA geometry reproduced the main calibration hall, 13 × 13 × 13 m 3 in size, with 80 cm thick concrete walls and 40 cm concrete roof [START_REF] Pozzi | CERN Radiation Protection (RP) calibration facilities[END_REF]. To minimise the scattered neutron component, the floor consists of a metal grid located at half-height of the room, i.e., 6.5 m from the bottom. For the simulations, the metal grid was approximated by a 0.62 cm thick stainless-steel layer having the same density as the actual grid. This approximation does not affect the simulation results of neither the neutron spectrum nor the values of ambient dose equivalent, H*(10) [START_REF] Pozzi | CERN Radiation Protection (RP) calibration facilities[END_REF].

The source is stored at the bottom of the room and is raised to its irradiation position inside a cylindrical aluminium guide by a pneumatic system. This guide was simulated as a hollow aluminium cylinder running from the bottom of the hall to 130 cm height above the floor. The ISO 8529-1 Am-Be spectrum [START_REF]2001 -Reference neutron radiations -Part 1: Characteristics and methods of production[END_REF] was used to model the source term, as shown in Figure 1. 

Source moderator

The simulations were performed with the moderator centred at the source irradiation position. PE was chosen as moderating material and two different geometries were investigated, spherical and cylindrical. For the former, five simulations were performed for sphere radii of 9 cm, 10 cm, 11 cm, 12 cm and 15 cm. For the latter, a cylinder was defined with the axis coincident with the axis of the aluminium guide: four simulations were carried out for 8 cm, 9 cm, 10 cm and 11 cm radii. The height of the cylinder was adjusted in order to have, for each radius, the same PE thickness on top and on the side. On the top part of both geometries, a cylindrical hole 0.33 cm in radius was included in the moderator, above the aluminium guide, to accommodate the cable connected to the pneumatic system described in section 3. A thin air gap (0.01 cm) was included between the guide and the moderator. Figure 2 compares the two geometries. The PE was defined as a C2H4 compound with a density of 0.94 g cm -3 . The cross section of H in the C2O compound (at 296 K) was assigned to hydrogen by the LOW-MAT card. 

Reflector box

For the moderator that maximises the thermal neutron fluence, the simulations were repeated adding a PE slab behind the region where the thermal fluence is scored. The slab thickness was optimised performing three simulations with thickness of 3 cm, 6 cm and 9 cm. Afterwards five slabs of the selected thickness (see section 2.3) were placed around the scoring region (three on the sides, one on the top and one on the bottom) in the shape of a box leaving open the side facing the source.

Scoring

The neutron fluence was scored using the USRTRACK card in a 10 cm diameter sphere of air placed at 10 cm from the external surface of the moderator and at the same height of the source with respect to the floor.

Results and discussion

Source moderator

Figure 3 shows the lethargy plot of the neutron fluence over the entire energy range and of the thermal region only, for the nine geometries (five spherical and four cylindrical). The spectra are labelled according to geometry (sphere or cylinder) and radius. Table 1 lists, for each configuration, the thermal neutron fluence normalized per source neutron, in the range 0 to 500 meV. For both geometries, an optimum moderator thickness exists, below which the thermal fluence decreases because the PE is not thick enough to thermalize the source neutrons, and above which it decreases because of self-absorption of thermal neutrons in the PE. This is evident with the 15 cm sphere, for which also the fast neutron peak visibly reduces. The maximum thermal neutron fluence is obtained with a cylindrical moderator of 9 cm radius. The cylinder better thermalises the Am-Be spectrum than the sphere: the neutron fluence with the 9 cm cylinder is 1.7 times higher than the maximum neutron fluence obtained with the 10 cm radius sphere. 

Reflector box

Figure 4 shows the variation of the thermal neutron fluence with the rear PE slab of varying thickness. The fluence increases up to a slab thickness of 6 cm. Figure 5 compares the neutron fluence obtained with only the PE cylinder, with the cylinder and the 6 cm PE slab, and with the cylinder and the PE box with 6 cm think walls. The corresponding values of the thermal fluence are reported in Table 2. The thermal component, with respect to the cylindrical moderator alone, increases by a factor of 1.5 and 8.2 with the slab and the box, respectively. The fast neutron component remains approximately constant as shown in figure 5.

The ratio between the thermal and the fast neutron fluence increases from 0.21 with only the cylinder to 1.43 with the cylinder and the box. 

Design and construction of the moderator assembly

Design of PE moderator and PE box

A 1-meter-long rod of Ultra High Molecular Weight PE (0.93 g cm -3 ) was tailored cut to obtain a cylinder with a diameter of 18 cm and 25.5 cm height, with a central hole of 19.7 cm height and 6.46 cm diameter, slightly larger than the aluminium guide. The PE cylinder (5.5 kg in weight) slides over the neutron source guide and leans on it, without any additional support. The aluminium guide is connected through a cable, plugged on its top, to a pneumatic system whose goal is to "suck" the neutron source in its irradiation position. For this reason, a hole of 0.66 cm diameter was drilled on top of the cylinder to house the cable. Each of the five walls of the PE box consists of two 2.5 cm thick PE slabs (according to the thickness ready available) providing a 30 cm x 30 cm x 30 cm irradiation volume. The total weight of the box is around 20 kg.

Design for the extension plate

To place the PE box as close to the neutron source as possible, an ad-hoc extension plate was constructed.

The plate consists of an aluminium slab 100 cm long, 50 cm wide and 0.5 cm thick, with drilled holes to bolt it to the support table that is part of the irradiation system. A 3D printed support was built to correctly place the detector under test (in the present work, an 3 He proportional counter used to characterise the field) at the centre of the PE box. Figure 6 shows the complete moderator assembly. 

Experimental measurements benchmarking the Monte Carlo predictions

Experimental setup

The measurements were performed with a Centronic SP9/152/Kr 3 He proportional counter. The counter was supplied with +820 V and the output signal processed by an ORTEC 142IH preamplifier, an ORTEC 570 amplifier (assembled in a portable NIM crate) and an Amptek Pocket Multi-Channel Analyser 8000D. The multi-channel analyser was used to acquire the spectrum of the recoils in the 3 He gas, with a threshold set to cut the electronic noise and signals from γ-ray events. The neutron counts were obtained integrating the spectrum above this threshold. The centre of the detector was aligned to the source by two orthogonal lasers. Eight measurements were performed changing the source-to-detector distance from 30 cm to 70 cm, first with the moderating cylinder alone and afterwards with the cylinder and the box (in the following we identify these two configurations as "cylinder" and "cylinder + box"). In the "cylinder + box" configuration, the 3 He counter was placed at the centre of the box. The measurements were performed with two of the four Am-Be neutron sources available. For the "cylinder", the measurements were performed with the 888 GBq (in January 2015) source, emission rate of 5.03 × 10 7 neutrons per second, for the "cylinder + box" with the 100 GBq (in January 2015) source, 6.40 × 10 6 neutrons per second. All results were normalised to the source activity.

Monte Carlo simulations

The sensitive volume of the proportional counter was modelled as a sphere of 1.6 cm radius with a 0.5 mm thick aluminium wall, filled with a gas mixture of 3 He at 2.33 kPa (2.3 atm) and Kr at 1.22 kPa (1.2 atm).

The stem was simulated as a hollow aluminium cylinder filled with air as in [START_REF] Birattari | A Bonner Sphere Spectrometer with extended response matrix[END_REF]. Simulations were performed placing the centre of the 3 He volume at the same distances from the source as in the experimental set-up. The number of events per primary particle were scored by the DETECT card assigned to the sensitive volume of the counter. Figure 7 shows a 3D view of the geometry in the "cylinder + box" configuration with the 3 He counter at the centre of the box. The extension plate and the plastic support of the 3 He counter were also included in the simulations. 

Results and discussion

Figures 8 and9 compare, for the two configurations, the measured 3 He count rate and the count rate predicted by FLUKA at the eight irradiation positions. The measured count rate with the "cylinder + box" is always eight times larger than the one measured with the "cylinder". For both the "cylinder" and "cylinder + box" configurations, measurements and simulations are in very good agreement, with differences below 10%. Having confirmed that the Monte Carlo simulations accurately predict the experimental field, additional simulations were performed to provide a complete characterisation of the field, as discussed in the next section. Figures 10 and11 show the spectra of the recoils in the 3 He gas acquired in the "cylinder" and "cylinder + box" configuration, respectively. The spectra are labelled according to the corresponding sourceto-detector distance. The threshold set to calculate the integral neutron counts is shown by a vertical red line. 

Thermal neutron source characterisation

The neutron fluence was calculated with FLUKA at 30 cm from the source, i.e. the closest experimental source-to-detector distance. The scoring region assigned to the USRTRACK card consisted of a 3.2 cm diameter sphere of air (the same volume as the 3 He counter). Both the "cylinder" and the "cylinder + box" were investigated and, for completeness, the neutron fluence was also scored with the bare Am-Be source.

For the "cylinder + box" case, the thermal neutron fluence was also scored inside the box on a regular spatial binning with the USRBIN card, with 1 cm spatial resolution. For the "cylinder" configuration the thermal neutron fluence was scored, with the same procedure, in the area surrounding the source ( 50 cm from the source). Eventually, the FLUKA simulations were repeated for both configurations by adding a thin cadmium shell around the scoring region.

Table 3 reports, for all configurations, the calculated neutron fluence for the 888 GBq and 100 GBq sources, at 30 cm from the source. The neutron fluence is given in three broad energy ranges: thermal (< 500 meV), intermediate (500 meV -100 keV) and fast (> 100 keV). Both the measurements described in section 4.3 and the simulations confirm that with the "cylinder + box" set-up the thermal neutron fluence is around eight times higher than with the "cylinder" only. Nevertheless, the cylinder alone already provides a quite intense thermal neutron fluence. The results with the bare source are also reported. The increase of the thermal neutron component in the "cylinder + box" configuration is also evident from figure 12, which also shows that the epithermal and fast components are almost constant as expected. Figure 12. Neutron fluence spectra per Am-Be source neutron obtained with the "cylinder" and the "cylinder + box" configurations at 30 cm from the source.

Figure 13 shows the 2D maps of the thermal neutron fluence (0-500 meV) calculated for the 888 GBq source inside the box, along the three axes parallel to the box walls. Figures 13 (a,b) are the maps along the planes x = 0 cm and y = 0 cm respectively, which pass via the centre of the box. Figures 13 (c,d) are the maps along the planes z = 14 cm and z = 30 cm, as indicated in Figure 13 (b). The thermal neutron fluence inside the box is rather uniform from the plane z = 20 cm (i.e., at 5 cm from the entrance of the box) up to z = 45 cm (the bottom of the box). In the region between z = 15 cm and z = 20 cm, the fluence is not constant with a maximum around 7×10 3 cm -2 s -1 in correspondence of the position facing the source, while it is around 5.5×10 3 cm -2 s -1 in the rest of the box

The region near the source, i.e., at the entrance of the box, shows a larger variation of the thermal fluence, as expected. In [START_REF] Bedogni | The thermal neutron facility HOTNES: theoretical design[END_REF], the fluence varies by about 30% in the irradiation position closest to the source, while beyond 6 cm distance it becomes very homogenous (variation around 1%). In our case, the fluence variation is 25% near the box entrance (z = 14 cm plane) and 4% at the nominal irradiation position (z = 30 cm plane). Figure 14 shows the 2D maps of the thermal neutron fluence for the "cylinder" configuration within 50 cm distance from the source. Figure 15 plots the corresponding 1D projection along the z axis at source height. As expected, the thermal fluence decreases as d -2 , where d is the source-to-detector distance. The largest variation occurs in the proximity of the source, specifically in the first 10 cm from the surface of the cylinder (which corresponds to 9 cm source-to-detector distance). A few centimetres from the cylinder, the thermal neutron fluence is around 4-5 × 10 3 cm -2 s -1 , similar to the value calculated for the "cylinder + box" configuration. Without the box, the detector under test can then be placed closer than 30 cm, where the thermal neutron fluence is more intense. Obviously, the achievable source-to-detector distance also depends on the size of the detector under test. The lateral view in figure 14 (right plot) shows the effect of the moderator geometry on the thermal neutron distribution. The distribution of the thermal fluence is not perfectly isotropic. Nevertheless, this effect is not relevant especially for small detectors when placed at the source height, and vanishes beyond 10 cm distance from the moderator surface. For completeness, figure 16 compares the neutron fluence per Am-Be source neutron with and without the cadmium shell, for the "cylinder" and the "cylinder + box" configurations. The cadmium layer cuts the neutron component below 500 meV in both configurations, and the simulation confirms that the thermal neutron fluence can also be measured by subtracting the neutron fluence measured with the cadmium in place to the neutron fluence measured without the cadmium. In fact, the difference between the neutron fluence calculated with and without the cadmium (from two different and independent simulations) is 7.23×10 2 cm -2 s -1 and 5.71×10 3 cm -2 s -1 for the "cylinder" and "cylinder + box" configuration respectively, in good agreement with the values reported in Table 3.

Figure 16. Neutron fluence spectra per Am-Be source neutron for the "cylinder" and the "cylinder + box" configurations, at 30 cm from the source, with and without the cadmium shell around the scoring volume.

Conclusions

A lightweight and easy-to-make moderating assembly was designed, built and characterised, providing a thermal neutron field from the Am-Be neutron sources of CERN Cal Lab. The assembly consists of a PE cylinder placed around the source and a PE box providing a 30 cm × 30 cm × 30 cm irradiation volume. The FLUKA MC code was used to define the optimum geometry and dimensions and to calculate the thermal neutron fluence at the irradiation positions. The MC predictions were confirmed by measurements performed with a bare 3 He proportional counter.

For the highest activity source (888 GBq), the thermal neutron fluence at 30 cm distance from the source is 7.43×10 2 cm -2 s -1 with the cylindrical PE moderator only, and 5.75×10 3 cm -2 s -1 at the centre of the PE box, slightly higher than the fluence at ETHERNES [START_REF] Bedogni | ETHERNES: A new design of radionuclide source-based thermal neutron facility with large homogeneity area[END_REF] and HOTNES [START_REF] Bedogni | The thermal neutron facility HOTNES: theoretical design[END_REF]. Inside the box, the fluence is almost uniform (4% variation throughout the irradiation volume) except in the region closest to the source, where the fluence is higher by 25% with a maximum around 7×10 3 cm -2 s -1 . The value is 7 ×10 4 cm 2 with the cylindrical moderator, and 9 ×10 3 cm 2 with the entire assembly. The latter is comparable with the q value of ETHERNES, which indicates an efficient moderating capability of the present set-up.
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 1 Figure 1. The Am-Be ISO spectrum.
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 2 Figure 2. Cross-sectional view of the FLUKA geometry of the moderator: spherical on the left, cylindrical on the right.
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 3 Figure 3. Neutron fluence spectra calculated by FLUKA with each of the nine moderators (left), and a zoom of the same plot in the thermal energy range (right).
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 4 Figure 4. Thermal neutron fluence as a function of thickness of the PE slab placed behind the scoring region. The uncertainties on the data points are smaller than the size of the symbols.
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 5 Figure 5. Neutron fluence spectra obtained with the PE cylindrical moderator (9 cm radius), the cylinder and the 6 cm PE slab at the back of the scoring region, the cylinder and the PE box surrounding the scoring region.

Figure 6 .

 6 Figure 6. The thermal source assembly with the PE cylinder placed on top of the source guide and the irradiation box placed on the aluminium plate bolted to the support table. The 3 He proportional counter, used for the experimental characterisation of the field, is shown on a custom-made support at the centre of the box.
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 7 Figure 7. 3D view of the FLUKA geometry in the "cylinder + box" configuration, with the 3 He counter at the centre of the box.

Figure 8 .

 8 Figure 8. Comparison between the count rate measured by the3 He proportional counter and the count rate predicted by the FLUKA simulations at the eight irradiation positions for the "cylinder" configuration. The uncertainties on the data points are smaller than the size of the symbols.

Figure 9 .

 9 Figure 9. Comparison between the count rate measured by the 3 He proportional counter and the count rate predicted by the FLUKA simulations at the eight irradiation positions for the "cylinder + box" configuration. The uncertainties on the data points are smaller than the size of the symbols.

Figure 10 .

 10 Figure 10. The recoil spectra acquired with the 3 He proportional counter in the "cylinder" configuration. The red vertical line represents the threshold set for the calculation of the integral neutron counts.

Figure 11 .

 11 Figure 11. The recoil spectra acquired with the 3 He proportional counter in the "cylinder + box" configuration. The red vertical line represents the threshold set for the calculation of the integral neutron counts.
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 13 Figure 13. 2D maps of the thermal neutron fluence calculated with FLUKA for the 888 GBq Am-Be source inside the PE box. (a) 2D maps on x = 0 cm; (b) 2D maps on y = 0 cm; (c) 2D map on z = 14 cm; (d) 2D map on z = 30 cm.

Figure 14 .

 14 Figure 14. 2D maps of the thermal neutron fluence along the planes x= 0 (on the left) and y = 0 (on the right), calculated with FLUKA for the 888 GBq Am-Be source for the "cylinder configuration".

Figure 15 .

 15 Figure 15. 1D projection of the thermal neutron fluence along the z axis at x=0 and y=0, calculated with FLUKA for the 888 GBq Am-Be source and the "cylinder configuration".

Table 1 .

 1 Thermal neutron fluence per source neutron calculated with FLUKA for the different geometries and radii of the moderator.

	Geometry

Radius Thermal neutron fluence [cm -2 ] per source neutron

  

	Sphere	9 cm	1.97×10 -5 5.23×10 -8
	Sphere	10 cm	2.07×10 -5 4.92×10 -8
	Sphere	11 cm	2.01×10 -5 5.33×10 -8
	Sphere	12 cm	1.88×10 -5 5.64×10 -8
	Sphere	15 cm	1.28×10 -5 3.99×10 -8
	Cylinder	8 cm	3.47×10 -5 6.54×10 -8
	Cylinder	9 cm	3.50×10 -5 7.36×10 -8
	Cylinder	10 cm	3.29×10 -5 6.55×10 -8
	Cylinder	11 cm	2.97×10 -5 6.67×10 -8

Table 2 .

 2 Thermal

	Source Moderator	Extra assembly	Thermal neutron fluence [cm -2 ] per source neutron
	Cylinder 9 cm	-	3.50×10 -5 7.36×10 -8
	Cylinder 9 cm	6 cm PE back slab	5.13×10 -5 8.44×10 -8
	Cylinder 9 cm	PE box	2.88×10 -4 2.31×10 -7

neutron fluence per source neutron, obtained with the cylinder (9 cm radius), the cylinder and the 6 cm PE slab at the back of the scoring region, the cylinder and the PE box (6 cm thick walls) surrounding the scoring region.

Table 3 .

 3 Neutron fluence at 30 cm distance from the 888 GBq and 100 GBq Am-Be sources calculated by FLUKA.

	Source configuration	Neutron energy	888 GBq [cm -2 ×s -1 ]	100 GBq [cm -2 ×s -1 ]
		Thermal [< 500 meV]	̶	̶
	Bare source	Intermediate [500 meV -100 keV]	5.53×10 4 6.46×10 2	7.04×10 3 8.23×10 1
		Fast [> 100 keV]	3.75×10 6 5.42×10 3	4.77×10 5 6.89×10 2
		Thermal [< 500 meV]	7.43×10 2 5.85	9.46×10 1 0.74
	Cylinder	Intermediate [500 meV -100 keV]	7.86×10 2 6.09	1.00×10 2 0.76
		Fast [> 100 keV]	2.99×10 3 1.18×10 1	3.81×10 2 1.51
	Cylinder + box	Thermal [< 500 meV] Intermediate [500 meV -100 keV] Fast [> 100 keV]	5.75×10 3 1.59×10 1 1.86×10 3 9.27 3.39×10 3 1.26×10 1	7.32×10 2 2.03 2.37×10 2 1.18 4.31×10 2 1.61
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