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ABSTRACT 9 

Low Energy accelerator-driven Neutron Facilities have the potential to become competitive to 10 

research reactors and spallation sources to generate neutron beams for scattering experiments. 11 

A low energy accelerator-driven neutron facility is developed at the Jülich Centre for Neutron 12 

Science. This source is expected to provide thermal and cold neutrons with high brilliance and 13 

is therefore called “High Brilliance neutron Source” (HBS). In this work, we study the 14 

performance of neutron guide systems at HBS by using neutron ray-tracing simulations. 15 

Elliptical and ballistic guides with elliptic diverging/converging section have been used in 16 

simulations for various moderator-to-guide distances and guide entrance cross-sections. Results 17 

show that the beam properties have a strong dependence on the distance between guide entry 18 

and moderator. We demonstrate that the ballistic guide system can achieve a comparable 19 

neutron flux and brilliance transfer as the true elliptical guide for thermal neutrons if a proper 20 

distance between guide entrance and moderator is chosen. For low-divergence cold neutrons, 21 

the selected ballistic guide is showing even better performance than the elliptical one.  22 

 23 

Highlights:  24 

• Elliptic and ballistic guides can both achieve a high brilliance transfer of guides 25 

installed at low energy accelerator-driven neutron facilities. 26 

• Both guides are suitable for sources with a radius down to 1 cm. 27 

• The beam properties have a strong dependence on the distance between guide entry and 28 

moderator. 29 

  30 
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1. INTRODUCTION 34 

  35 

With the recent loss of reactor-based neutron sources in Europe, the development of low energy 36 

accelerator-driven neutron facilities is of growing importance [1,2]. Compared with reactors 37 

and spallation neutron sources, low energy accelerator-driven neutron facilities can be built at 38 

reasonable low-cost maintenance efforts and without a nuclear licensing procedure. The Jülich 39 

Centre for Neutron Science (JCNS) investigates the concept of a powerful low energy 40 

accelerator-driven neutron facilities called “High Brilliance neutron Source” (HBS), which is 41 

aiming at a performance comparable to existing reactor and spallation neutron sources [3].  42 

The HBS project suggests to use a proton beam of about 100 kW time-averaged power for each 43 

of its target stations. As shown in Fig. 1, the proton beam is sent simultaneously to three 44 

different targets through a multiplexer in the beam transfer system. For the Conceptional Design 45 

Report (CDR) [3], the pulse lengths were set to 52 µs, 208 µs, and 833 µs to fulfill requirements 46 

for different neutron scattering instruments. The repetition rates were adopted to the pulse 47 

lengths in order to achieve the same average power with a duty cycle of 2% yielding target 48 

stations with repetition rates of 384 Hz (t=52 µs), 96 Hz (t=208 µs), and 24 Hz (t=833 µs). 49 

 50 

 51 

 52 

 53 

Fig. 1: Schematic layout of the accelerator-driven high brilliance neutron source HBS 54 

 55 

The target of the HBS will be built as compact as possible to achieve high brilliance. The 56 

schematic layout of the HBS target station is shown in Fig.2. A compact, internally cooled 57 

tantalum target is designed to ensure safe and reliable operation. To achieve a high density of 58 

thermalized neutrons, which can efficiently be extracted and directed towards the instruments, 59 

a high-density hydrogen-rich thermal moderator will be used to moderate the primary neutrons 60 

into the thermal energy range in a volume as small as possible. For low and intermediate 61 
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frequencies, it is surrounded by a reflector material that sends back the neutrons escaping from 62 

the moderator region with a high probability. The internally cooled target is inserted into the 63 

thermal moderator so that the primary neutrons generated at the target are emitted preferentially 64 

towards the center of the thermal moderator.  65 

To optimize the brilliance for cold neutrons, a cryogenic moderator will be embedded in the 66 

thermal moderator. Liquid para-hydrogen moderators offer the potential to realize a 1-67 

dimensional source of cold neutrons, and a so-called ‘Finger’ moderator is proposed in HBS 68 

[4,5], following a similar strategy as for the European Spallation Source butterfly moderator 69 

(2D) and the new tube moderator for the second target station at Spallation Neutron Source 70 

(also 1D) [6–8]. 71 

 72 

 73 
Fig. 2: Scheme of the HBS target station 74 

 75 

The instruments are grouped around each target station operating at different frequencies to 76 

offer optimized neutron pulse structures for the individual instrument classes. Each beamline 77 

can be equipped with a dedicated thermal or cold moderator system to fulfill the requirements 78 

of the instrument installed [3]. In comparison to spallation and reactor neutron sources [9,10], 79 

HBS produces fewer fast neutrons and less amount of high energy radiation, enabling the use 80 

of a compact moderator and shielding structure [4,5]. Therefore, the guide system can be 81 

located close to the moderator and a larger phase space volume can be extracted [11–13]. In 82 

particular, this is of paramount importance for a small source size, as the phase space volume 83 

which can be loaded into a neutron guide at a certain distance is limited. 84 

Neutron guides are used to efficiently transport neutrons from a source to a neutron scattering 85 

instrument. A very efficient guide design with ballistic geometry was introduced by Mezei 86 

[14] and installed at existing instruments [15]. This ballistic guide design consists of a linearly 87 

tapered initial section, straight middle section, and linearly tapered end section. Such design 88 

reduces the neutron losses, especially for long-wavelength neutrons in long guides. The idea is 89 

to increase the cross-section and to reduce the divergence at the beginning of the guide, which 90 

both reduces the number of reflections and thus the neutron losses. The additional gain comes 91 

from the lower reflection angle, which allows reducing the m-value of the coating and reduces 92 

the costs as well as the losses in each reflection [16]. One step further in this direction would 93 
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be to use parabolic shapes for the diverging and converging sections to make the beam parallel 94 

and finally focus it again [17]. 95 

The next idea was to use an elliptical guide to reduce the number of reflections to one per 96 

dimension, .i.e. usually two [17], as realized at the instrument HRPD at ISIS [18]. The next 97 

idea was to use a double elliptic guide because a single guide inverts the phase space and the 98 

second ellipse recovers it, so-called the SELENE principle [19]. This concept was used for the 99 

POWTEX instrument at FRM II reactor [20]. The search for the ideal connection of the two 100 

ellipses finally leads to the design of a guide of elliptic shape in the first and fourth quarter and 101 

a constant cross-section in the second and third [21]. 102 

Systematic comparisons of different shapes showed that the gain can be huge, but depends on 103 

the wavelength range and needed divergence and that the advanced shapes are indeed superior 104 

to the original ballistic guide [22]. While the elliptic shape often gives the highest flux at the 105 

sample, it has the disadvantage that the divergence distribution is often inhomogeneous [23]  106 

and the sample is in direct line of sight [24]. The latter problem also occurs if parabolic shapes 107 

are used, or more generally if the shape of the lateral cut has a kink [22]. This favors guides 108 

with half an ellipse in the first and the last sections [13]. Numerical optimization of the guide 109 

shape also gives elliptic or elliptical-ballistic guide shapes [25]. 110 

While the performance has been thoroughly studied for existing neutron sources with large 111 

moderators and long moderator to guide distances, it is not clear what is the optimal shape, size, 112 

and moderator to guide distance for low energy accelerator-driven neutron facilities, where the 113 

distance can be small, e.g. 30 cm. In this work, we explore systematically the potential of 114 

elliptical and elliptic-ballistic guides with parameters of a compact source (of radius 1 cm) with 115 

a special emphasis on the flexibility in the moderator-to-guide distance. We focus on elliptic 116 

and ballistic shapes with elliptic sections at the entrance and exit, which have proven to perform 117 

very well at reactor and spallation neutron sources for extended and 2D moderator geometries. 118 

Our results indicate that with the small source and short moderator guide distance, a ballistic 119 

guide with a long elliptical converging/diverging part has a performance comparable to that of 120 

an elliptical guide. 121 

 122 

2. SIMULATION SETUP 123 

Among the various instruments proposed for the HBS [3], a 60 m long medium-resolution 124 

Disordered Materials Diffractometer was designed for the study of small samples of nanoscale 125 

and disordered materials with a high neutron flux. It uses the entire pulse and requires a neutron 126 

guide long enough to reach a medium-Q resolution at 60 m. This rather simple and robust 127 
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concept can be easily adapted by other instruments and thus, it was chosen as the first HBS 128 

beamline to be simulated with the neutron ray-tracing method [26].  129 

According to the current design, a wavelength band chopper will be set about halfway between 130 

the moderator and detector and a frame overlap chopper will be set just outside of the shielding 131 

block, i.e. 2 m from the moderator surface. The moderator-to-sample distance is 59 m. The low 132 

particle energy of HBS compared to spallation sources results in expected less background 133 

which is hopefully acceptable for instruments. The problem of the direct line of sight between 134 

the moderator and sample and its impact on the background are not investigated in this work 135 

and it would be discussed in future full instrument concept design.  136 

In the simulations, the moderator has a diameter of 2 cm and neutrons are emitted from the 137 

moderator surface, the pulse repetition rate is 96 Hz, yielding a bandwidth of ∆≈ 0.7 Å. The 138 

sample size is 1×1 cm2, the total neutron flux into 2π at the moderator is set to 4×1012 n·s-1·cm-139 

2.  140 

Fig. 3 shows three different types of geometries considered in our simulations, all with a square 141 

cross-section: 142 

(a) An elliptical guide of m = 5 coating. (As state-of-the-art neutron guides of high m-143 

coating have the same reflectivity as low m-coating guides for low Q, it is 144 

straightforward to perform simulations with high m-coating and reduce the coating in 145 

the last development step to the needed value.) 146 

(b) A 3-section ballistic guide that uses an elliptical diverging section, a straight section, 147 

and an elliptical focusing section of length ratio 1:2:1 (c.f. Fig. 3). An m = 5 coating is 148 

used for the whole guide. The elliptical sections end/begin at their maximal cross-149 

section to avoid a kink in the guide profile. For simplicity, this type of guide is named 150 

1/4 ballistic guide. 151 

(c) A 3-section ballistic guide that uses an elliptical diverging section, a straight section, 152 

and an elliptical focusing section of length ratio 1:4:1. Otherwise, it has the same 153 

properties as the 1/4 ballistic guide. This type of guide is named 1/6 ballistic guide. 154 

   155 

 156 

 157 
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 158 

Fig. 3: Schematic of the neutron guides used in the simulations. Green: elliptical guide, red: 1/4 159 

ballistic guide with elliptic opening and focusing sections, blue: 1/6 ballistic guide, also with elliptic 160 

opening and focusing sections. The filled circles indicate the focal points, moderator surface and 161 

sample are set at the focal point. 162 

 163 

The entrance and exit cross-sections of the guide system are always identical and are chosen to 164 

be either 2 × 2 cm2 or 3 × 3 cm2.  Moderator surface and sample are placed at the focal points 165 

of the corresponding ellipses. With the focal points fixed (at source and sample) and the concept 166 

to use 2 half-ellipses, there are only 2 degrees of freedom: the width of the guide and the length 167 

of the ellipse. For both parameters, we used different values.  168 

The distance from the source to guide entry position ds is the same as the distance from guide 169 

exit to sample position. This distance ds is changed from 30 cm to 140 cm in 10 cm steps. 72 170 

configurations were investigated in total. The maximum heights of these guides are shown in 171 

Fig. 4. The spatial distribution is monitored at the sample position; and the flux, the divergence 172 

distribution, and the brilliance within the sample area are also monitored. The Monte-Carlo 173 

simulations are performed by using the simulation program VITESS [26].  174 

 175 

 176 
Fig. 4: The maximum height of the guide as a function of the distance ds. 177 

3. RESULTS AND DISCUSSION 178 

3.1 Flux 179 

Fig. 5 shows the neutron flux at the sample position for different guide shapes and a wavelength 180 

range of 0.5 Å < λ < 1.2 Å. For the true elliptical guide, the 2 × 2 cm2 entrance yields a higher 181 

flux compared with a 3 × 3 cm2 guide if ds < 70 cm, while the neutron guide with 3 × 3 cm2 182 

cross-section gives a higher flux for larger distances. For the 1/4 ballistic guide, the guide with 183 

2 × 2 cm2 entry can achieve a higher flux compared with a 3 × 3 cm2 cm guide if ds < 110 cm; 184 

for larger distances, the neutron flux is nearly the same for both entrance sizes. For the 1/6 185 

ballistic guide, the guide with a 2 × 2 cm2 entrance gives a higher flux at the sample compared 186 

with a 3 × 3 cm2 guide entrance if the distance is below 90 cm; if the distance is increased, it 187 

results in a lower flux. 188 

For the guide shapes used in the simulations, the flux at the sample is first increasing with ds 189 
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and then decreasing after reaching a maximum. For the true elliptical guide, the highest neutron 190 

flux of (8.55 ± 0.02) × 107 n·cm-2·s-1 is obtained with 2 × 2 cm2 guide entry and for 40 cm 191 

distance. For the 3×3 cm2 guide entrance, the neutron flux at the sample is highest with (7.14 ± 192 

0.02) × 107 n·cm-2·s-1for a distance of 60 cm. If ds = 40 cm, the neutron flux at the sample 193 

position for the 1/4 ballistic guide with 2 × 2 cm2 guide entry is about (7.99 ± 0.02) × 107 n·cm-194 
2·s-1, which is 93.4%  of the neutron flux of the elliptical guide at the sample position. For the 195 

1/6 ballistic guide with 2 × 2 cm2 and ds = 50 cm, the neutron flux at the sample position is 196 

about (6.49 ± 0.02) × 107 n·cm-2·s-1, which is 76% of the maximal neutron flux of the elliptical 197 

guide at the same sample position. 198 

 199 

 200 

 201 

Fig. 5: Neutron flux at the sample position for different types of neutron guides. The wavelength range 202 

is 0.5 Å < λ < 1.2 Å. 203 

 204 

3.2 Spatial and divergence distribution 205 

 206 

The spatial and the divergence distribution at the sample position for 1/4 ballistic guide with a 207 

2 × 2 cm2 guide entry is shown in Fig. 6 and Fig. 7 with the distance ds between guide entry 208 

and moderator ranging from 30 cm to 140 cm. These distributions have a strong dependence 209 

on this distance. For the maximum flux (ds = 40 cm ), the spatial distribution of the neutrons at 210 

the sample position has a circular intensity plateau and the beam spot features a circular halo 211 

with a diameter of 1.6 cm (see Fig. 6), which is slightly smaller than the moderator size. One 212 

possible explanation for this result is neutrons emitted from the center of the source are more 213 

likely to be reflected and reach the center of the sample. Another possible explanation is that 214 

the guide entrance and exit used in simulation have a size of only 2 × 2 cm2, which reduces the 215 

illumination of the edges. The reduction of the neutron intensity for ds > 50 cm is visible in Fig. 216 

6. Since the wavelengths used in the simulation are short (< 1.2 Å), the influence of gravity is 217 

not visible. 218 

 219 

 220 
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 221 
Fig. 6: Neutron spatial distribution at the sample for 1/4 ballistic guide with 2 × 2 cm2 guide entry 30 222 

cm ≤ ds ≤ 140 cm from top left to bottom right. The wavelength range is 0.5 Å < λ < 1.2 Å. 223 

 224 

As the distance between guide exit and sample position dS is increased, the beam hitting the 225 

cross-section of 1 cm × 1 cm at the sample position becomes more and more collimated. This 226 

is reflected in the divergence distribution becoming narrower with increasing dS, as visible in 227 

Fig. 7. 228 

Fig. 8 shows the spatial and divergence distribution at the sample position (1 × 1 cm2) for 229 

elliptical and 1/6 ballistic guide with 2 × 2 cm2 guide entry and ds = 40 cm, i.e. the setting 230 

yielding the highest flux for this guide entry size. For the full elliptic shape, the beam spot 231 

features a circular halo with a diameter of 1.6 cm, which is slightly smaller than the moderator 232 

size. The spatial distribution of the neutrons at the sample position has a diamond-like intensity 233 

plateau for the elliptical guide. For the 1/6 ballistic guide, the neutron distribution at the sample 234 

position has a squared shape. The intensity in the plateau is lower compared to the two other 235 

options and the plateau extends across a larger area of the beam spot. 236 

 237 

 238 
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 239 
 240 

Fig. 7: Neutron divergence distribution at the sample for 1/4 ballistic guide with 2 × 2 cm2 guide entry 241 

and 30 cm ≤ ds ≤ 140 cm from top left to bottom right. The wavelength range is 0.5 Å < λ < 1.2 Å. The 242 

divergence distribution is shown for neutrons within a 1 × 1 cm2 area. 243 

 244 

 245 

 246 

 247 

Fig. 8: Neutron spatial (a) and divergence (c) distribution at the sample for true elliptical guide; 248 

Neutron spatial (b) and divergence (d) distribution at the sample for 1/6 ballistic guide. All guides have 249 

a 2 × 2 cm2 guide entry and ds = 40 cm. The wavelength range is 0.5 Å < λ < 1.2 Å. The divergence 250 

distribution is shown for neutrons within a 1 × 1 cm2 area. 251 
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 252 

The divergence distribution of the elliptical guide, shown in Fig. 8 (c), has four characteristic 253 

peaks, which are the results of the rays with one reflection per side. For the 1/6 ballistic guide, 254 

these four peaks are not found. Still, one observes a cross-shaped intensity distribution with 255 

streaks of reduced intensity for both the 1/4 and the 1/6 ballistic guides.  256 

 257 

3.3 Number of reflections 258 

The number of reflections of the neutron is counted by recording the times that a neutron hits 259 

the guide wall. In VITESS, the neutrons are marked by a so-called “color” and VITESS will 260 

add a value to the neutron color on each reflection. The number of reflections inside the guide 261 

is counted for the neutrons entering the sample area. Elliptical and ballistic guides with 2 × 2 262 

cm2 guide entrance and ds = 40 cm are used in the simulations. A 2 × 2 cm2 cross-section straight 263 

guide with m = 5 coating is used for comparison. The neutron counts are divided by the number 264 

of neutrons passing through the guide. Fig. 9 shows this fraction as a function of the number of 265 

reflections for the neutrons arriving in the sample area. Most of the neutrons reaching the 266 

sample area are reflected 3 or 4 times for the elliptical guide, 4 or 5 times for the 1/4 ballistic 267 

guide, 5 or 6 times for the 1/6 ballistic guide. The average reflection count for the neutron 268 

arriving in the sample area is 3.92 (σ=0.35) for elliptical guide, 4.41 (σ=0.46) for 1/4 ballistic 269 

guide, 4.91 (σ=0.50) for 1/6 ballistic guide, and 9.68 (σ=0.31)  for a 2 × 2 cm2 cross-section 270 

straight guide, that was simulated for comparison.  271 

The number of reflections is significantly lower than found in guides designed for large 272 

moderators – about 7 for an elliptic shape [23]. This is not surprising because trajectories with 273 

a high number of reflections arise from starting points away from the focal point, i.e. outside 274 

the moderator center [23,28]. 275 

The theoretical numbers of reflections for neutrons starting from the focal point is 2 for an 276 

elliptic shape and 4 for a double elliptic guide, (1 and 2, respectively, per dimension). The 1/4 277 

ballistic guide is a special case of the double elliptic guide; for the neutrons that are first 278 

reflected in the (elliptically) diverging part, which is the majority [23], the trajectories are the 279 

same. The others will also have typically 2 reflections. Therefore, the theoretical value is close 280 

to 4 here. For the 1/6 ballistic guide, the expected number of reflections is larger than 4, because 281 

the 2nd reflection is not directing the neutron towards the sample so that in many cases a 3rd 282 

reflection will be necessary resulting in an average value of about 4.5 to 5 (the exact value 283 

strongly depends on the incoming divergence and the accepted reflection angle). A comparison 284 

shows that the number obtained from simulations is in good agreement with estimated values 285 

for the ballistic guides. 286 

 287 

 288 
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 289 
 290 

Fig. 9: The number of reflections in elliptical, 1/4 ballistic, and 1/6 ballistic guides for neutrons arriving 291 

within a 1 × 1 cm2 sample area . All guides have a 2 × 2 cm2 guide entry and ds = 40 cm. The 292 

wavelength range is 0.5 Å < λ < 1.2 Å. 293 

 294 

3.4 Brilliance transfer efficiency 295 

The main feature of the Disordered Materials Diffractometer proposed at HBS is its ability to 296 

perform Pair-Distribution Function (PDF) measurements by utilizing short-wavelength 297 

neutrons, for which the beam transport is especially difficult. Therefore, all simulations in 298 

sections 3.1 and 3.2 were performed using its standard wavelength range of 0.5 to 1.2 Å.  299 

Diffraction measurements with longer wavelengths can complement PDF studies of nanoscale 300 

and disordered materials. At the same time, longer wavelengths can be used for alternative 301 

instruments at HBS geared towards diffraction measurements of magnetic and large unit-cell 302 

samples. In order to gain more insights into the performance of such instruments, we performed 303 

additional simulations of the brilliance transfer in a wider range of wavelengths from 0 to 5 Å. 304 

The time structure in the beam was neglected for simplicity.  305 

According to Liouville’s theorem, the brilliance at the sample can never be higher than at the 306 

moderator surface. The brilliance transfer, which is defined as the ratio of the brilliance at the 307 

sample to that at the moderator surface, is used to provide a quantitative measure of how well 308 

the guide transports neutrons. The brilliance transfer is divergence-related, and the guide system 309 

has a different response to the low divergence neutron and high divergence neutron [22]. To 310 

determine the brilliance transfer of the guide system for different divergence range neutrons, 311 

the brilliance is recorded at a 1×1 cm2 moderator surface and the 1×1 cm2 sample area within a 312 

divergence range of ± 1º and ± 0.55º in both dimensions, respectively. Elliptical and ballistic 313 

guides with 2 × 2 cm2 guide entrance and ds = 40 cm are used in the simulations.  314 

 315 

 316 
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 318 

Fig. 10: Brilliance transfer as a function of wavelength of the guides with different shapes and two 319 

different divergence ranges. Left: ± 0. 55º, right: ± 1º. All guides have a 2 × 2 cm2 guide entry and ds = 320 

40 cm.  321 

 322 

The simulated brilliance transfer as a function of the neutron wavelength for three types of 323 

guides with 2×2 cm2 guide entry and ds = 40 cm is shown in Fig. 10. The statistical error in the 324 

simulation is less than 1%. The brilliance transfer generally increases with wavelength due to 325 

the increase in supermirror reflectivity with decreasing momentum transfer or increasing 326 

wavelength. For a divergence range of ± 0.55º, the elliptical guide has the highest brilliance 327 

transfer for short neutron wavelengths  < 1.85 Å. At  > 1.85Å, the 1/4 ballistic guide shows 328 

the highest brilliance transfer. The brilliance transfer of the 1/4 ballistic guide is about 93% for 329 

neutrons with  > 2.5 Å, and the maximum brilliance transfer for the 1/6 ballistic and elliptical 330 

guides is less than 90%. Our simulations show that the optimized 1/4 ballistic guide has a higher 331 

brilliance transfer efficiency than the elliptical guide for long wavelengths.  332 

For a divergence range of ± 1º, the brilliance transfer shows the same property. At  > 1.35 Å, 333 

the 1/4 ballistic guide shows the highest brilliance transfer. At  > 2.5 Å, the 1/6 ballistic guide 334 

has a higher brilliance transfer than the elliptical guide. Overall, the elliptical, 1/4 ballistic, and 335 

1/6 ballistic guides can achieve a maximum brilliance transfer of about 87%.  336 

The brilliance transfer of the parabolic ballistic guide, which is formed by replacing the 337 

elliptical part of the 1/4 ballistic guide with a parabolic one, has also been simulated for 338 

comparison. The results show that The brilliance transfer of the 1/4 ballistic parabolic guide is 339 

about 70% for neutrons with > 2 Å for the divergence range of ± 0.55º, and 58% for the 340 

divergence range of ± 1º. Namely, a ballistic guide with the parabolic end pieces resulted in 341 

lower performance compared with the elliptical end pieces, which also corresponds with 342 

previous studies for large moderators [12,29].  343 

4. SUMMARY AND CONCLUSIONS 344 

Detailed simulations of the different guide configurations were carried out for guides at a 345 

compact accelerator-driven neutron source. The results show that neutron beam properties at 346 

the sample position have a strong dependence on guide shape and geometry, especially the 347 

distance from moderator-to-guide entry. For a wavelength range of 0.5 Å < λ < 1.2 Å, the true 348 

elliptical guide with 2 × 2 cm2 guide entry and exit delivers the highest neutron flux. For ds = 349 



13 

 

40 cm and 2 × 2 cm2 guide entry, which yields the highest neutron flux at the sample position, 350 

we obtain the flux of (7.99 ± 0.02) × 107 n·cm-2·s-1 for the 1/4 ballistic guide and (6.49 ± 0.02) 351 

× 107 n·cm-2·s-1 for the 1/6 ballistic guide within the usable wavelength band, corresponding to 352 

96.3% and 80% of the elliptical guide flux (8.55 ± 0.02) × 107 n·cm-2·s-1 respectively.  353 

The spatial distribution at the sample position shows that a 2 cm diameter thermal source can 354 

be imaged to a spot on the sample of about the same size or smaller by both, the elliptical and 355 

the ballistic guide systems studied. As samples are usually not larger than 2 cm and higher 356 

divergences lower the resolution, larger sources do not provide any advantage. For larger 357 

sources, this is about the size of a suggested focal point in front of the guide [30]. 358 

The simulations also show that the transport of neutrons from a small source is very efficient. 359 

For cold neutrons with ± 0.55º divergence, the maximum brilliance transfer of a 1/4 ballistic 360 

guide with 2 × 2 cm2 guide entry and 40 cm distance reaches 93% already at a neutron 361 

wavelength > 2 Å. Note, that this is higher than that of the elliptical guide with the same guide 362 

entry and exit and the same distance. This can be related to the higher number of reflections in 363 

the ballistic guide in comparison to the elliptical one.  364 

In summary, a 1/4 ballistic guide with an elliptical converging/diverging part can achieve 365 

comparable performance with the elliptical guide. Its advantage is the smaller guide cross-366 

section and the simpler straight section, which together lead to a cost reduction compared to the 367 

true elliptic guide. Therefore, this guide shape can be a potential candidate for a diffraction 368 

instrument at HBS. 369 

The beam parameters of the ballistic guides such as divergence and spatial intensity distribution 370 

are comparable to the guide systems that have been developed for more extended sources and 371 

larger distances between the neutron source and the guide system [21, 22, 26, 28]. The flux 372 

optimized designs we find here rely on short distances between the moderator and the guide 373 

system. Therefore, they are particularly suited for low energy accelerator-driven neutron 374 

facilities with their lighter shielding as compared to research reactors and spallation sources. 375 

The possibility of applying a ballistic guide with an elliptical converging/diverging part into the 376 

large moderator warrants further investigation. 377 
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