
THOR 
THe HORizontal 
Reflectometer 
 
INSTRUMENT PROPOSAL 
 
 

M. Strobl 

Instrument Division 

ESS AB IKON 9-2013 



2	



Table 4: Work Package breakdown structure for Instrument Concepts 
 

 

 

Manag. 
IC1 

 
 
 
 

SANS 
IC2 

Reflectometry 
IC3 

Macromol. 
Diffraction  

IC4 

Single Crystal 
Diffraction  

IC5 

Powder 
Diffraction  

IC6 

Materials Engin. 
Diffraction  

IC7 

Imaging  
IC8 

Direct Geom. 
Spectroscopy 

IC9 
ic 

IC9 

Indirect Geom 
Spectroscopy 

IC10 

Spin-Echo 
IC11 

Others 
IC12 

 Conventional 
SANS 

Full DU for fast 
conv. ext. q-range 

SANS, 29 PM, 
SD004DE/a 

 

Horizontal 
Reflectometer 

Full DU for wide q and add-
ons, 23 PM, SD003DE/a 

Macromol. 
Diff. 

Full DU, potent. farm 

SD036ESS 

Magn. Single 
Crystal Diffractom. 

Full DU 

SD060ESS 

Wide Band 
Powder 

Diffraction 
Full DU, wfm, gen. purp., 

23 PM, SD005DE/a 

Engineering 
Diffraction 

SPEED full DU plus prototyping 

tests, 57 PM, SD005DE/b 

Multi Purp. HR 
Imaging 

Full DU in close collab. with 
CH, dark-field, Bragg edge, 

polarized 
68 PM, SD006DE 

Cold Chopper 
Spectrometer 

Full DU, high res., RRM and 

pol. cap., 26.5 PM, 

SD001DE/a 

Phase Space 
Transformers 
Full DU, incl. feasibility 

studies, focussing, 48 PM, 

SD007DE/a 

High 
Resolution 

NSE 
Full DU, small sample, 

24 PM, SD002DE/a 

Fund. 
Physics 

Full DU 
 

Not covered 

 GISANS 
Full DU, potent. 
SESANS, 5 PM, 

SD004DE/b 

Vertical 
Magnetism 

Reflectometer 
Full DU, focus. pol., 9 PM , 

SD003DE/b 

  Multi Purp. 
Extreme 

Environ.Diffr. 
Full DU, tests, 14 PM, 

SD008DE 

CEED 
Full DU, tests, PM, 

SD033CZ 

Larmor Label. 
Full DU, TOF DF imaging 

SD056NL 

Bispectral 
Chopper 

Spectrometer 
Full DU, RRM pol., 18.5 PM, 

SD001DE/b 

Multi Crystal 
Analyser 

Full DU plus tests and 
prototyping, 132 PM, 

SD016DC
 

Wide Angle 
NSE 

Full DU, 6 PM, 
SD002DE/b 

Test 
Beamline 

Full DU 

Not covered 

 Small-
sample 
SANS 

Full DU SANS, 28 
PM, SD004DE/c 

 

High Div. Refl. 
Full DU,  SELENE ,plus 

prototype tests, design full 
instrument, 

108 PM, SD017DC 

  Hybrid 
Diffractometer 
potent. including SANS 

and imaging 
Full DU, 78 PM, SD019DC 

Hi Flex. Mat. & 
Engin. Diff. 

Full DU, WFM, flex .res., 
SPEED, Fourier, POLDI 

SD059ESS 

Multi Purp. HR 
Imaging 

Full DU in close collab. GER, 
phase, fast, high res., 48 PM, 

SD029CH 

Thermal Chopper 
Spectrometer 

Full DU, RRM and pol. cap. 
SD038ESS 

Backscatt. Spectr. 

Full DU, variable 1 to 20 
micro eV resolution 

SD039ESS 

Alternative 
NSE & Add-

ons 
Resonant NSE, 23 PM, 

SD007DE/b 

UCN 
full DU  

Not covered 

 Pol. SANS 
Full DU, incl. SE 

devices 
SD054NL 

Multi Beam Refl. 
Full DU, broad simultaneous 

q-range  SD034ESS 

  Narrow 
Bandwidth 

Powder Diffr. 
Full DU, variable to high 

res. SD035ESS 

 Multi Purp. HR 
Imaging 

TOF conceptual design 

SD040ESS 

Crystal Monochr. 
Spectrometer 

Full DU 

Not covered 

   

 Compact 
SANS 

Full DU, incl. 
Monochr. mode, 66 

PM, SD018DC 

 

   Hybrid Diff. with 
Multi Monochr. 

multi monochromators or 
chop.; concept. design 

SD037ESS 

      

 
Simulation software development, general simulations, supporting GER simulations, VITESS SD015DE, 42 PM 

 

 
General simulations, in-house supporting simulations, interface moderator-beam extraction, McStas SD022DK, 51 + 162 PM 

 

Contributing WU in NR WP 

Activities on that concept started already in Ven (and earlier)	


became German WU	


Main contributions: 	



D. Nekrassov, M. Trapp, K. Lieutenant, J.-F. Moulin	


R. Steitz, M. Strobl	



published:	


arxiv:physics.ins-det/1309.6215	
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D17, SuperADAM, Figaro	



SURF, CRISP, INTER, 	


Offspec, PolREF 	



NG1, NG7, AND/R	



N-REX+, MARIA, REFSANS, 	


MIRA, TREFF	
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THOR - Science case	



High	
  Q	
  -­‐	
  monolayers	
  

M. Skoda et al., 	


Langmuir 2009, 25, 4056	
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 OTS/d-hexadecane [Gutfreund et al. 2011]
 OTS/d-hexadecane [LR ESS]

P. Gutfreund, et al., 	


J. Chem. Phys. 2011, 134, 064711:	



Silicon/OTS/liquid including 
roughness	



dOTS = 25Å	



Unambiguous determination of thickness, i.e. decoupling of d and SLD	



Today	

 Tomorrow	
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High	
  resolu>on	
  –	
  hierarchical	
  structures	
  

Yang, B.; Holdaway, J. A.; Edler, K. J., Robust Ordered Cubic Mesostructured Polymer/Silica Composite Films Grown at 
the Air/Water Interface. Langmuir 2013, 29, 4148:	



Today: Limited to X-rays at air/liquid interface	



Tomorrow: Neutrons at air/solid, air/liquid and solid/liquid interfaces	



d = 201 Å	


t = 2010 Å	



[Ni/Ti]10/glass	


q in 1/Å	



THOR - Science case	
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High	
  flux	
  –	
  kine>cs	
  of	
  self-­‐assembly	
  
Costello, D. A.; Hsia, C. Y.; Millet, J. K.; Porri, T.; Daniel, S., Membrane Fusion-Competent Virus-Like Proteoliposomes 

and Proteinaceous Supported Bilayers Made Directly from Cell Plasma Membranes. Langmuir 2013, 29, 6409:	



Information on virus like supported 
bilayer (VLSB)	



kinetics of virus-host interactions 
on Nanoscale 	



by NR & GISANS & d-Proteins	


	



Spatial resolution: 	


Qz,max = 0.7 Å-1	


ΔQy = 7e-4 Å-1	



Temporal resolution: 	


tint = sub-sec	



	



Today	

 Tomorrow	



micrometer	



THOR - Science case	
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THOR - ESS Instrumentation	



THOR	
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THOR 	


THe HORizontal Reflectometer	



(a) Top view of the horizontal reflectometer

(b) Side view of the horizontal reflectometer

Figure 1: A sketch of the overall layout of the reflectometer. For positions and dimensions
of individual components see Tab. 1. In the side view picture, different guide segments are
denoted by numbers, see also Tab. 1. The choppers used in the basic setup are colored in
blue, while the ones used for the WFM high-resolution setup are grey.
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(b) Side view of the horizontal reflectometer

Figure 1: A sketch of the overall layout of the reflectometer. For positions and dimensions
of individual components see Tab. 1. In the side view picture, different guide segments are
denoted by numbers, see also Tab. 1. The choppers used in the basic setup are colored in
blue, while the ones used for the WFM high-resolution setup are grey.
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THOR - extraction	



(a) Top view of the horizontal reflectometer

(b) Side view of the horizontal reflectometer

Figure 1: A sketch of the overall layout of the reflectometer. For positions and dimensions
of individual components see Tab. 1. In the side view picture, different guide segments are
denoted by numbers, see also Tab. 1. The choppers used in the basic setup are colored in
blue, while the ones used for the WFM high-resolution setup are grey.
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Figure 2: Sketch of the three options studied for the vertical geometry of the extraction system
within the main shielding monolith.

extraction is provided by the tapered feeding guide with 8.67 cm entry height,160

though it is noted that the performance of the constant guide is only slightly161

worse. The conclusion is that a large part of addional phase space accepted by162

the tapered guide is not transported by the subsequent beamline to the sample163

position.164

2.2. Direct line of sight165

A reflectometer aiming for high-q measurements needs to be free of prompt166

pulse background. Taking into account the unprecedented intensity of currently167

5 MW and the energy of the primary proton beam of ≈ 2.5 GeV it is unclear168

whether a T0-chopper is able to remove all of the fast particle and gamma-ray169

background. This is why a T0-chopper is not foreseen and the background from170

the prompt pulse is avoided by the geometry of the guide system. The latter171

has to be designed such that in the field of view of the detector, there are no172

guide elements that are in the direct flight path from the source. This is the def-173

inition of avoiding the line of sight twice. Since the horizontal shape of the174

guide is elliptic and a modification of this shape would interfere with its focus-175

ing properties, avoiding the line of sight must be carried out in the vertical plane.176

177

As a sophisticated chopper system will be placed within the first few me-178

ters after the shielding monolith, where also one chopper needs to be moved179

along the beamline, it was decided to leave the in-monolith section horizon-180

tally, i.e. not to have any inclination in the guide system there. On the other181

hand, the guide section 4, which is upstream from the bending section, should182

be horizontal, to enable the latter to equally access samples from above and183

below. Avoiding the line of sight requires a difference in height between the184

guide position at the monolith and at the bending section. Ways to achieve185

that are to place a double bender (s-bender) or a double kink (z-kink) in186

between. Here, a z-kink shows a clearly superiour performance, see Fig. 4. The187

kink angle is fixed at αK = 0.25◦, which leads to very moderate losses only if188
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Figure 3: Performance comparison of three different solutions for the vertical shape of the
extraction system. a) The vertical divergence distribution was measured 3 m downstream of
the extraction system. The studied solutions show differences in the divergence distribution
for |γz | > 0.5◦. b) The intensity as a function of wavelength was measured before the footprint
slit at 52.9 m downstream of the moderator for a bending angle of 2◦. The tapered guide
option with 8.67 cm guide entry offers a slightly better performance than a constant height of
2 cm. The solution with the guide entry of 12 cm exhibits the worst performance of the three
options studied.

compared with a guide system without a kink. The shift of the maximum in189

the vertical divergence distribution towards 0.25◦ can be reduced by optimizing190

the vertical shape of the kink guide element. The latter shows the best perfor-191

mance if the shape is slightly double-elliptic. The total length of the kink guide192

section is 11.2 m and the shift in height of the guide position amounts to ≈ 5 cm.193

194

In accordance with the demand of avoiding the line of sight twice, the z-kink195

element should be placed such that fast primary particles are unable to illu-196

minate the guide section after the z-kink, independent of whether their flight197

path would interfere with the detector area. A simple raytracing study was per-198

formed to determine an optimal position of the latter guide element by scanning199

the neutron parameter space at the source between −6 cm ≤ zS ≤ 6 cm and200

−2◦ ≤ γz ≤ 2◦, where zS is the vertical coordinate of the neutron trajectory201

at the source and γz is its vertical divergence. The study revealed that if the202

z-kink is placed at a distance of 18.7 m away from the source, all fast particles203

would propagate at least 6 m outside the guide before entering the last guide204

section. Since propagation outside the guide can for simplicity be considered as205

propagation in shielding, it can safely be argued that due to the guide geometry,206

all fast background will be sufficiently absorbed and the prompt pulse will not207

contribute to the background at the detector position.208

209

2.3. Beam delivery on sample210

As stated above, in order to access a momentum transfer q ≈ 1 Å−1 on a211

free liquid surface the beam must have an incident angle on a horizontal sample212

of αtot ≈ 9◦, taking into account the shortest utilized wavelength of 2 Å. Short213

7

Would obviously benefit from pancake moderator solution!	
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THOR – loosing line of sight (twice)	



(a) Top view of the horizontal reflectometer

(b) Side view of the horizontal reflectometer

Figure 1: A sketch of the overall layout of the reflectometer. For positions and dimensions
of individual components see Tab. 1. In the side view picture, different guide segments are
denoted by numbers, see also Tab. 1. The choppers used in the basic setup are colored in
blue, while the ones used for the WFM high-resolution setup are grey.
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Figure 4: (a) Comparison of the divergence distributions between instrument setups not
avoiding the line of sight (no kink), or including an s-bender or z-kink mounted at 18.7 m
downstream of the moderator. The z-kink option provides more flux (b) at the sample position
due to a higher fraction of neutrons with low divergence after the z-kink, if compared with
the S-bender option.

wavelength neutrons require several bounces off the beam bending walls in or-214

der to be inclined by such large angle αtot, since there is a strong limitation on215

their maximum reflection angle, e.g. αmax = 0.1mλ = 1◦ for m=5 supermirror216

coatings. At the same time, the reflectometer is to provide sufficient flexibil-217

ity concerning the variety of incident angles such that also regions of small218

q ≈ 0.005 Å−1 can be covered. Thus, the beam is tilted down- or upwards on a219

horizontal sample surface by means of 5 moveable deflecting elements, of which220

the top and the bottom surfaces are covered with m = 5 coating. The length221

of each element is ≈ 1.28 m with the height of 2 cm. When tilted by αi = 0.9◦222

each element bends the full beam of 2 cm height by 1.8◦. The horizontal shape223

of the beam bending elements is elliptic, since these elements are still part of224

the main guide ellipse (see Fig. 1). The maximum bending angle αtot ≈ 9◦225

guaranties for a maximum q ≈ 1 Å−1. Bending guide elements can be replaced226

upon request by a GISANS guide module providing horizontal collimation. The227

beam characteristics after the bending section are shown in Figs. 5 and 6. In228

principle, it is also possible to have shorter (1.15 m) bending elements that can229

be tilted by 1◦, hence reaching the maximum reflection angle for a 2 Å neu-230

tron. On the other hand, MC simulations show that in this case the intensity231

at wavelengths around 2 Å is heavily supressed.232

233

The layout of the bending section is optimized for maximum flexibility and234

high-q while keeping the complexity of the system as low as possible. The five235

bending elements can be arranged to bend the neutron beam down- or upwards236

by a number of possible angles. Their work principle is that neutrons bounce237

off each element once and propagate towards the sample afterwards, see Fig.238

7. The drawback is that neutrons with a non-zero divergence have a certain239

chance of hitting the bottom (top) wall of one of the bending elements, if the240

beam is bent downwards (upwards). The resulting mis-orientation can be fur-241

ther increased during the propagation of the beam until the neutron is absorbed242

8
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THOR – bending on sample	



(a) Top view of the horizontal reflectometer

(b) Side view of the horizontal reflectometer

Figure 1: A sketch of the overall layout of the reflectometer. For positions and dimensions
of individual components see Tab. 1. In the side view picture, different guide segments are
denoted by numbers, see also Tab. 1. The choppers used in the basic setup are colored in
blue, while the ones used for the WFM high-resolution setup are grey.
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Figure 5: Beam profile measured perpendicular to the beam direction before footprint slit in
horizontal and vertical direction for three different bending angles.
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(b) Vertical beam divergence after
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Figure 6: Vertical divergence profile before footprint slit and at sample position for three
different bending angles. The divergence profile before the footprint slit was measurend per-
pendicular to the beam direction within −1 cm ≤ y ≤ 1 cm and −0.5 cm ≤ z ≤ 0.5 cm. The
first collimation slit was adjusted for a angular resolution δγz/γz of 10%. The size of the
second (footprint) slit matches the footprint of a 1x1 cm2 sample.

9

Figure 7: Illustration of the bending principle used in the reflectometer. The five bending
elements are arranged such that by reflections off each of the element’s top (bottom) surface,
the beam is deflected by the desired incident angle downwards (upwards) onto the sample.
Neutrons with large divergence are likely to be deflected such that they either get absorbed
or leave the bending section with even larger divergence, hence not propagating towards the
sample.

or leaves the bending section with a high divergence, i.e. does not propagate243

towards the sample. This is why the vertical divergence provided by the col-244

limation system does not exceed 0.2◦ FWHM (0.3 ◦ as maximum) for higher245

bending angles, even though the maximum divergence can in principle achieve246

maximum ≈ 0.6◦, taking into account the height of the guide of 2 cm and the247

collimation length of 2 m. It was investigated whether the divergence can be248

increased by involving more bending elements that would approximate a curved249

guide. This, however, would increase the mechanical complexity of the system,250

while MC simulations showed that there was no flux gain at the sample position.251

252

2.4. Collimation253

The collimation of the neutron beam exiting the bending section of the guide254

is done by means of two diaphragms (slits) located at the guide exit and 2 m255

downstream from the guide, respectively. The first slit determines the total256

vertical divergence on the sample, while the second, so-called footprint slit, is257

used to reduce the beam size such that it matches the sample dimensions or258

the requirements for the beam size, e.g., for position sensitive measurements.259

The adjusted divergence depends on the desired vertical angular resolution on260

the sample. For simplicity one usually uses matching resolution for divergence261

and wavelength, thus the opening (height) of the first slit depends on the pulse262

shaping regime used. The free propagation length of 2 m further allows to in-263

stall, e.g., a polarisation device between the collimation slits.264

265
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Figure 6: Vertical divergence profile before footprint slit and at sample position for three
different bending angles. The divergence profile before the footprint slit was measurend per-
pendicular to the beam direction within −1 cm ≤ y ≤ 1 cm and −0.5 cm ≤ z ≤ 0.5 cm. The
first collimation slit was adjusted for a angular resolution δγz/γz of 10%. The size of the
second (footprint) slit matches the footprint of a 1x1 cm2 sample.
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In this configuration, all but the bandpass choppers are kept fully open, the bandpass

acts as a T0 chopper. The natural overlap is large, on might consider a second

bandpass at about 34m distance.
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Still work to do:

check for pulse crosstalk by creating acceptance diagrams and McStas simulations for

all of these configurations (in progress).
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(b)Pulse suppession	



(c) High resolution	



(a)Single frame	
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Here, the frame overlap choppers are not used completely on the left hand side, which

means: the frame overlap choppers should be designed for the high resolution mode

and then keep fixed.

5 / 11

THOR – choppers & resolution modes	



(a) Top view of the horizontal reflectometer

(b) Side view of the horizontal reflectometer

Figure 1: A sketch of the overall layout of the reflectometer. For positions and dimensions
of individual components see Tab. 1. In the side view picture, different guide segments are
denoted by numbers, see also Tab. 1. The choppers used in the basic setup are colored in
blue, while the ones used for the WFM high-resolution setup are grey.
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Figure 8: The neutron spectrum as provided by the basic chopper layout of the reflectometer
measured after the third chopper. By adjusting the rotation speed of the choppers the reflec-
tometer can be provided with a single (double, ...) waveband randing from 2 Åto 7.1 (≈ 12
Å, ... ). Since only every second (third) pulse is used to extract the double (triple) waveband,
for neutron wavelengths contained in the single waveband the flux is consequently reduced.

2.5. Pulse shaping266

The reflectometer operates with two chopper setups for basic and high-267

resolution, respectively. All choppers are located at the side of the guide to268

make use of the small beam height and thus reduce the opening/closing time.269

The basic setup requires three choppers, which define the main frame and pre-270

vent neutrons with other wavelengths from propagating to the detector. In271

the basic setup, the wavelength resolution is defined by the total pulse length272

t0 = 2.86 ms. Hende the first chopper does not need to be close to the source,273

as the pulse length will not be reduced. Furthermore, the first few meters after274

the shielding monolith are occupied by pulse shaping choppers belonging to the275

high-resolution setup (see below). Thus, the first chopper of the basic setup is276

placed at 12.5 m, followed by a second chopper at 15 m and a third chopper at277

31 m. While the first two choppers are designed to suppress background from278

slow neutrons that otherwise could pollute the subsequent frame(s), the third279

chopper defines the accepted waveband being 2 − 7.1 Å, if every source pulse is280

used. The waveband can be extended, if every second (third) pulse is used, see281

Fig. 8. This can be achieved by reducing the chopper rotation frequency to 1/2282

(1/3, ...) of the original value.283

284

A dedicated wavelength frame multiplication system (WFM) was developed285

for the high-resolution work regime. Its purpose is to provide a high, constant286

wavelength resolution between 0.5% and 2.2% for the utilized waveband, while287
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Figure 9: Comparison between the neutron fluxes in front of Slit 1 (see Tab. 1 for position)
using the basic and high-resolution setup, adjusted for a 1% δλ/λ resolution, for a reflection
angle of 1.5◦. The intensity drop in the spectrum of the high-resolution system arises from
strict prevention of subframe overlap at the detector position.

removing contaminant neutrons. This layout is very close to the one described288

in [46] comprising six choppers in total. Solely the rotation speed of the first289

three choppers is increased to 112 Hz to further reduce intensity losses, see Fig.290

9 and Tab. 1. It is noted that the intensity loss in subframe overlap regions291

is intrinsic to the way the WFM system is designed, as the subframes are kept292

separated in time very strictly. This is necessary for highly structured reflec-293

tivity spectra that are recorded with the high-resolution setup. In general, the294

ansatz described in [47], which is very similar to the one used here, leads to295

less intensity losses in the subframe overlap regions, but at the expense of a296

somewhat more challenging subframe separation.297

298

2.6. Sample environment299

In case of free liquid surfaces or situations where the interface of study needs300

to be fixed in the horizontal plane, samples are put on a moveable sample table301

equipped with motors for necessary movements in horizontal and in vertical302

direction. The positional displacement of the sample from the z0 position of303

the main guide [upstream the bending section] is 84 cm at maximum for the304

highest possible deflection angle of 9. This maximum vertical movement is only305

1.7 times the vertical displacement of the sample stage realised at FIGARO at306

present and thus, will not pose any difficulty in handling on the instrument.307

The sample table will allow for accessing the sample by the neutron beam from308
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THOR – add-on  user options	


OffSpec/GISANS/hard matter	



(a) Top view of the horizontal reflectometer

(b) Side view of the horizontal reflectometer

Figure 1: A sketch of the overall layout of the reflectometer. For positions and dimensions
of individual components see Tab. 1. In the side view picture, different guide segments are
denoted by numbers, see also Tab. 1. The choppers used in the basic setup are colored in
blue, while the ones used for the WFM high-resolution setup are grey.

5

SERGIS add-on	


for OffSpec aspects	



(prototype and tests@ HZB)	


Includes:	



Polarisation and analyses	


allow for 	



Hard matter investigations	



Figure 10: Schematic respesentation of the SERGIS add-on. Shown are ploariser, spin-flipper,
triangular coils and guide fields.
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Figure 11: Schematics of the radial collimator with L = collimation length, LSD = sample-
to-detector distance, F = focal point, w1, w2 = width of collimator channels at entrance, exit
of the collimator.

section) and collimation slits in front of the sample (see Fig. 1 (b) and Tab.394

1). It consists of elements with non-reflecting side walls. Top and bottom walls395

are made from m=5 mirrors in order to provide sufficient beam bending for396

GISANS experiments. The collimator is divided laterally in three sub-channels397

separated by 0.1 mm thick absorbing walls. The chosen length L of the colli-398

mator is 6.4m with w1 = 5 mm and w2 = 3.3 mm and the detector is placed at399

5.7 m downstream from the collimator exit with a sample-to-detector distance,400

LSD, of 5 m, slightly reducing the usable waveband by ≈ 5%. In the chosen401

3 beams configuration, the intensity distribution is homogeneous horizontally402

(see Fig B). The shadows of the collimator walls are small in comparison to the403

individual beam width. This ensures a very good sample illumination (¿90%).404

From Fig. 13 it appears that all three channels deliver the same intensity (resp.405

30%, 38%, 32% of the total), which ensures a homogeneous sampling of the406

surface.407

408

The long collimation distance produces an intensity distribution that is uni-409

form over the total horizontal divergence (Fig. 13, left panel), and does not410

exceed +/-1mrad. As expected, each of the beams contributes equally to this411

divergence (Fig. 13, middle panel). At the detector position, which was chosen412

to be 5m from the sample in order not to depart too much from the normal413

operation distance of the reflectometer, one observes -as desired- a single spot414

of 4 mm full width at half maximum, matching the targeted in-plane resolution415

(Fig. 13, right panel). In conclusion the radial collimation option offers the416

possibility to perform GISANS measurements at the liquid reflectometer with417

an intensity gain of 3 compared to a single pinhole channel with a resolution418

matching that of a current state-of-the-art SANS instrument.419

3. Performance420

The layout of the horizontal reflectometer is optimized for measurements421

with small samples and high q transfers. Its performance is demonstrated by422

carrying out virtual experiments with different samples of 1x1 cm2 area. Fluxes423

and count rates are given for different angular and resolution settings, which424

are summarized in Tab. 2. The beam intensity at the sample position is also425

17

Multichannel focusing system	


allows for GISANS	



by focusing on detector	


(HZG)	



Figure 12: Illustration of expected 2D intensity distribution at the collimator exit.

(a) (b) (c)

Figure 13: Illustration of expected (a) intensity distribution in the horizontal plane at colli-
mator exit, (b) horizontal divergence (full beam) at sample position, (c) profile of the beam
at the detector position.
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THOR – detection	



(a) Top view of the horizontal reflectometer

(b) Side view of the horizontal reflectometer

Figure 1: A sketch of the overall layout of the reflectometer. For positions and dimensions
of individual components see Tab. 1. In the side view picture, different guide segments are
denoted by numbers, see also Tab. 1. The choppers used in the basic setup are colored in
blue, while the ones used for the WFM high-resolution setup are grey.
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High flux mode a serious task for detector group (or is e.g. DENEX He3 sufficient)	


for high resolution (required when significant off spec intensities)	



HZG detector development can be a feasible option	


(tests planned at ESS testbeamline)	
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Figure 14: Beam intensity at the sample position as a function of wavelength λ for several
angle of incidence θ. The neutron flux depends both on the diverence range, which is ≤ 10%
of the incident angle and the footprint size of the 1 cm2 sample increasing with sin θ. See also
Tab. 2.

shape is flat, the background can be fitted and subtracted from the reflectivity464

spectrum. The residual spectrum agrees well with the theoretical curve and all465

data points still have a high enough statistical significance, with 2σ being the466

significance of the lowest data point. Thus, if the measurement can be carried467

out for a sufficiently long time, being only a few minutes for a 1x1 cm2 D2O468

sample, reflectivities down to 10−7 can be accessed by background recording469

and subtraction. In the case of the 1x1 cm2 monolayer sample, the mean free470

path of the null reflecting water is λi = 0.202cm and yields a background level471

of > 10−5. For such a sample the total counting time of the order of 4 to 5 hours472

(for the largest angular setting) will suffice to achieve a statistically significant473

measurement of the monolayer signal after background subtraction. Naturally,474

the required sampling time is anti-correlated with the total sample area and can475

be significantly reduced if larger samples (of the order of 10 cm2) can be used.476

477

3.2. High-resolution setup478

The WFM chopper setup is optimized to provide a constant and high wave-479

length resolution for the single waveband from 2 Å to 7.1 Å neutrons, combined480

with an adequate collimation before the sample for a high q-resolution. Due481

to a substantial loss in flux because of increased resolution as compared to the482

basic setup, see Fig. 9, the available q-range for such measurements is most483

likely reduced to q < 0.5Å
−1

. Within the accessible q-range, however, fast484

measurements of highly structured reflectivity spectra are rendered possible. In485
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sured with the double waveband

-1Åq in

0 0.1 0.2 0.3 0.4 0.5 0.6

C
ou

nt
ra

te
in

n/
s

-310

-210

-110

1

10

210

310

410

510

0.9deg
4.5deg

(d) Count rate achieved on a D2O sur-
face with the double waveband
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(e) Reflectivity of a Langmuir layer on
null reflecting water measured with the
single waveband
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(f) Count rate achieved on a Langmuir
layer surface with the single waveband

Figure 15: a) - d): Virtual measurement of an ideal air-D2O surface with the basic chopper
setup and a dθ/θ resolution of 10%, using the single waveband and three angular settings and
the double waveband and two angular setting, respectively. The count rate at the reflectivity
of 10−7 is of the order of 1 n/s (0.25 n/s) for the single (double) waveband and thus 100 counts
are collected within ≈ 1.5 (6) minutes for the largest angular setting. The ideal reflectivity
curve of the D2O surface is shown in grey for comparison. e) - f): Virtual measurement of
a Langmuir layer on null reflecting water reflectivity spectrum with the basic chopper setup
and a dθ/θ resolution of 10%, using the single waveband and four angular settings. The
count rate at the reflectivity of 10−8 for the highest reflection angle is of the order of 0.25 n/s,
corresponding to a measurement time of 6 minutes for 100 signal counts. The ideal reflectivity
curve of the d-DPPE Langmuir layer is shown in grey for comparison. Note that in the basic
setup the thickness of the Langmuir layer can be determined unambiguously, as two adjacent
minima positions can be resolved.
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Figure 16: The reflectivity curve of an ideal D2O surface measured on the reflectometer
including background from incoherent scattering. The original curve reaches its minimum
at a reflectivity of ≈ 10−6. After subtracting the flat background (per angular setting) the
measurement is in a good agreement with expectations. Note that the error bars correspond
to the square root of the number of expected counts collected over 100 s.

Fig. 17, the measurement of a NiTi sample ([86 Å Ni/115 Å Ti] glass, total486

thickness = 2010 Å) is shown in grey for comparison. is shown. Its reflectivity487

spectrum exhibits several main peaks along with Kiessig oscillations over the488

entire q-range. The high-resolution setup of the reflectometer proves capable of489

a precise reconstruction of most of these features. To achieve at least 100 counts490

in each data point, 15 min of acquisition time for the highest angular setting is491

needed.492

4. Concept robustness493

The concept of the horizontal reflectometer makes mainly use of established494

and well known instrument components. The guide system consists of straight495

sections of 0.5 m. Solely the z-kink piece might require a somewhat smaller496

segmentation. The required coating is m=5 for the top and bottom guide sur-497

face, while except for the feeding section, the z-kink and the bending section,498

m=3 coating can be used everywhere. The avoidance of the line of sight by the499

chosen guide geometry is assumed to clear the detector area from background500

arising from the prompt pulse. Two guide sections were studied more carefully,501

being the feeding and the deflection sections. The impact of various solutions502

for the feeding section located in the central monolith was studied with respect503

to the delivered flux on sample. It was observed that even if the first 2 m of the504

feeding section cannot be installed due to cooling problems or other technical505
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(b) The count rate for the measurement of the NiTi reflectivity

Figure 17: The NiTi reflectivity curve measured on the reflectometer using the high-resolution
WFM chopper setup. Even finer structures like Kiessig oscillations in the reflectivity spectrum
can be well imaged. The measurement time for this sample would be around 4 min. for the
last two angular settings, thus collecting at least 25 counts per data point (taking into account
the lowest count rate of 0.1 n/s) that is sufficient for a statistically significant measurement,
if background can be neglected.
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THOR - Minimum risk 	


	



-  Principal world-leading operation does not rely on any 
complex technical installation.	



-  State-of-the-art technology/methodology	



-  Flexible resolution and performance even without WFM in 
place	



-  Works also without beam bending (except free liquids)  	


	



Figaro: 500 + 32 mm	



THOR: ≤ 2 x Figaro	



•  Sample translation stage (z)	



Campbell et al., Eur. Phys. J. Plus (2011) 126: 107	
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quantum states of neutrons in the gravitational field are interesting topics for related experiments at ESS.
Many such experiments require ultra-cold neutrons, which can be efficiently produced at ESS.

Neutron bound beta decay

Neutron decay has been the subject of intense studies for many years, as it reveals detailed information
about the structure of the weak interaction [185]. Using the two-body neutron β-decay into a hydrogen
atom and an electron antineutrino, the hyperfine population of the emerging hydrogen atom can be in-
vestigated [186]. By investigating the spin states, beyond-Standard Model quantities can be accessed and
tested [187–190].

2.3 Design drivers for the instrument suite

Based on the analysis of the science drivers in the preceding section, a number of key instrument themes
have been identified, mapping the science drivers onto the inherent instrumentation advantages presented
by the long-pulse concept:

1. Flexibility. Many of the problems that ESS will address require the measurement of structures or
dynamics over several length or time scales. Being able to tailor the resolution and bandwidth of the
measurement to the sample behaviour is key. The long-pulse concept is inherently advantageous for
designing such flexibility into instrument performance. At long-pulse sources, the resolution is often
set by controlling the opening time of a pulse-shaping chopper, instead of hard-wiring the resolution
into the moderator line-shape as is done for instruments at a short-pulse source. The systematic use
of repetition-rate multiplication and wavelength-frame multiplication allows the full time-frame to
be used, while tailoring the bandwidth of the measurement to the requirements of each experiment.

2. Small sample volumes. ESS’s high flux is well suited for accessing small sample volumes, particu-
larly when combined with the latest advances in focusing optics. By designing instruments to probe
smaller volumes than can be reached now, it will be possible to measure materials that are only
available in small quantities, which is often the case for newly-developed materials and for biological
and soft-matter systems for which the use of larger sample volumes can be prohibitively costly or
time-consuming. The ability to investigate smaller volumes will also make it possible to scan for
local variations across larger samples, for example when measuring systems under flow, and to reach
more extreme conditions using complex sample environments, such as high pressure or high magnetic
fields.

3. Cold and bispectral neutron beams. Cold neutrons are required to elucidate the structures and
dynamics of biological and soft-matter systems, and of many types and aspects of hard condensed
matter, as well. ESS’s source brightness and time structure are particularly well suited to cold
neutrons, providing high flux and a wide dynamic range. The dynamic range is especially important
for hierarchical systems and other systems that need to be covered over multiple length or time scales.
Instruments using a bispectral extraction system will be able to access an unprecedented dynamic
range. The spectral brightness of thermal neutrons will also be world-leading.

4. Polarised neutrons. The inherent strengths of neutrons in being able to see hydrogen atoms and
magnetism can be significantly enhanced by manipulating the neutron spin. This has applications
throughout biology, soft matter, chemistry and physics. The use of polarised beams and polarisation
analysis allows the unambiguous separation of structural, magnetic and incoherent scattering contri-
butions. ESS’s high brightness will greatly enhance the feasibility of this inherently flux-demanding
technique.

Instruments optimised for a long-pulse neutron source are in many ways intermediate between those
on a short-pulse source and those on a continuous source. Short-pulse instruments benefit from the high
peak brightness of the short pulse, but are constrained by the need to match their requirements to the
time-widths imposed by the choice of moderator. Time-of-flight instruments at continuous sources offer
complete freedom to choose their time structures using chopper systems, but make it necessary to live with
the inherently lower peak brightness imposed by their sources. A comparison of the peak brightnesses of
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larly when combined with the latest advances in focusing optics. By designing instruments to probe
smaller volumes than can be reached now, it will be possible to measure materials that are only
available in small quantities, which is often the case for newly-developed materials and for biological
and soft-matter systems for which the use of larger sample volumes can be prohibitively costly or
time-consuming. The ability to investigate smaller volumes will also make it possible to scan for
local variations across larger samples, for example when measuring systems under flow, and to reach
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fields.

3. Cold and bispectral neutron beams. Cold neutrons are required to elucidate the structures and
dynamics of biological and soft-matter systems, and of many types and aspects of hard condensed
matter, as well. ESS’s source brightness and time structure are particularly well suited to cold
neutrons, providing high flux and a wide dynamic range. The dynamic range is especially important
for hierarchical systems and other systems that need to be covered over multiple length or time scales.
Instruments using a bispectral extraction system will be able to access an unprecedented dynamic
range. The spectral brightness of thermal neutrons will also be world-leading.

4. Polarised neutrons. The inherent strengths of neutrons in being able to see hydrogen atoms and
magnetism can be significantly enhanced by manipulating the neutron spin. This has applications
throughout biology, soft matter, chemistry and physics. The use of polarised beams and polarisation
analysis allows the unambiguous separation of structural, magnetic and incoherent scattering contri-
butions. ESS’s high brightness will greatly enhance the feasibility of this inherently flux-demanding
technique.

Instruments optimised for a long-pulse neutron source are in many ways intermediate between those
on a short-pulse source and those on a continuous source. Short-pulse instruments benefit from the high
peak brightness of the short pulse, but are constrained by the need to match their requirements to the
time-widths imposed by the choice of moderator. Time-of-flight instruments at continuous sources offer
complete freedom to choose their time structures using chopper systems, but make it necessary to live with
the inherently lower peak brightness imposed by their sources. A comparison of the peak brightnesses of
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1. Flexibility. Many of the problems that ESS will address require the measurement of structures or
dynamics over several length or time scales. Being able to tailor the resolution and bandwidth of the
measurement to the sample behaviour is key. The long-pulse concept is inherently advantageous for
designing such flexibility into instrument performance. At long-pulse sources, the resolution is often
set by controlling the opening time of a pulse-shaping chopper, instead of hard-wiring the resolution
into the moderator line-shape as is done for instruments at a short-pulse source. The systematic use
of repetition-rate multiplication and wavelength-frame multiplication allows the full time-frame to
be used, while tailoring the bandwidth of the measurement to the requirements of each experiment.

2. Small sample volumes. ESS’s high flux is well suited for accessing small sample volumes, particu-
larly when combined with the latest advances in focusing optics. By designing instruments to probe
smaller volumes than can be reached now, it will be possible to measure materials that are only
available in small quantities, which is often the case for newly-developed materials and for biological
and soft-matter systems for which the use of larger sample volumes can be prohibitively costly or
time-consuming. The ability to investigate smaller volumes will also make it possible to scan for
local variations across larger samples, for example when measuring systems under flow, and to reach
more extreme conditions using complex sample environments, such as high pressure or high magnetic
fields.

3. Cold and bispectral neutron beams. Cold neutrons are required to elucidate the structures and
dynamics of biological and soft-matter systems, and of many types and aspects of hard condensed
matter, as well. ESS’s source brightness and time structure are particularly well suited to cold
neutrons, providing high flux and a wide dynamic range. The dynamic range is especially important
for hierarchical systems and other systems that need to be covered over multiple length or time scales.
Instruments using a bispectral extraction system will be able to access an unprecedented dynamic
range. The spectral brightness of thermal neutrons will also be world-leading.

4. Polarised neutrons. The inherent strengths of neutrons in being able to see hydrogen atoms and
magnetism can be significantly enhanced by manipulating the neutron spin. This has applications
throughout biology, soft matter, chemistry and physics. The use of polarised beams and polarisation
analysis allows the unambiguous separation of structural, magnetic and incoherent scattering contri-
butions. ESS’s high brightness will greatly enhance the feasibility of this inherently flux-demanding
technique.

Instruments optimised for a long-pulse neutron source are in many ways intermediate between those
on a short-pulse source and those on a continuous source. Short-pulse instruments benefit from the high
peak brightness of the short pulse, but are constrained by the need to match their requirements to the
time-widths imposed by the choice of moderator. Time-of-flight instruments at continuous sources offer
complete freedom to choose their time structures using chopper systems, but make it necessary to live with
the inherently lower peak brightness imposed by their sources. A comparison of the peak brightnesses of
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neutrons, providing high flux and a wide dynamic range. The dynamic range is especially important
for hierarchical systems and other systems that need to be covered over multiple length or time scales.
Instruments using a bispectral extraction system will be able to access an unprecedented dynamic
range. The spectral brightness of thermal neutrons will also be world-leading.

4. Polarised neutrons. The inherent strengths of neutrons in being able to see hydrogen atoms and
magnetism can be significantly enhanced by manipulating the neutron spin. This has applications
throughout biology, soft matter, chemistry and physics. The use of polarised beams and polarisation
analysis allows the unambiguous separation of structural, magnetic and incoherent scattering contri-
butions. ESS’s high brightness will greatly enhance the feasibility of this inherently flux-demanding
technique.

Instruments optimised for a long-pulse neutron source are in many ways intermediate between those
on a short-pulse source and those on a continuous source. Short-pulse instruments benefit from the high
peak brightness of the short pulse, but are constrained by the need to match their requirements to the
time-widths imposed by the choice of moderator. Time-of-flight instruments at continuous sources offer
complete freedom to choose their time structures using chopper systems, but make it necessary to live with
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THOR is an all-round instrument	


Soft/hard matter, large range, high res, low res, 	



medium res, θ/2θ, θ/θ, small samples, big samples, 	


offspec, GISANS	



	



focusing on our strengths	


flexible, high flux, small samples, spectral range	



	



but based on state-of-the-art	


technological solutions!	
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THe HORizontal Reflectometer	



(a) Top view of the horizontal reflectometer

(b) Side view of the horizontal reflectometer

Figure 1: A sketch of the overall layout of the reflectometer. For positions and dimensions
of individual components see Tab. 1. In the side view picture, different guide segments are
denoted by numbers, see also Tab. 1. The choppers used in the basic setup are colored in
blue, while the ones used for the WFM high-resolution setup are grey.
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Thank you! 

M. Strobl 

Instrument Division 

ESS AB IKON 9-2013 
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Chopper diameters	





Lieber	
  Markus,	
  
	
  	
  
Wir	
  haben	
  hier	
  die	
  Email	
  disku>ert,	
  prinzipiell	
  erscheint	
  uns	
  alles	
  gut	
  machbar	
  und	
  
ohne	
  technische	
  Schwierigkeiten.	


Meine Kostenschätzung hat für das ganze System 1,260 k€ ergeben. Diese 
Kostenschätzung ist inoffiziell und erhebt keinen Anspruch auf Gültigkeit.	


	


Ich denke, die Kostenschätzung ist relativ genau (+/- 10%), falls sich aus der 
späteren Spezifikation nicht 	


noch spezielle Anforderungen ergeben..	


	


Bei Bedarf würde ich auch ein offizielles Angebot machen.	


 	


Berno Spiegelhalder	


 	


Astrium GmbH	


	



chopper system - risk	




