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The initial ESS instrument suite

• 16 instruments including the Test beamline   è plenary talk by Pascale Dean, tomorrow 9 am

• 9 instruments will use gas detectors based on the Boron-10 solid converter developed as an alternative 
technology to the 3He gas counters. 

Initial ESS instrument suite by instrument class Initial ESS instrument suite by instrument name
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Multilayering. Orthogonal vs. inclined geometry
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• Multilayering helps increase the count rate capability of the detector provided signals generated by 
each layer are collected by wires/strips readout individually 
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• Multilayering helps increase the count rate capability of the detector provided signals generated by 
each layer are collected by wires/strips readout individually 

• It leads to a dramatic increase in the number of readout channels, require increased computing 
capabilities

n
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2017 JINST 12 P04030

Figure 2. A grid. The three regions of di�erent thicknesses of boron layers are shown by the arrows. The
coated blades are the vertical components in the image. The length of the grid is approximately 20 cm.

Figure 3. Left and middle: CATIA6 design of MG.CNCS. Right: completed detector on a test stand. The
height of MG.CNCS is approximately 1.4 m.

middle, and 3 blades with 1.5µm at the back. Note that a 1-side coated blade is used front- and
rear-most in each grid. Figure 4 shows the e�ciency for the chosen configuration compared to
constant layer thicknesses of 0.75 and 1.0 µm and to the calculated e�ciency of the 6-bar 3He tubes
of the CNCS detector array. In these plots, e�ciency is shown taking into account the sensitive
area of the detecting elements, i.e. grids of the Multi-Grid and tubes of the 3He. The gaps between
grids and tubes are excluded.

A very low background is one of the main requirements of a neutron spectrometer, since signals
are 3 to 4 orders of magnitude below the intensity of the peak flux. In order to reduce the internal
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Boron-10 based detectors for ESS

Multi-Grid for direct spectroscopy (ESS, SE)

T-REX
Multi-Blade for reflectometry (ESS, SE)

FREIA, ESTIA, TBL

JALOUSIE for diffraction studies (CDT/FZJ, Germany) 

DREAM, MAGIC, HEIMDALBoron-coated straws for SANS (STFC, UK/PTI, USA)

LoKi

2017 JINST 12 P03013

The scattering of the materials, especially the kapton (polyimide) foil used to hold the cathode
strips, used in the Multi-Blade prototype has been measured [2] and it resulted in a key point to be
optimized to fulfil the ESS requirements.

2 Improved design of the Multi-Blade detector

The improved version of the Multi-Blade (Multi-Blade 2016) has an active area of about
(100 · 140) mm2 and it is made up of nine cassettes, each one is equipped with 32 wires (15 µm di-
ameter) and 32 4 mm wide strips (see figure 2 and 3). All cassettes are mechanically and electrically
identical.

140m
m
	

100mm	

Figure 2. Three pictures of the Multi-Blade detector (Multi-Blade 2016) made of 9 cassettes.

2.1 Inclined geometry and single layer

The first prototype [1] (Multi-Blade 2013) comprised two designs: either with one or with two
10B4C converters: blades coated on one side or on both sides. The latter has more technical issues
that makes its realization more di�cult. The single layer detector is finally the choice in order
to keep the mechanics reasonable simple. The 2-layer version has been rejected; the loss in the
e�ciency from the reduction in number of layers can be compensated by a smaller inclination but
with the extra advantage of improved resolution and higher counting rate capability.

Moreover, in the two layer configuration the choice of the substrate is also crucial, due to the
scattering of crossing neutrons. On the other hand, the advantage of having only one converter is
that the 10B4C coating can be of any thickness above 3 µm without a�ecting the e�ciency, while
for the two layer option its thickness should be chosen carefully and the thickness uniformity must
be controlled. Since the desired requirement for scattering is set to 10�4 the single layer option will
help to solve two issues at once: the critical choice of the substrate of the neutron converter (10B4C)
and the choice of the material on which the strips lay (strip-holder). In the previous design that was
a kapton (polyimide) foil that must be crossed by the neutrons in order to reach the 10B4C layer
(figure 4). Some commercial materials have been evaluated to substitute the 10B4C-substrate and
the strip-holder foil in the Multi-Blade design in order to decrease the scattering; their composition
is listed in table 2.
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Figure 6.2: DREAM mantle detector mounting unit comprising six detector segments and covering 7.1� in
�.

• Opening angle of one segment: 1.162�.

• Inclination angle of converter coatings with respect to the neutrons on the entrance window: 10�.

• Total external dimensions: length ⇥ depth ⇥ height = 2513.0 mm (side facing the sample) / 3189.9
mm (side opposite to sample) ⇥ 571.7 mm ⇥ 21.8 mm (edge facing sample) / 32.2 mm (edge
opposite to sample).

• Trapezoidal active detector volume: length ⇥ depth ⇥ height = 2186.9 mm (side facing the sample)
/ 2850.6 mm (side opposite to sample) ⇥ 341.7 mm ⇥ 21.0 mm (side facing the sample) / 31.4 mm
(side opposite to sample).

• The active volume of the detector is filled with counting gas and is enclosed in a thin Aluminum hood
of 300µm thickness. This hood serves as cathode electrode and neutron converter carrying surface.
The hood provides a frame-less entrance window for the neutrons on its narrow face.

• The active volume of the detector is split into two separate detection planes through a middle cathode
also made of 300µm thin Aluminum sheet metal and additionally structured into cathode readout
strips. Each plane makes a multi-wire proportional chamber similarly of trapezoidal shape.

• A total number of 256 cathode strips are provided in each segment. They are oriented roughly facing
towards the sample and covering an angle �2✓ = 90�/256 = 0.35�. However, the cathode strips do
not directly focus onto the sample but their strip-tip is shifted by one strip in 2✓. This way, all voxel
of one strip are not degenerate in 2✓ but rather separated, homogeneously covering all intermediate
values of 2✓.

• The total weight of the detector segment including the readout electronics and granular natural B4C
filling for neutron shielding amounts to about 26 kg.

• Total inactive angle in 2✓ on either side of the segment due to holding structure for wires and readout
routing: 3.9�.

• The detector appears champhered in this area to allow to fit the DREAM end-cap detectors onto the
cylinder’s end-cap at the same distance of 1100 mm from the sample (see Fig. 6.3).
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Construc�on and inside mechanical parameters

 Sample - Detector (sensi�ve volume): 1015,0mm

 Height of sensi�ve volume at the entrance window: 101,4mm

 -coverage = 5,72° (through full detector volume, mechanics cover slightly more)

 16 anode wires with spacing d = 6,34mm gives  = 0,31° FWHM

 Detector depth (sensi�ve volume): 525,0mm

 32 cathode strips with d = 16,4mm  TOF = 11,5mm FWHM

 strip projected on 2q at 10°→ high 2q-resolu�on: 2,02mm FWHM  0,114° FWHM 
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Figure 2. A grid. The three regions of di�erent thicknesses of boron layers are shown by the arrows. The
coated blades are the vertical components in the image. The length of the grid is approximately 20 cm.

Figure 3. Left and middle: CATIA6 design of MG.CNCS. Right: completed detector on a test stand. The
height of MG.CNCS is approximately 1.4 m.

middle, and 3 blades with 1.5µm at the back. Note that a 1-side coated blade is used front- and
rear-most in each grid. Figure 4 shows the e�ciency for the chosen configuration compared to
constant layer thicknesses of 0.75 and 1.0 µm and to the calculated e�ciency of the 6-bar 3He tubes
of the CNCS detector array. In these plots, e�ciency is shown taking into account the sensitive
area of the detecting elements, i.e. grids of the Multi-Grid and tubes of the 3He. The gaps between
grids and tubes are excluded.

A very low background is one of the main requirements of a neutron spectrometer, since signals
are 3 to 4 orders of magnitude below the intensity of the peak flux. In order to reduce the internal
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that the 10B4C coating can be of any thickness above 3 µm without a�ecting the e�ciency, while
for the two layer option its thickness should be chosen carefully and the thickness uniformity must
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Figure 6.2: DREAM mantle detector mounting unit comprising six detector segments and covering 7.1� in
�.

• Opening angle of one segment: 1.162�.

• Inclination angle of converter coatings with respect to the neutrons on the entrance window: 10�.

• Total external dimensions: length ⇥ depth ⇥ height = 2513.0 mm (side facing the sample) / 3189.9
mm (side opposite to sample) ⇥ 571.7 mm ⇥ 21.8 mm (edge facing sample) / 32.2 mm (edge
opposite to sample).

• Trapezoidal active detector volume: length ⇥ depth ⇥ height = 2186.9 mm (side facing the sample)
/ 2850.6 mm (side opposite to sample) ⇥ 341.7 mm ⇥ 21.0 mm (side facing the sample) / 31.4 mm
(side opposite to sample).

• The active volume of the detector is filled with counting gas and is enclosed in a thin Aluminum hood
of 300µm thickness. This hood serves as cathode electrode and neutron converter carrying surface.
The hood provides a frame-less entrance window for the neutrons on its narrow face.

• The active volume of the detector is split into two separate detection planes through a middle cathode
also made of 300µm thin Aluminum sheet metal and additionally structured into cathode readout
strips. Each plane makes a multi-wire proportional chamber similarly of trapezoidal shape.

• A total number of 256 cathode strips are provided in each segment. They are oriented roughly facing
towards the sample and covering an angle �2✓ = 90�/256 = 0.35�. However, the cathode strips do
not directly focus onto the sample but their strip-tip is shifted by one strip in 2✓. This way, all voxel
of one strip are not degenerate in 2✓ but rather separated, homogeneously covering all intermediate
values of 2✓.

• The total weight of the detector segment including the readout electronics and granular natural B4C
filling for neutron shielding amounts to about 26 kg.

• Total inactive angle in 2✓ on either side of the segment due to holding structure for wires and readout
routing: 3.9�.

• The detector appears champhered in this area to allow to fit the DREAM end-cap detectors onto the
cylinder’s end-cap at the same distance of 1100 mm from the sample (see Fig. 6.3).
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with the extra advantage of improved resolution and higher counting rate capability.

Moreover, in the two layer configuration the choice of the substrate is also crucial, due to the
scattering of crossing neutrons. On the other hand, the advantage of having only one converter is
that the 10B4C coating can be of any thickness above 3 µm without a�ecting the e�ciency, while
for the two layer option its thickness should be chosen carefully and the thickness uniformity must
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The Multi-Blade detector concept for reflectometry

• Requirements for reflectometry detectors: high-count rate capability, sub-millimeter position resolution

2018 JINST 13 P05009
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Figure 13. The raw uncorrected ToF spectra of the CRISP 3He detector and the Multi-Blade (left). Each bin
is 0.1 ms. The di�erence in the ToF spectrum of 0.5 ms for the slower neutrons is due to the fact that the 3He
detector was⇡ 0.5 m closer to the sample than the Multi-Blade detector. The spectra of the CRISP 3He detec-
tor and the Multi-Blade as a function of the neutron wavelength (right). Each bin is 0.2 Å. Note that the ToF
spectrum of the Multi-Blade detector is corrected with the depth of the detector according to the equation (2.1).
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Figure 14. The measured and the calculated e�ciency of the 3He detector on CRISP (left). The measured
e�ciency can be considered valid up to 3.5 Å (11 ms). The e�ciency is calculated assuming a 3He gas
pressure of 3.5 bar. The e�ciency of the Multi-Blade detector calculated according to [31] and measured
against the 3He tube of CRISP (right). The e�ciency is normalized assuming either the measured or calculated
e�ciency of the 3He detector, measurement A and measurement B respectively. The two measured point
from a previous detector charaterization [1] are also shown.

3.4 Stability

The gas gain of a MWPC is well described by the Diethorn’s formula [41] and it is influenced by
the atmospheric pressure and temperature variation as described in [37, 42].

The Multi-Blade detector was placed in front of a moderated Pu/Be neutron source at the
Source Testing Facility (STF) [21, 22] at the Lund University in Sweden. The detector was flushed
with Ar/CO2 (80/20) at 2.4 l/h resulting into approximately 60 l/day. Since the detector vessel
is approximately 30 l, the full gas volume is renewed twice per day. A set of data is recorded
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Figure 1. Schematic view of the cross-section of the Multi-Blade detector made up of identical units
(cassettes) arranged adjacent to each other. Please note that the scale is exaggerated for ease of viewing.
Each cassette holds a 10B4C-layer; the readout is performed through a plane of wires and a plane of strips.
Adapted from [1] © 2017 IOP Publishing Ltd and Sissa Medialab srl.

Figure 2 shows a picture of the Multi-Blade detector. A stack of 9 units (cassette) and a picture
of the front and back of a single cassette, holding the wires and strips.
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Figure 2. A picture of the Multi-Blade detector with Ti-blades made up of 9 units (cassettes), left and right. A
picture of the two sides of a cassettes holding the wires, the blade with the 10B4C layer and the strips (centre).

The Multi-Blade described in [1] exploited 2 mm thick Al-blades coated with the neutron
converter layer (10B4C). For deposition on a single side of the substrate (blade), a deformation of
the substrates was observed. Note that the planarity of the substrate is crucial for the uniformity of
the electric field of the MWPC and for defining the position of the neutron detection. In the present
detector these blades have been replaced with Titanium (Ti) or Stainless Steel (SS) of thickness of
2 mm, and they both show a very good response in terms of mechanical stress, i.e. planarity is not
an issue even if the 10B4C layer is deposited on a single side. The coating thickness on these blades
is 4.4 µm but it has been shown [1] that a 7.5 µm-layer is needed to absorb ⇡ 99 % of the neutrons
at the shortest wavelength 2.5 Å of the two ESS reflectometers (any neutron of longer wavelength
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The Multi-Blade described in [1] exploited 2 mm thick Al-blades coated with the neutron
converter layer (10B4C). For deposition on a single side of the substrate (blade), a deformation of
the substrates was observed. Note that the planarity of the substrate is crucial for the uniformity of
the electric field of the MWPC and for defining the position of the neutron detection. In the present
detector these blades have been replaced with Titanium (Ti) or Stainless Steel (SS) of thickness of
2 mm, and they both show a very good response in terms of mechanical stress, i.e. planarity is not
an issue even if the 10B4C layer is deposited on a single side. The coating thickness on these blades
is 4.4 µm but it has been shown [1] that a 7.5 µm-layer is needed to absorb ⇡ 99 % of the neutrons
at the shortest wavelength 2.5 Å of the two ESS reflectometers (any neutron of longer wavelength
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5.6 Counting rate capability and shaping time

For the measurement of the counting rate capability of the detector, the cassette equipped with
individual amplifiers was used. Since we want to quantify the sole capability of the Multi-Blade
without being limited by the DAQ, the front-end electronics is directly coupled to a constant fraction
discriminator and a scaler (see figure 9).

The Multi-Blade was placed in the focal point of the monochromator in order to get the
highest flux possible and the neutron beam was collimated on the cassette of interest by using two
collimation slits. Many layers of a scattering material (A4 printer sheets without ink) were placed
before the first collimation slit and they were progressively removed increase the neutron flux on
the detector, up to the full transmission of the beam. Figure 15 shows the count rate for a single
channel of the Multi-Blade as a function of an increasing beam intensity; a beam transmission of 1
corresponds to a full transmission of the beam without any scatterer. Each point is obtained with
a di�erent amount of scattering material. The measurement is performed for a collimation in a
spot to probe the local counting rate capability and in a vertical slit to probe the rate capability
for a channel. The plot also shows the residuals of the measured point and the linear trend. A
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Figure 15. The count rate plotted as a function of the increasing beam flux on the detector (left) for a spot
illumination (blue) and slit illumination on a single wire, i.e. channel (red) and the residuals from the fit (right).

deviation from the linearity in the trend would suggest a space charge accumulation. As expected,
we can clearly see that there is no sign of saturation up to the maximum measured rates which are
(1586 ± 7) Hz/mm2 locally and (16590 ± 70) Hz per channel. Further tests are needed to prove the
limit of the Multi-Blade and a more intense source must be involved.

The cassette with individual readout is then connected to the digitiser and the shaper board is
omitted (see figure 9). We thus access the pre-amplifier signals directly in order to quantify the
minimum shaping time needed for the signals. An example of the signals is shown in figure 16
(left) and their first derivative is also shown to highlight their fast component. The distribution of
the fast component of the signals, i.e. the rise time, is shown in the plot on the right in figure 16.
The fast rise of the signals is due to the motion of the ions generated in the avalanche process that
are travelling toward the cathodes. Although the ion collection time can be of the order of a few
hundred microseconds, the pulse formation is generally 10�3 faster [29]. The ions generate the
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Figure 17. A picture of the Boron-Nitride (BN) mask (HeBoSint C100 [43]) (left) and the reconstructed
image (right). The red box in the picture represents the full active area of the detector. In the zoomed picture
are shown the 0.5 mm slits, both horizontal and vertical, with 1 mm and 0.5 mm pitches. The same area is
highlighted by the purple box in the reconstructed image on the right. A bin in the vertical scale (wires) is
0.35 mm and in the horizontal scale (strips) is 4 mm.

A set of measurements was performed using Boron-Nitride (BN) masks (HeBoSint C100 [43])
in front of the active area of the detector. The same masks have been employed to investigate the
e�ect of reconstruction algorithms on position resolution, whose results are published in [3]. In
figure 17 both the picture of the mask and the reconstructed image from the measurements is shown.
The red frame highlight the active area of the detector (130 ⇥ 60 mm2), full image on the right,
while the area enclosed in the purple box is shown is the zoomed picture and pointed out in the
reconstructed image. Both the horizontal and vertical slits have a 0.5 mm wide opening, the pitch
varies from 1 mm (left side) to 0.5 mm (right side).

The horizontal slits are well distinguished across the wire plane (vertical direction, Y), both
for the 1 mm and the 0.5 mm pitch, where a spatial resolution of ⇡ 0.5 mm is expected. This result
confirms that a sub-millimetre spatial resolution, about half a millimetre, can be achieved with the
Multi-Blade detector. The resolution along the strip plane is about 3.5 mm, therefore the vertical
slits cannot be distinguished.

5 Conclusions

In the past years, continuous developments have been suggested to make progress in neutron
reflectometry. One of the most appealing techniques is proposed by Estia [10], a forthcoming
reflectometer at ESS, which will exploit the focusing reflectometry technique to push forward the
investigations held with such neutron scattering technique outside the core science case, enabling the
possibility of better measurements. Along with it, better instrumentation is of a crucial importance
for novel scientific fields.

The Multi-Blade detector has been developed to meet the challenging requirements set by
the new reflectometers at ESS. Numerous tests have been performed [1–4, 27], in these years
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are shown the 0.5 mm slits, both horizontal and vertical, with 1 mm and 0.5 mm pitches. The same area is
highlighted by the purple box in the reconstructed image on the right. A bin in the vertical scale (wires) is
0.35 mm and in the horizontal scale (strips) is 4 mm.

A set of measurements was performed using Boron-Nitride (BN) masks (HeBoSint C100 [43])
in front of the active area of the detector. The same masks have been employed to investigate the
e�ect of reconstruction algorithms on position resolution, whose results are published in [3]. In
figure 17 both the picture of the mask and the reconstructed image from the measurements is shown.
The red frame highlight the active area of the detector (130 ⇥ 60 mm2), full image on the right,
while the area enclosed in the purple box is shown is the zoomed picture and pointed out in the
reconstructed image. Both the horizontal and vertical slits have a 0.5 mm wide opening, the pitch
varies from 1 mm (left side) to 0.5 mm (right side).

The horizontal slits are well distinguished across the wire plane (vertical direction, Y), both
for the 1 mm and the 0.5 mm pitch, where a spatial resolution of ⇡ 0.5 mm is expected. This result
confirms that a sub-millimetre spatial resolution, about half a millimetre, can be achieved with the
Multi-Blade detector. The resolution along the strip plane is about 3.5 mm, therefore the vertical
slits cannot be distinguished.

5 Conclusions

In the past years, continuous developments have been suggested to make progress in neutron
reflectometry. One of the most appealing techniques is proposed by Estia [10], a forthcoming
reflectometer at ESS, which will exploit the focusing reflectometry technique to push forward the
investigations held with such neutron scattering technique outside the core science case, enabling the
possibility of better measurements. Along with it, better instrumentation is of a crucial importance
for novel scientific fields.

The Multi-Blade detector has been developed to meet the challenging requirements set by
the new reflectometers at ESS. Numerous tests have been performed [1–4, 27], in these years
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Fig. 13. FREIA instrument layout. Components shown in white are foreseen upgrades.

Table 5
FREIA Quick Facts. All values quoted for the high-resolution and high-flux modes
assume the incident angles stated, an angular resolution of 2.5% �✓_✓ and a beam
footprint of 8 ù 3 cm2 . In all cases, the flux quoted is for an area perpendicular to the
beam, sized for the same 8 ù 3 cm2 footprint. The flux number for the full-divergence
mode is preliminary.
FREIA Quick Facts

Instrument Class Reflectometry
Moderator Cold
Primary Flightpath 22.8 m
Secondary Flightpath 3.0 m
Polarised Incident Beam Available as a foreseen upgrade
Sample Orientation Horizontal
Representative Incident
Beam Angles

0.45˝, 0.9˝, 3.4˝
(full range 0.2˝–3.7˝ depending on angular resolution)

Standard Mode (14 Hz)

Wavelength Range 2-10 Å
Flux at Sample at
2 MW

1 ù 105, 5 ù 105, 7 ù 106 n s*1 cm*2 [high res (WFM)
mode]
1 ù 106, 4 ù 106, 6 ù 107 n s*1 cm*2 [high flux mode]
1 ù 108 n s*1 cm*2 [full divergence mode]

Q-Range 0–1 Å*1 (solid samples)
0.0045–0.38 Å*1 (free liquids)

Q-resolution 3%–3.5% [high res (WFM) mode]
5%–23% (across free-liquid Q-range) [high flux mode]
2%–6% [full divergence (WFM) mode]

Pulse Skipping Mode (7 Hz)

Wavelength Range 2–18 Å
Flux at Sample 5 ù 105, 2 ù 106, 3 ù 107 n s*1 cm*2 [high flux mode]
Q-Range 0–1 Å*1 (solid samples)

0.002–0.38 Å*1 (free liquids)

Q-resolution 3%–23% (across free-liquid Q-range) [high flux mode]

The natural resolution of the instrument is medium to low (�Q/Q =
5%–23% (full width) depending on wavelength and incident angle),
and it will also be possible to skip pulses to extend the bandwidth
and average resolution in this mode. A foreseen chopper upgrade will
improve the pulse-skipping bandwidth. In the high-resolution mode
(�Q/Q < 5%), FREIA will use a Wavelength-Frame-Multiplication
(WFM) chopper system, but this mode cannot be used in combination
with pulse-skipping.

FREIA will use the same ‘‘multi-blade’’ ESS detector design [26–
29] as used on Estia. The sample-detector distance is 3 m and the
detector will cover 4.75˝ (V) and 3.8˝ (H) with 0.5 mm resolution (V)
and 2.5 mm resolution (H) to allow for off-specular measurements. A
foreseen upgrade will extend this angular coverage to 5.7˝ (H & V).

Table 6
NMX Quick Facts.
NMX Quick Facts

Instrument Class Large-Scale Structures
Moderator Cold
Primary Flightpath 157 m
Secondary Flightpath 0.2–1.0 m
Wavelength Range 1.8–10 Å
Bandwidth 1.74 Å
Flux at Sample at 2 MW 1 ù 109 n s*1 cm*2 (1.8–3.5 Å)
Wavelength Resolution ��_� 2%–4% (over wavelength range)
Beam Divergence Adjustable up to ±0.2˝
Beam Size 0.2–5 mm

2.4.3. FREIA expected performance
The increase in flux and the ability to switch angles without mov-

ing the sample on FREIA will mean that full reflectivity curves can
be measured significantly faster than on current instrumentation (see
Fig. 14). For the case of the low-resolution mode this will mean
complete measurements on the order of seconds, and for the high-
resolution mode around 10–15 min rather than the 30 min to 2 h that
have historically been required, depending on the scattering contrast.
We expect this to mean significant improvements to the time-resolution
achievable in kinetic studies and to the throughput of samples in a
typical experiment. Alternatively, the increase in flux can be used to
reduce the sample size. The standard footprint length of 40 mm is
already smaller than generally used elsewhere and smaller samples are
also feasible.

2.5. NMX — Macromolecular diffractometer

2.5.1. NMX science case
Macromolecular crystallography is a work-horse method in struc-

tural biology, but the vast majority of structures are determined using
X-rays as the incident radiation. Yet the functionally critical hydrogen
atoms are almost always invisible in X-ray structures.

The NMX Macromolecular Diffractometer is a time-of-flight (TOF)
quasi-Laue diffractometer optimised for small samples and large unit
cells dedicated to the crystallographic structure determination of bi-
ological macromolecules. The main scientific driver is to locate the
hydrogen atoms relevant for the function of the macromolecule.

The ESS long pulse source is well suited for a quasi-Laue macro-
molecular diffractometer that can spread the background in the TOF
dimension, while the Bragg peaks are observed at a defined TOF. There-
fore, a macromolecular diffractometer at the ESS could be used either to
study systems with smaller crystals or larger unit cell volumes. Growing
well-ordered protein crystals of cubic millimetre volume is extremely
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Fig. 11. Estia instrument layout. Components shown in white are foreseen upgrades.

Fig. 12. Simulated experiment on a 1 mm2 sample of a 20 nm nickel layer on silicon measured with Estia using the full divergence of 1.5˝.

including free liquid interfaces. To achieve this, a novel guide and col-
limation system have been developed, which allow the entire Q-range
to be accessed without any movement of the main instrument optics or
the sample. The horizontal sample geometry combined with variable
resolution will cater for a broad range of interfaces and samples,
including smaller samples than currently used at existing sources.

2.4.2. FREIA instrument layout
An overview of the FREIA instrument is shown in Fig. 13. FREIA

views the cold moderator and is located in the North hall on port N5.
The instrument has a downward-oriented elliptical guide focusing a
neutron beam with a broad vertical divergence and wavelength range
onto a horizontal sample surface. From this high-divergence beam, a
range of incident angles can be selected to cover the Q-range of interest
without moving the sample.

The collimation system will have three possible modes. The first
option is a standard pair of slits that will allow complete freedom to
select an angular resolution or incident angle within a range of approx-
imately 0.2˝–3.7˝ for 1% f �✓_✓ f 10% (depending on the desired
beam footprint on the sample). Typical sample sizes are expected to
be 30 mm (across the beam) by 40 mm (along the beam direction),

although this can be reduced to 20 mm or extended to circa 80 mm.
The second option allows fast measurements over the full Q-range to
be carried out because the collimation system will be able to rapidly
switch between up to three well-collimated incident angles. Since
this means angle changes are achieved without moving the sample,
this arrangement avoids the measurement dead time related to angle
changes and settling times for free liquid surfaces. The speed of this
switching will initially allow full Q-range measurements to be made in
a few seconds, but a foreseen fast-shutter upgrade will increase this
to a sub-second timescale. Finally, the collimation system will also
allow for an m = 6 supermirror to be inserted to deflect the beam
upwards and thereby allow reflections from underneath the interface to
be measured (appropriate for liquid–liquid samples or where complex
sample environments are required above the sample).

Also under consideration during ongoing design work is a ‘‘Full-
divergence’’ mode. This may be appropriate for certain suitable samples
and allows the full 3.5˝ divergent beam to impinge on the sample, in
a manner similar to the standard mode of operation of Estia. This is
likely to give a significant boost in flux, but is also likely to result
in a significantly higher background since the FREIA optics are not
optimised for this operation mode.
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The Multi-Blade detector for AMOR@PSI

Muon image collected with the MB for AMOR

The MB detector assembled for AMOR@PSI 

neutrons
14 cassettes each consisting of 
64 strips and 32 wires

ne
ut

ro
ns

A 1:1 copy of the MB for AMOR  will be 
built for use by the ESS Test beamline, 
joining the ESTIA and FREIA detectors

MB2020 @ AMOR, PSI MB2023 @ ESS Detector Lab

MB detector

Multi-Blade detector project update

Francesco Piscitelli

Reflectometry STAP
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Boron-coated straws (BSC) for LoKi (SANS) 

Broad-band high-intensity SANS instrument built by STFC, UK

K.H. Andersen et al.,  NIMA 957 (2020) 163402

The detector array covers up to 42° (~6 m2)

Expected flux at the sample position ~108 n/s/cm2 (2 MW)

Q-range (10-3 to 2 Å-1) 

Detectors designed and built by STFC, UK
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Boron-coated straws (BSC) for LoKi (SANS) 

Detector based on the Boron-coated straw technology developed by Proportional Technologies Inc, TX, USA

Multi-tubes coated with ~1 μm of 10B4C
Sealed, 0.7 atm of Ar/CO2 (90-10)

Calculation by M.Klausz et al., NIMA, 943 (2019), 162463
Measurement by D. Raspino, STFC, to be published

neutrons

20°

16-tube detector module



Figure 9: Scipp ecosystem architecture.

sanity checks. The main functionality of the notebooks in-
volved: loading files, printing basic metrics (e.g number of
recorded events), showing instrument view (Fig. 10) and
plotting TOF spectra of detector and monitors. By perform-
ing such tests we were able to quickly identify issues with
incorrect pixel positions and missing data.

Figure 10: Silver behenate SANS data viewed with scipp’s
instrument view.

Once measurements were finished, the recorded data was
further processed by performing series of calibrations and
data reduction. The calibration data was collected by plac-
ing masked strips in front of the detectors with a uniformly
scattering sample. The obtained peaks positions were used
as a reference for further corrections and fitted using Man-
tid software [11] (it is anticipated that in future such cor-
rections will be also performed in scipp). Corrected files
were subsequently passed to scipp where data sets from
different runs were merged. The merged files were sub-
ject of further data reduction protocol as demonstrated in
(https://scipp.github.io/ess/techniques/sans/sans.html). In
brief the protocol involves loading files, defining masking,
applying coordinate corrections and then converting from
TOF to lambda space and from lambda to Q space. Even-
tually background data is subtracted from sample and nor-

malised (Fig. 11). The final outcome of data reduction proto-
col is intensity curve in the function of scattering vector, q.

Figure 11: Data reduction workflow.

CONCLUSION
The LoKI test at ISIS in March 2022 demonstrated the

functionality of the ESS data acquisition pipeline from the
detector electronics, through FPGAs, into software, and into
a state that is easily analysed and used for science. Further-
more, it demonstrated the ability to support the experiment
remotely through remote diagnostics and debugging. The
Readout Master aggregates detector readouts into packets,
which are sent to the EFU to be processed into event data.
The event data is sent to Kafka, where it is then used by
the NeXus Filewriter to write a NeXus file per experiment,
which is then analysed using scipp. This entire pipeline was
running and live experiment data was processed in much the
same way that it will be in production at the ESS facility.
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Boron-coated straws (BSC) for LoKi (SANS) 

9 detector banks (56 detector modules) 

Only 5 banks for Day 1 (36 modules)

§ 18 modules – 1000 mm long

§ 3 modules – 500 mm long

§ 15 modules – 1200 mm long

Measurements by D. Raspino, STFC, to be published

Max 5% loss up to 300 
kHz/1” tube

Detector modules intensely tested at Larmour@ISIS during the R&D 
and manufacturing phases

8 detector modules

3584 readout channels 
processed by 29 CAEN 
R5560 ADCs (125 MHz)
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Boron-coated straws (BSC) for LoKi (SANS) 

Installation of the front and middle panel detectors at ESS  

Site inspection tests of the Day-1 Loki 
detector modules 

Start of LoKi cold-commissioning planned for Q2-Q3 2024
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Conclusions, outlook

• The scientific performance of most of the ESS instruments relies heavily on gas counters employing the 10B-solid 
converter developed as an alternative to the 3He-based detectors.

• LoKi (SANS), Test beamline, DREAM (powder diffraction), MAGiC (single-crystal diffraction), ESTIA, FREIA 
(reflectometry), BEER (strain scanning)  will employ this technology.

• LoKi, Test beamline and DREAM are expected to start cold commissioning in Q2-Q3 of 2024. These will be the first 
instruments in the world to operate with large-area Boron-based gas detectors. Installation of detectors started, 
integration ongoing in the lab. 
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Loki detector readout (1)
4032 straws
Would require 8064 electronics channels (preamp+ADC)
Multiplexing required
3.5 reductionà 2304 channels
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Loki detector readout (2)

16 channels board preamp (Erik Schooneveld)
§ One at each side of a module
§ Twisted paired signals on a Ethernet cable to the ADC

128 Chs ADC R5560 by CAEN
§ 125 MHz sample rate
§ 14 bits

§ Open FPGA
§ Firmware developed on SCI-Compiler by Nuclear Instrument
§ DSP/Amplitude Calculation/ γ/n / Time stamp
§ Interface with the ESS DAQ via 10 Gbe fibres
§ Effort from STFC-ISIS, STFC-TD, ESS-DG, NI

§ Diagnostic Tools


