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Abstract

The primary flightpath of the TOSCA indirect geometry neutron spectrometer has been
upgraded with a high-m 14.636 m (including 0.418 m of air gaps) neutron guide composed of
ten sections in order to boost the neutron flux at the sample position. The upgraded incident
neutron beam has been characterised with the help of the time-of-flight neutron monitor; the
beam profile and the gain in the neutron flux data are presented. At an average proton
current-on-target of 160 pA and proton energy of 800 MeV (ISIS Target Station 1; at the time
of the measurements) we have found that the wavelength-integrated neutron flux (from 0.28
A to 4.65 A) at the position of the TOSCA instrument sample (spatially averaged across a 3.0
x 3.0 cm? surface centred around the (0,0) position) is approximately 2.11 x 10" neutrons cm™
s while the gain in the neutron flux is as much as 46-fold for neutrons with a wavelength of
2.5 A. The instrument’s excellent spectral resolution and low spectral background have been
preserved upon the upgrade. The much improved count rate allows faster measurements
where useful data of hydrogen rich samples can be recorded within minutes, as well as

experiments involving smaller samples that were not possible in the past.

Keywords: TOSCA, neutron guide, neutron beam profile, neutron detector, scintillator

detector, neutron flux, vibrational spectrometer



1. Introduction

TOSCA is an indirect-geometry inelastic neutron spectrometer optimised for high resolution
vibrational spectroscopy in the energy transfer region between -24 and 4000 cm™ [1,2,3]. The
instrument has been operational for almost two decades and during that time has set the
standard for broadband chemical spectroscopy with neutrons [4]. In autumn 2013 as part of
the international beamline review [5] it was concluded that for TOSCA to be able to
participate in strategic research areas such as CO, capture and charge storage [6], an increase
in the incident neutron flux via the provision of a neutron guide (as opposed to the simple
collimation tubes present at the time) would be highly beneficial. Such a development would
allow detailed studies of industrially relevant systems containing weak neutron scatters (SO,
CO, NO) as well as faster parametric studies, particularly for hydrogen containing molecules
such as hydrocarbons. Additionally, as neutron scattering is an inherently intensity limited
technique studies of smaller samples which are too expensive to produce in larger quantities
would be possible. Since then, this major upgrade has been implemented which has involved
extensive simulations together with the complete redesign of the TOSCA primary
spectrometer to house a state-of-the-art, high-m neutron guide and associated chopper system
to boost the incident flux on the sample.

Neutron guides are essential in order to boost the neutron flux at a long distance from the
neutron source. As neutrons fly nearly parallel to the guide surface they are retained within
the tube by a process of external reflection. Traditionally, neutron guides are square or
rectangular cross-section tubes made from optically flat materials, usually glass, that has been
metal coated with alternating layers of metal with different scattering length densities. More
recently, and in particular in case of the longer neutron guides their shape can be rather
complex (e.g. elliptical) in order to avoid the loss due to a large number of reflections. Over
the years, progress in guide manufacture has led to supermirror coated guides, having high
reflectivity and high m-values where m = yc(supermirror)/yc(nickel) i.e. it is equal to the ratio
of the critical angle of reflection, vy, of the supermirror and nickel coated optically flat glass
[7]. The neutron guides with greater m factor lead to increased divergence of the neutron
beam which maximum value is given by the critical angle y. [°] = 0.1 x m x A [A]. In our
preliminary feasibility analysis of the TOSCA neutron guide we have excluded the use of

elliptical or more complex geometries (that are more expensive to manufacture and may
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considerably increase the neutron divergence at the sample position) in order to concentrate
our resources on a guide with an advanced supermirror coating. Thus we have used a tapered
guide in order to focus the beam at the sample position while making sure to preserve the

homogeneity of the beam.

Based on extensive neutron-transport simulations and baseline studies of the guide neutronic
response [8,9,10], in this article we present the careful mechanical engineering design of the
new TOSCA primary spectrometer and provide a review of the actual performance gains
following this upgrade. A comparison between experimental observations and Monte Carlo
simulations is provided, and the effect of the upgrade on the instrument spectral resolution

and background have been assessed as well.

2. The primary spectrometer

In our design of the neutron guide, we have followed two principles: position the
supermirrors to include as much of the neutron flightpath as possible, and to increase the area
viewed of the water moderator by increasing the size of the shutter entrance (from its original
value of 84 mm x 84 mm) while preserving the beam size at the sample position. A schematic
drawing of the new 14.636 m long neutron guide (including 0.418 m of air gaps) which is
dedicated to the TOSCA instrument is shown in Figure 1. The first section of the guide, G1,
is installed in the new 1.937 m long shutter that is positioned at a distance of 1.626 m from
the moderator centre. The shutter contains an m = 5 straight square guide with an aperture of
100 mm x 100 mm. The remaining nine sections of the guide are tapered, starting from the
100 mm x 100 mm entrance of section G2, all the way towards the end of section G10 with
40 mm x 40 mm aperture (positioned at a distance of 16.262 m from the moderator centre,
i.e. 0.748 m from the sample position). The angle of taper, ~ 0.136494°, has been kept equal
in each tapered section, while the m-factor was increased in steps from m =5 for sections 2 to
6, m = 6 for sections 7 to 9, and m = 7 for section 10. This gradual increase ensured optimal
gain and enabled that even those short wavelength (high energy) neutrons whose divergence
was sufficiently small can be retained. Geometrical parameters of each section and the
neutron guide as a whole can be found in Table S1 of the supplementary information. We
have chosen mostly tapered over mostly straight guide as neutron simulations pointed

towards increased flux gain in the case of the former [8,9,10].
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As part of the upgrade, the current single disc chopper [3] has been replaced by a double disc
chopper positioned at a distance of 9.455 m from the moderator centre, and between sections
G5 and G6 of the guide. The air gap between the two sections required to fit the discs was
kept to a minimum of 6.6 cm, thus reducing the neutron flux attenuation due to scattering in
air. The new double disc chopper allows utilisation of all the neutron pulses arriving at
TOSCA, even when Target Station 1 operates in 50 Hz mode (albeit without access to the
elastic line; see reference 3 for further details about the extension of the spectral region of the

instrument).

In order to achieve the highest neutron flux at the sample position the flightpath through the
neutron guide is in vacuum (p = 2.5 x 10 mbar). Since all the sections of the guide could not
be joined together in a single housing, various housings are sealed with the help of 0.5 mm
thick aluminium windows. Overall, there are a total of nine aluminium windows along the
beamline flightpath (i.e. between the moderator and the sample position) as indicated by the

orange vertical lines in Figure 1.

Two neutron beam monitors are positioned along the flightpath; the first before the chopper,
at a distance of 8.900 m from the moderator centre and the second after the chopper at a
distance of 15.871m from the moderator centre. The latter monitor is used for the
normalisation of the neutron flux. The monitors allow measurements of the time-of-flight
spectra of neutrons; and were made from GS20 cubes (cerium-activated lithium
aluminosilicate glass, 0.25 mm in size) that were distributed 7 mm apart and across a 7 X 6
array [11,12].

TOSCA has four *He detector tubes (two on each side of the beam) in back scattering that are
used for diffraction measurements. As a result of the beam upgrade and in order to
accommodate the last section of the guide they needed to be slightly moved away from the
centre of the flightpath i.e. they are now positioned at an angle of 175° and 176° in the
backward direction. Although the tubes are stationed in air, virtually all the flightpath
between the sample position and the diffraction tubes is in vacuum, with the vanadium
window acting as the boundary. The final section of the neutron guide, G10, is connected to
the instrument by the tapered flight tube and the whole volume is kept at cryogenic vacuum
(< 10 mbar).
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The instrument was not operational between the end of May 2016 and mid-February 2017.
By the end of November 2016, all sections of the guide were in place apart from the new
TOSCA shutter with the initial section of the guide within it, G1, which remained the same as
before the upgrade. Since the overwhelming majority of the guide was installed we tested the
setup for enhanced neutron flux, in order to have better idea about the influence of the guide
inside the shutter (installed subsequently) on the neutron flux, beam profile, spectral
resolution and background (see SlI). We will refer to this interim configuration as the C1
configuration, while the configuration before the upgrade (i.e. without the neutron guide) will
be denoted as CO [13]. The last section in the shutter was installed in January 2017 to give the
final (so called C2) configuration. After the two weeks of commissioning measurements the

instrument was returned to the user programme.
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Figure 1. Schematic representation of the side view of the TOSCA neutron guide
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as installed on the beamline. The guide sections are numbered in the order in
which they appear along the flightpath. The starting position of each section, in
relation to the moderator centre, as well as its length are provided. Aluminium

windows (W) are indicated by the orange vertical lines.

3. Experimental setup

The experimental setup used to measure the neutron flux at the sample position was described
in ref. 13. The neutron sensitive component was a cuboid of cerium-doped glass scintillator,
measuring 0.96 x 0.95 x 0.53 mm® The TOSCA closed cycle refrigerator (CCR) was
removed from its position in order to accommodate the assembly frame onto the flange, and

thus the measurements at the sample position were performed in open air and at room
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temperature. The position of this point-sampling detector was controlled via a computer
script which moved it automatically after the accumulation of 10000 frames at each spatial
point (1 frame = 100 ms), each frame containing four consecutive neutron pulses, without the
need to interrupt the beam between different runs. 169 points around the beam centre (from -
3.0 cm to +3.0 cm in the X (horizontal) and Y (vertical) directions, when looking
downstream) were measured, sampling the time-of-flight spectrum every 5 mm, see Figure
S1 in supplementary information (SI). Subsequently the data were calibrated to give the
neutron flux at the sample position in units of neutron cm™ s* A™ and eventually integrated
in the wavelength range of interest (see reference 13 for further details). At the time of this
study, the first nine sections of the guide starting from the shutter towards the sample position
were under vacuum, while section ten of the guide and the sample environment area were in

air.

Computational details: The McStas software package [14] was used in order to perform
Monte Carlo simulations of the TOSCA beamline. The geometrical parameters of the
upgraded instrument primary beamline (see Table S1 in SI) were implemented in the virtual
instrument, while the water moderator file [14] was provided by the ISIS Neutronics Group
and was built using MCNP-X calculations of the actual TS1 target-reflector-moderator
assembly. In the simulation the angle between the TOSCA beamline axis and the moderator
face was kept at 90° i.e. the moderator face and the shutter face were perfectly
aligned/parallel. In reality, the beamline axis is tilted by ~13.2° from the line perpendicular to
the moderator face [15] and this precise information has been taken into account when
generating the moderator file [16]. Thus for the purposes of McStas calculations the
difference between the real and the simulated angle is irrelevant, as the reality based
moderator file contains all the necessary information about the neutrons travelling towards
the instrument. The ‘pre-guide’ CO configuration of the TOSCA was simulated in order to
have the baseline performance of the instrument as a reference for the subsequent simulations
regarding the gain in neutron flux due to the neutron guide. To calculate the performance of
the supermirror neutron guide we used experimentally determined reflectivity profiles
(provided by the manufacturer, Swiss Neutronics) for each section of the guide. The Mantid
software package [17,18,19,20] was used in order to analyse the experimental data, and

details of the applied methodology of data analysis are the same as described in ref. 13.
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4. Results and discussion

Final (C2) configuration: The experimentally derived TOF spectrum as a function of
wavelength of the TOSCA neutron flux upon the guide installation (spatially averaged across
the 3.0 x 3.0 cm? surface centred around the (0,0) position) is shown in Figure 2 (green trace).
Its features are in line with the expectations [21] since the peak in the ‘moderated hump’
appears at around 1.1 A which is characteristic of the room temperature water moderator. Its
shape is characterised by the epithermal component at low wavelength and the Maxwellian
component that follows. Equally, in terms of its overall profile the experimental spectrum is
in line with the results of the Monte Carlo simulations (blue empty diamond symbols)
performed with the help of the McStas software, although the latter needed to be scaled down
by a factor of 2.53 in order to make the simulated and the experimental integrated neutron
flux in the region between 0.28 A and 4.65 A equal. Similar discrepancies have been
observed before [13] and will be discussed in more detail later in the text. The TOSCA beam

profile at the sample position is shown in Figure 3.

T T T T T T T T

1 - without the guide exp
1.5x10" - without the guide sim / 3.41

fg"%% - with the guide sim / 2.53

1.0x107 1

5.0x10° -

Flux (neutrons cm™ s Angstrom™)

0.0

Wavelength (Angstrom)
Figure 2. Neutron flux at the TOSCA sample position as a function of
wavelength. Experimentally derived values (spatially averaged across the 3.0 x
3.0 cm? surface centred around the (0,0) position) are shown by the green line,
while those obtained from the Monte Carlo simulations (spatially averaged across
the 4.0 x 4.0 cm? surface centred around the (0,0) position) are shown in blue as

empty diamond symbols. Monte Carlo values (not corrected for attenuation) of

8
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the neutron flux were scaled down by a factor of 2.53 in order to make the
simulated and the experimental integrated neutron flux in the region between 0.28
A and 4.65 A equal. For comparison, the neutron flux (experimental - black line

and simulated - red empty triangle symbols) at the TOSCA sample position

before the guide upgrade are also shown (configuration CO) (see reference 13 for
further details).
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Figure 3. Measured (left) and simulated (right) neutron beam profile at the
TOSCA sample position with the guide installed. The measured and calculated
values of time averaged neutron flux, integrated across 0.28 A to 4.65 A
wavelength range of interest to TOSCA were obtained with i.e. scaled to the

average proton current-on-target of 160 pA, respectively.

Its central region, 2.5 x 2.5 cm? in area, is relatively homogeneous, while the overall beam
has a roughly 4.5 (H) x 4.5 (V) cm? square shape (taking into account the region with the
neutron flux higher than 50% of the maximum intensity) as a consequence of the neutron
guide positioned along the beamline. The beam centre appears to be displaced by ~ 2 mm (up
and to the right when looking downstream, i.e. from the moderator towards the instrument)
from the nominal primary flightpath. Such displacement (2 mm at a distance of 17010 mm) is
smaller than before the guide upgrade [13], partly as a result of the instrument repositioning,
by 2 mm towards right i.e. the beam flightpath is now better overlapped with the sample
position. The beam shift may indicate a minor shutter misalignment or possible unwanted

reflections. The evaluation of the beam spatial profile as a function of wavelength is shown in
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Figure S3 (see Sl). It appears that the beam homogeneity is preserved across neutrons with
various energies. In particular, the beam profile for neutrons with the wavelength between 0.8
A and 1.2 A and the beam profile for neutrons with the wavelength between 2.5 A and 2.9 A

have very similar distribution, although the latter flux is one order of magnitude smaller.

The McStas simulation of the TOSCA beam profile at the sample position with the guide
upgrade is depicted in Figure 3. The simulated beam has a 4.0 (H) x 4.0 (V) cm? (taking into
account the region with a neutron flux greater than 50% of the maximum intensity) Gaussian
profile (due to the collimation). The flux is roughly constant across the 2.0 (H) x 2.0 (V) cm?
surface as indicated by the horizontal cut, see Figure 4. Due to the symmetrical geometry of
the square cross section guide, there are no privileged directions of reflections and, as a
consequence, the results show a perfect spatial symmetry about the central position. As
emphasized before, the simulated neutron flux is 2.53 times higher than the experimentally
observed values. This is not surprising since the simulation was performed in vacuum while
in reality, at the time of this experiment out of 17.01 m long flightpath between the moderator
centre and the TOSCA sample position 14.1465 meters were under vacuum, while 1.3030
meters were in air, 1.5560 meters were in helium, and 0.0045 meters were in aluminium.
Thus in order to compare with the experiment, the simulated values should be corrected by
the factor of 0.8765 which corresponds to the transmitted neutron flux upon travel along the
above described flightpath. The corrected simulated values are shown in Figure 4 as well.
They are still 2.22 (2.53 x 0.8765) times larger than the experimental values, and the
difference can be ascribed to various factors. Firstly, the muon producing target (located
upstream of the TS-1 target) is not in the MCNPX model so the calculated flux should be
corrected by a factor of 0.95. Secondly, the physics model choice for MCNPX simulations
can affect the flux at the level of 10-15%. For example, if the CEMO03 physics model (used in
this set of simulations) is replaced by INCL4-ABLA model — the correction factor is 0.86.
Thirdly, the building of TS-1 MCNPX model [22] is still a work in progress. Recent findings
[15] showed that the TS-1 target cooling water is not pure heavy water (as defined in the
model) but a mixture of 80% heavy water and 20% light water, and that the 6 mm thick boral
plate is positioned between the target and the water moderator. As a result, the calculated flux
should be corrected by an additional factor of 0.87. After applying all of these corrections, the
agreement between experimental and calculated flux is well below a factor of 2. Please note
that further uncertainties exist which appear to be more difficult to estimate quantitatively

such as the details of material composition of the decouplers around the TS-1 moderators,

10
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precise position of the poisoning foil, the (real) vertical position of the TOSCA shutter insert,

and possible operational effects [23] etc., but may explain the discrepancy.
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Figure 4. The experimental (green filled squares), the simulated (black empty
triangles) and the corrected simulated (for attenuation in the helium, aluminium
and air; blue empty diamond) neutron beam profile projected along the horizontal
axis at the TOSCA sample position. The beam flux has been averaged along the
vertical axis (between -2.0 cm and +2.0 cm, i.e. within the beam height) and
includes only neutrons within the wavelength range of interest to TOSCA (from
0.28 A t0 4.65 A).

As can be seen from Figure 3, the measured and the calculated neutron flux at the centre of
the sample, the (0,0) position (see SI), are 2.54 x 10" neutron cm™ s and 7.32 x 10" neutron
cm™ s, respectively. The corresponding values spatially averaged across 3.0 x 3.0 cm? and
4.0 x 4.0 cm? surface centred around (0,0) position are 2.11 x 10" neutron cm™ s and 5.35 x
10" neutron cm™ s, respectively. Between the latter two values a normalization factor of
2.53 must be applied to match the absolute values. The neutron flux values associated with
the plateau shown in Figure 4, and averaged along the vertical axis (between -2.0 cm and
+2.0 cm) are slightly smaller. In particular the simulated values were derived with the help of
the linear flux monitor, not the position sensitive detector used in the case of the beam profile

shown in Figure 3.

11
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Figure 5. The TOSCA simulated divergence profile at the sample position before
(left) and after (right) the guide upgrade.

Figure 5 shows the TOSCA simulated divergence profile at the sample position before and
after the guide upgrade. In line with expectations, after the upgrade the neutrons arriving at
the sample position have a larger divergence distribution: the full width at half maximum is
approximately 1.3° as opposed to 0.3° before the upgrade. As already described, the neutron
guide is able to retain neutrons (with an incident angle < y.) within the guide tube, rather than
acting only as a simple collimator and thus by the time they reach the sample surface they can
cross it at an angle larger than allowed by the direct line of sight between the moderator and

the sample.

As a result of the guide being installed on TOSCA the neutron flux at the sample position has
been significantly increased, see Figure 6. The green trace shows the experimentally
determined gain as a function of wavelength and the black trace corresponds to the gain
derived from the Monte Carlo simulations. Since measurements of the neutron flux at the
sample position for the final C2, and before the upgrade CO, configurations were performed
with the proton energy on target of 800 MeV and 700 MeV, respectively, the former C2
neutron flux has been scaled down by a factor of 1.17 [see Figure S5 in Sl] before taking the
ratio to calculate the experimental gain due to the neutron guide. Additionally, as theoretical
calculations were performed in vacuum, these values of the neutron flux gain need to be

corrected for the attenuation as neutrons travel through helium, aluminium windows and air

12
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(blue trace) before they are compared with the experimental data. The gain in neutron flux is
6 times for neutrons with a wavelength of 0.5 A (2640 cm™), 46 times for neutrons with a
wavelength of 2.5 A (105 cm™), and 82 times for neutrons with a wavelength of 4.6 A (31
cm™), i.e. the most significant gain is for the neutrons used to study low energy molecular
and lattice vibrations. The slight dip in the experimental neutron gain between 3.7 A and 4.6
A is a result of the different starting times (wavelengths) at which the double disc chopper
started to block the slow neutrons (in order to prevent the 20 ms sub-frame overlap) at the
time of C2 (3.7 A) and CO (4.25 A) configurations measurements. Figure S7 in the SI shows
the experimental (left) and simulated (right) gain in the neutron flux as a function of the
position within the TOSCA sample area. Since after the upgrade the neutron beam is more
divergent, and some neutrons can be detected at the position where there were none before,
the gain appears larger around the periphery than in the centre of the sample position.

T T T T T T '| T T T '| T T T I T T T

100 - §.a
by
£

© 10 - i
U] ] ]

1 T T T T T T T T T T T T T T T
0 1 2 3 4 9

Wavelength (Angstrom)
Figure 6. Gain in the neutron flux at the TOSCA sample position as a function of
wavelength. Green trace shows experimental values derived with the bead
detector, while black and blue traces show simulated values derived from the
Monte Carlo calculations without, and with, the correction for attenuation in the

helium, aluminium and air, respectively. Please see the Sl for further details.

In order to understand the effect of possible shutter (i.e. initial section of the guide G1)

misalignment on the neutron beam properties, we have performed additional simulations in
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which the shutter was misaligned by 0.5° (to the left when looking downstream, i.e. from the
moderator towards the instrument) from the intended instrument flightpath and pivoted
around the shutter entrance position at a distance of 1.626 m from the moderator. As a
consequence, the wavelength-integrated neutron flux (from 0.28 A to 4.65 A) at the TOSCA
sample position was reduced by 20 % (see Figure S8 in the Sl). Furthermore, it appears (see
Figures S9 and S10) that the misalignment does not significantly alter the beam profile,
although the beam is slightly shifted (at the sample position) in the same direction (towards
left) as the misalignment. Figure S11 shows the consequence of misalignment on the beam
divergence at the sample position. This suggests that as a result of the misalignment patterns
in the divergence profile can be observed without alternation of the overall average

divergence.

In comparison to the interim C1 configuration (which had a simple collimation tube within
the shutter and an 84 mm x 84 mm entrance opening) the final C2 configuration (which has
1.937 meter long m = 5 neutron guide inside the shutter and an enlarged 100 mm x 100 mm
shutter entrance) gives significantly enhanced neutron flux at the sample position; compare
experimental values of the neutron flux in Figure 2 and Figure S13. For further information
about the properties of the neutron beam at the TOSCA sample position in relation to C1

configuration please see SI.
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Spectral resolution and background: While the increased neutron flux at the sample
position has been achieved as part of this project, it was equally important to preserve the
excellent spectral resolution and low background afforded by TOSCA [3]. In order to check
the effect of the installed neutron guide on the instrument spectral performance we have
performed neutron scattering measurements of the standard calibrant, 2,5-diiodothiophene
[24]. Figure 7 shows the elastic line of the 2,5-diiodothiophene sample recorded before the
TOSCA upgrade (black trace, CO configuration) and after the upgrade (blue trace, C2
configuration). The same sample was used in both cases and the spectra were accumulated
for the same period of time. The spectra suggest that the spectral resolution at the elastic line

is essentially unchanged and below 2 cm™.

T I T I T ] T I T I T I T I T '| T I T
FWHMG( - 1.91 +/- 0.01 cm”

FWHM~, - 1.94 +/- 0.01 cm’

S(Q,m)

Wavenumber (cm™)
Figure 7. Elastic line of 2,5-diiodothiophene, recorded at 10 K, before the
TOSCA upgrade (black trace, CO configuration) and after the upgrade (blue trace,
C2 configuration). Note that the spectral resolution is essentially unchanged at the

elastic line.

Equally, examination of the inelastic neutron scattering spectra of the same compound before

and after the upgrade, see Figure 8, highlights that the spectral background has remained low
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across the spectral range, i.e. it has been maintained close to the pre-upgrade levels. Note that
the total background (black and blue trace) is not very much different from the spectral
background as the combined contribution of the whole instrument and the empty standard
TOSCA flat aluminium cell to the recorded signal (red trace) is almost negligible, and has not
been subtracted from the black and blue trace. Furthermore, one can observe that upon the
installation of the neutron guide the spectral resolution at high energy transfers is ever so
slightly diminished, but as the Figure S12 shows for the band associated with the CH
stretches (positioned around 3085 cm™) the change does not significantly alter the quality or
understanding of the data. In the upper right corner of Figure 8, the spectral region in between

0 and 100 cm™ is shown on an expanded scale.

CO - without the guide
C2 - with the guide

P it R
1 T

I
1800 2000

I
0 200

| | I ' | ! | ! | ! |
400 600 800 1000 1200 1400 1600

Wavenumber (cm™)
Figure 8. Inelastic neutron scattering spectra of 2,5-diiodothiophene, recorded at
10 K, before the TOSCA upgrade (black trace, CO configuration) and after the
upgrade (blue trace, C2 configuration). The INS spectrum of the empty standard
TOSCA flat aluminium cell (red trace - recorded after the upgrade) used to
contain the sample has not been subtracted from the black or blue trace. In the
upper right corner of the figure the spectral region in between 0 and 100 cm™ is

shown on an expanded scale.
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5. Conclusions

As part of the TOSCA primary spectrometer upgrade the simple collimator tube between the
moderator and the instrument has been replaced with a supermirror guide thus leading to an
increased neutron flux at the sample position. In the low energy neutron region (e.g. for
neutrons with a wavelength of 4.6 A) the gain in neutron flux of as much as 82 times has
been observed. The results evidenced that the incident beam on TOSCA is reasonably square
and homogeneous across 2.5 (H) x 2.5 (V) cm? surface, although some beam patterns can be
observed, and the illuminated area is approximately 4.5 (H) x 4.5 (V) cm? The time-
averaged wavelength-integrated flux at the TOSCA sample centre, the (0,0) position, is
around 2.54 x 10" neutron cm™ s™ and we measured the flux as 1.38 x 10" neutron cm? s A°
! at the moderator peak (~1.1 A) which represents the Maxwellian component of the incident
spectrum. The measurements reveal that the neutron beam profile is ~27% larger (by area),
and the neutron flux in the beam centre (spatially averaged across 3.0 x 3.0 cm? surface
centred around (0,0) position) is 2.53 (2.22, after correction for attenuation in the air, helium
and aluminium) times smaller than predicted by the Monte Carlo calculations. The improved
neutron flux allows faster measurements where useful data of hydrogen rich samples can be
obtained within minutes. The upgrade will allow experiments with samples of a smaller mass
that are too expensive to generate in large quantities. As a result of the upgrade, we have
already noticed that the user program on TOSCA is becoming even more popular, while the
number of requested days per experiment on average appears to fall. It is worthwhile noting
that TOSCA capabilities could be further enhanced via upgrade of its secondary spectrometer
whereby currently installed flat analysers could be exchanged for curved analysers and their
surface area enlarged. Such an upgrade could potentially increase the neutron flux reaching

the detectors by an order of magnitude as recent simulations suggest [25].
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