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A possible scenario for maximal performance
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Figure 1: Target, moderator and reflector geometry studied, corresponding to cases reference(left), 1a(middle) and
1b(right) discussed in the text.
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Figure 2: Left: Spectrum of the volume H2 moderator of the TDR design [5]. Right: deuterium spectrum for Case
1a. In parts the brightness increase observed for deuterium with respect to the TDR para-hydrogen must be assigned
to the introduction of lead as outer reflector as opposed to the steel based TDR outer reflector.

3 Results

Figure 2(left) shows brightness as a function of wavelength for the ESS baseline voluminous para-hydrogen moderator,
whereas figure 2(right) shows the corresponding curve of the D2 moderator considered here (Case 1a)1. In each of
the cases (reference, 1a,1b) the integrated cold brightness (0-5 meV) is given in table 1. This table shows that
the scattering instruments viewing the para-hydrogen moderator, would suffer a ∼15% brightness loss in case the
deuterium moderator is at its up-most position (1a), compared to the reference, where the lead reflector below the
target would contain no moderator and through-going beam tube. If the deuterium moderator is lowered by 10 cm
(1b) this loss practically vanishes.

4 Discussion

For a number of experiments the key parameter determining the experimental reach is actually not the source
brightness, B, but rather the total number of neutrons in the beam. This quantity is proportional to A×B, where
A is the area of the viewed moderator surface and B is the average brightness. Thus, it is useful to compare the
performance of the D2 moderator studied here, with the baseline H2 moderator in terms of the quantity A×B. The
results are shown in table 2. In this table, the corresponding result for the para-hydrogen volume moderator of the

1Measured by point detectors (F5 tallies) placed at a distance of 5 m from the moderator surfaces, collimated so that only the
moderator surface is viewed
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• One (flat) moderator on the
top
• Easier extraction of MR

plug
• Lead reflector at the

bottom
• Pb compensates for the

loss from having a 240◦

openings
• Less Be

• A through-going tube at
the bottom with a large D2
moderator for high intensity
flux for fundamental
physics studies.
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Figure 2: Left: Spectrum of the volume H2 moderator of the TDR design [5]. Right: deuterium spectrum for Case
1a. In parts the brightness increase observed for deuterium with respect to the TDR para-hydrogen must be assigned
to the introduction of lead as outer reflector as opposed to the steel based TDR outer reflector.

3 Results

Figure 2(left) shows brightness as a function of wavelength for the ESS baseline voluminous para-hydrogen moderator,
whereas figure 2(right) shows the corresponding curve of the D2 moderator considered here (Case 1a)1. In each of
the cases (reference, 1a,1b) the integrated cold brightness (0-5 meV) is given in table 1. This table shows that
the scattering instruments viewing the para-hydrogen moderator, would suffer a ∼15% brightness loss in case the
deuterium moderator is at its up-most position (1a), compared to the reference, where the lead reflector below the
target would contain no moderator and through-going beam tube. If the deuterium moderator is lowered by 10 cm
(1b) this loss practically vanishes.

4 Discussion

For a number of experiments the key parameter determining the experimental reach is actually not the source
brightness, B, but rather the total number of neutrons in the beam. This quantity is proportional to A×B, where
A is the area of the viewed moderator surface and B is the average brightness. Thus, it is useful to compare the
performance of the D2 moderator studied here, with the baseline H2 moderator in terms of the quantity A×B. The
results are shown in table 2. In this table, the corresponding result for the para-hydrogen volume moderator of the

1Measured by point detectors (F5 tallies) placed at a distance of 5 m from the moderator surfaces, collimated so that only the
moderator surface is viewed
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as outer reflector:
• Reflect fast neutrons

without slowing down
• Increase cross talk

between above and
below the target
(= effectively bigger
reflector)

• Calculated 10 % effect with
respect to steel
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Figure 2: Left: Spectrum of the volume H2 moderator of the TDR design [5]. Right: deuterium spectrum for Case
1a. In parts the brightness increase observed for deuterium with respect to the TDR para-hydrogen must be assigned
to the introduction of lead as outer reflector as opposed to the steel based TDR outer reflector.

3 Results

Figure 2(left) shows brightness as a function of wavelength for the ESS baseline voluminous para-hydrogen moderator,
whereas figure 2(right) shows the corresponding curve of the D2 moderator considered here (Case 1a)1. In each of
the cases (reference, 1a,1b) the integrated cold brightness (0-5 meV) is given in table 1. This table shows that
the scattering instruments viewing the para-hydrogen moderator, would suffer a ∼15% brightness loss in case the
deuterium moderator is at its up-most position (1a), compared to the reference, where the lead reflector below the
target would contain no moderator and through-going beam tube. If the deuterium moderator is lowered by 10 cm
(1b) this loss practically vanishes.

4 Discussion

For a number of experiments the key parameter determining the experimental reach is actually not the source
brightness, B, but rather the total number of neutrons in the beam. This quantity is proportional to A×B, where
A is the area of the viewed moderator surface and B is the average brightness. Thus, it is useful to compare the
performance of the D2 moderator studied here, with the baseline H2 moderator in terms of the quantity A×B. The
results are shown in table 2. In this table, the corresponding result for the para-hydrogen volume moderator of the

1Measured by point detectors (F5 tallies) placed at a distance of 5 m from the moderator surfaces, collimated so that only the
moderator surface is viewed
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Case Brightness [n/cm2/sr/s]

Volume D2 moderator (below) Flat H2 moderator (above)
Reference 3.34×1013

1a 6.83×1012 2.80×1013

1b 4.56×1012 3.22×1013

Table 1: Integrated: 0-5 meV cold neutron brightness from the upper, flat para-hydrogen (H2) moderator of 1.5 cm
height and the lower deuterium (D2) moderator in the various studied cases. The brightness is evaluated from the
flux calculated at a distance of 5 m from the viewed moderator surface and hence they represent the average over
the viewed surface. The relative statistical uncertainties are ∼0.1%.

Case A×B [n/sr/s]

TDR H2 - 12 cm× 12 cm 1.17×1015

1a D2 - 25 cm× 20.6 cm 4.27×1015

1b D2 - 25 cm× 20.6 cm 2.85×1015

Table 2: Neutron guide extraction cross-section multiplied by the integrated cold (0-5 meV) brightness from the
deuterium (D2) moderator in the various studied cases. For comparison, the same parameter is shown for the ESS
baseline case (TDR - Technical Design Report [5]). The relative statistical uncertainties are all ∼0.1%.

Technical Design Report [5] (TDR) is shown, assuming a 12 cm×12 cm beam extraction cross-section.
Table 2 shows that for fundamental neutron beam experiments (as opposed to neutron scattering work), the larger

D2 moderator studied here as a first trial considerably outperforms the smaller TDR moderator in both cases (1a)
and (1b). The optimization of this large cross-section moderator option for delivering highest number of neutrons
for neutron beam experiments is in progress. The optimization concerns parameters such as lay-out dimensions,
moderator material, pre-moderator geometry, choice of reflector or reflector combination. It can be expected that
the 3-4 fold gain potential demonstrated here (table 2) over the highest beam intensity achievable by moderators
designed for neutron scattering work can be further enhanced significantly.

5 Conclusions

Under the assumption, that the scattering instruments at the ESS are served by a single moderator above the
target, the performance of a 25 cm×25 cm×20.6 cm rectangular D2 moderator placed in a through-going beam-
tube under the target has been studied. The results prove the feasibility of providing by this approach at least 3-4
times enhanced cold neutron beam intensity for fundamental physics experiments, such as nn̄ oscillations without
essentially impacting the performance of the moderators serving the neutron scattering beam lines. It is expected
that the performance, as well as the impact on the performance of the upper para-hydrogen moderator would benefit
significantly from the ongoing optimization work, including the enhancement of brightness of the upper moderators
by judicious choice of the reflector material / configuration below the target.
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• A D2 moderator gives ×3 the TRD flux (12× 12 moderator)
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Vertical shift
Cold brightness with a 3× 3 cm2 guide moved vertically

Effect of mispositioning of a guide in vertical direction
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is flat⇒ not directional
• Flat moderator shows

directionality
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Pinhole projections
Moderator image as seen from the neutron gude entrance

Cold neutrons (λ & 4 Å)
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1.5 cm flat moderator, cold neutron (<5 meV)
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10 cm tall moderator, cold neutron (<5 meV)

Thermal (0.9 . λ . 2 Å)
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1.5 cm flat moderator, thermal neutron (20-100 meV)
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Pinhole projections
Moderator image as seen from the neutron gude entrance (same color scale)

Cold neutrons (λ & 4 Å)
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Thermal (0.9 . λ . 2 Å)
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Pinhole projections
Moderator image as seen from the neutron gude entrance

Hot neutrons (λ . 0.45 Å)
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1.5 cm flat moderator, hot neutron (>400 meV)
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High energy background

Work is in progress
but there are first results. . .



High energy background (only neutrons)
High energy flux at guide entrance←− all neutrons
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High energy background (only neutrons)
High energy brightness at guide entrance

Lethargy (u) [MeV]
-1010 -910 -810 -710 -610 -510 -410 -310 -210 -110 1 10 210 310 410

/s
r/

s]
2

B
rig

ht
ne

ss
 (

B
) 

[n
/c

m

710

810

910

1010

1110

1210

1310

Tall moderator

Flat moderator

.1110 .55 .2220 ]Å [λ

collimator views the moderator side surface



High energy background (only neutrons)
High energy brightness at guide entrance: flat over tall ratio
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• Flat moderator gives more high energy background than
the tall one,
• But it also performs better, so the signal-to-noise ratio is

bigger.
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