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Abstract

The possibilities for a through-going beam tube at the

ESS are explored. A 25 cm×25 cm empty tube is placed

at various positions under the target and the thermal flux

available for UCN moderation in the tube is calculated. The

position of the through-going tube is varied and the study is

governed by the constraint of minimal flux decrease avail-

able for the cold/thermal neutron scattering instruments.

INTRODUCTION

The European Spallation Source (ESS), presently start-

ing construction in Lund, Sweden, will be the most in-

tense source of spallation neutrons ever built. Protons from

a 5 MW, 2.5 GeV linear accelerator will impact a rotat-

ing tungsten target in 14, 2.86 ms long pulses every sec-

ond. The spallation neutrons hereby created are thermal-

ized in water and some of them are further cooled in liquid

para-hydrogen before extracted through beam-lines serv-

ing cold/thermal instruments - see figure 1. To minimize

neutrons escaping to regions other than the beam extrac-

tion windows, an inner beryllium- and outer steel reflector

will be installed. The scope of the present study is to inves-

tigate the possibilities of installing a 25 cm×25 cm wide,

through-going tube for production of ultra-cold neutrons

(UCN) somewhere underneath the target. The primary mis-

sion of the ESS is to deliver high-brightness neutron beams

to instruments for condensed matter research. Thus, when

investigating the possibilities for UCN production the ulti-

mate constraint is that the cold/thermal flux available at the

cold/thermal instruments is not significantly diminished.

This will serve as a governing principle in the investiga-

tions below.

Other parameters of particular interest for the present

study include the thermal flux available for UCN produc-

tion and heat-load on the UCN moderator. The latter can

only be realistically estimated, once a full (preliminary) de-

sign of the through-going tube, including UCN modera-

tor(s) exists. This is beyond the scope of the initial investi-

gations reported here. Nevertheless heat-load estimates are

provided for a select few of the UCN through-going tube

positions studied here, assuming a para-hydrogen modera-

tor of similar size and structural design as the cold moder-

ators in the baseline ESS design [1].

SIMULATION SETUP

Based on the baseline MCNPX[3, 4] model used for

the neutronics calculations of the ESS Technical Design

Report (TDR)[1], volumes of 25 cm×25 cm are defined.

Tally number x[cm] y[cm] z[cm]

1 599.00 -18.0 26.60

2 -594.15 -18.0 -80.30

3 -475.05 -18.0 -364.08

4 502.45 -18.0 320.55

5 587.68 18.0 -78.12

6 470.87 18.0 -361.18

7 -597.88 18.0 28.28

8 -505.74 18.0 320.40

Table 1: Tally positions. Note that tallies 1-4 are located in

beam extraction corresponding to instruments viewing the

lower moderator, whereas 5-8 corresponds to upper instru-

ments.

Figure 1: Target, moderator and reflector geometry of the

ESS baseline MCNPX model [1].

To avoid the forward directed high energy shower parti-

cles from where the proton beam impacts the target wheel,

while obtaining maximal thermal flux, the tubes are cen-

tered around, and parallel to the x-axis (ie. perpendicu-

lar to the proton beam). The tube is centered at z = 0
while the y coordinate (the ’depth’ under the proton beam)

is left free and various posibillities are studied: y ∈
[−47.5;−62.5] cm (central in tube)1. Figure 2 shows an ex-

ample in which the void volume (the UCN through-going

tube) replaces parts of the beryllium inner reflector (red),

but more severely impacts the outer reflector (orange).

To measure the possible impact on cold/thermal beam

lines, eight representative point detectors are placed in

the beam-ports at the boundary of the Target-Moderator-

Reflector(TMR) plug, corresponding to the blue stars on

the lower right insert of figure 2 and detailed in table 1.

To ensure that the thermal/cold flux measured using the

eight point detectors indeed corresponds to neutrons use-

1The coordinate system used at the ESS is right-handed, with the pro-

tons travelling along the z-axis, impacting the target in the origin. The

y-axis is positive upwards (i.e. opposite gravity).



Figure 2: Geometry of the target, moderator and reflector

showing the UCN through-going tube (white areas in upper

and lower left-hand inserts) placed at y = −47.5 cm (cen-

tral), corresponding to the topmost of the studied geome-

tries. The blue stars in the lower right-hand insert shows

the position of the lower point detectors. Note that the

xz-plane (lower right-hand insert) is cut at y = −18 cm,

wherefore the UCN tube is not visible.

Figure 3: Left: xz-view of the TMR system in the setup

including collimation. Point detectors indicated with blue

stars. Right: The same, but in the ’void’ setup where the

orange steel of the left-hand figure is replace by vacuum -

i.e. no collimation.

ful for the neutron scattering instruments and is not biased

by high divergent neutrons escaping the steel shielding, it

is checked whether inserting a collimator significantly im-

pacts the results. This setup is outlined in figure 3. The flux

is measured in three energy bins:

• Cold: 0-5 meV

• Intermediate: 5-20 meV

• Thermal: 20-100 meV

The results are given in terms of flux ratios between col-

limated and void setup in table 2. Figures 4 and 5 show the

corresponding spectra for the case of a through-going beam

positioned at y = 55 cm (central). The observed differ-

ences are minimal, meaning that in the energy range of in-

terest in the present study, the neutrons reaching the beam-

extraction region are solely from the moderators. Thus we

proceed using the simpler geometry, without collimation

(figure 3(right)).
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Figure 4: Cold spectrum comparison between baseline

(TDR design) and baseline with a through-going tube in-

troduced at y = −55 cm (central. Upper insert show the

actual spectra, middle insert show the difference between

the two, and the lower insert show their ratio.
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Figure 5: Thermal spectrum comparison between baseline

(TDR design) and baseline with a through-going tube in-

troduced at y = −55 cm (central. Upper insert show the

actual spectra, middle insert show the difference between

the two, and the lower insert show their ratio.

RESULTS

Using the same method of comparison (flux ratios be-

tween modified (i.e. including UCN tube) and baseline de-

sign, in the three energy bins), table 3 show the results of

the eight representative tallies, for six different vertical po-

sitions of the through-going tube. There is a clear trend in

the results: regardless of position of through-going tube,

the upper beam-lines, corresponding to the four rightmost

columns of the tables are unaffected.

Furthermore, table 3 shows that the impact is approxi-

mately energy independent and does not fluctuate signif-

icantly between the four upper (or lower) tally positions.

Utilising this, the response of all lower tallies are collapsed

to one average for each position of the through-going tube.



Energy region↓ 1 2 3 4

Collimation tally→

Cold (100.3±0.8)% (100.0±0.1)% (100.0±0.1)% (101.1±0.8)%

Intermediate (99.8±0.4)% (100.0±0.1)% (100.1±0.1)% (99.5±0.4)%

Thermal (100.0±0.2)% (100.6±0.3)% (100.0±0.3)% (99.9±0.2)%

Collimation tally→ 5 6 7 8

Cold (100.0±0.9)% (100.0±0.1)% (99.6±0.8)% (100.0±0.1)%

Intermediate (100.0±0.4)% (100.0±0.1)% (100.1±0.4)% (99.9±0.1)%

Thermal (100.3±0.2)% (99.9±0.3)% (99.9±0.2)% (99.9±0.3)%

Table 2: Flux ratios between collimated and void geometry. The quoted uncertainties are statistical.

Figure 6: Integrated cold, intermediate and thermal flux,

relative to baseline design as a function of position of the

through-going beam-tube.

This allows for a simplified view of the flux impact on the

cold/thermal instruments depending on the position of the

through-going tube - see figure 6.

THERMAL FLUX IN THE

THROUGH-GOING TUBE

To measure flux in the region in and around the beam-

tube a series of volume flux tallies are placed at different

height central underneath the moderator (i.e. (x, y, z) =
(0, y, 0)) as illustrated in figure 7.

Figures 8, 9 and 10 show the flux at different heights for

three different examples of through going tubes.

Finally the relation between the impact in terms of

relative decrease in available cold/thermal flux at the

cold/thermal instruments versus the (central) flux available

for UCN production is shown in figure 11.

HEATING

To constitute a realistic setup for a through-going UCN

beam-line, the present study lacks some kind of neutron

moderation. Experience within the field of UCN produc-

tion shows that cooling of the UCN moderator typically

pose significant challenges to the design [2]. It is beyond

the scope of the present study to go into any details or to

Figure 7: xy-cut of the geometry layout. Tallies are placed

underneath the lower moderator, above, in, and below the

through-going tube.
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Figure 8: Integrated flux profile in y for the setup where the

through-going tube is at its topmost position. The bound-

aries of the tube are indicated by the vertical red lines.

discuss possible designs of UCN moderator(s) and/or their

cooling. However to get some initial idea toward the com-

plexity it is useful to provide some first, rough estimates of

heat-load.

To accomplish this, some suggestive UCN pre-

moderator is placed centrally in the UCN beam tube.

The design was chosen to resemble the existing cold

moderators in terms of materials and volume, thus a

16 cm×16 cm×16 cm liquid para-hydrogen cube in a



Energy↓ Tally→ 1 2 3 4 5 6 7 8

y = −47.5 cm

Cold 96.0% 96.2% 95.9% 95.5% 99.9% 100.0% 99.9% 100.10%

Intermediate 95.8% 96.1% 95.9% 94.8% 100.1% 100.1% 100.1% 100.10%

Thermal 94.4% 96.0% 93.7% 94.3% 100.0% 99.9% 100.2% 100.20%

y = −51.5 cm

Cold 97.5% 97.6% 97.4% 97.1% 99.8% 100.1% 99.7% 99.80%

Intermediate 97.4% 97.4% 97.4% 96.7% 100.0% 100.1% 99.7% 100.00%

Thermal 96.5% 97.4% 95.9% 96.5% 100.0% 100.0% 100.1% 100.00%

y = −54.0 cm

Cold 98.6% 98.6% 98.4% 98.1% 99.9% 100.2% 100.3% 100.00%

Intermediate 98.2% 98.5% 98.5% 97.9% 100.1% 100.0% 100.1% 100.20%

Thermal 97.7% 98.4% 97.4% 97.7% 99.9% 100.1% 100.2% 100.10%

y = −55.0 cm

Cold 99.3% 99.3% 99.2% 99.1% 99.8% 100.2% 99.7% 100.00%

Intermediate 99.0% 99.2% 99.4% 98.7% 100.0% 100.1% 100.1% 100.20%

Thermal 98.7% 99.2% 98.7% 98.9% 100.0% 100.1% 100.1% 100.00%

y = −59.0 cm

Cold 99.6% 99.8% 99.5% 99.5% 99.9% 100.2% 99.8% 99.8%

Intermediate 99.7% 99.5% 99.8% 99.9% 100.2% 100.2% 100.1% 100.2%

Thermal 99.2% 99.8% 99.4% 99.6% 100.1% 99.6% 100.3% 100.0%

y = −62.5 cm

Cold 100.0% 100.3% 100.1% 99.8% 100.1% 100.1% 100.1% 100.5%

Intermediate 100.1% 100.0% 100.1% 99.8% 00.5% 100.4% 100.0% 100.2%

Thermal 99.8% 100.2% 99.7% 100.1% 100.4% 100.1% 100.2% 100.1%

Table 3: Ratio of time integrated flux between geometries where the beam-tube is introduced at the positions y-position

listed (corresponding to central values), to the baseline geometry. The statistical uncertainties range 0.1-0.8% (same

pattern as seen in table 2).
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Figure 9: Integrated flux profile in y for the setup where the

through-going tube is 7.5 cm below its topmost position.

The boundaries of the tube are indicated by the vertical red

lines.

3mm aluminium housing is placed in the tube, centered at

(x, y, z) = (0, y, 0) where y ∈ {−47.5,−55.0,−62.5} cm

corresponding to the uppermost, central and lowest geome-

tries studied above - see figure 12 for a visual inspection

of the uppermost geometry. The para-hydrogen is kept at

20 K, as is the case for the existing cold moderators in the

baseline design. The heat-loads measured from these se-

tups are: 0.20 W/cm3, 0.11 W/cm3 and 0.06 W/cm3 for
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Figure 10: Integrated flux profile in y for the setup where

the through-going tube is 15 cm below its topmost position.

The boundaries of the tube are indicated by the vertical red

lines.

the upper, middle and lower setup respectively.

Given the change in geometry caused by introducing

the para-hydrogen in void, the flux increase locally. The

flux measured, averaging over the full para-hydrogen vol-

ume is: 2.4 × 1013 n/s/cm2, 1.3 × 1013 n/s/cm2 and

2.9 × 1012 n/s/cm2 in the upmost, middle and lower setup

respectively - i.e. somewhat increased compared to fig-

ures 8, 9 and 10 which have identical setup except for
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Figure 11: Relation between cold, intermediate and ther-

mal flux in the lower cold/thermal beam-lines versus the

flux available for UCN, central in the through-going tube.

The black curve show the (un-weighted) average between

the cold, intermediate and thermal curves.

Figure 12: xy(left), yz(middle) and xz(right) cut planes of the inserted liquid para-hydrogen UCN pre-moderator.

the lack of UCN moderator. The results are summarised

in table 4. Note that no attempt to place cooling pipes

has been done at this point and that the possibilities for

other/addition moderators have not yet been explored.

CONCLUSIONS AND PROSPECTS

Depending on height of the through-going tube (position

in y) a flux of up to 2×1013 n/s/cm2 can be achieved central

in the tube in the energy range 0 − 100 meV. This impacts

the lower instruments by up to 5% in time integrated ther-

mal/cold flux (0 − 100 meV). The upper instruments are

unaffected as are the spectra at beam-ports (i.e. non-UCN

instruments are unaltered).

y position [cm] Flux [n/s/cm2] Heat-load [W/cm3]

-47.5 2.4 ×1013 0.20

-55.0 1.3 ×1013 0.11

-62.5 2.9 ×1012 0.06

Table 4: Flux and heat-load at different y-positions (cen-

tral) of the through-going tube.
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