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Ultra-cold neutrons at ESS

UCN experiments are typically of counting type:
More neutrons⇒ better results

⇒ A large beam extraction tube is needed to achieve high
UCN rate: a 25 cm × 25 cm tube is studied
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Ultra-cold neutrons at ESS

The primary ESS mission is to deliver high brightness to the
cold/thermal instruments.

⇓

Constraint
The cold/thermal beam lines should not be significantly affected
by introducing the trough-going UCN tube.
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Ultra-cold neutrons at ESS

Method
Measure flux available for UCN moderation,
while monitoring the cold/thermal flux in the neutron scattering
beam lines.

λ > 0.9 Å

(E < 100 meV)
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Geometry

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.

25 cm × 25 cm.
Perpendicular to the
proton beam to reduce
background.
Vertical position of the
tube is varied.

Konstantin Batkov Developments in Target



Ultra-cold neutrons
Pancake moderator

Conclusions

Background
Geometry
Results

Impact on existing beam lines < 5 %
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Impact on existing beam lines < 5 %

Flux penalty on lower instruments < 5 % (λ < 0.9 Å).
No effect seen in the upper beam lines.
Loss is ≈energy independent.
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Neutron flux and UCN moderator heat load

UCN tube position cm −47.5 −55.0 −62.5
Flux in the tube n/cm2/sec 2.4 · 1013 1.3 · 1013 0.29 · 1013

Heat load density W/cm3 0.20 0.11 0.06

Similar to the heat load density
of the FRM-II reactor in Münich.
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Summary on UCN

It is feasible to include a large cross section
(25 cm × 25 cm) through-going beam tube below the lower
cold moderator in order to meet potential needs for
fundamental neutron research.
Such a beam line will have less than 5 % effect on the
neutron flux in the beam lines for neutron scattering work.
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Konstantin Batkov, Alan Takibayev,
Luca Zanini, Ferenc Mezei
Unperturbed moderator brightness in pulsed neutron
sources
NIMA (2013), volume 729, pages 500–505
http://dx.doi.org/10.1016/j.nima.2013.07.031
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Perturbed configuration

Brightness depends on
beam extraction

Openings are needed to
extract neutrons
Openings reduce
moderator performance
Optimisation is done
towards brightness viewed
through openings
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Perturbed configuration

Brightness depends on
beam extraction

Unperturbed configuration

Brightness = source
performance
Fundamental quantity
Research reactors
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Geometry

The moderator position and dimensions were optimised for a
fixed target and reflector geometry.
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Parameter space

unit min max

Moderator height cm 1 14
Moderator diameter cm 3 20

Target offset cm 5 15
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Figure of merit ≡ cold neutron brightness

FoM =
1

Ω ·A

∫
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dS

ϕmax∫
0

dϕ

∞∫
0

dt

5 meV∫
0

dE Φ(t, ϕ,E)

[n/cm2/sr/proton]

z
x

sector angle

ϕmax = 5◦

only neutrons which will
potentially arrive to the
neutron guide

Solid angle:

Ω = 2π · (1− cosϕmax)

Moderator side surface area:

A = 2π · r · h =

∫
S

dS
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Figure of merit ≡ cold neutron brightness
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Map of unperturbed moderator performance

ESS Baseline

Diameter of the moderator hydrogen content [cm]
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Map of unperturbed moderator performance

ESS Baseline
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Map of unperturbed moderator performance

ESS Baseline
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1.4 cm

15 cm

[news.slnutrition.com]
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Optimised geometry

Conventional moderator
(ESS Baseline)

Optimised for unperturbed
brightness
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Optimised geometry

Properties of para-H2

Added reflector
Directionality effect

Optimised for unperturbed
brightness

Small height←→ para-H2 cross-section properties
Large radius←→ neutron production region in tungsten
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Properties of para-H2: scattering cross-section

10−3 10−2 10−1

100

101

102

Energy [eV]

σ
to

ta
l[

ba
rn

]

Ortho-H2

Para-H2

T=20 K

[N. Watanabe, Neutronics of pulsed spallation sources, 2003]

Significant drop of σ below 50 meV⇒
Medium is almost transparent for cold neutrons
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Properties of para-H2: mean free path
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Mean free path below 50 meV becomes comparable to the height of
the small optimised moderator, making the whole volume to be the
source of neutrons. ⇒ Directional emission?
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Directionality: emission from the moderator surface

Horizontal angle

z

x

The angle between the direction of
the emitted neutron and the
vertical plane normal to the
moderator surface.

Vertical angle

z

y

The angle between the direction of
the emitted neutron and the
horizontal plane (i.e., the plane
perpendicular to the moderator
axis).
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Directionality: horizontal emission angle

horizontal angle [deg]
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Small difference in horizontal emission.
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Directionality: vertical emission angle

vertical angle [deg]
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Optimised moderator shows a strong effect at
small vertical emission angles:
anisotropic emission
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Moderator performance vs horizontal coordinate
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Moderator performance vs vertical coordinate
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Conventional moderator peaks near edges.
Small moderator peaks in the centre: it’s an optimised
moderator for cold neutron emission from the side surface.
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Perturbation

Since the moderator is thin, only small amount of reflector
is removed.

⇒ Perturbation brings <10 % penalty in brightness.
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Flux on sample as a function of moderator size

Gain for 3 mm sample: 2.95
Gain for 40 mm sample: 1.8

L=80 m, 2.5◦ divergence, λ = 4 Å
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Summary on moderator optimisation

Unperturbed brightness — fundamental source parameter.
Upper limit for the perturbed brightness.
Unperturbed moderator can achieve . 4 times the
perturbed moderator brightness in the common
moderator – beam extraction configurations.
Optimal unperturbed moderator dimensions:
height = 1.4 cm, diameter = 15 cm
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Conclusions

It is feasible to include a through-going UCN beam tube
below the lower cold moderator in order to meet potential
needs for fundamental neutron research.
Flat moderator approach offers a significant gain for small
beam divergence and for small samples for most
instruments.
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Thank you for your attention

Konstantin Batkov Developments in Target


	UCN beam tube
	Background
	Geometry
	Results

	Moderator optimisation
	Background
	Optimisation
	Results
	Summary

	Conclusions

