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Complementarity with what is currently available at ESS 



Offering both unprecedented brilliance, flux, and 
spectral range in a single facility, this upgrade
will make ESS the most versatile neutron source 
in the world and will further strengthen the 
leadership of Europe in neutron science

From the HighNESS evaluation letter from the European Commission 



8 EU Institutes,
7 countries, 
>40 people involved

The HighNESS Consortium 
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HighNESS aims at complementing the ESS 
current moderator in two different aspects

High Intensity

larger emission surface and bigger
moderator

Longer wavelengths

Cold, Very Cold and Ultra Cold
neutrons
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(courtesy U. Odén)

However, the new sources must fit into an existing facility



LARGE BEAMPORT







450 mm

400 mm

47
0 

m
m

Cond. matter

NNBAR

NNBAR

Cond. matter

800 mm

24
0 

15
0

The high-intensity liquid
deuterium moderator has 
been designed with two
openings, for NNBAR and 
neutron scattering
instruments

Design of the Cold Source 

Brightness Intensity

FACTOR 10 above 4 Å



Design of the Cold Source 



Sensitivity increase of factor 1000 in search for neutron-
antineutron oscillation compared to previous experiment (M. Baldo-
Ceolin et al, 1994).
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The HighNESS/LENS workshops on VCN and UCN sources at ESS

First workshop https://indico.esss.lu.se/event/2810/
• On February 2-4 2022, 

more than 100 scientists 
and experts from 23 
nationalities took part in 
the workshop 

• Workshop proceedings to 
published in a special 
issue of the Journal of
Neutron Research in 2022

https://content.iospress.com/jo
urnals/journal-of-neutron-
research/24/2

• Follow up workshop 8-9 
May 2023

2nd workshop https://indico.esss.lu.se/event/3195/

https://content.iospress.com/journals/journal-of-neutron-research/24/2
https://content.iospress.com/journals/journal-of-neutron-research/24/2
https://content.iospress.com/journals/journal-of-neutron-research/24/2


Reflectometry (Ott) https://indico.esss.lu.se/event/2810/

https://indico.esss.lu.se/event/2810/


SANS (Mezei) https://indico.esss.lu.se/event/2810/

https://indico.esss.lu.se/event/2810/


~ λ-3.5

λ-5

Dedicated VCN moderator

For SD2: see talk by N. Rizzi
For deuterated clathrate hydrates: 

see talk by V. Czamler
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Target Wheel

Moderator Twister
Proton Beam
Instrumentation Plug

Proton Beam Pipe

UCN sources: possible locations
identified at the workshop are currently
under study



Production rate densities for He-II 
and SD2 as a function of distance



The Large Beam Port for NNBAR could
accommodate a UCN source (location 4,5)

Standard ESS Beam port 



Large Beam Port has the size of
1mx1m

The Large Beam Port for NNBAR could
accommodate a UCN source (location 4,5)



The large beamport for NNBAR could be used for a world-class UCN source
In-beam solution with superfluid He converter and advanced
optics system  outside the large beamport (concept O. Zimmer)

Neutronic study in progress

• Need a neutron delivery system with high brilliance transfer from 
moderator to UCN source, with largest technically possible solid angle

• Neutron imaging from the moderator to the UCN source via the 
arrangement of nested mirrors has been identified as possible solution

UCN source in large beamport (location 5)



Potential world-leading UCN densities compared to 
other facilities under design or construction

r [cm-3 s-1] r V[s-1] r [cm-3]

Gatchina, Russia 3 103 1 108 6. 104

SUPERSUN (ILL) 14 1.6 105 1.7 103

SHIN (compact
source)a

80 5 106 4 103

LEUNGb

(inverted
geometry)

5 104 5 108 1 104

ESS (NMO)
Position 5

209 2.5 107 6.3 104

Source: O. Zimmer, UCN/VCN workshop 2022

Results from position 5 (in beam with use of nested mirror optics) are very promising.
Higher production in closer locations, however with bigger challenges

aarXiv:1810.08722v3 (October 2018)
barXiv:1905.09459 (October 2019)



UCN source in large beamport (location 4)
concept by Serebrov-Lyamkin



(PhD thesis M. Akhyani)



● Development of new scattering kernels for 
materials of interest, i.e. solid deuterium, 
superfluid helium, nanodiamond particles
and clathrate hydrates

● Improved sampling and biasing methods in 
NCrystal for UCN and VCN applications

● School on scattering kernel development
was held at ESS in 2023

● Contact: Jose Ignacio Marquez Damian, 
Douglas Di Julio and Thomas Kittelmann

UCN and VCN materials scattering kernels 



• The HighNESS project started in October 2020 and ended in September 2023
• The scope is the development of the ESS upgrade 
• For the cold source, neutronic and engineering design has been completed, 

with expected intensity 10 times higher than upper moderator.
• For the VCN source, we have an outstanding design with SD2 + nanodiamonds
• For the UCN source simulations several options have been investigated. We 

think a world-leading UCN source can be built.
• The HighNESS CDR is under publication as a special issue of JNR, divided in 2 

parts: General Results, and NNBAR.
• A follow-up grant proposal has been submitted to EC

Conclusions 



Thanks to everybody


