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The European Spallation Source  

• The European Spallation Source is under 
construction  in Lund, a city in southern 
Sweden.  
 

• The facility's unique capabilities will both 
greatly exceed and complement those of 
today's leading neutron sources, enabling new 
opportunities for researchers across the 
spectrum of scientific discovery, including 
materials and life sciences, energy, 
environmental technology, cultural heritage 
and fundamental physics. 

https://europeanspallationsource.se/building-ess
https://europeanspallationsource.se/building-ess
https://europeanspallationsource.se/science-and-instruments/science-using-neutrons


ESS current moderator  

 The design of ESS moderator was based on the novel concept of low-dimensional moderators .  It is a 
single high-brightness moderator system placed on top of the spallation target.  
 All of the first 15 instruments built, plus a test beam line, will view that moderator 

 Butterfly Moderator  
Hydrogen moderator of 3 cm 

height above the target  
Time average brightness averaged over 42 

beamports. 

Comparison of time average brightness with official ILL ”Yellow 
Book”, and a more recent evaluation (unpublished) 

Design of the cold and thermal neutron moderators for the 
European Spallation Source 
L Zanini,  et all  Nuclear Instruments and Methods in Physics 
Research  Volume 925, 1 May 2019, Pages 33-52 

https://www.sciencedirect.com/science/journal/01689002/925/supp/C


The path to ESS upgrade  



The HighNESS project at ESS, started october 2020 
The HighNESS project (3 MEURO funded by the European Commission) has as purpose the 
development of  the new source that will be installed at ESS >2030 
The new source will be composed by  Liquid deuterium moderator that  will  serve a UCN moderator 
and a  VCN source using advanced reflectors.  
In the project will be also developed the  associated experiments -> Conceptual Design Report 
expected by the end of 2023 

8 EU Institutes, 
7 countries,  
34 people presently 
involved 



• Neutronic study of large D2 
moderator ongoing 
• Intensity variation with 

dimenstions, number of 
beamlines, use of Be filter 
/reflector 

• Additional works: 
• Design of nanodiamond 

reflector for cold and very cold 
neutrons (advanced reflector) 

• Design of UCN source 
• Prototype experiment will be 

performed at Budapest reactor 

opening optimization Use of Be filter/reflector 

size optimization 

Luca Zanini  
Alan Takibayev and many 

others   

Liquid deuterium moderator design on-going 



• Recent years have  seen intense  research towards novel moderator/reflector 
materials and for beam extraction system. 

• In order to use these materials in Monte Carlo simulations you need to create 
thermal scattering libraries  

• WP2 in HighNESS making use of NJOY+Ncrystal have generated 200+ 
evaluations for 100+ new and updated materials, validated against total cross 
sections, specific heat capacity (Cp) measurements, and X-ray diffraction.  

• This is the largest contribution ever made to thermal scattering libraries (by 
an order of magnitude!), and it is 100% reproducible, documented and open 
source  

 
Github repository: https://github.com/highness-eu 
 
 

Advanced Reflector Materials  

K. Ramic, D. Di Julio,  J.I. 
Marquez Damian, T. 

Kittelmann and many 
others. 

https://github.com/highness-eu
https://github.com/highness-eu
https://github.com/highness-eu


Condensed  Matter (I)   
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Wolter optics focusing SANS instrument layout.  

Conventional SANS instrument layout. Left; side view of the neutron guide system and benders along with the 30 m long pin-hole 
collimator. The moderator is represented by the blue line seen at the left. Right; layout of the two position-sensitive detectors 
placed at 3 m and 30 m from sample, respectively, inside a detector tank. 

Neutron Imaging instrument layout. 

Markus Strobl (PSI)  
Samothrakitis Stavros (PSI)  



Relative intensities as calculated from 
the simulations for the ConvSANS and 
WOF-SANS instruments.  

Wavelength spectra as simulated for 
(a) ConvSANS and (b) WOF-SANS. The 
insets in both panels show a zoomed-
in view of the wavelength spectrum at 
the sample position. In (b) the blue 
and green spectra are overlapping 
almost exactly since there are minor 
losses through the monolith.  

Q-resolution as a function of scattering 
vector Q for LoKI, SKADI, ConvSANS, 
and WOF-SANS.  

Q ranges as a function of wavelength for 
ConvSANS and WOF-SANS.  

Initial tests of different 
window sizes for the 
moderator in McStas. The 
bottom right panel shows 
the wavelength spectra 
for each case as measured 
1 mm from the moderator 
surface. 

Condensed  Matter (II)   



Fundamental Physics   

• The large liquid deuterium moderator that we are developing in the project is ideal for the 
NNBAR experiment (see Zanini’s talk )  

• In the HighNESS project will also  be developed the  Conceptual Design Report of the NNBAR 
experiment  

• Development on-going in NNBAR:  
• reflector design (Oliver Zimmer, Richard Wagner ILL )  
• detector simulations and reconstruction studies 

(Milstead, Meirose, Sze Chun Yiu, Dunne)  



• The HighNESS project started in October 2020: the scope is the development of the ESS upgrade 
with a new source  composed by  Liquid deuterium moderator that  will  serve a UCN moderator 
and a  VCN source using advanced reflectors.  

 

• In the project will be also developed the associated instruments both from condensed matter 
science and fundamental physics 

 

• Several results already obtained:  

• first moderator baseline  available 

 

• to deliver cross section data for the materials in the project we developed a tool 
(NJOY+NCrystal), which was also used to generate the largest contribution in thermal 
scattering libraries  

 

• the conceptual designs of three future neutron scattering instruments already developed 

 

• first detector design for NNBAR almost complete  

 

Conclusions 



www.highness.eu  
https://cordis.europa.eu/project/id/951782  
 

 

highness@ess.eu 

email to me  valentina.santoro@ess.eu  

http://www.highness.eu/
https://cordis.europa.eu/project/id/951782
mailto:valentina.santoro@ess.eu

