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Outline

•  ESS High-Story: From dreams to reality

•  Applied science using neutrons

•  The ESS technical complex
–  Target and the spallation process
–  The accelerator

•  More support from INFN to an ESS-like initiative..
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The ESS program

•  Vision & Raison d’etre: “Science for Society“

•  Mission:
–  Design, construct and operate  

the worlds-leading neutron source

•  Core Values:
–  Innovation
–  Openness
–  Sustainability

•  ESS philosophy:
–  “Greenfield thinking on a greenfield site”

Goal: to deliver first neutrons before this decade is out
 Goal oriented project



The ESS as a gateway to applied science| INFN Pisa | 2013-01-21 | Christine Darve 

Sweden, Denmark and Norway
 50% of construction costs – 1479 M€

20% of operation cost

An unique program – ESS and Partners

The remaining 50%:  Spain, France, Germany, Italy, Switzerland, Hungary, Czech 
Republic, Poland, Netherlands, Estonia, Latvia, Lithuania, Iceland & UK

17 Partners
today
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The ESS Spirit

•  Create a world leading European science laboratory

•  Contribute to scientific breakthroughs

•  Many challenges: 
–  Challenging and complex technology (accelerator, target, moderator)
–  Large investments and significant annual budget
–  Political decision making, competition and negotiations
–  Commitment to minimize the environmental impact.

•  Synergies with ongoing and planned projects on accelerator driven 
systems, transmutation, neutrino factories, HEP injectors, materials 
science

The fractality and 
entanglement …
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•  5MW proton beam power (H+) – 500 m LINAC

•  2.5 GeV Proton Energy


•  50 mA (2 mA) peak (average) proton current


•  2.86 msec pulse length

•  14 Hz pulse frequency

•  71.4 msec periods between pulses

•  3.1 x 1014n/cm2s average neutron flux

•  1 x 1016n/cm2s peak neutron flux

•  Single Target Station

•  Rotating Tungsten, helium cooled

•  22 Instruments

•  Flexible design for future upgrades

•  High reliability, low losses

ESS – some numbers
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A Sustainable research facility

Renewable:
Power from renewable sources
CO2: - 120 000 ton/y

Recyclable: 
ESS’s cooling is Lund’s heating

CO2: - 15 000 ton/y

Responsible:
Energy Efficiency 

CO2: - 30 000 ton/y

CO2 neutral 
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ESS/WHAT - Neutron scattering - an expanding field

1950	   1960	   1970	   1980	   1990	  

1950	  

1960	  

1970	  

1980	  

1990	  

2000	  

2000	  
Because of their unique properties, neutrons are a powerful tool for investigating Nature at all levels, from 
testing theories about the evolution of the Universe to elucidating the complex processes of life. 

ESS intensity allows studies of
•  complex materials
•  weak signals
•  important details
•  time dependent phenomena

Complexity/
Count-rate

Details/Resolution
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ESS/WHAT – Multi-science with neutrons 

Materials science       Bio-technology   Nano science 
Energy Technology     Hardware for IT  Engineering science

-  Neutrons can provide unique and     
  information on almost all materials.



-  Information on both structure and  
  dynamics  simulaneously. ”Where are  
  the atoms and what are they doing?”

-  6000 primary users in Europe today                           
and 6000 secondary users. 
  Access based on peer review.



- Science with neutrons is limited  
  by the intensity of today’s sources 
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ESS/WHAT - Fields of interest

13	  

 A precise tool

 A probe of fundamental properties

 Deep penetration

 High sensitivity and selectivity

 An ideal probe for magnetism

 A wide range of length and timescales



The ESS as a gateway to applied science| INFN Pisa | 2013-01-21 | Christine Darve 

ESS/WHAT – Examples of queries

•  Room Temperature Super Conductors
•  Sterile neutrinos
•  Hydrogen storage substrate
•  Neutron electric dipole moment
•  Efficient membrane for fuel cells
•  Flexible and highly efficient solar cells
•  Carbone nano-tubes for controlled drug release
•  Self healing materials – smart materials
•  Spin-state as a storage of data (1023 gain in capacity)
•  CO2 sequestration

14	  

Unobtainium
Avatar
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“Whatever the radiation from Be may 
be, it has most remarkable properties”

James Chadwick 1932 (α,n) reaction

! 

2
4He+4

9Be" 6
12C+0

1n

Neutron chamber Ionization chamber

To amplifier 
and 
oscilloscope

 wax windows to visualize neutron	  



The ESS as a gateway to applied science| INFN Pisa | 2013-01-21 | Christine Darve 

Why neutrons?

•  Wavelengths comparable to interatomic spacings (1-5 Å)

•  Energies comparable to structural and magnetic excitations (1-100 meV)

•  Neutrons interact only weakly with matter/ non destructive  – electrically neutral

•  Neutrons are deeply penetrating (bulk samples can be studied)

•  Neutrons are scattered with a strength that varies randomly from element to 
element (and isotope to isotope)  

è Neutron scattering is an ideal probe of magnetic, atomic structures and excitations

 Neutron properties are used to understand the nature of the solid and liquid states 
of matter, as an analytical tool to aid the development of materials and as a tool to 
examine curiosity-driven research that spans from cosmology, superconductivity to 
the dynamics of the molecules of life.

        Wave                   Particle              Magnetic moment                                  Neutral
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Neutron Microscope – Length scales – Diffraction 


Nobel Prize 1994: Cliff Shull – Neutron diffraction

Showing where atoms are !
Wavelength of neutron ~ 0.01 to 100 nm
e.g. Use isotope sampling to measure diffraction/scattering
à Space in molecule and atom
à Position of atom
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Neutron Microscope – Time and energy scales - Spectroscopy

Nobel Prize 1994: Bert Brockhouse – Spectroscopy

showing what atoms do !
Energy of neutron ~ millielectronVolt
e.g. Use polarized neutron beam to probe magnetic moment change
à Structure and excitation of electronic spins in magnetic materials 
à Motion of atoms and molecules in solids and liquids
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Neutrons Properties

Neutrons

Synchrotron X-rays

1.675×10-27 kg

Neutrons are different things 
to different people: 
•  HEP 
•  nuclear 
•  particle 
•  applied science

@ ESS: we use wavelength for scattering
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Complementarity between X-rays and Neutrons
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+ + = 

e.g. Selective Deuteration
sensitivity and selectivity by isotopic 
substitution/contrast variation

Small Angle Neutron Scattering (SANS)

à SANS gives the possibility of not seing 
everything at the same time….
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SAXS contrast SANS contrast 1 

SANS contrast 3 

SANS versus SAXS

SANS contrast 2 
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Neutrons Synchrotron radiation
•  Particle beam (neutral subatomic particle)

•  Interactions with the nuclei and the magnetic 
moment of unpaired electrons (in the sample)

•  Scattered by all elements, also the light ones like 
the hydrogen isotopes

•  Deep penetration depth (bulk studies of 
samples)

•  Less intense beam measuring larger samples

•  Light beam (electromagnetic wave)

•  Interactions with the electrons surrounding the 
nuclei (in the sample)

•  Mainly scattered by heavy elements

•  Small penetration depth (surface studies of 
samples)

•  Very intense beam measuring small or ultra-dilute 
samples

Complementarity between X-rays and Neutrons

Neutrons Applications SR Applications
•  Magnetic structures & excitations

•  Organic structures using the H-D isotope effect

•  Bulk studies (strains, excitations)

•  Low-energy spectroscopy e.g. molecular 
vibrations

•  Protein-crystal structures

•  Fast chemical reactions

•  Surface studies (defects, corrosion)

•  High-energy spectroscopy e.g. measurements of 
electron energy-levels
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ESS and MAX IV

24	  
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Berkeley 37-inch cyclotron 

350 mCi 
Ra-Be source 

Chadwick 
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(Updated from Neutron Scattering, K. Skold and D. L. Price, eds., Academic Press, 1986)  

Evolution of the performance of neutron sources

FRM-II 
SINQ 

SNS 

ESS

J-‐PARC	  

“Report from the ILL Associates’ Working Group on Neutrons in Europe for 2025” 
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Recall: Fission and Spallation 

Spallation is a non-elastic nuclear 
interaction induced by a high-energy 
particle producing numerous 
secondary particles
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Long Pulse and cold neutrons
•  Many research reactors in Europe are aging and will be closed before 2020

–  Up to 90% of the use is with cold neutrons

•  There is a urgent need for a new high flux cold neutron source in Europe
–  The vast majority of users will profit from a pulsed structure
–  A large fraction of users are fully satisfied by a long pulse source
–  Existing short pulse sources (ISIS, JPARC and SNS) can supply the present and 

imminent future need of short pulse users

•  Long pulse for physics flexibility (cold and thermal neutrons available)

“Pulsed cold neutrons will 
always be long pulsed as 
a result of the 
moderation process”

F. Mezei, NIM A, 2006 
14	  

13	  

13	  

13	  
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Target station layout 

Handling procedures
Handling of active components
Redundancy of systems: 3 safety barriers
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•  “The source” of the neutrons

•  Target wheel
–  7 t, replaced ~ every 5 years

•  Moderator-reflector plug (shown in 
position ready for vertical extraction)
–  10 t, replaced every  year

•  Accelerator proton beam window 

Target monolith

30	  
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Target and Neutron guides

Y(E,A)=0.1 [A+20] [E (GeV) 
-0.12)]  n/p 

Choice of target material

Rotating target
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•  Normal conducting  / Italia-Denmark-Spain
- Microwave Discharge Ion Source (MDIS-ECR)
- Radio-frequency quadruple (RFQ)
- Drift Tube Linac
- Beam transport section


•  Superconducting / France

- Double spoke resonators 
- Elliptical cavities (medium beta and high beta)

The ESS accelerator
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ESS Accelerator as a team work

Pierre	  Bosland	  

Accelerator Design Upgrade 
ADU WP (2010-2012)	  

Now entering in
Construction phase (2013-2025)	  

Operation phase 	  
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Proton source

Prototype proton ion source operational 
(and under further development) in Catania

à	  See	  TRASCO	  Program	  

Electron Cyclotron Resonance (ECR) source reliable 
in term of current stability and availability
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Proton source & LEBT

36	  

SILHI operates at 2.45 
or 3 GHz1 ECR zone at 
RF entrance-600-
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Radio-Frequency Quadrupole

37	  

Beam density as a function of radius along the RFQ
à To be replaced by the new 4 m RFQ

•  RFQ tests for ESS conditions to 
be performed at CEA, in close 
collaboration with INFN-LNL

IPHI RFQ at CEA-Saclay

à Structure to bunch and accelerate the beam of charged particles
à  Involve in determining the quality of the beam  
(high intensity and low emittance grown requested)

 Electric field magnitude
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Medium-Energy Beam Transport – Spain 

Layout of the MEBT includes: 
•  Fast Chopping 
•  Collimator
•  Beam Instrumentation
•  10 quadrupoles 
•  2 buncher cavities

à Beam transport to match to DTL parameters
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Drift Tube Linac - Italia

Tank machining at Cinel (Vigonza-Italy)

à  to accelerate H+  from 3 to 80 MeV at 352.21 MHz, with 
a duty cycle of 4%

•  The DTL esign is based on the mechanical design 
and prototyping of CERN Linac4, involving design 
work at ESS and in Legnaro

•  Four tanks with Permanent Magnet Quadrupole 
(range is from 70 to 30 T/m)
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Tank machining at Cinel (Vigonza-Italy)

Drift Tube Linac as link to the superconducting Linac
Main LINAC parameters for NC and SRF 	  
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à First accelerator to integrate spoke cavities

Spoke cryomodules – IPN Orsay/CNRS

41	  

Eurisol coupler and cold 
tuning system

•  Naturally stiff (less sensitive to mechanical 
perturbation such as vibrations)

•  Exhibit high cell to cell coupling (no field 
flatness required, less sensitive to HOM or 
trapped modes)

•  Not susceptible to dipole steering effect
•  High longitudinal acceptance (accelerating 

efficiency over a wide range)
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Spoke cryomodules - IPNO

42	  

à Cryomodule is mainly composed of:  
•  2 SRF spokes cavities
•  2 power couplers
•  2 cold tuning systems
•  Supporting system
•  Thermal shielding
•  Magnetic shielding
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Elliptical Cryomodules – CEA

SC 5 cell cavity for 704 MHz, CEA 
and CNRS
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Elliptical Cryomodules – CEA/IPNO

Power coupler
Cold tuning 
System

Helium tank
5-cell elliptical cavity

à Elliptical Cavities Cryomodule Technology Demonstrator results by the end of 2015

Space frame
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HEBT, magnets and power supplies

•  Several optical designs of the High Energy Beam Transport system have 
been developed during the evolvement of the ADU project.

•  The present design fulfill the requirements including layout geometry and 
the 6×16cm2 beam footprint on target with a sufficiently low maximum 
current density to ensure a long target lifetime.

•  The technologies to be used for building the magnets and power supplies 
have been studied including aspects of handling and optimization of power 
consumption.
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Main Features
•  One RF power source per resonator
•  RF Sources

–  Pulsed cathode klystrons for elliptical, 
DTL, and RFQ

–  Gridded tube for spokes (IOTs) 

•  Two klystrons per modulator for high beta 
elliptical and four klystrons per modulator 
for medium beta elliptical

•  30% overhead for RF regulation
–  Adaptive low level feed-forward algorithms 

and Low gain feedback
–  High bandwidth piezo tuners on 

superconducting cavities
•  Bundled waveguide stub layout

Main Challenges
•  Large number or resonators (>200)
•  Large beam loading (QL < 7x105)
•  Large Lorentz de-tuning (>50 degrees)
•  Long Pulse length (3 mS ~3 Lorentz 

detuning time constants)
•  Large dynamic range in power(elliptical 

cavities range from 50kW – to 900kW)
•  Large average power (15 MW of AC power)


RF systems

46	  
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More support from INFN to an ESS-like initiative.. 
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Beyond ESS Reality and thanks to INFN support

A non-profit organization created by a small 
group of worldwide scientists


à To stimulate and include more talented 
physics students from the less developed 
countries in the world scientific community


à The aim of the school is to build capacity to 
harvest, interpret, and exploit the results of 
current and future physics experiments with 
particle accelerators, and to increase proficiency 
in related applications and technologies.

à  To contribute to a world w/ equal access to knowledge

à  To establish a biennial school to be hosted across Sub-Saharan Africa


à  To cover the African students 3-week classes attendance 

à To provide high quality classes by international re-known Scientists
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•   

Founding Agencies and Institutes

AIMS, SA 
BNL, USA 
CEA, France  
CERN, Switzerland  
CNRS/IN2P3, France  
DESY, USA
DITANET, UK, Euro 
EPFL, Switzerland 
ESS, Sweden (+private donation) 
FNAL, USA 
  
                                                                                             

Department of Energy, USA
Department of Science and 
Technology, South Africa
French Embassy Accra
NRF, South Africa
NSF, USA

ICTP, Italy 
INFN, Italy 
IUPAP, USA 
JLAB, USA                                    
JSA, USA 
NEI – AIMS 
NITheP, South Africa 
PSI, Switzerland  
SLAC, USA 
Uppsala University, Sweden

Governmental Institutions
Institutional Support

 Financial support of the ASP2012 is possible by developing a new Joint Collaboration formed of: 
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Conclusion

The ESS embodies a gateway to applied science,
which recently entered in the “Construction phase”

•  International sponsors to control the project and technical challenges

•  Involvement of European industry in the coming year

•  The success of the ESS accelerator design update project has been 
driven by the INFN and the EURISOL project

•  The ESS team is eager to further collaborate 




