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1. Det store overblik

ÅESS og MAX -V

ÅRøntgen vs. Neutroner

ÅLidt mere i dybden med ESS 

2. Moderne neutron - instrumentering

ÅAt køle neutroner - til relevant bølgelængde / energi

ÅTransport over afstand

ÅTilpassede beams til det enkelte eksperiment

3. ESS som projekt

Neutroner - der kan bruges til nogeté
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ESS og MAX - IV I Lund, stråling via partikel -
acceleration:
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ESS og MAX - IV I Lund, stråling via partikel -
acceleration:

elektroner

X-rays
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ESS og MAX - IV I Lund, stråling via partikel -
acceleration:

W18

47
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Target

neutroner
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ESS og MAX - IV I Lund, stråling via partikel -
acceleration:

elektroner
Bending MagnetWiggler Undulator (Insertion Devices) 

X-rays



ÅX-rays ñserò elektronskyen rundt om atomkernen - højere atomnummer, mere 
spredning

ÅNeutroner ñserò derimod kernen - ingen simpel sammenhæng med atomnummer

ÅResultat: To forskellige respons eller ñbillederò om man vil...

Både neutroner og X - rays vekselvirker med atomer

Herfra handler det
mest om neutroner : -)
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At producere neutroneré 
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Chadwickôs eksperiment / Ŭ p¬ Be

RISÏôs DR 3 reaktor

SNS, Oak Ridge Tennessee

Figur: Mads Ry Vogel Jørgensen, AU

Del 1: Neutronproduktion

På ESS bruger vi W



Proton-beam,
3ms pulser @ 14 Hz. 

Partikel-energi på sigt 2 GeV.
Beam-effekt på sigt i MW 

klassen.

ESS target
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2.5m tungsten wheel

W
184

74

Neutroner
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ÅEnergi -udgangspunktet i s¬vel reaktorer og spallationskilder er ñlige hßjt nokò

Å- Målet er bølgelængder i Å -området / energier i meV ( lille m, ikke store M)

ÅI neutronspredning taler vi om termiske og kolde neutroner, hhv. svarende til 
(f.eks.) medierne H 2O ved stuetemperatur og H(l) eller CH 4 ~ 20K

ÅPopulært køler (modererer) vi neutronerne til passende energi ved ñrandom walkò i 
ñen spand kold vandò eller ñflaske flydende brintò.

ÅResultat: Neutroner med ønskede egenskaber stråles ud i ~ 4 ˊ rumvinkel

Neutron - moderation
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*Fremtiden (50år +) kan betyde brug af fusions-reaktorer, men de bruges

pt. til andre form¬lé. ;-) 
Figur: Mads Ry Vogel Jørgensen, AU

At producere neutroneré 

Del 1: Neutronproduktion
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Performance af neutronkilder
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-I enheder af ñbrugbare neutronerò, dvs. instantan brillians (det kommer vi tilbage til hvad eré)

Del 1: Neutronproduktion

Røntgen

Voldsommere
fremskrivning i
X-ray landé.
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ÅJfr. (f.eks.) Braggs lov har vi behov for at vide ñhvad bßlgelÞngden erò

ÅPå reaktorer benytter vi typisk netop Braggs lov til at vælge denne 
bølgelængde:

ÅPå pulsede kilder benytter vi istedet Time -of -Flight (ToF)

Reaktor vs. spallationskilde:
konstant vs. pulset (typisk)
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Del 1: Neutronproduktion

ɚ



IDA event 30/4 2025

ÅJfr. (f.eks.) Braggs lov har vi behov for at vide ñhvad bßlgelÞngden erò n¬r vi 
m¬ler ñafbßjet str¬lingò

ÅPå reaktorer benytter vi typisk netop Braggs lov til at vælge denne 
bølgelængde:

ÅPå pulsede kilder benytter vi istedet Time -of -Flight (ToF)

Reaktor vs. spallationskilde:
konstant vs. pulset (typisk)
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ILL vs. de pulsede kilder - performance
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Del 1: Neutronproduktion
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ILL vs. de pulsede kilder - performance

Del 1: Neutronproduktion
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ILL vs. de pulsede kilder - performance

Del 1: Neutronproduktion
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ILL vs. de pulsede kilder - performance

Del 1: Neutronproduktion
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ILL vs. de pulsede kilder - performance

Del 1: Neutronproduktion
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Alts¬é
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Del 1: Neutronproduktion

ÅESS er hverken en steady -state kilde eller en kortpulset kilde, men langpulset

ÅMed passende instrumentering der tager højde for dette kan man opnå 
(mindst) 30 x ILL performance og 5 -10 x kortpulset performance 



Major neutron sources in the world
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Neutron pulse Beamline

Del 1: Neutronproduktion
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Long-pulse performance

23time (ms)

B
ri

g
h

tn
e

s
s
 (

n
/c

m
2
/s

/s
r/

Å
)

x1013

ISIS TS1

128 kW

ISIS TS2

32 kW

SNS

1-2 MW 

JPARC
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Adapting the pulse width
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Short-Pulse Source
- set pulse width by choosing moderator

Long-Pulse Source (ESS)
- set pulse width using pulse-shaping chopper

coupled

decoupled

poisoned



Hall 3

Hall 2Hall 1

Neutron instrument layout



ISIS TS2

Neutron instrument layout



15 instruments (10 -15 

Mú each)

5 Large-scale structure 

instruments

5 Diffractometers

5 Spectrometer

Instrument suite at ESS
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5 Large-scale structure 

instruments

5 Diffractometers

5 Spectrometer

Instrument suite at ESS

*classification not official



Instrument suite at ESS



Broad length and time scales
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ANGSTROMS AND PICOSECONDS
ωelectronic and magnetic structure 
ωstrongly correlated electron systems

NANOMETRES AND NANOSECONDS
ωchemical structure and dynamics
ωstructure/property relationships

MICRONS AND MICROSECONDS
ωinterfaces, micelles, etc.
ωprotein structure and dynamics

METRES AND MONTHS
ωengineering measurements, archeometry
ωtomography, residual stress, etc.

PHYSICS

CHEMISTRY

SOFT MATTER

& BIOLOGY

ENGINEERING &

MATERIALS SCIENCE
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Components of neutron instruments
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Del 3: Instrumentering

ÅAt få de rette neutroner frem 
til det givne eksperiment - så 
tabslßst som muligté

Detectors

s

Neutron optics

Sample-environments -

Starts with a source of neutrons, 

be it a reactor- or spallation source
Neutron moderator

Scientific samples



DTUDate Title

The European Spallation Source
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Host countries: Sweden, Denmark

Partner countries: Czech Republic, Estonia, 
France, Germany, Hungary, Italy, Norway, 
Poland, Spain, Switzerland and theUnited 
Kingdom

όhǊƛƎƛƴŀƭύ ōǳŘƎŜǘΥ мΦупо Dϵ



An International Collaboration

Sweden, 

Denmark and Norway: 

50% of construction and 

20% of operations costs

European partners

pays the rest

ESS Corporate Presentation | 2013



The ESS Instrument Suite 15/22
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HEIMDAL

MAGIC    

T-REX    

MIRACLES    

BIFROST   

C-SPEC    
BEER    nMX    

ODIN    

DREAM   

VESPA    

SKADI    
ESTIA    

LOKI    

FREIA    

Proton beam

Powder diffraction
Single crystal diffraction
Small angle diffraction
Spectroscopy
Reflectometry
Imaging

Instrument classes

The national flags indicate the
countries whose national
laboratories/Universities are
involved in the construction of
that particularinstrument.



The Data Management and Software Centre

ÅData Management

Å Instrument Control

ÅData Reduction & Analysis

Å Instrument simulations

Å (Theory and simulations)

DMSC at DTU in 
Lyngby, Denmark

Topic of later, dedicated talké


