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Neutron facilities — reactors and particle

driven

1020 |
Reactor Sources Spallation Sources
ESS
. J-PARC cons O
HFIR ILL LANSCE 4-- - -
g 1015 MTR  HIFAR @ @ \'ARIA ORPHEE wnm HANARO NS _ElQ. o
é B NRX » HFER® @ NiIST zuz-P' Dhruvag ® o ® o ® CARR PIK
5 tvR NRU g SAFARI-1 A %0 RrR-3 5Nq ETERR-2 FRM-II " opAL
< HOR JEEP I’ KENS IBR-1IRSG
5 WNR
[
[
o ZING-P
45 1010 .
(0]
[
‘©
£
2
Berkeley 37-inch cyclot . .
§ 105 | e e m Particle driven pulsed
§ 350 mCi Ra-Be source & Particle driven steady state
& A Pulsed reactor
@ Fission reactors
1 | T chadwick
| | | | | | | | |
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
Year
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Neutrons are special

Charge neutral S=1/2 spin Nuclear scattering

Deeply penetrating probe directly magnetism Sensitive to light elements

12 and isotopes
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Efficient high speed trains Better drugs

Help build electric cars



Neutrons and Nobel Prizes

Nobel prize 1935
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Nobel prize 2016 less) ) s

David J. Thouless, F. Duncan M. Haldane, and J. Michael Kosterlitz for
‘theoretical discoveries of topological phase transitions and topological phases of matter’
Validated by neutron scattering experiments at ILL (FR), ISIS (UK), Chalk River (CDN), SNS (US), ...

Haldane was postdoc at the ILL

occurs in

superconductivity,

Iasers' Tight pair of vortices ‘:éj_/’
superfluids and |
thin magnetic films. il N

LOWER TEMPERATURE <«——— TOPOLOGICAL PHASE TRANSITION —— > HIGHER TEMPERATURE
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Length and Energy Scales SPALLATION
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Neutron use per science topic

applied + theory
instrumental

nuclear

physics structure +

chemistry

materials )

magnetism

data: ILL Liquids + glasses



ESS
Construction
Phase Complete

Construction Starts
on Green Field Site |

T T s

Decision to Site
ESS in Lund

2019/2020
Machine Ready for
1st Beam on Target

ESS Design Update
Phase Complete

2003
European Design of
ESS Completed

*
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An Innovative Target Station that
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Long-pulse performance
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Pulsed Neutron Souces: EUROPEAN

SPALLATION
SOURCE

Neutron energy measurement via its time of flight

distance T

time

Time distance diagram of white beam instrument with Pulse Shaping Chopper



Use as much as possible of the
whole pulse:

Good for low wavelength resolution
instruments.

SANS, Reflectometry, single
crystal diffraction.

Estimated gains 10-100 times than
currently available.

Cut the long pulse into smaller
pulses:

Good for higher wavelength
resolution instruments

Diffraction, cold/thermal
spectrometers.

Long Instruments (80-100 m)
Estimated gains 10-30 times than
currently available.

Thermal gains lower.

EUROPEAN
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Intensity
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ESS Opens New Capabilities to Science

FAST MEASUREMENTS LONG-WAVELENGTH ADVANTAGE

DETECTION OF WEAK SIGNALS FLEXIBLE INSTRUMENTS

LOW BACKGROUND WIDE DYNAMIC RANGE

POLARIZED NEUTRON CONTRAST
TUNEABLE RESOLUTION

ADVANCED
NEUTRON TECHNOLOGIES

HIGH UNIQUE HIGH RELIABILITY

NEUTRON  LONG PULSE
BRIGHTNESS  STRUCTURE

SMALL SAMPLE

ADVANCED REAL WORLD VOLUMES

COMPUTATIONS  SAMPLES,
& SOFTWARE  REAL WORLD
(DMSC) CONDITIONS

REAL TIME
DATA VISUALISATION
DILUTE SAMPLE

EXTREME ENVIRONMENTS

EFFICIENT DATA REDUCTION (P.H.T)

REAL WORLD SAMPLE
COMPUTATIONAL ENVIRONMENT
SUPPORT

IN-SITU PROCESSING
INTUITIVE DATA 1

ANALYSIS DEDICATED SUPPORT LABS 5



ESS Opens New Capabilities to Science

Complex Interfaces
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Kinetics of Complex
micro-fluids

New States of
Matter

Quantum Enzymology

Protein Dynamics

FAST MEASUREMENTS
DETECTION OF WEAK SIGNALS

LOW BACKGROUND

POLARIZED NEUTRON
CONTRAST

ADVANCED
NEUTAON TECHNOLOGIES HIGH
NEUTRON

BRIGHTNESS

ADVANCED
COMPUTATIONS
& SOFTWARE
(DMSC)

REAL TIME
DATA VISUALISATION

EFFICIENT DATA REDUCTION
COMPUTATIONAL
SUPPORT

INTUITIVE DATA
ANALYSIS

LONG-WAVELENGTH ADVANTAGE
FLEXIBLE INSTRUMENTS

WIDE DYNAMIC RANGE

TUNEABLE RESOLUTION

UNIQUE HIGH RELIABILITY

LONG PULSE
STRUCTURE

SMALL SAMPLE
REAL WORLD VOLUMES
SAMPLES,
REAL WORLD

DILUTE SAMPLE
EXTREME
ENVIRONMENTS (P.H.T)
REAL WORLD SAMPLE
ENVIRONMENT

CONDITIONS

IN-SITU PROCESSING
DEDICATED SUPPORT LABS

EUROPEAN

SPALLATION
SOURCE

Multi-scale structure and
dynamic

Charge and Spin Transport in
Novel Materials

In Operandi Advanced
Energy Devices




ESS Project Scope on Instruments cuROPEAN
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SOURCE

(Neutron Scattering Systems, NSS)

NSS Scope: 22 public instruments by 2028 together with a technical and scientific support

infrastructure that enables scientific excellence and high quality scientific user service.
Science

Sample Environment JPuincations)
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Analysis and Visualisation
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coudloz1sa  The NSS Project Instruments

All are funded to be world leading in 2023

Performance target at Cost book value
(@ 2MW)

Instrument Costbook Upgrad
Class Instrument (M€)
(ME€)

LOKI (Broad band SANS) 12.19 3.0

Large Scale SKADI (General Purpose SANS) (+SONDE funds) 11.50 3.0

Structures ESTIA (Focusing Reflectometer) LY il

FREIA (Liquids Reflectometer) 13.20 5.0

DREAM (Bispectral powder diffractometer) 13.66 5.1

HEIMDAL (Hybrid diffractometer) 13.55 3.7

Diffraction MAGIC (magnetism single crystal 13.10 1.9
diffractometer)

NMX (Macromolecular crystallography) 11.67 2.5

I BEER (Engineering diffractometer) 14.99 9.3

Industrial ODIN (multi-purpose imaging) el S

BIFROST (extreme environment spectrometer) 13.45 24

C-SPEC (cold chopper spectrometer) 16.50 24

Spectroscopy  T-REX (bispectral chopper spectrometer) 16.85 3.1

VESPA (vibrational spectroscopy) 12.00 2.9

MIRACLES (backscattering spectrometer) 13.53 1.7

- L N o 1 " a o om e~ o~  m

5x D22 & 20 x SANS2D

4 x D22

* Conventional mode: ~ 100 x D17
* High intensity mode: 1cm? samples = seconds

30 x FIGARO, INTER
> 10 x POWGEN or WISH

~ 50 x GEM, ~ 8 x new POLARIS

* Cold: > 100 x worlds best,
* Thermal: Imm?3 crystals = 10 min

> 10 x LADI & Biodiff

world leading in strain scanning, unique flexibility

world leading for high resolution,
> 10 x best for TOF methods

> 10 x THALES & MACS
2-6xIN5

3 x 4-SEASONS, 3 x IN5

10 x VISION (AE = 130 meV)

2 x BASIS and DNA
18



cuaorasa  The NSS Project Instruments

All are funded to be world leading in 2023 ESE&TT‘.‘SN

SOURCE

Instrument S Costbook HEEe Performance target at Cost book value
Class (M€) (M€) (@ 2MW)
LOKI (Broad band SANS) 12.19 3.0 5xD22 & 20 x SANS2D
SKADI (General Purpose SANS) (+SONDE funds) 11.50 3.0 4xD22

Large Scale

Structures ESTIA (Focusing Reflectometer) 11.80 4.6 + Conventional mode: ~ 100 x D17

* High intensity mode: 1cm? samples = seconds
FREIA (Liquids Reflectometer) 13.20 5.0 30x FIGARO, INTER
DREAM (Bispectral powder diffractometer) 13.66 5.1 >10xPOWGEN or WISH

oacion - EXCellent oportunities for science at 2 W
Instrument upgrades add another factor 2-3
emgneerins& - GOING from 2 MW to 5 MW adds factor 2,5 ™

Industrial
C-SPEC (cold chopper spectrometer) 16.50 24 2-6xIN5
Spectroscopy  T-REX (bispectral chopper spectrometer) 16.85 3.1 3 x4-SEASONS, 3 x IN5
VESPA (vibrational spectroscopy) 12.00 2.9 10 x VISION (AE = 130 meV)
MIRACLES (backscattering spectrometer) 13.53 1.7 2 xBASIS and DNA

19
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15 Instruments selected so far

SOURCE

8 to be in user operation by 2023

[ ]
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Large-Scale Structures
OSCOpPY

ODIN imaging e Coo A

. >

SKADI GP-SANS S % ¢ VOR Broadbandsp /35 %50 & €4
OKI Broadband SANS " © T-REX ThChopSpec

Surface Scattering )??( QQ {j_‘ &,4

FREIA Hor. Refl. 5 9@” & VESPA Vibr.Spec. &"‘
ESTIA Ver. Refl. C o U %% MIRACLES Bekscatt /25 %50 &

HEIMDAL Pow. Diffr. % )6’:"‘ High-Resolution Spin-Echo & Qéo &

DREAM Pow. Diffr o (L‘ , Wide-Angle Spin-Echo & Qée &ir‘

Spec

()
Monochromatic Powder r El;ncs:liac;nental A FERIEE @g
Diffractometer 6)" y =

BEER Eng. Diffr. ‘]} & life sciences ",.4 magnetism &
superconductivity

[ ]
Extreme Conditions , "",‘ QQQ soft condensed matter ) engineering & geo-sciences
Diffractometer O
] . . .
MAG'C Magn. Diffr. O & chemistry of materials archeology & heritage

_ o . . :
NMX Macromol. Diffr. & ‘: ’_‘ f energy research & fundamental & particle

physics

Diffraction




C.09.14. |*

Internal” Neutron Beam Instrument Schedule
DRAFT FOR DISCUSSION  v3.2, 9t May 2017 o "

EUROPEAN

; : - First Ready for Hot Start U
* still under discussion Current  Lccessto  Beamon  Commission Par ser
with ESS-ERIC Council date  Nssareas 1AMt jnstruments ©rOBM

; , | i 2.0
NOTES: Neutron [Bunker l]—i——$_ 1

* Assumes 2MW maximum
power until end 2025

* Phases aligned with TG2

: 1.5
reviews on 15t 9 NBlIs West

* TG4 (Installation & sector 3

Integration) not yet §=

aligned with on-site -

resource plan [ 10 %

H

K
North 1 ! | :
sector

East

and
Preliminary Design [ South -

Detailed Design |

sectors

Manufacturing & Procurement ||

0.0

Installation & Integratior) E— 2016 | 2017 20181 2019 | 20201 20211 20221 20231 20241 2025
Hot Commissioning/Early science [

Operation |

Installation for most instruments begins in Q2/2019 with in-monolith optics

Access to other “instrument construction areas” will be later 21




C.09.14.

Internal® Neutron Beam Instrument Schedule

* still under discussion
with ESS-ERIC Council

NOTES:

SPALLATION

- 2.0

EUROPEAN
DRAFT FOR DISCUSSION v3.2, 9" May 2017 SoURCE
Current ac:;rss:to F;Zz?‘}: foc;r Com:ci):sion Start User
date NSSareas  1ar8et  jnctruments | O87@M
N 7
nasanb. — | o 3| SRR 1) (ORI
I_

* Assumes 2MW maximum
power until end 2025

* Phases aligned with TG2
reviews on 15t 9 NBls

* TG4 (Installation &
Integration) not yet
aligned with on-site
resource plan

Initially focus on reliable user operation at 2 MW |

West
sector

Preliminary Design ||

Detailed Design| |

Manufacturing & Procurement ||
Installation & Integration| |

Hot Commissioning/Early science [
Operation ||

- 1.0

Ramp up to 5 MW later

an
South
sectors

: ESH'F_LF—H—« — e L - ~"~ ISR BEl limii il

2016 1 20171 2018 :2019 20201 20211 20221 2023

Installation for most instruments begins in Q2/2019 with in-monolith optics

Access to other “instrument construction areas” will be later

=
i

(MINl) 1amoq weag uojoid

- 0.5

0.0
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=
ESS will be a user facility 1\35 ) Soacaron
N\

For researchers who need neutron beams for their experiments.
From universities, institutes, industry.

We provide tools & support; they bring their projects and perform the
experiments. Selection of experiments via proposal scheme by scientific

excellence

2000-3000 visiting users/year. A stay can be days or weeks.

Many different disciplines: materials research, physics, chemistry, life science..




ESS Neutron Instruments 1-15 O i

and Support Infrastructure

all1
D07 1 x Life Science,
' 1 x Cold room
D08 1 x Chemistry,
1 x Radioactive Mat. L. /4

'HEIMDAL

Hall3

EO3 1 x Engine

EO4 1 x Life Sci
1 x Cold
1 x Instr
1 x Che

Hall2
D04 1 x Life Sci
1 x Cold roo

2 x Instrument room
24
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Tentative Instrument Ramp-up seaLLATON

Instrument 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2003 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 |
LOKI e I

Sl ——— g i stryments in user programme

NMX % | | | | | | | |
ESTIA I ——————

CSPEC % I |4'V|W

DREAM

————————————
SKADI —————
BEER e e m— e s e T e e e e e
BIFROST e e N ——————— e e ETY

S S S S S S S

MAGIC

T-REX e m— m— m—— m e o T e e — — —————
VESPA e ———————————— N S [ S S S S
MIRACLES %Hﬁ MZMW
HEIMDAL I ———————— S —
FREIA e I ————
Instrument 16 *M #
strament 17 el—|—|—|—H—|—|—| e e ]

Instrument 18

Instrument 19 # #
Instrument 20 e #M '—|

Instrument 21

Instrument 22

50 75 _100%

s Construction Project s Hot Commissioning User Programme



SOURCE

ESS, MAX IV and Science Village :3:&:?:&

Scandinavia

MAX IV
World leading in
brilliance

- by Lund University. 14 ,

~ - Science Village

n SN, Scandinavia, SVS

i ‘ - _ Owned by the
2 iy REGION of Skane,

‘ the City of Lund

. and Lund
University. 18 ha.

~ 2019.

o - g




SOURCE

Conventional Facilities Schedule §‘ coropcny

(preliminary)




cyroreny
Summary &7

ESS will be the worlds most intense neutron source

e ESS will provide world leading new research
opportunities for research with neutrons in a wide
range of science and technology

e User operation with 8 instruments is planned for
2023

* ESSis looking for further members

28



FUTURE SCENARIOS OUTLINED IN o)

SOURCE

THE 2016 ESFRI REPORT

40000 40000
Baseline(-): ® Orphee Baseline (+): ® Orphee
35000 ||  ILL operates reduced cycles until 2023 = BERII ILL operatesto 2030 =BER I
ESS stop at 22 instruments 2028 ESS 35 instruments 2035

Earlier close down, reduced operation etc. = REZ mRE2
30000 ' for a number of the smaller sources BRR BRR
» w
> - > milL
© ©
o 25000 uSINQ S uSINQ
c isis e —
QEJ 20000 - £ MLz
2 " ESS 2 " ESS
= 15000 7] u Vienna
v m Vienna c
c - Kjeller
- 10000 Kjeller a HOR
® HOR
® Demokritus
5000 ® Demokritus = Sacaven
» Sacaven
0
2 2 28 8 84 3 & &8 B & 3
& 8 R R R R R R | ®” §®
Year Figure 12. The predicted delivery of instrument beam days in the Enhanced
Figure 11. The predicted delivery of instrument beam-days in the Degraded Baseline Scenario
Baseline Scenario.
Pessimistic scenario: ILL operates at reduced output Optimistic scenario: ILL operates until 2030, ESS
until 2023, ESS with 22 instruments beyond 2028. with 35 instruments beyond 2035.

Earlier closer and/reduced operations for a number
of medium power sources
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SOURCE

THE 2016 ESFRI REPORT
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Figure 11. The predicted delivery of instrument beam-days in the Degraded Baseline Scenario
Baseline Scenario.
ressimistic] ESS needs to build up its research capacity poso,ess
until 2023,
Earlier clos

as soon as at all possible

of medium



Neutrons are special

charge neutral: deeply pene-
trating ... except for some isotopes

* nuclear interaction: cross
section depending on isotope
(not Z), sensitive to light elements.

« spinS = 1/2: probing magnetism

« unstable n 5 p + e + ve with life
timet~900s,| = lp e ¥

« mass: n ~p; thermal energies
result in non-relativistic velocities.
E =293 K= 25 meV,
v=2196m/s,A=18A

WHERE ARE THE ATOMS

AND WHAT DO THEY DO? 31



Scattering based on 67\ cunorean
. SOURCE
Momentum and Energy conservation &7

scattering triangle

Source k. t ki
© @)
D
D kf
etector
dQ
momentum conservation O=k -k
i s
energy conservation ho = El. - Ef

spin conservation: Polarisation analysis



The European Spallation Source % i
SOURCE
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An Innovative Target Station that
can host >30 instruments 4 time (ms)




