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Neutron Science Pushes the N o
Boundaries N\

ESS intensity allows studies of:
- Complex materials

- Weak signals
- Important details
- Time dependent phenomena



Upcoming Research Facilities

PIK (St Petersburg)
Open from 2019
>30 instruments to be built

dn

~ Openfrom mid 2020 =~
22 instruments to be builts pesss

4

New facilities needed to:
* replace capacity from closing research reactors
#F « enhance capability to enable new science

20 instruments to be built-"
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cswan-appropriate
Sinitial reaction .4 |

| |

Comment: seems to be some naivety at the moment as EEEE S : NS Q
stocks are being emptied rapidly 5, W)\ ‘\/ ke |

Aside ... maybe He-3 detectors are

anyway not what is needed for ESS? = V| e
eg rate, resolution reaching the limit ... | CQ\Q RN,
Crisis or opportunity ... ¢ ' R
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What is Neutron Scattering Science?
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1932: Chadwick discovers "a
radiation with the more
Fve«c:u,ti,ar Fropm&i&s” , the
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Why Neutrons? ‘e i

X-ray cross section

Neutrons are: T

* low energy

* non-damaging

* penetrating ‘ .' .

* broad wavelength range l:I I.) C o S Fe

thermal and cold neutrons
0 o o © ‘ meV
co “with a small m’:
Neutron cross section wavelength ca. A

1) Ability to measure both energy and momentum transfer
Geometry of motion

2) Neutrons scatter by a nuclear interaction => different isotopes scatter differently
H and D scatter very differently

3) Simplicity of the interaction allows easy interpretation of intensities
Easy to compare with theory and models

4) Neutrons have a magnetic moment

,(C
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Neutrons are special e nie

Charge neutral S=1/2 spin Nuclear.S_C‘éttering

Deeply penetrating Directly probe magnetism Sensitive to light

" elements and isotopes

10

—
0.3 05 0.7

Solve the puzzle of High-Tc
Li motion in fuel cells superconductivity

Help build electric cars Efficient high speed trains Better drugs
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Probing length scales and dynamics €55 g

Human Hair
Red Blood Cells

~100,000 nm ~
~7000 nm >00 nm

DNA ~2 nm Si Atoms ~0.2 nm



Neutron Scattering - what information do you get?

outgoing neutron detector

measure X,y (=0)

: O sometimes measure t

define E and direction E not directly measured
in instrument design

sample

* Scattering angle measured through x,y position of the neutron detected
* Time of detection often used
* It is vital to have good time resolution for instruments at spallation sources
® Energy typically not measured
* In some ways, the holy grail to have a good energy measurement of the neutron?
* Design needs to be adapted to the expectations for that instrument
* Not one design fits all

Cost is always a limiting factor in the design of detectors

Schedule will determine what you can do about it
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QEE‘E&???‘?" Neutrons as a Probe

® The purpose of the instruments is to probe outgoing neutron
with neutrons some aspect of a sample

detector

sample measure X,y (=0)

n sometimes measure t
ﬁ o
define E and direction E typically not measured

in instrument design

* Very generically, this can be divided into elastic and inelastic categories
e elastic: gives information on where atoms are
* inelastic: gives information on what atoms do (ie move)

* This is measuring the cross sections:

elastic inelastic
do d’c
- 1,29, 'ns/lscazei
® cross section / scattering probability e double differential cross section /
into a solid angle, as a function of scattering probability into a solid
wavelength, scattering angle and angle, as a function of wavelength,
aximuthal angle scattered wa

and aximut
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“rigid” crystal

translation 0
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fast moving scatterers, e.g. liquid
Andrew Jackson

Elastic vs Inelastic

‘elastic’ E=0

/

energy transfer
‘inelastic’ E=xdE

energy transfer

‘quasielastic’: centered at E=0



8 T Diffraction

Sizes probed = “atomic structures” = 0.1 nm - 10 nm

.
v\ A 4
\ ///

//

Position and intensity of diffraction peaks gives atomic positions




Purpose of the Instrument
Basically, in some form, ]
you want to measure
Bragg’s equation

nA = 2d sin o

1y

'] -
L 3.1

Define the neutron wavelength with your instrument design

Detectors allow you to measure theta

It means that you can calculate “d”

Therefore the instrument should be designed to give you the most
appropriate measurement of scattering angle for a instrument class

“horses for courses ”
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Examples of neutron instruments ;,4ging

resolution (<100um),
rate

e Neutron Scattering for materials science
comprise a great variety of instruments as
tools for studying materials

® Each has its own “figure of merit”

“horses for courses ”

E, = 8.6 meV
inelasticscattering o
A5 - e A P S
area, cost, P
background ™ | di I'C!Cflon
- |resolution (mm),
rate
=LA

-5 L

11YTTIITTTIYTTIIYTT

2.3 ms R

——

NN

I\
I

Counts
5, o, o
| | |
factor 6500
A
factor 46
|
B —
=
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Neutron Generation




Neutron generation: e L

/ / SOURCE

energy — atomic nuclei

Fast neutrons produced / joule heat deposited:

Fission reactors: ~10° (in ~ 50 liter volume)
— Spallation: ~ 101 (in ~ 2 liter volume)
Fusion: ~1.5x1019 (in ~ 2 liter volume)
(but neutron slowing down efficiency reduced by ~20 times)
Photo neutrons: ~10°  (in ~ 0.01 liter volume)
— Nuclear reaction (p, Be): ~108  (in ~0.001 liter volume)
Laser induced fusion: ~10%  (in ~ 1079 liter volume)

Spallation: most favorable for the foreseeable future (neutrons/€)
Compact source: lowest cost / facility

20
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Radioactive Laboratory Sources




§§§§}§?‘3‘~ Radioactive Sources

* Neutron was discovered by the (alpha, n) reaction, where in some lighter elements the
last neutron is weakly bound, and released when alpha particle is incident

. ed He4 +Be9 —C12 +n+5.7MeV
s

g = é’/ﬁ Neutrons
7 5.3MeV e

Polonium-210 Beryllium

AN

Lead-206 He? +Be? —= CL2+ 1 +57MeV

3-.

N
1

Chadwick 1932

® Americium-241 commonly used

¢ typical number 6. 10°7 n/s for 1 TBq

® Details of neutron production depend upon
geometry of sources

® ca. 40% of neutrons below 1 MeV

Relative Intensity

d
L

® Some isotopes undergo spontaneous fission
¢ eg Cf-252, 3.1% of decays, average of 3.7

neutrons per fission. . 0 5 4 6 8 0 12
e Cf-252 not naturally occurring Energy MeV
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3l Neutron Generator

e Use Deuterium-Deuterium or Deuterium-Tritium fusion

* Small accelerator arrangement of few 100 keV
e DD:

50%: 1D? + 1D? -->;He3 (0.82 MeV) + on! (2.45 MeV)
50%: 1D? + 1D? -->/T3 (1.01 MeV)+ 1p!(3.02 MeV)

e DD:
D2 + T3 -->He#* (3.5 MeV) + on! (14.1 MeV)

* Many generators available commercially
e eg SODERN, NSD-GRADEL fusion, Thermoscientific

* fluxes typically in the range 1076 -10*10 n/s

ALPAA .T. z PHOTO MULTIPLIER
SCINTILLATOR TuBE
7 D/T ION BEAM TUBE
ALPHA 7 ACCELERATING / ENVELOPE
__________ / . 1 //W/ — INSULATOR
{ ) ’r Lz /
[ 7
VACUUM—/ / b ' @ ¢ HIGH VOLTAGE
PINCH-OFF - 1 ELECTRODES
paded ¥4 ¢ , _/
TARGET Z
\ 7 . ///W
GETTER& \—FARADAY \—Focus 10N
\ CAGE ELECTROBE  SOURCE
14 MeV

llllllllll



M Fission vs Spallation

SOURCE

A
@ proton e A R S
. b r-.n,.‘“r "l'll:gu
® Processes very different & Predtron o Bl i’”% ’
. . T . a e, e
® Fission results in light and heavy debris ;;;*;ﬁ;_" 3 w2 ~-§.§::~;a 3,0
R :
* Spallation results in debris close to s 8 chainreadion
u » 5 by moderated
that of target themmal .. Rz newtrons
. neutron g¢q :
* Neutron yield: p@ﬂ fission of the
o o . \ - excited nualeus
e Fission: 2.5n / fission. 1 needed to =
substain criticality
® Spallation: very energy dependent.
Typically ca. 10. vl pheebe naul
¢ Heat: 0 o i .. 5‘;;1-5“??;
° ° &
® Fission: ca. 160 MeV/neutron fast 9 - i o) Jrrermul "_r.&:_f
. ons L s N
® Spallation: ca. 25 MeV/neutron prot o 5733
5 J‘ %
eg. 168V S%.~ e ~ G
e T To2h
J L I &5
'FH; 23" ¢ S W
tgh__'= | — 'i;!!_t o B
b e W 1"'—‘"
highly excited « 9 ¥
nucleus ﬂﬂ:ﬁg;ﬂ_hn___, -

Phil Ferguson




Fission vs Spallation

* Energy spectrum very different

® Spallation yields neutrons up to the proton beam energy
Neutron Yield per Reaction

* Significant shielding needed 107

- 1GeV prétoné on ttlmgsltelnI
U-235 thermal fission

001 N

neutron yield (n/MeV)

00001 oo i i

0.001 0.01 0.1 1 10 100 1000
energy (MeV) Franz Gallmeier
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Present and Future of Neutron Research Facilities




Effective thermal neutron flux n/cm?2-s

Neutron facilities —
reactors and particle driven

EUROPEAN
SPALLATION

SOURCE

1020 N
Reactor Sources Spallation Sources
ESS
J-PARC
- CSNS O
HFIR  ILL LANSCE SNST.— ol = it
1015 MTR  HIFAR o o MARIA  ORPHEE |pNs SALAM HANARO Q
_ . S AFER ' @ NisT ZING'-P' K wa o ®e ° ® carr PIK
NRU SAFARI-1 ® IRR3 ETERR-2 FRM-Il. “opaL
R o Jeep 1@ KENS 'IBR-II RSG SINQ
HOR R
ZING-P
1010 _
Berkeley 37-inch cyclot ) )
105 |_ S - Particle driven pulsed
350 mCi Ra-Be source ¢ Particle driven steady state
A Pulsed reactor
P Fission reactors
1 _ Chadwick
| | | | | | | | |
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
Year
30

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



PIK (St Petersburg)

NIST (Gaithersburg)

SNS T2 (Oak Ridge) ESS (Lund) JINR (Dubna) HANARO (Daejeon)

- o

- o

- _ 'S
-

o 4
I\ J-PARK (Naka)

b3
CSNS (Donggua

ISIS (Dldcot)

SNS (Oak Ridge)

/

\
/ HZB (Berlin)
ILL |
/ (Sl FRM Il (Munich) > /’
(N ANSTO (Lucas Heights)
CNEA (Bariloche)
4; + Other active centers i’F Upcoming centers

... AND THESE ARE ONLY 14 OF THE ALMOST 50 NEUTRON RESEARCH FACILITIES WORLDWIDE
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* World’s leading research react
® Came into operation in 1971

® 58 MW thermal power

® Most intense continuous neutro
flux in the moderator region:

®1.5.10™"5 n/cm”2/s

® ca. 600 papers/year

Reactor
Vessel (AD
' HS8 H21 - H25
Horizontal Cold
Source (liq. D,) H14 - H18
HO9 —&~ T  Vertical Cold
35U Core — Source (liq. D,)
- [ (H12
H,O " Control Rod
Shielding

. Security Rods
H13




Institut Laue-Langevin, Grenoble

EUROPEAN
SPALLATION
SOURCE

Cryo-EDM

SuperADAM

O Reactor core A\ Three-axis group — ILLinstruments
—&~ Hot neutrons L biffraction group — jointly funded instruments
1 - .
——— Thermal neutrons Large-scale structures group — CRG instruments
Time-of-flight/high-resolution group — Test and other beam positions
- Cold neutrons ght/hig g p
O Nuclear and particle physics group
[]  Testand other beam positions
PN3-GAMS6
@~
ThALES
D11
SUN2 GRANIT NS INTO INT1A/C
FIGARO D33
PN N 27 D -
IN1-TAS/LAGRANGE Al H142
' —2AN 55l [ ADIV
HO / N A Amz
Tomography 7 3 H113 “‘ PF1B D1B . .
- H22
H112 SALSA VIVALDI '@3
H23
H24 CT1 T13C
. T13A A _E
N3 1 CYCLOPS p
518 D23 2
IN22 N3 CT2 e
OrientE =
IN20 -TASSE rientexpress 5
5
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Current most advanced neutron sources

Front-End Building

e \/ Klystron Bulldlng Fovay e :

Liquefaction "o - \
Building > Linac Tannel
"
RadioF ‘ \%\:‘ \\/
adio* requency’- 3
Facility \‘ :

- - ) —w z 3 J Future
wppon//f _ e - Saplarget

Buildings ny ’ w? Building

Central Laboratory R ¥ ‘ >
and Office Complex - 3 - e . . Materials
3 o , Sciences

joint Institute for
Neutron Sciences

SNS (Oak Ridge, USA)

Instantaneous power on target (e.g. 1 MW at
60 Hz, i.e. 17 kj in ~1 us pulses on target): 17 x

— Pressure wave: 300 bar

Reaches limits of technology




Spallation Neutron Source at Oak Ridge National Laboratory e ._[SNS

DUTIEO NN

The world’s most intense pulsed, accelerator-based neutron source b i

Backscattering

Dittractometer INOMAD) - BL-1B (ARCS)-BL-18

Wide Angular-Range
Nanescale-Ordered Materials Chopper Spectrometer

Fine-Resolution Fermi Chopper

Spectrometer (SEQUOIA) - BL-17

snecuomcte' (BASIS) - | Liquids, sciutions, glasses, polymers, nanocrystalline and | Alomiclevel dynamics in materials sclence, Oynamics of complex fluids, quantum fiuids, magnetism,
BL-2 i partially crdered complex materials ! chemistry, condensed matter sclonces condensed matter, materials sclence
Oynamics of macromolecules, constrained ! *F T 7

Spallation Neutrons and
Pressure Diliractometer

Wt

molecular systems, polymers, biology,
chomistry, matecials sclence

environmental sciences -

/|
/ - ‘ II
5 ¥ ‘
(SNAP) + BL-3 \ \ b |
~ -, :
orials sclence, goology, earth and » Ve K"O,,.

Magnetism Rellectometer -
BL-4A

Chemistry, magnetism of layered
systems and interfaces

Liguids Refiectometer -
BL-4B

Interfaces In complex flulds,
polymers, chemistry

Cold Neutron Chopper
Spectrometer [ENCS) - BL-5

Condensed matier physics, materisls science,
chemistry, biology, environmental sclence

Extended Q-Range Small-Angle Neutron
Scattering Diffractometer (EQ-SANS) - BL-6

Life science, polymer and collcidal systems, materials science,
oarth and envircamental sclences

.
.‘ 1
| o

* g op g
Scheduled commissioning date

- Operating instrument in user program

- In design or construction
- Under consideration

In commissioning or operating
development beamline

Engineering Materials Difiractometer

Ultra-Small-Angle Neutron

(USANS) - BL-1A (2014°) BL-16B

Lite sclences, polymers, materials sclence Viteational gynamics in molecular systems, chemistry
earth and esrvironmental sciences ' < ' : 3

, g Neutron Spin Echo Spectrometer
o - | , (NSE) - BL-15
% ] VS Highresolution cynamics of slow processes
polymers, blological macromoleculos

Micteel O AN £ T4 B

Hybrid Polarized Beam

Spectrometer
(NYSPEC) - BL-14B

Alemic-lavel dynamics in single
crystals, magnetism, condensed
matier sCiences

BL-14A

Fundamental Neutron
Physics Beam Line +BL-13

Fundamental properties of neutrons

NN
b ,\\-

~ .

o
“> N JESENYY ens -

e
»

-
' >

o F N o

Macromelecular
,_ Neutron
i Diffractometer
( (MaNDi) - BL-11B
— i ’j Atomic-level structures of

Versatile Neutron ——— =  [FErS T R yrmmpms
Elastic Diffuse Scattering | Imaging @& complexes, DNA

Spectrometer (CORELLD - .‘ Instrument atSNS 008.564.9851
BL-9(2014") 9§48 (VENUS)-BL10 | :

Detalled stucies of disorder | ~y 8
gl reegy seleciive Imaging in | Powder Diffractometer (POWGEN) +

crystalline materials matecials sclence
' ‘ : BL-TIA

engineering, materials
ccossing, environmaental

o 9 Atomic-lovel structures In chemistry, materials sclonce, and

condensed matter physics including magnetic spin structures

y

Single-Crystal Diffractometer
(TOPAZ) - BL-12

Atomic-lavel structures in chemistry
biology, earth science, materials sclence,
condensed matier physics

sciences and biology

(VULCAN) « BL-7 | e ' . Awhia Huq - $090ATIN - hop@ormigo

| Mechanical behaviors, materisls science,

Wedo 1 Elaahi

Q . :
materials processing VS DEPARTMENT OF AK S— - \
T —— ENERGY OAK "‘ NEUTRON SCIENCES

“RIDGE

Office of Science
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What does a neutron facility look like?

A.




Advanced Spallation Sources require /" o

SPALLATION
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high power accelerators -
g ) R A " -
10 | <) ADS ]
NP = 1MW ‘
MYRRHA
® (O EURISQL () study
upgr . planned
§§§ @ operating
() FRIB @ SNS2g pss
@sys () 1pNgUPErade
1F LANSCE @ @5¥S @ Project X :
é" - \_P = 100kW OHEE;?SL :
— TRIUMF : power
SN
S {} JPARCCeV
Hﬂ
P = 10MW
ISIS
01 F : ‘
SNS LP SPL
CERN
O
@ IPNS @ JRarc %Y
0.01 N o s 2 2 2 a2l o 2 2 2 2 32 a2} . . S s sa ™
01 1 10 100

Epeam [GEV]
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Moderation
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Slow neutron generation €5 i

Two step process in the target station

A) Series of nuclear reactions: B) Collisions with H atoms:
spallation — fast neutrons moderation — slow neutrons
~100 billion °C "Thermal": ~ 20 °C

"Cold": ~ -220 °C = 50 K

<High-energy Proton

. :3

- Tungsten or Lead
. Nucleus

'lll' |'1;3(:)
R,

- 158
. oo
. . > — |onization!

"Time: << us® 10 — 500 us

Proton Beam

41



EUROPEAN

. . I,es SPALLATION
TDR configuration: two tall moderators
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e rc]ll”'l'\"“.'

|

Monolith

/ liner

Proton beam window

Steel
shielding |

/

Neutron beam
extraction

Target wheel

Moderator and reflector plug

Neutron beam window

EUROPEAN
|, SPALLATION

'/ SOURCE

Functions:

* Convert protons to neutrons
* Heat removal
» Confinement and shielding

Unique features:

* Rotating target
* He-cooled W target

43
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Excellent performance from the TDR moderators

(ESS Technical Design Report)

1016

) | —— ESS bispectral
E | — ESS cold
e 1015 N e £SS thermal

8 5 - = = ILL cold

2L - - - ILL thermal
N * - - - ILL hot

g 101+

Sy :
=,

13

% 10™

-—

5

.5 102 ¥

- .

&

5 ﬂ

8 1011_E

-

3

- 101° : : : : : :

0 1 2 3 4 5 6 7 8 9 10

Wavelength [A]

3. ESS Technical Design Report, ESS-doc-274, ISBN 978-91-980173-2-8 (April 23, 2013).
URL http://eval.esss.lu.se/DocDB/0002/000274/015/TDR onli%ne ver all.pdf

44



_\ "\ EUROPEAN

We started from the unperturbed brightness"’:f'es'i',.- e

/7
|
)
)
™ y,
o -
=l

0.15 -
Q12 - Baseline
= .
fg, 0.09 -
Q
i
< |
S  0.06 -
£
>
=
0.03 -
o‘oo"l"l"l"l"l"l"l
000 003 006 009 012 015 018 0.21

Hydrogen Diameter [m]

4. K. Batkov, A. Takibayev. L. Zanini and F. Mezei. Unperturbed moderator brightness in
pulsed neutron sources, Nuclear Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment 729 (2013) 500 - 505.
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Neutron Beamlines and Instruments
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Neutron Instrumentation N

Technology

* ESS will be more powerful and several times brighter than existing facilities.
 However, over the past decades the major order of magnitude gains have been in the

instrumentation design 1.0
0.9
0.8
eg neutron eg neutron transport o nickel
moderators “neutron optics” 5 o5
/ \ T 04
\L 0.3—_
tx10 * Neutron guides use this o
8 = _ o - . 2= 5A
< ESS 5 MW A=1.5A Crltlcal.ang!e for-mjcernal 00oo 02 04906 08 10 12 14
7 2015 design reflection, in a similar way ¢ o
thermal moderator . )
6 - to optical fibres T
5 - - 1 ——

ESS 5 MW
2013 design (TDR)

Brightness (n/cm?/s/ster/A)

0 1 2 3 4 time (ms)

e The advances in neutron detection have been more
modest, until recently ...
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DETECTOR

7~

NEUTRON OPTICS
and SHUTTER

q.’f, / TBEAM MONITOR

o

v P

BEAM LINE SHIELDING

s

|

lCHOPPER 1

CHOPPER 2

Maonitor 2

'NEUTRON OPTICS

- GUIDE divejgence
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“CM Instrument Design

* Instrument Design is about selecting the phase space of interest and maximising that
* Phase space here primarily means flux (6D: position, divergance) and neutron energy/
wavelength
® Remember that as the neutron energy is not measurable, need to use time-of-flight or
diffractive scattering to determine neutron energy
® Remember Liouville’s theorem:
* Phase space density is constant for conservative force fields
* It implies that high resolution measurements are low flux and vice-versa

Chopper ~ m=55 35 25 | m=2 : m=25 i 3 Detector
Moderator  PS Instrument ' ! 00
Shutt I elliptic - ballistic guide ! ! exchangable Beam
u.er ! 60 mmx 60 mm ! ﬂ ! Stop
L 1) y ! — 7 lcm I
‘ U : = Bl
L light aC 8C ! ! ' Monitor i + Monitor
| shutter ! ! ! ! | |
! bispectrah 6.10 m 8.00 m 12.75m | 1 I ! |
: cwitch | 6.11m ! ! ! '\ 77.75m !
Om ! 6.15 m 23.70 m 58.90 m 71.84 m 76.50 m 79.00 m

6.25-6.95m




Time distance diagram

SPALLATION
SOURCE

Q

* Time distance diagram of white beam instrument with Pulse
shaping chopper .

distance
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-t Neutron Time-of-Flight
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* Use time of flight to separate neutrons of
different energies

Distance [m]
o

® Thermal neutrons 1.8A: v =2200 m/s 10}

* Rotating Mechanical “choppers”, made of |

neutron absorbing material can select neutrons of
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§§§§§§?g” Neutron Optics

* The phase space density of neutrons cannot be increased
e Absorption and finite efficiency of optical components means that phase space density
decreases
* Neutron optics designed to transport phase space density as well as possible
* Focus decreases size of beams, but increases divergance
* Collimation decreases divergance but reduces flux
® Neutron mirrors and guides can be constructed by using the critical angle
® In particular neutron guides use internal reflection in a similar fashion to that of optical

fibres.
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I Supermirrors

Invention of Supermirrors
(Turchin 1967, Mezei 1976)

smooth surfaces l multilayer I supermirror l
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Selecting phase space ...
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” The European Spallation Source: (. @ cvropenn

view to the Southwest in 2025 \\_// o

n _.j‘.'esearch facility, under construction, opens up in 2016

5 S —
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ESS: Project commitments @l SPALLATION

N

22 Public Instruments state- of—the art technolq_gtes

-

Construction costof 1,843B€E =
Steady-State Ops at 140 M€/year

~
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Time plan e

2067
ESS Decommissioning

ESS construction
| complete

4 Construction work starts S ,' D R .
on the site R < " A e G
—_— . 5 N ‘ _ 2026 N A ‘
- ; : ESS Operation Phase - TN
Decision: ESS will be oy , e .
built in Lund ' 2023 - 2 iy '
| ESS starts S > j
user program PR g Al //
- Z. T ' P : ~'J,

First neutrons on
instruments

First European design effort
of ESS completed
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Total construction cost: € 1,84 billion

Accelerator
€ 522M

In-kind

Instruments
Cash
€ 350M .




Next generation: long pulses

1,4x10*
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Cost equivalent linear accelerator
alone can produce the same cold
neutron pulses by ~100 us proton

pulses at ~ 0.15 GW instantaneous
power —> Leave the linac on for more

neutrons per pulse and higher peak

brightness...
~ 300 kj/pulse and use mechanical pulse shaping —
\ o Long Pulse source
ESS: 5 MW accelerator power
| — more neutrons for the same costs
IS . and at reduced complexity
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ESS Technical Design Report

ESS Technical Design Report

e ESS TDR released: available on ESS website
e Will serve as a baseline for construction

© Feb '12

ESS Conceptual Design Report

Release 2.0

February 5, 2013
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The Reference
Instrument Suite

Wide-Angle Spin Echo

Horizontal Reflectometer
Broad-Band High Flux SANS
High-Resolution Spin Echo

. Cold Chopper Spectrometer . | )
. Backscattering Spectrometer y —

. Materials Science & Engineering Diffractometer
. Thermal Powder Diffractometer

. Thermal Chopper Spectrometer

. Extreme Conditions Instrument

. Single-Crystal Magnetism Diffractometer
. Cold Crystal-Analyzer Spectrometer
. Macromolecular Diffractometer

General-Purpose Polarized SANS

Multi-Purpose Imaging Surface Scattering

Bi-Spectral Powder Diffractometer . Vertical Reflectometer
Vibrational Spectroscopy Bi-Spectral Chopper Spectrometer
Fundamental & Particle Physics Pulsed Monochromatic Powder Diffractometer
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The ESS site
pA0



naEsoand U, eu & uuw, bbbk s

.
¥ 4 webbkameror.se

EURCPEAN
SPALLATION
SOURCE

23 October 2012



)

-——

(TITTTTTI—

-

B

S

Vision 2020

o s

~'.:_x\'
,’,/// "\ EUROPEAN
| | SPALLATION
\\ *// SOURCE
N

June 12, 2014

Achdng at £55 from the Slen






\ . EUROPEAN

2014: Construction begins ... (€55 ) waamon

i

* Environmental court approval received.
* Successful project review.

* Conventional Facilities Preliminary Design
under review.

* Ground break took place Sept. 2.

* Foundation Stone Ceremony and Science
Symposium Oct. 9.
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ESS construction Kot

The roof installatio o'rithe HEBT Loading Bay

n the north sl be Accslergibyiugeel.
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Target Station and Service Tunnels
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Basement work for Experimental Halls Lab 3B (E04).
Background: village of concrete piles for the Experimental Hall
3, where the instruments with the longest beam guides, up to

156 meters, will be housed.
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15 (+1) Neutron
Instruments (2025)
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55’5@” Further Reading

* Neutron Scattering:
e B. Willis + C. Carlile, Experimental Neutron Scattering, 2009
* R. Pym, The Neutron Primer. hitp://totalscattering.lanl.gov/docs/nprimer.pdf
e G. Squires, Thermal Neutron Scattering. (1978)
® http://neutronsources.org/

® ESS Technical Design Report available from esss.se
e ILL Blue book, available at ill.eu



http://totalscattering.lanl.gov/docs/nprimer.pdf
http://neutronsources.org

Summary

® An overview neutron scattering

* A tool for many detailed studies of materials using
neutrons

® Overview of Neutron Sources
® In particular Reactor and Spallation Source:

® An overview status of construction of the E
Spallation Source




