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Neutron Science Pushes the Boundaries

In Operandi Advanced

_ _ 2000's
ESS intensity allows

studies of 1990
— Complex materials

— Weak signals Me
— Important details
— Time dependent phenomena
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EUROPEAN
a Why Neutrons?
Neutrons are 1) Ability to measure both energy and momentum transfer
— low energy Geometry of motion

2) Neutrons scatter by a nuclear interaction => different isotopes

— non-damagin .
ging scatter differently H and D scatter very differently

~ penetrating 3) Simplicity of the interaction allows easy
- broad wavelength range interpretation of intensities

Easy to compare with theory and models

4) Neutrons have a magnetic moment

X-ray cross section

-

thermal and cold neutrons

@ O o
o o ' “with a small m':
H b C O A S Fe wavelength ca. A

@0 0 ¢ o
—

Neutron cross section
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Neutrons are special logs ) o,

l".l“:::\\.:_-___> o ’/f,/ SOURCE
N

Charge neutral S=1/2 spin Nuclear scattering

Deeply penetrating Directly probe magnetism Sensitive to light

,2 elements and isotopes

10

8
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4

2 T i T b T
0.3 0.5 0.7

Solve the puzzle of High-Tc Active sites in proteins

superconductivity

Help build electric cars Efficient high speed trains Better drugs

Thursday, July 3, 14 5



7/ SOURCE

————

Neutron generation: o))

energy — atomic nuclei

Fast neutrons produced / joule heat deposited:

Fission reactors: ~10° (in ~ 50 liter volume)
—  Spallation: ~ 1019 (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): ~10%8  (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

Thursday, July 3, 14 6
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O major upgrade of source
Bl cperation fill major upgrade [ “assured” operation

ISIS, Didcot, UK

| | P a—
BENCS, Berlin, Germany | |

SINQ, Villigen, Switzerland

@,

| I
FRM-Il, Garching, Germany

Neutron research in Europe:
~5000 scientists, 11 facilities (and decreasing): ~ 350 M€/a

---—._
— i (W - S ’ |
& R2, Studsvik, Sweden
E— i — T ) |
DR3, Riso, Denmark
O — " |
FRJ-2, JAlich, Germany
P e E—

€SS

european
- spallation
source

[ possible extension of operation

LWR-IS.IReZ. Czech Republic
FRG-l, Geesthacht, Germany

|
BRR, Budapest, Hungary

I
HOR, Delf, The Netherlands

ILL, Grenoble, France

(|)rphee, Saclay, IFrance
| IBR-2, Dubna, Russia

ESS
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Feter Al enspach, ENSA Chairman
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ECNS'O7, Lund, June 27, 2007

Thursday, July 3, 14

8



' |\ EUROPEAN
SPALLATION
ok SOURCE

Natural Sources

Thursday, July 3, 14



http://star.arm.ac.uk/climate/images/work3.gif

INCIDENT
PRIMARY
I l\ | PARTICLE
ezl Natural Sources I |
| |
| i, h
® Natural sources of unbound neutrons are | 7
. . 1 - \N
spallation processes in the atmosphere, f i
fusion in stars and natural fission 1
® Example: cosmic neutrons in the Y2y . gy .
atmosphere g SRR
- ~ n
e Of interest for as can cause single evenf \ NE | o\
b oh 4l | | o\ Low ENERGY NUCLEONIC
upsers In chips ¥ | 5 R
P P . o | ofN eRRn b (EUTRONS DEGENERMTE -
* Neutrons may be signature for new i P TO "SLOW" NEUTRONS)
. . . . 0 )
physics in various underground experiments | | N\ e
l A
|
% mwwmmww [ | n p )J
-,-. -~ ‘{ 1 \ ~ PAN v !\ ——
§~: 10 ' | 4'% : Ilk ELECTROMAGNETIC ~ MESON _ : NUC LEONIC COMPONENT NP ‘:'SgLEgNE:GY
835 3 7 |! ) OR "SOFT OR "HARD
L, 3 KERGIEL COMPONENT ~ COMPONENT | en R
¥ 8 ; ; 4 R, ) I - | > PRODUCT NUGLEONS
5 = s i l’ | / i X ENERGY FEEDS ACROSS FROM |SMALL ENERGY FEEDBACK
% g I T | I B ! \ NUGCLEAR TO ELECTROMAGNETIC  FROM MESCN TO NUCLEONIC J} * NUCLEAR
25 2 SR = INTERACTIONS | COMPONENT DISINTEGRATION
E‘_ 0 -—v-i—vj-qd—m—mm-mmw el -ﬁ _:L_-g
_ @ T_‘-"_"i il vk adre 2o 132 hemtt h"'- 7 - Schematic Diagram of Cosmic Ray Shower
B i £ . . .
P T ® Whilst of interest in themselves, none of them are
) Sl | ke T S e . o "
3= i B i e s frequent enough to be used a probe
- _ T % urdit] : 1 l
E - 753 cmln BT
3 = s

DL )
)
)

.-\".: - -I‘z - ,"‘-‘e - -"" - .-“: - ‘-_: - .";: . ‘—.‘ - .._C
Neutron energy (MeV)
M. S. Gordon, et al., TNS 1 12004 (2004.)

Thursday, July 3, 14

10


http://www.intechopen.com/books/numerical-simulation-from-theory-to-industry/soft-error-rate-of-advanced-sram-memories-modeling-and-monte-carlo-simulation#B21
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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

a o He4 +Be9 —C12 +n+5.7MeV
L

% = ~ Neutrons
/ \"""'\-\.

2 5.3 MeV

Polonium-210 Beryllium

AN

Lead-206 He?+Be? —= CL+ 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

® Neutron production coincident with many

photons: possible to “tag” neutron production : : , ] | ]
® arXiv:1405.2686 0 2 4 6 8 10 12
Energy MeV

Relative Intensity

o4
L
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=l Radioactive Sources

* Some isotopes undergo spontaneous fission

e eg Ct252, 3.1% of decays, average of 3.7 neutrons per fission.

e Californium-252 is not naturally occurring - it must be created by irradiating transuranic
elements in a reactor

e Half life is only 2.6 years.

0.4 4

()5

H,: -

0.1 -4

Fluence per unit Neutron Lethargy (ard units)

| —
s

L

-

0.0) -4

1 ! ! T 1 T T T

1) T4 5 T8 1) 1o - 10 T % 1()

Neutron Energy (MeV)

Energy spectrum of a **2Cf neutron source.
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vl N eutron Generator

e Use Deuterium-Deuterium or Deuterium-Tritium fusion
* Small accelerator arrangement of few 100 keV

e DD.:
50%: 1D? + D2 -->;He? (0.82 MeV) + on! (2.45 MeV)

50%: 1D? + 1D? -->1T3 (1.01 MeV)+ 1p!(3.02 MeV)
e DD:
D2 + (T3 -->,He? (3 S 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 oHOTO MULTIPLIER
SCINTILLATOR ':_‘-,“" TUBE
o D/T ION BEAM TUBE
ALPHA 7 ACCELERATING/ ENVELOPE
PARTICLE S ELECTRODE HIGH VOLTAGE
__________ - N ez //I]NSULATOR
///

_/ - (F==—=3lc | 72 P
VACUUM 7 2 U - 2Y I HIGH VOLTAGE
‘ ,/{'Z St 7 XS N
PINCH -OFF %%/,////4 o : G oteof | ELECTRODES
 — A | 7 /
- - % r %
TARGET 7
\ Z . ////W
GETTER& \—FARADAY \—Focus 10N
\ CAGE ELECTRODE  SOURCE
14 MeV
15
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M Fission vs Spallation

SOURCE

A
g preten TG D)
. b "'"""‘_:r "I'l” o
® Processes very different & Predtron o RS2 i:‘% ’
. . T . a € Sl oS
® Fission results in light and heavy debris ;;a'-;t.f,‘_" " '-.,.:iwa o)
R : -
e Spallation results in debris close to e - , chanreadion
U by moderated
that of target themmal .. nettrons
. neutron s :
® Neutron y|e|d: ,.,E:. 3:: fission of the
. . . e excited nucleus
e Fission: 2.5n / fission. 1 needed to
substain criticality
® Spallation: very energy dependent.
. ink el
Typically ca. 10. m;ﬂé i ﬁf&":m
* Heat: Y n, -
o e if ]
® Fission: ca. 160 MeV/neutron fast ’ ,;‘:',,‘,’;:;;1 & .
. ons 5%
* Spallation: ca. 25 MeV/neutron protons P ¢ee
. "'u-
eg1te Nie \ ‘4";:";. F":."h'l >
gee g}
f& G AL wmee @ Ccn Y2y
ke P
highly excited « 9 ¥
MUGIEUs evaparstion . .-
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* Energy spectrum very different

Fission vs Spallation

* Spallation yields neutrons up to the proton beam energy

e Significant shielding needed

neutron yield (n/MeV)

10 ¢

0.01 ¢

0.0001 ——
0.001 0.01 0.1 1 10 100

Neutron Yield per Reaction

1GeV prétoné on ttljngsltelnI
U-235 thermal fission

100

energy (MeV) Franz Gallmeier
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M nstitut Laue-Langevin, Grenoble

SPALLATION
SOURCE

* World’s leading research react
® Came into operation in 1971

® 58 MW thermal power

® Most intense continuous neutro
flux in the moderator region:

®1.5.10M"5 n/ecm”2/s

® ca. 600 papers/year

Reactor
Vessel (Al) Hot Source (C)
. H3 ~(_H21 - H25
Horizontal Cold 2

P

Source (liq. D5) H14 - HIS8

H9 " Vertical Cold
2351J Core ~ Source (lig. D)
BRI 111 2
I"I:Q ¢ Control Rod
Shielding H10 ~ Security Rods
D,O
Moderator

Thursday, July 3, 14 19
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Tomography

EUROPEAN
SPALLATION
SOURCE

Cryo-EDM

SuperADAM

PN3-GAMS6
ThALES

SUN2

GRANIT

IN20 -TASSE

D2B
D20

Thursday, July 3, 14

O Reactor core A\ Three-axis group — ILL instruments
—&~ Hot neutrons L Diffraction group — jointly funded instruments
1 - .
——— Thermal neutrons Large-scale structures group — CRG instruments
- Cold neutrons X Time-of-flight/high-resolution group — Test and other beam positions
O Nuclear and particle physics group
[]  Testand other beam positions
D11
INT1A/C
IN5 IN10
FIGARO 3 D33
INe D7
- — 142 el
W H143 ‘ LADI IV
H144
Amz
H113 PF1B D1B
_— D D)
H22
— H112 SALSA VIVALDI INTGB
= M Tisc Y
H24
T13A
g
—
IN3 1 CYCLOPS qé
518 D23 E
IN22 13 D10y £
OrientExpress f
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m _/ Front-End Bujlding

ﬁ.“
Central Hidme \\./ Klystron Bulldlng
s Linac Tunnef

Building ‘.V

Radio‘Frequency

Facility =
Pty Fature

> £ S Target
Support & -~ - N 9
Buildings - ‘ J ‘= ' .t B\Ilding

Central Laboratory 5 Narﬁphase

Materials

and Office Complex
; Sciences

joint Instltute‘for \ | W

Neutron Sciences -

SNS (Oak Ridge, USA) | | - J-PARC (Toai Japan)

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
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Spallation Neutron Source at Oak Ridge National Laboratory = ggNS

DUTINTO R S

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

Wide Angular-Range
Nanescale-Ordered Materials Chopper Spectrometer

Fine-Resolution Fermi Chopper

Spectrometer (SEQUOIA) - BL-17

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

Backscattering

sncc".melﬂf (BASIS) - | Liquids, sciutions, glasses, polymers, nanccrystalline and Alomic-level dynamics in materials sclence, Oynamics of complex fluids, quantum fluids, magnetism
BL-2 partially cedered complex materials chemistry, condensed matier sclonces condensed matter, materials sclence
Oynamics of macromolecules, constrained - —— < 1 7 _—
molecular systems, polymers, blology, ,'

chomistry, matecials sclence u"r‘.smau.”n'e Neutron
P | (USANS) - BL-1A (2014") BL-168
Spallation Neutrons and s Uife sclences, polymers, materials science, Vibeational cynamics in molecular systems, chemistry
Pressure Dilfractometer s * s Spesnces ' '
(SNAP] - BL-3

Materials sclence, geclogy. earth and 4 : ’ ! -
vi tal sci Y » " :
pfachany sty A %L . , aa Neutron Spin Echo Spectrometer
v ‘ (NSE) - BL-15

Hybrid Polarized Beam

Spectrometer
(HYSPEC) - BL-14B

Alomic-lavel dynamics In single
crystals, magnetism, condensed
matier sCiences

Highresolution cynamics of slow processes

Magnetism Relleciometer - ' : ' '. polymers, biological macromolecules
BL-4A - BV b ) P, kgl

Chemistry, magnetism of layered
systems and interfaces

Liquids Refiectometer - BL-14A
BL-4B
interfaces In complex flulds,

polymers, choemistry

Fundamental Neutron
Physics Beam Line + BL-13

Fundamental properties of neutrons

Cold Neutron Chopper
Spectrometer [ENCS) - BL-5 % 7L P,
Condensed matter physics, materials sclence, 3 | . . Macromeolecular
chemistry, biology, environmental sclence . .B'"ﬂ“ IIOPIII Bl 12
.. N n""’ﬂﬂlomﬂmf Atomic-lovel structures In chemistry

!xtcnucu o_nange Sma|'_“nnle "cutfon lma.n.l - sl "‘B biology, earth science, materials sclence,

condensed matier physics

Single-Crystal Diffractometer

4 -
| Atomic-level structures of

Versatile Neutron Meebrane protenas. drug
Imaging : complexes, DNA

Scattering Diffractometer (EQ-SANS) - BL-6
Life science, polymer and collcidal systems, materials science, msﬂc n."use s‘:ane"nn

oarth and envircameontal sclences

SDBC"OIIO!BI’ (CORELLI - Instrument at SNS B8 D84 8551
BL-9(2014") (VENUS) - BL-10 '
e T Energy selecive imaging Powder Diffractometer (POWGEN) -

malterials sclence,
engineering, materials

procossing, environmental
sciences and biology

crystalline materials
. 1- yort BL-TIA

Atomic-lovel structures in chemistry, materials sclonce, and
condensed matter physics including magnetic spin structures

* g g o
Scheduled commissioning date

- Operating instrument in user peogram

In commissioning or operating
development beamline

Engineering Materials Diffractometer

(VULCAN) - BL-7

Mechanical behaviors, materials science,

- In design or construction materials processing US DEPARTMENT OF / » 3 Y
B U considerstion - A st 6 ENERGY 81\,;‘( . "‘ INEUTRON SCIENCES

IR A Office of Science
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Slow neutron generation fess)) m

\ — :7

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
. Nucieus

. Hzo
H,

. for
oo
. . > — |onization!

"Time: <<® us® 10 — 500 us

Proton Beam

25
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TDR configuration: two tall moderators

Thermal wings provide a bi-spectral source.

Volume moderator:
iImplemented at J-PARC
99 % para-H, tested

Thursday, July 3, 14
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| SPALLATION

Slow neutron generation: target monolith

Target drive housing Functions:
« Convert protons to neutrons
prteemney FINIE | |+ Heat removal
PSAIRRREES SN » Confinement and shielding
i Monolith
/ i _ il Unique features:

* Rotating target
* He-cooled W target

v

Neutron beam
extraction

Proton beam window
Target wheel

Moderator and reflector plug

Neutron beam window

27
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Excellent performance from the TDR moderators |

(ESS Technical Design Report)

1016
| —— ESS bispectral
| — ESS cold

105 - v ESS thermal
. - = = ILL cold

- = = ILL thermal
- = = ILL hot

10% -
1019

1012 E

1011 -

Peak source brightness [n/cm?/sec/sr/A]

1010“ , . . - : : — — — . — — =
0 1 2 -, 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

28
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7

0.15 -
0.12
T |
£ 0.09-
o v —2
i
3 - |
g’ 0.06 - Maximum is 2 times higher
S
>
I
0.03 -
0.00 -
0. OO 0.03 006 009 0.12 0.15 0.18  0.21

Hydrogen Diameter [m)]

4. K. Batkov. A. Takibayev. L. Zanini and F. Meze1. 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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ESS: the next generation

A=3A Technical Design Report 2013 (TDR)
— feasibility, costs
oato [ [ |7 ESS S MW, Somflat Design optimization 2014
ESS 5 MW, TDR 2013 — reduce COStS, INCrease performance
ISIS TS1 128 kW
ISIS TS2 32 kW
SNS 1 MW
" J-PARC 300 kW Pulse shaping offers better efficiency of use of peak
—ILL 57 MW flux:
4x10™ | ESS time average ~ 3 x ILL - more intensity at same resolution

- variable resolution for optimizing intensity
Flat moderators: higher guide losses for large
samples / large beam divergence

Cumulative effect: another about x 1.5 - 2 in favor of

TDR long pulses

.;(\7) 2x1 014 8)(1014':
2 )
“E 6x10™
= !
£ // ‘\ 4]
=) f \ 2x10";
5 / \\

Y == ---L- s =S 0

0 1 2 3 4 5
Time (ms)
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Neutron Beamlines and Instruments
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EUROPEAN

il 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
o [t implies that high resolution measurements are low flux and vice-versa

' ' 3.5
Chopper m=5.5 3.5 25 m=2 - m=2.5 -
Shutt ' elliptic - ballistic guide! ' exchangable Beam
s TO i : 60 mm x 60 mm | ! Stop
lthermmar—= . : ) ! )_) ' — 1cm? I .
, : L : , : .
. light - ! ' 1 Monitor | i Monitor
! BC BC ! - - ! !
, shutter 1 : : : : :
1 .
switch 1 6.11m ! ! !
Om ! 23.70 m 58.90m 71.84 m 76.50m 79.00 m
6.15m

6.25-6.95m
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Time distance diagram

SPALLATION
SOURCE

Q

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

distance T

T time

Thursday, July 3, 14
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2l Neutron Time-of-Flight

N}
O

N
o

e Use time of flight to separate neutrons of
different energies

® Thermal neutrons 1.8A: v =2200 m/s

* Rotating Mechanical “choppers”, made of |
neutron absorbing material can select neutrons of

Inferest 0 0.02 0.04 0.06
Time [S]

60my  detector 1A app. 9.5A

Distance [m]
o

—_
o

|BER-II (reactor)
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el N eutron Optics

® The phase space density of neutrons cannot be increases
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.

1.0
0.9+
0.8

071 nickel
0.6

0.5-
0.4-
0.3-
0.2
0.1-
12=5 A

0.0 : ,
0.0 02 04006 08 1.

© o

T

m=1

reflectivity
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L Supermirrors

Invention of Supermirrors
(Turchin 1967, Mezei 1976)

smooth surfaces l multilayer l supermirror l

Muum) V
n (material) Y A
n?
]
]
d
: : ]
= refractive index n< 1
= total external reflection , A
sinf = —
2
d >d.>d
1.0 22 1 1.0 _
0.9 094 m — 2
0.8- 08
. 0.7-: > 07
S 067 s S os
8 %7 5 g s,
° 047 3 © 04
0.3 0.3-
0.2-: L 0.2- L
8';_x=5A _ ClsA N
04 06 08 10 12 14 00 02 04 06 08 10 12 14 00 02 04 06 08 10 12 14

o[°] orl o[°]
Peter Bani . Physik Department E21 Tlm Technische Universitidt Miinchen
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Selecting phase space ... S
°Te-and post Sample A distribution (IVI}cStas)l
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100 }
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water sample, 2m collimation *  PreBender
! PostBend
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e PreChopperi
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. *oee o Sample
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European Spallation Source
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Current most advanced neutron sources

11715 ”u ‘ J Front-End Building 5 o=

Central Ha_i Klystron Buildlng o iy
Liquefactiol %

Buildin e Slinac T‘"‘"e."/ Rlng \ :
e ST o e LI
oo AT SRy = <=2 Cost equivalent linear accelerator
o ? : AP W Halone can produce the same cold

Y neutron pulses by ~100 us proton
St W R ~-scdpulses at ~ 0.15 GW instantaneous
S R R " TR oM power: 2 x ILL

Joint Institute for
Neutron Sciences

1,2x10"

1,0X1014—; SNS

8,0x10"

15 kj linac pulse

6,0x10"

4,0x10"
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SPALLATION

Next generation: long pulses - H) a

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

110" brightness...

P20 ~ 300 kj/pulse and use mechanical pulse shaping —
5 todd \ o Long Pulse source
Ng 8,0x10°- SRS |
g ooadt ESS: 5 MW accelerator power
2 4000" — more neutrons for the same costs
et . and at reduced complexity
g > A(’) - ‘5(’)0’ B '10‘00' - '15‘00‘ a '20’00‘ - '25’00' | '?;0’00 40

Time [Ms]
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Next generation: long pulses

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

1410 brightness...
120" ~ 300 kj/pulse and use mechanical pulse shaping —
T road] \, o Long Pulse source
Ng 8,0x10°~ e
g 6,0x10°- y
g’ 4,0x1d‘°":
g 2,0x1d3//¥
% e 6 - 5(')0' - '10‘00' - '15‘00‘ B '20'00‘ B '25'00' - '30'00
- Time Ms] 41
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I L0 B R e sl ol e One of Europe's largest planned research
infrastructures. 1.843 B€.

e For physics, chemistry, life science and more.
* For academia and industry.
A\ 8 ° 17 countries plan and build together.

i* The world's most powerful linear proton
accelerator, and the most powerful source of
neutrons for science.

Ground-break/site preparations June 2014.

Neutrons & first instruments by the end of the
decade.

~ 500 employees; ~2500 users/yr.

Japan 2008: USA 2006:
JPARC (<1MW) SNS (<1.4 MW)

Thursday, July 3, 14
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Planning & Budget & In-kind potential (ess) ) o

\ N2
N 7

Total construction cost:

€ 1,84 billion Target station

Accelerator
€ 522M

In-kind

Instruments .C Ble rator Layout Nov 2
ash

€ 350M N
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Ta rget an d Instruments 7/

e Baseline: 22 instruments

e Scope for additional instruments in
the future

— — \3 .A v WS .
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Relative Neutron Intensity per Pulse

Intensity
A

ISIS-TS1

Thursday, JuIy3 14

ISIS-TS2

o ¥
NDRA 2014| 201

* NB in terms of total flux,
diagram is slightly unfair to
reactors

® Duty cycle reactors = 100%
* Duty cycle ESS = 4%

* Integrated flux ESS is
oughly that of ILL
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The road to realizing the world’s leading EUROPEAN
facility for research using neutrons

SOURCE

2025}
ESS construction "
complete

2014

Construction work starts
on the site

ESS starts
user program

2009
Decision: ESS will be
built in Lund

2012 [
ESS Design Update phase |

complete

2003

First European design effort
of ESS completed
Ve
V. .
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ESS Technical Design Report

ESS Technical Design Report

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

@ Feb '12

ESS Conceptual Design Report

Release 2.0

February 5, 2013

¥ J
- AL |
NDRA 2014 | 2014-07-03 | Neutron Sources
»-

EUROPEAN
‘ SPALLATION
‘ SOURCE
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The Reference
Instrument Suite

Wide-Angle Spin Echo

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

LCoONOOTUDHEWN-

. Cold Chopper Spectrometer
. Backscattering Spectrometer
. 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

Thursday, July 3, 14

49



' N " S e »

¥ & webbkameror.se

- The ESS Site
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SOURCE

2011
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2 SOURCE

23 October 2012
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June 12, 2014

[—-' M\ - - --’ ‘
w"

- " )
an 3 qn‘sﬁm,?

Vision 2020

Aceiing at £55 from the Slen
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Current status €55 e

~———cjp

\\\

* 3 instrument concepts have entered Construction Phase 1 — preliminary
engineering design.

* 16 new instrument concepts have been proposed and reviewed by our
independent advisory bodies, the STAPs and the SAC. The SAC will soon be making
a recommendation on which ones to build and in what order.

: : : Lo Ready to go ...
* The construction licensing process is in its end e

stages.

* National funding negotiations are nearly finished;
countries are committed.

* The archaeological survey of the land has been
completed, and test piling etc. is on-going.

* Site-preparation has started; contractors on-site

* Official ground breaking end of the summer!

=4
Thursday, July 3, 14 53



EUROPEAN

2 Further Reading

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

® ESS Technical Design Report available from esss.se
o |[LL Blue book, available at ill.eu

Thursday, July 3, 14
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Thank you!
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