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An alternative detector design for Small Angle Neutron Scattering (SANS) applications is currently under development at the 
European Spallation Source (ESS) [1].  Given the unavailability and high price of 3He, this detector design utilizes gaseous 
detectors with 10B as neutron converter and is ideally suited for a SANS instrument at the ESS. The novel aspects of the 
geometry,  exploiting  the properties  of  the converting  material,  in  combination  with  the performance of  the detector  are 
addressed by means of  analytical  calculations,  as  well  as  detailed Monte Carlo  simulations  using a  customized version of 
GEANT4. Last but not least, progress from the conceptual prototype design is presented.!

•  gaseous detector banks 10 m long, 0.5 m in diameter!
•  simple, cheap and material-oriented design!
•  excellent polar angle resolution δθ/θ < 10 %!
•  10B4C-coated Al layer in back-scattering mode for maximizing 

efficiency [2,3]!
•  Ar/CO2 gas mixture!
•  high efficiency thanks to the grazing angle!
•  small impact of local scattering on angular resolution!
•  collimation for reduction of long distance scattering!

YZ cross section of the proposed SANS detector!

•  GEANT4 simulations of realistic geometry!
•  combination of GEANT4 and McStas libraries (NXSLib) for proper treatment of thermal neutrons!
•  tools in place to begin with detailed optimization studies!
•  preliminary results on the scattering background of the proposed geometries for background reduction (material thicknesses have been 

exaggerated to enhance the effect)!

Analytical calculations of the polar angle resolution, efficiency, Q access and Q resolution for the detector banks surrounding the vacuum tank [4]!

•  ESS has entered the detector prototyping phase !
•  First attempt focusing on a simple single channel gas counter!
•  The 10B4C converter sheets partly cover the interior of the pipe!
•  First signals obtained at the ESS Detector Lab!
•  Next focus on a SANS prototype with realistic geometry!

Preliminary simulations of polar 
angle scattering effects with 
different neutron energies for the 
proposed geometries, aiming on 
background reduction.!
!
•  No absorbing flanges (left)!
•  Multiple absorbing flanges (right)!

Proportional counter with a single absorbing 10B4C sheet (a), 
end cap with gas supply (b) and electronics (c).!

Coated components for the 
SANS prototype are available!

SUMMARY

•  Analytical calculations of the proposed SANS detector pave the way to realistic simulations!
•  Preliminary GEANT4 simulations of background scattering available!
•  Realistic detector optimization now possible – simulation tools in place and operational!
•  Simple prototype will be used to validate simulation results on scattering at small scattering angles!
•  Next step of prototyping is a realistic SANS geometry!

(a)! (b)! (c)!

Oscilloscope trace of the counter (persistent mode)!

NDRA2014
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Introduction and History 

2Thursday, July 3, 14



2013-10-11
STC16 Agenda Item 9

Quan
tum 

Enzy
mology

Protei
n 

Dyn
am

ics

Multi-s
cale stru

cture

and dynamics
Kinetics of Complex 

micro-fluids

In Operandi Advanced 
Energy Devices Complex Interfaces Charge and spin 

Transport 

in Novel Materials New States 

of Matter

1960 Ma
ter

ials
	
  Co

mp
lex

ity/
Nee

d	
  fo
r	
  Pr

ecis
ion

1970
1980

1990

2000’s

2020+

Time	
  

Neutron	
  Science	
  Pushes	
  the	
  Boundaries

ESS intensity allows 
studies of
– Complex materials
– Weak signals
– Important details
– Time dependent phenomena
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Why Neutrons?

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 
 
 H 

D O 
Si 

C 

Neutrons are
– low energy
– non-damaging
– penetrating
– broad wavelength range

thermal and cold neutrons 
meV

“with a small m”
wavelength ca. Å
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Neutrons	
  are	
  special
Charge neutral

 

Deeply penetrating 

Li motion  in fuel cells

Help build electric cars

Nuclear scattering 

Sensitive to light 
elements and isotopes 

Active sites in proteins

Better drugs

S=1/2 spin
  

Directly probe magnetism

Solve the puzzle of High-Tc 
superconductivity

Efficient high speed trains

Test AdS/CFT correspondence

Urate	
  oxidase
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6

Steel
shielding

Monolith
liner

     Fast neutrons produced / joule heat deposited:

 Fission reactors:               ∼ 109     (in ∼ 50 liter volume)

→  Spallation:               ∼ 1010     (in ∼ 2 liter volume)

 Fusion:          ∼ 1.5x1010  (in ~ 2 liter volume)
     (but neutron slowing down efficiency reduced by ~20 times)

 Photo neutrons:        ∼ 109      (in ∼ 0.01 liter volume)

→  Nuclear reaction (p, Be):   ∼ 108      (in ∼ 0.001 liter volume)

 Laser induced fusion:       ∼ 104      (in ∼ 10-9 liter volume) 

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

Neutron	
  genera>on:	
  
	
   energy	
  → atomic	
  nuclei
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Development	
  of	
  neutron	
  sources
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Neutron	
  genera>on:	
  
	
   energy	
  → atomic	
  nuclei
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Steel
shielding

Monolith
liner

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

•Natural sources of unbound  neutrons are  
spallation processes in the atmosphere, 
fusion in stars and natural fission
•Example: cosmic neutrons in the 
atmosphere
•Of interest for as can cause single event 
upsets in chips
•Neutrons may be signature for new 
physics in various underground experiments

•Whilst of interest in themselves, none of them are 
frequent enough to be used a probe

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

M. S. Gordon, et al., TNS 1 12004 (2004.)

10Thursday, July 3, 14
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Radioactive Laboratory Sources
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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

The Production of Neutrons

C. J. Carlile

1. THE PRODUCTION OF NEUTRONS
1.1 Natural Radioactive Sources

Neutrons can be produced by fusion processes in stars, by spallation processes of
cosmic rays in the atmosphere and by the process of spontaneous fission. Other than
that there is no natural source of neutrons. The (αα,n) reaction however, with which
Chadwick was first able to isolate and identify the neutron in 1932, is the nearest. In
certain light isotopes the ‘last’ neutron in the nucleus is weakly bound and is released
when the compound nucleus formed following α-particle bombardment decays.
Chadwick made use of the naturally occurring α-emitter polonium-210 which

3.1-1

TECHNIQUES

Figure 1: The discovery of the neutron in 1932 by Chadwick followed
experiments of αα particle bombardment of beryllium.

He4 +Be9 →C12 +n+5.7MeV

•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
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Radioactive Sources

•Some isotopes undergo spontaneous fission
•eg Cf-252, 3.1% of decays, average of 3.7 neutrons per fission. 
•Californium-252 is not naturally occurring - it must be created by irradiating transuranic 
elements in a reactor
•Half life is only 2.6 years. 

13Thursday, July 3, 14



Fusion
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Neutron Generator

1D2 + 1T3 -->2He4 (3.5 MeV) + 0n1 (14.1 MeV)

ALPHA
SCINTILLATOR

ALPHA
PARTICLE

-PHOTO MULTIPLIER
TUBE

TUBE
ENVELOPE

VACUUM
PINCH-OFF

TARGET

D/T ION BEAM
ACCELERATING
ELECTRODE HIGH VOLTAGE

INSULATOR

HIGH VOLTAGE
ELECTRODES

GETTER -FARADAY
CAGE

-14MCV
NEUTRON

FOCUS 1C
ELECTRODE SOURCE

Fig. 14 A sealed tube neutron generator combined with APM head for
time correlated measurements

Table 11.
Comparison of sealed tube neutron generators

Type/Name

A-3045/6
A-3041-4
A-3043
18601
18604
TN-26

KARIN
TN-46

Manufacturer

KAMAN
KAMAN
KAMAN
PHILIPS
PHILIPS
SODERN
MARCONI
HAEFELY
SODERN

Life-time Acc.voltage/Beam current
[kV/mA]

200 h
2xl06 pulses
100 h

1000 h
400 h

2500 h
200 h
400 h

> 1000 h

200 kV/5 mA

125 kV/0.1 mA
200 kV/8 mA
125 kV/0.1 mA
200 kV/20 mA
200 kV/500 mA
225 kV/2 mA

Yield
[n/s]

3xl010

5xl07

5xl07

>108

>1012

2xl08

>1012

5xl012

>ion

center of the annular ion source and spherical collimator. A cylindrical
pneumatic rabbit system (sample transfer) can be introduced into the center of

the target along its axis by an insulating polyethylene tube to achieve a homoge-
neous sample irradiation, especially if the sample is rotated during irradiation
in the hollow target. The conical targets are used almost only for neutron thera-
py. The target is produced from scandium titride. The tube can give
yield during its guaranteed life-time of 400 hours.

> 1012 n/s

37

•Use Deuterium-Deuterium or Deuterium-Tritium fusion
•Small accelerator arrangement of few 100 keV
•DD:

50%: 1D2 + 1D2 -->2He3 (0.82 MeV) + 0n1 (2.45 MeV)

50%: 1D2 + 1D2 -->1T3 (1.01 MeV)+ 1p1(3.02 MeV)

•DD:

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

•fluxes typically in the range 10^6 -10^10 n/s 

15Thursday, July 3, 14



Fission vs Spallation 

•Processes very different
•Fission results in light and heavy debris
•Spallation results in debris close to 
that of target
•Neutron yield:
•Fission: 2.5n / fission. 1 needed to 
substain criticality
•Spallation: very energy dependent. 
Typically ca. 10. 

•Heat: 
•Fission: ca. 160 MeV/neutron
•Spallation: ca. 25 MeV/neutron

Fission and Spallation (+others)– How 
are neutrons generated?g
• Neutrons Produced

– fission: 2.5 n/fission (1 
required to sustain reaction)

ll ti  10  / ti  – spallation: 10+ n/reaction 
(highly energy dependent)

• Energy deposited
fi i  190 M V/ f l – fission: ~190 MeV/useful n

– spallation: ~25 MeV/useful n

• Nuclear debris
– fission: typically light and 

heavy fission products, 
includes actinides

– spallation: most products 
Hg

p p
similar in mass to target, no 
actinides

• Energy distribution of neutrons

5 Managed by UT-Battelle
for the U.S. Department of Energy April 2012

– spallation neutrons can have 
energies up to the incident 
proton energy – massive iron 
shielding Courtesy Phil FergusonPhil Ferguson
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Fission vs Spallation 

•Energy spectrum very different
•Spallation yields neutrons up to the proton beam energy

Fission and Spallation Neutron 
Spectra

6 Managed by UT-Battelle
for the U.S. Department of Energy April 2012 Courtesy – Franz Gallmeier

Franz Gallmeier

•Significant shielding needed

17Thursday, July 3, 14



Reactors
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•World’s leading research reactor
•Came into operation in 1971
•58 MW thermal power
•Most intense continuous neutron 
flux in the moderator region:
•1.5 . 10^15 n/cm^2/s

•ca. 600 papers/year

Institut Laue-Langevin, Grenoble

19Thursday, July 3, 14



Institut Laue-Langevin, Grenoble
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Spallation Sources
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Current	
  most	
  advanced	
  neutron	
  sources	
  

22

Steel
shielding

Monolith
liner

Instantaneous power on target (e.g. 1 MW at 
60 Hz, i.e. 17 kj in ~1 µs pulses on target):     17 x
→ Pressure wave: 300 bar
 
Reaches limits of technology

1 GW

SNS (Oak Ridge, USA)   J-PARC (Tokai Japan)
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Moderation
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Slow	
  neutron	
  genera>on

25

Monolith
liner

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
           

                   H2O

                               H2  

   
                       → Ionization!

      Time: << 1 µs       10 – 500 µs 
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TDR	
  configura>on:	
  two	
  tall	
  moderators	
  

Thermal	
  wings	
  provide	
  a	
  bi-­‐spectral	
  source.

26

Volume moderator:
 implemented at J-PARC
 99 % para-H2 tested  
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Functions:
• Convert protons to neutrons
• Heat removal
• Confinement and shielding

Unique features:
• Rotating target
• He-cooled W target

27

Proton beam window

Moderator and reflector plug
Target wheel

Neutron beam 
extraction

Target drive housing

Neutron beam window

Steel
shielding

Monolith
liner

Slow	
  neutron	
  genera>on:	
  target	
  monolith
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(ESS	
  Technical	
  Design	
  Report)

Excellent	
  performance	
  from	
  the	
  TDR	
  moderators

28
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We	
  started	
  from	
  the	
  unperturbed	
  brightness

29
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          ESS 5 MW, 3 cm flat
         moderator
          ESS 5 MW, TDR 2013
          ISIS TS1 128 kW
          ISIS TS2 32 kW
          SNS 1 MW
          J-PARC 300 kW
           ILL 57 MW
ESS time average ~ 3 x ILL

Pulse shaping offers better efficiency of  use of  peak 
flux:
 - 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  
long pulses 

λ =	
  3	
  Å Technical Design Report  2013 (TDR)
  → feasibility, costs
Design optimization 2014
  → reduce costs, increase performance

TDR

Conv. mod (2010)

ESS:	
  the	
  next	
  genera>on
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Neutron Beamlines and Instruments
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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

MXType.Localized 

Document Number MXName 

Project Name <<project name>> 

Date 31/10/2013 

  
 

12(24) 

The accessible range in wavelength resolution due to pulse shaping is illustrated in Fig. 8. 
For the shortest pulses of 10 µs and cold neutron, PowHow can achieve a world wide leading 
resolution utilizing in particular the backscattering option. More importantly, the instrument 
will have a large flexibility choosing and trading resolution for intensity without comprising its 
performance. Such properties cannot be realized at existing sources by a single instrument. 
The instrument is limited for short wave lengths to 0.8 Å. The standard setting covers a 
frame 0.8 Å<λ<4.6Å offering a Q-range of 0.01Å-1<Q<16Å-1 when including the whole 
detector. The chopper systems allows for shifting to cold neutrons up to 20Å wave length. 
 
 
 
 
 
Fig. 8  Range of wavelength resolution Δλ/λ  
versus λ due to pulse shaping form 10µs to 1ms. 
 
 
 
 
 
 
 
The PowHow instrument and its components 
 

 

Fig. 9 Schematic layout of the POWHOW diffractometer. 

A schematic layout of the instrument is shown in Fig. 9. The instrument will have a common 
view to thermal and cold moderator. The elliptic guide system has the focal points at the 
pulse shaping chopper (PSC) and the sample. The focal point at the PSC is ahe needle eye in 
space and time and is illuminated from the source by the required divergence. PSC, a 14Hz 
overlap chopper and a 14 Hz T0 chopper for prompt pulse suppressing fit all near to the 
monolith wall; note, the 1m long chopper system can be placed favourably in the defocusing 
initial part of the elliptic neutron guide without losses for the neutron transport. Two 
additional choppers for and a heavy instrument shutter are placed in this initial part that is 
still with the copper shelf shielding as can be seen from the floor plan Fig. 10. The final 
guide section will have exchangable neutron guide parts either to focus the intensity to a 
smaller sample spot or, with absorbing end pieces to improve the divergence of the incoming 
beam. The sample position is at 76.50 m from the moderator and surrounded by a large 
detector. The detector geometry is cylindrical with its axis in common with the beam axis, 
rigorously adapted to the Debye-Scherrer cones.  
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Time distance diagram

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

33

2.2. AN INSTRUMENT SUITE FOR THE ESS 41
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Figure 2.21: (top) Time-distance diagram of a white-beam instrument with a pulse-shaping chopper. �
and T are the source pulse-width and repetition period, respectively, and L1 and L2 are the source-
chopper distance and chopper-detector distance, respectively. The figure shows the ”natural” length for
an instrument with a pulse-shaping chopper: fully filling the time frame without the need for wavelength-
frame multiplication. (bottom) Time-distance diagram of a white-beam instrument with a pulse-shaping
chopper and triple wavelength-frame multiplication

which will be required. The work is still on-going, but it is already clear that the instrument concepts of
the reference suite will perform very well. Several di�erent chopper schemes for RRM have been identified
which are able to achieve the varying frame lengths required for the di�erent incident energies, and are
in the process of being further optimized. Detailed WFM calculations have demonstrated the feasibility
of the method in simulations, and test experiments and prototyping are well under way. It has been
shown [110] that guides as long as 300 m can deliver almost perfect brilliance transfer up to the sample
for realistic beam divergences of both thermal and cold neutrons. Enhancing signal over noise is clearly
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Neutron Time-of-Flight

•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 
interest 0 0.02 0.04 0.06
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Figure 1.14: (left)Time distance diagram for a range of �
i

on a broad bandwidth instrument,
showing the energy loss (E

f

= 0.2E
i

) and energy gain (250 K) neutron paths in blue and red
respectively. On an instrument with fixed monochromatic opening times the monochromatic
chopper will let a range of � through and frame overlap will strongly limit the available spec-
troscopic energy, in particular for the longest � at the longest times. The various � are those
allowed to pass through a chopper setting optimised with a fixed time period so that the longer
� paths overlap with those adjacent. (right) Analytical flux calculations for the wavelength
dependence of the flux with pulse and monochromatic time windows fixed by balanced resolu-
tion for a single � (fixed time window) and variable time windows to provide uniform energy
resolution across the wavelength band.
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Figure 1.15: (left)Diagram outlining the geometric configuration to achieve equivalent energy
resolutions for a range of �0. (right) Comparison of the monochromatic burst times required
for a defined energy resolution across a range of wavelengths with the opening times provided
by a blind chopper set-up, analytical.
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geometry for neutron imaging at 50 m from the moderator followed by an up to 10 m long 
flight path in front of the detector position (Fig. 6). This allows for achieving the maximum 
desired FOV in a comparable manner to a standard approach at continuous sources where 
the pinhole would be already in the first focal spot. Additionally, the instrument has to take 
advantage of the bi-spectral extraction opportunity at ESS in order to satisfy the wavelength 
band requirements ranging from 1Å (e.g. Bragg edge strain mapping [1-11]) to well above 
10Å (e.g. mapping of small angle scattering [18-22]). 

On the basis of this principal concept [10,11] the ODIN beamline is to be specified in detail, 
which will be described in the following paragraphs. 

 

Fig. 5 Basic idea of chopper set-up (here with one fold pulse suppression and WFM in 
operation)(compare [8,15]) 

 

Fig. 6 Basic idea of ODIN guide system [11] 

 

1.3.3. Specification 

This section provides preliminary specification and descriptions of all major components of 
the instrument and their functionality based on simulations and analytical considerations. In 
some cases also alternative solutions have been taken into account, especially when the 
preferred solution has been judged to bare significant (technological) risk. These risks and 

BER-II (reactor)
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Neutron Optics

•The phase space density of neutrons cannot be increases
•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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Supermirrors

8 

Invention of Supermirrors 

 refractive index n < 1 

 total external reflection 

smooth surfaces multilayer  supermirror 
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V. F. Turchin, Deposited Paper, At. Energy 22, 1967 
F.  Mezei,  Novel  polarized  neutron  devices:  supermirror  and  spin  component  amplifier,  Communications  on  Physics  1,  81…85,  1976 F.  
Mezei,  P.  A.  Dagleish,  Corrigendum  and  first  experimental  evidence  on  neutron  supermirror,  Communications  on  Physics  2,  41…43, 1977  

Peter Bäni
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European Spallation Source
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Steel
shielding

Monolith
liner

But:
Cost equivalent linear accelerator 
alone can produce the same cold 
neutron pulses by ~100 µs proton 
pulses at ~ 0.15 GW instantaneous 
power: 2 x ILL 

  

15 kj linac pulse
SNS

simplify

Current	
  most	
  advanced	
  neutron	
  sources	
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Next	
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  pulses

Cost equivalent linear accelerator 
alone can produce the same cold 
neutron pulses by ~100 µs proton 
pulses at ~ 0.15 GW instantaneous
power  → Leave the linac on for more 
neutrons per pulse and higher peak 
brightness…
and use mechanical pulse shaping → 
Long Pulse source

ESS: 5 MW accelerator power  
→ more neutrons for the same costs 
and at reduced complexity 
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Japan	
  2008:
JPARC	
  (<1MW)

Europe	
  2019:	
  The	
  European	
  Spalla>on	
  Source	
  
(<5	
  MW)

USA	
  2006:
SNS	
  (<1.4	
  MW)

• One	
  of	
  Europe's	
  largest	
  planned	
  research	
  
infrastructures.	
  1.843	
  B€.

• For	
  physics,	
  chemistry,	
  life	
  science	
  and	
  more.

• For	
  academia	
  and	
  industry.

• 17	
  countries	
  plan	
  and	
  build	
  together.	
  

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

• Ground-­‐break/site	
  prepara>ons	
  June	
  2014.

• Neutrons	
  &	
  first	
  instruments	
  by	
  the	
  end	
  of	
  the	
  
decade.

• ~	
  500	
  employees;	
  ~2500	
  users/yr.

Lund,	
  Sweden	
  

What	
  is	
  the	
  European	
  Spalla>on	
  Source?
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Planning	
  &	
  Budget	
  &	
  In-­‐kind	
  poten>al

43

Total	
  construc0on	
  cost:	
  
€	
  1,84	
  billion Target	
  sta0on

€	
  154M

Accelerator
€	
  522M

Instruments
€	
  350M

In-­‐kind

Cash
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Target	
  and	
  Instruments

• Baseline:	
  22	
  instruments

• Scope	
  for	
  addi>onal	
  instruments	
  in	
  
the	
  future
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Relative Neutron Intensity per Pulse

•NB in terms of total flux, 
diagram is slightly unfair to 
reactors
•Duty cycle reactors = 100%
•Duty cycle ESS = 4%
•Integrated flux ESS is 
roughly that of ILL
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The	
  road	
  to	
  realizing	
  the	
  world’s	
  leading	
  
facility	
  for	
  research	
  using	
  neutrons

2014
ConstrucWon	
  work	
  starts	
  
on	
  the	
  site

2009
Decision:	
  ESS	
  will	
  be	
  
built	
  in	
  Lund

2025
ESS	
  construcWon	
  
complete

2003
First	
  European	
  design	
  effort	
  
of	
  ESS	
  completed

2012
ESS	
  Design	
  Update	
  phase	
  
complete

2019
First	
  neutrons	
  on	
  
instruments

2023
ESS	
  starts
user	
  program
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ESS Technical Design Report

ESS Conceptual Design Report

Editor: S. Peggs.

Contributors: K. Andersen, D. Argyriou, K. Batkov, C. Böhme, S. Bousson, I. Bustinduy, C. Carlile, P. Carls-
son, L. Celona, M. Comunian, H. Danared, C. Darve, P. Deen, M. Dell’Anno Boulton, R. De Prisco, G. Devanz,
R. Duperrier, D. Ene, M. Eshraqi, S. Gammino, M. Göhran, S. Gysin, H. Hahn, R. Hall-Wilton, H. Hassan,
K. Hedin, W. Hees, P. Henry, A. Hiess, A. Jackson, P. Jacobsson, A. Jansson, A.J. Johansson, C. Kharoua,
O. Kirstein, E. Laface, G. Lanfranco, R. Linander, M. Lindroos, S. Molloy, J. Malovrh, D. McGinnis, F. Mezei,
P. Nilsson, E. Noah, E. Oksanen, C. Oyon, S. Pape-Møller, T. Parker, J. Persson, S. Petersson Årsköld,
F. Plewinski, B. Pottin, A. Ponton, P. Radahl, K. Rathsman, M. Rescic, T. Rod, R. Ruber, P. Sabbagh,
R. Seviour, S. Skelboe, A. Steuwer, J. Stovall, M. Strobl, A. Takibayev, L. Tchelidze, A. Tibbelin, G. Trahern,
H. Wacklin, L. Zanini, R. Zeng.

Figure credits: Advanced Cyclone Systems, Australian Nuclear Science and Technology Organisation, G. Cas-
tro, A. Class, T. Davenne, Ch. Densham, M. Christensen, Deutsches Elektronen Synchrotron, Dresser Roots,
European Organisation for Nuclear Research (CERN), J. Fetzer, Forschungszentrum Jülich GmbH, J. Gardner,
S. Gordeev, G. Hees, A. Houben, Institute of Complex Systems, Institut Laue-Langevin, M. James (ANSTO),
Japan Atomic Energy Research Institute, Karlsruher Institut für Technologie, W. McHargue (SNS), National
Institute of Standards and Technology, National Physical Laboratory, T. Oku (RIKEN), M. Puls, Rutherford
Appleton Laboratory, SKF Magnetic Bearings, Spallation Neutron Source, R. Stieglitz, Technical University
München, TESLA, XFEL.

Feb ’12

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

ESS Technical Design Report

Release 2.0

February 5, 2013
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The Reference 
Instrument Suite
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Seminar@Julich |  2013-05-24  |  Detectors: The Story so far ... 

2011

The ESS Site
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23 October 2012 

The ESS Site

51Thursday, July 3, 14



52

Steel
shielding

Monolith
liner June	
  12,	
  2014

Vision	
  2020
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Current	
  status

• 3	
  instrument	
  concepts	
  have	
  entered	
  Construc0on	
  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	
  recommenda0on	
  on	
  which	
  ones	
  to	
  build	
  and	
  in	
  what	
  order.

• The	
  construc0on	
  licensing	
  process	
  is	
  in	
  its	
  end	
  
stages.

• Na0onal	
  funding	
  nego0a0ons	
  are	
  nearly	
  finished;	
  
countries	
  are	
  commiPed.

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

• Site-­‐prepara0on	
  has	
  started;	
  contractors	
  on-­‐site
• Official	
  ground	
  breaking	
  end	
  of	
  the	
  summer!

Ready	
  to	
  go	
  ...	
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Further Reading

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

•ESS Technical Design Report available from esss.se
•ILL Blue book, available at ill.eu
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Thank you!
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