
ESS 2014-03-19 

ESS 

Mats Lindroos on behalf of the ESS  

19 March 2014 



ESS 2014-03-19 

Neutron
Source

Synchrotron
Source

Lund University

Copenhagen
Copenhagen-University
CPH Airport

Bridge
SE-DK

IDEON
Innovation
Environment
Incubators
Venture Capital
Marketing Advice

A European research 

center 



ESS 2014-03-19 

Cs Zr Mn S O C Li H 

X-rays 

neutrons 

Light and neutrons 



ESS 2014-03-19 

Engineering materials 

20/03/2014 4 
Source: PSI, CEMNET workshop 2007 

Non-destructive analysis of a steel armed concrete block with neutron imaging and X-ray tomography. 
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Neutrons and x-rays are complementary 

- neutrons… 

..see inside materials 

..see light atoms 

..see isotopes ..see atoms move 

..see magnetic atoms 

Courtesy of Ian S. Anderson 
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Berkeley 37-inch cyclotron 

350 mCi Ra-Be source 
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(Updated from Neutron Scattering, K. Skold and D. L. Price, eds., Academic Press, 1986)  

FRM-II 
SINQ 

SNS ESS 

ESS - Bridging the neutron gap 

J-PARC 
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ESS is a long pulse source 
38

Figure 2.19: Single-pulse source brightness as a funct ion of t ime at a wavelength of 5 Å at ESS, ILL,

SNS, J-PARC and ISIS target stat ions 1 and 2. In each case, the cold moderator with the highest peak

brightness is shown.

the world’s leading neut ron facilit ies is made in Figure 2.19. The peak brightness at ESS will be higher

than that of any of the short pulse sources, and will be more than an order of magnitude higher than that

of the world’s leading cont inuous source. The t ime-integrated brightness at ESS will also be one to two

orders of magnitude larger than is the case at today’s leading pulsed sources.

The designs of inst ruments at ESS will be less limited by the t ime-st ructure of their long-pulse source

than are instruments at short -pulse sources. They will benefit from a substant ially higher peak brightness,

combined with a t ime-average brightness which is much higher than that at any short -pulse source, while

retaining much of the flexibility of cont inuous-source instruments.

Many of the inst ruments will be substant ially longer than their counterparts at short -pulse sources.

The underlying reason is the requirement for good wavelength resolut ion; the pulse length at the source

represents the uncertainty in the emission t ime of the neut rons, which can be reduced compared to their

t ime-of-flight by making the inst rument longer. However, the inst rument length also direct ly a↵ects the

bandwidth; that is, the longest wavelength that can be measured from a part icular source pulse before it

overlaps in t ime with the shortest wavelength emit ted from the following pulse. Pulse-shaping choppers

are an alternat ive method of improving wavelength resolut ion. Placed close to the source, they e↵ect ively

reduce the pulse length, and hence the resolut ion, without making it necessary to increase inst rument

length. A large part of the opt imisat ion of the inst rument suite consists of balancing resolut ion and

bandwidth considerat ions through appropriate combinat ions of inst rument lengths and chopper systems.

2.3.1 W hit e-beam inst rument s

The majority of the inst ruments at ESS will use a substant ial part of the full white beam. Their bandwidth

will be limited by their length and choice of pulse suppression, and it will be possible to tailor their

resolut ion using a pulse-shaping chopper. They fall into two categories – large pulse width and small pulse

width – depending on the required pulse width compared to the int rinsic length, ⌧= 2.86 ms, of the

neutron pulse.

L ar ge pulse widt h = ⌧

SANS, spin-echo, macromolecular crystallography, and part icle physics: There are seven inst ruments in

this category in the ESS reference suite, all of which are well suited to the long-pulse t ime st ructure.

They can use the full ESS pulse width and thus benefit from the high peak and t ime-average brightness.

The ESS inst ruments will significant ly outperform equivalent present -day inst ruments, due to the often

unnecessarily good wavelength resolut ion of those inst ruments at contemporary short -pulse sources, and

to the inherent ly lower peak brightness available to inst ruments at cont inuous sources.
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17 nations committed to build ESS 

Cash contributions 

from Sweden, Denmark 

and Norway 

50% of construction and  

15-20% of operations 

costs 

In-kind contributions 

from the other  

14 nations 

Construction cost: 1843 M€ 

Operation cost: 140 M€ 

Decommissioning cost: 177 M€ 

 

ESS AB 2014, ca 250 personer, 

32 nationaliteter 
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Helicopter view of ESS 

Instruments
22 Instruments in
construction
budget

5 times more powerful than SNS
30 times brighter than ILL

Total Cost of Project
1843 (2013) Mil €

Proton Accelerator
Energy: 2 GeV
Frequency: 14 Hz
Current: 62.5 mA

Target Station
Solid Rotating W
He or Water Cooled
5MW average power
>22 beam ports



Road to realizing the world’s leading 
facility for research using neutrons 

2014 
Construction work 
starts on the site 

2009 
Decision: ESS will 
be built in Lund 

2025 
ESS construction 
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 



Initial User Ops 

Commissioning and operations 

Criteria for start of Initial Operations:  
Deliver a measurable number of moderated neutrons to an instrument.  

          TDR Performance Goals 
Strategy 

• Initially keep radioactivity  
and doses low to allow  
hands on maintenance.   

• Ramp up power quickly  
to find limitations and  
increase reliability 
before user operations 
start. 
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    Key parameters: 

-2.86 ms pulses 
-2 GeV 
-62.5 mA 
-14 Hz 
-Protons (H+)  
-Low losses 
-Attention is paid to cryoplant 
turn down capabilities to 
minimize use of electrical 
heaters at low temperatures 
and proper cryogenic design 
techniques to minimize static 
heat leaks 
-Flexible design for  
future upgrades 

 

ESS accelerator 

Design Drivers: 

 High Average Beam Power 

  5 MW 

 High Peak Beam Power 

  125 MW 

 High Availability  

  > 95% 
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1

6 

ESS Linac 

Energy (MeV) No. of Modules No. of Cavities βg Temp (K) Cryo Length (m) 

Source 0.075 1 0 – ~300 – 

LEBT 0.075 – 0 – ~300 – 

RFQ 3.6 1 1 – ~300 – 

MEBT 3.6 – 3 – ~300 – 

DTL 90 5 5 – ~300 – 

Spoke 220 13 2 (2S) × 13 0.5 βopt ~2 4.28 

Medium β 570 9 4 (6C) × 9 0.67 ~2 8.52 

High β 2000 21 4 (5C) × 21 0.86 ~2 8.52 

HEBT 2000 – 0 – ~300 – 

Spokes Medium β High β DTL MEBT RFQ LEBT Source 
HEBT & 

Contingency 
Target 

2.4 m 4.5 m 3.6 m  40 m 54 m 75 m 174 m 

75 keV 3.6 MeV 90 MeV 220 MeV 570 MeV 2000 MeV 

352.21 MHz 704.42 MHz 
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Sebastien Bousson 

Pierre Bosland 

Santo Gammino 

Søren Pape 

Møller 

Roger 

Ruber 

Ibon Bustinduy 

CERN The National Center for 

Nuclear Research, Swierk  

Anders J  

Johansson 

Prototyping the ESS accelerator 

Roger Barlow 

http://irfu-i.cea.fr/Page/474/irfu_signaturesac_der.png


Very high level Schedule 

19 

2010 14 11 12 13 15 19 16 17 18 20 21 22 23 

ESS ADU 
starts 

CM 
prototypes 
launched 

First SC 
cavity 

ordered 

Ellip CM 
production
launched 

Early 
access to 

tunnel 

NC linac 
ready 

SC linac 
570 MeV 

ready 

First 
protons to 

target 

Early 
access 

cryo and 
test 

buildings 

1370 MeV 
protons 
available 

2 GeV 
protons 
available 

NC and FE 
IK 

contracts   

Spoke CM 
prototype 
available 

Redesign 
approved 

Prototype 
IOT tubes  
delivered  

Injector 
test at 
Saclay 

Decision 
IOT or 

klystrons 

Cryoplant 
ready 

Conceptual Design 

SC RF 

NC linac 

RF 

Cryogenics 

Services, installation and com. 

Decision 
on  

Scope 

Klystrons 
and IOTs 
ordered  

RF for 
medium 

beta ready 

RF for High 
beta ready 

Acc 
cryoplant 
ordered 

Cryo dist. 
line 

ordered 
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High beam power leads 

to an innovative design  
• Rotating tungsten target 

– 2.5 m diameter 

– 33 sectors 

– Suspended on a 6 m shaft 

– Total mass: 17 tonnes 

– Rotational speed = 0.42 Hz 

– Estimated lifetime = 5 years 

• Helium coolant 
– 3 kg/s flow rate 

– 4 bar inlet, 1 bar ∆P 

– 20°C inlet, 200°C ∆T 
Source: KIT 
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ESS Reference suite of instruments 

ESS reference 

suite of 22-

Instruments

Proton

Beam
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ESS In-kind contributions potential 

Target station 

€ 154M 

Accelerator 

€ 510M 

NSS/Instruments 

€ 350M 

In-kind 

Cash 

Total construction cost:  

€ 1,84 billion 
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Fundamental physics at ESS 

• The ESS Scientific and Technical Advisory Panel (STAP) on fundamental physics is 

charged to evaluate the scientific opportunities at the ESS for experiments that address 

questions in nuclear, particle, and astrophysics, as well as those that probe the character of 

the fundamental symmetries of nature and search for physics beyond the Standard Model.  

• The STAP reports to the ESS Scientific Advisory Committee (SAC). 

• Last report “there are extraordinary opportunities for a class of fundamental neutron 

physics experiments that require the highest possible integrated neutron flux. 

Particularly notable among these is the proposed search for neutron-antineutron oscillations” 

• In addition to the neutron measurements relevant for fundamental physics possible at ESS the 

construction of a proton high intensity frontier accelerator also open possibilities for many 

other experiments such as neutrino oscillation measurements. The STAP recognized that 

this is beyond the competence of this committee to give recommendations. 

• ESS looking forward to relevant bodies in particle physics to study the case for neutrino 

physics (ESSnuSB proposal) and make recommendations 

25 
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A sustainable research facility 

Renewable 
Carbondioxide:  
- 120 000 ton/year 

Recyclable 
Carbondioxide: 
- 15 000 ton/year 

Responsible 
Carbondioxide: 
- 30 000 ton/year 
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27 

1.8 Billion Euros: 

Biggest investment in Science ever in Scandinavia? 

In modern time, definitely YES! 

“With better measurements of the stars positions and movements I can 

make much better horoscopes for you, your majesty!” 

 

However, Tycho Brahe’s Stjärneborg costed the Danish 

king 1% of the state budget in 1580. 
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ESS will be at the proton high 

intensity frontier! 

 

Welcome! 
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Short pulse neutron sources-SNS 

• SNS, SC LINAC/Storage ring, 2007, 1.4 MW, 1 GeV, 26 mA in 

linac, 627 ns long pulse, 60 Hz 

• Examples of challenges: Better understand stripping reaction 

in linac, accumulation in storage ring  
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Short pulse sources-LANCSE 

• LANCSE, NC LINAC /Storage 

ring, 1972, 100 kW, 800 MeV, 

17 mA in linac, 600 ns, 20 Hz 

• Examples: Combined H- and 

H+ acceleration  
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Accelerated intensity at 

800 MeV: 

2.5x1013 ppp  - 3.75x1013 

ppp  

(200 µA)            (300 µA)  

 

• Neutron scattering 

facility 

• Two target stations 

• Muon facility 

 

Examples of challenges: 

Ceramic vacuum 

chambers, high space 

charge synchrotron 

 

 

 

31 


