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Light and neutrons
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Engineering materials

Neutrons
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Neutrons and x-rays are complementary
- neutrons...

..see light atoms
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SS - Bridging the neu
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ESS Is along pulse source
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17 nations committ

Cash contributions
from Sweden, Denmark
and Norway '
50% of construction and

per
¥ | o nstruction cost: 1843 M€
| | - Operation costi 140 M€
‘ mmissionifig cost: 177 M€
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Helicopter view of ESS

Proton Accelerator
Energy: 2 GeV
Frequency: 14 Hz

Current: 62.5 mA N &

- Target Station
- PN Solid Rojgling W
ﬁ” > 7 He or r Cooled
P e 5MW average power

Y >22 beam ports

Instrumen
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22 Instudents in & Y,
construction ' ~
budget | %
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5 times more powerful than SNS "

30 times brighter than ILL Total Cost of Project

1843 (2013) Mil €
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Road to realizing the world’s leading
facility for research using neutrons
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Construction work
starts on the site

ESS starts
user program

2009

Decision: ESS will
be built in Lund

First neutrons on
2012 ; instruments

ESS Design Update
phase complete
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First European design 3 , g Lt
effort of ESS completed | ; TN



Commissioning and operations

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

TDR Performance Goals

Strategy 5 ' ' ' ' ' ' - 100
* Initially keep radioactivity ] '
4 - - 80
and doses low to allow = : s
hands on maintenance. 2. | i e
~ 3 . 60§
. g ] Initial User Ops - o
* Rampup power quickly  z | | [ =
to find limitations and g 2 1 40 =
increase reliability T : =
before user operations ~ © 1 - —8— Beam power | [ 20
start. ] —i— Reliability | |
0- 0
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ESS accelerator

Design Drivers:

High Average Beam Power Key parameters:
5 MW -2.86 ms pulses

High Peak Beam Power §265e \r{] A
125 MW -14 Hz

High Availability _protans (Fi+)
> 95% -Attention is paid to cryoplant

turn down capabilities to

minimize use of electrical
heaters at low temperatures
and proper cryogenic design
technigues to minimize static
heat leaks

-Flexible design for

future upgrades

Functions
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ESS Linac
. P |

352 21 MHz e sy 04,42 MHz i
E24m>» €45m> <€36m> € 40m> €54m> €&«<75m > & 174m —>

HEBT &

i

Spokes

Vediumi s

HighiB

Contingency

75 keV 3.6 MeV 220 MeV 570 MeV 2000 MeV
Energy (MeV)| No. of Modules | No. of Cavities Bg Temp (K) | Cryo Length (m)
Source 0.075 1 0 — ~300 —
LEBT 0.075 — 0 — ~300 —
RFQ 3.6 1 1 - ~300 —
3.6 — 3 — ~300 —
90 5 5 - ~300 —
Spoke 220 13 2(2S)x 13 | 0.5 B | ~2 4.28
Medium 570 9 4(6C)x9 | 0.67 ~2 8.52
High B 2000 21 4 (5C)x 21 | 0.86 ~2 8.52
HEBT 2000 — 0 - ~300 —
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Prototyping the ESS accelerator
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Very high level Schedule
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12 13 14 15 16 17 18 19 20 21 22 23
ESS ADU Redesign
starts
approved .
<4 4~ Conceptual Design
FirstSC  CM Spoke CM Ellip CM Decision SC linac
cavity prototypes prototype prOdUCtion on 570 MeV
ordered |aunched available launched Scope ready
-~ —m e -~ SC RF
NC and FE Injector
IK test at NC linac
contracts Saclay ready
— e 4 NC linac
Klystrons Prototype Decision RF for
and I0Ts 10T tubes |OT or medium RF for High
ordered delivered klystrons beta ready beta ready
———— —~ — -— RF
Early
Cryo dist.  Acc access
line cryoplant cryo and Cryoplant
ordered ordered test ready
—_— TS 4 Cryogenics
Early First 1370 MeV 2 GeV
access to protons to protons  protons
. . . tunnel target available available
Services, installation and com. SIS
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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 AP
— 20°C inlet, 200°C AT

6.670 mm
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ESS Reference suite of instruments

Wide-Angle Spin Echo

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

Extracted from Catia
V6 Nov 22, 2012

Proton
Beam

ESS reference
suite of 22-
Instruments

. 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

LONOUTAWNE

General-Purpose Polarized SANS
Surface Scattering

Vertical Reflectometer
Bi-Spectral Chopper Spectrometer

Multi-Purpose Imaging
Bi-Spectral Powder Diffractometer
Vibrational Spectroscopy

Fundamental & Particle Physics Pulsed Monochromatic Powder Diffractometer
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ESS In-kind contributions potential

Total construction cost:

€ 1.84 billion %
| 65%

Accelerator
€ 510M

NSS/Instrument! In-kind
€ 350M B Cash
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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
guestions 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
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A sustainable research facility

Responsible
Carbondioxide:
000 ton/year

Renewable
Carbondioxide:
- 120 000 ton/year

Recyclable
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1.8 Billion Euros:
Biggest investment in Science ever in Scandinavia?

In modern time, definitely YES!

However, Tycho Brahe’s Stjarneborg costed the Danish
king 1% of the state budget in 1580.

“With better measurements of the stars positions and movements | can
make much better horoscopes for you, your majesty!”
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Short pulse neutron sources-SNS

Front-End Systems Accumulator Ring
(Lowrence Berkeley) (Brookhaven)

Q\-% X
Target

-
‘= : = 7 2 (0ok Ridge)
m - 4 rS
~ | .
s

Linac ——
(Los Alamos and Ly
Jefferson)

Instrument Systems
(Argonne and Oak Ridge)

 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
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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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& Science & Technology Facilities Council

Accelerated intensity at

800 MeV:

2.5x1013 ppp - 3.75x10%3
ppp

(200 pA) (300 pA)

* Neutron scattering
facility

« Two target stations

* Muon facility

Examples of challenges:
Ceramic vacuum
chambers, high space
charge synchrotron

03. 12. 2005
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