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resilience anc
NNovation

by the Director General

Progress through

Resilience is an important trait of any
human endeavour and a tremendous
resource in challenging times, such as
during the last two years due to the
COVID-19 pandemic. In a crisis, resilience
allows us to respond with flexibility and
ingenuity, by quickly adjusting the way
we do things, and finding new technical
solutions. This preparedness takes its
strength from our collective know-how,
that has been generated by decades of
research, and our capacity to convert this
know-how rapidly into innovation.

As a scientific organisation, we applaud
the fast development of vaccines against
SARS-CoV2. This is another example of
scientific development with a crucial
societal impact, allowing society to save
millions of lives and keep the pandemic
under control. Because of the many
challenges caused by the pandemic, the



“In many ways 2021 was a challenging and
hard year, but also a year with remarkable
achievements. The close collaboration, strong
support and engagement from staff, member
states, partners and council made this

possible and | extend a sincere thank you!”

role of scientific research and technical
innovation has become more visible to
the general public and policy makers,
who have had the opportunity to see
how basic and applied research, when
leveraged in the appropriate way, are
indispensable to guarantee a better
quality of life for all.

| am proud of the response and sense of
shared responsibility displayed over the
last year by the ESS community at large:
here in Lund, as well as at our In-Kind
partner institutes across Europe. The
ESS people have been adjusting the way
we work, and managed with persistence
and maturity the balance between safety
and well-being and the advancement of
the ESS project to the extent possible.

At ESS, as we cautiously enter a post-
pandemic phase, we have a stronger

awareness of the privilege and
responsibility to be a scientific research
infrastructure: the knowledge that we
will enable can and must contribute to
building a more sustainable future, for all
human beings and for our planet.

To make our significant contribution to a
sustainable future, our imperative is to
complete the construction of the facility
and be ready for the outstanding science
programme that ESS will enable. These
objectives will fuel our work, year by year.
The year 2021 has marked important
milestones along this path. All of the
conventional facilities have been handed
over to ESS by the contractors. This
allowed ESS to take possession of the main
office, which, with its modern open
architcture, offers a good work
environment for collaboration. On the
construction of the facility, many critical
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Project
completion
2027

Our commitment

technical components were installed and
commissioned in all parts of the technical
buildings. Among many, the successful
feeding of a particle beam into the first
part of the linear accelerator, made
possible by a successful collaboration
among physicists, engineers,

and technicians.

With our In-Kind partners, we celebrate
this and other goals achieved, in spite of
the severe disruptions caused by the
pandemic. In particular, restrictions on
travel have negatively affected the
project performance, limiting the
circulation of people and goods, but also
the exchange of knowledge and expertise
that is the basis of any big

science project.

The pandemic, the highly ambitious
project, and other internal factors have




lelays in the delivery of the fac
he effect of those delays on
g part of the project, a
baselining of the project was carried
outin 2021. The collective effort has
provided us with a robust and realistic
plan to complete the construction of the
ESS facility and be ready for operations
by the end of 2027, when 15 instruments
will be in the final stages of
commissioning, with at least half of them
ready to receive users. The instruments
will be served by an accelerator that will
deliver 2MW of beam power to the target
station. In the last quarter of 2021, the
revised plan was rigorously evaluated by
the ESS Project Advisory Committee and
endorsed for implementation by the

ESS Council.

Throughout the year, our member
countries continued to demonstrate their
trustin ESS, acknowledging its role in the
European and global scientific landscape.
On behalf of the whole organisation, |
take the opportunity to confirm once
more our full commitment to deliver on
our engagement and thus demonstrate
responsible stewardship of the resources
entrusted to us.

continue to further enhance
ance through changes to our
0 ation, culture, and ways of
orking, building on the exceptional
competence and motivation of our staff
and partners.

Deeply rooted in our present
commitment to complete the
construction of the facility, we will
continue to enhance our presence in the
international scientific community,
building partnerships and fostering
knowledge-exchange opportunities
among research centres, universities,
and the private sector.

ESS is conceived to be a globally leading
player in its field for the decades to come.
Itis my belief that ESS will provide a
significant contribution to the
advancement of scientific knowledge
right from the very start of the

scientific programme.

It will then be up to us all to use this
knowledge in the most responsible way
to achieve progress for the generations
to come.

Sl LA

HELMUT SCHOBER
ESS DIRECTOR'GENERAL



Top highlights of 2021

The delivery of all buildings from Skanska to ESS. Finally, we were

/I able to remove the fences marking the border between the
construction site and the campus. Even though construction work
will continue for many years to come, it is a remarkable change to
be able to walk around outside the buildings without a hard hat
and safety shoes.

How we handled the pandemic. ESS staff and partners have

2 tirelessly adjusted how we work, and managed the balance
between keeping pace in the project and our well-being after
the pandemic.

The full rework of the plan was completed and implementation

3 started, demonstrating the commitment and determination
from member states, partners and staff to deliver the best
possible research facility in only five years.
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A year of progress

Despite the many challenges resulting from the Covid pandemic,
the ESS project has reached several important milestones in 2021,
including the handover of all buildings, the beam commissioning of
the first part of the accelerator, and the delivery of key equipment
for the accelerator.

KEVIN JONES /] _
TECHNICAL DIRECTOR, ESS| ] st R L
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“The installation of LOKI
IS now well underway
In one of the halls”

KEVIN JONES
TECHNICAL DIRECTOR, ESS

Embracing digital collaboration

The most notable accomplishment of
2021 was the completion of the civil
construction work and the handover of
all buildings to ESS.

Andrew Kimber, Acting Project Director at
ESS, explains: “The completion of the
conventional-facilities part of the project
was a major achievement. The ESS
Facilities Management Group has taken
responsibility for all of the buildings on
site, which we now own. We started
moving in last March when the first parts
of the campus buildings were completed.
The move to our new offices has been an
energy-boost for the ESS staff, even if
many of the employees have had to work
from home for much of the year due to
the pandemic,” Andrew Kimber says.

Significant progress in technical
installations

Gaining full access to the buildings has
also enabled ESS to ramp up installation
of technical equipment at the site.

“At the end of December, ESS took over
the last buildings from our construction
partner SEC, Skanska ESS Collaboration.
These were the target building, where
the target vessel resides, and the short

instrument halls on either side of the
target building. This means we now have
full access to the facility, enabling us to
begin installing equipment and
instruments in all parts of ESS,” Andrew
Kimber explains.

Moving forward despite challenges
Kevin Jones, Technical Director at ESS,
describes 2021 as a remarkable year for
the project.

“We have really pushed the projectin
2021," he says. "Despite the pandemic,
we've had a very transformative year.
We began receiving regular deliveries of
important equipment for every part of
the facility, including the accelerator, the
target system, and the neutron-
scattering instruments.”

The accelerator

In 2021, the first sections of the
accelerator, the ion source and the
radiofrequency quadrupole, were
commissioned. This was the first time
the proton beam was accelerated
through one of the many structures that
will ultimately constitute the final
accelerator and represents a

major breakthrough.

“This demonstrated our ability to
integrate all key technical systems that
need to work together in order for the
first section of the accelerator to
function properly,” Kevin Jones says.

“This includes systems for water, vacuum,
power conversion, radiofrequency
controls, low-level radiofrequency
controls, magnets, interlocks, safety
systems, etc.”

A second milestone in the accelerator
part of the project was the delivery and
testing of the first cryomodules from
ESS's in-kind partners in France. These
units accelerate the protons in the beam,
and four out of a total of 13 were
delivered and tested during 2021.

Target station

The target systems also underwent
major developmentin 2021. The target
vessel arrived at the ESS site in 2020,
and in 2021, the 39 port block tubes were
attached to it. These tubes will hold the
neutron guides that will transport the
neutrons from the target to the different
experiment stations.

“The port block tubes are welded to the
vessel; this is a very complex procedure
and probably one of the most critical jobs



at ESS. We must maintain alignment
within extremely narrow tolerances to
ensure good performance of the
neutron-scattering instruments. This
means the welding has to be performed
with minimal distortion and dimensional
changes,” Kevin Jones says. "And the
results are very good, alignment has
been very well preserved.”

Another significant accomplishment of
2021 was the completion of the target
wheel, including the drive motor system,
the shaft, and the wheel itself, comprised
of 7000 tungsten bricks and weighing
almost four tonnes. Following the factory
acceptance tests, the wheel will be
delivered to the ESS site in early 2022.

Neutron scattering instruments

The instruments are still in an early stage,
but good progress is being made on
many fronts.

"In 2021, we started the installation of
one of the short instruments, LOKI,
which has been built by our partners in
the UK. The installation is now well
underway in one of the short instrument
halls,” explains Kevin Jones.

"We've also made significant progress on
the instrument BIFROST. And we've just
begun the construction of ODIN and
DREAM in a different instrument hall. So
the instrument projects are now gaining
a lot of momentum, and we look forward
to further equipment installation in the
instrument halls as we move forward,”
Kevin Jones continues.

Control system

Critical advances have also been made in
the implementation of the integrated
control system. The beam test of the
accelerator enabled the ESS team to do a
full commissioning test of the timing
system, which is crucial for the operation
of the accelerator. During normal
operation, the timing system turns on
and off over one million times per day,
creating 14 pulses per second, and proper
timing and synchronisation is essential
for creating a high-quality beam.

“The global control system will allow us to
operate and manage all the equipment at
ESSin an integrated, holistic way from
the main control room. The system will
monitor and collect an enormous amount
of information, and control over 1.6
million components,” Kevin Jones says.

Gradually transitioning into the
operations phase

Another sign of the project’s progress is
the establishment of an HR framework
for standard operations, including shift
work. This is required, as more and more
parts of the project will transition into
standard operations over the coming
years. This was the case for the ion
source in 2021, which now operates 24/7.

Another exciting year to come
Kevin Jones looks back at an
eventful year:

“I'am proud of what the ESS team has
accomplished in 2021 and | would say
that we have now completed roughly
50-60% of the total project. We reached
some very significant milestones in 2021,
despite the Covid pandemic. We will keep
our sleeves rolled up, and | am very much
looking forward to the things we have
planned for 2022," he concludes.



A year of change

2021 was, in many ways, a transformative year for ESS.
The entire project was re-baselined, resulting in a new time
plan and a revised cost estimate. The ESS organisation and
all its partners now have a solid foundation for completing
the project by 2027.

“IWe have been met withs
extremely positive.and
professional attituaes”

DIMITRI ARGYRIOU
ASSOCIATE DIRECTOR FOR IN-KIND MANAGEMENT, ESS

.g



“The goalls project
completion by 2027

ANDREW KIMBER
ACTING PROJECT B

“Even before Covid, many deliveries of
key components for the ESS facility were
significantly delayed. The pandemic
further added to the problem as
lockdowns and travel bans, in many
cases, made it impossible to work. By
the end of 2020, it was apparent to the
ESS Council that the probability of the
project being completed on schedule and
on budget was minimal.”

Re-baselining the entire project

In early 2021, the ESS Council therefore

decided to re-baseline the entire project
and create a new time plan and budget.

Andrew Kimber, Acting Project Director
at ESS, has been a key personin
this process.

“My task has been to manage the
re-baseline effort, and coordinate the
work done by the directors and all the
subproject managers,” he explains. “The
technical scope of the project remained
unchanged, i.e., 2 MW proton beam

power on target and 15 neutron-
scattering instruments. The task at hand
was to completely reasses what it would
take to complete the project and to
include realistic contingency for both
cost and schedule.”

The process began in the spring of 2021.
The ESS Council asked the re-baseline
group to prepare six scenarios, each with
different cost and time restraints, and
assess their likelihood of success. At its
meeting in early June, the council decided
to move forward with one of the
scenarios, where the delay would be two
years and the additional cost roughly half
a billion euros, and directed the group to
develop a detailed time plan and budget.

The re-baseline group worked hard
throughout the summer months, going
through all aspects of the project, to

come up with a viable plan for completion.

Planning for unknown factors

“One of the improvements with the new
project plan is that we, for the first time,
have included both time and cost
contingency,” says Andrew Kimber. “This
is a big improvement compared to
previous plans where there was no room
for unexpected problems. In our new
plan we have included a list of risks and
uncertainties and linked these to the
different tasks in the project. This has
allowed us to estimate the impact these
risks and uncertainties have on the
schedule in a much better way, and to
plan for it in advance. It has also given us
a much more tightly-integrated plan,
where we see how the different parts of
the project affect each other.”

CLICKTO START VIDEO



Project performance will be evaluated on
a monthly basis, with a greater focus on
forecasting, in order to become a more
proactive organisation. These monthly
follow-ups will create an early warning
system, giving all external and internal
stakeholders a clear view of where the
project is moving in terms of schedule
and cost.

Building stronger relationships with
in-kind partners

In-kind partners are a crucial part of the
ESS project, and their support and input
has been vital to the re-baselining
process. The Covid pandemic has had a
severe negative effect on in-kind
partners and their supply chains. An
important part of the re-baselining
process has therefore been to assess
the situation and possibilities for the
partners to deliver their parts of

the project.

Dimitri Argyriou, Associate Director for
In-Kind Management at ESS, explains
that ESS's relationships with its in-kind
partners have been strengthened in
2021, partly as a result of the
re-baseline process.

“Working with our in-kind partners, we
have been met with positive and
professional attitudes. Everybody has
come together as a team, trying to get
the job done, no matter what happens,”
he says. "To get the full picture of the
situation, we conducted a series of
surveys to get factual information from

each of our partner labs regarding the
Covid status and their ability to continue
their work, as well as clarifying when it
will be possible to deliver over 200 pieces
of in-kind equipment. This information
was crucial input for the

re-baseline process.”

Final review

In November, the entire re-baseline plan
and budget was presented to the Project
Advisory Committee (PAC), at a three-
day review meeting. All in-kind partners
attended and presented the status of
their respective parts.

Nearly 100 presentations were given
over the course of the meeting and the
Project Advisory Committee evaluated
every aspect of the re-baseline, including
schedule, costs, risks, etc.

The committee wrote a report, which
supported almost the entirety of the
re-baseline plan, and one month later,
Andrew Kimber and his colleagues
presented the new plan and budget to
the ESS Council. The Council gave the
organisation the go-ahead to launch on
the trajectory of the re-baseline and
initiated negotiations on the split of the
extra budget resources.

According to the new plan, ESS will be
ready by 2027, two years later than in
the previous plan. The extra funds

required will amount to 550 million euros.

Financial contingency

To support the implementation of the
new project plan, the ESS organisation
has taken steps to prepare for the
activities of the coming years.

During 2021, Agneta Nestenborg,
Director of Project Support &
Administration at ESS, made sure the
ESS organisation has the required
support to complete the project.

"Procurement and logistics are at record
levels, showing that the projectisin an
intense phase. We have reworked our
staffing plans during the year to make sure
we have enough resources, for example
procurement officers, as the project
progresses according to the new project
plan,” she says.

Hard work ahead

The next phase of the re-baselining
process, which is expected to be
completed in 2022, is to secure
members’ commitments and have the
funding approved.

Moving forward with the new plan,
Dimitri Argyriou has a clear view of what
is required to ensure successful completion
of the project: “There is no magic bullet.
The key thing is to communicate,
communicate, communicate. And work
hard, work hard, work hard. We in the
central organisation, as well as all our
in-kind partners, are committed to
working as aggressively as possible to
hold the time plan. We will fight for every
single day of schedule,” he concludes.

s



phase

AGNETA NESTENBORG
DIRECTOR FOR PROJECT SUPRPORT
AND ADMINISTRATION, ESS
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Beam commissioning initiated at NCL

On 28 October 2021, ESS initiated beam
commissioning in the normal conducting part
of the accelerator (NCL). It is a major step
forward on the road to completion for the new
multi-disciplinary research facility.

The beam commissioning is a complex process
that consists of several steps and involves
many physicists, engineers, and technician.

All the technical systems, accelerator
components, and eventually the beam itself,
will be tested, monitored, and optimised,
increasing the power in stages until reaching
full capacity.

The linear accelerator at ESS will deliver a high
intensity proton beam to the target, where the
neutrons needed for scientific research will be
generated. The normal conducting linac (NCL),
located at the far end of the 600-metre-long
accelerator, consists of technical components
delivered by the ESS in-kind partners INFN
(Italy), CEA (France) and ESS-Bilbao (Spain).

llluminating the unseen

After four years of dedicated research and
development, the ESS Beam Diagnostics Team
state that they are on track to enable ESS to
see an image of the proton beam that travels
down the ESS accelerator to hit the ESS Target.

Final tests took place at a thermal spraying
company, TSE, in Malmo, overseen by
University West, where the mock-up of

- Ty

the Target wheel was coated following the
established industrial process that will be
applied for coating the target wheel.

ESS Senior Engineer, UIf Odén, who is also
responsible for the delivery of the Target
wheel, says the coating of the Target wheel
mock-up was an important verification that
the coating procedure will not damage the final

Target. Thanks to the successful final coating

result, the team is now ready to proceed with
coating of the final target once delivered from
the In-Kind partner ESS Bilbao.
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ESS Labs now in operation

In 2021, the on-site chemistry and life science "Making use of pieces of high-quality equipment  “We are expanding our capabilities and will be
laboratories adjacent to the instrument hall for ~ that other labs no longer use is a great way to extending our suite of laboratory instruments
the long neutron instrument went operational. build sustainably for science” says Sindra while providing support to ESS. This in turn
Installation works for the short and medium Petersson Arskéld, Senior Advisor on policy, helps us prepare for supporting the user
neutron instrument laboratories continue. In communication & strategy in the ESS programme where everything must be in

the ESS laboratories you will find everything Science Directorate. place and well organised,” says Monika Hartl,
you would expect from a chemical lab and the Group Leader for the ESS Sample and User

While t.he Iaboratolrle's are reaqy for daily . Laboratory Facilities (SULF).
operations, commissioning of instrumentation
and preparations continue.

equipment comes from various sources. Some
are machines adopted from other facilities

or bought second hand. Some are brand new.
Others are on-long term loan from ESS sister
facilities around Europe.

ESS rated outstanding for high
sustainability standards

European Spallation Source’s (ESS) strong
focus on sustainability in the construction
and operation of the research facility leads
to new sustainability standards for research
infrastructures worldwide. In June 2021, the
ESS Office building in Lund, Sweden, was
environmentally certified Outstanding under
the international sustainability assessment
method BREEAM with one of the highest
scores worldwide (91.5%).

“Since the beginning, ESS has had a very strong
sustainability focus, aiming to become one of
the most environmentally sustainable research
infrastructures worldwide,” says Kent Hedin,
ESS Head of Conventional Facilities. “The
Outstanding rating is proof that all our efforts
and hard work, together with our partners, to
build the facility in a sustainable way have
been successful.”




18_

‘0 INC

3ringing neutrons
USTry

Neutrons offer a unique way to study the structure and function of
matter from the microscopic down to the atomic scale. Using
neutrons for research enables us to investigate the world around us,
as well as to develop new materials and processes to meet the needs
of society. Once fully operational, the ESS facility promises to provide
unparalleled experimental possibilities to researchers from academia
as well as industry. At the same time, an interesting issue arises

— how to allocate beam time to various users.

Different access routes for

different users

Prof. Dr. Andreas Schreyer is the Director
for Science at ESS, which means he will
be responsible for the operation of all
ESS's neutron instruments. Another part
of his role is to organise the process

of allocating beam time to users from
academia and industry.

“We have studied how other similar
facilities are organised, and how they
handle access to beam time to find
a best practice”, Andreas Schreyer
explains. “The way it works elsewhere
is that there are different access routes
for purely scientific experiments, applied
science experiments requested by
industry, and urgent experiments that
require fast access. Usually, incoming
proposals from the academia are ranked
twice a year by a scientific review board
based on scientific excellence to be able
to provide beamtime to the best science.
The results are then expected to be
published in scientific journals; in turn
the use of ESS will be free of charge.”

Specific access route for the industry
“For industry it will be a little different.
Industrial users can, of course, propose

scientific questions, but often they have
more short-term issues of less scientific
but more technological or commercial
value where neutrons can really be
helpful”, Andreas Schreyer continues.
“Also, industrial users often don't want
to publish their results because of the
competition. That is, of course, fine, but
then they will have to pay for using our
facility. We plan on establishing specific
access routes for industrial use based on
the experience and advice we've gained
from other facilities. Since we'll start
accepting users in 2027, we still have
some time to formulate a detailed plan.”

Another interesting question is how to
divide access time between academia
and industry.

"First of all, it depends on demand, and
on how many proposals and requests
we get”, says Andreas Schreyer. “Since,
based on experience elsewhere, we can
expect to have a significant overload,
the decision on how much basic and
industrial research we do will be up to
our owners, represented in our Council.
If you look at other similar neutron
facilities, you will see that most of
them sell less than 10 per cent of their

beam time to industry. But then around
10-20 per cent of the proposals have an
applied science background, so these are
projects that follow the scientific access
route but where the results go back to
industry. One bold idea would be to offer
an access route where proposals are not
rated on their scientific excellence but
on technological or economic relevance,
with the option not to pay for the
beamtime if the results are published.”

Industrial science using neutrons
Andreas Schreyer is convinced that
neutron analysis has a great potential
in industrial applications. Neutrons

are unique in providing information
complementary to other probes,

and because of their capability to
characterise industrial processes in situ,
in operando, and in real time. Since ESS
is going to be one of the world's most
advanced neutron sources so far, the
opportunities are staggering.

"ESS will offer pulsed neutron beams

of unparalleled peak brightness and
pulse length compared to any other
neutron source”, says Andreas Schreyer.

“This means that it will be possible to

do experiments at ESS which can't be



“IW/e will be able to do
experiments which can't
be done anywhere else”

ANDREAS SCHREYER
DIRECTOR FOR SCIENCE, ESS

done anywhere else. Take challenges
such as better industrial processes

for lightweight materials or improving
industrial components, such as
combustion engines, heat exchangers
or batteries. For example, conventional
in situ and in operando measurements
of oil flow in the cylinder heads during
engine operation are very limited,

and there are no practical means to
replicate this kind of dynamics by ex situ
studies. However, if you put the engine
into a neutron beam, you can actually
observe what is happening inside while
the engine is running. You can also
investigate processes in an operating
battery by observing how atomic
structures evolve during charging and
discharging. Or study material response,
such as precipitation behaviour or phase
transformations in processes, such

as welding or forging. It is such new
knowledge which can drive innovation”

Reaching out to industry

However, to get industry onboard,
you first need to gain their interest
and understanding. Compared to, for
example, electron microscopes, which
industry can operate itself, neutron

facilities are less known among
industrial researchers, or considered to
be a tool for "experts only".

“We need to have skilled specialists at
ESS who understand industrial problems,
speak the right language, and act as
an interface with industrial users”,
says Andreas Schreyer. “Also, both
universities and mediator companies will
play a very important role in enhancing
knowledge within industry about
neutron characterisation techniques.
But | would also recommend that larger
companies prepare for the future by
hiring somebody with a background in
neutron science. For smaller companies,
I'd say they should always be curious
about new methods. Ideally, industrial
users shouldn’t rely solely on universities
but rather try to gain knowledge
themselves. | believe that will allow
them to realise the potential of neutron
science for solving problems that can't
be solved in any other way.”
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"Our research must create
value for society”

“Personally, | don’t care about neutrons, or protons, or electrons.
What | care about are the results you can get by using them”, says
Jan-Eric Stahl, professor at the Production and Materials Engineering
Programme at Lund University, who also leads the Sustainable

Production Initiative (SPI).

Production and Materials Engineering is
an applied science subject. Its purpose is
to provide industry with the knowledge
needed to improve existing products, and
spur innovation in new products. Applied
science uses scientific discoveries to
solve practical problems. For example,
designing windmills to capture wind
energy is applied science.

A seamless cooperation

between institutions

“Itis about collaboration across borders”,
says Jan-Eric Stahl “The fact that basic
research should support applied research
and vice versa. You cannot live with only
basic research. And it's from that
perspective that ESS comes in, we need
to use the best research tools and
equipment available.”

Going from mineral to vegetable oils
Neutrons have played an important role
in the characterisation, development and
testing of materials for many years.
However, using them in applied science is
fairly new, according to Jan-Eric Stahl.

One example is lubricants. Using neutron
imaging makes it possible to study the

behaviour of lubricating oil as it circulates
through an engine or drivetrain, for
example. A large number of the
lubricants we use today are based on
fossil oils. Many producers, however, are
investigating the use of vegetable ails,
which are not only the sustainable choice,
but also bring several other benefits.
\/egetable oils have proved to have a
greater lubricating capacity than mineral
oils, so that cutting tool wear is reduced,
surface finish quality is improved, and
machining cycle times are shorter.

“Butif we are to switch to vegetable ails,
we need to know exactly how to stabilise
and modify them for optimal function.
This is where ESS and neutron imaging
can help,” says Jan-Eric Stahl.

A self-healing coating

“Another example where we could have
solved the problem much faster if we'd
had the possibility to use neutron
imaging is in the transition from leaded
to low lead brass,” Jan-Eric Stahl
continues. "However, as lead is a heavy
metal, toxic even at low levels of
exposure, the real question is, how can
we remove the lead and still maintain
good machinability?”

According to Jan-Eric Stahl, an alternative
is instead adding silicon, but that
generally results in increased tool wear
and longer manufacturing times. His
team found a nitrogen-rich coating which
reacted with silicon brass, forming silicon
nitride, a ceramic material that can be
used as a coating. In this case, when the

cutting tool was used, a new protective
coating was automatically formed on the
surface, thereby extending tool life. "We
could very well have followed this
process through neutron analysis, see
exactly what was happening on the
surface of the tool, and be able to further
refine the formula.”

Working for a sustainable future
Jan-Eric Stahl leads the Sustainable
Production Initiative (SPI), a joint project
by Lund University and Chalmers
University, and sustainability issues are
something that permeate all research
activities within SPI.

Cold aging

“A further example where neutrons could
be used is in understanding cold aging;
the time a cast material must rest at
room temperature before it can be further
processed - an extremely important area
from a sustainability perspective,”
Jan-Eric Stahl continues. “The more we
know, the more we can reduce the
amount of waste and scraps in
production, and the need to add new raw
materials. Once again, this is where we
believe ESS can be of great importance.
We can learn how to construct things to
be able to recycle and reuse them.”

Working for a sustainable future

“One of the main reasons we conduct
research and development in my
department is to provide industry with
the knowledge that enables innovation
and creation of solutions that propel our
society in the right direction. To succeed
in this, we must use all the research tools
and resources available, so that we can
create value, primarily for our own
industry and taxpayers, but also for EU
citizens, as we belong the Union”,
concludes Jan-Eric Stahl.
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Accelerating scientific
discovery with Al

When completed, ESS will have a very complex control system. Artificial Intelligence (Al)
can help in both processing and visualising research data, and optimising scattering
experiments by predicting the best possible instrument configuration. When applied to the
facility control system, Al can also advance machine performance and functionality.

Dealing with a deluge of data

There is no doubt that, once operational,
ESS will provide science with
unparalleled access to the inner workings
of molecules and materials. To be
successful, however, neutron analysis
must be combined with powerful
software tools able to extract scientific
knowledge and insight from data.

ESS will carry out hundreds of
experiments each year, creating up to
hundreds of gigabits of data in a single
experiment. This rate is beyond what can
be effectively analysed with

typical technologies.

This is where artificial intelligence comes
in, according to Anders Ynnerman, who is
leading WASP, Sweden'’s largest
individual research programme, and
believes that integrating artificial
intelligence into data processing, analysis,
and visualisation will help scientists

make sense of all the big data.

“Today's scattering experiments can
measure everything that is possible to
measure. However, only a small fraction
of all collected data contributes to a
result”, he says. We need to create a
quick and continuous data flow, where
data reduction and analysis can happen
in situ, during the experiment. Here, Al
can help us make the right choices.”

Al makes sense of nonsense

Anders Ynnerman has spent many years
building up scientific organisations and
research environments, amongst others,
the National Supercomputer Centre the

Swedish National Infrastructure for
Computing (SNIC).

“The data generated by neutron analysis
is so massive that you couldn't possibly
digest that as a human,” he says.

"Applying Al offers a new, faster way to
extract scientific meaning from the raw
experimental data.”

“What is exciting is that this pipeline
changes dramatically as we add artificial
intelligence,” says Anders Ynnerman. “Al
allows us to greatly reduce the amount of
human work needed. Al systems can sort
and process the incoming data, find
patterns and correlations, understand
the images generated, and automatically
send feedback all the way to the
instrument. This allows for immediate

‘l‘ - £ 4

adjustments, and even better data. The
benefit is more efficient science.”

But Al also has the potential to improve
the processes within ESS itself.
Accelerator-based research facilities
such as ESS are among the world’s most
complex machines, managed by intricate
control systems. The Integrated Control
System at ESS plays a key role in the
machine performance and operational
reliability of the facility, and manages
about 1.6 million control signals from
100 000 devices in a large variety of
systems. Applying Al and machine
learning to this system can increase the
operational efficiency at ESS, while
reducing operational and

maintenance costs.



Scientific
output

In 2021 a total of 94 papers
were published with scientific
contributions of ESS-affiliated
authors as compiled in January
2022 from the core collection of
the Web in Science. 58 of those
were published with some
form of open access. These
papers have already received
116 citations in 2021, while the
complete set of 990 publica-
tions from ESS (2008-2021)
received a total of 2402 cita-
tions in 2021.

As of June 2021, ESS has

chosen to highlight scientifi
papers published by the peop
of ESS. This not only acknow|-
edges the work o%ur staff who

collaborate with peers on this
research, but also promotes the
potential benefits their results
may lead to and allows them t@
share their results with others

A selection of 11 were high-
lighted from June until the
end of year 2021, covering
topics such as emergent %
magnetic beﬁviour, neutron
imaging through advanced
event-mode data acquisi-
tion, and the measurements
of the neutron absorption in
supermirror coatings.

This is something ESS is proud
to support, and we will continue
to add‘ew publications to the
»dedicated page on our website.

Read more at ess.eu
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Better superconductors to
improve cancer diagnosis

MRI scanners are vital tools for diagnos-
ing a range of cancers and determining
their treatment.

Research at ESS will help in developing a new
generation of MRl scanners that will provide
doctors with more detailed images for diag-
nosis, and give patients a greater chance to
beat the disease.

In fact, the ability to see inside our bodies
with MRI scanners can be twice as likely to
help doctors identify the presence of danger-
ous tumours than is currently possible with
invasive techniques like biopsies, as has been
shown for prostate cancer.

The challenge in producing better MRI scan-
ners lies in the need for extremely strong
magnets to create a large magnetic field
within the scanner. Creating a suitable mag-
netic field relies on special superconducting
materials that allow a current to pass through
them with almost no resistance. However,
such characteristics have only been revealed
at extremely low temperatures: metallic
superconductivity can only be sustained
below -243°C. Today's MRl magnets are
typically run at -270°C, requiring bulky and
expensive cooling systems.

Researchers are looking to identify novel
materials that can exhibit superconducting
characteristics at higher temperatures.

They have observed superconductivity at
temperatures as high as -120°C, but these
materials do not work well when building
magnets. Understanding superconductivity is
key to developing materials that will take MRI
diagnosis to the next level.

Beyond medical imaging
Harnessing superconductivity could have
far-reaching impacts, beyond medical

imaging tools. It is a key to solving the
challenge of distributing renewable energy
to whereitis needed, and a host of other
exciting innovations, from fusion energy to
super-fast magnetic levitation trains, that
are also dependent on the discovery of novel
high-temperature superconductors.

What will we see at ESS?

Neutrons are magnetic themselves, and as
such are uniquely positioned to investigate
magnetic phenomena and the interplay
between magnetism and superconductivity.
After decades of neutron investigations, we
now know that magnetism and superconduc-
tivity have a somewhat strange relationship;
while magnetism appears able to drive super-
conductivity, it also seems to compete with it.
These properties are difficult to see without
extremely powerful neutron instruments, and
today’s facilities have only given us a glimpse
of what is going on.

The unparalleled brightness of the neutron
source at ESS will allow investigation into
the atomic structure of superconducting
materials at a level not possible before. In
the BIFROST instrument, which will have the
highest intensity of all ESS instruments and
avery wide energy coverage, neutrons will
be scattered off superconducting materials
to reveal the atomic excitations and magnetic
forces acting within. Many of these are too
weak to be detected today, or fall outside the
energy range of existing instruments.

The new understanding made possible at
ESS will enable scientists to discover new
superconductors, and to manipulate known
materials into better superconductors that
work at higher temperatures.




New battery materials for
a renewable energy future

A key characteristic of renewable energy

is its variability. Solar energy is frequently
obscured or unavailable, waves come in
waves and the wind is famously fickle. Unin-
terrupted energy flow requires the storage of
energy to compensate for this variability.

Among the different energy storage technolo-
gies, lithium-ion batteries hold great promise.

A lithium-ion battery is a type of rechargeable
battery in which lithium ions move from a
negatively charged electrode to a positively
charged one during discharge, and back again
when charging. This flow occurs at the atomic
scale and is therefore difficult to observe and
model, limiting researchers’ ability to experi-
ment with new materials.

Meanwhile, those materials, used for the
electrodes and the electrolytes of a lithi-
um-ion battery, largely determine its capabil-
ities. An in-depth understanding of material

Unlocking the secrets of water

The make-up of the giant ice planets Neptune
and Uranus remain shrouded in mystery.
While their interiors are known to consist
primarily of water, along with ammonia and
methane, scientists have also noted that
these familiar materials can behave very
oddly under the high pressure and tempera-
ture conditions seen on these planets.

Back on Earth, water is fundamental to life
and, surprisingly, studying it under extreme
conditions helps us understand its behav-
jour. In fact, water in its simplest form, under
pressure, exhibits a dizzying array of over
fifteen crystalline ice forms. These transfor-
mations involve atomic rearrangements, such
as carbon atoms rearranging into a diamond
under extreme pressures. In addition, as
with a diamond, extremely high tempera-
tures are required to melt these dense ice
forms. When these extreme pressures are
combined with high temperatures, this can
create 'superionic’ ice that acts as a solid and
a liquid simultaneously.

While scientists have been able to identify
some of these mysterious ice forms created
under certain extreme conditions, experi-
ments are constrained by what is possible to
perform using today’s scientific instruments.
Sample sizes are small by necessity, and it is
exceptionally difficult to observe hydrogen
atoms in a water molecule.

behaviours within this complex electro-
chemical environment is thus critical for the
development of advanced materials that will
lead to better batteries. These advances are
our best hope for renewable energy storage
solutions grand enough to contribute to the
transformation of the global energy sector.

What will we see at ESS?

Neutrons are the perfect tool for studying
positive electrodes with a chemical composi-
tion based on nickel, manganese and cobalt.
Due to their very similar atomic numbers,
which places them near one another on the
Periodic Table, these three metals appear
indistinguishable when probed with X-ray
light. With neutron scattering, however,
researchers are able to see clear differ-
ences in the three. Astonishingly, neutrons
can also locate the position of lithium ions
in the structure, and help to visualise the
lithium pathways.

Beyond water

Research of this kind advances our under-
standing of the forces that hold water mole-
cules together, and the hydrogen bonds that
allow them to interact with their surround-
ings. This could have far-reaching implica-
tions in fields as diverse as quantum physics,
biology, pharmaceuticals and volcanology.

What will we see at ESS?

Neutrons are critical for studying ice as they
are the only means to see hydrogen atoms.
ESS will help us to understand more about
the atomic structures and forces of different
materials than has ever been possible. For
example, the instrument DREAM will allow
scientists to observe the behaviour of these
and possibly new mysterious types of ice at
the atomic level.

Scientists will measure how neutrons are
scattered as they bounce off the hydrogen
nuclei inside ice samples maintained at
enormous pressures, creating a highly-de-
tailed picture allowing researchers to see the
formation of water molecules and the onset
of hydrogen bonding, detailing the structures
and forces at play, and helping to determine

what is found in the interiors of the ice giants.

ESS will use new tools, based on large arti-
ficial diamonds, to create extreme environ-
ments on a much larger scale than previously
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At ESS, the instruments will enable the
study of experimental battery technol-
ogies in real time and under real-world
operating conditions.

ESS will reveal a clear and detailed picture
of an entire battery cell, at multiple length
scales, during operation. This will include the
structure and dynamics of its electrodes and
electrolytes, as well as the behaviour of its
mobile ions, all interacting while the battery
is charging or discharging.

Researchers will be able to swap out nickel,
manganese and cobalt components as
required for each investigation, and observe
the impact of the many possible variations on
overall battery performance and safety. This
will provide an unparalleled understanding of a
lithium-ion battery’s fundamental processes,
while also significantly speeding up the devel-
opment of this technology so critical to the
transformation of the planet’s energy profile.

A large synthetic diamond set in a diamond anvil
cell, developed by ESS in collaboration with Oak
Ridge National Laboratory and University of
Edinburgh. This is part of a sample environment
that will enable a new generation of high pressure
experiments with neutrons.

possible. The exceptionally high flux of the
ESS neutron beam is critical in the study of
these miniscule samples. The combination of
the diamond pressure cell and the brightness
of ESS will enable unprecedented insight

into the strange atomic world of the water
molecule. This exquisite new level of detail

is crucial in delivering a step-change in our
understanding of distant planets, as well

as everything and everywhere water exists
on Earth.
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ESS - a catalyst for industrial digitalisation

ESS will have Sweden’s most complex

control system and uses machine learning

to optimise operational reliability. Through
several collaborations with industry and
technology companies in machine learning and
Al, ESS also contributes to digitalisation and
technology transfer in industry.

In arecent pilot study, ESS joined forces
with the Faculty of Computer Science at
Lund University (LU), Big Science Sweden
(Sweden's Industrial Liaison Office) and the
tech company GoalArt to explore how data
from the ESS control system can be used
externally for research and innovation in Al
and machine learning.

In another recent machine learning project
funded by Vinnova, ESS has been collaborating
with the tech company DVel to develop
machine learning models that can predict
issues during operation, before components
break or the process stops, and implement
these algorithms in the control system.

"The knowledge transfer from ESS and other

research facilities are of great importance

for the technological development and
digitalisation in Swedish and European
industry,” says Anna Hall, Director Big Science
Sweden. “The collaboration projects within
machine learning are one example of how
ESS contributes to innovation and increased
competitiveness, for SMEs as well as

large companies.”

Commissioning of the RF Sources and RF
distribution system has been underway on the
ESS site since December 2020, as ESS gears up
for RFQ beam commissioning in the summer.

In the ESS Klystron Gallery, which runs
above the 600-metre-long Accelerator
Tunnel for almost its entire length, you will
find equipment that generates the Radio
Frequency (RF) power to get protons moving
in the ESS accelerator. To be able to produce
neutrons, ESS needs to accelerate protons
using electromagnetic fields produced by RF
sources, until they gain a significant amount

of energy and a velocity close to the speed of
light. When this high-speed beam of protons
hits the ESS Target, neutron spallation occurs.

RF power is produced in specialised machines
called Klystrons - also known as RF sources.

During 2021, ESS started the commissioning
of the very first RF sources. Once this first
part of the RF system is fully tested and
commissioned, it will be handed over to
operations — then high-power testing of the
next section, the Drift Tube Linac (DTL), will
follow. The RF team will gradually move their

way through the rest of the Gallery, where a
total of 156 RF systems are to be tested.

Head of the ESS Accelerator Division, Mats
Lindroos, elaborates: “Complexity here is
enormous. You have the combination of not
only these RF sources, but also the power
supply that drives them, called modulators,
and all the controls, the cooling system and
the networks needed to synchronise and make
sure all this works together. It is only when
everything in this long hall is complete and
ready for operations, that we can start sending
beam on to the ESS Target”.
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ESS, MAX IV & SciLifeLab join forces

to create new life science hub

Infra Access for Life Science Sweden (InfraLife)
is ajoint effort between ESS, MAX IV and
SciLifeLab, which aims to maximise the
benefits of investments made in Sweden'’s
large-scale strategic research infrastructures.

While ESS's neighbour, MAX IV, houses the
brightest X-ray source in the world, and ESS
will be the brightest neutron sources in the
world, SciLifeLab is a national infrastructure
for molecular bioscience research.

As part of InfraLife, the three facilities will
engage the broad life science community
within the fields of academia, industry,

and health care, and jointly develop new
technology-, data- and challenge-driven
capabilities across all sectors of life science.

One of the goals of the project is to engage
with existing challenge-driven and cross-
sectorial large collaborations to best
utilise available technologies at the three
infrastructures, and thereby tackle major
challenges within the field of life science.

Pioneering Power Converting at ESS

T

ESS in collaboration with Lund University
researchers, and together with ESS Spanish
In-Kind Partner, ESS Bilbao, and supplier,
Jema Energy, have produced a high-voltage
modulator that signifies a paradigm shift
for the power supply of linear particle
accelerators worldwide.

When ESS is in full operation, it will be the
world's most powerful superconducting linear
accelerator, providing neutron beams that
are about 100 times brighter than what is
produced today from reactor-based neutron
sources. Machines like these which absorb
very large amounts of power from the grid
can cause a power disturbance on the grid,
so traditionally, one needs to have external
compensation to counter the fluctuations
these machines can create.

“The ESS-designed modulator has an

integrated system which basically provides
internal line power regulation inside the
device. This is called an Active Front End, which
takes care of the power quality to secure that
there will be no flicker on the grid,” explains
Carlos Martin, Group Leader, Electrical Power
Systems in the ESS Accelerator Division. “This
is the first time anybody in the world uses an
Active Front End on a modulator.”
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A project like ESS is all about
dedicated, professional and
engaged people. Thanks to very
strong efforts by all involved,
progress was achieved in spite of
a pandemic, supply disturbances
and technical challenges.

These are a handful moments
from 2021 where the camera has
captured the people of ESS.

9 March 2022: Morten Jensen, RF section leader,
overseeing mdiofrequency power testsinthe Normal
Conducting Ga”ery.

i head of the ESS
15 March 2021: Mats Lindroos, ; . | .
/'\chIremfor division, inspecting a Drift Tube Linac 22 April 2021: The Sample P ——

structure, under P'eP"mﬁ"“{ori“ﬁa”aﬁon infhe 3 feam on a ramp connecting the beamline gallery and

i the i
Normal Conducting Linac. L__ elonginstrument hall.

23 April 2021: Welcoming the scientists of tomorrow.
Master students, Emilie Wiklund and Anton Jarild
from LTH, Lund, working on their Master’s thesis in
the ESS ]abom‘f‘ory facilities on site.

26 May 2021: Jarek Fydrych, Cryogenics Engineer, i.n
the Superconducﬁng Linac, inspecting the cryogenic
distribution system that is installed.
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2 June 2021: The first Dri
be installed. Ttalian in-kin
inthe Ga”ery loading hall.

£+ Tube Linac fank, ready To
dteam from INFN with ESS

16)une 2021: Accelerator Engineer Cecilia Maiano
and Cryogenics Engineer Nuno Elias inside the test
stand bunker in G02, where power tests and cool
down of cryomodules is taking place.

8 October2021: Taking pride in the project,
Protection Systems Technician Mattias Eriksson
refreshing the Foundation Stone on diyp]ay inthe ESS

office atrium.

2 Nz')vember 2021: Rigging technician Peter Elmquist,
pulling the so called NN bar, a large piece of ;Tain]es;
steel with space for three neuvtron beam portinserts
before it was lowered to its rightful. '

30 November 2021: The LOKI detector vessel hasjust
made the fouch down inside the cave perimeter for
the instrument, in the presence of staff from ESS and

UK in-kind partner STFC.
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Valentina Santoro, Scientist,

on campus at Ess

Tell us about your job

I head the group responsible for running the user laboratories that
currently support the ESS project in chemistry and material analysis.
Once ESS starts operating, we will be focused on supporting the
researchers in sample preparation and handling during their neutron
scattering experiments in our labs.

What attracted you to ESS?

After my PhD in inorganic chemistry, | worked as a post-doctoral
researcher at the neutron source in Los Alamos. | really enjoyed
working in a large-scale user facility with researchers and staff from
a wide variety of backgrounds. After a decade of being an instrument
scientist in Los Alamos, becoming part of the construction of a new,
bright neutron source for Europe was an interesting new challenge Monika Hartl (ﬂon‘l‘/leﬁ') inthe SULF

lab with Alice Corani (rear/righ‘l‘)

Tell us about your job

I joined ESS in 2015 as a scientist, working in neutronics simulations for the ESS
instruments. From 2015 | have been leading the science focus team (SFT) for
fundamental physics at ESS. I now work in the target division at ESS coordinating
the neutronics interface to the instrument teams, and am the Project Coordinator
of the HighNESS (High Intensity Neutron Source at the European Spallation
Source) Project.

OHOLNVYS YNILNITYA

What do you enjoy about working at ESS?

My background is fundamental physics, which is a field the contributes to
designing key components of the ESS facility. | was always fascinated by science
because | was, and still am, fascinated by the world around us. | still see it as a
mystery with so much unknown that only waits for us to understand it.

DONN3T YNNY

Tell us about your job

I joined ESS in 2016, and am a synthetic chemist working for the
Deuteration and Macromolecular Crystallisation (DEMAX) platform,
where we apply conventional methods, and establishes new methods,
to synthesise deuterated molecules that neutron users need, which
can greatly increase the complexity and impact of

neutron experiments.

What attracted you to ESS?

I love the applied and varied nature of my work at ESS, and learning
about the ways collaborators use the molecules | make in their
research. | also appreciate the opportunity to travel, to communicate
my research and to collaborate with scientists across the world. | see
the same curiosity that | have always had in my daughter, and | hope |
can inspire her to be as excited by science as | am in the future. Anna LeUﬂg, Deuteration SCienﬁsT,

with her daughter, A vdrey
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Tell us about your job

I joined ESS in 2018 as a second scientist, and am now the lead instrument scientist for
LOKI - one of the future small-angle neutron scattering instruments at ESS. The
overarching aim of my work is to shed light on the relationship between a material’s
structure at the nanoscale, and its properties at the macroscale. Understanding this
connection is key to tackling both global challenges, and to developing materials which
we interact with every day.

What do you enjoy about working at ESS?

As a curious person, | constantly endeavour to understand what makes the world work.

For that reason, a career in scientific research with the key ingredients of creativity,
problem solving, and a diverse working environment felt like a natural choice for me. |
cannot wait to see what the future holds.

Tell us about your job

I joined ESS in 2020 as an instrument scientist, and am currently focusing on the
realisation of CSPEC, the cold chopper spectrometer at ESS, which will help tackle
the many challenges of our and future times, from climate changes to diseases,
from food provision to space exploration, as well as to improve the quality of life
for everyone.

What do you enjoy about working at ESS?

To some extent, | use neutrons to both help preserve the memory of the past and
contribute to a sustainable future. Also, | find it fascinating to uncover patterns in
disordered materials; for example, investigating the properties of liquids in
confinement. Curiosity is my driving force. It is truly exciting to contribute to the
CSPEC design and construction, and | look forward to collaborating with all the
users who will exploit it once completed.

Judith Houston, Instrument
Scientist, atthe Jilich Centre for
Neutron Science (JCNS) in 2017

Daria Noferini Instrume ienti
. ntS tist
s‘l‘andmg on ﬂve) CSPEC 9uideca':gS,S$ '

Tell us about your job

class facility.

| have been leading the operations section since 2018. The operations
section is still a small team, but we are growing fast which makes the
dynamic life at ESS even more interesting. We are an international team
with various backgrounds but the high sense of responsibility and drive
unites us in a common goal to contribute to making ESS a world

What attracted you to ESS?

During my PhD studies | decided to learn more about accelerators as part of my
research, and started attending various accelerator schools in the US, as well as
in Europe. It was here | met my future husband, and as he was studying in Lund,
| got to travel to Sweden first time in my life. | decided to move to Sweden and
got to learn about an emerging large-scale project, European Spallation Source,
via a university professor. Within a couple of months, | was offered a job: this
was back in 2010, and I've greatly enjoyed working here ever since.

3ZAlT3HIL 1TY1
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2021 saw our construction partner, Skanska, complete the
construction of the buildings and the surrounding landscape on the
70-hectare site. The civil construction project, one of the largest in
recent years in Sweden, started in 2014 and was completed and
handed over to ESS in December.

ESS and Skanska have worked in close
collaboration since the partnering
collaboration for the civil construction
of the facility was established in
February 2014. Through a joint project
management team leading and
developing the work, the aim was to
provide flexibility and control during the
complex construction project.

"Skanska has done an excellent job in the
construction of the complex research
infrastructure, in close collaboration
with ESS, while at all times ensuring a
safe work environment for all personnel
on site,” says Helmut Schober, ESS
Director General. “In line with the
ambitious sustainability goals of ESS,
Skanska has also established a green
building site that will set an example of
environmentally friendly construction.”

The civil construction project was
executed based on joint guiding principles,
such as openness, honesty and mutual
respect. Construction partner Skanska
worked side by side with ESS Conventional
Facilities to deliver the civil construction
project. ESS was granted parallel

access to areas to perform time-critical
installations throughout the construction.

1

"ESS is based on collaboration, both as

research facility and construction project.

The close collaboration and mutual trust
between Skanska and ESS have been a

prerequisite for the project’s success,”
says Gunnar Hagman, CEO of Skanska
Sweden. “Innovation and sustainability
are important to Skanska, not only in
how we work but also in what we deliver
to our customers and to society.”

The buildings were handed over to

ESS gradually during the Construction
Phase. The first buildings, including the
accelerator tunnel, were completed

in the spring of 2017. Despite the
challenges caused by the pandemic,
the civil construction works were
completed according to plan, when the
final buildings - the target station and
adjacent instrument halls - were handed
over in December 2021.

ESS building facts

“With collaboration as the keyword, we
worked as one team enabling us to meet
the challenges we faced along the way,”
states Per Smidfelt, Project Director

for Skanska, "We have handed over a
fantastic facility to ESS — and we did this
on time."

Leading the civil construction project
over the finish line Per Smidfelt
concludes, "I will follow the continued
progress and future science at ESS with
great interest. You do not often get the
chance to be part of a project that could
really improve the world. ESS in Lund is
one such project!”

= The Accelerator tunnel is 537 m long.

= The Target Station is 22 m wide, 37,
talland 130 m long.

= The higherst partis 124 m above
sea level.

= In total 72 913 m? concrete has
been used.

= Stably anchored through 6 077
concrete piles, 458 steel core piles and

63 bored piles anchored to the bedrock.

= The Cantilever, Sombrero protrudes up
to 35 metres beyond the facade, with
7 766 aluminium lamellae mounted to
the structure its footprint measures
200 x 150 metres.

= The ESS offices are rated Outstanding
on the BREEAM scale, the highest
rating in the international sustainability
assessment for buildings.
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The ESS sombrero at night

The ESS facility seen from
the enfrance building
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Suilt on collaboration

ESS is built on collaboration, and about 30% of the drives co-ownership and strong collaboration
construction cost is provided by the member states across borders. With massive amounts of In-

as In-Kind contributions — time and equipment Kind work going on at ESS and at member state
provided to the facility instead of cash. This facilities, only a few examples can be presented
contributes to the technical excellence of ESS, and here. For more information visit the ESS website.

Target Helium Cooling System G LOKI detector vessel delivered 0 ESS Main Control Room Design Spoke cryomodules tested and
Providing heat removal from the Containing detectors for and Infrastructure delivered
target wheel scattered neutrons For monitoring and control of Preparing to install in
NPI/UJF, Czech Republic STFC/ISIS, UK the ESS facility’s operations Superconducting Linac
IFE, Norway Manufactured by CNRS, France
Tested by Uppsala University,
Sweden

b- l!ﬂl‘t -

o BIFROST spectrometer vessel o Cryogenic Moderator System 0 From assembly to testing of o Two glove boxes for Radioactive

delivered cryostat delivered cryomodules Materials lab installed
Containing analysers and Providing helium cooling for the Preparation for installation Enabling work with air and
detectors for neutron Cryogenic Moderator System of superconducting cavities in moisture sensitive radioactive
experiments Jiilich, 