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The ESS Facility in Lund, Sweden @

Accelerator, Target, and Instruments for Science
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13 European countries: 1kind model

Host countries Non host member countries
Sweden,Denmark Czech Republic, Estonia, France, Germany, Hungary,
Italy, Norway, Poland, Spain, Switzerland, United
Kingdom.
Construction Construction
47 5% 52.5%
(of which 70% is in-kind deliverables)
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Why neutrons ?

High penetratlon depth Sensitive to H, C, Li Contrast variation, &
T Isotope substitution
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Na-1on batteries Is fast developing topic

1980 A?’O years b 2010 d?)years _ 2013

Potential (V vs. Na*/Na)

A Na3Niy;Mn;30,
45 Na, .CoO /
40 1
3D
V,0s

3.0 /
254 .
2.0 -
1 5 . NaTllpO ]'1 \ Moo

. {PO,); ‘[ Na (MoO,),P,0, 3
- Nao.GM()zo‘ Na1 in4
051 i
., | ; ' ' T >

i ) 180 200 250 300

Capacity (mAh g™')

45 -
4.0 -
35
3.0 -

2.0 -
1.5
1.0 4
0.5 -

0.0

~

Na,V,(PO,)

3 Z Na4CO3(PO P,0,
Na,V,(PO,).F
Na,Fe,(PO,),P,0;,

NaMn, ;Ni,,.Co, .0, Na,(Fe,,Mn,,)0,

i

NaFeP,0; 1z FePO,

Na-carboxylate Na_Sh
Hard 4
Na,Ti,(PO,), car;ons .
- Y
100 150 200 600

Capacity (mAh g™')

Na,Sn

S

=7
Positive

Y
Negative




N | and L | O N batteri@

Energy cost of production

Lead-acid batteries are still
cheaper
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LFair battery S
€SS
Original idea in 1970 @
Battery 500 4]

The Battery 500 technology is an open system using common air as a reagent
which upon recharge releases oxygen back into the environment.

BREATHING BATTERIES

A new lithium-air battery shuttles lithium ions through an iodide-salt
based electrolyte to react with oxygen at a graphene electrode.
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S:‘:f.lgge - i \ " Oxygen Molecules are absorbed
> through the carbon layer

. Oxygen and Lithium-ions react chemically generating
electrical energy and forming Lithium peroxide

" Li-ions dissolved in the electrolyte 1

Electrolyte 1 Impregnates the carbon layer

Lithium-ion <l g o 0 "~ The transport membrane prevents contamination Semm————
transport membrane — / /r‘ G of the different layers Li metal Electrolyte Graphene electrode
Electrolyte 2~ "~ Lithium metal releases Li-ions in the electrolyte 2
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Theoretical energy density x 10 of batteries today,
but only x 2 increase is reached today




ESS update



Long-pulse Performance and Flexiblility
Possibilities of pulse shaping @
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Beam-on-target date: March 2026 (TBC)




(v) Accelerator :Beam on Dump on Y6May 2025 @

For the first time, protons have travelled the full
542.5 metresthrough the ESS accelerator and
beam transport system at the correct energy (800
MeV)d from the ion source all the way to the
tuning beam dump.

lon ! :
LEBT MEBT Superconducting Linac HEBT |[me




He circulation in the wheel realised
; = " e G 8 | B B

3

Target \ A S

Refurbishe Helium Rotary Union

- 7
\ fﬂlv .

y )//// 7

Wheel spinning in monolith




More information
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n T
3.84M subscribers

735K views 8 days ago #construction #architecture #engineering

Search

Y 19K

C? g share

[] save

K clip

14



Instruments

.;1 =1 R -
CSPEC local crane

LOKI &
FREIA

= BIFROST completion
NMX, BEER, CSPEC,
BIFROST, MIRACLES,

MAGIC, T-REX, HEIMDAL




Instruments
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Diffraction and

Imaging
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The Science Directorate is in charge of
completing and commissioning the instruments

and delivering science and the user programme
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TBL (2025) ODIN (2025) DREAM (2026)
Test beamline Neutron imaging Powder diffractometer @
(ntln user program) DE CH DE FR

Bliptic-ballistic
neutron guide

Inside the bunker
23m

MAGIC (2027) BEER (2027) HEIMDAL (2027)

Polarized diffractometer Engineering diffractometer Multiscale diffractometer

DK CH




DREAM, ODIN & HEIMDAL



D R EAMCoId commissioning completed : Q1, 2026

Diffraction Resolved by Energy and Angle Measurements
A Powder diffraction
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Weak moments
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Pulseshaping: high flux & high resolution flexibility @

trivial peak profile
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Combination of
thermal & cold neutrons

Wide Q-range for
powder diffraction
+ polarized neutrons
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High Resolution: Subtle Phase Transitions @

Monitoring Charge-Order in ‘Fnt'NiO3

Symmetry breaking in nickelate
D2b high resolution (ILL, neutrons) Metal Insulator
Pbnm P2,/n

31 d A (drays)
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(2003

esrf-ID31
[ T R T T |

The new world record in high resolution neutron diffraction during
the first days of operation, even with a low flux




High-Resolution: Complex Multiphase Materials @

Li, ,Mn £eNig 1:C0, 1O, cathode Li-ion A-NaVOPQ, cathode for Na-ion batteries
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NanoEnergy 2017
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Energy materials: low -symmetry phases, solid/liquid interfaces, tons of
hydrogen, amorphous phases




New approach to Rietveld refinement
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Pulse width

— TOF diffraction of ice in diamond-anvil cell
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forward scattering backscattering

2D Rietveld analysis can be implemented into GSAS |l, EasyDiffraction

P. Jacobs et al, J. AppCryst 48, 1627 (2015)
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Tree-based batteries N
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High-flux mode: insitu PDF @
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Mantle detector installation

Installation completed
Integrated tests ongoin

Sample vessel
T N




S0URCE
State Preliminary
Confidentiality Level Internal

DREAM -

RE =
First Science o

A Pulse-shaping (flux vs DQ resolution)
A The highest resolution in backscattering
A Pair-distribution function with Q.. = 25A1 DREAM INSTRUMENT FIRST SCIENCE

A nm-SANS down to 0.01A! + cold neutron polarization
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Electrode materials in pristine state e orschngsentrm i<t
. . Reinhard Meder Friedrich-Alexander-Universitat Erlangen
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Hydrogen-containing samples = =
Energy materials Transition metal oxidesNIO Double-double perovskites CaCuFeReOQ

44
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| EaE

E.Ressoucheet al., PhysicaB: (2006). E. SolanaMadruga et al. Angew. Chem., 61 9497 (2022

Mix of new science and
oclassic diffractio




O DI N Cold commissioning completed : Q4, 2025 TI.ITI AL SCHERRER IHSTITUT

Optical and Diffraction Imaging with Neutrons CNVERSTET = @

Experimental cave ‘ Beam stop

] : \ “S Applications
In-bunker guides | A Engineering materials
A Geo- and planetary science
. . A Paleontology
0 Bi-spectral extraction o White beam A Cultural Heritage
o Direct line-of-sight (TO chopper) o High flux wavelength A Energy materials
o Tailored wavelength resolution dispersive (basic ToF) A In-operando fuel cells &
o Variety of imaging techniques, including o High-resolution wavelength batteries
x-rays (tull scope) dispersive (WFM) A Soft matter and biology




Bragg scattering Refractive index variations Absorption
Diffraction Phase Magnetic ,Attenuation’

Device inspection:
particle filters
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Installation completed
Integrated tests ongoing
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ODIN 0 It Science Strategy

Active involvement in in-kind partners/STAP/ In-house collaborations

Hydrogen embrittlement

A ReHeart(2 Postdocs, KTH+LU/ESS)

A ISOTOPE (1PhD, KTH, defending soon)
A ILL-ESSKTH PhD (starting 2026)

ks B LS f
. -

Solid State Batteries
A ANISSA (1 Postdoc, 3PhDs, UU, LTH, HZB, U}

Freezing mortar
A Malmo, LTH (ongoing, MS project LTH)

Thermography/Sand Batteries
A LTH (ongoing, LU postdoc project)

Wolter optics (15t step towards a neutron microscope)
A 1 PhD,1 postdoc at DTU (starting 2026)

Flux x100 ) U Nickfl FzpP 2 Detector

= 1m im 7m

Improving quantitative neutron transmission interpretation 5 5
A Collaboration with ESS Spallation Physics Group & DMSC iﬁfh\\ I\
2 o

Werennges [AA]




H EI M DAL Cold commissioning completed : Q2, 2027 /U Sy

Hybrid Diffractometer: Combined Diffraction and SANS and Imaging “:,- @

Diffraction cave

PAUL SCHERRER INSTITUT

Thermal & cold guides

—_— ] —

——

SANS cave Real time chemical synthesis

Fast chemical reactions and kinetics

2D Rietveld neutron powder diffraction

In operando fuel cells and batteries
Texture studies

Magnetic materials

Superconductor materials

In-situ catalysis

Single crystal diffraction of small samples

Nanoparticles and core-shell structures

Hutch
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Thermal
neutron
choppers

Heavy shutter
TO chopper

SANS tank
(full scope)

Cold neutron choppers



Science case 7 10 =
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By combining diffraction and SANS HEIMDAL % 10%|
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Energy Materials; Hydrogen storage materials,
batteries, fuel cell s, th

Hierarchical systems; Catalysts Cement, bone,
bi omineral s, magneti c mat




