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Staff: 5236 (reference date: 31.12.2012)( 
 
thereof: 
Scientists: 1658 
(incl. 469 PhD – Students) 
 
Technical staff: 1662 
    
Revenue: 557 Mio. €  
   incl. 172 Mio. € third party funding   
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Science Campus Jülich 

Research for generic key technologies of the next generation 

... long tradition in Neutron Science, Neutron Sources, 
Instrumentation, Instrument Components ... 



MLZ, Garching – ILL, Grenoble – SNS, Oak Ridge 
 

Design – Construction – Operation 
 

 of First Class Instruments 
 

and Instrument Components 
   
 

13 instruments 

contr. to 4+1 instruments 



JCNS Outstation @ SNS 

JCNS Outstation:  7 persons (scientists, engineers, postdocs) 

overbooking factor ≈ 2 
 
10% POWGEN (powder diffractometer) 
10% BASIS (backscattering spectrometer) 
25% NSE 
 

first echo: end 2009 

First time operation of NSE at a spallation source 

collaboration with companies: 
(sc) coils, magnetic shielding, sample environment, 
(detectors, neutron guides, chopper) 
 



Accelerator 

Target 

Instrumentation 

Project-Management 

         German ESS Design Update Project 

Contributions to all major parts of the ESS 



•  FZ Jülich coordinates German ESS activities  
 

•  Prof. Schmidt is the coordinator for the overall German 
project and member of the ESS STC 
 

•  Jülich scientists are member of the „Advisory Committees“ 
 

•  ESS competence centre established mid 2011 
 

•  FZ Jülich competence is based on a long history of 
interdisciplinary and inter-institutional collaboration 

 ESS @ FZJ 
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ESS: FZ Jülich Activities 

ZEA-1: Central Institute for Technology 
ZEA-2: Central Institute for Electronics  



Accelerator Components: 
Work  Packages  „B“ 

                         Project Coordination 
 
       Project Coordinator                      Project Manager 
Dr. Andreas Wischnewski (FZJ)         Dr. Matthias Röder (FZJ) 
 

Steering Committee of Neutronen Centres: 
FZJ, HZB, HZG, TUM 

 
Chair: Prof. A. Schreyer (HZG) 

Target: 
Work  Packages  „T“ 

Instrumentation Concepts : 
Work  Packages  „I“ 

Critical Instrument Components: 
Work  Packages  „K“ 

   T1 Development Work 
 for the Solid Target 
 Wolters FZJ 
   T2 Development Work  
 for the Liquid Metal Target 
 Fischer KIT 
   T3 Conceptual Work for the  
 Moderator and the Reflector 
 Tiemann FZJ 
   T4 Conceptual Work for the  
 Target Station  
 Butzek FZJ 

Management: 
Work  Packages  „M“ 

   I1 TOF Spectroscopy 
 Brückel  FZJ 

   I2 Spin Echo and Larmor Instruments 
         Monkenbusch FZJ  

   I3 Reflectometry 
 Steitz HZB 

   I4 Small-Angle Scattering 
         Willumeit HZG 

   I5 Diffractometry 
  Kampmann HZG 

   I6 Neutron Radiography  
 and Tomography 
 Kardjilov  HZB 
   I7 Alternative Spectroscopy  
 Concepts  
 Petry TUM 

   I8 Extreme Environment  
 Prokhnenko  HZB 

   B1 Superconducting Linac 
 Weise  DESY 

  M1 Interaction with the German  
 User Community 
 Richter                      FZJ 
  M2 Project Schedule, Implementation  
 and Controlling 
 Röder                                 FZJ 

  K6 HDRI Communication Platform 
 Beckmann HZG  

 K5 Test Beamline 
 Hofmann HZB 

  K4 ESS-Specific  
 Sample Environments 
 Staron HZG 

   K2 Detectors 
 Zeitelhack      TUM 

   K1 Chopper 
 Lindenau FZJ 

  K3 Polarizers (3He)  
 Ioffe  FZJ 

  K7 Simulation Code Development,  
 Help Desk 
 Lieutenant HZB 

         German ESS Design Update Project 

FZJ contribution 

FZJ-JCNS contribution 



•  General approach (“bottom-up”) 

•  Evaluation of user demands, requests, feedback 

•  Close contact to KFN  
 

•  Large number of user workshops on the  
“instrument level” 
 

•  Workshop Bad Reichenhall   
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•  Organized by KFN, ESS AB, FZ Jülich 

•  150 participants 

•  Scientists & Instrument experts 

•  Outcome documented in a report 
	
  

         German Design Update Project 



German ESS Design Update Project 
October, 2010 – December, 2014 

Submission of 7 Instrument Proposals 
September, 2013 

 
FZJ : 5 
HZG: 1 
TUM: 1 

 

Instrument	
  Design,	
  Evalua0on	
  of	
  Science	
  Case	
  and	
  User	
  Requests	
  

Review	
  Process	
  in	
  2014	
  
STAP,	
  SAC,	
  STC	
  



Vertical Sample Reflectometer  
 
Time-of-flight Reciprocal space Explorer 
TREX: A bispectral chopper spectrometer for magnetism and material science 

  
 Bi-spectral powder diffractometer: POWHOW 
 
 
 
  
 

High-Resolution Spin Echo Spectrometer  
 
High Intensity SANS with optional focusing optics 
SKADI: Small K Advanced Diffractometer    

 
Instrument Proposals submitted September, 2013  



Vertical Sample Reflectometer  
 

FZJ Instrument Proposal 2013 

Stefan Mattauch (FZJ) 
Alexander Ioffe (FZJ) 
Jean-Francois Moulin (HZG) 
Dieter Lott  (LLB) 
H. Wacklin (ESS coordinator) 
 

The most urgent common request from both communities: 
 
Ø  increase the sensitivity to thin layers, interfacial regimes in the sub nm region 
Ø  high intensity (relaxed Q resolution) 
Ø  high dynamic Q range (low background) 
Ø  implemented GISANS option (lateral structures in the nm range) 

 

 
•  Low resolution reflectometer  

with high Q range and high dynamical range (≥8 orders ) 
 
Optimised modes of the instrument:  
•     Un- / Polarised specular reflectivity (thin interfaces areas) 
•     Un- / Polarised off-specular scattering / GISANS mode (lateral structures) 
 
Add on’s (NOT COMPROMISING main modes) 
•  High wavelength resolution 1% and 3% 
•  Small samples with 1 x 1mm2 

 



Science Case 

Examples: Understanding and controlling interfacial  
structures and interactions in the 1-10 nm regime 

3D assembly of Fe50Pt50 particles 
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Pattern Formation in the Nanoworld: 
●  Due to competition between exchange interactions, 

dipolar interactions and anisotropies  
●  Non-collinear magnetism at the surface 
●  Influence of the substrate 
●  Dynamics (spin waves) 

Properties at interfaces between oxide materials: 
●  Superconductivity between insulating materials 
●  Magnetism between non-magnetic layers 
●  Ferromagnetism between anti-ferromagnetic layers 

•  Biology of membranes and associated proteins 
•  Hybrid materials 
•  Materials in confined geometry 	
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Vertical Sample Reflectometer  
 



Vertical Sample Reflectometer  
 
Time-of-flight Reciprocal space Explorer 
TREX: A bispectral chopper spectrometer for magnetism and material science 

  
 Bi-spectral powder diffractometer: POWHOW 
 
 
 
  
 

High-Resolution Spin Echo Spectrometer  
 
High Intensity SANS with optional focusing optics 
SKADI: Small K Advanced Diffractometer    

 
Instrument Proposals submitted September, 2013  



Time-of-flight Reciprocal space Explorer 
TREX: A bispectral chopper spectrometer for magnetism and material science 
  
 

FZJ Instrument Proposal 2013 

Jörg Voigt (FZJ) 
Nicolo Violini (FZJ) 
Thomas Brückel (FZJ) 
P. Deen (ESS coordinator) 

  Ø  Multispectral spectrometer for magnetism + material science  
Ø  From extreme energy resolution to very high flux 
Ø  4 decades in energy/time on one instrument 

 
Ø  Polarization analysis 

 
Ø  Taking full advantage of Repitition Rate Multiplication (RRM) 

 
Ø  Pixel power  

Ø  Adaptive collimation 
Ø  ∆Q ≥ 0.01 Å-1 for small angle region 
Ø  Q ≤ 12 Å-1  
Ø  Mapping of coherent excitations 



Science Case 

High TC Superconductivity 
 
Multiferroics 
 
Molecular magnets 
 
Quantum phase transitions 
 

  

Energy research •  Diffusive motion, acoustic and  
optical branches at once 

•  Thermo-electrics 
•  Ion transport 
 Dynamics in polymers 

and biomaterials    
•  Proteins, hydration water 
•  Bio-catalysts, bio-sensors  
•  Polymers, Glasses 
 

completely different regarding the apical oxygen atoms: while
trapped at RT in CaFeO2.5, they show considerable displace-
ments for SrFeO2.5. The potential of the apical oxygen atoms is
mainly determined by the Fe-O bond length, with the bonding
character being strongly covalent. If now the apical oxygen atom
gets sufficiently far away from its equilibrium position, our
simulations show that it is even able to escape into the vacancy
channels of the tetrahedral layer, leaving behind a square
pyramid and a reoriented tetrahedron (see Figure 4a-e and
Vide infra Figure 6). We note that FeO5 square pyramids are
energetically stable structural units and are found for example
in Sr3Fe2O6

28 or in SrFeO2.875.29 The DFT simulations also
confirm pronounced lattice dynamics for the tetrahedral chains
of SrFeO2.5, i.e. a marked zigzag to zagzig switching behavior
on a picosecond time scale at RT, as indicated in Figure 1b.
This switching is strongly amplified toward higher temperatures.
This type of lattice dynamics is entirely absent for CaFeO2.5 at

ambient temperature and sets in at higher temperatures only
(1070 K), as evident from Figure 3a.

The oxygen diffusion pathways emerging from these DFT
simulations are graphically illustrated in Figure 4d and e as the

(28) Dann, S. E.; Weller, M. T.; Currie, D. B. J. Solid State Chem. 1992,
97, 179–185.

(29) Hodges, J. P.; Short, S.; Jorgensen, J. D.; Xiong, X.; Dabrowski, B.;
Mini, S. M.; Kimball, C. W. J. Solid State Chem. 2000, 151, 190–
209.

Figure 3. (a) Experimental GDOS of SrFeO2.5 (blue) and CaFeO2.5 (red)
obtained from INS performed on the IN6 spectrometer at the ILL (Grenoble,
France) at different temperatures vertically shifted for clarity: 300 K
(bottom), 620 K (middle), and 1070 K (top). The orange spectrum reports
the calculated DOS for CaFeO2.5 at 0 K. The low energy mode was found
at 7 meV for SrFeO2.5 independent of the temperature (vertical solid line);
for CaFeO2.5, below the Pnma f Imma phase transition (300 and 620 K),
it appears at 12 meV (vertical dotted line), being softened to 9 meV above
the transition (1070 K). (b) Dependence of the computed soft mode energy
at the Γ point of SrFeO2.5 (blue) and CaFeO2.5 (red) as a function of the
b-lattice parameter, i.e. the stacking axis of the octahedral and tetrahedral
layers. Independent of the A cation (Sr, blue, or Ca, red points), the critical
value of the b axis where the frequency of the mode becomes negative,
reflecting structural instabilities, is around 15.05 Å. The experimental lattice
parameters at RT for SrFeO2.5 (b ) 15.57 Å) and CaFeO2.5 (b ) 14.77 Å)
are given as blue and red vertical lines, respectively. We equally indicate
the value of b ) 15.13 Å observed for CaFeO2.5 at 1000 K26 as a green
vertical line.

Figure 4. Representation of the lattice mode, observed at 12 meV for
CaFeO2.5, leading to the instability of the apical oxygen position. This mode
involves a unidirectional shift, as indicated by the orange arrows of the
upper and lower octahedral (at y ) 0) and tetrahedral layers (at y ) (1/4),
while the position of the octahedral layer situated at y ) 1/2 remains almost
constant. Part (b) corresponds to the equilibrium position, while parts (a)
and (c) show the extreme positions of the dynamically displaced layers.
Envelopes of trajectories followed by O atoms along 10 ps ab initio
molecular dynamics (350 K) for (d) CaFeO2.5 and (e) SrFeO2.5. In the case
of CaFeO2.5, O atoms vibrate around a well-defined crystallographic position,
while, in SrFeO2.5, the migration of the apical O atoms to the vacant in-
plane tetrahedral sites is observed. Superimposed in part (e) is one FeO6
octahedra (oxygen atoms in red and the iron atom in green).

Figure 5. Scattering function S(Q,ω) for SrFeO2.5 (left) and CaFeO2.5
(right), collected on IN6 (ILL, Grenoble) at 1070 K. In both cases, the
acoustic phonons emerging from the Bragg peaks and the dominating low-
frequency band of optic vibrations become evident. While in the case of
CaFeO2.5 the optic band is nicely separated from the acoustic phonon
intensities, it merges with those in the case of SrFeO2.5. This can be
explained by the lower frequency of that band (7 meV for SrFeO2.5 and 9
meV for CaFeO2.5). Closer inspection of the region near the elastic line
reveals that the intensity in CaFeO2.5 around 2.25 Å-1 still has phonon
character, i.e. S(Q,ω) is constant as a function of ω, while a quasi-elastic
contribution in SrFeO2.5 is observed, indicating relaxation motion.

J. AM. CHEM. SOC. 9 VOL. 130, NO. 47, 2008 16083

Solid Oxide Ion Conductors A R T I C L E S

Time-of-flight Reciprocal space Explorer 
TREX: A bispectral chopper spectrometer for magnetism and material science 
  
 



Vertical Sample Reflectometer  
 
Time-of-flight Reciprocal space Explorer 
TREX: A bispectral chopper spectrometer for magnetism and material science 

  
 Bi-spectral powder diffractometer: POWHOW 
 
 
 
  
 

High-Resolution Spin Echo Spectrometer  
 
High Intensity SANS with optional focusing optics 
SKADI: Small K Advanced Diffractometer    

 
Instrument Proposals submitted September, 2013  



FZJ Instrument Proposal 2013 

Bi-spectral powder diffractometer: POWHOW 
 
  
 

W. Schweika (FZJ) 
N. Violini (FZJ) 
K. Lieutenant (HZB) 
A. Houben (RWTH Aachen) 
P. Henry (ESS coordinator) 

  

High flexibility in trading resolution versus intensity  
High resolution in backscattering  
High intensity single shot: approx. a few ms resolution   

�d ⇡ 10�4 (/ 1/�)



high resolution @ HRPD (ISIS)   

Science Case 

observation of  magnetic phase transition 
associated with lattice distortions 

 Noriki Terada et al., EPJ Web of Conferences 40 , 15008 (2013) 

Ø  magnetism 
Ø  low T physics, multiferroics 
Ø  multiple phases and length scales 
Ø  large unit cells 
Ø  ...  
 
Ø  Magnetic nano-particles:  
     atomic and magnetic structure 
     spatial magnetization distribution 

Neutron powder diffraction on commercial  
Li-ion battery  
(LiCoO2 based, 18650 type) „in operando“ 

Bi-spectral powder diffractometer: POWHOW 
 
  
 

A. Senyshyn, W. Schmahl  (LMU Munich) 



Vertical Sample Reflectometer  
 
Time-of-flight Reciprocal space Explorer 
TREX: A bispectral chopper spectrometer for magnetism and material science 

  
 Bi-spectral powder diffractometer: POWHOW 
 
 
 
  
 

High-Resolution Spin Echo Spectrometer  
 
High Intensity SANS with optional focusing optics 
SKADI: Small K Advanced Diffractometer    

 
Instrument Proposals submitted September, 2013  



High-Resolution Spin Echo Spectrometer  

FZJ Instrument Proposal 2013 

M. Monkenbusch (FZJ) 
S. Pasini (FZJ) 
M. Sharp (ESS coordinator) 

New superconducting coils, 
fully compensated 

0
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0.
29
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0.
68

 m

/ flipper//2 flipper

coil assemblyanalyzer coil assembly
2-2.5 times improved resolution  



 M. Sharp 
 ESS coordinator 

Dense polymeric systems 
•     polymer rings, star polymers 
•     self-healing materials 
•     polymers in confinement, e.g. pores 
  
 Proteins and biomolecules 
•  Functional domain motions 
•  Emerging topic: nanodiscs Krutyeva et al., PRL 110, 108303 (2013) 

Glass physics 
    

Science Case 

Complex fluids and diffusion in crowded (protein) soluti 
Challenge: diffusion in cell/ionic liquids 
     
Research in energy materials  
Electrolytes and storage materials 
     
     

High-Resolution Spin Echo Spectrometer  



Vertical Sample Reflectometer  
 
Time-of-flight Reciprocal space Explorer 
TREX: A bispectral chopper spectrometer for magnetism and material science 

  
 Bi-spectral powder diffractometer: POWHOW 
 
 
 
  
 

High-Resolution Spin Echo Spectrometer  
 
High Intensity SANS with optional focusing optics 
SKADI: Small K Advanced Diffractometer    

 
Instrument Proposals submitted September, 2013  



High Intensity SANS with optional focusing optics 
SKADI: Small K Advanced Diffractometer     

FZJ Instrument Proposal 2013 

H. Frielinghaus (FZJ) 
S. Jaksch (FZJ) 
J. Jestin (LLB) 
A. Jackson (ESS coordinator) 
 
 
  

 
•  Highest possible intensities 
•  Polarization 
•  Wide Q-range 10-3Å-1 – 2 Å-1  

•  Extended Q-range to few 10-5 Å-1  
(VSANS) and 10-6Å-1 (SESANS) 

•  Large customized sample environment 
	
  



High Intensity SANS with optional focusing optics 
SKADI: Small K Advanced Diffractometer     Nanofoams 

•  Fast Kinetics 
•  Crowded Systems (Multiple length scales) 
•  Magnetic Systems 
•  Detect smallest amounts of additives 

E. coli 
(Goodsell) 

Skyrmions 

µE in Pores 
 
 a) b) c) 

Science Case 



Critical instrument components   
 

Novel components for novel instrumentation  

38° 

Laser	
  beam	
  

Oven	
   3He	
  Cell	
  

Neutron	
  Beam	
  

Design of a compact on-beam SEOP analyzer for SANS 

•  Allows standard sample environment  
 
•  Online polarization 

Polarization Analysis studies 
 
•  Large solid-angle 3He spin-filter cell 

•  Separation of coherent, incoherent and magnetic scattering 
 

The prototype device 

3He	
  cell	
  
posi0on	
  



Choppers & Detectors for the ESS 

•  Disk choppers with beamline specific housings and disk designs 

•  Customized absorber coatings 

•  Fermi choppers with rotor weights up to 50 kg 

•  Chopper control electronics 

JCNS – ZEA-1 – ZEA-2 collaboration 
 

•  Detectors with wavelength-shifting- 
fibre light readout 

•  Large area, low γ-sensitivity, position resolution, 
detection efficiency 
 

•  Detectors based on Anger camera principle 
•  Large area, light detection devices, low γ-

sensitivity, position reconstruction, count rate 
capability 

Light 
Disperser 

Photo- 
multiplier 

Sk Sk+1 Sk-1 

Scintillator 

Air gap 

neutron Reflector 



Thank you ! 
  
 


