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Science Case Survey 2011 

Soft matter Material Science Magnetism 

Wavelength range 0.5-20 Å 0.5-20 Å 0.5-20 Å 

Energy range  
 
 
             resolution 

QEL,VDOS,  
–200 meV<E<200meV 
 
2-10 µeV 

QEL 
-200meV<E<30meV 
 
0.4meV-1.3meV @2Å 

–200meV<E<200meV 
 
 
30 µeV-2meV 

Q-   range 
 
       resolution 

< 0.1Å-1 → 2-4Å-1 
 

0.01 Å-1 (SAS)→ 
relaxed 

< 0.1Å-1 → 5-6Å-1 
 

0.01 Å-1 (SAS)→ 
relaxed 

< 0.1Å-1 → 2-4Å-1 
 

0.01 Å-1 (SAS)→ 
relaxed 
Mapping 
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environment 

1x1, 10x10, 30x60mm2 
Liquids, Solutions  
 

high pressure,humidity 
cell, 
Laser irradiation 
T 100- 4·102 K 

1x1, 10x10, 30x60mm2  

Powder, X-tals, melts 
 
high pressure, in-situ 
reaction chamber, 
levitation 
T 100-103 K 

1x1, 10x10, 30x60mm2  

Single X-tals 
 

high pressure, high 
mag field, laser 
 
T 10-2-103 K 
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the orientation changes during coherent motions of spins in
space and time. Its statistical average is proportional to the
antisymmetric off-diagonal dynamical magnetic suscepti-
bility [16,17]. We thus conducted experiments on the
triple-axis spectrometer IN20 at the ILL (France) in its
polarized neutron setup, with polarizing Heusler crystals as
monochromator and analyzer. We used the CRYOPAD
device, to obtain strict zero-field environment at the sample
position, and to prepare incoming and outgoing neutron
polarization independently. Ef ¼ 14:7 meVwas kept fixed

yielding an energy resolution of ’ 1 meV, and second
order contaminations were removed by a PG(002) filter.
The crystal, aligned with ð0; k; ‘Þ as scattering plane, was
cooled down to 1.5 K in an Orange cryostat. Different cross
sections were measured, !"", !"#, and !#", where the sub-
scripts indicate the incoming or outgoing neutron polariza-

tion parallel " or antiparallel # to the scattering vector ~Q.
Additional cross sections were measured at selected points

in ~Q and energy transfers @!, allowing us to separate the
magnetic signal from background, and to verify that
phonon and incoherent scattering are negligible in the
investigated region. !"" could therefore be used as
background above $ 1:5 meV. The magnetic dynamical

structure factor was then obtained by Sð ~Q;!Þ¼
1

2"@RhMyð ~Q;0ÞMyð% ~Q;tÞþMzð ~Q;0ÞMzð% ~Q;tÞie%i!tdt¼
ð!"#þ!#"Þ=2%!"" and the chiral magnetic dynamical

scattering by Cð ~Q; !Þ ¼ 1
2"@ RhMyð ~Q; 0ÞMzð% ~Q; tÞ %

Mzð ~Q; 0ÞMyð% ~Q; tÞie%i!tdt ¼ ð!"# % !#"Þ=2. Here,

My;zð ~Q;tÞ are the Fourier transformed spin components at

time t perpendicular to ~Q within (y) or perpendicular (z) to
the scattering plane.

To get first a global overview of the spin waves, an
experiment using unpolarized neutrons was performed on
the time-of-flight spectrometer IN5 at the ILL on a single
crystal in rotation around the vertical zone axis a [18]. The
incident wavelength was fixed to 4 Å, the chopper speed
to 16000 rpm, yielding an elastic energy resolution
’ 0:1 meV. Standard corrections and a background (high
temperature scan) subtraction were performed. The data
were then reduced with the Horace suite software [19] to

obtain the excitation spectra as function of ( ~Q, !).
Figure 2 summarizes our inelastic unpolarized neutron

scattering results obtained on IN5. Two spin-wave
branches emerging from the '# magnetic satellites are
identified [20]. They form delicate arches, with different
maximum energies (lower branch clearly visible on IN5,
maximum of the upper branch only observable on IN20).
One of the branches is gapped with a minimum at around
0.4 meV whereas the other branch is found ungapped down
to the resolution (0.1 meV). A first unusual observation is
the difference of intensities of the excitations emerging
from the'# satellites associated to a node of the reciprocal
lattice. This effect strongly depends on the considered
reciprocal lattice node and is clearly visible for instance

around ð0;%1;%1Þ in Fig. 2. This is a signature of the
structural chirality as detailed below.
Figure 3 gathers our inelastic polarized neutrons scatter-

ing results of IN20. Energy scans at constant ~Q were per-
formed for different ‘ values along ð0; 1; ‘Þ with ‘ ranging
from%# ¼ % 1

7 to 1.7 (see sketch in Fig. 2). The magnetic

scattering Sð ~Q;!Þ [light gray (red) lines in Figs. 3(a)–3(d)]
confirms the magnetic origin of the two modes, although
they are not as well separated as on IN5, due to the lower
energy resolution. By extracting the chiral contribution

Cð ~Q;!Þ [in dark gray (blue)], it is found that the lower

mode is achiral [Cð ~Q;!Þ ¼ 0] whereas the upper mode has

finite chirality [see Figs. 3(d) and 3(e)]. In addition,Cð ~Q;!Þ
is positive and has a tendency to become negative for
negative ‘ [compare Figs. 3(a) and 3(c) at low energy].
This change of sign is due to the fact that the neutron probes

the moment component perpendicular to ~Q, Cð ~Q;!Þ
corresponding then to the projection of the Fourier trans-

formed dynamical chirality onto ~Q. This result actually
perfectly reflects a globally unchanged chirality of the

FIG. 2 (color online). Inelastic neutron scattering intensities at
1.6 K in the (b(; c() scattering plane on the time-of-flight spec-
trometer IN5. Displayed are intensity maps at constant transfer
energy (energy cuts) and intensity maps along (0; k;%1þ #) and
(0;%1; ‘) lines in the reciprocal space ( ~Q cuts). In the bottom
right-hand sketch, the green outlined area and arrow show the
probed reciprocal vectors on the IN5 and IN20 spectrometers.
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upper branch all the way up to the maximum of the disper-

sion. At large ‘ values, Cð ~Q;!Þ equals the amplitude of

Sð ~Q;!Þ [see Fig. 3(d)], pointing at a full chirality of the
upper branch without chirality mixing.

To shed light on this remarkable result, a characterization
of the ground state can be done from a careful ana-
lysis of the spin waves. We propose a model, based on
mean-field calculations, that accounts qualitatively for the
magnetic order [4] (see Fig. 1). The in-plane 120# spin
arrangement is first stabilized by antiferromagnetic intra-
trimer J1 and intertrimer J2 interactions within the (a; b)
planes. Next, three interplane interactions, J3–J5, connect
each moment to the 3 moments of the upper or lower trimer
along the c axis. The acentric structure imposes different J3
and J5, oppositely twisted around c. The dominant one
drives the helical modulation according to the structural
chirality (J5 > J3; J4 for !T ¼ %1 and J3 > J4; J5 for
!T ¼ þ1). The two weakest interactions allow tuning the
periodicity " of the helix. This model implies that the
magnetic and structural chiralities are related (!!¼
!T!H): for the investigated crystal, !T ¼ %1 is observed

(strong J5), imposing opposite senses of rotation for the
helicity and the triangular chirality. We are left with
two different solutions (out of four) for the magnetic chir-
alities (!H ¼ þ1, !!¼%1) and (!H ¼ %1, !!¼þ1).
The observed ultimate selection of a single magnetic
chirality was proposed [4] to originate from the antisymme-
tric Dzyaloshinskii-Moriya (DM) exchange interaction
~D ' ð ~Si ( ~SjÞwith ~D the DM vector, allowed in the absence

of inversion symmetry center between spins ~Si and ~Sj. It
suffices to consider the DM interaction inside the trimer
with the sameDMvector along the c axis for the three bonds
[21]. This favors planar spin components, and its sign
selects a triangular chirality !!, and hence a helicity !H
since !! ¼ !T!H.
Using the standard Holstein-Primakov formalism in the

linear approximation [22], we computed Sð ~Q;!Þ and

Cð ~Q;!Þ at zero temperature. As shown by the comparison
of Figs. 2 and 4, a good agreement between experiment
and calculation is achieved with the exchange parame-
ters (in meV) J1 ¼ 0:85) 0:1, J2 ¼ 0:24) 0:05, J3 ¼
0:053) 0:03, J4 ¼ 0:017, and J5 ¼ 0:24) 0:05 and a
DM vector along c of * 1%jJ1j. The latter was checked
to produce the lower branch gap and to select a triangular
chirality [23]. J3, J4, J5 were constrained to fulfill the
" ¼ 1=7 conditions, and the set of best parameters yields
a Curie-Weiss temperature of 191 K, within less than 10%
of the values obtained from susceptibility measurements

FIG. 3 (color online). (a)–(d) Magnetic scattering Sð ~Q;!Þ
[light gray (red)] and chiral contribution Cð ~Q;!Þ [dark gray
(blue)] as a function of the transfer energy at selected scattering
wave vectors (0; 1; ‘), extracted at 1.5 K by longitudinal neutron
polarimetry on the triple-axis spectrometer IN20. The spectral
weight is only significant for the branch emerging from the %"
magnetic satellites. (e) Dispersion of the chiral scattering

Cð ~Q;!Þ obtained by gathering the measurements at all ‘.

FIG. 4 (color online). Dynamical structure factor calculated in
the linear approximation from the minimal model (see text) to
compare with the measurements of Fig. 2.
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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
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High TC Superconductivity 

MAPS:  La1.875Ba0.125CuO4 
J. M. Tranquada et al., Nature 429, 534 (2004) 

•  Gap, incommensurate satellites + resonance at once 
•  Smaller single X-tals 
•  More details, lineshapes 



         

Benefits from many Ei’s 

MAPS:  La1.875Ba0.125CuO4 
J. M. Tranquada et al., Nature 429, 534 (2004) 
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Ei=11.8meV 

Single Ei 



         

Benefits from many Ei 

MAPS:  La1.875Ba0.125CuO4 
J. M. Tranquada et al., Nature 429, 534 (2004) 

Ei=85.3meV 

Ei=11.8meV Many Ei 

Single Ei 

Novel features or intensity gain 

L =155m, LM = 150m

∆λ =
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mn
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the orientation changes during coherent motions of spins in
space and time. Its statistical average is proportional to the
antisymmetric off-diagonal dynamical magnetic suscepti-
bility [16,17]. We thus conducted experiments on the
triple-axis spectrometer IN20 at the ILL (France) in its
polarized neutron setup, with polarizing Heusler crystals as
monochromator and analyzer. We used the CRYOPAD
device, to obtain strict zero-field environment at the sample
position, and to prepare incoming and outgoing neutron
polarization independently. Ef ¼ 14:7 meVwas kept fixed

yielding an energy resolution of ’ 1 meV, and second
order contaminations were removed by a PG(002) filter.
The crystal, aligned with ð0; k; ‘Þ as scattering plane, was
cooled down to 1.5 K in an Orange cryostat. Different cross
sections were measured, !"", !"#, and !#", where the sub-
scripts indicate the incoming or outgoing neutron polariza-

tion parallel " or antiparallel # to the scattering vector ~Q.
Additional cross sections were measured at selected points

in ~Q and energy transfers @!, allowing us to separate the
magnetic signal from background, and to verify that
phonon and incoherent scattering are negligible in the
investigated region. !"" could therefore be used as
background above $ 1:5 meV. The magnetic dynamical

structure factor was then obtained by Sð ~Q;!Þ¼
1

2"@RhMyð ~Q;0ÞMyð% ~Q;tÞþMzð ~Q;0ÞMzð% ~Q;tÞie%i!tdt¼
ð!"#þ!#"Þ=2%!"" and the chiral magnetic dynamical

scattering by Cð ~Q; !Þ ¼ 1
2"@ RhMyð ~Q; 0ÞMzð% ~Q; tÞ %

Mzð ~Q; 0ÞMyð% ~Q; tÞie%i!tdt ¼ ð!"# % !#"Þ=2. Here,

My;zð ~Q;tÞ are the Fourier transformed spin components at

time t perpendicular to ~Q within (y) or perpendicular (z) to
the scattering plane.

To get first a global overview of the spin waves, an
experiment using unpolarized neutrons was performed on
the time-of-flight spectrometer IN5 at the ILL on a single
crystal in rotation around the vertical zone axis a [18]. The
incident wavelength was fixed to 4 Å, the chopper speed
to 16000 rpm, yielding an elastic energy resolution
’ 0:1 meV. Standard corrections and a background (high
temperature scan) subtraction were performed. The data
were then reduced with the Horace suite software [19] to

obtain the excitation spectra as function of ( ~Q, !).
Figure 2 summarizes our inelastic unpolarized neutron

scattering results obtained on IN5. Two spin-wave
branches emerging from the '# magnetic satellites are
identified [20]. They form delicate arches, with different
maximum energies (lower branch clearly visible on IN5,
maximum of the upper branch only observable on IN20).
One of the branches is gapped with a minimum at around
0.4 meV whereas the other branch is found ungapped down
to the resolution (0.1 meV). A first unusual observation is
the difference of intensities of the excitations emerging
from the'# satellites associated to a node of the reciprocal
lattice. This effect strongly depends on the considered
reciprocal lattice node and is clearly visible for instance

around ð0;%1;%1Þ in Fig. 2. This is a signature of the
structural chirality as detailed below.
Figure 3 gathers our inelastic polarized neutrons scatter-

ing results of IN20. Energy scans at constant ~Q were per-
formed for different ‘ values along ð0; 1; ‘Þ with ‘ ranging
from%# ¼ % 1

7 to 1.7 (see sketch in Fig. 2). The magnetic

scattering Sð ~Q;!Þ [light gray (red) lines in Figs. 3(a)–3(d)]
confirms the magnetic origin of the two modes, although
they are not as well separated as on IN5, due to the lower
energy resolution. By extracting the chiral contribution

Cð ~Q;!Þ [in dark gray (blue)], it is found that the lower

mode is achiral [Cð ~Q;!Þ ¼ 0] whereas the upper mode has

finite chirality [see Figs. 3(d) and 3(e)]. In addition,Cð ~Q;!Þ
is positive and has a tendency to become negative for
negative ‘ [compare Figs. 3(a) and 3(c) at low energy].
This change of sign is due to the fact that the neutron probes

the moment component perpendicular to ~Q, Cð ~Q;!Þ
corresponding then to the projection of the Fourier trans-

formed dynamical chirality onto ~Q. This result actually
perfectly reflects a globally unchanged chirality of the

FIG. 2 (color online). Inelastic neutron scattering intensities at
1.6 K in the (b(; c() scattering plane on the time-of-flight spec-
trometer IN5. Displayed are intensity maps at constant transfer
energy (energy cuts) and intensity maps along (0; k;%1þ #) and
(0;%1; ‘) lines in the reciprocal space ( ~Q cuts). In the bottom
right-hand sketch, the green outlined area and arrow show the
probed reciprocal vectors on the IN5 and IN20 spectrometers.

PRL 106, 207201 (2011) P HY S I CA L R EV I EW LE T T E R S
week ending
20 MAY 2011

207201-2

IN5: Ba3NbFe3Si2O14  
Loire et al., PRL 106, 207201 (2011) 

upper branch all the way up to the maximum of the disper-

sion. At large ‘ values, Cð ~Q;!Þ equals the amplitude of

Sð ~Q;!Þ [see Fig. 3(d)], pointing at a full chirality of the
upper branch without chirality mixing.

To shed light on this remarkable result, a characterization
of the ground state can be done from a careful ana-
lysis of the spin waves. We propose a model, based on
mean-field calculations, that accounts qualitatively for the
magnetic order [4] (see Fig. 1). The in-plane 120# spin
arrangement is first stabilized by antiferromagnetic intra-
trimer J1 and intertrimer J2 interactions within the (a; b)
planes. Next, three interplane interactions, J3–J5, connect
each moment to the 3 moments of the upper or lower trimer
along the c axis. The acentric structure imposes different J3
and J5, oppositely twisted around c. The dominant one
drives the helical modulation according to the structural
chirality (J5 > J3; J4 for !T ¼ %1 and J3 > J4; J5 for
!T ¼ þ1). The two weakest interactions allow tuning the
periodicity " of the helix. This model implies that the
magnetic and structural chiralities are related (!!¼
!T!H): for the investigated crystal, !T ¼ %1 is observed

(strong J5), imposing opposite senses of rotation for the
helicity and the triangular chirality. We are left with
two different solutions (out of four) for the magnetic chir-
alities (!H ¼ þ1, !!¼%1) and (!H ¼ %1, !!¼þ1).
The observed ultimate selection of a single magnetic
chirality was proposed [4] to originate from the antisymme-
tric Dzyaloshinskii-Moriya (DM) exchange interaction
~D ' ð ~Si ( ~SjÞwith ~D the DM vector, allowed in the absence

of inversion symmetry center between spins ~Si and ~Sj. It
suffices to consider the DM interaction inside the trimer
with the sameDMvector along the c axis for the three bonds
[21]. This favors planar spin components, and its sign
selects a triangular chirality !!, and hence a helicity !H
since !! ¼ !T!H.
Using the standard Holstein-Primakov formalism in the

linear approximation [22], we computed Sð ~Q;!Þ and

Cð ~Q;!Þ at zero temperature. As shown by the comparison
of Figs. 2 and 4, a good agreement between experiment
and calculation is achieved with the exchange parame-
ters (in meV) J1 ¼ 0:85) 0:1, J2 ¼ 0:24) 0:05, J3 ¼
0:053) 0:03, J4 ¼ 0:017, and J5 ¼ 0:24) 0:05 and a
DM vector along c of * 1%jJ1j. The latter was checked
to produce the lower branch gap and to select a triangular
chirality [23]. J3, J4, J5 were constrained to fulfill the
" ¼ 1=7 conditions, and the set of best parameters yields
a Curie-Weiss temperature of 191 K, within less than 10%
of the values obtained from susceptibility measurements

FIG. 3 (color online). (a)–(d) Magnetic scattering Sð ~Q;!Þ
[light gray (red)] and chiral contribution Cð ~Q;!Þ [dark gray
(blue)] as a function of the transfer energy at selected scattering
wave vectors (0; 1; ‘), extracted at 1.5 K by longitudinal neutron
polarimetry on the triple-axis spectrometer IN20. The spectral
weight is only significant for the branch emerging from the %"
magnetic satellites. (e) Dispersion of the chiral scattering

Cð ~Q;!Þ obtained by gathering the measurements at all ‘.

FIG. 4 (color online). Dynamical structure factor calculated in
the linear approximation from the minimal model (see text) to
compare with the measurements of Fig. 2.
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•  Pixelized detector (3d) 
•  Very good energy resolution 
•  Divergence ± 1º 
•  Polarization 
 



         

0.5

0.4

0.3

0.2

0.1

0.0

P2
T

1
2 3 4 5 6

10
2 3 4 5 6

100
2

energy (meV)

3He at 15 bar cm and 80%  Phe 
 3He at 6.7 bar cm and 80%  PHe 

FeSi solid state SM Analyzer Array 

CoTi SM Analyzer 
3He at 22 bar cm and 80%  PHe 

Polarisation and bandwidth 

E. Babcock et al., Jour. Phys. Soc.  Jap. S.E., 
proceedings of QENS/WINS 2012, Nikko Japan 



         

On-beam polarizer Analysis: 
magic PASTIS magnetic system 

Polarization and Analysis for TOPAS 

ü  SEOP for thermal neutrons 
ü  Continuously pumped 

ü  SM Cavity for cold neutrons 

ü  Homogeneous field configuration 
ü  Offline gas polarization 
ü  Variable pressure 



         

Energy materials  

IN6: Oxygen mobility in SOFC 
W. Paulus et al, JACS 130, (2008), 16080 

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

•  Diffusive motion, acoustic and optical branches at once 
•  Good energy resolution to resolve atomic hopping 



         

Diffusive motion in soft matter 

TofTof: n-alkane (C32H66) chain  
T.Unruh et al., J. Chem Phys. 129, 121106 (2008) 

•  Extreme energy resolution 
•  Large dynamic range : momentum transfer!! 



         

Frustration 

Magnetic 
Monopoles 

HTSC 

Magnetic 
resonance 

Gaps Chiral 
magnets 

Heavy fermions 

Correlated electrons 

Thermoelectric 
materials 

Magnetocaloric 
materials 

Low 
dimensional 
magnetism 

Ion transport 

Hydrogen storage/mobility 

Batteries and fuel cells 



         

Magnetism 

0.5 meV< E <100 meV 
10 µeV< ∆E < 5 meV 

0.01 Å-1< ∆Q 
Polarisation analysis 

4D mapping 

Design parameters 



         

Large dynamical range  bispectral extraction 

C 

T 

Si    
 thickness   0.5 mm 
 length        350 cm 

~1°  
 

Patent:  Mezei&Russina 

Berlin – Copenhagen simulations group 



         

Geometry I: 
∆λ =

h

mn
(fsourceLtotal)

−1

δλ =
h

mn
(fMLtotal)

−1
Ltotal ≈ 150m



         

Geometry I: 

LSD= 4 m 

∆LSD

LSD
≤ 0.5%

Ltotal ≈ 150m



         

Energy resolution 

 
Important: 
LPM>20m  

to match HR!! 
 

0 20 40 60 80 100
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∆
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e
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)

 

 
Ei = 25.2 meV, ∆L = 20 mm

Ei = 3.27 meV, ∆L = 20 mm

Ei = 25.2 meV, ∆L = 30 mm

Ei = 3.27 meV, ∆L = 30 mm

τM = 20µs

τM = 10µs



         

Define the time origin 

P 

P 

M 

M 
LP

LM
=

fM
fP



         

Geometry III 

LPM = 50 m 

LSD= 4 m 
Ltotal ≈ 150m



         

Chopper layout 

Moderator 14Hz, 2.86 ms 

LSD= 4 m 

LP=100 m, fP=0.75 fM 

LBW1=19 m 

LBW2=23 m 
BW1,2 

P1,2 

M1,2 

λ 
(Å

)	



LM=100 m, fM≤ 350 Hz 



         

Chopper layout 

Moderator 14Hz, 2.86 ms 

BW1,2 

P1,2 

M1,2 

λ 
(Å

)	



Frame chopper 



         

Time frames issues 

λ
(Å

)

!  Block beam 2x(TM – τM) 
!  Fully opaque during τM 

M-chopper 
Fan chopper 



         

A Fan chopper with adjustable blades 

Frequency: 14 Hz 

ü Mechanical parts manufactured 
ü Drives procured 
ü Control Hardware procured 
ü Assembly March ’13 

60 mm 7cm 

60cm 

M. Russina, F. Mezei, J. Phys.:  
Conf. Ser. 251 (2010) 012079 



         

A Fan chopper with adjustable blades 



         

Dynamic range of a single target pulse 

El. Res. 60-140µeV 

6meV 

Ei=85.3meV 

Ei=11.8meV 

Ei=5.54meV 

Ei=2.94meV 

Band centered at 1.8 Å Band centered at 4.5 Å 

Pulse supression active 



         

•  Optimize the brilliance transfer 
1x3 cm beam spot 
±1º divergence 

•  2 ellipses  
  à small windows  
  à shorter burst times 
  à correct coma aberrations     

 
•  Homogeneous beam profile/sample 

dimensions 
•  Concentrator/Collimators 
 
•  Avoiding direct LoS 

•  T0 chopper 
•  Beam catcher at ellipse 1 and P chopper 
•  Kinked ellipses 
  

 

Neutron guide layout 



         

Beam profile and divergence on sample 



         

Transport system performance 

Figure of merit  
1x3 cm2 

+/-0.5 ° 

Short Long 

El.En.res. 
(µeV) 

112 125 

Flux 
(105 n/s/cm2) 

7 5.4 

4Å 



         

Comparison with existing instruments 

Rep. 
rate 
(Hz) 

El. En. 
Res 
(µeV) 

Monochr. 
flux  
(n/s/cm2) 

Gain factor 
single pulse 

Multiple 
pulses 

Gain 

T-REX 14 112 ± 2 7 105 

Average 
over 
1x3cm2 

9 4-16 36-144 

LET 10 102 ± 2 5.6 104 

Average 
over 
4x4cm2 

1 4 4 

IN5 70 105 ± 6 8.9 104 

Average 
over 
2x5cm2 

0.09 70 1.6 

4Å 



         

3He at 15 bar cm and 80%  Phe 
 

3He at 6.7 bar cm and 80%  PHe 

FeSi solid state SM Analyzer Array 

CoTi SM Analyzer 
3He at 22 bar cm and 80%  PHe 

Polarisation and bandwidth 

E. Babcock et al., Jour. Phys. Soc.  Jap. 
S.E., proceedings of QENS/WINS 2012, 
Nikko Japan 

∆λ < 2Å
3He to polarize thermal and cold neutrons 



         

Cost estimate today 

Item Cost [k€] 
Shielding 3500 

Neutron guide 
system 

1030 

Choppers 1250 

Detector 10000 

Detector tank 1110 

Polarization 370 

18000 

Specifications 
•  180º horizontal 
•  ±30º vertical 
•  50 m2 area 



         

Cost estimate today 

Item Cost [k€] 
Shielding 3500 

Neutron guide 
system 

1030 

Choppers 1250 

Detector 10000 

Detector tank 1110 

Polarization 370 

18000 

Options 
1. 3He, 2. 10B solid state, 3. WSF 
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ü  Multispectral spectrometer 
ü  From extreme energy resolution to very high flux 

ü  4 decades in energy/time on one instrument 
ü  Polarization 
ü  Pixel power  

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

T-REX will be/have 

Looking forward meeting you there 



         

Thank you for the attention 



         

Versatile chopper configuration 

x14Hz 

fP1 fP2 fM1 fM2 

9 9 12 12 

12 12 16 16 

15 15 20 20 

18 18 24 24 

Gain 

1.77 

1.56 

1.44 

Up to 4 times higher flux 

simulations of the short layout 



         

Short layout 79.3 length 

LSD=3m LSD=4m 

El. Res. 45-190µeV El. Res. 35-140µeV 

1.3 higher rep. rate  

8meV 
6meV 

1.3 higher flux  

higher acquisition rate  better resolution  

Band centered around 3 meV – 5Å 
 



         

Application of Matrix calculation to ToF 
spectrometers 



         

MAGIC PASTIS LAYOUT 

Z direction  
compensated Helmholtz pair 

X-Y plane  
µ-metal plates rods + coils  

Large solid angle coverage 90° (H) x 40° (V) 
OFFLINE polarization 



         

Energy resolution  



         

Energy resolution  
control 

Vitess 2.11 simulations of the  
bispectral 79.3m instrument 

Balanced condition 

< 2ms 

x4 

x2 

High Resolution 

High Flux 



         

Q resolution knowledge 



         

Q,E correlation knowledge 

Following a phonon 
dispersion along 

selected directions 

Quasi-Elastic 
investigations 



         

McStas simulations vs Analytical calculations 

A.Vickery, L. Udby, N. Violini, J. Voigt, P.P.Deen, K. Lefmann, in Proceedings of QENS/WINS 2012  



         

T0 choppers operation 

To fill the frame at 
detector position 

To allow λMIN  pass 
through the chopper 

Rev. Sci. Instrum. 83, 015114 (2012) 

ARCS  
@SNS 

VISION  
@ SNS 

 

NIMA 661,1 (2012)  

f (Hz) LST(m) 

14 26.3-74 

28 22.4-30.4  

28Hz 56 Hz 



         

Wavelength selection 

Flexible band-width   
2 14Hz disks       
0.7m radius         

180° windows 

Issue: repetition after 16Å 
Solved by LP1-P2>5cm 



         

Transport system 

-0.5°  

+0.5°  

+1.5cm 

-1.5cm 

L_GS 

+1.5cm 

-1.5cm 

Minimalist concept  
following  

Liouville theorem 

+0.5°  

-0.5°  



         

Wx 

Free parameter 

L_GS fixed Windows size fixed 

L_GS 30 cm L_GS 60 cm 

Transport system optimization 



         

Transport system performance 

1D vertical 
position and 
divergence 



         

Transport system performance 

2D position  



         

Transport system performance 

2D divergence  



         

Transport system + choppers running 

2D position  



         

Transport system + choppers running 

2D divergence  



         

Schematic layout 



         

Outline 

•  Technical description of spectrometer layout 
 Analytical investigation of Q,E resolution of a generic layout  
 Characteristics of the present instrument 
 Choice of instrumental parameters 
 Technical realization of specific components 
  polarization and p. analysis 
  Implementation of poly-chromatic operation 
  T0 choppers 
  Fan choppers 

•  Instrument performance 
 
•  Scientific impact 

•  Costing 
       



         

Comparison to existing instruments 

per pulse 

1 out of 7 1 out of 4 

1st frame 2nd frame 



         

IN5-B @ILL 

0.2meV < E < 25meV 

Tunable en resolution and 
Q range 

High Flux 
 

 

QEL solids, liquids, 
molecular crystals 

 

INS 
0.1meV < ħω < 250meV 

750mm 690mm 
Pulsing choppers Mono choppers 

FO 

8m 1.2m 

horizontal 

vertical 

vertical cold  
source 

Cold guide  
H16 



         

IN5-B @ILL 

8500rpm 
141.6Hz 

8500rpm 
141.6Hz 

Pulsing choppers Mono choppers 

FO 
4250rpm 

8m 1.2m 

vertical cold  
source 

Cold guide  
H16 

5Å Measured Vitess Sim Analytical 

El. En. Res 
(µeV) 

103 110 102 
 

Flux (105n/s/
cm2) 

6.83 8.97 / 

110 µeV 



         

LET @ISIS TS2 

0.5meV < E < 80meV 

Polychromatic 
experiments 

 

QEL in high resolution 
configuration 

 

INS 
0.08meV < ħω < 80meV 

Magnetic excitations 
Integrated  

guide-chopper  
system 

High Flux 



         

LET @ISIS 

Measured Vitess Sim Analytical 

El. En. Res 
(µeV) 

100 100 102 

Flux (104n/s/
cm2) 

5.6 7.7 / 

4Å 

100 µeV 



         



         

Q performance 1°collimation 

1st Frame 

2nd Frame 



         

Scientific impact 

Flux Collimation Multi-chromatic 
investigations 

Max 
Gain  

Gain 
Range  

Present Instrument 5 7 12 420 5-420 

IN4-C 1 1 1 1 1 

Flux Collimation Multi-chromatic 
investigations 

Max 
Gain  

Gain 
Range  

Present Instrument 2 10 7 240 2-240 

IN6 1 1 1 1 1 



         

Versatile choppers configurations 

x14 (Hz) 
fP1 fP2 fM1 fM2 pulses Δλ (x 0.157Å) 
9 9 12 12 

11 
12 
4 

2 
6 

12 12 16 16 
15 
14 

16 
4 
8 

1.5 
6 
3 

15 15 20 20 
19 

20 
4 

1.2 
6 

18 18 24 24 
21 
20 

24 
12 
8 

1 
2 
3 

constant flux 
constant resolution 
per monochromatic 
sub-pulse 



         

Costing Estimation at present days 

Item Subitem Cost [k€] Remarks 
Shielding 3500 (?) MCNPX calculations required 

Neutron guide system 
Neutron guide 800 

Vacuum housing 80 
Vacuum system 30 

Bi spectral 
extraction 

100 

Choppers 
Band Width pair 200 

Pulse chopper pair  400 
M chopper pair 400 

Pulse suppression 
chopper 

50 Estimated from Prototype 

T0 chopper 200 



         

Item Subitem Cost [k€] Remarks 
Additional beam optics 

Slit system 30 
Adaptive optics 

Detector 10000 (?) (?) (?) 
Detector tank 

Vessel 800 
Vacuum system 200 

Sample goniometer 50 
Shielding 60 

Monitors 
Incoming beam 10 
Beam diagonistic 40 2d Monitor to analyze the 

beam and to position the 
sample in the beam. 

Costing Estimation at present days 



         

Costing Estimation at present days 
Item Subitem Cost [k€] Remarks 

Polarization 

SEOP polarizer 50 Based on TOPAS experience 

Magic Pastis 80 Based on TOPAS experience 

Guide changer 50 Based on TOPAS experience 
3He 150 3He price 3 k€/bar l 

3He Recovery 40 For the wide angle PA a 
separate recovery would be 
used as the analysis volume 

is large 

TOTAL 17320 

Human resources PY 

Scientists 12 

Engineers 12 

Technicians 15 



         

Wavelength selection 

Ratio 1.5 
delivers a 

clean spectrum 



         

Multi-chromatic operation 
Useful incoming neutron wavelength band 

      for experiments 
Adjustable elastic energy 

      resolution/interaction time  
Flexible trading resolution for flux 
Keep back-ground low 
Adapt variable time frames due to  

      multi-chromatic operation 
 

Requirements for choppers 



         

2x 14Hz 70cm radius disks 
180° openings 

14/28 Hz 30cm radius    
20.8-34.6° blade  

2x 252Hz 37cm radius disks 

2x 350Hz 37cm radius disks 

10x 14Hz 60cm radius blades 

Requirements for choppers 

M1 

M2 

P1 

P2 



         

Time-line 

Instrument 
proposal 

concept science case 

scientific impact 
costing 

engineering design 

October 2013 



         

TOF technique adaptation 

Currently nearly 20 TOF 
spectrometers  

operating in existing facilities 

peak flux & pulse shape 

reactor spallation 



         

Outline 

•  Description of the spectrometer layout 

•  Instrument performance 
 

•  Scientific impact 

•  Costing 



         

Secondary spectrometer 
      wide detectors 3He replacement 

      polarization analysis 
      add-ons 

 
 
 

Primary spectrometer 
      moderator bi-spectral extraction 

      chopper system  
      neutron guide 

      polarization 
 

Design parameters 

LPM 

LMS 
LSD 



         

Q resolution (req. 0.01Å-1 → relaxed) 



         

Q resolution (req. 0.01Å-1 → relaxed) 

3.5° collimation 1.5° collimation 



         

Open issues 

Verify requirements on energy and wave-vector transfer as from 
science case survey 2011. 

 
Length: Larger band / narrower band 
 
LSD: Higher acquisition rate / better resolution 
 
Space for the sample environment 
 
Avoiding LoS 


