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From IN6 to SHARP then SHARP+ 
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¶ 
Following the agreement to strengthen the Franco-Swedish cooperation in the field of neutron scattering, the 
Laboratoire Léon Brillouin (LLB) has undertaken the construction of an inelastic time-of-flight spectrometer. 
After the announcement of the Orphée reactor shutdown in 2019, the project originally planned at Saclay could 
be transferred to the Institut Laue Langevin (ILL). This revival took the form of an A type CRG contract concluded 
on September 29th 2017 between the CEA DRF, the CNRS INP and the ILL. From then, IN6 has been operated by 
a LLB team and the design of a brand new IN6 secondary spectrometer (components from the monochromator 
up to the detectors) has started. This was the SHARP (Spectromètre Hybride Alpe Région Parisienne) project. 

After the design and construction phases, the on-site SHARP installation has started right after the end of the 
2020 fall cycle in October and was completed on March 21 2021 when the first neutrons have enlightened the 
brand-new instrument. This is a remarkable short time. A key part of the work has been the full furbishing of the 
Time-of-Flight (ToF) chamber with Cd coverage, installation of 240 5 bars 3He Position Sensitive Detectors (PSD) 
along with their rear collimators and the associated electronics. As for the detections electronics, ILL technical 
teams have joined the LLB work-force for their cabling, testing and integration within the Data Acquisition 
System. Instead of the IN6 Tof chamber Argon Flushing, a very efficient pumping system has been designed and 
installed by the ILL vacuum group. Coupled to the LLB differential vacuum stage conception of the 25 m3 ToF 
chamber, a primary vacuum is reached in 15 minutes and a pressure of 10-3 mbar can be steadily maintained. 
This vacuum chamber and a brand-new front oscillating collimator (angular range 0.6°) come together to 
significantly decrease the background that could be observed on IN6.  

The future of SHARP: Two long ILL shutdowns are needed for reactor work and for the re-construction and 
extension the of the H15 guide. By the end of this processes, in April 2024, the secondary spectrometer of SHARP 
will have settled to the end of this new H15 guide. The instrument will then become SHARP+.  

SHARP+ will take advantage of a guide-end position with a cut-off = 0.6 Å i.e. allowing experiments with incident 
wavelength as low as 2 Å. 
The instrument will combine two modes: a Time Focusing (TF) mode as on IN6 and an additive so-called 
Monochromatic Focusing (MF) mode. TF will primarily beneficiate to quasi-elastic studies in soft matter and 

experiments in solid state physics where a good resolution (few tens of eV) is needed on a narrow range of 
energy transfer on the neutron energy loss side. The MF mode is optimized for studies requiring an almost 
constant resolution over a wide range of energy transfer (mainly studies in the field of material science). The 
switch from the MF to the TF mode will be possible by retracting a 4.5-meter-long section at the end of a 
14 meter vertically and horizontally elliptic converging guide section (turn-key system, no manpower required). 
The instrument will be equipped by a two faces 20*30 cm2 horizontal and vertical focusing monochromator. On 
one side, Highly Oriented Pyrolytic Graphite will be used for incident wavelengths from 2 to 6 Å. On the other 
side Fluorinated Mica for wavelengths from 7 to 12 Å is foreseen (under development). 
To be able to use incident wavelength from 2 to 4 Å, we have made the choice to avoid any use of a beryllium 
filter (BF). This will skip a 15-20% absorption of the beam scattered by the monochromator and will reduce the 
health physics protection of the instrument. Instead of using a BF, the suppression of the harmonics of the 
nominal wavelength will be ensured by a three disk-choppers cascade installed in the guide, downstream of the 
guide retractable section. 
Compared to IN6, the counting rate of SHARP+ will be at least one order of magnitude larger (according to McStas 
simulations, a factor 15 is expected) and with a significantly reduced background.  

The SHARP spectrometer has been an interesting teasing to take patience up to the 2024 delivery of SHARP+. At 
that time, this brand-new state-of-the-art very competitive instrument, operating as a French CRG A, will nicely 
complement and integrate the ILL ToF instruments suite. 

In this talk, we will report on the SHARP spectrometer then will introduce SHARP+. 

https://se.ambafrance.org/Signature-a-Stockholm-de-plusieurs,4392
http://www-llb.cea.fr/
https://www.ill.eu/fr/
https://www.ill.eu/users/instruments/crgs/
http://www.cea.fr/drf/Pages/Accueil.aspx
https://inp.cnrs.fr/
https://www-llb.cea.fr/Phocea/Vie_des_labos/Ast/ast_visu.php?id_ast=2766


Abstract title: Hydrogen storage in high entropy alloys: 
insights from large-scale instruments
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¶
Among various materials for solid-state hydrogen storage,  alloys and intermetallics
forming hydrides are  one of  the most  important  classes  due to their  high-volume
density, reversibility, and safety [1]. Recently, a new metallurgy paradigm of alloying
has emerged based on the concept of high entropy alloys (HEAs), initially intended to
enhance the mechanical properties [2]. The principle is laid on the mixing of elements
close to the equimolar proportion for systems up to five and more elements. This may
lead to the formation of simple single-phased solid solutions (bcc,  fcc  and hcp) with
interesting  properties  for  solid-sate  hydrogen  storage.  We  will  focus  here  on  the
physicochemical  and  the  hydrogen  absorption/desorption  properties  of  a  series  of
HEAs (Ti-V-Zr-Nb)90X10 (with X = Mg, Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo and Ta) and the
insights that can be obtained from experiments at large-scale facilities, mainly neutron
and  X-ray  diffraction.  The  role  of  additional  element  X will  be  highlighted  and
compared  to  the  quaternary  pristine  Ti-V-Zr-Nb  alloy  as  function  of  local  lattice
distortion and electronic properties  [3–5]. For example,  in situ neutron diffraction at
D1B  ILL  has  clearly  evidence  a  drastic  decrease  of  the  desorption  temperature
associated  with  the  phase  transition  from a  fcc hydride  to  a  bcc alloy  in  the  Al-
containing  material  (Figure  A)  as  compared  to  the  initial  quaternary  composition
(Figure B) [6]. This approach is envisioned to clarify the role of chemical composition
on the hydrogen storage performances of refractory HEAs.

  

Figure: In situ neutron diffraction at D1B ILL for the quinary (Ti-V-Zr-Nb)90Al10 (A) and
quaternary Ti-V-Zr-Nb alloy (B).

[1] U. Eberle, M. Felderhoff, F. Schuth, Angew. Chem.-Int. Ed. 48 (2009) 6608–6630.
[2] D.B. Miracle, O.N. Senkov, Acta Mater. 122 (2017) 448–511.
[3] J. Montero, C. Zlotea, G. Ek, J.-C. Crivello, L. Laversenne, M. Sahlberg, Molecules. 24 (2019) 2799.
[4] J. Montero, G. Ek, M. Sahlberg, C. Zlotea, Scr. Mater. 194 (2021) 113699..
[5] A. Bouzidi, L. Laversenne, G. Zepon, G. Vaughan, V. Nassif, C. Zlotea, Hydrogen. 2 (2021) 399–413. 
[6] J. Montero, G. Ek, L. Laversenne, V. Nassif, M. Sahlberg, C. Zlotea, Molecules. 26 (2021) 2470.
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Reaction intermediates and oxygen ordering explored by in situ neutron 
diffraction during the oxidation of La2CoO4.00  
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1 ICGM, Université de Montpellier, CNRS, ENSCM, 34000 Montpellier, France, 
2 University Grenoble Alpes, CNRS, Institut Néel, 38000 Grenoble, France; 
 
Oxides with K2NiF4 type structure have been extensively studied, as they show a large variety of physical and 
transport properties, i.e. spin, charge, orbital ordering and ionic-electronic conductivity [1]. In particular, 
transition metal oxides (RE2MO4+δ, RE = rare earth, M = Co, Ni, Cu), are promising compounds for intermediate 
temperature solid oxide fuel cells and oxygen separation membranes. Among them, La2CoO4+δ is a special 
case, due to the higher stability of Co3+ with respect to Cu and Ni, allowing to take up more interstitial oxygen 

quantities, the non-stoichiometric region being 0  δ  0.25. This system is also interesting in terms of its 
chemical reactivity, as La2CoO4.0 is able to uptake oxygen spontaneously at room temperature. This kind of 
oxygen mobility at ambient temperature is extremely surprising, as it involves an unusual high oxygen 
diffusion coefficient (about 10-10 cm2/s), making this system a unique case so far [2,3]. On the other hand, 
rare earth cobaltates are an outstanding example of strongly correlated electron materials, which provide a 
remarkable opportunity to study the interplay between dimensionality, lattice, charge, spin and orbital 
momentum degrees of freedom. 

In this study we investigated by in situ neutron powder diffraction the structural changes of La2CoO4.00 as a 
function of temperature and δ, in oxidizing atmosphere. In situ NPD data have been collected on the two-
axis powder diffractometer D1B (ILL, Grenoble) with a wavelength of 1.28 Å during a thermal ramp from RT 
up to 773 K, in air. We report on the extremely rich phase diagram, ranging from a stoichiometric 
orthorhombic Bmab phase, passing via an ordered intermediated tetragonal phase (F4/mmm), to the oxygen 
rich orthorhombic (Fmmm) phase La2CoO4.25 (Figure 1a). In addition, from the presence of superstructure 
reflections, we highlight the emergence and thermal stability of sub-mesoscopic oxygen ordering, up to high 
temperature (Figure 1c). These superstructure reflections could be indexed with a propagation vector q = 
0.75a*+0.5b*, as determined by single crystal X-ray diffraction on the oxygen rich phases. 
  

Figure 1: (a) The 2D contour plot representing the structural thermal evolution of La2CoO4+δ. (b) Focus on the 
(208) and (028) peaks, showing the phase transitions and also the change in the orthorhombicity. (c) Zoom 
in the range of 2θ = 30.5-37˚, highlighting a set of low intensity peaks corresponding of the superstructure 
reflections (31-35˚), due to the oxygen ordering during oxidation. The measurement was conducted on the 
two-axis powder diffractometer D1B at ILL with λ = 1.28 Å. 
 
[1] Goodenough, J. B. Reports on Progress in Physics 2004, 67 (11), 1915-1993 
[2] Girgsdies, F.; Schöllhorn, R. Solid State Communications 1994, 91 (2), 111-112. 
[3] Nemudry, A.; Rudolf, P.; Schöllhorn, R. Solid State Ionics 1998, 109 (3), 213-222 



Neutron diffraction studies of RT2 Laves phase hydrides and 
deuterides

V. Paul-Boncour 1

1 Institut de Chimie et des Matériaux Paris Est, CNRS- UPEC, 2 rue H. Dunant, 94320
Thiais Cedex, France
 
RT2 Laves phase compounds (R = Rare earth, T = 3d Transition metal) display a large
variety of interesting magnetic properties [1], such as frustration for T = Mn [2], giant
magnetostriction for T = Fe [3], magnetoelasticity and metamagnetism for T=Co [4],
giant magnetocaloric effects for T= Ni [5]. Besides, these compounds can also absorb
a large content of hydrogen (up to 6 H/f.u.), which induce interesting new magnetic
properties  through  structural  and  electronic  modifications  [6,7].  Neutron  powder
diffraction (NPD) is a tool of choice to study such compounds as it allows to localize
hydrogen (deuterium) atoms and to determine the magnetic structures.  Thanks to
these  NPD  results,  complex  structural  and  magnetic  phase  diagrams  have  been
established versus H(D) content, for T= Mn and Fe. In RMn2 compounds, H absorption
induces a cell volume increase and a lowering of crystal symmetry which allows to
remove the frustration, increases the Mn moment and the ordering temperature [8].
Competition between the volume expansion related to H(D) insertion and the applied
external pressure has been studied in detail and the decorrelation between hydrogen
and magnetic order obtained  [9]. Hydrogen insertion in ferro or ferrimagnetic  RFe2

compounds showed the existence of a large variety of crystal structures due to H(D)
order  (tetragonal,  monoclinic,  orthorhombic,  and  cubic  superstructures)  below the
hydrogen order-disorder  (TO-D)  temperature  [10].  The Fe moment increases slightly
versus H content up to of 3.5 H/f.u., then decreases reaching a paramagnetic state
without Fe ordering for 5 H/f.u. [11]. YFe2D4.2 displays a sharp ferro-antiferromagnetic
transition  related  to  an  itinerant  electron  magnetic  behavior  and  presenting
magnetocaloric  effects  [12].  This  magnetic  transition  is  very  sensitive  to  any  cell
volume change such  as  chemical  substitution  by  another  R element  [13],  applied
pressure  [14] and  also  (H,D)  isotope  effect  [15].   In  addition,  field  induced  ferri-
ferromagnetic transition is observed at low field and temperature when R is a heavy
magnetic rare earth [16]. A review of these results will be presented to show how NPD
was indeed essential to understand the influence of hydrogen(deuterium) insertion on
the magnetic properties of these Laves phase compounds.  
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Water Confined in Nanopores with Modulated Pore Surface 
Chemistry
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¶
The  physical  properties  of  liquid  water  in  spatially  confined  geometry  have  been
extensively studied, especially using mesoporous silicas as a model hosts. 
In this talk, we present results from a recent project that aimed at further exploring
the influence of interfacial phenomena [1]. 
To do this, the water−surface interaction was controlled at the molecular level by the
carefully designed surface chemistry of series of periodic mesoporous organosilicas
(PMOs)  that  involve  organic  bridges  connecting  silica  moieties  with  adjustable
repetition lengths, hydrophilicity, ionic surface charge and H-bonding capacity.
The structure and dynamics of water confined in the nanopores or adsorbed on the
inner surface of PMOs were investigated by the combination of quasielastic neutron
scattering  experiments  performed  on  different  spectrometers  (SHARP,  IN5B  and
IN16B)  [2],  broadband  dielectric  spectroscopy  [3]  and  Raman  spectroscopy  [4],
covering thus extended temperature and time scales.

Figure : Sketch of the structure of a single nanopore of PMO.  
¶¶
[1]  Project  NanoLiquids  No.  ANR-18-CE92-0011-01,  DFG  Grant  No.  FR  1372/25-1  Project  number
407319385, and DFG Grant No. Hu850/11-1 Project number 407319385
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and D. Morineau, J. Chem. Phys. 154, 094505 (2021)
[3] B. Malfait, A. Jani, J. B. Mietner, R. Lefort, P. Huber, M. Fröba, and D. Morineau, J. Phys. Chem. C, 125,
16864−16874 (2021)
[4] B. Malfait, A. Moréac, A. Jani, R. Lefort, P. Huber, M. Fröba, and D. Morineau, to appear (2022)



Order-disorder transition in geo-inspired nanotubes
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Imogolite  is  a  nanotubular  clay  material,  with  stoichiometry  (OH)3Al2O3Si(OH).  In
synthetic  imogolite-like  nanotubes,  Si  can  be  replaced  by  Ge  and  inner  hydroxyl
groups by methyl groups. Thanks to their small inner diameter (~1.5 to 3 nm), they
are  model  systems  for  studying  the  dynamics  of  nanoconfined  water,  which  can
exhibit radically different properties in comparison to those of bulk water. Compared
to carbon nanotubes, imogolite-like nanotubes have the advantage of having a well-
defined and controllable diameter, and a tunable chemical composition, which allows
to calibrate the water-surface interactions.

The nanochannel of (OH)3Al2O3X(OH) nanotubes  —noted here Si-INT and Ge-INT for
X=Si and Ge, respectively  — is hydrophilic thanks to its hydroxyl groups, which are
interacting with the confined water molecules. Recent investigations on Ge-INTs [1]
showed that H2O molecules in contact with the surface are stabilized by the formation
of  three H-bonds with the nanotube wall,  resulting in a single water  wetting-layer
strongly bound and solid-like up to 300K.

As  it  seems  that  the  flexibility  and  mobility  of  the  inner  hydroxyls  are  the  main
responsible of this water structuring, in order to fully understand their own behavior,
we therefore focused on the study of a tube in dry conditions. Using a pre-existent
parametrization for the interaction potential of Si-INTs [2], we investigate the structure
and dynamics of the hydroxyl groups of Si-INTs, by Molecular Dynamics Simulations
coupled  to  Elastic  Neutron  Scattering  experiments  performed  on  the  IN13
spectrometer at the ILL. A transition from a state where inner OH bonds have the
same orientation (as shown in Fig. 1) to a disordered state is evidenced as a function
of temperature.

[1] G. Monet et al., Nanoscale Advances 2 (2020) 1869-1877
[2] Scalfi L. et al., Langmuir, 34 (2018) 6748−6756

Figure 1 Si-INT in its low temperature
state,  having  the  inner  hydroxyls
aligned in the same direction 



 “Smart membrane” for lithium-metal batteries. 
A neutron multiscale analysis of the electrolyte dynamics under 1D CNT confinement. 
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Energy storage is a major issue of our times. However, electrochemical devices and their current 

performances, particularly in terms of power, are far from following the growing needs, especially in the field 

of transportation industry.1 Ionic liquids (ILs) show remarkable properties: low vapor pressure, high ionic 

conductivity, high chemical, thermal and electrochemical stability.2 They meet key criteria for safe energy 

storage such as lithium batteries. However, the fluctuating nano-segregation observed in bulk ILs acts as 

transient energy barriers hampering the long range diffusional processes and hence to the ionic 

conductivity.3,4 

We propose an original battery separator able to boost the transport properties of IL based electrolytes (IL 

+ lithium salt) combining several effects: 

- The nanometric confinement of the electrolyte within Carbon NanoTubes (CNTs) to frustrate the 

formation of the nano-structures observed in bulk. 

- A one-dimensional (1D) ionic conduction pathway offered by vertically aligned CNT-based 

membranes. The interior of the CNTs are the pores (diameter 4 nm) of this polymer composite 

system.  

To suppress the electronic conductivity of the CNTs, we have grafted a thin layer of IL-based ionic conducting 

polymers. Theses grafted layer electrically isolate the CNTs and the electrodes. The CNT are then filled with 

IL based electrolytes. We show a drastic increase of the ionic conductivity of theses electrolytes confined in 

1D CNT membranes: we report a gain by a factor up to 40 compared to their bulk analogues. We connect this 

conductivity gain to the ion mobility (IL and Li+).  

In this talk, we show a multiscale analysis of the confined electrolyte, combining neutron scattering 

(QENS/NSE, ps/ns) at the molecular scale, PFG-NMR at the microscale (ms), and electrochemical impedance 

spectroscopy. 
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Dark field imaging at icon: monitoring digestion through structure 
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It is now established that structure has to be considered when evaluating nutrient absorption and possible 
health effects of food. There is a strong need for new methods to collect information about the evolution of 
food micro- and nanostructure during digestion. Dark Field Imaging of the very low q scattering (sizes of order 
of a micron) on the full sample is one of those: food is heterogenous per se, and even more during digestion. 
A first attempt on dairy gels recently showed some sensitivity to casein fractal organisation, and quite good 
one to fat globules [1]. In parallel, to know more about the sensitivity of the measurements, we studied the 
structural profile of flocculated calibrated CaCO3 particles. 
We focus here on food matrices based on gels of plant proteins, different in molecular weight, solubility, 
isoelectric point, structure (flexibility) or gelation method compared to dairy proteins. Rapeseed “meal” for 
cattle is 50% protein, which high nutritive values and a well-balanced amino acid composition appropriate 
for human diet, which could be purified. 
Recently, we extended the monitoring of the digestion of canola gels using SANS [2] to its comparison with 
rheometry [3] (see M. Napieraj talk). A reproducible link with structural changes (unfolding/aggregation) is 
observed at large q (0.1-1 nm-1, low scales); at low q we detect large aggregates without further information.  
A DFI decay function, imaged on an area of a few cm2 could be measured overnight, before digestion and 
after 30 min in gastric phase. For longer digestion, e.g., 10 min in subsequent intestinal phase, the moderate 
DFI decay required longer counting. Initial structures show preparation pH dependence (as with SAN(X)S), 
while under digestion DFI flattening reveal de-structuration at the micron scale. For heterogeneous samples, 
averaging the signal over different areas give different decays (Fig. 3), showing spatial progression. 
 
[1] Quantitative neutron dark-field imaging of milk – a feasibility study,  
Youngju Kim, Valsecchi, J., Oh, O., , Kim J., Wook Lee, S.,  
Boué, F., Lutton, E., Busi, M., Garvey C., Strobl, M., submitted. 
[2] Pasquier J., Brûlet A., Boire A., Jamme F., Perez J., Bizien T., Lutton E., Boué F.  
Colloids and Surfaces A (2019)570 96–106. 
[3] Napieraj M., Brûlet A., Lutton E., Randrianarisoa U., Boire A., Boué F.  
Monitoring food structure in plant protein gels during digestion:  
rheometry and SANS studies, 2021, submitted. 
 
Figures 1, 2, 3: ICON DFI spectra (below) and imaging of gels of napin/cruciferin  
(right side) prepared at PH 11 & 8, ≠ thicknesses, concentrations and solvent, and different 
 digestion times (gastric 30/60 min, then intestinal 10/30 min, different Regions Of Interest for heterogeneous sample). 
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Multiple superconducting phases induced under pressure and/or magnetic field have recently been observed in the 
heavy-fermion paramagnet UTe2 [1-7]. This material offers a unique possibility to characterize the interplay 
between magnetism and superconductivity and it has been proposed as a candidate for triplet and topological 
superconductivity. The interest of the ‘correlated-electrons’ community for UTe2 is shown by a high number of 
experimental and theoretical works achieved in the last three years, which were recently synthesized in a review 
[8]. 
 
After an introduction to the electronic properties of UTe2, inelastic-neutron-scattering measurements performed on 
a large single crystal of UTe2 above [9] and below [10] its superconducting temperature will be presented. While 
ferromagnetic fluctuations were initially proposed for the superconducting pairing mechanism in UTe2, they have 
not been observed unambiguously so far. In our work, we confirm the presence of antiferromagnetic fluctuations 
with the incommensurate wavevector k1 = (0 0.57 0). We emphasize the low-dimensionality of the magnetic 
fluctuations, consequence of the ladder structure of the U atoms, which is indicated by weak correlations along the 
direction c. The absence or weakness of ferromagnetic fluctuations in our data is discussed. A phenomenological 
magnetic-exchange scheme, with intra-ladder ferromagnetic coupling and inter-ladder antiferromagnetic coupling 
along b, is proposed. A gap-opening of the antiferromagnetic fluctuations is also observed in the superconducting 
phase, confirming the interplay between magnetism and superconductivity. Our neutron-scattering data obtained 
from a unique single crystal are compared with data obtained using large assemblies of co-aligned single crystals 
[11,12]. The possible signatures of the observed antiferromagnetic fluctuations in bulk electronic-transport and 
thermodynamic measurements, but also from NMR spectroscopy, are discussed. These new data may stimulate the 
elaboration of models based on magnetically-mediated pairing to describe superconductivity in UTe2. 
 
[1] Ran et al., Science 365, 684 (2019). 
[2] Aoki et al., J. Phys. Soc. Jpn. 88, 043702 (2019). 
[3] Knebel et al., J. Phys. Soc. Jpn. 88, 063707 (2019). 
[5] Ran et al., Nat. Phys. 15, 1250 (2019). 
[6] Knafo et al., Commun. Phys. 4, 40 (2021). 
[7] Braithwaite et al., Commun. Phys. 2, 147 (2019). 
[8] Aoki et al., arXiv:2110.10451. 
[9] W. Knafo et al., Phys. Rev. B 104, L100409 (2021). 
[10] S. Raymond et al., J. Phys. Soc. Jpn. 90, 113706 (2021).  
[11] C. Duan et al., Phys. Rev. Lett. 125, 237003 (2020). 
[12] C. Duan et al., arXiv:2106.14424. 
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This  thesis  work,  funded  by  UGA-2FDN,  is  part  of  the  study  of  frustrated
magnetic systems and more precisely of “pyrochlore” magnets. The magnetic
properties originate here from the magnetic moment of rare earth ions, which
occupy  the  vertices  of  a  lattice  formed  by  tetrahedra  connected  by  their
vertices.  This  topic  has  revealed  a  very  rich  physics,  with  especially  the
concept of spin ice, an original state of matter where spins remain disordered,
but  are  strongly  correlated  in  macroscopically  degenerate  configurations,
which  respect  the  "ice  rule":  each  tetrahedron  has  two  incoming  and  two
outgoing spins, giving rise to a very peculiar diffuse scattering. We have been
particularly  interested  in  the  case  of  Nd2Zr2O7.  In  spite  of  ferromagnetic
interactions, which should favour the spin ice state, a partial antiferromagnetic
order is stabilized in this case. It is called "all in all out", because all four spins
of a tetrahedron are either all in or all out. Moreover, the excitation spectrum
measured by inelastic neutron scattering is characterized by the coexistence of
a  non-dispersive  mode  showing  the  structure  factor  typical  of  spin  ice
mentioned  above,  and  of  dispersive  modes  located  at  higher  energy.  This
separation in the spectrum has been named “dynamic fragmentation”. 
In order to better understand these phenomena and to test the stability of the
ground state, we have studied the influence of different substitutions: titanium
instead of  zirconium and lanthanum (non magnetic)  instead of  neodymium.
One  of  our  objectives  was  to  examine  the  evolution  of  the  exchange
parameters by inelastic neutron scattering in these different systems as well as
the evolution of the crystal field properties in order to understand the effects of
a modification of the environment around a Nd3+ ion. Furthermore, combining
neutron diffraction and low temperature magnetization measurements, we also
studied  the  evolution  of  the  ground  state  and  the  concept  of  dynamic
fragmentation,  thanks  to  the  construction  of  field  and  temperature  phase
diagrams. 
¶
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¶
The  2D  antiferromagnetic  triangular  lattice  provides  an  archetypical  geometry  for
frustrated magnetism, such that near-neighbor interactions cannot be simultaneously
satisfied  for  all  neighboring  magnetic  ions  occupying  the  lattice.  In  case  of  an
anisotropic triangular lattice, a simple J1-J2 model is known to display an extensive
quantum  spin  liquid  region,  what  has  motivated  several  experimental  studies.
Recently, significant efforts have been made to investigate YbMgGaO4, a Seff = ½ 2D-
triangular  antiferromagnet,  that  shows  an  absence  of  any  clear  magnetic  order
according to muSR measurements [1] simultaneously with a continuum of magnetic
excitations observed in inelastic neutron scattering [2]. While these evidence qualify
YbMgGaO4  as a promising quantum spin liquid candidate, the presence of chemical
disorder (Mg/Ga substitution) casts some doubts on the real origin of the absence of
magnetic order [3]. 

Here, we investigate the sister compound ErMgGaO4,  where the rare-earth ion has
been replaced by Er3+, in order to disentangle the effect of the different contributing
factors  such  as  anisotropy  and  disorder,  and  to  explore  the  phase  diagram.  We
performed magnetisation measurements and inelastic time-of-flight neutron scattering
on the IN6-SHARP spectrometer.  Our neutron spectroscopy measurements reveal a
dual response in the inelastic channel made of a continuum of excitations extending
up to ~1 meV and broad dispersive excitations that cannot be satisfactorily modelled
by linear spin-wave theory (Fig.1). Below T*<6K, we observe the build-up of an elastic
signal characteristic of 2D, short-range, magnetic correlations. ErMgGaO4 thus appears
as  a  strong  experimental  candidate  for  the  disordered-induced  spin  liquid phase
recently predicted [3]. Our results also bring some valuable insights to understand the
low-T physics of the quantum spin liquid candidate YbMgGaO4 and further help to test
the theoretical phase diagram relevant to the Seff=1/2 2D triangular antiferromagnet
model. 

Fig.  1. a) Intensity contour plot of the dynamical  structure factor S(Q,ω) of ErMgGaO 4 at
125mK. A continuum of excitation is observed up to 1 meV with strongly damped and broad
spinwave-like excitations.   b) LSWT simulation of powder-averaged S(Q,ω) in the ordered
striped-phase relevant to ErMgGaO4.  

a b
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Despite of decades of intense researches, the enigmatic pseudo-gap (PG) phase of superconducting cuprates 
remains an unsolved mystery.  In the last 15 decades, condensed matter physicists discovered that this phase 
hosts symmetry breaking states as an intra-unit cell (IUC) magnetism [1], preserving lattice translation (LT) 
and breaking time-reversal symmetry and parity, followed, upon cooling, by an additional incipient charge 
density waves [2], breaking the LT symmetry. However, none of these states can (alone) account for the 
partial gapping of the Fermi surface.  Here, we report a new hidden magnetism that may be crucial to 
elucidate the PG puzzle. Our polarized neutron diffraction measurements reveal a LT-breaking magnetism in 
the PG state of two different underdoped YBa2Cu3O6.6 single crystals [3]. This magnetism, carried by the CuO2 
layers, settles in at the PG onset temperature and remains at short range (typically over 5-6 unit cells).  
Distinct from the previously reported magnetic correlations, its planar propagation wave vector is 
(π,0)≡(0,π), yielding a (2x2) quadrupling of the magnetic unit cell. It further displays a strong out-of-plane 
anisotropy of the associated magnetic moments, predominantly pointing perpendicular to the CuO2 planes 
(Fig.1.a). We discovered that the IUC loop current magnetism and the (π,0) magnetisms could be embedded 
within a single complex and highly spread-out magnetic texture, hidden within the PG state (Fig.1.b-c). The 
existence of such broad entities reveals an unexpected aspect of the PG physics that may modify our 
understanding of that state of matter. 
 

 
Figure 1. a) Temperature dependence of the magnetic signal measured at (0.5,0,0) or equivalently (π,0) showing a 
leading Ic (out-of-CuO2 planes) magnetic component. b) 2x2 loop currents pattern (LCs) proposed in [4] that can account 
for the short range magnetic signal quadrupling the unit cell. The currents are circulating clockwise (in grey) and anti-
clockwise (in purple). The arrows represent anapoles resulting from LCs. They undergo a 90◦ rotation between adjacent 
domains (the violet and gray circles represent Cu and O ions, respectively). c) Example of 2D magnetic texture with 
20x20 unit cells paved by anapoles (LCs states). The central cluster with 2x2 LC patterns (anapole-vortex) describe the 
short-range magnetism whereas the IUC magnetic signal arises from the larger color (ferro-anapolar) domains. 
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In the last years, superconductivity has been observed in iron based one dimensional compounds, namely 

BaFe2S3 and BaFe2Se3 [1-3]. Both have a centrosymmetric average space group (Cmcm and Pnma respectively) 

at room temperature, in which iron atoms form two distinct ladders along the b-axis [Fig. 1(a) and (b)].  From 

previous research, we know that BaFe2S3 displays a strip-like magnetic structure in the antiferromagnetic phase 

[1]. For BaFe2Se3, below the Néel temperature (TN=225(±30)K), the iron spins are arranged in squares of 4 

ferromagnetically ordered spins (block-like), each block being coupled antiferromagnetically to its neighbour 

along b [Fig. 1(c)], revealing a underlying magnentic frustration. Upon pressure, a metalization is observed 

and superconductivity develops below 14K above 10GPa for BaFe2Se3. In this presentation we will present 

the pressure-temperature phase diagramm of BaFe2Se3 deduced from neutron scattering and X-ray 

spectroscopy. We unveiled a new high pressure magnetic phase in this compounds corresponding to the one 

observed in BaFe2S3. This open a way to a unique theoretical model to describe superconductivity in these one 

dimensional systems, based on common magnetic fluctuations. 

 

 

Figure 1: (a) and (b) The atomic structures of BaFe2X3 (X=Se,S) viewed along b-axis in Cmcm and Pnma 

space groups, respectively. There are two ladders (Ladder-A and Ladder-B) in each unit cell. (c) and (d) The 

projections of Fe spins on the bc-planes of the block-like and stripe-like magnetic orders. The moments are 

along the a-axis. The red and black circles correspond to the up and down spin directions of Fe, 

respectively. The black lines indicate the edge of the magnetic unit cell. The two different Fe ladders are 

separated by different background colors, White for Ladder-A and gray for Ladder-B. 
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