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e Functional magnetic materials

e Permanent Magnets, Magneto-
caloric, Magnetostrictive

e Magnetic shape memory

e Multiferroics (Magnetoelectrics)

e Epitaxial magnets
e Molecular magnets

e Nano magnets
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e Multiferroics (Magnetoelectrics)
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e Proper FE Polarization due to Structural instability -

e Imroper FE Polarization due to some other ordering
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e Epitaxial crystals

BiFeEO390 nm x 1 cm? V=0,009 mm?3
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e Epitaxial crystals

T Eu75nmx1 cm?2 V=0,0075 mm?23

A. Bataille et al. J. Appl. Phys. 105, 07A928, 2009



e Epitaxial crystals

T Eu75nmx1cm? V=0,0075 mm3
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e Epitaxial crystals

Eu75nmx1cm? V=0,0075 mm3

Practical volume now > 0.01 mm3 only CN
2-3 orders of magnitude smaller needed HN



VIP Neutron DIFFRACTOMETER (5C1) LLB

80°x25°, A=0.84 A
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e Molecular Magnetism

SPIN DENSITY
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e Molecular Magnetism

Photocrystallography

Laser

P
/E% cr"irlsTa

Neutron beam

ANEVANRVANRYAN

A. Goujon, B. Gillon A Gukasov, J Jeftic, and F Varret Phys. Rev. B 67, 2003




e Molecular Magnetism

Practical volume now > 10 mm3 HN (CN)
3 orders of magnitude smaller needed HN

A. Goujon, B. Gillon A Gukasov, J Jeftic, and F Varret Phys. Rev. B 67, 2003



e Local Anisotropy In the complex
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J. Phys.: Condens. Matter 14 (2002) 8831-8839 PII: S0953-8984(02)37675-6

Determination of atomic site susceptibility tensors
from polarized neutron diffraction data

A Gukasov' and P J Brown’
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Figure 4. The [100] projection of the unit cell of Nd3—,S4 ¢
for H || [011].

J. Phys.: Condens. Matter 14 (2002) 884 1-8851

PII: S0953-8984(02)37676-8

Site susceptibility tensors and magnetic structure of
U3AlL:Si;: a polarized neutron diffraction study

A G Gukasov', P Rogl?, P ] Brown®, M Mihalik* and A Menovsky’
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e Multiferroics

e ThMnO3
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Soft-Ising (Spin Liquid Tb2Ti207)

Lines shows fit using CF parameters from inelastic neutrons for Tbh2Ti207.
|. Mirebeau, M. Hennion and P. Bonville . Phys Rev. B 184436, 2007




FROM HEISENBERG TO ISING BEHAVIOR
H// 110

Ellipsoids are multiplied by T to compensate Curie-Weiss behavior



ASPs on Powder
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ASPs using Unpolarized Neutrons

Extinction rules for pyrochlore impose Fd-3m
(00h)=4n

|, (400)~x,, Heisenberg behavior



ASPs using Unpolarized Neutrons

Lattice is doubled under magnetic field
(200) appears

|, (400)~x,, Heisenberg behavior

|, (200)~X1, Ising or XY behavior
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Determination of atomic site susceptibility L g

tensors from neutron diffraction data on
polycrystalline samples
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Figure 1: (a) Section in the scattering plane perpendicular to the polarisation and magnetic field
direction showing the geometry for scattering by a polyerystalline sample. (b) The shaded inset
shows the plane perpendicular to the scattering vector kg of a reflection and indicates the locus of
the magnetic interaction vectors of different contributing grains
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Local Anisotropy

Practical volume now > 10 mm3 HN (CN)
3 days for full temperature dependence

Should be not more than several hours to
work as a local (site) Magnetometer



e Superconductivity

Cay 551 sRUO,

R —C0 /

Large amount of
magnetization on Oxygen

0.35 pg Ruthenium
0.08 ug Oxygen (in-plane)
4 2 0 2 4 0.01 pg Oxygen (apical)

A. Gukasov, M Braden, R J Papoular, S Nakatsuji and Y Maeno .
PRL89, 87202



e Superconductivitv

PHYSICAL REVIEW B 88, 184413 (2013)

Magnetization distribution and orbital moment in the nonsuperconducting
chalcogenide compound Ky sFe; ¢Se,

S. Nandi.'>" Y. Xiao.! Y. Su.? L. C. Chavon.” T. Chatterii.® W. T. Jin.'? S. Price.'! T. Wolf.* P. J. Brown.” and Th. Briickel '~
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FIG. 2. (Color online) Paramagnetic scattering amplitudes of
Fe at T =600 K. The large-dashed curve (blue) shows fitting
using the (jp) form factor for Fe’*, Ref. 27. The solid (red)
curve shows fitting with (jo) and {j»} form factors with individual
contributions are indicated by short-dashed (black) and dotted (red)
lines, respectively.”® A and B are fitting parameters.
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FIG. 3. (Color online) Maximum-entropy reconstruction of the
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projected down to [1 1 0].
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e Superconductivity
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Figure 1 (from [Fau06]): right side) Magnetic intensity measured from the polarized neutron
experimenton 4F1 (LLB) on 5 different YBCO samples corresponding to 5 increasing doping from
vnderdoped (YBCO6.5) to overdoped (¥,Ca)BCO7. The behavior matches the evolution of the
pseudogap determined by resistivity data. left side) CuO2 plaguette where only the Cu atoms are
represented showing two intra-unit cell magnetic orders. The upper panel shows the loop current
model proposed by Varma [Var06]. The lower panel shows a magnetic model with moments (spin or
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V. Balédent, et al. Phys. Rev. Lett. 105,
027004 (2010).



e Superconductivity

Practical volume now > 100 mm3 CN
For non superconducting samples

2-3 orders needed HN



e Frustrated Magnets
Spin Ice

Spin Liquid
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P. BONVILLE, A. GUKASOV, I. MIREBEAU, AND S. PETIT PHYSICAL REVIEW B 89, 085115 (2014)
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FIG. 4. (Color online) Calculated diffuse scattering maps in the (k2hl) plane of the reciprocal space for the spin-flip channel at 0.05 K,
according to the geometrical setup of Ref. [20]. The q maps are represented in the spin liquid (SL) phase of our model (see Ref. [39]), which
stands as a wedge between the antiferromagnetic (AF) phase and the ordered spin ice (OSI) phase. The figure is a sketch of a cut in the exchange



e Frustrated magnets Diffuse
Scattering

Practical volume now > 400 mm3 CN

2-3 orders and 3D q access needed CN



e Frustrated Magnets In field

PHYSICAL REVIEW B 88, 184428 (2013)

Magnetic structure in the spin liquid Tb;Ti;O7 induced by a [111] magnetic field:
Search for a magnetization plateau

A. P Sazonov,'?3* A. Gukasov,” H. B. Cao,*? P. Bonville,” E. Ressouche.® C. Decorse,” and 1. Mirebeau’
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FIG. 10. (Color online) Field dependence of the (220) Bragg
reflection under H || [111]. The blue open squares correspond Lo the
integrated intensities obtained with the data collections at 300 mK,
and the blue closed circles are peak intensities measured during the
field scans at 150-200 mK. Error bars are smaller than the symbol
size if not given. The lines are mean-field calculations described in
Sec. V. The green dashed line corresponds to Model I (no symmetry
breaking). The red dotted and black solid lines are Model I a
(quantum mixing with static Jahn-Teller effect) and Model 1T &

FIG. 4. (Color online) Field dependence of the Th magnetic

moments of mznl()?_al }00 mK under H [l 1111, for lyp!cal field (gquantum mixing with dynamic Jahn-Teller effect), respectively. The
values (cases A to D in Fig. 3). Only a single tetrahedron is shown two variants of the Model II yield the same result within less than 5%

for simplicity. for all calculated Bragg peaks.



e Frustrated magnets
Magnetic Field , Multipolar interactions

Practical volume now > 10 mm3 HN

High q,,,, needed and data redundancy
for various corrections HN

[1] W. Witczak-Krempa W. al. Annual Review of Cond. Matt.
Phys., 5, 57, 2014



e Emergent Phenomena

SAZONOV. GUKASOV. MIREBEAU. AND BONVILLE PHYSICAL REVIEW B 85. 214420 (2012)
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FIG. 5. (Color online) Left panel: Double-layered monopolar structure of Th, Ti;O7 with vacuum pair excitations. Right panel: Magnetically

C. Castelnovol, R. MOESSI’IEI’I’Z &S.L. Sondh i3 vacuum state of Ho,Ti;O; with monopole pair excitation.



e Emergent Phenomena

Dirac Strings as cosmic plasma filaments without attached dark matter
components connecting galaxies together by magnetic currents to form the
fractal ﬁlamentary web of the universe.

f‘r tal ﬁlame taryweb fth e universe.
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PND PROVIDES

e Spin Densities ,
X %A
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e Magnetic structure refinement .

e Atomic Susceptibility Parameters - - _

e Non-collinear Magnetization Densities ?



