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e Polarized Neutron Diffraction
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® Future Challenges



2014 the Year of

Cristallography




Solids of Platon

fire earth air water




N- e AL
& ;ﬂ‘if o L

= S5 "-‘l T ~
.II Sﬂtxa.lllg'ra?’
= !"L o B ! ] " E
alr N g SR
. =3 TR A 2 =

i
- .FJ."'\-I.
Ll

—

il

B
1 -
( i

A




»

y

-
¢

s
5

*{ ‘.I‘-'TF'I 1

L

¥ i}
& '_" I"‘J
“5i TT




5 Two-Dim_is Lattices

Oblique Rectangular
©000 0000 © o0 o
© o©
Xooo Wi e
0 00 00 -~ o
la) = laj, g = 90° Ja) # |a), g = 90° I # . @ 2 90°
1 2 3

o © 0 ©

nal ‘l l © Square
=9 O = 0

la) = o). ¢ = 120° lay = |ag. @ = 90°
4 5




Two-Dimensional Bravais Lattices
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Two-Dimensional Bravais Lattices
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Centered Bravais Lattices

D,.=05*D, .= a, -ﬁ.5 *arctng(1/2)* a,

p=arcsin(1/2)

a=90°




Two-Dimensional Space Groups




Square 2D Structures




14 3D Bravais Lattices
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230 Space Groupes

General
Bibliographic data

Phase data
Space-group Fd-3m (227) - cubic

cell
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Atomic parameters

Atom Ox. Wyck. Site S.0.F. xfa v/bzfcuy [ﬁl]
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02 2b -43m 3/8 3/8 3/8
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Cannonball problem

The problem of close-packing of spheres was first
mathematically analyzed by Thomas Harriot around 1587,
after a question on piling cannonballs on ships was posed
to him by Sir Walter Raleigh on their expedition to America.
Cannonballs were usually piled in a rectangular

or triangular wooden frame, forming a three-sided

or four-sided pyramid.

Both arrangements produce a
face-centered cubic lattice —
with different orientation to
the ground.



http://en.wikipedia.org/wiki/Thomas_Harriot
http://en.wikipedia.org/wiki/Walter_Raleigh
http://en.wikipedia.org/wiki/File:Fortres_Monroe_1861_-_Cannon-balls.jpg
http://en.wikipedia.org/wiki/File:Fortres_Monroe_1861_-_Cannon-balls.jpg

FCC and HCP structures
Density 0.74

ldan Rrillaygin

igure 1 —The hcp lattice (left) and the foc lattice (right). The outline of each respective Bravais lattice is shown in red. The letters indicate which layers are the same. There
re two "A" layers in the hop matrix, where all the spheres are in the same position. All three layers in the foo stack are different. Mote the foo stacking may be converted to the
cp stacking by translation of the upper-most sphere, as shown by the dashed outline.

jure 2 — Thormas Harriot, circa 1585, first pondered the mathematics of the cannonbal! Figure 3 — Shown here is a stack of eleven spheres of the hep lattice illustrated in
angement or cannonball stack, which has an fec lattice. Mote how adjacent balls along each Figure 1. The hep stack differs fram the top 3 tiers of the focc stack shown in
1e of the reqular tetrahedron enclosing the stack are all in direct contact with one anather, Figure 2 only in the lowest tier; it can be modified to foo by an appropriate rotation
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2D Rectangular and 3D
Orthorhombic Structures




Tetragonal Rod Close Packings

Aeta Cryse. (1977), A33,914-921
Rod Packings and Crystal Chemistry

By M. {¥KEEFFE* AND STEN ANDERSSON
Kemicentrem, Lunds Universiter, Box 740, §-220 07 Lund 7, Sweden

The density 1s the same 0.7854.

P4/mmm P4,/mmc 14,/amd
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Fig 2 Tetragonal packing of parallel cylinders. Fig. 3. Tetragonal kaver packing of cylinders Fig. 5 Bedy-centred tetragonal layer packing of cylinders.




Cubic Rod Close Packings

Density 0.5890 Density 0.6802
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Rod Close Packings

Acra Crpse. (1977), A33. 914923

Rod Packings and Crystal Chemistry

By M. {¥KEEFFE* AND STEN ANDERSSON
Kemicentrem, Lunds Universiter, Box 740, §-220 07 Lund 7, Sweden

S

|

>
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The density is 0.9069.

Fig | Hexaggonal ihoneyeomb) packing of parallel cylinders.
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P4/mmm
The density is 0.7854.

Fig 2. Tetragonal packing of parallel cylinders.
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Fourier transform (_ction pattern

|
Lattice , and its FT :

FT of the crystal =

Product of molecule FT
and Rec. Latt. FT

C(ystgl - 1 Molecule FT:




Time of flight (TOF) neutron Diffraction
from a single crystal
Multiple reflections sorted by Time-Of-Flight

SXD at ISIS, TOPAZ at SNS ESS Mag Diffractometer

AN = 100% (white beam)
At = 1% (pulsed source)

Detec:(\ Crystal
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First generation neutron
diffractometers
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UNPOLARISED NEUTRON DIFFRACTION
4-CIRCLES

e Structure determination

e Anharmonicity

e Microcrystals <0.05mm3 (PSD)

e Epitaxial layers(PSD)



DIFFRACTION USIN

Diffraction conventionnelle:

iD

Diffraction using PSD :

40,/




instrumentation program CAP2010
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Cap2010

380 k€ (50 KE Aquitaine



Cap2010-2015 New 7C2

Liquid and Difiractometer
B. Beuneu, 3. [lemafier, . Lavie

e 256 position sensitive tubes

(@ ~ 1.2cm) 30b 3He

efficiency 7696 for 0.7A | 25
X 5

height 47 cm Y
X 5

emodular geometry:

blocks of 16 paired tubes (2 tubes make one
detectoraless electronics and cables) ‘

0.58A measurements, more complex
environments (HT), smaller samples, ...

33
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* Berceau équipé¢ de tables x,y,z

* Support X,Y,Z

* X Vvariables
( 2 Monok avec foc vert, 3 take-
off)

e Detecteur 2D

Take-off = 32° Take-off = 65°
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4f Magnetism and its Effects on Electronic Properties of
Dy;Ru,Al;,

D.l. Gorbunov®2", M.S. Henriques?, A.V. Andreev’, A. Gukasov?,
V. Petficek’, N.V. Baranov®, Y. Skourski®, V. Eigner!, M. Paukov?




4f Magnetism and its Effects on Electronic Properties of
Dy;Ru,Al;,

D.l. Gorbunov®2", M.S. Henriques?, A.V. Andreev’, A. Gukasov?,
V. Petficek’, N.V. Baranov®, Y. Skourski®, V. Eigner!, M. Paukov?
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Minimum SC s_ studies?

a,b,c<10 A V>0.01'mm3 (X-rays >0.0001mm3)
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PRL 100, 227602 (2008) PHYSICAL REVIEW LETTERS 6 TUNE 2008

Electric-Field-Induced Spin Flop in BiFeO; Single Crystals at Room Temperature

D. Lchcuglc.] D. Colson." A. Furgcl‘] M. Viret,! A. M. Bataille.” and A. Gukasov*
'Service de Physique de I'Etat Condensé, DSM/IRAMIS, CEA Saclay, F-91191 Gif-Sur-Yvette, France
Laboratoire Leon Brillouin, DSM/IRAMIS, CEA Saclay, F-91191 Gif-Sur-Yvette, France
(Received 24 January 2008; published 2 June 2008)

BiFeO,, 0.7x0.7x4.102 mm3
CYCLOID WITH D=640 A

High resolution mode

1.36 m instead of 56 cm

*Pixels (2x2 mm) — résolution de
0.2°x0.2°



PHYSICAL REVIEW LETTERS week endin

PRL 100, 227602 (2008) 6 JUNE 2

Electric-Field-Induced Spin Flop in BiFeO; Single Crystals at Room Temperature

D. L@l:-eu‘,_':,rl-.e,1 D. Colson,1 A, Forget,1 M. Viret,l AL M. Bataille,2 and A. Gukasov”

Service de Physique de I’Etat Condensé, DSM/IRAMIS, CEA Saclay, F-91191 Gif-Sur-Yvette, France
*Laboratoire Leon Brillouin. DSM/IRAMIS. CEA Saclav. F-91191 Gif-Sur-Yvette. France

Domain |

Rotation plane : (-12-1) = P44, % q;
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Electric-Field-Induced Spin Flop in BiFeO; Single Crystals at Room Temperature
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MNature Materials 7,517 (2008)
doi:10.1038/nmat2217

Looking, seeing, sensing
A COUPLING, INDEED

Phys. Ry, Latt, 100, 237602 (2008 )

one of the most intensively studied multiferroic
materials is BiFeQz, mostly because it shows
room-temperature multiferroic coupling with a large
spontaneous electric paolarization, Although the
material has been known to be magnetoelectric
since the 1960s, actual evidence of multiferroic
coupling in bulk material has been missing, mainly
owing to the lack of suitable high-guality crystals.
Having achieved the growth of high-quality BiFe0s
crystals, Delphine Lebeugle and co-workers now
report on a neutron diffraction study into the
coupling between magnetic and ferroelectric
properties of BiFeQs. They find that although the
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CEA Saclay
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top
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material has no linear magnetoelectric effect, the antiferromagnetic moments form
a low-pitch spiral that creates an efficient multiferroic coupling. However, a more
efficient switching of magnetic properties can be achieved not through a direct
rultiferroic coupling but if the antiferraomagnetic moments of BiFeOs are used to
switch the magnetic moments of a ferromagnet through the exchange interaction
at the interface between the two materials, Therefore, an electric field applied to
BiFe0z indirectly switches the ferromagnetic state of the adjacent layer, as has
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Cr 200 nm layer on Mg0

2 0 (degrees)

Neutron diffraction on thin films: what
can we gain by using 2D detectors ?
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UNPOLARISED NEUTRON DIFFRACTION
NORMAL BEAM GEOMETRY

e H, T phase diagramm

e High pressure

e photoexcitation

¢ Diifuse scattering (PSD)



Tb,T1,0-a spin liquid single crystal g
under pressure and applied field ==
¥
7im et
e 612, Lifting counter mode el
e 75T+40mK [
® 7.5 T +10 Gpat+40 mK ek
P.=2.0 GPa;
P,=0.3 GPa
along 111
I P.=2.4 GPa;
T=0.14K P =0.3 GPa
along 011
Piteatesbuatgana’

|.Mirebeau, I. N. Goncharenko, G. Dhalenne, A. Revcolevschi,
Phys. Rev. Lett. 93, 187204 ( 2004).




Mapping of Spin ice on the water ice

gnetic interactions, Similar to ice ground state:
configuration is —> « two close — two far » protons
two out » spins with zero point entropy



Spin ice

M.Harris, S Bramwell. Nature 399 (199 al, Nature 399 (1999) 333

* Residual low-1" entropy: Pauling entropy for water ice
SQ = (1/2) 111(3/2) Ramirez et al..
1.0 JS e © ©occeces
& 0.8
E: ool Dy,Ti,0,
LT;J 0.4
.L% 02l I 7777777777777777777
Pauling's lce Entropy |
% 2 4 6 8 10 e 0 1 2
Temperature (K) h. h.0

* Pauling estimate: ground-state constraints independent

— —
Ngs = 2°(6/16)" = (3/2)"/2 = Sy = $1n V.5=0

of Spin ice in field takes longer than without it



nature Vol 451|3 January 2008|doi:10.1038/nature06433

Magnetic monopoles in spin ice

C. Castelnovo’, R. Moessner™? & S. L. Sondhi®

Journal of Experimenial apd Thsorstial Phosics Vo, 101, Xo. 3 2005, pp 481480
Transiated from Zrnal Eksperimental no i Teorsticheskoi Fiziki, Vol 125, No. 3, 2005, pp. 536-366.
Original Rucatan Tt Copymight © 2005 b)R) ik,

ORDER, DISORDER, AND PHASE TRANSITIONS
IN CONDENSED SYSTEMS

Magnetic Relaxation in Rare-Earth Oxide Pyrochlores
I. A. Ryzhkin

L1 XX

Fig. 3. Fragments of magnetic lattices with {a) no defects,
{b) a pair of magnetic defects created by Hipping a spin on
the vertical bond. and (c. d) displacement of a magnetic
defect downwards by a lattice spacing caused by a spin flip
on the vertical bond. Hatched, closed, and open circles rep-
resent defect-free vertices and positive and negative mag-
netic defects, respectively.




Double layered monopole structure in spin liquide
A Sazonov, A Gukasov, | Mir ille.
Phys. Rev. B 85, 214420 (201

FIG. 3. Magnetic structures of ThaTizOr spin liquid and FIG. 4. Elementary excitations in ThaTiaO; spin liquid
Hoa Tig(h epin ice in a [110] fisld. (&) Antimonopolar (double- and HosTiaOyr spin ice. (a) Antimonopolar (double-lavered
layered monopeolar) structure of ThyTizO7. (b) Magnetically monopolar) structure of ThyTiy0r with vacuum pair exci-
vacuum state of HooTiaOs. tations. (b} Magnetically vacuum state of HosTizOr with



Field-induced magnetic structures in ThyTi, 0 spin lignid under field H || [111)
A. P Sagonov,"' 5" A, Guimsov,” H. B. Cao,* P. Bonville,” E. Ressouche.® C. Decorse,” and 1. Mirehenu™

HOp— T - -

ol b | |

Thd i
Th3
005 T 1T
(111}, H
. \I/'lm'

1

1

i L 1 1 1
fooa] 05 3 [ 9 12

HIT)

FHZ. 6. (Color onling) Ficld variation of the angle @ betwoomn
the Thl-4 magnetic moments and the apphiad fleld & || [111].
s deduced from the meflnement of the smglo-crystal neutron
diflaction data with symmetry analysis {soo Soc. [II). The
salid line is & calculation with the socond wariant of Modal 11
Arareihed in @an W



0.0,
- O == N

P BONVILLE, A. GURKASOV, [ MIREBEAU, AND 5. PETIT PHYSICAL REVIEW B 89, 085115 (2014)

250

200

< 150

100

50

]

thlhID] th+1|h'1||:|

FIG. 1. (Color online) Zero-field neutron diffuse scattering maps in reciprocal space at 0.16 Kin ThaTiaOg: 3D equal intensily surface
left), expermental (upper central) and caleulated (lower central ) scatlering in the (hhl) plane, experimental {right upper) and calculated (right
lower) scattering in the (7 4 1.0 — 1,07 plane. The simulations were made in the presence of dynamic Tahn-Teller effect, with the anisotropic
exchange tensor |, = —0.068 K, 7, = —-0.196 K, 7. = —-0.091 K, and , Tppu=0.

]



PHYSICAL REVIEW B 89, 085115 {2014)

. 00260075

)
e
- =

FIG. 4. (Color online) Caleulated diffuse scattering maps in the (A7) plane of the reciprocal space for the spin-lip channel al 0.05 K.
according o the geometrical setwp of Ref. [20]. The q maps are represented in the spin liquid (SL) phase of our model (see Rel. [ 32]), which
stands as awedge between the antiferromagnetic (AF) phase and the ordered spinice (OSI) phase. The higure 15 a sketch of a cut in the exchange
parameler phase space for 7, = —0.196 K [65]; the numbers above each map are the values (in K) of 7, and 7. The map on the lefl labeled

“exp.” 1s the experimental spin-fip diffuse scattening in ThaTia(y at 0.05 K from Ref. [2X0]: ithas been placed close 1o the bottom left corner of
s




POLARIZED NEUTRON DIFFRACTION

A +
A| A C>/® I
|

==
|_| | I C)
L P, parallel to H
F H
| | A CA)
TV = I
P, antiparallel to H

R=1"/1"=(Fy+Fy)*/(Fy-Fy)°

<

— 1

—>

R=(1+y)2/(1-y)? where y=F,,/ F

R =1+4y F (@)= y*Fy(d)



e Spin Densites

e Magnetic structure refinement

e Local Susceptibility Parameters (LSP)

ctors, L/S ratio




5C1 polarised neutron diffractometer (LLB)
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Bulk magnetisation M, (r)=x;; H;

A

M,

| M, M, A
H H H
l .
Mx

I* ¢ F2, £2(P,*Ey) Fy+ Fy?

It oc F 2\ t2F,, Fy+ Fy®




ANISOTROPIC SYSTEMS UNDER MAGNETIC FIELD

F. Wang; A Gukasov et al., PRL, 2003 ORIGIN OF THE FIELD
INDUCED METALIC STATE OF (La, 4 Pry ¢ 4 ,Sr, §Mn,0 ,

I S B B
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ANISOTROPIC SUSCEPTIBILITIES ¥

Bulk magnetisation M; (r)=y;; H;

The number of independent components of Xij
Is determined by the crystal symmetry class:

cubic groups 1 parameter
all uniaxial groups 2 parameters
Orthorhombic 3
Monoclinic 4
Triclinic 6

N

12
22

R N

13
23
33




ANISOTROPIC BULK SUSCEPTIBILITY

|
CUBIC, %41 =%22= %33 UNIAXIAL 341 =%22<X3
M

M




LOCAL SUSCEPTIBILITIES

I+ «N2+2P, N M, +M2
M, =%, x%H

2

*

Fn(Po™ 2y H,) + |2y H?

-
=/*/1> CHILSQ (CCSL)

A Gukasov and P J Brown, J Phys C, 14, 8831, 2002



week endin
PRL 101, 196402 (2008) PHYSICAL REVIEW LETTERS 7 NOVEMBER 2008

Field-Induced Spin-Ice-Like Orders in Spin Liquid Th,Ti,0,

H. Cao," A. Gukasov,' I. Mirebeau,' P. ]3'n-1'11..fille,2 and G. Dhalenne.’

2.5F
' (c) af d)
20 = ™
515 T =
“‘?1.1.‘1- o i :
h? | g—;——.t_ § .
05f - il
e 1F i
0.0F F |
0 100 200 300 1 3

2
T (K) Calculated R,

FIG. 1 (color online). Tbh,Ti,O5: Local anisotropic suscepti-
bility ellipsoids y;;,7, measured at 10 K (a) and 270 K (b).
Ellipsoids were scaled by temperature to compensate the Curie
behavior. (¢) Susceptibility components y) and y; versus 7.
The lines are CF calculations. (d) Measured versus calculated
flipping ratio at 10 K.




MAGNETIC ELLIPSOIDS in TbTiH Il [111]
e

‘>ﬁ H// 111

270K1T, 100 FR




MAGNETIC ELLIPSOIDS in TbTiH Il [111]
e

100K 1T, 100 FR




MAGNETIC ELLIPSOIDS in TbTiH Il [111]

50K 1T, 100 FR




MAGNETIC ELLIPSOIDS in TbTiH Il [111]

10K 1T,150 FR




MAGNETIC ELLIPSOIDS in TbTiH Il [111]

S5K1T, 150 FR



Ising versus XYanisotropy “as seen” by PND.
H. Cao, A. Gukasov et al. PRL 103, 056402 (2009)
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IOP PUBLISHING JourNAL OF PHYSICS: CONDENSED MATTER

1. Phys.: Condens. Matter 22 (2010) 276003 (1 1pp) doi:10. 1088/0953-8084/22/27/276003

Static magnetic susceptibility, crystal field
and exchange interactions in rare earth
titanate pyrochlores

B Z Malkin', T T A Lummen®*, P H M van Loosdrecht?,
G Dhalenne® and A R Zakirov'
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T(K) Figure 2. Measured (symbols) and calculated (solid curve) inverse
bulk susceptibility in Th:Ti;O; single crystal (the disk with the
Figure 1. Measured (symbols) and calculated (solid curve) inverse demagnetizing factor N = 1.92). Inset: site susceptibilities
bulk susceptibility of Gd, Ti,O,. Inset (a) shows the data below 25 K. measured in [27] (symboels) and calculated single ion susceptibilities
Inset (b): calculated components of the single ion (dashed curves) in the crystal field (dotted curves 1), renormalized susceptibilities
and the renormalized site susceptibility (solid curves) tensors. due to dipole—dipole interactions (dotted curves 2) and due to

dipole—dipole and anisotropic exchange interactions (solid curves).




Can we measure ASPs on Powder samples?

6T2,

-
Q
Q.
> =
»n ow
c O
OMZ
N
O &
N
Qnue
o E
bt
= O
o C
Q ‘o
- E
> o
pe
E
-
0
"4
o
o
-




Can we measure ASPs on Powder samples?
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FAST TRACK COMMUNICATION

Determination of atomic site susceptibility
tensors from neutron diffraction data on
polycrystalline samples

A Gukasov! and P I Brown®

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. (h) 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



Can we measure ASPs on Powder samples?
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Can we measure ASPs with upolarized neutrons?

Extinction rule for pyrochlore impose
QOOhE=4n

| .(400)~x,, Heisenberg behavior

I, (200)~X,4, Ising or XY behavior




PND PROVIDES
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e Spin Densities
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e Magnetic structure refinement " .

e Atomic Susceptibility Parameters
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Rectangular 2D Space Group

Les images de |a

.
semain
7 DECEMBRE 2013 A 00-20
Hommage & Mandela, violences
Centrafrique, manifestations en
Ukraine et en Thailande, la loi sur la
prostitution adoptee, Michelle Obama
paniquée et la Valise Yuitton
demontee... La sélection des images

marquantes de l'actualité

Pmm

A décembre. Cérémonie d'accueil a la

préfecture de police de Paris de la

226e promotion de gardiens de la paix
lu personnel nouvellement affecte.

Photo Pierre Andrieu. AFP




Photo-excitation setup at 5C1 diffractometer
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Light Induced EXxcited Spin State Trapping
(LIESST) in Fe(ptz):](BF,),
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Very Intense Polarized Neutron
DIFFRACTOMETER (5C1) at LLB

project started in 2006
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PHY SICAL REVIEW B 89, 085115 (2014

Towards a model of a dynamical Jahn-Teller coupling at very low tem peratures in T bzl 204

P Bonville®
CEA, Centre de Saclay, DSMIIRAMISIService de Physique de U Etot Condensé, 91191 Gif-sur-Yvetie, France

A, Gukasov, I Mirebeau, and 5. Petil
CEA, Cenive de Saclay, DEMITRAMBE! La bevatoire Léon Brillouin, 91191 Gif-sur-Yveite, France




VIP Neutron DIFFRACTOMETER (5C1)
deliverd in 2010
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Future

Chopper 2
Single disc
elliptical guide

WISH diffractometer; ISIS TS2

Chopper 1
Double disc




Cap2010 New 7C2

Liquid and Amorg lfffractometer
B-BWM. @ ppratbitic (el ||||'-_-.J.-'

e 256 position sensitive tubes
(@ ~ 1.2cm) 30b 3He
efficiency 76%6 for 0.7A
x 5

height 47 cm

x 5

red tubes (2 tubes make one
tronics and cables)

0.58A measurements, more complex
environments (HT), smaller samples, ...
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LAUE DIFFRACTOMETERS

Laue diffraction

Viv Id ILL
difference patterns e

short-range magnetic correlations

rods of magnetic scattering [

Advantages:

e Large angular covering (9 rad) High
Luminosity, Small crystals

S:
ackground, hkl overlapping,

m Normalisation, Wavelength dependent
tions




Position Sensitive Detectors for Single Crystal

November 12-14, 2008
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SPIN DENSITY ON LIGANDS O* AND FORMFACTOR
OF Ru in Sr2RuO4
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ANOMALOUS SPIN DEN-GEN IN Ca(Sr),Ru0,

A Gukasov, M Braden, R J Papoular, S Nakatsuji and Y Maeno
PRL, 89, 087202-1, 2002
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Position Sensitive Detectors for Single Crystal
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Diffuse Scattering in Tb,Ti,O, at 160mK

s
Laborat oire

lllllllllllll

2D cuts in BZ with step 0= (0.25,-0.25,0) along the [1-10] axis




Tb2Ti207  H l[1-10], [hhI] cut [B

e ]
La
Léon Brilloul

160mK, H=0T 160mK, H=1T 160mK, H=4T

001 002% 003




e Data Trea’rmﬂ

e Final peak extraction using Res.
Parameters

e Corrections (efficiency, Lorenz etc.)
e I (hkl), FR(hkI)




Evolution of Th Anisotropy in TbMnO..




Crystal Structure of Ladder-r14Cu24O41;

B 0 —
Sublattice CuO, a=11.4698, b=13.3527, c¢,=2.7268 (Amma)

Sublattice Sr,Cu,0, a=11.4698, b=13.3527, ¢,=3.9235 (Fmmm)

The y =c,/c,=0.698(8)= 0.7
close to the commensurate value y =7/10.

chain reflections

) ladder reflections

common reflections of both
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Crystal Structure of Ladder--r14Cu24O41;
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b
Ukl = ha *+kb * +lc:1 +mc, = ha* +kb* +(I + ;/m)c1

Crystal of cylindrical shape of about
4x3x2.5 mm? ~20 mm?

Measured reflections 1172, indep. 688., obs. (I=3s(I)) 502

hklO hkOm  (hklxl)  (hklz2)
625 3.11 11.86  36.66




Sr4Cu,,04,, Super-Space Group refinement




TOWARDS A MODEL OF A DYNAMICAL IAHN-TELLER ... PHYSICAL REVIEW B 89, 085115 (2014
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FIG. 2. (Color online) Neutrondiffuse scatlering maps inreciprocal space at 0.16 KinThaTia0: with alield applied along [ 110]. (Top) 3D
equal intensity surfaces for a magnetic leld of 1 deft) and 4 T (right). (Botiom) Cuts in the (fA!) plane of the maps at 1 {left) and 4 T (right).
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