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Starting point: diffraction

infinite lattice with structure factor FT of crystal shape
basis vectors q,, d,, 03
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Starting point: diffraction

strdtture 'factor structure factor /nc/ud/ng thermal blurring

F(Q) =2 f,(QexpRmQr,) ——  F(Q) =) f4(Q)expRmr,)exp-W;(Q))
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Starting point: diffraction

R Y - S
HED” - [ /I
- NS el &

raw image taken with PILATUS 6M detector
X06SA SLS
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Step forward
taken with PILATUS 6M detector

raw image
X06SA SLS
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Scattering on thermal vibrations (3D)

Z4a(Q) = T3 (Q)EXP( W, /5(Q) +1Q U1 M[a/3]_1/2

A. Bosak, D. Chernyshov, Acta Cryst. A 64, 598 (2008)
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Thermal diffuse scattering in silicon

raw image taken with PILATUS 6M detector
X06SA SLS
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Step forward: chemical disorder + distortions

ITIns(g) + Itps(g)]

structure factor elastic dipole force tensor
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Huang scattering
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Huang scattering

do not m/xAW/th TDS /
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Reciprocal space exploration

| % CrysAlisPro - RED view: K-hackup_Nm
AR

ol

4

Image list - "ri:i\
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2D patterns - 3D

sphere

*ﬂ flat image '

UCSF Chimera
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Energy-resolved scattering

; 91 2—nm %

AE/E = 0.01 - 0.1 AE/E < 1x10-/
large beams: few mm or larger small beams: 100 pum or smaller
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IXS kinematics
E=FE —Ef
energy conservation

Q = kf_kf
momentum conservatio

Ak/k ~ 107
sin(D)

0 -2
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Experimental IXS setup

analyzer

s CR S silicon: (n n n) reflection
= 2.58x10¢ at RT 0, = 89.98°
A, fixed

ESRF: ID16 and ID28
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Departure point: boson peak
Lemma: boson peak in glass originates from TA singularity of “parent”

A " e AT, 25

g s . B ™=
‘ |I-.

Equivalence of the boson
peak in glasses to the
transverse van Hove
singularity in crystals,
submitted
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...0bvious difference in peak position o
and spectral shape hassasstt?”_ . .

0 5 10 15 20

Energy (meV)
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Available lattice dynamics data

Raman data (+ temﬁperature deendenc

., By B e : S T W
i-.:| ; : 3 ; |§

i E

- - 1o which Q corresponds
(Felated to bosan peék o)

are the “soft” directions always high-symmetry directions?
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Where does 1st VDOS peak come from?

1

¢ @

% ————
/ A Y y ¢ LY i
»'?x s 3 ; £ e 3

F¢0"
4

*

§

+

%

&

P PN

By ot
7 . S

MOMentU |

[Dorner et al., 1980, D. Strauch and B. Dorner, 1993, C. Halcoussis, 1997]

no high symmetry direction is responsible for the 15t VDOS peak
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Preparing the roadmaps: TDS

quartz single crystal 1x1x10 mm?

iation Facility no ®usuke KoHaeHcMpoBaH



Room temperature TDS isosurface
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TDS distribution in high-symmetry planes

- do dark e

5

HHL
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ab initio calculations
Sl T g

a5 s I
S (arb. units

€., &, &5 — eigenvalues of S

saddlepoint: €,,&,>0,&e5<0o0reg;,e<0,e >0

Preparing the roadmaps: LD calculations

g,=-1 o
82=.1 c-/'-?.i' J-
a2
— -y
83—1 R
&o_v
T
PR
€,=1
£,=1
e,=1
|
Q%
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Preparing the roadmaps: LD calculations

— VDOS
X-VDOS
+ exp X-VDOS

: T X T X ¥ T ' T
260 400 600 800 1000 1200
Energy (cm™)
reasonable agreement - so the calculation can be helpful?

X-VDOS is quite close to real VDOS
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Exploration of suspicious points and directions
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INS: M is saddle point with energy of ~8.7 meV
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Exploration of suspicious points and directions

30

INS: M is saddle point with energy of ~8.7 meV
CASTEP: saddle point, slightly lower energy (~7 meV)
does not fit with VDOS peak
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IXS experiment

{~1.5 O 3.5]

20s

Intensity (counts

-20 -10 0 10 20
Energy transfer (meV)
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Exploration of suspicious points and directions

IXS: A is saddle point with energy of ~6.4 meV
CASTEP: minimum, neatrly flat in c*, lower energy (~5.1 meV),
does not fit with VDOS peak
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Exploration of suspicious points and directions

S g
?" *%»-"371_”?-

IXS: A is saddle point with energy of ~6.4 meV
CASTEP: minimum, nearly flat in c*, lower energy (~5.1 meV),
does not fit with VDOS peak
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25

transverse acoustic phonons can be observed in purely longitudinal geometry
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Exploration of suspicious points and directions

— Q_QD // <1-10>
Q_QD // <101>
Q-Q, // <10-1> approx.

—
-
1

-
(]
|

>
)
£
g
=
o
-
)
c
L

Distance to (1/2 0 1/2) (nm™

IXS: (1/2 0 1/2) is minimum with energy of ~8.2 meV
CASTEP: minimum
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Exploration of suspicious points and directions

IXS: (1/2 0 1/2) is minimum with energy of ~8.2 meV
CASTEP: minimum
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Exploration of suspicious points and directions

pean Synchrotron Radiation Facility



Exploration of suspicious points and directions

25
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Exploration of suspicious points and directions

— el

3/23/2 1 22

CASTEP -25

\
112 3/23/21 220
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solids represent the g-volume where you have phonons with desired energy

promising area around ~(1/4 0 1/2)

European Synchrotron Radiation Facility XLIV wkona NUA® PAH no ®usuke KonaeHcuposaHHoro CocrosHua 2010



160

140 - e

. .
*
*. +
.
A \ \li. . 120 - .. 000”
‘f\{i“‘;‘i' =R Wiy Py
WA = / — g *
A\ \’}w\“““ Z II "= 100 t Trevee,
A\ / d — *
. 4 S g .’.00 ...Q.."‘.’Q"’
il e 4
~— *e JRETIees o ¥
e
> 80 " ’o .
(@) _ . *
E etttapeeste *
60 _/‘ﬂ/"‘/‘g’ >0 ¢ 4
. *
[ 4 A % e *

-—___1;14.———‘1 90
o & * *
0"0

0 T T T T Y T T
0.0 0.2 0.4 0.6 0.8
£in (1/40¢)

there is a saddle point close to (1/4 0 1/2) with the requested energy
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IXS: singularity localized

10.0
1 m //<110>
e //<1-10>
e /| <001>
9.6 4
9.4 4
9.2 4
9.0
Ié’\‘-k -3
g  Q-Q(2.251.75-15
A~ et S S -
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VoLUME 2, NUMBER 9 - PHYSICAL REVIEW LETTERS May 1, 1959

IMAGE OF THE FERMI SURFACE IN THE VIBRATION SPECTRUM OF A METAL*

W. Kohn ;
Department of Physics, Carnegie Institute of Technology, Pittsburgh, Pennsylvania ﬁ;ﬂ'
W

(Recelved Apr11 6, 1959)

| storing force whenever q is such that, for some
reciprocal lattice vector K

-

The magmtude of the effect may be qu1te large
(very roughly of the order of percent), and its
observation in lattice vibration spectra would
give rather direct information about the shape of

the Fermi surface.
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Kohn anomaly in zinc

K M
Kohn anomaly ¢ ¢
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Kohn surface visualization in zinc

Kohn surface section

raw image RS reconstruction with Crysalis software
PILATUS: strong suppression of fluorescence!
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Kohn surface visualization in zinc
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... and 3D TDS representation

elastic contribution can be neglected (proven by IXS)
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experiment

@ (-
o G, °

calculation

“lens” curvature => q/2 =~kr ~1.57 A1
free electrons model => kr =~ 1.573 A

elastic contribution can be neglected (proven by IXS)
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... and 3D TDS representation

004

A. Bosak, M. Hoesch, M. Krisch, D.
Chernyshov, P. Pattison, C. Schulze-
Briese, B. Winkler, V. Milman, K. Refson,
D. Antonangeli, and D. Farber,

Phys. Rev. Lett. 103, 076403 (2009)
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A. Bosak, P. Piekartz, M. Hoesch, D. Chernyshov, C. Schulze-Briese
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The oldest known magnetic material
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ESRF

High-temperature phase: neutron diffuse scattering

large polarons of specific structure
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X-ray diffuse scattering

all the features observed with neutrons are visible + some additional

diffuse features fully disappear below the transition (except for TDS)
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X-ray diffuse scattering
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X-ray diffuse scattering
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X-ray diffuse scattering
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X-ray diffuse scattering
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X-ray diffuse scattering
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X-ray diffuse scattering
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X-ray diffuse scattering
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Source of diffuse scattering
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TDS from elastic moduli
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calc ~ L] ”

TDS from WIEN2K + Phonons
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IXS experiment
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IXS experiment
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IXS experiment
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Fermi surface?

HK4

nesting of Fermi surface => discontinuity of interaction potential =>
signature in charge movement

A. Bosak, P. Piekartz, M. Hoesch, D. Chernyshov, C. Schulze-Briese, in preparation
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A. Bosak, D. Chernyshov, Phase Transitions (2010)
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Diffuse scattering in Prussian Blue analog

Crystalline, Mixed-Valence Manganese Analegue of Prussian
EBlue: RMagnetic, Spectroscopic, X-ray and Neutren Diffracticn
Studies

T e

e
Figure 8. {a)} Diffuce scatrering of 1 obrained from a) single-crystal Xray
diffraction (ACL-layer, 7= 283 X} {b) neutron powder diffraction (153

Swiss Norwegian Beam Lines / MAR Image Plate difiacion CHOL trver, T = 203 ), {6) nevtoon powdet difiation (153
SLS / PILATUS 6M and correspond to the blurred feamres seen i a}
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Diffuse scattering in Prussian Blue analog

replacement of [Mn(CN)6)] by_[6HZO]
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Diffuse scattering in Prussian Blue analog

aceme

W S !

nt of [Mn(CN),)] by [6H,0]
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Elastic or inelastic?

-

1: {30

2: {3 3 U}
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diffuse scattering is essentially (quasi)elastic and related to the disorder
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Elastic or inelastic?

-
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diffuse scattering is essentially (quasi)elastic and related to the disorder
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Simple parametrization

displacements are not taken into
account => perfect fit is not possible
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Autocorrelator
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Real space implementation
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Real space implementation
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Relaxor-related system

7. at = e ‘r‘ Cen . r ™ X} T
e L e Eew T o ¢ -
L Sl Rl S , ;
"By e . &4y 3 L= -
o R LU ! cx X

P @ s ‘0

interesting diffuse scattering!

first observed at SNBL@ESRF circa 2005
S. Gvasaliya, S. Lushnikov, D. Chernyshov
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X-ray diffuse scattering

2 12 72

HK1/2
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X-ray diffuse scattering
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Simple parametrization

3 4 4
I =A 1-—cos + —CO0S
(a) E|'! = @m,) s 6/T,)
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Autocorrelator

Coordinate x in (x 0 0)
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Real space implementation
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deformed cubes

=> Mg and Ta are displaced
first hints: Ta-Ta distance is larger than Mg-Mg

Displacements

characteristic intensity distribution close to Bragg reflections
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