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And yet it moves
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Peruncrpayns peHTreHoOBCKOro N3sy4eHusa

X-rays
on detector

Integrating
detector

Single photon
counting detector
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AnHamuwyeckKkn guana3oH eTeKropa

Photons/pixel/s

detected flux

100 102 104
Photons/pixel/s
Incoming flux

Signal intensity obtained

=
X ray Dose (log scale)



QE — quantum efficiency
Noise level

Pixel (active) size

Read-out time, dead time
Lag time (memory effect)
Point spread function (PSP)
Energy resolution
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the X-ray is directly transformed into N |

electric charge and processed in the —

CMOS readout chips. = L
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A hybrid-pixel detector is composed of a silicon sensor, which is

- a two-dimensional array of pn-diodes usually processed in high- L _},j]

. resistivity silicon, connected to an array of readout channels 00

designed with advanced CMOS technology. Each readout |0

channel is connected to its corresponding detecting element Wi

B through a microscopic indium ball, with a typical diameter of 18 O

um. s

A hybrid pixel which features single-photon o |
counting comprises a preamplifier, which amplifies %%

the charge generated in the sensor by the
incoming X-ray, and a discriminator, which

produces a digital signal if the incoming charge
exceeds a predefined threshold. The discriminator
feeds a 20 bit counter, which then leads to a
completely digital storage and noiseless readout of
the number of detected X-rays per pixel.
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Pilatus 2m dectris.com

Number of modules

3x8=24

Sensor thickness

320 pm

Pixel size 172 x 172 pm?
Format 1475 x 1679 = 2,476,525 pixels
Area 254 x 289 mm?

Intermodule gap

X: 7 pixels, y: 17 pixels, 8.0% of total area

Dynamic range

20 bits (1:1,048,576)

Counting rate per pixel

> 2 x 108 X-ray/s

Energy range 3 — 30 keV
Quantum efficiency 3 keV: 80%
(calculated) 8 keV: 99%
15 keV: 55%
Adjustable threshold range 2 — 20 keV
Readout time 3.6 ms
Framing rate 30 Hz
Point-spread function 1 pixel

Cooling Close-circuit water cooling unit for
temperature stabilization

Power consumption 200 W

Dimensions (WHD) 384 x 424 x 458 mm

Weight 42 kg
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HW3Knn ypoBeHb LLiyMa, BO3MOXHOCTb
OTCEYKM NO SIHEPTUN

bonbLwon AnHamMmmn4yeckmum amanasoH

boicTpbin aetekTop, Ao 200
dopenmoB/cex.

PSP=1 pixel
bornblasa paboyas obnacTtb
PaguauyoHHO CTOUKUN

Tshkenbin n TpedbyeTt BOOAHOrO
oxnaXaeHus
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EOVMHCTBEHHLIN BapbUpPyEMbIV NapaMeTp — paccTosiHueE oT
obpasua oo geTekropa.

[To3BonNsieT oNTUMM3NPOBATL 3axBaTbiBAEMbIN Yros K
paspellueHne npmbopa




* PaspelieHune getekropa — 2H-TaSe, T=85.0K

paspenaronas CIIOCOOHOCTB I10
Pejero.

warming

* OrpeniersieTcs: TeOMeTpVIeN CheMKM,
pa3sMepoM IIMKCeJIsi, CBOVICTBaMU
nerexropa (PSP)

-

* OnpeniesiseT JeTaIbHOCTD (1/300)
I paKIIMOHHOV KapTUHBI

* PaspelrieHne CTPyKTyPHOIO 3KCIlepumMeTa
orpesiessieT 1eTalbHOCTb CTPYKTYPbl
(3271eKTPpOHHO TIOTHOCTM)

* OnrpenerrsteTcss MaKCMaJIbHBIM YITIOM
bperra rne ere HaOsromaeTcs audppaxiys




Paspewenne gnppaxkromerpa c nnockmm 2D
AeTeKTOpPOM B KJTaCcCHYECKOHN cxeme
[ 3

\
. We start from the Bragg's low for a reflection HKL detected at the
| radius R for a sample of diameter §D at the distance D.

0= E-atan E\ is corresponding Bragg angle
2 D)
|
. d= i Bragg's law expressed via R and D
/ (1_(RY)
7 2sin| —-atan| —
2 D))

The uncertainty in d can be expressed as follows ("error propagation”)

2tan(®).D.(1 + tan(2®)2)

—d

2tan(®)-(1 + tan(2®)2).

Prrrsemmail |
2tan(®)‘(1 o tan(2®)2)
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| =1 4| == &d
(1 + tan(2®)2):| A20 = ZF tan(®) =

1+ tan(2®)2

theory
o LaB,1=0,7 A

o LaB,, .=0,87 A




Pazpewernne PILATUS 2M B

KJ1iaccmyeckKkom cxeme
HRPT RESOLUTION FUNCTIONS

(FWHM,2 0 =120 °)
0.010 M

0.008 A
| 1.15A
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Travel range [ °]: 360
Resolution [7] ™

Accuracy [7]: 30

Sphere of confusion [mm] * 0,02

Parallelity ['] *: < %

(chi-plane to phi-axis]

Weight [kg]:

Ask Huber engineers

0,001 /0.,002°

360
0.001
30




Error Report
Kappa Goniometer 0515.201-102

Phi-concentricity 408-stage: um

vertical deviation horizontal deviation
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HonBuxHEM 2D IeTeKTOop

sample-to-detector
distance ~ 200-1000mm
20 ~ —-15--+45deg

20 ~ -5 —-- +30deg

3-X KPYXHH I'OHMOMETP

Q, phi, kappa

+ XY TpaHCIaLuum
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deBpanb 2012 — ycTaHOBKa KOHTPOSINEPOB MOTOPOB, NMpokKnaaka kabeneu

MapTt 2012 — goctaska gektopa, PPU, komnbloTepoB, MOTOPOB CTOSa

Anpenb 2012 — gocTtaBka MU yCTaHOBKa CTOSa, apkm andpakromeTpa u yana
obpasua

Mai 2012 — ctapT npubopa B TeCTOBOM pexume. [NpoBepka NpoCTbIX
cTpaTernm u KadecTtsa OaHHbIX

NioHb 2012 — Hayano akcnnyaTtauum B Nosfib30BaTENIbCKOM peXnme




Resolution

completeness

redundancy

accuracy

precision C

R-factors fes . b ,
Scaling, merging, averaging the data

Great for cocktail parties or impressing future employers

*[1lporpamma namepeHna 4acTto onpenensieT (HaBcerga) KayecTso
OAaHHbIX

*KauyecTBO AaHHbIX ONUCLIBAETCH CTaTUYECKUMN OECKPUNTOPaMN.
*Bbibop cTpaterum nogpasymeBaeT BbIbOp nocneaoBaTeribHOCT
9KCnepMMeHTarbHbIX LaroB HEOOXoAUMbIX AN JOCTUXEHMUS
Tpebyemoro kavecTBa.
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20 ~72°, for A=0.65 A > d,,,=0.55 A

2 detector positions X 3 omega runs at fixed kappa
for Phi=0,90,180 ~ “full sphere”

¥ Structure solution and refinement

#Temperature evolution of crystal
structure

# Atomic Displacement Parameters

3% Kinetics — on scale of minutes for full
data, seconds for partial datasets

% Low-tresolution maps of large
volumes in Reciprocal Space
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20__~40°, for A=0.65 A > d,,=0.95 A

1 detector positions X 1 short omega run ~

A full sphere near selected Brage node

# Twinning phenomena — splitting of Bragg reflections
3% Thermal diffuse scattering near Bragg nodes

# Phase transitions - nucleation and grows

# Ordered arrays of nanoparticles, photonic crystals — small-angle diffraction

*1.ocal high-resolution maps of Reciprocal Space

|
B T

1000 mm

|
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OCo06eHHOCTM NOPOLLKOBOM
Aandpakumm c 2D geTeKTopom

«XopoLlee NopoLLKOBOE
ycpeaHeHue

*BusynbHoe pasnunyeHune a3l

Jlydwas crtatuctmka Ha 0onbLUnX
yrrnax

[eTekTop nepneHAnKynAapHO ny4Ky

in-situ 9KCNepUMeHTHbI

KnHeTnka CTpyKTYPHbIX 1 XUMUYECKUX NpeBpaLLeHnI
HAvdbpakumsa npyn BLICOKOM AaBrieHUn

Heckosbko nonoxxeHnn geTekropa

PelueHne CTpyKTyp 13 NOPOLLKOBbLIX AAaHHbIX
AHanma anekTpoHHOU NII0OTHOCTH

AHanus TemnepaTtypHbIX PakTopoB

PDF, orpaHuyen go 22 A-1.




KOHJbepeHUNAX U ceMnHapax
«[lunnomebl n guccepraumm
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2012 — knaccunyeckas cxema ass nopoLuka u
MOHOKpMCTanmnos

2013 — ncnonb3oBaHMe Kanna roHmocTarta u
KOMOWHaLUNK pa3HbIX NOSIOXXEHNW AeTEKTopa

2014 — HoBble BO3MOXHOCTU

Lo Toro kak HOBbI 3Tam cepBuca byaeT AoCcTyneH

Pa3paboTtka ctpatermn B SNBL BmecTe ¢ akcneptamu —
nonb3oBaTeNaMun

TecTupoBaHue cTpaTternu, NPOOHLIE SKCMNEPUMEHTLI C
nonb3oBaTeNndAMn pasHom KBanmgukaumm

OnucaHne cTpaTernu, NnoaroToBka gokymeHtauumm (local
Wiki)

[[MaBHOE ycnoBue — Nonb3oBaTeny A0MKHbI UMETb
BO3MOHOCTb NMPOBOAUTb TE e 3CNEePUMEHTbI YTO U
paHblle - CepBUC AOIMKEH TONbKO pacLUMPATLCS
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Proposal Title ( 175 chars maximum.)
Precise diffraction pattern measurements of decagonal Zn-Mg-Dy and Al-Ir-Os quasicrystals.

Order parameter competition and diffuse scattering in antiferroelectric PbZrO3 single crystal

Crystallization of ALD-grown thin films
Understanding the Role of Water in Methanol to Olefin Catalyst Deactivation

COZ2 interactions with synthetic Na-fluorohectorite clay.

Evaluation of Debye-Waller factor and the role of phonon dispersion in the thermal
conductivity of thermoelectric material skutterudite and *filled skutterudite”

Structural studies of hydrogen storage materials

Crystal structure study of superconducting XyFe2-xSe2 5
Crystal structure determination of weakly diffracting large pore metal-organic framework compounds %

_'i':n_emperature-dependent phase transitions in BaVS3 In situ kinetic diffraction / Raman study of Li(4-2y)NH

Reverse-LIESST experiments on a truly light-induced bistable systemed via solid state reaction from (1-y)Li4NH + Li2NH
it |

Structural characterization of the new superconducting material BiOCu(1-y)S

-

Synthesis and structural characterisation of novel metal
borohydrides for hydrogen storage and lithium batteries.

Characterisation of the photochromic effect in metal hydride thin films

Pressure-induced phase-changes of functionalized flexible MIL-53(Cr)-
(X) Metal Organic Frameworks (with X=CI, CO2H, NO2, NH2, CH3, SO3H)

Negative thermal expansion and compression mechanisms: in the
M(CN)2 family (M=Zn,Cd,Hg): polyhedral distortions or rigid unit motion?

Do amyloid fibrils buckle under compression?



Koraa BaroHoBOXaTbIU ULLET HOBLIX
nyTew, TPAMBAU CXOAUT C penibCoB.

From the Newsletter of the International Union of Crystallography

Vol. 19, nr. 4

Gautam R. Desiraju

.....What of the future? Can we envisage a time when less
ordered materials can be more routinely studied by diffraction
methods? Diffraction of X-rays, neutrons and electrons by
single crystals 1s such a powerful means of structure
determination that we often do not stop to ask if the very
effectiveness of this technique has limited our understanding
of less ordered forms.
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In-situ nopolwKoBas UNM MOHOKpUCTanbHas
andpakuus

NOPOLIOK — 1 CeK, MOHOKPUCTAaN — HECKOMbKO MUHYT,
doparmMeHT MOHOKpUCTaribHOro Habopa,
cunbHopaccensatowmm nopowok — 0,1cek

Pump and Probe

dpparMeHT MOHOKpUCTanbHOIro Habopa, NOPOLLOK —
HECKOIbKO MUKPOCEKYH/,

Light pulse

X-ray pulse

| —

[MoBTOPUTL NPM HOBOM [MoBTOPUTL NPU HOBOM
YrnoBOM MOMOXeHUN YrnoBOM MOMOXeHU
KpucTanna Kpuctanna

[MoBTOPUTL NPU HOBOM
YrnoBOM MOMOXeHUU
Kpuctanna
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" Journal of
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Received 10 December 2005
Accepted 24 February 2006

X-ray diffractometer combining synchrotron
radiation and pulsed magnetic fields up to 40 T

Y. Narumi,™ K. Kindo,” K. Katsumata,” M. Kawauchi,® Ch. Broennimann,?

U. Staub,? H. Toyokawa,® Y. Tanaka,” A. Kikkawa,” T. Yamamoto,® M. Hagiwara,®
T. Ishikawa” and H. Kitamura®

355P, University of Tokyo, Kashiwa, Chiba 277-858, Japan, "RIKEN SPring-8 Center, Harima
Institute, Sayo, Hyogo 679-5148, Japan, "KYOKUGEN, Osaka University, Toyonaka, Osaka

560-8531, Japan, 9Swiss Light Source, Paul Scherrer Institut, 5232 Villigen, Switzerland, and
®SPring-8/)ASRI, Sayo, Hyogo 679-5198, Japan. E-mail: narumi@issp.u-tokyo.ac.jp

A synchrotron X-ray diffractometer incorporating a pulsed field magnet for high
fields up to 40T has been developed and a detailed description of this
instrument is reported. The pulsed field magnet is composed of two coaxial coils
with a gap of 3 mm at the mid-plane for passage of the X-rays The pixel detector
PILATUS 100K is used to store the diffracted X-rays. As a test of this
instrument, X-ray diffraction by a powder sample of the antiferromagnet CoO is
measured below the Néel temperature. A field-dependent lattice distortion of
CoO due to magnetostriction is observed up to 38 T.




Anss KkKorepeHTHoOro NasyYeHuns1

Joural of Fast two-dimensional detection for X-ray photon

Synchrotron

Radiation correlation spectroscopy using the PILATUS
ISSN 0909-0495 detector

Received 12 December 2008
Accepted 17 June 2009 Fabian Westermeier,™ Tina Autenrieth,” Christian Gutt,” Olaf Leupold,®

Agnes Duri, Andreas Menzel, lan Johnson,® Christian Broennimann® and
Gerhard Griibel®

*Deutsches Elektronen-Synchrotron, HASYLAB, 22607 Hamburg, Germany, Patholieke Universiteit Leuven,
3001 Heverlee, Belgium, “SupAgro — INRA — Université Montpellier, 34060 Montpellier, France, 9Paul Scherrer
Institut, 5232 Villigen PSI, Switzerland, and "DECTRIS Ltd, 5232 Villigen PSI, Switzerland.

E-mail: fabian.westermeier@desy.de

The first X-ray photon correlation spectroscopy experiments using the fast
single-photon-counting detector PILATUS (Paul Scherrer Institut, Switzerland)
have been performed. The short readout time of this detector permits access to
intensity autocorrelation functions describing dynamics in the millisecond range
that are difficult to access with charge-coupled device detectors with typical
readout times of several seconds. Showing no readout noise the PILATUS
detector enables measurements of samples that either display fast dynamics or
possess only low scattering power with an unprecedented signal-to-noise ratio.
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Oudpakumns + koMObMHaALMOHHOE paccesiHMe cBeTa +
CMEKTPOCKONUS NOrnoLweHNs + peHTreH-hslyopecueHTHbIN
aHanus

B ogHOM akcnepuMeHTe, Ha OAHOM OOBbEKTe, NPU TEX e
BHELLHMX NapamMmeTpax.

CTpyKTypa, KonebaTtenbHble CNEKTPbl, COCTaB.
Kak qoyHKUMSA BHELWLHEro BO34eNCTBUS

MpumeHeHUs
HoBble MUHEpanbl 1 CUHTETUYECKME MaTepuarnbl

3Bonouns cocTaBa U CTPYKTYPbI B NPOLIECCE N3MEHEHNS
BHELLUHUX YCNOBUIA — MaTepuarbl Ans 3HepreTuku,
SNEKTPOXMMUS, MPOLIECChI KpUcTannuaauum n asoBoro
paccnoeHus....




MogynaunoHHaa gugbpaKymnsi

Acta Crystallographica Section A Kinematic diffraction on a structure with
Foundations of . N . N .
Crystallography periodically varying scattering function

3

ESH (08767

Dmitry Chernyshov,** Wouter van Beek,*” Hermann Emerich,® Marco Milanesio,®

Received 11 January 2011 Atsushi Urakawa,” Davide Viterba,b Luca Palin” and Rocco Caliandro®
Accepted 22 Maxh 2011

FgtMF, F = Aeida /%
Fz= Be®b

2uF,Fscos(pa-db) + p2F,2

Time dependence X no Tyes TVGS Frequency
o) doubling!

Time



Mogynaumna n cnabsie gngbpaxKynoHHbIe
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1 omega term ~10%

2 omega term ~0.2%




PILATUS@SNBL - kombuHaumsa nogBuXxHOro
OeTekTopa, 3-X KPY>KHOro roHnomeTpa u
MYIbTUCHETYMKOrO ABYMEPHOro AeTeKkTopa
nocriegHero nokoneHmsd

[Tpnbop obecnevnT peskoe yCKopeHne PYTUHHbLIX
ANPPaKUMOHHBIX SKCNEPUMEHTOB

[Mpnbop OTKpbIBAET HOBbIE BO3MOXXHOCTU, MHOTME 13
KOTOPbIX eLle TPebyT JONONMHUTESNbHbIX
nccrneaoBaHum

KoHcTpykuunsa PILATUS@SNBL nossonseT nerko
nepeknyaTbCa Mexay pasHbIMU TUNamu
9KCNEePMMEHTOB (MOHOKPUCTanNsbl, MOPOLUKWN, TOHKUE
NSIEHKN, KAMEPbI BbICOro AaBfEHUS U Mp.).

MHoroyHKUMOHanbHbIE AUPPaKTOMETPUYECKNE
npuoopsl Tuna PILATUS@SNBL o4eHb
BOCTpebOoBaHbI.

KoHcTpykuma PILATUS@SNBL nossonser
noaKn4vaTb AONONHUTENbHOE 0bopyaOBaHKE, B
YAaCTHOCTWU CNEKTPOCKOMNYECKOE, YTO eLle bornbLue
noBbILLAET BOCTpeboBaHOCTb Npubopa.
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