DKCNnepuMeHTaJibHble
nccneaoBaHusA BOJIH
3apsAA0OBOU NMNJIOTHOCTM

OMntpnn NHocos

NH-T Ppun3nkun TBEpAOro Tena nMm. Makca lNnaHka

PowwnHo, 2011

LUTyTrapr



BoJsiHbl 3apsaoBou nsiotHocTty (B31)
B NPSAMOM n 06paTHOM NpoOCTpaHCTBaX
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OpHOoMepHble MeTassibl 06n1aaatoT naeanbHbIM «KHECTUHIOM>» . [1pu
da3oBOM nepexone ¢ BO3HUKHOBeHMeM B3l noBepxHOCTb PepMu
3allensaeTcsa, YTo NpuBOAUT K nepexony MeTann-usondaTtop.



Kak onpeaenntb CUNYy «<HECTUHra»?

YcnoBue HeyCToM4YmBOCTM noBepxHocTn ®epmu K dopmmnposaHmto B3I1:

jﬁfl/mq — 22U+ Vg =1/ x4

DNEeKTPOH-POHOHHOE B3auMoaencTeme

Uq

Vy = (k+qK|V|kK +q)

= (k+qK'|U|K'+qKk) « ycpeaHéHHble KyNOHOBCKME B3auMOAENCTBUS
(npsimoe 1 obMeHHoe)

OyHKuua Jinnaxapaa (cratuyeckmin npepen):

Xq = D _iInr(€k) — np(€xiq)]/ (€k — €kiq)

a [U(Q) ‘ IU(Q)

CMm. Takxe S.-K. Chan & V. Heine, J. Phys. F: Met. Phys. 3, 795 (1973)




Moaynauuna 3apsaana B NPpSsMOM NMPOCTPaHCTBE

OaHoMepHoe opraHunyeckoe coegnHeHne TTF-TCNQ HuKe nanepncoBCKOro
nepexoaa (CKaHUPYHOLWWUNA TYHHENBbHbIM MUKPOCKOMN C aTOMHbIM pa3pelleHnem):

< ~5 HM >

JkcnepumeHT: Z. Z. Wang et al., Phys. Rev. B, 67, 121401(R) (2003)



Moaynauuna 3apsaana B NPpSsMOM NMPOCTPaHCTBE

Busyanmnsaumsa noBepxHOCTM KBasnaByMmepHoro metasna 2H-NbSe, ¢ aTOMHbIM
pa3peweHnemM Npu NoOMOLLMN CKaHUPYIOLWEro TYHHeIbHOro MMKpoOCKona

KoMHaTHaga TeMnepartypa: OcHoBHoOe cocTosiHue (T = 4.2 K):

. =N
' € : * EF &
Y e s

JkcnepumeHT: P. Mallet et al., J. Vac. Sci. and Technol., B14 (2), 1070 (1996)



CBepXCTpYKTYypa B 06paTHOM NpoOCTPaHCTBE

Busyanunsaumsa cBepxXCTpyKTypbl B 17-TaS, METOAOM 3N1eKTPOHHON Andpakumnm

\U(Q)

O630p: R. L. Withers & J. A. Wilson, J. Phys. C: Solid State Phys., 19, 4809 (1986)
NnnwocTtpaumsa: M. Eichberger et al., Nature 468, 799 (2010)



PHONON ENERGY (meV)

«CMmaAryeHme>» (poHOHHbIX MOA

KoHoBCkMe aHoOManuun B GOHOHHOM cnekTpe 2H-TaSe,, n3aMepeHHble Npu NOMOLLM
Heynpyroro paccesiHus HeMTPOHOB.
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IMAGE OF THE FERMI SURFACE IN THE VIBRATION SPECTRUM OF A METAL*

W. Kohn
Department of Physics, Carnegie Institute of Technology, Pittsburgh, Pennsylvania
(Received April 6, 1959)
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D. E. Moncton et al., Phys. Rev. Lett. 34, 734 (1975)
Walter Kohn, Phys. Rev. Lett. 2, 393 (1959)



DOTOOMUCCUOHHAA CNEeKTPoCKonusa
C YrnoBbIM pa3pelleHueM

(ARPES)
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DddPpeKT NoBepxXHOCTH

E to the detector
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POTO3MUCCHUA C YINIOBbIM pa3peLlieHneM
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POTO3MUCCHUA C YINIOBbIM pa3peLlieHneM
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CtaHuusa «13 ARPES» B BepnuHe (BESSY)




CtaHuma «13 ARPES>» B BepnuHe (BESSY)
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CtaHuusa «13 ARPES» B BepnuHe (BESSY)
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Busyasinsaums 30HHOMU CTPYKTYPbI
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Kakyro nHdpopMaumio MOXKHO U3BJieYb
M3 30HHOM CTPYKTYpPbl MeTaJu1oB?

3Has 3NEKTPOHHYIO ANUCMEPCUID, MOXHO BbIYUCAUTL (MU OLEHUTD):

NA1a3MEeHHY0 4acToTy;

MarHUTHYO rMybnHy NpoHUKHOBEHUS (AN CBEPXMPOBOAHUKOB);
3/IEKTPOHHYIO TEMN/TOEMKOCTb;

napamarHeTusMm llaynu;

KOHCTaHTy Xonna (B NpnbnmxeHnmn n3oTpornHOro BpEMEHU XN3HN);
NpoOBOAMMOCTb (eCcnin U3BECTHO BPEMS XU3HU, T);

MarHMToconpoTueneHune (ecam N3BeCTHO BPEMS XU3HU, T);
e TEPMO3JIEKTPUYECKMNE KOHCTaHTbl (HanpuMmep KoaddununeHT 3eebeka);
® CNEeKTPbl 3/IEKTPOHHO-AbIPOYHbLIX BO36YyXAeHUN (NapaMarHOHHbIe, ONTUYECKME).

N3 abhekToB peHoOpManu3aumm 30HHOMN CTPYKTYpPbI:

® CUNY B3aUMOAEUCTBUS C KOMNTEKTUBHbIMKU MoaaMU (POHOHbI, MArHOHbI);
* 3(P(PEeKTUBHYIO 3NEKTPOHHYIO Maccy.

N3 reomeTpnyeckmnii cBoncts ®epMum NoBEPXHOCTU (KHECTUH»):

e TeHAEHUMN K HApPYLUEHUIO TPAHCASUMOHHON U/Nnn oCeBON CUMMETPUN B
OCHOBHOM cocCTOsiAHUK, hopMuposaHuto B3I u BCIT v gpyrmux
HEeyCTOMYNBOCTEN.



DPOTOOMUCCUOHHAA CNEeKTPOoCKoNUusA
B uccneposaHium B3lMN-HeycTonunBocTen



NMpumep: B3lM-nepexon B 2H-TaSe,

S. V. Borisenko et al.,
Phys. Rev. Lett. 100, 196402

RESISTIVITY (uQ cm)
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R. A. Craven & S. F. Meyer,
Phys. Rev. B 16, 4583 (1977)

O™ T
i3

B AByMEpHOM MpPOCTPAHCTBE LWeslb OTKPbIBAETCA /IMLWb Ha HEKOTOPbIX
yyacTKax noBepxHoctn ®depmu. NpoBoanMMOCTb yny4dlwiaeTcs!



TeMnepaTtypHas 3aBUCMMOCTb KOHCTAaHTbI Xosna

o 47 Le [ DE)vi(K)/p(K)dk
e ([ D(K)vg(k)dk)*
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D. Evtushinsky et al., Phys. Rev. Lett. 100, 236402 (2008)



dOyHKUuMA JiMHAXapaa

k, 0 12 14 16 18 2

P

M r K M
photoemission intensity Xo» H3 eVl fusl Momentum

D. S. Inosov et al., New J. Phys. 10, 125027 (2008)
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OABYXMMNyJibCHblE€ 3KCNEPUMEHTDI
«HaKauyKa-30HAMpPOBaHue>»

Electron dynamics in metals following optical excitation

415 E, f(E) = ——=. Fermi-Dirac
1 — ::.:;"'H: = Distribution
_ hv e kTF:I + 1
t,=0 \
0 . —l-E

1 ~ |
Q\l non thermalised
t, >t \::;; electrons
E
i‘= »

Fermi Distribution:
t, >>t, 7 T, >>T,

0 - l-E

-0

W.S. Fann, R. Storz, H.W. K. Tom, J.Bokor PRB 46 (1992), 13592



[1Be BpeMeHHble wKanbl popMmuposaHunsa B3I

DNeKTPOHHAaa Andpakuusa C paspeLlleHnem rno BpeMeHn Ha npumepe 17-Tas,

Time (ps) 0.1

L4t T T T T T T T
-2 0 2 4 6 8 10 12 14

Time delay (ps)

M. Eichberger et al., Nature 468, 799 (2010)



Binding Energy (eV)

tr-ARPES: boTO3/1eKTPOHHAA CNEeKTPOCKOoNnus
C pa3pelwleHMeM no yriiy m BpeMeHum

«[nasneHune» B3I B ThTe,

E -220fs G 100fs H 200 fs | 460 fs

E-E, [eV]

2 2

-.24,.26 -.11,.30 -.24,.26 -11,.30 -.24,.26 -11,.30 -.24,.26 -11,.30 -.24,.26 -11,.30
(ke k,) [n/A] (K k,) [m/A] (ke k,) [n/A] (k, k,) [t/A] (k. k;) [n/A]

F. Schmitt et al., Science 321, 1649 (2008)

Ocunnnaumu 3NeKTPOHHOro CrneKkTpa B
17-TaS,, coBnagaroLime no 4acrtoTe C
OAHOM U3 (POHOHHbIX MOA.

0 2 4 6 8
Pump-Probe delay (ps) L. Perfetti et al., Phys. Rev. Lett. 97, 067402 (2006)



CounzMepumMmbie n Heconsmepumbie B3I



Hecounsmepumbin B3M-nepexon
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D. E. Moncton et al., Phys. Rev. Lett. 34, 734 (1975)
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Heconamepumbin B3lM-nepexon

S. V. Borisenko et al., Phys. Rev. Lett. 100, 196402 (2008)
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Binding Energy rel. to E;, eV
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OAvHaMunuyeckue adpdeKkTbl, CBA3aHHbIE C
hnyKTyaumsamMm 3apsaaoBoM NJIOTHOCTMU



TeMnepaTtypHasa 3aBUCUMOCTb
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TeMmnepatypHass 3aBUCMMOCTb NceBAoLLEeNnm
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TeMnepaTypHasa 3aBUCMMOCTb HECTUHI-BEKTOpa

Nepexon Mexay cousMepumon n Hecousmepumon B3lM-dazamn B 2H-TaSe,:
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Physics of strongly correlated electron systems

Our department uses neutron and x-ray diffraction and spectroscopy, optical spectroscopy, and Raman scattering,
supported by various supplementary methods, to explore the structure and dynamics of materials with strong
electron correlations. Topics of particular current interest include the interplay between spin, charge, and orbital
degrees of freedom in transition metal oxides; mechanisms of unconventional superconductivity in solids; and
quantum many-body physics at oxide interfaces. We strongly believe that close collaboration between
experimentalists and theorists is essential for progress in this field. To facilitate this interaction, a small theory group
operates within the department. We also have a strong effort in the development of new spectroscopic methods,
especially spectral ellipsometry with synchrotron radiation and neutron resonance spin-echo spectroscopy. To this
end, we operate experimental facilities at the ANKA synchrotron in Karlsruhe and at the FRM-II research reactor in
Garching, in addition to our in-house laboratories. The recently commissioned TRISP spectrometer at the FRM-II
allows the determination of the lifetimes of collective excitations in solids with unprecedented accuracy.

Our research projects

Unconventional superconductivity

—
L 9
% The microscopic description of superconductivity in complex materials such as layered cuprates, cobaltates,
g OF the recently discovered iron pnictides, is one of the most important challenges in current solid-state
5% physics. Our group uses high-guality single crystals and state-of-the-art experimental methods to derive
» accurate spectra of spin and charge excitations in these materials. Such data are essential to motivate

and test new theoretical concepts for the correlated electron systems that support unconventional superconductivity.

Low-dimensional magnetism

/. The discovery of high-temperature superconductivity has stimulated a tremendous upsurge of interest in
the quantitative understanding of low-dimensional quantum magnets. Experiments performed in our group
elucidate the magnetic structure and dynamics of one- and two-dimensional magnets and their influence
on charge transport. Novel compounds synthesized by chemists at our institute are of particular

importance.

= oT': Orbital physics
The exceptionally rich phase behavior observed in transition metal oxides originates in a competition
& ;g between many-body states with different spin, orbital, and charge ordering patterns. Work in our group
e seeks to unravel the microscopic mechanisms underlying this competition. To this end, spectroscopic data
on orbitally degenerate transition metal oxides obtained in our group are analyzed and interpreted in close
collaboration with theorists.

Recent highlights

Leibniz Prize 2011

Department director Bernhard Keimer is
laureate of the Leibniz Prize 2011 and is

N endowed with a €2.5 Million research
‘-& grant. The German Science Foundation
(DFG) honors his outstanding contributions to the
resolution of complex problems in solid state physics,
like the mechanism of high-Tc superconductivity.

DFG press release &

. Superconductivity-induced optical
1Y anomaly in an iron arsenide

" Spectroscopic ellipsometry reveals that
excitations with energies up to two orders
of magnitude greater than the energy gap are
affected by the superconducting transition in the
multiband metal Bag oKp 3ofEohs,.

A. Charnukha et &/, Nature Comrmunications, 2011 B

' . Orbital reflectometry
" We introduce a new experimental method
* that yields quantitative, depth-resolved

- orbital polarization profiles of metal-oxide
multilayers with a resolution of one atomic unit cell,
That is, it can tell within an accuracy of a few percent
which d-orbitals are occupied in which atomic layer.

E. Benckiser et a/., Nature Materials, 2011 &'

Asymmetry of magnetic excitations
in ferropnictides explained

Agreement between inelastic neutron
scattering data and first-principles
theoretical calculations suggests that the anisotropic
shape of spin-excitation spectra in iron arsenide
superconductors stems from Fermi surface nesting,
not from an electronic nematic state.

1. T.Park et a/., Phys. Rev. B, 2010 &'

http://www.fkf.mpg.de/keimer/



