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Jouire

* YTO TaKOe KOHOBCKas aHoOMasus
* KaK Mbl 3TO MOXeM YBUOETb
* profit?

Walter Kohn

Nobel Prize in Chemistry
October 13, 1998
Density-functional theory
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INTRODUCTION
(sans douleur)
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. Introduction

Wiki: [ToBepxHOCTb PepMn — NOBEPXHOCTb NOCTOAHHOU SHEPrun B K-
NpOCTpaHCTBe, paBHOM 3Heprun Gepmun B MeTannax nimn BblpoXxaeHHbIX
nofynpoBogHnKax. 3HaHne popMbl NOBEPXHOCTU PepMUn UTPaAET BaXKHYIO POSib
BO BCeN on3MKe METansoB 1 BbIPOXAEHHbIX NMONYNPOBOAHUKOB, TaK Kak
bnarogapsi BbIpOXAEHHOCTU AfIEKTPOHHOIO ra3a TpaHCNOPTHLIE CBOMCTBA €ro,
Takue Kak npoBoANMOCTb, MarHETOCONPOTUBIIEHNE 3aBUCAT TOSbKO OT
anekTpoHoB BONn3n nosepxHoctn Gepmu. NosepxHoCcTb Pepmun otaender
3anosiHEHHbIE COCTOSAHMA OT MYCTbIX NMpyn abCcostoTHOM Hyrne Temneparyp.

addbekTbl ae Naa3a-BaH AnbdeHa n LLlybHukoBa-ae aasa
(HM3Kas Temnepatypa, BbICOKME MarHUTHbIE NOJIA)
ARPES
(MOBEPXHOCTD)
NO3UTPOHHAA aHHUTUNALNA

N

‘;ut. o
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. Introduction

VorLuME 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
(Received April 6, 1959)

4
CnocobHOCTb 9NEKTPOHOB
[ C NPOBOANMOCTN SKPaHNPOBATb
1 ’ L 3apsiabl pe3ko najaer, Kak
TONbKO g NPEeBOCXOANT 2K¢

FIG. 1. Virtual excitations for ¢<2kg and ¢> 2R .

as long as g<2k,
Pext(T) causes virtual excitations of some elec-
trons with conservation of energy while when
g > 2k such excitations are no longer possible
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. [ He340BaHne

THE3OOBAHWE, rHe3goBaHUS, MH. HET,
cp. (cneu.). Butbe, coopyxeHue rHesg y
NTUL, U HEKOTOPLIX XXMBOTHbIX. HacTynuna
nopa rHesgosaHud. TOMNKOBLIN CrioBapb
Ywakosa. [.H. YwakoB. 1935-1940.

BEKTOP rHe34oBaHUA — BEKTOP, COBMeELLAOLW M
OBa pparmeHTa noBepxHocTn depmu

N
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. [ He340BaHne

THE3OOBAHWE, rHe3goBaHUS, MH. HET,
cp. (cneu.). Butbe, coopyxeHue rHesg y
NTUL, U HEKOTOPLIX XXMBOTHbIX. HacTynuna
nopa rHesgosaHud. TOMNKOBLIN CrioBapb
Ywakosa. [.H. YwakoB. 1935-1940.

BEKTOP HECTMHra — BEKTOP, COBMeLLaroLLnm
OBa pparmeHTa noBepxHocTn depmu

N
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INTRODUCTION
(sans douleur)



. Heyrnipyroe paccesiHne HeEATPOHOB

VoLumE 7, NUMBER 3 PHYSICAL REVIEW LETTERS AucusT 1, 1961

IMAGE OF THE FERMI SURFACE IN THE LATTICE VIBRATIONS OF LEAD
B. N. Brockhouse, K. R. Rao,* and A. D. B. Woods
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. Heyripyroe paccesiHne HeiTpoHOB
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HEeKOTOpbIE aHOMannn MOXXHO MHTEPNPETUPOBATL YXXe B MOAENn
CBODOOHLIX 3N1EKTPOHOB
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. KoHoBCKas rnoBepxHOCTbh

PHYSICAL REVIEW B VOLUME 2, NUMBER 12 1S DECEMBER 1970

Fermi Surface of Aluminum from Kohn Anomalies

Joun W. WeymouTn*
Bellen Laboratory of Physics, University of Nebraska, Lincoln, Nebraska 68508

AND
R. STEDMAN
KOHOBCKas NnoBepxHOCTb -
reomMeTpmnyeckoe MeCto KOHLUOB
BEKTOPOB XOPOLLUEro HeCTUHra
-  OnaMeTpalibHble aHOMalinn
ermt vuris i preid o = HeQMaMeTparibHble

7 anomaly transitions
- BHYTPMU30HHbIE
- MEeX30HHbIE
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. Heyripyroe paccesiHne HeiTpoHOB

PHYSICAL REVIEW B VOLUME 2, NUMBER 12 1S DECEMBER 1970

Fermi Surface of Aluminum from Kohn Anomalies

Joun W. WeymouTn*
Bellen Laboratory of Physics, University of Nebraska, Lincoln, Nebraska 68508

AND
R. STEDMAN
! T ! !
oF teet KOHOBCKasi MOBEPXHOCTb -
I *i AT reOMETPUYECKOE MECTO KOHLIOB
te44 BEKTOPOB XOPOLLEro HecTUHra
K
3 N - AMameTparbHble aHoMarnmm
<:135L- e, + . - HegmameTparnbHble
%0%°0
0, b - BHYTPW3OHHbIE
oo ¢ - MEXX30HHbIE
¢ ©
L
ve oj
ot 1 1 X Q 4__:
0 O.g 0.8

Fi1G. 3. Slopes Aw/Ag versus g for the [1117] branches in units
of (10¥ rad/sec)/(2x/a) versus (2x/a). Upper curve for L
branch, lower for T branch.
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. DaKTop HeCcTuHra, QyHKUnNS HECTUHIa

2D napabonuyeckasi agucnepcus KonbLieBasi NOBEPXHOCTb depMu dbakTop HECTUHra
+ NepPUOANYHOCTb

oOblvHOE onpeneneHne dyHKUUN HECTUHra gaet aptedakTtbl B Q=0
(BCsIKa HenaTosiorM4yeckasi MOBEPXHOCTb XOPOLLO rHesayeTca ¢ cobon)
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. DaKTop HeCcTuHra, QyHKUnNS HECTUHIa

Zq = Z[nF (8k) B nF (8k+q )] /(gk o gk+q)

(
L A

_
| - g

2D napabonunyeckasa gucnepcus KonbLeBas nosepxHocTb Pepmu dyHKUMa JInHaxapTta

+ NepnoanyHoOCTb
/-\ |grady,,| BocpousBoauT
U KOHOBCKYO II0BEPXHOCTb
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. d)yHKLlI/IFI HEeCTUHIa U KOHOBCKas NoBEPXHOCTb

* €CTb KapTUHKKN, NpocTast NOBEPXHOCTb PepMu => pUcyem KOHOBCKYHO
MOBEPXHOCTb
* eCTb pacyeThl, Ntobasd noBepxHocTb PepmMn => cyntaem PyHKLUIO HECTUHTA

* CpaBHMBAEM C 3KCMEPUMEHTOM
« Oaymaem

* profit!

N
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[Ipumepkl ¢ Heynpyrum
paccesHnem



. Mpumep: Te-III

week ending

PRL 102, 035501 (2009) PHYSICAL REVIEW LETTERS 23 JANUARY 2009

Origin of the Incommensurate Modulation in Te-III and Fermi-Surface Nesting in a Simple Metal

I. Loa,"* M.I. McMahon,' and A. Bosak?
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. Mpumep: Te-III

The calculated Fermi surface of bcm Te exhibits surprisingly effective nesting for a
simple, electronically three-dimensional metal.

The phonon anomaly is reproduced in first-principles lattice dynamics calculations of
unmodulated, body-centered monoclinic (bcm) Te, which is shown to be dynamically

unstable.
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. [lpumep: rpaput

nosepxHocTb Pepmu rpadpeHa

rHesgoBaHue B Todkax [ u K, aHanorm4Ho B rpadpute

A
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. [lpumep: rpaput

PHYSICAL REVIEW B 80, 085423 (2009)

Phonon surface mapping of graphite: Disentangling quasi-degenerate phonon dispersions

A. Griineis,"? J, Serrano.’ A, Bosak,* M. Lazzeri.> S. L. Molodtsov.® L. Wirtz,” C. Attaccalite.® M. Krisch.* A. Rubio ®?
F. Mauri.’ and T. Pichler!

(Anew)3
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. TanHoe rHesgoBaHue

Hidden nesting no3BonseT 06bACHUTL NOAO3PUTENBHYIO 3D EKTUBHOCTD
HEeCTUHra cBejeHMEM 30HHOUW CTPYKTYPbl K HANTOXEHUIO KBa3NOLHOMEPHbIX

Predicted Fermu surface for KMo,O,; from tight
binding calculations of Ref. [1]. (a)-(c) Individual Fermu
surfaces from three distinct bands: (d) full Fermu surface: (e)
“hidden™ 1D Fermu surfaces; and (f) nesting wave vector ¢
connecting two 1D Fermu surfaces.

[1] M.-H. \\'hangbo.- E. Canadell, P. Foury, and J.-P. Pouget,
Science 252, 96 (1991).
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[Ipumepbl ¢ TENNMOBbLIM
ONAPAPY3HbIM paccedaHUeEM



. KoHoBCKkne aHomasinn B ANG@dy3HOM paccessHuun

VoLuME 7, NUMBER 3 PHYSICAL REVIEW LETTERS Aucusr 1, 1961

IMAGE OF THE FERMI SURFACE IN THE LATTICE VIBRATIONS OF LEAD
B. N. Brockhouse, K. R. Rao,* and A. D. B. Woods
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. KoHoBCKkne aHomasinn B ANG@dy3HOM paccessHuun

VoLUME 9, NUMBER 5 PHYSICAL REVIEW LETTERS SEPTEMBER 1, 1962

IMAGE OF THE FERMI SURFACE IN LEAD

Arthur Paskin and R. J. Weiss
Materials Research Laboratory, Army Materials Research Agency, Watertown, Massachusetts
(Received July 19, 1962)
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FIG, 1. X-ray diffuse scattering intensity curves
RN . for the (110] (8”s), [111] (x’s), [221] (+"s) and [100]
(m’s) directions. A, B, and C correspond to Kohn
1 anomalies observed by neutrons. D is a possible dis-
T o S . . . i
200 225 350 275 300 CO{'ltlrlllutj.,’ in the [100] C%l.'(‘f‘:‘Cth]’l. Th.e hmght. of each
point indicates the statistical error in counting. The
2asing arrow indicates the free-electron value at 2,48,
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. KoHoBckne aHoManinm B ANGd@dy3HOM paccesiHumn
HKO ‘ HLL

A. Bosak
ESRF/ID15
67 keV PILATUS3 300K CdTe

aHOMaJ1Mn B HarpaBllieHNAX
HU3KOW CMMMETPUN

Nyoxoe corrnacue ¢ Moaenbio
CcBOOOAHbIX 3MEKTPOHOB

HEMNOHATHO cornacue
C paHHUMK paboTamu

e
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. KoHoBCKkne aHomasinn B ANG@dy3HOM paccessHuun
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oo My for the (110] (8’s), [111] (¥’s), [221] (+"s) and [100]
o g (m’s) directions, 4, B, and C correspond to Kohn

anomalies observed by neutrons. D is a possible dis-
continuity in the [100] direction. The height of each
point indicates the statistical error in counting. The

arrow indicates the free-electron value at 2.48.
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. [loBepxHOCTb ®epMmu B LIMHKE

week ending

PRL 103, 076403 (2009) PHYSICAL REVIEW LETTERS 14 AUGUST 2009

3D Imaging of the Fermi Surface by Thermal Diffuse Scattering

A. Bosak,! M. Hoesch,' M. Krisch,' D. Chernyshov,? P. Pattison,”* C. Schulze-Briese.* B. Winkler,® V. Milman,®
K. Refson,” D. Antonangeli,” and D. Farber” '’
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. [loBepxHOCTb ®epMu B LUMHKE

A Ho

penkumn crnyydam — popma
KOHOBCKOW aHOMarnuu cosnagaet
Cc doopMOU NnncTa NOBEPXHOCTH
bepmu

FIG. 2. (a) Brillouin zone of zinc with denoted special points;
(b) high-symmetry section of the Fermi surface obtained by
ab initio calculations; (c) scheme of the assembly of lenslike
surfaces centered on strong Bragg spots and their dissection by
HHL plane.
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[Tpumepsl ¢ ynpyrum
ONAPAPY3HbIM paccedaHUeEM



. [louTn KOHOBCKWEe aHoMasinu B yripyromM paccessHmu

AHOManus B cTaTU4eCKOW ONIANEKTPUYECKON PYHKUNN =>
aHomanusa B dypbe-npeodbpasoBaHnm NOTEHUMANa NapHOro B3anMoaencTBus

npun HannM4mnm ripuMmecn B Kpuctasifie oOHa
MOXET nepepacripegernintbCAd, crieayq
0COBEHHOCTAM noTeHumana

andpdpysHoe paccedHmne Ha NPUMECKU MOXET
OTpa3nuTb 0COBEHHOCTN NOBEPXHOCTU
depmm poanUTENbCKONo KOMMOHEHTA

M.A. Krivoglaz
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[Ipumep: Cus;Au

VOLUME 22, NUMBER 21 PHYSICAL REVIEW LETTERS 26 MAY 1969

IMAGING THE FERMI SURFACE THROUGH DIFFUSE SCATTERING
FROM CONCENTRATED DISORDERED ALLOYS

S. C. Moss*

020 ¢ 220

010

000 100 200

FIG. 2. A partial Kohn construction for Cu in the
(hk0) plane to illustrate the origination of the extra
peakings about (110) in Fig. 1.

FIG. 1. Electron diffraction pattern of a single~crys~
tal Cu~24.4% Au (~CuyAu) alloy, rapidly quenched from
900*C, which shows the pronounced fourfold splitting

of the scattering about the (110) position (see Ref. 18).

We show qualitatively how the Fermi surface of a disordered alloy will be reflected in
the local-order diffuse scattering of x rays, etc., through anomalies similar to those
predicted by Kohn for phonon scattering. These ideas are then applied to the existing
data on the splitting of the diffuse spots from Cu-Au alloys above T, and, more tenta-
tively, to the {111) scattering profile from f-CuZn. The results indicate that disorder-
ed CuzAu has a Fermi surface much like copper’s while disordered CuAu, resembles
gold.
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. [pumep: Cu;Au n CuAus

Cu

020 ¢

010

FIG. 2. A partial Kohn construction for Cu in the
(hk0) plane to illustrate the origination of the extra

1.50.5 1.5 1.5 peakings about (110) in Fig. 1.

CuAu,

KTO pOAMTENb NPWU KOHUEHTpauum npumecun 25%?

0.50.5 ID23 ESRE 1.5 0.5
PILATUS 6M

e
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. llpumep: cninas Ni-W

';‘;;’,'i;‘d An accidental visualization of the Brillouin zone in
Crystallography an Ni—W alloy via diffuse scattering

ISSN 0021-8898

Sascha B. Maisel,” Nils Schindzielorz,” Stefan Miiller,"* Harald Reichert“” and

Received 27 February 2013 Alexei Bosak'
Accepted 11 June 2013

(b)

Figure 1

(a) Symmetrized isosurface of the measured diffuse scattering of Nij ¢, W, o In reciprocal space. The
colour scales with distance from the centre. (b) Sketch of the first Brillouin zone of the f.c.c. lattice
on the same scale. The surface defines a truncated octahedron. (¢) Measured diffuse scattering close
to the boundaries of the first Brillouin zone superposed onto the truncated octahedron.
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. llpumep: cnnas Ni-W

KOHCTPYKUUA rHE300BaHUS =
MOAYIb rpagneHTa PyHKUNK
JNnHoxapTta

a noyemy He Tak B cnniaBsax Ni-
Re?

NHpopmaums o
BblICOKOTEMMEPATYPHOM
COCTOSAHUM

Figure 2

(a) Symmetrized isosurface of the measured diffuse scattering intensity of

Ni,,, W, s in the first Brillouin zone. (b) Fourier transform of the

Warren-Cowley short-range-order parameters for Nij,,, W, deduced

from an ab initio cluster expansion. (¢) Nesting construction for the

innermost sheet of the Fermi surface of pure nickel. (d) Calculated

innermost Fermi surface sheet of pure Ni used for the nesting

construction. The colour scales with distance from the centre. X-}

RS
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[ IpumMepbl Npoyne
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. [lpymep: MmarHeTuT

PHYSICAL REVIEW X 4, 011040 (2014)

Short-Range Correlations in Magnetite above the Verwey Temperature

| . 2 . 3 . - 5

Alexey Bosak,' Dmitry Cheryshov,” Moritz Hoesch,” Przemystaw Piekarz,' Mathieu Le Tacon,’
5 o | o xp + 6 . . 5.7 > . % o
Michael Krisch,' Andrzej Kozlowski,” Andrzej M. Oles,™" and Krzysztof Parlinski

-
HK4

0OLLKNI MOTMB yrnopsgodeHnsa HU3KoTemnepaTtypHon dasbl (<124 K)
BbIKMBAET B BUAE NONAPOHOB (?7) O KOMHATHOM TeMneparypbl

a noyemy MMeHHO Takomn?

RS
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. [lpyumep: MarHeTuT

FIG. 6. Nesting signatures in the reciprocal space of magnetite.
Selected reciprocal space patterns of magnetite at 7y + 6 [left-
hand panels of (a) and (b)] in the (a) HKO plane and (b) HK4
plane are compared to the Fermi surface nesting construction
[right-hand panels of (a) and (b)]. Dark features in the nesting
construction correspond to more efficient nesting. Common 30HHasA CTPyKTypa
features are underlined or encircled by dashed lines. The contours nocymtaHa npaBunbHO?
of the Brillouin zone are superposed on the right-hand subpanels,

X points are indicated. Note that the X point is avoided, in both

the experiment and the calculation.

a rge rapaHTtmd T1oro, 4Tto
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. Mpumep: BTCII

ARTICLES NI,

-
PUBLISHED ONLINE: 24 NOVEMBER 2013 | DOL 100038/ NPHYS2808 p “ySICS

Inelastic X-ray scattering in YBa,Cu3Og¢ ¢ reveals
giant phonon anomalies and elastic central peak
due to charge-density-wave formation

M. Le Tacon'*, A. Bosak?, S. M. Souliou', G. Dellea?, T. Loew', R. Heid*, K-P. Bohnen?, G. Ghiringhelli?,

M. Krisch? and B. Keimer'*
=50 HecopasMepHble caTennuThl
l X NOABJTIAKOTCA MNMPU OXrnaxXgeHmnm

“[T=295K 12
10§ f ‘ 10 F
S . KapTorpadus obpaTHoro
, 2 ) NpoCcTpaHcTBa AaeT
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T

NOHNMMaHWE, roje MepUTb

L(rlu.)
o

" \
T 60 '
* 1 ' . Heynpyroe paccesiHue
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. Mpumep: BTCII

B obnactn aHoManuu:

* npoBan HM3Konexalymx dOHOHOB
Nno 4yacrtoTe

* ywmpeHne gOHOHOB

* POCT LUEHTPanbHOro nuka

Energy (meV)

HabntogeHne ckopee B Nosb3y
MEXaHM3Ma, KOHKYPUPYHOLLIErO CO
CBEPXMNPOBOANMOCTbIO

0.0 0.1 0.2 0.3 0.4 0.5
Kin (0 K6.5)
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Snake In the grass
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. [1pn3bIB K OCTOPOXXHOCTU

Page 43

PHYSICAL REVIEW B 77, 165135 (2008)

S

Fermi surface nesting and the origin of charge density waves in metals

M. D. Johannes and I. I. Mazin

Npesa Nanepnca o6 anekTpoHHOM HECTabUNbLHOCTN B OAHOMEPHOM MeTarnne
4acTO NPUMEHSAETCA K pearibHbIM HU3KOPa3MepPHbLIM cucTemMam Ans
00BbACHEHMA 3apAa0BOro yrnopaao4eHna HECTUHIOM.

B 6onblunHCTBE crny4vaes npouenypa He obragaet npenckasarteribHON
CUINON.

PeanbHble Cba3OBbIe nepexoabl Bcerga BKIIK4YakT MOHHYHKO NMOOCUCTEMY.

4".!. L
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. [lo3uTus

HabnogeHusa 3a KOHOBCKMMM aHOMarnmMamMm n UM nogobHbIMM MOTYT AaTb
NOSIE3HYI0 MHGOPMaLNIO O NOBEPXHOCTM PepmMun, 4OMNOMHUB NPOYMe METoObl C
NX COBCTBEHHBLIMU OrpaHNYEHUSMU

* addexTbl ge MNaasza-BaH AnbdeHa n LLlybHmkoBa-ae Maasa
(HM3Kasa Temnepartypa, BbICOKME MarHUTHbIE Mons)

« ARPES
(MOBEPXHOCTb)

*  MO3UTPOHHASA aHHUINNALNS

ObbacHUTENbHaa cuna
XOPOLUNN HECTUHT MOXET OObACHUTL, NOYEMY BEKTOP BOJSHbI
3aps40BOU MMOTHOCTU BOT TAKOW, KAKOW OH eCTb

e il
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. Heratus

HabnogeHusa 3a KOHOBCKMMM aHOMarnmMaMm n um nogobHbIMM HE NO3BOMSAOT
OLHO3HA4YHO M NOSTHO BOCCTAHOBUTL MOBEPXHOCTL PepmMun, orpaHNYMBadACH
NPOBEPKON NpeackasaHum mogenen (Kak npasuno)

ObbacHUTEenbHasa cuna
XOPOLUNN HECTUHT MOXET HE UMETb OTHOLLIEHUSA K pearbHOMY

BEKTOPY BOSHbI 3aps40BOW MIOTHOCTY

[MpenckasatenbHas cuna
?27?7?

N
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| Beueve THAT CHiLDREN ARE Our FUTUrRe. AND THAT TERRIFIES ME.
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