On the 60th anniversary of the Lifshitz-Kosevich theory
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Ilya Mikhailovich Lifshitz, 1960s.

This year marks sixty years since Doklady Akademii
Nauk SSSR (DAN SSSR) published a study by Ilya
Mikhailovich Lifshitz and Arnold Markovich Kosevich “On
the theory of the de Haas—van Alphen effect for particles
with an arbitrary dispersion law.™" This work played a key
role in the creation of a new direction in solid state physics,
which has been termed “fermiology”—the science of the
Fermi surface (FS) structure and characteristics, such as the
cross-scctional area, diameters, effective and cyclotron
mass, velocities at different points on the Fermi surface, etc.

An oscillatory magnetic field dependence of the mag-
netic susceptibility of metals y(/7), associated with the mag-
netic quantization of the energy of the orbital motion of
charge carriers, was theoretically predicted by Landau in his
work “Diamagnetism of metals,” published in 1930.% In the
same year, independently, there appeared a communication
by de Haas and van Alphen “Note on the dependence of the
susceptibility of diamagnetic metal on the field,” reporting
the observation of the oscillating field dependence of y(#) in
single crystals of bismuth.® This effect was named after the
authors of the experimental discovery. By the early fifties of
the last century, the de Haas—van Alphen (dHvA) effect had
been observed in many metals (see the monograph by
Shoenberg” and references therein), and in this regard the
theoretical study of quantum oscillation effects became very
important.

The possibility of determining the FS extremal sections
through the oscillation period of the dHvA oscillation was
first noticed by Onsager in 1952 in his “Interpretation of de
Haas van Alphen effect.” On the basis of the Bohr-
Sommerfeld quantization rule, Onsager wrote the relation
between the number of the maximum # in the oscillatory de-
pendence y(H), which corresponds to a magnetic field
H,,. and the extreme cross-sections of the FS by the planes
pH — const (p is the electron momentum)®

n+ 0O = (hc/e)A/H,. (1)
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Arnold Markovich Kosevich, 1980s.

The rigorous solution for the problem of the dependence
of the magnetic susceptibility of a metal on the strong (quan-
tizing) magnetic field under the most general assumptions
concerning the dispersion law of the conduction electrons
has been obtained by Lifshitz and Kosevich' (a more
detailed account of these results was published a year later in
the “Journal of Experimental and Theoretical Physics™®).
The general equation for the oscillations of the magnetic sus-
ceptibility y(H) is now known in the scientific literature as
the Lifshitz—Kosevich equation.’ In the same volume of
DAN SSSR in 1954, a work by Lifshitz and Pogorelov’ was
published, which has showed that by knowing all the
extremal sections of an arbitrary convex FS, we can uniquely
determine its shape. The authors of the theory' not only have
rigorously obtained the relation between the periodicity of
dHvA oscillations versus inverse field 1/H and the extremal
FS cross-sections, but also have identified the range of
applicability of Eq. (1). Moreover, they also showed that the
temperature dependence of the oscillation amplitude allows
us to determine the cyclotron mass of an electron. Equation
(1). which allows. in a simple way, to find the area of an
extremal section of the FS through the period of the dHvA
oscillations is still widely used by researchers. Various
authors call it differently—the Onsager equation or the
Lifshitz—Onsager equation.

The work by Lifshitz and Kosevich' has stimulated a
stream of theoretical studies that addressed different proper-
ties of metals for an arbitrary law of the dispersion of charge
carriers, assuming it @ priori known. As a result, a whole set
of different methods has been developed for determining the
electronic energy spectrum of metals by experimental stud-
ies of various thermodynamic and kinetic characteristics of
metals and comparing the experimental results with the cor-
responding theory. The achievements of fermiology reached
by the time of its “maturity” (in the 1970s), by which time
the FS of most metallic elements had been reconstructed, are
detailed in the books Refs. 8-10 and references therein.
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PHUIHKA

H. M. JINGLIAIL u A. M. KOCEBWY

K TEOPUH 3PPEKTA JE TIAA3 —BAH AJIb®EHA [JI1 YACTHU
C MPOU3BOJIbHbIM 3AKOHOM JAUCNEPCHUU

(Ilpedcmasseno axademuxom J. Z. Janday 15 HI 1954)

1. B Hacrosumee BpeMs NepHOAHYECKAs 3aBHCHMOCTb MarHHTHOH BOC-
NPHUMYUBOCTH OT NOJSA NIPH HU3KHX Temnepatypax (sddext ne Iaaz —
BaH Auab(ena) HabmoaeHa Aas 6OJBUIOrO YHCJA METAJNIOB ?;). Mexnay tem,
KOJIHYECTBEHHAs TEOPHA 3TOr0 ABJEHHA pa3paboTaHa AAs CJayuyas 3JeK-
TPOHHOTO r'asa ¢ KBaJAPaTHYHLIM 3aKOHOM JAHCNEPCHH, CNPABEAJIHBHIM JHUINb
y AHAa COOTBETCTBYIOLISH 3HEepPreTHueckoi 3ounl (*).

[Mpencrasasercs BechbMa CYILIECTBEHHBIM BbISICHEHHE TOrO, B Kakoif
mepe ocobeHHOCTH 3(pexTa CBA3AHBI C 3TUM npeanonoxenuem. Hekoropme
KauyeCTBEHHBIE COOOPaXXEHHA MO 3TOMY INOBOAY OBIIH BBICKA3aHBl B MO-
cnennee spems B pabore (%), oaHaxko NpHMEHEHHBIH TaM NMyThb paccyxie-
HUIf HE IIO3BOJISIET NPOBECTH NOJHBIH aHaau3 sgpdexra.

H3pecTHo, YTO NpH HH3KHX TeMIeparypax S3JEKTPOHH B MeTalie,
B3aHMONEHCTBYIONIHE APYT C APYTOM MW C PEMmEeTKOH, B TEPMOAHHAMH-
YeCKOM OTHONIEHHH MOTYT OLITh 3aMEHEHbl HICANbHBLIM (EePMH-Ta30M 3a-
PAXKEHHBIX KBA3H-YACTHII C HEKOTOPHIM 3aKOHOM AHCHEPCHH

S =6 P Py P,)- (1

[TosToMy BCE BBIYHCJACHHA CJEAYET NPOM3BECTH J[JA HAEAJbHOTO rasa
KBasu-yacTHI ¢ o6muM sakonoM aucnepcuu (1). ITpu sTom nepsas 3anaua,
KOTOpas AOJ/KHA OHITh PelIeHa, 3aKJ0uaeTcs B OTHICKAHHH YPOBHEN 3HEp-
THH TaKOM YacTHIBLI B MAarHUTHOM INOJe.

Tax xax B nanbmeiimem Hac OyAyT WHTEpPECOBaTh B OCHOBHOM YPOBHH
HEPrHH, OTBEYaIHe OOJbIIMM KBAHTOBBIM YHCJAM, TO KBaHTOBaHHE
ABH)XXE€HHS B MarHWTHOM IOJie JOCTATOYHO NPOH3BELTH B KBA3H-KJACCH-
YECKOM NpPUOJIMKEHHH.

FamMuabTOHMAH yacTHUB C 3aKkoHOM aucnepcu (1) B maruuTHOM mose H,
HanpaBJEHHOM 1O ocH 2, (opmaabHO mnoayyaercs 3amenoir B (1) xomno-
HEeHT HMNYJbCa p;, KOMIOHEHTAMH ONEPaTopa KHHETHYECKOro HMIYJbCa

P;, CBA3AHHBIMH MEXAY cO0O0#l COOTHONIEHHAMH KOMMYTAI[MH:
[Py. p.x]=‘i-H, [i)x. Pz]=[py» i)z]=0- (2)

Coornowmenne mMexay Pr u Py COOTBETCTBYET NEpPECTaAHOBOYHOMY CO-
OTHOMIEHHIO MeXAY OOOOGLIEHHOH KOOPAHHATON H OOOOLIEHHBIM HMOYJb-

com: [Py, Qy) = 1. Poas onepatopa 0606menHofi koopaunatsl Qy urpaer
oneparop éfTPx' [To3TOMy MOKHO HAOHCATh YCJOBHE KBa3H-KJACCHUYECKOro
KBAHTOBAHHSA:

§ PydQ, = 5 $PyaP = (n+ )l 0<1<1. 3)
963

First page of the seminal paper by Lifshitz and Kosevich."
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Today the Fermi surfaces of simple metals can be admired
on the website “The Fermi Surface Database.”"'

Nevertheless, fermiology does not “age.” Investigation
of multicomponent compounds yielded a number of remark-
able discoveries—metallic conductivity of complex organic
compounds, high-temperature superconductivity of cup-
rates. coexistence of superconductivity and magnetism.
two-band superconductivity of MgB,, etc. One of the first
questions that always comes up in the quest for explanations
of the observed phenomena is the question about the FS
characteristics. Nowadays, the toolkit of fermiology has
greatly expanded. Tremendous progress in computer tech-
nology has made available first-principles calculations of
the energy spectrum of degenerate conductors to the broad
research community. Nowadays, Fermi surfaces are widely
studied using angle-resolved photoemission spectroscopy
(ARPES).12 Direct visualization of the S contours becomes
possible by using scanning tunneling spectroscopy of the
sample surface in the vicinity of single point defects located
under the surface.'*!*

Readers who wish to learn about the achievements in the
study of the energy spectra of novel compounds with metal-
lic conductivity during the last two decades can be referred,
for example, to the reviews Refs. 15-22, although these pub-
lications certainly cannot offer a comprehensive account of
all the information accumulated to date by fermiology.

This special issue of Low Temperature Physics entitled
“Recent advances in fermiology™ is dedicated to the 60th an-
niversary of the appearance of the Lifshitz—Kosevich theory.
At that time, Ilya Mikhailovich Lifshitz headed the theoreti-
cal division at the Ukrainian Physico-Technical Institute
(UPTT) and. simultaneously, held a chair at the Faculty of
Physics and Mathematics of Kharkov State University, and
Arnold Markovich Kosevich was his graduate student.

For a number of years, I. M. Lifshitz and A. M.
Kosevich were members of the editorial board of LTP and
made a significant contribution to the journal. One of the
pioneers of experimental investigation of the de Haas—van
Alphen effect in metals was the founder of LTP and its first
Editor-in-Chief, Boris leremievich Verkin.>* Studies by B.
G. Lazarev, B. 1. Verkin, and coworkers carried out at the
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UPTI in 1949-1953 have largely stimulated the fundamental
theoretical investigations of I. M. Lifshitz and his students in
the electronic theory of metals and fermiology.
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