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Slater-Koster M3

TasLe I. Energy integrals for crystal in terms of two-center integrals.
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(2 —§(++m?) (sdo)
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V3lmn(pdo) —2lmn(pdwr)

V38n(pde)+n(1—21) (pdr)

P3P —m®) (pda)+1(1—P+m?) (pdw)

V3m (2 —m?) (pda) —m (14-F—m?) (pdx)

$V3n(B—m?) (pda) —n(P—m?) (pdw)

D=} (B+m*) 1 (pdo) —V3In? (pdr)

m[n*—3(P4m?) ] (pdo) —VImn?(pdx)

n[n2—§ (B4m*) ) (pdo) +V3n(B+m?) (pdw)

3Pm?(ddo) 4 (IP4m*—4Pm?) (ddx) 4 (n2+ Pm?) (dd3)
3Im*n(ddo)+In(1—4m?) (ddx)+In(m*—1) (dds)
3Bmn(ddo)+mn(1—48) (ddw)+mn(2—1) (dd5)

Y (B—m?) (ddo)+20m (m?— ) (dd=)+ $im (B —mi?) (dd5)
Fmn(P—m?2)(ddo) —mn[ 142 (2 —m?) J(ddx) 4 mn[ 14} (*— m?) )(dds)
Il (P —m?) (ddo)+ni[1—2 (B —m?) (ddx) —ni[1—} (1 —m?) ](dd5)
V3im[n*— 3 (P4m?) ) (ddo) — 2V3imn? (ddw)+ 3V3Im (14n?) (dd5)
VImn[n®— 3 (P+m*) J(ddo) +VImn (P4 m?—n?) (ddx) — 3NImn (P4-m?) (dd5)
VBIn[n2~3 (P m?) ] (dde) +V3In (B+-m —n?) (ddx) — 33ln (-m?) (dds)
1 (@—m*?(ddo)+[P+m?— (B—m?*)*](ddw) + [0+ L (B —m*)*](dds)
B3 (P —m?) [n*—3(P+m?) )(ddo) +-V3n? (m? — P) (ddx) +1V3 (14-n) (B —m?) (dds)
[ = (P+m2) P(ddo) +3n? (P+m?) (ddw) + § (P+-m?)* (dd3)

39

30

Slater-Koster O3 (Hi=)

TasLE III. Matrix components of energy for simple cubic crystals, two-center approximation.
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so+2(s50)1 (cost+cosn+-cosy) +4 (ssa)z(cosE cosn+cosE cosi—+cosny cost) +-8(ssa)s cost cosn cosy
2i(spo) sint+2v2i(spa)a(sing cosn+sing cost) + (8/V3)i(spa)s sing cosn cosf
—2V3(spa)a sing sinn— (8/V3) (sdo); sink siny cos{
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Al: Fermi surface
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Figure 15.12
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Noble metals: Fermi surface

calculation experiment
F(10%0e)
a belly neck  belly/neck belly/neck
Cu 3.615A 5.75015 0.24542  23.43 27
Ag 4.086A 4.54252 ©.12073 37.63 51
Au 4.078A 4.45382 0.16445 27.08 29
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de Haas van Alphen effect
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orbitals in C,
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p-band in layer
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MgB,: Fermi surface

/
band 4 hole , / band 5 electron
p-band (bonding) p-band (anti-bonding)
inter-layer anti-bonding inter-layer bonding

band 3 hole
pp-bands (bonding)

Strong 3D feature of p.-band brings
2D-Fermi surface of p,p,-band

Harima H (2002) Physica C 378-381 18-24. dHvVA; Carrington A et al. LT23
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NbSe, (MTA vs full potential)
Tc=7‘2K Ny 2.90 W oas
Ticpw=32K g, ,=2.56 nb-d_2 -
dHvA in mixed states: Dsep=2"
Graebner J E and Robbins M o7 - ZHa"NDSe, (Ura) a 2H,-NbSe, (FLAPY)
o8 T W T T
Phys. Rev. Lett. 36 422 sl ://; g SN é\/\\
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Wexler G and Woolley AM

Corcoran R et al. (1994)
J. of Physics; Condens. Matter 6 4479

(1976) J Phys C 9 1185.
non self-consistent, MTA
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LaCu,: band structure and Fermi surface

LaCu, (LArw)
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LaCu,: dHVA
LAPW FLAPW
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Abliz M et al. (1997) J. Phys. Soc. Jpn. 66 194
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Journal of The Physical Society of Japan
Vol. 60, No. 8, August, 1991, pp. 2718-2723

LaGa,: dHVA

Electronic Structure and Fermi Surface of LaGa;

Hisatomo HariMA and Akira YANASE

APW-MT

10"

dHvA Frequency (Oe)

dHvA Frequency (Oe)

W;J___,_ J

[ro7e) (1139} (o]
Field Angle
Fig. 8. Angular dependence of the cakulated ex-

tremal cross-sectional areas of the Fermi surface
from the 3rd and the 4th bands.
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band 3 hole
FLAPW

band 4 hole

LaGa,: Fermi surface

band 4 electron
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LaNi,Al:

(b)
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LaNi,Als: dHVA
experiments calculation
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Fig. 6. Measured angular dependence of the de Haas-van Alphen Fig. 11. Calculated angular dependence of the de Haas-van

frequencies for LaNi2Als.

Alphen frequencies for LaNig Als.

Maezawa K er al. (1999) J. Phys. Soc. Jpn. 68 2697

70




61

f-electron system I: USi;

286 k-points for potential convergence
560 k-points for final bandstructure

band 10
electron
Fermi surface
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f-electron system II: UPt;

(E +2mRy)

LDA Fermi surface (w) is smaller than measured,
and the correct size cannot be obtained from
Fermi level shifts.

Kimura N et.al. (2000) Physica B 281&282 710
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f-electron system Ill: YbAI;

band13 hole

band13 electron
modified E; can discribe

Fermi surface well

Ebihara T et al. (2000) J. Phys. Soc. Jpn. 69 895
band14 electron
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LDA+U method for f-electron system
In the LDA+U method
( see. for example, V.I. Anisimov et al.: J. Phys.: Condens. Matter 9 (1997) 767) ,
an orbital-dependent one-particle potential depends on
the density matrix nr;"lm. ,
where m (m') and s designate the orbital and spin, respectively.
In the system where spin and orbital are coupled
(the spin-orbit interaction is involved),
the density matrix must be written in the form n;;;:‘ ,
even for non-magnetic system. '
Then an effective Hamiltonian is
H=Hg, + 2|inl mo )V (inlm o' |
Ve =S o Vi S GV, Y = GV,
—U(N—l) +J(N“ —1)
2 2 The orbital flip components are basically included
N =Tr(ng3) in a full potential, so we can take only Fy=U as a parameter.

N=N'+N Then, in the non-magnetic case, we simply add

Viz =U(3-n:)

to the spin-orbit hamiltonian in the second variational
procedure.

U, J: screened Coulomb and exchange parameters
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LDA+UE=ZREZIL...

Ce(Yb) case -- non-magnetic ground states --

Pr or Sm case -- singlet ground states --

-- magnetic ground state --

>

magnetic field

metamagnetic transition
with the same U
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CeRu,Si, D X % W%
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Pr metal
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UPd; and PrRu,P,,
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CeSn;
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