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AHHOTALNA

C ucnonb3oBaHWEM MaTeMaTU4YeCKUX MeTOLOB, MPUMEHSIEMbIX ANA pacyeTa CTPYK-
Typbl NOSIOC KPUCTA/IMHECKUX MaTEPUa/IOB, pa3paboTaH MeToh OnpefesieHus sioKasb-
HbIX M/IOTHOCTEN 3MEKTPOHHLIX COCTOSIHUIA B CTPYKTYPHO-HEYNOPSAA0YEHHbIX MeTasiax.
Lenblo pa3paboTku siBAs/acb pa3paboTKa MPOCTOr0, HO peasibHO OMUCHIBAKWWEro anro-
puTMa gns onpegesnieHusi MNAIOTHOCTEN COCTOosiHMI. BcnepcrtBue M30TPOMHOCTU 3TUX CU-
CTEM MMEeeTCs BO3MOXHOCTb CYWECTBEHHOrO YMpPOWeHUsa, €ec/M Npu pacyeTax A0 KOHua
NnpUAEPXMBaTLCA MNpeacTaBNeHni faHHbIX B dopme KoopauHaT. [lpuBegeHsl npegBapuTesib-
Hble UM(ppoBble pe3ynbTaTbl 4S9 aMOPPHOIro xenesa.

KIVONAT

Egy eljarast fejlesztettink ki a szerkezetileg rendezetlen fémek lokalis
elektron-allapotsiriségeinek (DOS) meghatarozasara a kristadlyos anyagok sav-
szerkezetének szamitasara szokasos matematikai modszerek felhasznalasaval.

A célkitlizés egy egyszer(i, mégis realisztikus algoritmus kifejlesztése az al-
lapotsiriség meghatarozasara. A szobanforgd rendszerek izotropiajanak ko-
vetkeztében lényeges egyszerisitési lehetdségek adddnak, ha a szamitasok so-
ran mindvégig a koordinata-reprezentacidban maradunk. El8zetes numerikus
eredményeket mutatunk be az amorf vasra vonatkozoan.



ABSTRACT

A formalism is developed to calculate the local density of states
(DOS) in a structurally disordered metal using the mathematical
techniques of band structure calculations of crystalline materials.
The aim is to develop a simple, but realistic algorithm for the
calculation of the DOS. Remaining consistently in the direct space
throughout the whole calculation, a considerable simplification
occurs due to the isotropy of the systems involved. Preliminary
results for amorphous 1iron are presented.

INTRODUCTION

Realistic calculations for the electronic density of states
(DOS) of structurally disordered metals usually apply the Green®s
function formalism and the muffin-tin approximation [1]. Similarly
to the case of crystalline metals, expansions in the momentum &
space and angular momentum (L = (£,m)) representations lead to
the Korringa-Kohn-Rostocker (KKR) type of formulas and an in-
direct relationship between the quasi-particle energy, E, and the
wave number vector, Kk,in the reciprocal space. Due to the lack of
translational invariance in amorphous metals, the wave number
vector, Kk, is not a good quantum number for the one electron
states, therefore, complications occur, like complex wave number
vectors, finite lifetimes in the state k, etc. In this-paper, we
do also use the Green®s function formalism and the muffin-tin
approximation, but without introducing any wave-number dependence
into our formalism, 1In other words, we use consistently the di-
rect, coordinate representations of our quantities. As a conse-
quence we get rather simple results for the density of states in
structurally disordered systems like liquid metals or metallic
glasses.



A SURVEY OF THE MATHEMATICAL TREATMENT

In the following only a short outline of the mathematical
treatment can be given. The starting point is an expression for
the local DOS, g(r,E), in the terms of immaginary part of the

ensemble averaged Green®s function of the total system:
g(r,BE) = -~ Im < G(r,r,E)>. (€))

It is supposed that the potential of the amorphous system can be
written as superposition of non-overlapping atomic-like poten-
tials :
V() = E v, (r-R ).
Ry

Here v/ir-F?) is the muffin-tin potential around the i-th atom
centered at the position R™.

It is well known, the Green®s function can be expanded in
the terms of the t-matrices, tl’ of the individual scatterers
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where Gq is the free-electron propagator. Using a simple change
of the variables, the R” dependence can be transformed from
t. = t(r-R. ,r."-R. ) to the G "s: G >G.. = G (r-r"-R.+R ) . Next
we suppose that we have a simple, one component system, and
assume, that the scattering properties of the individual atoms
are all the same, i.e., the t~ matrices are independent of which
atom is considered. This assumption 1is equivalent to the average
t-matrix approximation (ATA), when the scattering matrix of the
individual atoms in a random system is replaced by an average
t-matrix.

After a straightforward algebra one gets for the density of

electrons of E energy, inside a muffin-tin sphére
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Here RMN(r)YL (r) 1is the regular solution of the radial
Schrédinger equation with the muffin-tin potential and for the
energy E = u . The matrices J and M are defined as follows:
J = [1-tD] , @
L1L2 L1L2
[tD] —th «EB _ R, ®)
L1L2 2 R+o L1 2
M E t~, 2 By -4t (-R,x)B~ (RFX) t ®>
L1L2 L" R*o 1 2
where t~ = t~"(xX) and L are the expansion cofficients of the

t-matrix and the free-particle Green®s functions, respectively,
defined in the terms of phase shifts, n£ (E), and of the spherical

Hankel functions, (XR) iIn the following way:
; 1 ird
tA = - sin hE (BE)e ® . @
& -a’)
B T (R,h) =-4nix E1 1 2 CT _ _.,YT,(R)hl,(xR). ®
LiL2 ~ L® LiL2L L

Equation () gives the density of electrons only for a given
configuration of the atoms, represented by their coordinates, R”".
To calculate the ensemble average of g(r,E) one has to make some
assumption for the distribution of atoms in the system, then to
define a decoupling scheme, how to calculate the many-particle
averages 1in equation (3). A particularly simple formula is re-
sulted if one supposes that the atomic distributions can be rep-
resented by a spherically symmetric pair distribution function,
g(R) and if, for the higher order terms, one applies Kirkwood"s
decoupling schemes. 1In that case the sum in the (D) and M)
matrices, over the atomic coordinates, can be replaced by in-
tegrals containig the Tfunction g(R). Due to the isotropy of this
distribution the above mentioned matrices are diagonal ones, and
the inverse of J can easily be calculated. Carrying out the in-



tegrations with respect to the angular coordinates one gets the

very simple final formulas for this case as follows:

. - K ,J2H+1 n2 . . 1-1
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where p 1is the average density of the material, the simple num-
bers D (£,E{£") can easily be calculated from the Clebsch-Gordon

coefficients, and the 1 and are integrals:
1 = e Rg(R)RdAR, a2
o]
HE = 1 h*2 (nR)g(R)R2dR. as)
o]

The integral of p(r,E) 1inside the atomic volume with respect to
the coordinates r leads to the local density of states, p(E)-

Preliminary numerical calculations were performed for liquid
or amorphous iron. The g(R) pair distribution function was calcu-
lated from the analitical structure factor of the hard sphere
solution of the Percus-Yevick equations. The muffin-tin potential
was given by a simple analytical expression, the only parameter
of it was choosen to reproduce the resonance in the phase-
shift. Using these ingredients a single-peaked local density of
states curve was resulted (Fig. 1.), which, in our model, cor-
responds to a single scattering center embedded into a medium.
The effect of this medium is expressed by the diagonal matrices

and , and resulted in the broadening of the resonance level
characteristic for transitional metals.

To improve the model described we intend to take into account
the local environment of the individual atoms by dividing the
sums over R”™ in formulas () and (6) into two parts. In the first
one the R™ takes the values of the few neighbours around the
original atom, creating a cluster, in the second parts R” runs

over the atomic coordinates outside of this cluster. Also, the



model muffin-tin potential will be replaced by a more realistic
one, calculated from the wave Tfunctions of the neighbouring atoms.
This sort of calculations are in progress and will be reported in

later publications.

Fig. 1. Local density of states for amorphous Fe
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