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Lattice Green’s Function in the General
Glasser Case

R. S. Hijjawi ! and J. M. Khalifeh -2
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We have investigated the lattice Green’s function for the general Glasser cubic lattice.
Expressions for its density of states, phase shift, and scattering cross section in terms
of complete elliptic integrals of the first kind are derived.
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1. INTRODUCTION

The lattice Green’s function (Economon, 1983) is defined as

_Q FKK) -
G(E) = (2n)d1/ E-— E(R)OIk (1)

Bz

where E(R) represents a dispersion reIatiolF\(R) is an appropriate function,
Q denotes the volume of the crystal in the real spaces the dimension, and
1Bz indicates that the integration is carried over the first Brillouin
zone.

In this paper we report on the lattice Green’s function and the paper is or-
ganized as follows. Section 2 is devoted to the general definition of the diagonal
lattice Green’s function and its form, inside and outside the band, for the cubic
lattice in terms of the first kind elliptic integrals. This section also contains the
formulae for the density of states (DOS), the phase shift, and the cross section
for a point defect case. In Section 3 we present the results and discussion for the
special Glasser case. Finally, the details of the Green'’s function derivation inside
the band are given in Appendix A.
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2. LATTICE GREEN’'S FUNCTION

The Green’s function for the Glasser cubic lattice is defined as (Economou,
1983; Glasser, 1972; Glasser and Zucker, 1977; Hioe, 1978; Montaldi, 1981; Sakaji

et al, in press)
dky dky dk;
c@=[ [ [ e trn e @D

E(kx, ky, kz) = a1 Coky(1 + Coky + Cok, + Coky Coky)
+ ap COQ(y + az Cosk; + a3 COEky Cok,

where,

The special casg = a, = ag = a3 = 1, refers to the Glasser case studied by us
elsewhere (Sakagt al, in press). Integrating the above equation and using the
method of analytic continuation, the diagonal Green’s function outside the band
has the form (Rashid, 1980)

GYL,L;E) = K(k+)K(k ), E>da +ay+as+ans (2.2)

whereK (k) is the complete elliptic integral of the first kind and

K2 = %[11 VA2 - B2 /(1- A2 - B?] (2.3)

C =/(E—a+as+ ams)(E +a — ag + a)
_ 4(Eagz + axag)
(E —a + a3+ aps)(E +a — ag + a3)
4a,(E + ap + az — a3)
(E —axy+ a3 + ax)(E 4+ ax — az + a3)

Green'’s function for the perfect lattice inside and outside the band can be
written as (some mathematical manipulations are given in the Appendix)

(2.4)

B =

GoL,I;E) =
S=K(k)K(k), E>4day+a +ag+ aps
KK UK 0K U HIK (0K (U)K O K (.) (2.5)

—(—az—an)(as—ay—axg) < E< da;+ay+az+ a3

where

yr = —/[B2— (1— A £ /B2 - A2 (2.6)
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1 y?

1 y?
ui =Z(1+ + 2.8
n’C 2.9)

T 2Ly2 + )2 + D
Therefore, the DOS is
[K(vi)K(uy) — K(v-)K(u- )]
7D
X (a3 —ax—ax3) < E < 4ay +ay+as+ a3 (2.10)

DOS(E) = —(a2 — a3 — ap3)

We consider the case where perfect periodicity is destroyed by modifying
just one site (the L site). The situation can be thought of physically as arising
by substituting the host atom at the L site by a foreign atom (Economou, 1983;
Rickayzen, 1980) i.e., a localized zero-range potential of strefigthintroduced.

In the tight-binding models’ is proportional to the charge difference between the
impurity other electrons and those of the host atom.

Thus our Green'’s function for this single impurity is

G(L,L;E) =
%, |E|>4a1+a2+a3+a23

DK () K (U_)+K (v )K () +i (K () K () =K (v ) K ()] e [K2 () + K2 (0 )] K *(u)+K*(u_ g
[D—&’(K(v) K (U-)+K (v )K (U )P +e2[K (v )K (U ) —K (v-)K (u-)]?

—(ap—az—a3)(@azs —ay —ax3) < E < 4a; + ax + az + a3

(2.11)
The DOS can be written as
DOS(E) =
1 DK (v )K (uy) — K(v_)K (u_)]
7 [D —&(K(v)K(u-) + Ko)K(uy)]? + e?[K (vy)K(uy) = K(vo)K(u)]?
(2.12)

The S‘wave phase shiffy, is defined as (Doniach and Sondheimer, 1974)

7DOS(E)

tandfp= ——————
°~ 1/¢ — ReG(E)

(2.13)
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Here, ReG?(E) refers to the real part of Green’s function inside the band. After
some mathematical manipulations, we obtain

K(v)K(uy) — K(v)K(u-)
A0S e~ K (v, K (@) + K )K ()] (249
The cross-sectioa is defined as (Doniach and Sondheimer, 1974)
4 73[DOS’(E)]?
7 = P?[ReGY(E) — 1/¢2] + n2[DOS(E)]2

(2.15)

Here, P refers to the electron momentum. Therefore, the cross-section becomes

s [Kr)K(uy) = Ko )Ku))?
— PZIK(m)K(uo) + K(o)K(uy) — D/e12 + [K(v4)K (uy) — K(!L)K(le]Z"‘1

6)

If a special cases of interest is considered (special Glasser case)awhem =
a3 = landa, = 0 ora; = a, = ay3 = 1 andag = 0, then we obtain the diagonal
Green’s function outside the band as

0 . _ 4 2
G (L,L,E)_in2 E(E+2)K k), E>6 (2.2)
where
1 E-6

4 B 4 Cc=,EE+2) (2.4)

AEvy PTERD

Green’s function outside and inside the band can be written as (all mathematical
Manipulations are given in the Appendix)

— = K?Kk), E>6
oL, LBy =1 j
72 CK(v)K () +i[K*(vy) —K?(v)]), O<E<6
2.5)
where
6—E
V= 55 2.6)
and

Up = vy = % (1j: —> (2.7)~(2.8)
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and
D = 72J/2E (2.9)

Therefore, the DOS is

[K?(us) — K3(u)]

DOS(E) = 2.10
(®) 32E (2.10)
Thus our diagonal Greens function for the single impurity case can be written as
K?(k)

72 /E(E +2)/4— e'K2(K)’
G(L, LiE) = | 2K(uy)K(u-) — (¢//7V2E)[K*(uy) + K2(u)]* +i[K?(uy) — K*(u-)]
1/n2/2E([n2V/2E — 2¢'K (U)K (u-)]? + e2[K2(us) — K2(u-)]?)
O<E<®6 (2.171)

and the DOS can be written as
[K2(uy) — K2(u.)]

1/72V/2E([72/2E — 2¢’K (U)K (U-)]? + e2[K2(uy) — K2(u)]?)
(2.12)

DOS(E) =

The S‘wave phase shifiy is

_Ku) - KPu)
tando = 722E /&' — 2K (U)K (U.) (2.13)

The cross-section is
L [K2(us) — KP(u-)]?
 PZR2K (U)K (o) — (72v/2E/eN)]2 + [K2(uy) — K2(u_)]?

(2.14)

3. RESULTS AND DISCUSSION

The results for the special Glasser cubic lattice are shown in Figs. 1-8. Figure 1
shows the DOS for the special perfect Glasser lattice case. It diveregaes to
zero and falls off exponentially as expected from eq. (3. Ibe real part of Green’s
function for the perfect lattice is displayed in Fig. 2. It has the same behavior as
above. Figure 3 gives the DOS for the special Glasser lattice case with a single
impurity potential strength’ (—0.8,—0.2, 0.0, 0.2, and 0.8). For the perfect lattice
case £ = 0.00 in arbitrary units) the DOS diverges Bsgoes to zero and falls
off exponentially as expected. The peak value varies with the potential strength
and reaches its maximum g&t= 0.2; the divergence of the DOS is removed by
adding such impurities. Figure 4 shows the DOS in three dimensions, with one
axis representing the potential strengftiarying between-1 and 1 (arbitrary units),
whereas the second axis is the energy scale varying between 0 and 6 as indicated
in the formalism.
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Fig. 1. The density of states (DOS) for the special perfect Glasser lattice case.
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Fig. 2. Real part of Green'’s function for the special perfect Glasser lattice case.
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Fig. 3. The density of states (DOS) for the special Glasser
lattice case with single impurity for different potential
strengths’ (—0.8,—0.2, 0.0, 0.2, and 0.8).
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Fig. 4. Three-dimensional density of states (DOS) for the
special Glasser lattice case with single impurity for potential
strengths:’ varying between-1 and 1 (arbitrary units).

The phase shiffy is defined as the shift in the phase of the wave function be-
cause of the presence of the impurity potential. Figure 5 displafgs the special
Glasser lattice with single impurity for different potential strengtlis-0.8,—0.2,

0.0, 0.2, and 0.8). Fa¢’ = 0.00, §¢ vanishes as potential is turned off (perfect
lattice); this behavior is clear from the definitiondf The phase shift is always
negative for all negative potential strengthsin the range foe’ varying between

0.00 and 0.204¢ is positive. For’ varying between 0.2 and 1.0 we have a discon-
tinuity occurring in the curve as shown in Fig. 5. The phase ghii$ separated

into two regions about the discontinuity point, a positive right hand region which
decreases ak increases and a negative left hand region which increasés as
increases. The discontinuity point moves to the right by increasing the values of
¢’. In Fig. 6, the phase shify for the special Glasser lattice with single impurity

1.5

Fig. 5. The phase shift for the special Glasser lattice case
with single impurity for different potential strength's(—0.8,
—0.2,0.0,0.2, and 0.8).
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Fig. 6. The phase shify for the special Glasser lattice case
with single impurity for potential strengths varying between
—1and 1 (arbitrary units).

is shown for potential strengtlaSvarying between-1 and 1 (arbitrary units). The
cross section can be defined as the area an impurity atom presents to the incident
electron (total surface area of the sphere). Figure 7 shows the cross-section for
single substitutional impurity with different potential strengthisthe peak value
varies with the potential strength and reaches its maximum value of one for all
values ofe’ > 0.30. The peak value increases in range betwegf 9 ¢ < 0.19
ase’ increases and decreases otherwise.

The values are all positive sineecan be viewed as a sort of probability. Itisre-
lated to some physical quantities such as the resistivity in metals. Figure 8 shows the

E

4 5 3

Fig. 7. The cross-sectioa for the special Glasser lattice
case with single impurity for different potential strengths
¢’ (—0.8,—-0.2,0.0,0.2, and 0.8).
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Fig. 8. The cross-section in three dimensions for the special
Glasser lattice case with single impurity for potential strengths
¢’ varying between-1 and 1 (arbitrary units).

cross-section in three dimensions for the special Glasser lattice with single impu-
rity for different potential strengths varying between-1 and 1 (arbitrary units).

APPENDIX: DERIVATION OF GREEN’'S FUNCTION FOR THE GEN-
ERAL GLASSER CUBIC LATTICE INSIDE THE BAND

In this Appendix we derive an expression for Green’s function inside the
band in terms of complete elliptic integral of the first kind. Green'’s function for
the general Glasser lattice cubic lattice outside the band is given by (Rashid, 1980)

4
GoL,L;E) = —c KKK, E>da+a +8s+a (A1)

whereK (k1) is the complete elliptic integral of the first kind and

ki:%[lj:\/Az—Bz—\/(l—A)z—Bz] (A2)

C = /(E — @+ ag + a3)(E + a — a3 + a)

A— A(Eap3 + aag)
(E—ax+ a3+ as)(E+ay —az + azs)
_ 4a1(E + & + a3 — ap3)
" (E—ap+az+ aw)(E + a — ag + a)

Or in the rangeE enclosed betweenr(a; — az — az3)(as — a — ap3) and
43y + ar + az + a3

(A3)
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1 .
ki = 5(1 +iys), —(a2 —ag— ax3)(as — ax — az)
<E< 4y +ay+az+as (A4)

where

yr = —V[BZ—(1- A £ VB? — A2 (A5)

The complete elliptic integral of the first kind is expressed as (Gradshteyn
and Ryzhik, 1965)

7 11,2

NCRERAER T (#0)

where;F1(1/2, 1/2; 1;k?) is the Gauss hypergeometric function. Substituting (A6)

in (Al) we have

2F1(1/2, 1/2; 1;k2),F1(1/2, 1/2;1;K2)
C

Using the following transformations (Gradshteyn and Ryzhik, 1965; Bateman
Manuscript Project, 1963)

11 1+2:\ _ TI(1/2) 111 _,
(5355 = remp (352 2)

42z, T2 (§ 5':—3'21)’ (A8)

GYE) =

(A7)

T t\a a2
with
ZZ
2F1@, b6 Z) = (1 - Z2) "Fia, ¢~ bici o) (A9)
.
2I'(1/2) 111 22 11 1 z
—F - .. TF — F __.1._ 1 +
(T(3/4))2° 1(4’4’2’231_1 SR i Tl G 721
HE (Lt (e Zz
2 l 21 21 12 Z:2F_l

or(-1/2) [ 22 333 22 111
Pl 55— ) =2F| 5 515
r/aeyzz2-1""\8 42 7221 2272
22 111

1- + —2Fi (5, 515
X( z§—1)> 21<22 2
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Substituting (A8)—(A11) in (A7) then we have

GYL, L:E) = (Kvp)K(uo) + K(v-)K(uy) +Di(K(V+)K(U+) - K(vf)K(uf))),
—(a2 —az — ag3)(az3 — @ — &3) < E < day + a + az + apz (A12)
where
;1 zZ2
=3 <1j: 771 1) (A13)
u? _1 1+ z (A14)
T2 Zz +1
and

7T2\/(E —ay+az+ 823)(E +a —az+ 323)
(2 +1) (2 + 1]

If we have a single impurity then Green'’s function is defined as (Economou,
1983)

(A15)

GO(L, L; E)
1-¢'GYL, L;E)
After some mathematical manipulation Eq. (A16) becomes
G(L,L;E)

_ DK )Ku-) + Kp-)K(uy) +i(Kv)K (us) = KEo)KU-)] = e TK2(vy) + K2 )IIK?(uy) + K2(u- Y
- [D — &' (K(v4)K(u-) + K(-)K(u)]? + ?[K (v ) K (uy) = K (v-)K(u-)]?

—(82 — a3 — &3)(83 — @ —a3) < E < day +ap + a3 + a3 (Al?)

G(L,L;E) = (A16)

Thus, theS-phase shift, and scattering cross-section can be evaluated in terms
of complete elliptic integrals of the first kind as shown in the text.
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