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Original scientific paper
The Ward identity relation

lim [lim 4 m 1 x
kli% [w_’0 km(P)]—-m* Z,r %5

is used to obtain the effective electron mass m*, at metallic density by solving the

integral equation for the proper vertex function, A~k,,, (p) with a non-local form
for the interaction. We find that for sodium mectal m*/m = 1.14, which is in
Close agreement with the experimental value of 1.11 4- 0.08.

In the last few decades many attempts have been made to obtain a suitable
form for the dielectric function, prevalent at metallic densities. Recently we deri-
ved an expression for the dielectric function, ¢ (k, ), in the static approximation,

in terms of the proper vertex function Aw (p), given as?®):
ek, w) =1+2Vi X &ro () dn (P). 1)
pl
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The proper vertex function, satisfies an integral equation®:
Ay (p) = 1 — ZT(P, P') g1 (P') Ao (P') (2)
pl

the kernel of which contains the interaction term T(p, P’), which characterizes an
effective electron-hole interaction. Here

8 (P) = Uty — oMl + i + B, — Epn) ©)

where E, = p?2m + 2 7 (p, P') fp'> M is a positive infinitesimal quantity, f,, is the
Fermi function and 2 is a shorthand for (27)~3 _fd3p We proposed a solvable

model based on the separable form of the kernel leading to a non-local form of
the static interaction term namely

T(p,p") = —4ne? A%(p* + B2 (#'* + 82 @

where A2, 2 are screening parameters?.

Using Eq. (4) for T(p, p’) in the integral equation (2) for the proper vertex
function we obtain?:

~ dme? 22
where
~ 1
o = | @1 8xo () A1 (P") ICEET 0N (6)

The solution of the integral equation for 'ka (p), becomes:

4me? A2
{2 + £%)

and the expression for the dielectric function, ¢ (k, ), is obtained as:

A (o) =1+ 1B —4ne2 221 (B) Q)

2V, - dme? A2 [I(B))?

ekyw)=1+42V, I, + I —4ne? 2T (f) 8)
where
3 .
1= | Ghsm ®)
I(ﬂ) f (27!)3 gkm (P') (p'z _:_ ﬂz) (9)
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and
') == 55216) (10)

with
8w (P) = (fp+x _fp)/{fé—-(%()j+w+in}. (11)

The values of real and imaginary parts of I,, I(8) and I’ (B) are given in our ear-
lier paper?.
It is well known that the proper vertex function A, (p) satisfies different®

Ward identity relations depending on the order of taking the limits k - 0 and
o - 0. For instance one of the Ward identity relations requires:

lim [lim Z,, P)] =21 (12)

o—0 k—0

where 2, is the wave function renormalization constant. In the static limit 2z, tends
to unity for all p. Thus in this limit the Ward identity relation Eq. (12) becomes:

lim [lim Ay, (p)] = 1 (13)
0-0 k—0

for all p.

This condition is satisfied in our model. We see from Eq. (7) that I(8) given
by Eq. (9) vanishes in the limit k - 0 for non-vamshlng o. This follows from the
use of Eq. (11) for gy, (p) which occurs in equation for I (f).

The other Ward identity relation is*:

lim [llm/lk,,, ®)] = " -I__x_ (14)

k-0 m* 2pF XF

where m, m* respectively are the mass and effective mass of the electron, x/xr
is the compressibility ratio of the interacting and free electron gas and 2, is the
wave function renormalization constant at Fermi surfaces. If we perform the inte-
gration for I (f) and take the limit w = 0, k - 0, we get

lim [lim J,, (p)] =1 + 2L (15)
k=0 -0 22
where z; and 2z, are the following:
2 = k}"T 2'2 { 27 (kz ﬂZ) In ﬂ2 + _1 2ﬁkl’ _
8z (p® + B\ ki (B* + ki) B* + ki ﬂkx" B* — ki

_ 2704 +3p?)
o)
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o = | — K A2 [ (K + 26%) (B2 + B2) _
: B2 \4p2(B* +kp) 2 [(B>—k})? + 4k:B%]
52 2 _ l -1 25 kF__}
CIFE AR CFAE 4R -
Here the following abbreviations are used:
67 ne? k%
}‘-T = E—F-, EF = ﬁ and k:“:- = 3" 752.

The compressibility ratio 7" of the free and interacting electron gas is calculated

from the following expression®:

2
%F FT

*  Tmik2 [e(k,0) — 1]}
k—0

Making use of Eq. (14), we have calculated m*/m for different values of »,[r; =

-1/3
= (% n ag) , n is the density and a, the Bohr radius] and these are tabulated

in Table 1. In the calculations the screening parameters A2 = f2 = 2k} + ki,
have been used. It may be noted that for sodium metal i e; r;, = 3.93, the calcu-
lated value of m*/m is equal to 1.14, which agrees with the experimental result®
of m*fm = 1.11 4 0.08.

TABLE 1.

1% = B2 =283 + By

re=1 re=2 1r,=3 r,=393 r,=5 1r,=6

m*|m 1.010 1.043 1.085 1.140 1.167 1.188

Variation of m*/m with metallic electron densities represented by r,.
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PRORACUN EFEKTIVNE ELEKTRONSKE MASE POMOCU WARDOVA
IDENTITETA S NELOKALNOM INTERAKCIJOM
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Originalni znanstveni rad

Polazeéi od Wardova identiteta

~ m 1 =
lim [lim 4 = —_ —
k—0 [m-o ke (P)] m* z,p xp

odredena je efektivna masa elektrona u metalima rje$avanjem integralne jednadzbe

za vrinu funkciju A, (p) s nelokalnom interakcijom. Nadeno je da je za natrij
m*|lm = 1,14, §to je blizu eksperimentalnoj vrijednosti 1,11 4- 0,08.
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