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Introduction
The equation for the electron wave function is

(ε− (σp)) ψ(r, ε) = 0 ,

where p = (px, py), σ = (σx, σy).
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«
ψ(r, ε) = 0 , Zα ∼ 1 .
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Induced charge.

ρind =

Sydney, 24 September 2007



I.S. Terekhov UNSW

Critical Zα > 1/2, and Subcritical Zα < 1/2 Regimes

Using the dimension considerations we can write the expression for induced charge in the form:

ρind(r) = e A(Zα)δ(r) +
e B(Zα)

r2
+e C(Zα)

r0

r3
.

For Zα < 1/2:
ρind(r) = e A(Zα)δ(r).

A. V. Shytov, M. I. Katsnelson, and L. S. Levitov, arXiv:0705.4663v2, R. R. Biswas, S. Sachdev,
and D. T. Son, arXiv:0706.3907.
For Zα > 1/2:

ρind(r) = e A(Zα)δ(r) +
e B(Zα)

r2
.

A. V. Shytov, M. I. Katsnelson, and L. S. Levitov, arXiv:0705.4663v2.
For Zα À 1/2. M. I. Katsnelson(2006). Fogler et al.(2007).
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Explanation of the calculation method
We consider the case Zα < 1/2

ρind(r) = −ieN

Z

C

dε

2π
Tr{Ĝ(r, r|ε)} ,

where N = 4, and Ĝ(r, r′|ε) is the electron Green’s
function in a Coulomb field. (A.I. Milstein, V.M.
Strahovenko (1983))
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Electron Green’s function
„

ε +
Zα

r
− (σp)

«
ψ(r, ε) = 0 ,

„
ε +

Zα

r
− (σ · p)− σ3M

«
Ĝ(r, r′|ε) = δ(r− r′).

For Z = 0 we have ε = ±
p

p2 + M2. (A.I. Milstein, V.M. Strahovenko (1982))
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Z ∞
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!
.

λ = γ ∓ 1

2
, γ =

q
(m + 1/2)2 − (Zα)2, m = 0, 1, 2...
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Induced Charge
ρind(r) = −eN

π2r
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«

Here k =
√

ε2 + M2 , y = 2rk/ sinh s, µ = 2Zαε/k, γ =
p

(m + 1/2)2 − (Zα)2,
m = 0, 1, 2..
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ρ
(1)

(r) = −|e|Zα
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!
, for r0 ¿ r ¿ 1
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ρind(r) = Qindδ(r) + ρdistr .

Qind = eN

»
π

8
Zα + Λ(Zα)

–
≡ −|e|A(Zα) .
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Shytov et al., Biswas et al.
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Zeff = Z − A(Zα)
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Zeffα = Zα− αA(Zeffα)
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Results

• Using the operator method we have found useful integral representation for
Green’s function of electron in a Coulomb field .

• Using this Green’s function we obtain distribution of induced charge in all orders
in Zα for Zα < 1/2.

• We have found the effective charge number Zeff for Coulomb impurity in the
self-consistent way.
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