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In this work, we consider a quantum strongly correlated network described by an Anderson s -- d mixing

model. By introducing the Green function on the projected formalism of the Schrieffer and Wolf

transformation, the energy spectrum of the system can be obtained. Using this result we calculate the

survivability distribution of the network and discuss the local magnetism in the network, which shows

that the survivability is an important statistical characteristic quantity not just to reflect the network

topological property but also dynamics.
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1 Introduction

Nowadays, studying strongly correlated systems is an im-
portant direction that crosses many physical domains.
The energy spectrum analysis for the strongly correlated
system is crucial for studying the physical properties of
these systems. However, the traditional perturbative
method is not easy to use for getting the energy spec-
trum of these systems because these systems are strongly
correlated. Using the retarded Green function approach,
the spectrum analysis for the Anderson s -- dmixed model
has been achieved [1], but the energy spectrum for its
Schrieffer and Wolf transformation is still unclear. In
this work, we introduce a quantum strongly correlated
network described by an Anderson s -- d mixed model [2].
By using the Green function approach on the projected
formalism of the Schrieffer and Wolf transformation, the
energy spectrum of the network can be obtained based
on the average field approach. This allows one to ana-
lyze some physical properties of the quantum network,
such as average energy and the local magnetism in the
nodes. As a demonstration, we calculate the connectivity
distribution of the network based on the concept of the
fermionic network [3], and discuss the local magnetism
affected by the difference of the energy on the nodes.

2 Physical model

We consider a quantum network described by the Ander-
son s -- d mixed model which mixes the impure atoms in a
disordered matrix [2], i.e. the model is generally defined
as a graph which is a collection of vertices or sites and un-
ordered edges or bonds connecting certain distinct pairs
of vertices [5]. Concretely speaking, in this network, a
node of the network is composed of an electron confined
in a quantum dot as an impurity. These nodes of the
network are arranged as a topological disorder system
without long distance order. For simplicity, this local
electron is still called as d electron (as the original An-
derson meaning). The free Hamiltonian of the nodes is
described by

∑
σ Edndσ, where ndσ = d+

σ dσ, d+
σ is a cre-

ation operator of the d electron with spin σ. The strong
correlation between each node (quantum dot) is consid-
ered as the link of the network, and the corresponding

Hamiltonian is supposed as Und↑nd↓ =
U

2
∑

σ ndσndσ̄,

where U � 1 is defined as a correlated energy, and the
spins are given by σ =↑, ↓ and σ̄ = −σ. The environ-
mental (or control) field of the network is composed
of many conductive electrons between quantum dots.
For simplicity, we call them as s electrons, and their free
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Hamiltonian is given by
∑

k,σ Eknkσ, nkσ = C+
kσCkσ,

where C+
kσ is a creation operator of the s electron with

wave vector k and spin σ. The interaction taking place
between d electron confined in the quantum dot and s

electron moving outside the quantum dot is described
by

∑
k,σ Vkd

(
C+

kσdσ + d+
σCkσ

)
. Considering there is no

effect of external magnetic field and ignoring the s -- d
reciprocity, we define Vkd = V . Hence, the total Hamil-
tonian operator for the system can be expressed by

H = H0 +H1 (1)

with

H0 = Hd +Hk +Hu

=
∑

σ

Edd
+
σ dσ+

∑

k,σ

EkC
+
kσCkσ+

U

2

∑

σ

ndσndσ̄
(2)

where

H1 =
∑

k,σ

V
(
C+

k dσ + d+
σCk

)
(3)

3 Projection transformation

In Anderson mixed model, we notice that as a result of
d electron not coupling with the s electron, when V = 0,
there are two energy levels of the impurity respectively,
Ed and Ed + U , which correspond on three kinds of dif-
ferent electronic configurations in this network. This al-
lows the nodes of the network to be possible in three
combined status: 0(E0 = 0), 1(σ =↑ or ↓, E1σ = Ed),
and 2 (σ =↑ and ↓, 2Ed + U) occupations. Following
the Schrieffer and Wolf transformation [6, 7], we put the
Anderson model into a Hilbert space and introduce three
projection operators to divide the total Hilbert space as
three subspaces:

P0 = (1 − nd↑) (1 − nd↓) (4)

P1 = nd↑ (1 − nd↓) + nd↓ (1 − nd↑) (5)

P2 = nd↑nd↓ (6)

where Pn, n = 0, 1, 2 corresponds upon 0, 1, 2 occupa-
tions, and satisfies the fundamental rule of the projection
operator:

P 2
n = Pn (7)

PnPn′ = 0 (n �= n′) (8)

Assume that the total wave function Ψ in the Hilbert
space is composed by ψ0, ψ1, ψ2 in these three subspaces,
respectively, then the Schrödinger equation HΨ = EΨ
can be written as:

⎛

⎜
⎝

H00 H01 H02

H10 H11 H12

H20 H21 H22

⎞

⎟
⎠

⎛

⎜
⎝

ψ0

ψ1

ψ2

⎞

⎟
⎠ = E

⎛

⎜
⎝

ψ0

ψ1

ψ2

⎞

⎟
⎠ (9)

where Hnn′ = PnHPn′ , in terms of the Anderson model,
it is impossible to produce and eliminate two electronic
interactions simultaneously, hence

H02 = H20 = 0 (10)

Other off-diagonal matrix elements (such as H01 or
H12) can be obtained using the Pauli principle and the
Fermionic operator equality n2

dσ = ndσ,

H01 = P0HP1 = V
∑

k,σ

C+
kσ (1 − ndσ) dσ (11)

H12 = P1HP2 = V
∑

k,σ

C+
kσdσndσ (12)

At the same time the matrix is Hermitian, so

H10 = H+
01, H21 = H+

12 (13)

When the nodes are in the 1 occupation, the local extra
spin appear, which allow the network to show the type of
local magnetic effect, as a self-organized system. Thus,
by cancelling ψ0 and ψ2 from Eq. (9) and considering
Eqs. (11) and (12), a kinetic equation is given by

Θψ1 = E1ψ1 (14)

where Θ is introduced by

Θ =H11+H12 (E−H22)
−1
H21+H10 (E−H00)

−1
H01

(15)

which represents the effective Hamiltonian of single oc-
cupation. So far, we have not made any approxima-
tion. When V = 0, we can replace (Ek′ − Ed − U) with
(E −H22), and (Ed − Ek) with (E −H00). In the sec-
ond order of approximation with respect to V , we have

H12 (E −H22)
−1
H21 =

∑

k,k′,σ,σ′

V 2

U + Ed − Ed′

· (−1)C+
k Ck′dσndσd

+
σ′ndσ′

(16)

H10 (E −H00)
−1
H01 =

∑

k,k′,σ,σ′

V 2

Ed − Ek

· (−1)C+
k Ck′d+

σ′ (1 − ndσ′) dσ (1 − ndσ′)
(17)

Considering nd = ndσ + ndσ̄ = 1, and introducing nota-
tion for the spinning of a half:

Ŝz =
1
2

(
d+

σ dσ − d+
σ̄ dσ̄

)
(18)

Ŝ+ = d+
σ dσ̄ (19)

Ŝ− = d+
σ̄ dσ (20)

Eqs. (16) and (17) are written as:

H12 (E −H22)
−1
H21 =

∑

k,k′

V 2

U + Ed − Ek′
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[(
ŜzC+

k Ck′ + Ŝ−C+
k Ck′

)
− 1

2
C+

k Ck′

]

(21)

and

H10 (E −H00)
−1H01 =

∑

k,k′

V 2

Ek − Ed

·
[(
ŜzC+

k Ck′ + Ŝ−C+
k Ck′

)
+

1
2
C+

k Ck′

] (22)

By considering Eqs. (21), (22), and simplifying H11 as
H11 ≈ H0 =

∑
k EkC

+
k Ck, Eq. (15) can be written as:

Θ = H0 +Hp +Hsd (23)

where Hp is the scattering energy of the impurity,

Hp =
∑

k,k′
Jkk′C+

k Ck′
U→∞−→ J

∑

k,k′
C+

k Ck′ (24)

and Hsd represents the interaction with the impurity re-
lating spinning degree-of-freedom,

Hsd =−
∑

k,k′
Jkk′

(
ŜzC+

k Ck′ + Ŝ−C+
k Ck′

)
U→∞−→

−J
∑

k,k′

(
ŜzC+

k Ck′ + Ŝ−C+
k Ck′

) (25)

This is so because the s electron locates around the Fermi
surface, and can replace EF with Ek and Ek′ . Concern-
ing U + Ed > EF > Ed, one has Jkk′ < 0, where in the
strong correlation condition, U → ∞, the interaction has
no relation with k, k′, which results in

Jkk′ =
V 2

2

{
1

Ek − Ed
− 1
U + Ed − Ek′

}
U→∞−→ J

= − V 2

|Ed − EF | < 0

(26)

Therefore, by introducing projected operator P and
Q = 1 − P , using the above projected formalism (the
Schrieffer and Wolf transformation) and neglecting the
scattering energy Hp, an effective Hamiltonian (the in-
termediate [8, 9]) Θ can be described by

Θ =
∑

k,σ

EkC
+
kσCkσ−

{

J
∑

k,k′
Ŝz

(
C+

kσCk′σ − C+
kσ̄Ck′σ̄

)

+ J
∑

k,k′
Ŝ+C+

kσ̄Ck′σ + J
∑

k,k′
Ŝ−C+

kσCk′σ̄

}

= H0 − (H1 +H2 +H3) (27)

4 Green function formalism

Introducing an equation of motion for two-time retarded
Green function, one gets

〈〈A(t);B(t′)〉〉 = −iθ(t− t′) 〈[A(t), B(t′)]〉 (28)

By differentiating the quotient of time, we get

i
d
dt

〈〈A(t);B(t′)〉〉=δ(t−t′)〈[A,B]〉+〈〈[A,H ] | B(t′)〉〉
(29)

Taking the Fourier transformation

〈〈A | B〉〉ω =
∫

dteiω(t−t′)〈〈A(t);B(t′)〉〉 (30)

one gets a general formula of the Green function as:

ω〈〈A | B〉〉ω = 〈[A,B]+〉 + 〈〈[A,H ] | B〉〉ω (31)

This allows one to obtain an equation of motion for the
Green function 〈〈dσ | d+

σ 〉〉 by

ω〈〈dσ | d+
σ 〉〉ω = 〈[dσ, d

+
σ ]+〉 + 〈〈[dσ ,Θ ] | d+

σ 〉〉ω (32)

where d electron is a fermion, which satisfies anticommu-
tation relation with [dσ, d

+
σ ]+ = 1. Now considering the

second term in the Eq. (32), using the Bosons and the
Fermions commutation relation in quantum mechanics,
and some related operations, one gets

[dσ,Θ ]= [dσ, H0] − [dσ, H1] − [dσ, H2] − [dσ, H3]

= −J
2

∑

k,k′
(C+

kσCk′σ − C+
kσ̄Ck′σ̄)dσ

− J
∑

k,k′
C+

kσ̄Ck′σdσ̄

(33)

This allows Eq. (32) to be written as:

ω〈〈dσ | d+
σ 〉〉ω

= 1 − 〈〈J
2

∑

k,k′
(C+

kσCk′σ − C+
kσ̄Ck′σ̄)dσ | d+

σ 〉〉ω

− 〈〈J
∑

k,k′
C+

kσ̄Ck′σdσ̄ | d+
σ 〉〉ω (34)

Introducing new operators:

Âz =
1
2

∑

k,k′
(C+

kσCk′σ − C+
kσ̄Ck′σ̄) (35)

Â+ =
∑

k,k′
C+

kσCk′σ̄

Â− =
∑

k,k′
C+

kσ̄Ck′σ

Eq. (34) becomes

ω〈〈dσ | d+
σ 〉〉ω = 1− J〈〈Âzdσ | d+

σ 〉〉ω − J〈〈Â−dσ̄ | d+
σ 〉〉ω
(36)

where [Â+, Â−], [Â+, Âz] and [Â−, Âz] are calculated by
commutation relation:

[Â+, Â−]=
∑

k,k′
(C+

kσCk′σ−C+
kσ̄Ck′σ̄)δkk′ =2Âzδkk′ (37)

and
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[Â+, Âz ] = −Â+δkk′ (38)

[Â−, Âz] = Â−δkk′ (39)

Therefore, the above Eq. (36) can be solved by the fol-
lowing procedure:

(1) The second term in Eq. (36) can be expanded as:

ω〈〈Âzdσ | d+
σ 〉〉ω =〈[Âzdσ, d

+
σ ]+〉 + 〈〈[Âzdσ,Θ ] | d+

σ 〉〉ω
(40)

Furthermore,

[Âzdσ,Θ] =
1
2

∑

k,k′
k �=k′

Ek(C+
kσ̄Ck′σ̄ − C+

kσCk′σ)dσ

−2J(Âz)2dσ (41)

Eq. (40) is written as:

ω〈〈Âzdσ | d+
σ 〉〉ω =

〈
Âz

〉
+

1
2

∑

k,k′
k �=k′

Ek〈C+
kσ̄Ck′σ̄

−C+
kσCk′σ〉〈〈dσ | d+

σ 〉〉ω

−2J
〈
Âz

〉2

〈〈dσ | d+
σ 〉〉ω (42)

(2) The third term in Eq. (36) can be expanded as:

ω〈〈Â−dσ̄ | d+
σ 〉〉ω =〈[Â−dσ̄, d

+
σ ]+〉+〈〈[Â−dσ̄,Θ ] | d+

σ 〉〉ω
(43)

where denoting

[Â−dσ̄,Θ ] = −
∑

k,k′(k �=k′)

EkC
+
kσ̄Ck′σ (44)

Using the same way, Eq. (43) can be written as:

ω〈〈Â−dσ̄ | d+
σ 〉〉ω

= −
∑

k,k′(k �=k′)

Ek〈C+
kσ̄Ck′σ〉〈〈dσ̄ | d+

σ 〉〉ω (45)

which is related to the Green function 〈〈dσ̄ | d+
σ 〉〉 and

enable us to establish the 〈〈dσ̄ | d+
σ 〉〉 equation of motion.

(3) The Green function 〈〈dσ̄ | d+
σ 〉〉ωcan be calculated

by

ω〈〈dσ̄ | d+
σ 〉〉ω = 〈[dσ̄, d

+
σ ]+〉 + 〈〈[dσ̄ ,Θ ] | d+

σ 〉〉ω (46)

where [dσ̄,Θ ] can be calculated:

[dσ̄,Θ ] =
J

2

∑

k,k′
(C+

kσCk′σ − C+
kσ̄Ck′σ̄)dσ̄

−J
∑

k,k′
C+

kσCk′σ̄dσ (47)

which enables Eq. (46) to become

ω〈〈dσ̄ | d+
σ 〉〉ω =J〈〈Âzdσ̄ | d+

σ 〉〉ω−J〈〈Â+dσ | d+
σ 〉〉ω (48)

(4) Using the same way as Eq. (42), the third term

〈〈Âzdσ̄ | d+
σ 〉〉ω in Eq. (48) can be written as:

ω〈〈Âzdσ̄ | d+
σ 〉〉ω =〈[Âzdσ̄, d

+
σ ]+〉 + 〈〈[Âzdσ̄,Θ ] | d+

σ 〉〉ω
(49)

where

[Âzdσ̄,Θ ] =
1
2

∑

k,k′,(k �=k′)

Ek(C+
kσ̄Ck′ σ̄ − C+

kσCk′σ)dσ̄

+2J
(
Âz

)2

dσ̄ (50)

This allows Eq. (49) to become

ω〈〈Âzdσ̄ | d+
σ 〉〉ω

=
1
2

∑

k,k′,(k �=k′)

Ek〈C+
kσ̄Ck′σ̄ − C+

kσCk′σ〉〈〈dσ̄ | d+
σ 〉〉ω

+ 2J〈Âz〉2〈〈dσ̄ | d+
σ 〉〉ω (51)

The second term in the Eq. (48) can also be expanded
as:

ω〈〈Â+dσ | d+
σ 〉〉ω =〈[Â+dσ, d

+
σ ]+〉+ 〈〈[Â+dσ,Θ ] | d+

σ 〉〉ω
(52)

it is just

[Â+dσ,Θ ] = −
∑

k,k′,(k �=k′)

EkC
+
kσCk′σ̄dσ (53)

Therefore Eq. (51) can be written as:

ω〈〈Â+dσ | d+
σ 〉〉ω

= 〈Â+〉 − 〈〈
∑

k

EkC
+
kσCk′σ̄dσ | d+

σ 〉〉ω

= 〈Â+〉−
∑

k,k′(k �=k′)

Ek〈C+
kσCk′σ̄〉〈〈dσ | d+

σ 〉〉ω (54)

Now, combining Eqs. (36), (42), (45), (48), (51) and
(54), one can obtain the Green function 〈〈dσ | d+

σ 〉〉ω:

〈〈dσ | d+
σ 〉〉ω

=
(ω − J〈Âz〉)(ω2 −M) −N

(ω2−2J2〈Âz〉2)2− J2

4

∑

k,k′,σ

k �=k′

E2
k〈C+

kσCk′σ〉
(55)

where we introduce symbols:

M=2J2〈Âz〉+ J

2

∑

k,k′,(k �=k′)

Ek〈C+
kσ̄Ck′σ̄ − C+

kσCk′σ〉

(56)

and

N = J2
∑

k,k′,(k �=k′)

E2
k〈C+

kσ̄Ck′σ〉〈Â+〉 (57)

In order to obtain the function pole, the denominator of
〈〈dσ | d+

σ 〉〉ω must be equal to zero, which allows one to
have the function pole as:
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ω =

∣
∣
∣
∣
∣
2J2〈Âz〉2 ± J

2

∑

k,k′,σ
k �=k′

Ek〈C+
kσCk′σ〉

∣
∣
∣
∣
∣

1
2

(58)

This allows the energy of d electrons to be given by

Edσ =

∣
∣
∣
∣
∣
2J2

〈1
2

∑

k,k′
(C+

kσCk′σ − C+
kσ̄Ck′σ̄)

〉2

±J
2

∑

k,k′,σ
k �=k′

Ek〈C+
kσCk′σ〉

∣
∣
∣
∣
∣

1
2

(59)

The obtained energy formula shows that the energy spec-
trum Edσ is related to the strong correlation coupling J
which is a kind of function related to Ed, and interaction
between d electrons and s electrons. However, Edσ is in-
dependent on individual k, k′, and only changes with σ

since
1
2

∑
k,k′ (C+

kσCk′σ − C+
kσ̄Ck′σ̄)2 change’s with σ.

5 Spectral function of Green function

We now turn into the expression 〈〈dσ | d+
σ 〉〉ω following

standard form, which gives

〈〈dσ | d+
σ 〉〉ω =

A1

ω − E0
+

A2

ω + E0
+
A3ω +A4

ω2 − E2
1

(60)

where ω = E0 or ω2 = E2
1 is a pole of Eq. (55). Accord-

ing to the Green function’s spectral theorem,

〈AB〉 =
i

2π

∫ ∞

−∞

〈〈A | B〉〉ω+iη − 〈〈A | B〉〉ω−iη

eβω + 1
dω (61)

the average value 〈dσd
+
σ 〉 represents the number of s elec-

trons with spin σ in the nodes and can be calculated by

〈dσd
+
σ 〉

=
i

2π

∫ ∞

−∞

〈〈dσ | d+
σ 〉〉ω+iη − 〈〈dσ | d+

σ 〉〉ω−iη

eβω + 1
dω

=
i

2π

∫ ∞

−∞

[ −2iηA1

(ω − E0)2 + η2
+

−2iηA2

(ω + E0)2 + η2

+
A3(ω + iη) +A4

(ω + iη)2 − E2
1

−A3(ω − iη) +A4

(ω − iη)2 − E2
1

]
1

eβω+1
dω

(62)

where A1, A2, A3, and A4 are defined by

A1 =
(E2

0 −M)
(
E0 − J〈Âz〉

)
−N

2 (E2
0 − E2

1 )E0

A2 =
(E2

0 −M)
(
E0 − J〈Âz〉

)
−N

2 (E2
0 − E2

1 )E0

(63)

A3 =
M − E2

1

E2
0 − E2

1

A4 =
N − J〈Âz〉 (

M + E2
1

)

E2
0 − E2

1

E0 =

∣
∣
∣
∣
∣
2J2〈Âz〉2 +

J

2

∑

k,k′,σ
k �=k′

Ek〈C+
kσCk′σ〉

∣
∣
∣
∣
∣

1
2

E1 =

∣
∣
∣
∣
∣
2J2〈Âz〉2 − J

2

∑

k,k′,σ

k �=k′

Ek〈C+
kσCk′σ〉

∣
∣
∣
∣
∣

1
2

and

Âz =
1
2

∑

k,k′
(C+

kσCk′σ − C+
kσ̄Ck′σ̄) (64)

Using a theorem of residues in the complex function
∫ ∞

−∞
f(ω)dω = 2πi

∑

k

Resf(ωk), through long term cal-

culation, and taking the limit, finally we can obtain

〈dσd
+
σ 〉 = lim

η→0
A1[eβ(E0+iη) + 1]−1

+ lim
η→0

A2[eβ(−E0+iη) + 1]−1

+ lim
η→0

(−A3E1 −A4)
[
[eβ(E1−iη) + 1]−1

2E1

+
[eβ(E1+iη) + 1]−1

2E1

]

+ lim
η→0

(−A3E1 +A4)
[
eβ(E1+iη)[eβ(E1+iη) + 1]−1

2E1

+
eβ(E1−iη)[eβ(E1−iη) + 1]−1

2E1

]

= (eβE0 + 1)−1 (A1 +A2E0) −A3E0E1

+
(eβE1 + 1)−1

E0
A4

(
eβE1 − 1

)
(65)

From this we can see that the mean number of up or
down spin for d electrons is related with that of c elec-
trons. When the spin is up (σ =↑), the above formula
can be calculated as:

〈d↑d+
↑ 〉 =(eβE0 + 1)−1 (A1↑ +A2↑E0) −A3↑E0E1

+
(eβE1 + 1)−1

E0 ↑ A4↑
(
eβE1 − 1

)
(66)

where the relevant parameter is given by

A1↑ =
(E2

0 −M↑)
(
E0 − J〈Âz

↑↓〉
)
−N↑

2 (E2
0 − E2

1)E0

A2↑ =
(E2

0 −M↑)
(
E0 − J〈Âz

↑↓〉
)
−N↑

2 (E2
0 − E2

1)E0

(67)
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A3↑ =
M↑ − E2

1

E2
0 − E2

1

A4↑ =
N↑ − J〈Âz

↑↓〉
(
M↑ + E2

1

)

E2
0 − E2

1

M↑ =2J2〈Âz
↑↓〉 +

J

2

∑

k,k′(k �=k′)

Ek(〈C+
k↓Ck′↓〉

−〈C+
k↑Ck′↑〉) (68)

N↑ = J2
∑

k,k′(k �=k′)

E2
k〈C+

k↓Ck′↓〉〈Â+
↑↓〉

and

〈Âz
↑↓〉 =

1
2

∑

k,k′

(
〈C+

k↑Ck′↑〉 − 〈C+
k↓Ck′↓〉

)

〈Â+
↑↓〉 =

∑

k,k′
〈C+

k↑Ck′ ↓〉 (69)

In the same way, while the spin is down (σ =↓),
〈
d↓d+

↓
〉

is calculated as

〈d↓d+
↓ 〉= (eβE0 + 1)−1 (A1↓ +A2↓E0) −A3↓E0E1

+
(eβE1 + 1)−1

E0
A4↓

(
eβE1 − 1

)
(70)

Both cases show that the electronic number of up spin is
not equal to that of down spin, 〈d↑d+

↑ 〉 �= 〈d↓d+
↓ 〉, hence,

the local magnetism can appear under this condition.

6 Application in network

The above model constructed iteratively by the creation
and destruction of the d electrons (nodes) with interac-
tion of the environmental s electrons can be specialized
as a kind of fermionic network. Generally speaking, in
this model, at each time step, a new node (d electron
confined in an impurity) with m (or m′) links ( strongly
correlated to m confined d electrons) are added (or can-
celled) to the network. In terms of the idea of fermionic
network in the Refs. [3, 4], the new node has an energy
and a new link is attached, with probability

Pj ∝ eβEjk ( t|Ej , tj)

to node j arriving at the interface network at time tj ,
with energy Ej and survivability k ( t|Ej , tj) at time t.
Therefore, the continuous equation describing the time
evolution of the survivability k ( t|Ej , tj) of the nodes is
expressed by

∂k ( t|Ej , tj)
∂t

= m
eβEjk ( t|Ej , tj)

∑

l

eβEjk (t|El, tl)
(71)

with the initial condition

k0 = k ( t|Ej , t) (72)

By using the asymptotic behavior in the thermodynamic
limit

∑

k

eβEjk ( t|Ek, tk) = Z −→ 〈Z〉 −→ mteβμ (73)

Eq. (71) can be reduced as

∂k ( t|Ej , tj)
∂t

= meβ(Ej−μ)tj
k( t|Ej ,tj)

t (74)

whose solution is found as

k ( t|Ej , tj) = k0m

(
t

tj

)f(Ej)

(75)

with

f (Ej) = eβ(Ej−μi) (76)

where f (Ei) is the dynamic exponent which depends on
the energy Ei, μi is a chemical potential and β is the in-
verse temperature β. Therefore, the degree distribution
is given by

P (k) =
∫

dEp (E)
1
∂k

∂t

∼ Bk−1 (77)

where

B =
∫

dEp (E) (78)

which demonstrates that the fermionic network system
is scale-free if B is irrelevant to k or quite small. This al-
lows one to find a novel way to study the local magnetism
existence for the network. In fact, using the obtained sur-
vivability k ( t|Ed↑, td↑) for up spin and k ( t|Ed′↓, td′↓)
for down spin, one can find that the local magnetism ex-
istence can be judged by k ( t|Ed↑, td↑)

?= k ( t|Ed′↓, td′↓),
since the survivability reflects the number of the up spins
or down spins in the interface of the network. This inter-
face evolves with time to construct the part of the net-
work, hence the number of the up spins or down spins in
the interface can reflect the total number of the up spins
or down spins as the nodes in the network. That means
if k ( t|Ed↑, td↑) = k ( t|Ed′↓, td′↓), there is no local mag-
netism, otherwise, k ( t|Ed↑, td↑) �= k ( t|Ed′↓, td′↓), there
exist the local magnetism. The local magnetism exists if
the number of the up spins and down spins are not equal
in the interface of the network [4],

N↑=
∑

td↑

k ( t|Ed↑, td↑) �=N↓=
∑

td′↓

k ( t|Ed′↓, td′↓) (79)

Both cases can be expressed by

k ( t|Ed↑, td↑) = k0m

(
t

td↑

)f(Ed↑)
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⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

�= k (t|Ed′↓, td′↓) = k0m

(
t

td′↓

)f(Ed′↓)
,

for Ed↑ �= Ed′↓, td↑ = td′↓

= k (t|Ed′↓, td′↓) = k0m

(
t

td′↓

)f(Ed↓)

,

for Ed↑ = Ed′↓, td↑ = td′↓

(80)

The above result shows that the origin of the local
magnetism existence actually depends on k ( t|Ed↑, td↑)
�= k ( t|Ed′↓, td′↓) which is related to the energy of the
local nodes of the network. It is the difference of d elec-
tron energy for up spin and down spin, Ed↑ �= Ed′↓,
distributed in the local region, to result in the difference
of k ( t|Ed↑, td↑) and k ( t|Ed′↓, td′↓), that introduces the
local magnetism for the system.

7 Conclusion

The energy spectrum for the d electrons in the Schrief-
fer and Wolf transformation for the quantum network
described by the Anderson d -- s model is calculated us-
ing the Green function approach. The obtained energy
formula shows that it is related to the strongly coupling
number J and the interaction between d and s electrons
through spins. The local magnetism of the model can be
studied by using the spectral function of Green function,
which shows how the energy of the system influence the
number of up or down spin. Moreover, the given sur-

vivability of the fermionic network model can be used
to study the local magnetism. The local magnetism ex-
istence actually depends on the difference of d electron
energy for up spin and down spin. Ed↑ �= Ed′↓ dis-
tributed in the local nodes of the network can introduce
the difference of the survivability for the up or down
spins. This results in local magnetism in the network,
which shows that survivability is an important statistical
characteristic quantity not only to reflect the fermionic
network topological property but also dynamics.
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