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I `SdearlX_f UcX_X`[ deS^a [ZUXde`a� jea crW

dUXchbcaUaWrl[h _XeS^^aU� U ea_ j[d^X [ $8� �8� %6 [

Wc�� bcarU^rqe WUa\`[]aUfq decf]efcf )	*� Ica_X eaVa

aT`acfYX`a� jea WUa\`[][ [_Xqedr [ U Unda]aeX_bXcSefc`nh

dUXchbcaUaW`[]Sh� F crWX cSTae Tn^a p]dbXc[_X`eS^o`a [

eXacXe[jXd][ [dd^XWaUS`a U^[r`[X b^ad]adeX\ WUa\`[]aUS`[r

�NH� `S ]c[e[jXd][X ba^r� eXb^aX_]adeo [ WcfV[X hScS]eXc[de[][

D]^Sdd[jXd][h� [ Unda]aeX_bXcSefc`nh dUXchbcaUaW`[]aU )	�
��*�

NcXWdeSU^rXe [`eXcXd cSdd_aecXeo U^[r`[X NH `S

g^f]efSi[a``nX XggX]en� R^f]efSi[[ bScS_XecS bacrW]S

UnkX eX_bXcSefcn dUXchbcaUaWrlXVa bXcXhaWS bcXWdeSU^rqe

ZScaYWX`[X ^a]S^o`a\ dUXchbcaUaW[_ade[ [ _aVfe WSeo ZS_Xe`n\

U]^SW U eXc_aW[`S_[jXd][X UX^[j[`n dUXchbcaUaW`[]aU�

LSbc[_Xc� U )�* ba]SZS`a� jea UT^[Z[ NH g^f]efSi[a``Sr WaTSU]S

] W[S_SV`[e`a\ Uadbc[[_j[Uade[ [_XXe WUf_Xc`n\ hScS]eXc

[ eX_ dS_n_ Ta^XX d[^o`fq cSdhaW[_adeo U T
�

� jX_ aTmX_`Sr

Uadbc[[_j[Uadeo� F pea\ cSTaeX _n ZS\_X_dr Unj[d^X`[X_

g^f]efSi[a``a\ bcaUaW[_ade[ U cS_]Sh UcX_X``aVa aTaTlX`[r

fcSU`X`[\ G[`ZTfcVS�JS`WSf U d^fjSX� ]aVWS NH fd[^[USXe

dUXchbcaUaW[_adeo� Nc[ pea_ aVcS`[j[_dr d^fjX_ GSfddaUd][h

g^f]efSi[\�

�� ���������� ����	�����������

KaW[g[i[caUS``n\ gf`]i[a`S^ G[`ZTfcVS�JS`WSf�

ab[dnUSql[\ dUXchbcaUaW[_adeo NH� U WS``a_ d^fjSX [_XXe U[W

)	��*�

F =
∫ {

a|ψ|2 +
1

4m

∣∣∣
(
∇− 2ie �A

)
ψ

∣∣∣
2
− γδ(z)|ψ|2

}
dV, �
�	�
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��
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W^r VcrZ`nh

dUXchbcaUaW`[]aU� � � W^[`S dUaTaW`aVa bcaTXVS p^X]eca`aU� �A �

UX]eac`n\ baeX`i[S^ [ � = 1� c = 1� Mdo z bXcbX`W[]f^rc`S NH�

Iapgg[i[X`e γ dUrZS` d baUnkX`[X_ eX_bXcSefcn bXcXhaWS T
�

U

a]cXde`ade[ NH d^XWfqlX\ gac_f^a\ )	*�

γ2ηm =
T
�

− T
��

T
��

= τ0.

P fjXea_ g^f]efSi[\ bScS_Xec bacrW]S fWaU^XeUacrXe fcSU`X`[q

cX^S]dSi[[ )��*�

{
∂

∂t
+ ν
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a − γδ(z) − 1

4m

(
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OSZ^aY[_ bScS_Xec bacrW]S ba daTdeUX``n_ gf`]i[r_

abXcSeacS

a − γδ(z) − ∇2

4m
, e�X�

ψ (�r, t) = [ξ(τ0)]−1/2e−|z|/ξ(τ0)
∑

�k

ψ�k
(t)ei�k·��,

VWX �� = (x, y) [ ξ(τ0) = (η/4mτ0)1/2
hScS]eXc`n\ W^r

ZSWSj[ _SdkeST W^[`n )	*� Iapgg[i[X`en ψ�k
(t) fWaU^XeUacrqe

UcX_X``a_f fcSU`X`[q

(
∂

∂t
+ Γ�k

)
ψ�k

(t) = 0, �����

VWX
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= ν

(
a
��

+
k2

4m

)
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��

=
1
η

T − T
�

T
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MjXU[W`a� jea ψ�k
(t) = ψ�k

exp(−Γ�k
t)� JXV]a bcaUXc[eo� jea

〈|ψ�k
|2〉 = Tν/Γ�k

�

R^f]efSi[a``fq WaTSU]f ] bcaUaW[_ade[ Unj[d^[_ d

ba_aloq gac_f^n IfTa� `Sb[dSU XX U U[WX )��*�

σxx =
1
T

∞∫

0

dt

∫
dxdz 〈jx(x, z, t)jx(−x,−z, 0)〉 , �����

VWX

jx(x, z, t) = − ie

m

∞∫

−∞
dy

[
ψ∗ (�r, t)

d
dx

ψ (�r, t) − ψ (�r, t)
d
dx

ψ∗ (�r, t)
]
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jea

σxx =
1
16

e2

ξ(τ0)
1
τ
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MjXU[W`a� jea σxx = σyy� Na^fjX``n\ cXZf^oeSe daUbSWSXe d

[ZUXde`n_ cXZf^oeSea_ Ed^S_SZaUS�JSc][`S W^r ea`][h b^X`a]

ea^l[`n ξ(τ0)�
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OSdd_aec[_ eXbXco NH U bXcbX`W[]f^rc`a_ X\ _SV`[e`a_

ba^X� FnTXcX_ ba^X [ UX]eac`n\ baeX`i[S^ U U[WX

�H = (0, 0,H)
[

�A = (0, xH, 0� NScS_Xec bacrW]S cSZ^aY[_ ba daTdeUX``n_
gf`]i[r_ abXcSeacS

a − γδ(z) − 1
4m

(
∇− 2ie �A

)2
, e�X�

ψ (�r, t) =
∑

n,k

ψn,k(t)ϕn,k(�r), VWX

ϕn,k(�r) = [ξ(τ0)]−1/2e−|z|/ξ(τ0)eikyfn

(
x − kΦ0

2πH

)
,
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Φ0 � ]US`e baea]S� S fn daTdeUX``Sr gf`]i[r VSc_a`[jXd]aVa

adi[^^reacS� NaWdeSU^rr pea cSZ^aYX`[X U �
�
� ba^fjSX_� jea

]apgg[i[X`en ψn,k(t) fWaU^XeUacrqe fcSU`X`[q ������ e�X�

ψn,k(t) = ψn,ke−Γnt, VWX Γn = ν

(
a
��

+ ω

(
n +

1
2

))
[ ω =

eH

m
.

IS] [ U d^fjSX TXZ ba^r

〈|ψn,k|2〉 =
Tν

Γn
.

Fnj[d^rr ]a_ba`X`en ea]S [ fdcXW`rr [h bca[ZUXWX`[X�

ba^oZfrdo bc[ pea_ dUa\deUS_[ gf`]i[\ VSc_a`[jXd]aVa

adi[^^reacS )* [ UncSYX`[X_ W^r 〈|ψn,k|2〉� ba^fjSX_ [Z

������

σxx =
Te2

πξ(τ0)
4

ων

∞∑

n=0

n + 1(
n + a

��

ω + 1
2

) (
n + a

��

ω + 1
) (

n + a
��

ω + 3
2
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FUaWr TXZcSZ_Xc`nX UX^[j[`n

h =
H

HC2(0)
[ τ1 =

T − T
�

T
��

, VWX HC2(0) =
2m

eη
,

_aY`a `Sb[dSeo bcXWnWflfq gac_f^f U U[WX

σ(T,H) = 2σ0(T )
(τ1

h

)2
[
ψ

(
1
2

+
τ1

2h

)
− ψ

(
1 +

τ1

2h

)
+

h

τ1

]
, �����

VWX ψ � W[VS__S gf`]i[r )�* [

σ0(T ) =
e2

16ξ(τ0)
τ−1
1 .

Rac_f^S ����� daUbSWSXe d cXZf^oeSea_� ba^fjX``n_ U )�* W^r

ea`]a\ b^X`][ U bXcbX`W[]f^rc`a_ ba^X� OSdd_aec[_ bcXWX^o`nX

d^fjS[� F ba^rh d^STnh ba dcSU`X`[q d HC2� ]aVWS τ1/h � 1� pef
gac_f^f _aY`a `Sb[dSeo U U[WX

σ(T, H) = σ0(T )

[
1 − 1

2

(
h

τ1

)2
]

. �����
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F[W`a� jea U d^fjSX� ]aVWS h → 0� σ(T,H) decX_[edr ] σ0(T ) �
bScSbcaUaW[_ade[ TXZ ba^r� F ba^rh d[^o`nh ba dcSU`X`[q dHC2�

]aVWS τ1/h � 1�

σ(T,H) = σ0(T )
(
1 − τ1

2h
ln 2

) 2τ1

h
. ���	��

F ba^rh bacrW]S HC2� ]aVWS −1 � τ1/h � 1� _aY`a UncSZ[eo
bScSbcaUaW[_adeo gac_f^a\ )���*

σ(T ) = 4σ0(T ). ���		�

F pea_ d^fjSX UXWflfq ca^o U ����� [VcSXe ad`aU`a\ fcaUX`o JS`�

WSf� PcSU`[USr ba^fjX``nX cXZf^oeSen� U[W[_� jea U d[^o`nh

ba^rh bScSbcaUaW[_adeo _X`okX� jX_ U d^fjSX TXZ ba^r� `a U ba^rh

bacrW]S HC2 bScSbcaUaW[_adeo deS`aU[edr U jXencX cSZS Ta^okX�

jX_ σ0(T )�

�� ��������

F pea\ cSTaeX _n S`S^[Z[caUS^[ ea^o]a d^fjS\ fXW[`X``a\

NH� OSZU[eSr WUa\`[]aUSr decf]efcS� ]S] `bc� U YBa2Cu3O7−δ

)	�*� _aYXe ea^o]a SWW[e[U`a aecSZ[eodr `S ba^fjX``nh

cXZf^oeSeSh [Z�ZS d^STaVa UZS[_aWX\deU[r NH )
*�

F Unda]aeX_bXcSefc`nh dUXchbcaUaW`[]Sh da d^a[dea\

decf]efca\ g^f]efSi[[ WUf_Xc`n bc[ Unda][h eX_bXcSefcSh�

bc[ ba`[YX`[[ eX_bXcSefcn a`[ deS`aUredr ecXh_Xc`n_[�

FT^[Z[ ]c[e[jXd]a\ eX_bXcSefcn `Sj`Xe bcarU^redr

g^f]efSi[a``n\ U]^SW NH� [ g^f]efSi[[ abreo deS`aUredr

WUf_Xc`n_[�

F ZS]^qjX`[X baWjXc]`X_� jea� S`S^[Z[cfr bScSbcaUaW[_adeo�

_n bc[k^[ ] UnUaWf� jea b^ad]adeo WUa\`[]aUS`[r UXWXe dXTr ]S]

ea`]Sr b^X`]S ea^l[`n bacrW]S ξ(τ0)� jea daV^SdfXedr d UnUaWS_[
)	*� F bc[`i[bX pea _aY`a p]dbXc[_X`eS^o`a bcaUXc[eo� [Z_Xcrr

U]^SW NH U dabcae[U^X`[X _[]ca]a`eS]e`n_ _XeaWa_�
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