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� ÇY¥
Å�º½� � Ç'¥ bdj�c>w�e � v-�>�.��`�b�}x_�e���_fgYm�v�g'`�`�_ � v�g'`�j�j*z�_ih�b�v-�
hfv�e�_�`Yy�_�m�w¬m|^�_lc6v�him�m*^[v�m�w�g�_�^'v�j�m�w�z�_�e|c>w�e � m|^�_
b�g�mA_"��e�v�m|b/w�glw-}�_fe 5 k�_�c>wxe�_�m*^�_«j�y ��� v�m|b/w�g�¡"¢"¹'£"���b��g[v-�>�.�½�;wxgY_¯h�v�g�c>wxe � v{�4�/�«h�v�g{hi_-��m|^�_�`�b/}�_�e��{_�gYhi_©¡P¢i¹'£
mAw¯w�k�m*v�b�g

� =
µρ
ù �
² ∑²

=−∞

∞ ¢

(ω²� + ρ
�
)(√ω ²

ù
+ ρ

ù
+ � M ! τ ä`õ )

� � ÐY¥

]
^�_©mA_ � z{_fe*v�mAy'eA_©w�c�m|^Y_�q�Æo]Ím*eAv-g�j*b#m*b/w�g¬c>w�e�m|^�_�.	§� � w�`�_-�  v � bE�.m�wxg'b.v-g � ²!¥�b�j©`Y_im�_fe � b�g{_f`Ák��Ám|^�_
_fº�y!v�m|b�wxg

� ¦.×�¼ = π° � (µ
��� ¦.×"¼ � ρ(µ K

� ¦.×Ó¼ )) � � ¢"ÑY¥

] ^Y_�j6_-��c6�dhiw�g�j*b/j�mA_�g�m¯h�v��/h�y!��v�m*b/wxgÊwxc � ¦�×�¼ v�j�v�c>y�g{hf�
m|b/w�g�w�c½m|^�_oh�v�eAe*b/_�e;`�_�g�j*b/m�� $ º =

6 � 	 M π
e6_�º�y[bde6_�j³v�`'`�b��

m|b/w�g[v-�_�º�y[v�m*b/w�g�j�c>w�e
ρ
v�g'`

µ
�;n�^�b�hf^�mAw-��_�m|^�_�e�n�b/m*^

� ¢"ÑY¥�c>wxe � v�h�w � z'�/_im�_ j�_im�¡EÐ'£"��a^�_�g�m|^�_ � w�`�y��/y[j®w�c
m|^Y_owxe*`�_�e�z�v�e*v � _�mA_�e ρ(5 )
b�j

m|e�_fv�m�_f`�bdg©m|^Y_ � _�v�g�c6b/_-��`�v�z'z�e6w��[b � v�m*b/wxg���m|^Y_�_fºYy[v��
m|b/w�g�c>w�e

ρ
m|v�ÖY_fj�m|^�_�c>wxe � ¡6Ð'£

°
ρ
7 = ∑²

=−∞

∞

∫
C ù A

(
°
π)
ù m*eo¡ τ ÷ 〈 � ( L ω ² � � )〉] K

� ¢x¢�¥

n�^�b/h�^�c>w�e � v-�>�.��h�wxb�gYh�b.`Y_�j�n�b~m*^�m|^Y_��[v�zÀ_fº�y'v�m|b~w�g�w�c
m|^Y_�q�s�t�m|^�_�w�e6�½��] ^Yb�j�h�wxb�gYh�b.`Y_�g�hi_�v-�>�.w�n�j�w�g�_�mAw�y!j6_
m|^Y_«¦�g[`{_fe*j6w�glm*^�_�wxe�_ � ¡"¢��[£f�¼n�^'b/hf^ÊjAm*v�mA_�j�m*^[v�m�m|^�_
`�_�z�_�g�`�_�g�h�_�w�c

ρ(
�

)
b�j®m|^Y_�j�v � _�v-j®m|^'v�mc>wxe�m|^�_�h-�/_fv-g

jAy'z�_fe�h�wxg'`�y�h�mAw�e�v�g'`�b�j�gYw�m�v�c6c>_�h�mA_�`©k[��m*^�_¯z'e6_�j�_fg{hi_
w{c�g{w{g � v"��g{_im*b/h b � z�y'e|b~m*b/_fj¤�
´4mob�jb � z�w�e6m*v�g�m9mAw�eA_�h�v-�4�
m|^'v�m�m|^'b�j�m*^�_iw�e�_ � bdj��®wxc�h�w�y[e*j6_Y��}{v-��b�`lw�g!�/��c>w�eªm|^�_
���dn�v�}�_�z'v�b�eAbdg-�«v�g[`�j � v-�>�;`�b�j�wxe*`�_�e¤�
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]
^�_fe�_¬v�e6_Y��^�w-n�_�}x_�e¤��k�w�m*^azY^��[jAb�hfv-�¯v�g'` � v�m|^�_��
� v�m|b/h�v-��`[b/c6c>_�eA_�g�h�_fjÀk[_�mAno_�_fg m|^Y_l��v�zrb/g¿m*^�_�q�sot
m*^�_�wxe���v�g'`

ρ
¡AÐ��4¢iÑ'£"�¼´6g�z'v�e6m*b/hiyµ��v-e�m*^�_�mA_ � z�_�eAv¤mAy[e�_

�
ρ
n§^'b/h�^¬b�jª_fj�m|b � v�mA_�`¬c6e�w � m*^�_Ëhiw�g�`'b/m|b~w�g

ρ =
Ñ�b�j

gYw�m�e�_���v�mA_�`umAw m|^�_ÁmA_ � z�_�eAv�m�y�e�_�w�c�m|^Y_Íj6y!z�_�e6h�w�g��
`Yy�h�m|b�g-�·m|eAv-g�j*b~m|b/w�g½��k[yYm�b�j�b/g�m�_fe�z[e�_im�_f`·v�j�m|^�_�z'j6_�y[�
`Yw���v�z©w�z�_�g�b�g{��mA_ � z�_�eAv¤mAy[e�_�� ∗ � j6_�_�`�_�m|v-b���j�b.gÊ¡6Ð[£*¥-�
]
^Y_ � v�bdg�z{w{bdg�m��[n�^�b/h�^�no_�n�w�y!��`���b�Ö�_¨w{g��.��mAw¯j�m|e�_fj*j
^Y_fe�_��[b�j m|^'v�m®k���}�b�e�mAy�_owxc�m|^�_o¦g�`Y_fe�j�wxg�m|^�_�w�e6_ � ¡�¢s�!£
m*^�_�}[v-�/y�_�wxc9�

ρ
`�w�_�j�g{wxmo`�_�z�_�g[`ËwxgËm|^Y_�z�e�_fj�_fgYhi_�wxc

b � z�y[e*b/m*b~_fj¤��n�^�b>�/_om|^�_om�_ � z�_�e|v�m�y[e�_�� ¦.×�¼ �[v-j;n�_on�bd�>�
j*^�w�n���bdjo�/w�n�_�e�_f`½�
]
^�_�hf^{_ � b/h�v-�³z�w�mA_�g�m|b�v-� µ

b�jo`Y_fc6b/gY_f`Ëk���m*^�_¯g�y � �
k'_fe�_fº{y[v�m|b/w�g

∑²
=−∞

∞

∫
2 � �

(
°
π)
ù m*eo¡ τ F 〈 � ( L ω ² � � )〉

£
=
$ º � � ¢i°'¥

t�b�g{hi_�n�_�v�e�_�b�g�mA_�e�_fj�mA_�`lb.g�m*^�_�^[b~�[^Àhfv-eAe*b~_fe�`�_�g'jAb/m��
e�_"�Yb�wxg���m*^�_�j�w��/y'm|b~w�g�w�c � ¢P°'¥¯b�j

µ −∼
� 	 �³jAw�m*^�v�m�b�g

Å;º�j¤� � Ð�¥P± � ¢�¢�¥9wxgY_�hfv-g�e6_�z'��v�h�_
µ
k��*� 	 �

 v�}[b/g��lm|^Y_�mA_ � zY_fe�v�mAy!e6_�j �
ρ
v�g�` � ¦.×"¼ v�j�c>y[g�h��

m*b/w�g�j�w�c;m*^�_�h�v�eAe*b/_�e�`Y_fg�j*b~mA���[wxgY_�h�v�g¯kYy�bd��`�m|^�_�z�^[v�j�_
`'b�v"�[e*v � wxc�m*^�_ � w{`{_��¯¡6Ð'£�n�^�b�hf^Êhiw�g�j*b/j�m|j�w�c�m|^'e6_�_
e�_"�Yb�wxg'j���]
^Y_�c6b/e*j6m�w�g�_�b�j¨m|^�_�jAy'z�_fe�h�wxg'`�y�h�m|b�g{� � ^Y_fe�_
q�Æ�]®¥�z�^'v�j6_on�b~m|^

ρ ≠
Ñ�v�m³� '�� ¦*×[¼ �!´Egªm|^'b�j³e�_P�!b#w�gm*^�_�e6_�b/j³v-�~�[_�k[eAv-b~h�w�e*`�_fe¤��wxe®v�z�w�n¨_fe*����v�nÍ`�_�h�v���w{c½m*^�_

〈Φ∗Φ〉
h�w{e�e�_���v�m|b/w�g[jf��]
^Y_Ôj�_ih�w�g�`·e6_"�Yb�w{g¸hiw�eAe�_�jAz�w�g�`'j

m�w�m*^�_�z'j6_�y[`�w¤��v�z·z�^�v�j�_ � � ¦�×�¼ ' � ' � ρ
¥-�o´Ag¬m*^�b�j

z'^�v�j�_
ρ
b/j�jAm*b>�>�§gYwxgY¶*_fe�wlk�y�m�m|^{_�hiw�e|e�_���v�m*b~w{gYj � _�g��

m*b/w�g�_f`�v�k�w�}�_ð`{_ih�v���_i�'z�w�g�_�g�m|bdv-�4�/�½��]
^�_�m|^'b/e|`�b/j�m*^�_
gYwxe � v-� � �!_fe � bd�6��b�º�y[bd`!¥�z[^�v�j�_ov�m¼� � �

ρ
n�^�_�e�_

ρ =
Ñµ�

��w�mA_�m|^Yv�m
〈Φ( 5 )〉 =

Ñ�_�}�_�e6��n�^Y_fe�_����a^�bE�._©m|^Y_��!b#}Y_fg
z'^�v�j�_È`Yb�v"��eAv � n�v�j�`�_�eAb/}Y_f`rc>w�e�m|^�_�b�`�_�v-��b�¶P_f` °�Î
� w�`�_�����m*^�_�e6_rv�e�_ b/g'`�b/h�v�m|b/w�g�jÊm|^Yv�m¬_�}�_fg c>w{eÊjAyYhf^
h�w � z'��b/h�v�mA_�`���v¤��_fe�_f`�j6�[j�mA_ � j�v�j  ]®t�sÁm|^�_�}[v-�.yY_¯wxc
m*^�_�h�e*b#m*b/h�v-�³mA_ � zY_fe�v�mAy!e6_¯c>w�eom*^�_ �p� v��©k�_�n�_-�4�;_�j�m|b/�
� v�mA_�`©y[j*b/g�� � ¦.×Ó¼ ¡"¢"Ðµ�#°�Ñ'£"��_i}Y_fgËm|^�w�y��[^©m*^�_�m|e�v�g�j*b/�
m*b/w�g¬y[g'`�w�y�k�m�_f`µ�/�¬k�_-�.w�g-��j�m�w¬m|^�_ �-Î �.	Éh-��v�j*jf��´4m
n�v�j�v-��j6w�z�wxb�gYmA_�`©w�yYm�b�gl¡"¢iÐ�£9m|^'v�m§v�gYwxgY¶*_fe�w��[v�z�b�g
m*^�_uw�g�_f�>z�v-e6m|b�h��/_�_��'hfb~m|v¤m|b~w�gÂj�z�_�him*eAy � h�v�gÂz{_fe*jAbdj6m
_�}�_�g�n�b~m|^Yw�y'mo�.w�g-�[�>e*v�g���_�w�eA`Y_�e��

� "�� VE)��.(-Ui\ /PVYS�V��®T
	.%�Z'& %
(xS (�S�W�Wµ\.U*T�� &>\ )ª\.Ts/
 S���S�� a XfP $ a L 6 L�W

]
^�_¬m|e�v�g�j*z�w�e�m�m|b � _ τä`õ b�j�b�g�c6bdg�b/mA_·b�gÁm|^�_¬h-�/_fv�g��b � b/m���j�w�m|^�v�m

� (
� 	

K
���

ρ( &�� � � )) =

� 	 ρ
ù �
² ∑²

=−∞

∞ ¢

(ω ²
ù

+ ρ
ù
)
F " ù � � ¢��!¥

�¼_�v�e�
ρ
w�g�_�hfv�gðwxkYm|v�b�g�c6e�w � � ¢��[¥

� (
� 	

K
�

→
�

ρ
− � ρ →

Ñ
) =

Ä
ζ(
�
)

¢"»
π
F ρ

ù
�

ρ
� � 	 � � ¢�²'¥

n�^�_�eA_
ζ( 5 )

b/jlm*^�_�¶P_�m|vÍc>y'g�him*b/w�g½��]
^�b�j�_���z�e�_fj*j�b/w�g
� y[j�m�h�wxbdg�hfbd`�_�n§b�m|^�m*^�_�e�_�j6y!�/m�c6e�w � ¡6Ð[£"�
n�^[b~h�^�n�v�j
`�_�eAb/}�_�`�y'j|bdg-�«m|^{_�w�z�z�w�j�b/mA_�w�eA`Y_fe9c>w{e�m|^Y_ j�y �¨� v�m*b/w�g
v�g[`�b�g�m�_P�[e�v�m|b~w�g½��´Eg'j6_�e�m|b�gx��m|^Y_¯n�_-�4���>Ö�g�w-n�g�`Y_�z�_fg'`��
_fgYhi_¨w{c

ρ(
�

)
� j6_�_���c>wxe�_i�!v � z'�._Y�;¡E°µ¢�£P¥

ρ
ù
(
�

→
�

ρ
−) =

Ç
π
ù

Ä
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�

)
�

ρ
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v�g[`Êm|^�_�g·j6y�k!j6m*b/mAy�m*b�g-� � ¢P²!¥�b.gYmAw � ¢iÑ[¥¤��w{g{_«w�k�m*v�b�g[j
m|^Y_�c>w��>�/wxn�b.g{�Ív�j6� � z�mAw�m*b/h�_��[z'e6_�j|j�b/wxgÁc>w�e�m|^Y_¬q�Æ]
mA_ � z�_�e*v�mAy[e�_�b�gËm|^Y_�h��/_fv�gÀ��b � b~m�c>w�eo^�b~�[^�h�v�e*eAb/_�eo`�_�g��
j|b~m*b/_fj¨¡6Ð!�#°�°µ��°
��£0�

� ¦.×�¼ = � ρ




¢
−

� �
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�É� ¦.×"¼ ' ∼ � ρ �
� ¢"»Y¥

´�g m*^�_�^'b��!^��4`Y_�g�j*b#m��Ì��b � b/m�w�g�_ hfv�gÌv-��j6wpy!j6_ m|^�_
_fº�y!v�m|b�wxg

�
ρ = γ

π
√° Iε ® I � 	 �

� ¢"ÄY¥

n�^�_�eA_
γ −∼

¢��#Ä�Çµ¢�v�g[`
ε ® b.j®m*^�_o_fgY_�e>�[��w�c
m|^Y_omAn�w��4z�v-eA�m|b/h-�._�k[w-y[g'`�j6m*v�m�_�b�gÀ}{v¤hiyYy � �
n�^'b#h�^�bdj�v � wxe�_�hiw�g��

}�_fgYb/_fg{mÔz�v�e*v � _im�_feËm|^Yv�g�m*^�_�c>w�y[e*�>c>_fe � b�wxg�h�wxg'j6m*v�g�m
7 ¡6Ðµ��°-²'£��
´6m�b�j¨wxkY}{b�wxy'j�c6e�w � � ¢i»�¥¯v�g�` � ¢iÄ�¥�m|^'v�m�m|^Y_�zYjA_�y[�

`�w¤�Yv-z�e�_P�[b/w�g«j*^�e*b/g'Ö�joeAv�zYb�`'�/�«c>wxeo^�b~�[^Ëhfv�e*e�b/_feo`�_�g'jAb��
m|b/_�jAÕ�v�g�` wxgY_ � v��Év-jAÖ � j6_�_Y�Ôc>w�e·_i�[v � zµ�._Y��¡E°�¹'£
n�^�_�m|^Y_feÀm|^�b�j�j6h�_fg'v�eAb�wÍh�v�g¿_i�'z'��v-b/g¿m|^�_·z[j�_iy[`Yw��!v�z
v�g�w � v-��b/_�jon�^[b/h�^©v�eA_�w-k�j�_fe�}�_�`�w�}�_fe¨v�n�b�`Y_ e*v�g{�{_�w�c
mA_ � z�_�e*v�mAy[e�_�j;v�g'`�hfv�e*eAb�_fe;`Y_�g�j*b#m*b/_�j��xj*b�g{hi_ob.g�m*^�_�h-�/_fv-g
��b � b~mÍm*^�_ e�_���v�m*b~}�_�j*b/¶*_�w�c·m|^�_pz�j�_iy!`�w-�[v�zÌe6_"�[b/w�g
(
�

ρ −
� ¦.×�¼ ) � � ρ

b�j���c>w�e;b�g�j�m|v�g{hi_Y�[�/_fj*j
m*^�v�gË¢���°on�^�_�g
mA^�_«`�b � _igYjAb~w�g'�#_�j6j¯e�vPmAb~w � 	 ��Iε ® I '∼ ¢�°�Ç

γ
ù � π

ù
−∼
� � �³¦hfe�y[`�_�_fj�m*b � v�mA_�c>w�eom|^�_�`[b � _fg'jAb�wxgµ�._�jAj�eAv�m*b/w«c>w�eowxz{m|b��

� v-�>�.� `{w{z{_f` h�y�zYeAv�m�_fjÉ�Yb�}�_fj � 	 � Iε ® I ∼ �
⋅ �
� ù − ¢iÑ F¡E°�»'£"��n�^�b/h�^¯b�gY`[b~h�v�mA_�j m|^�v�m�b�g�m*^�_oh��/_�v�g¯j6y!z�_�e6h�w�g�`�yYhf�

mAw�e©m|^�_·z�j�_iy[`Yw��[v-zae�_P�[b/w�g¿z�e�wx`Yy�h�_f`Ák��Ám|^Y_�z�^�v-j6_
c��.y�h�mAy!v�m|b�wxg'j�b�j¨mAw-w�j � v-�4������c9hiw�y[e*j6_Y�³v-�4�®m|^Y_fj�_�_fj�m|b��
� v�m�_fj�v�e�_Ôº{y[v���b~m|v�m*b~}�_Ô`Yy�_©mAwlm|^{_�jAb � z'��b/hfb~m��¬wxcªm|^�_
� w�`�_-�A�
]
^�_�}�v��/y�_�w�c�m|^Y_�k[v�e�_¯j6y'z�_�eAc��/y[b�`©`�_�g�j*b/m�� $ ´ ( � )

b�j
jAm*eAv�b~�[^Ym|c>w�eAn�v�eA`µ�.��_��[z'e6_�j|j�_f`ª}[b�v9m|^Y_k!v�e6_�z�^'v�j6_�j�m|b�c6c6�
g�_�jAj¤� $ ´ ( � ) =

².6 � (
�

)
�®´Eg�z'v�e6m|b�hiy!��v�ef��b/m�c>w'�>�.w-n�j�c6e�w �

� ¢ �'¥lm|^'v�m $ ´ ( � =
Ñ
) =

$ º �¯]
^�b�j�b�jlg�w�m�jAy'e|zYeAb�j*b/g��
�
j|b/gYhi_ $ ´ ( � =

Ñ
) � y[j6m�k�_©_�º�y�v-�omAw�m|^Y_«m�w�m*v���`�_fg'jAb�mA�$ º c>w�e�v�g{�Ôj�y[z�_�e*c��.y'b�`Ë�[e6w�y[g'`�j6m|v�m�_�b�g�vªm|e*v�g'j*��v�m|b/w�g��

v-�4�/��b�g{}[v�e*b.v-g�m¯j6��j�mA_ � ¡6°xÄ'£�v�g�`�m|^Y_�h-�/_fv-g�j���jAm�_ � b�j
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m*e|v�g'j*��v�m|b�w{gYv-�4�/��b�g{}[v�eAb�v�gYm��.��_�gYw�mA_Y��^�w�no_�}�_fef��v�j�j6m*v��
m�_f`�v¤k�w�}�_Y��m|^'v�m $ ´ ( � =

Ñ
) ','���� b�g  ]®t�sr¡6¹'£P�³t�yYk[�

j�m|b�mAy�m*b�g-� � ¢i¹'¥�b�g{mAw � ¢s��¥-��w�g�_�w�k�m*v�b�g�j�c>w�e�]lh-�.w�j�_�mAw
�

ρ
m|^Y_�k[v-e6_pj�y[z�_�e|c��/y[b�` `�_�g[j�b/mA�Ìv-j $ ´ ( � � →

�
ρ
−) =

=
! � � (

¢
− � � � ρ)

�] ^Yb�j�k�_�^'v�}{b�w{eªwxc�m*^�_«k'v�eA_©j6y!z�_fe��
c��/y�b/`�`�_�g[j�b/mA�¯bdj�c>wxe � v��>�/��m|^�_�jAv � _�v�j®m|^�_ok�_�^'v�}{b�w{e wxc
m*^�_�m�wxm*v-�«j�y[z�_�e|c��/y[b�`p`{_fg'jAb/m���b�gum*^�_rq®s�t m|^�_�w�e6�
�
��_i}Y_fe�m|^Y_��/_fj�j�b/m¯b�j¯b � z�w�e�m|v�gYm¯mAwle6_ � _ � k�_feªm|^'v�m¯m*^�_
m�wxm*v-� j6y!z�_�eAc��/y�b/`�`Y_fg�j*b/m��¯b�g�m|^Y_�z�e�_fj�_fgYm � w�`�_-��y[g�`Y_fe��
�[w-_fj m|^Y_ �¼_-��j6w�g���Æwxj�mA_�e*��b/m�¶��Ay � z�v�m³� ¦�×�¼ v�g[`�b�j®¶*_fe�w
c>w�e� � � ¦*×[¼ � �Í_�g�w�mA_�m*^[v�m9wxgY_�h�v�g�z�e�w�k'_�_���z{_fe*b/�
� _fgYm|v-�>�/��k�w�m|^�m*^�_�k[v�e�_�j6y!z�_�eAc��/y�b/`l`�_�g[j�b/mA��bdg�^'b~�[^��
c6e�_�º�y�_�g�h�� � _fv�j�y[e�_ � _�g�m*jl¡E°'£©v�g[`Ám|^Y_lmAw�m|v-��j6y!z�_fe��
c��/y�b/`�`Y_�g�j*b/mA��b�g©�/wxn��>c6e�_fº�yY_fgYhi� � _�v�j�y[e�_ � _�g�m|j¨¡ �!£"�

 S���S!Î L 3 W
	�a L 6 L?W
´Egªm|^�_o`[b�e�mA����b � b/m m|^�_oº�y�v�j�b�z�v-e6m|b�h��/_m*eAv�gYj|z{wxe�m;m|b � _

τ ä·õ b�j·j � v-�4� (τ ä`õ ' ' ρ−
÷
(
�

=
Ñ
))
�ðj�wum|^�v¤m¬w�g�_¿hfv�g

gY_P�!�/_ih�m�m|^�_�e*v�`[b~h�v���b�g�j*b/`�_©m|^Y_©k[e*v�hfÖ�_�m|j�b�gÈÅ�º½� � Ð'¥
¡�¢P¹'£P��]
^�_�e�_ � v�b/g'b�g-�ÍjA_�eAb�_fj�bdj�_fv�j*b>�/��j6y ��� _�`½��v�g[`
w�g�_�w�k'm|v�b�gYjc>w�e�m*^�_�k'v�eA_�jAy'z�_fe*c��/y[b�`�j�m|b�c6c6g{_fj*j

� ( & 	 ����� ρ(
� 	

K
�

)
�

τ ä`õ ) =

� 	 τ ä`õ ρ
²

m*v�g[^ ρ°��
� � ¢iÇ'¥

¦¼j�_��[zµ��v�b�g{_f`·v�k�w�}�_���k��¬}�b�e�mAy'_«w�c�m|^Y_«¦�g[`{_fe*j6w�g
m*^�_�wxe�_ � �m*^�_�_���zYe6_�j|j�b/w�g�j � ¢i¹�¥©c>w�e ρ

v�gY` � ¢"ÄY¥«c>w�e
�

ρ
eA_ � v-b.gËy[gYhf^Yv�g-��_�`«b�gËm|^{_ z'e6_�j�_fg�h�_�w{c�b � z�y'e|b~m*b/_fj¤�

¦®�[v�b/g�j�y�k'jAm*b/mAyYm|b�g-� � ¢P¹[¥ob�gYmAw � ¢iÇ'¥-�[w�g�_�w�k�m*v�b/g[j

� ¦.×"¼ =
�

ρ




¢
−
� � ζ(

�
)

π
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¢

& 	 τ �
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�������� '∼ � ρ �
� ¢iÐ'¥

��gY_�h�v�g�j�_�_om|^'v�m³m*^�_�j*b/¶*_�wxc m|^{_�z�j�_iy'`�w-�Yv�z�e�_"�Yb�wxg�b�j
gYw�n h�wxgYm|e�w[�>�/_f`Êk[�Êm|^Y_�g�_in z'^�_fgYw � _�g�w'�.w¤��b~hfv{��z�v��
e*v � _im�_fe τä`õ �xn�^Yb/hf^�b/j³v�gªy[g�Ö'g�w�n§g�c>y[gYhim*b#w�g�w�c � 	 c>w�e ]³tYs���]
^�_9_i�!z�_�e|b � _fgYm|v-�!`[v�m*v�¡"¢�£;j6y�����_�j6m®m|^�v¤m τä`õ b�jv{� � w�j�m�b�g'`�_�z�_fg'`�_�g�m�wxg·`�w�z�b�g-�Á�._�}�_���b�glm*^�_©y[g�`Y_fe��
`YwxzY_f`Ëe6_"�Yb�w{g �
´4m¯b/j�`'b�c6c6b~hiy½�.m�mAw�w�k�m*v�b�g � w�e�_�m*^[v�glv�ºYy[v-��b/m|v�m*b/}�_

_�j�m|b � v¤mA_�y[j*b.g{�lÅ�º½� � ¢iÐ�¥-��j*b/gYhi_�b�g�b/m|j¨`�_�eAb/}'v�m|b/w�g�no_
^'v�}�_�v�j�jAy � _�`�m|^�v�m �
	 τ äÔõ ��� � ��´Ag  ]®t�s�^�w�no_�}�_fef�
v-j�`�b�j�hiy!jAj�_�`�v�k�w�}x_ � j�_�_¯v���j6w�¡"¢i°'£*¥-��m|^'b.j¨v�j|j�y � z�m*b#w�g
b�jpg{wxmpv-�/n�v���j��Ay!j6m*b�c6b/_�`½��q _�v�e�b�g-� b�g � b�gY`Ãm*^�v�m
m*^�_ `[b�e�mA� ��b � b/m b � z���b/_�j m|^�v�m m|^�_ hiw�g�`'b/m*b#w�g
τ ä`õ− ÷ ��� ρ (

�
=
Ñ
) ∼ �

ρ
bdj³j*v�m|bdjAc6b/_�`½��w�g�_ohfv�gª_fv-jAb>�/�¯j6_�_

m*^[v�m®m|^Y_o}{v-�/y'_�w�c;� ¦*× ¼ c>w�e®m|^�b�j h�v�j6_�b�j��/_fj*j m|^'v�g¯m*^�v�m
��b~}�_�g�k[� � ¢�»'¥�c>wxe�m*^�_�h-�._�v�glj�y�z�_�e6h�w�g�`Yy�him�w�e���t�b�g�h�_
b � z�y[e*b/m*b~_fj©v�e6_lb�g�_�}[b/m|v�kµ�.��z�e�_fj�_fgYm«b/g  ]®tYs���z�^[v�j�_
c��/y[h�mAy'v�m|b/w�g[jËhfv�g¿b/g¿c6v�himË�[b/}�_¬eAb�j�_�m�wÈvÊz�j6_�y�`{w��[v�z
e�_"�Yb�wxglm*^[v�m¯b�jªwxc�h�w � z�v�e*v�k!�/_Ôj�b/¶P_�m�w�m|^Yv�m¯w�k'jA_�e6}Y_f`
_���z{_fe*b � _�gYm|v-�>�.�½���Í_�g�w-mA_�m|^Yv�m�w-y�eov�eE�[y � _fg�m*jov�eA_�b�g
c6v¤him�º�y[b�mA_¯jAb � b>��v�e9mAw�m*^�v�m9�[b/}�_�g«b�g�¡6°�°[£9c>wxe9m|^Y_�k�_�j6m
h�w�g�`[b�m|b~w�g�j�c>wxe¨w�k[j�_fe�}[b/g��¬q�Æ]�z�^Y��jAb/h�j�bdg�j6y!z�_�e6h�w�g��
`Yy�h�m|b�g-�¬c6b>� � jf�  w�n�_�}�_fe¤�³b�g�h�wxgYm|eAv-j6m�mAw�m*^[b/j�z�v-z�_fef�

m|^Y_��[v�z·w�z�_�g�b�g{�ÈkY_��/w�nÃ�
ρ
b/j«z�v-e6m*b/hiyµ��v�e"�/��_ � zY^[v��

j|b~¶P_�`�^Y_fe�_��
�a^�bE�._lÅ;º½� � ¢�Ð'¥Ën�v�j�`�_�e*b/}�_f`·y[g'`�_�e�v�j*j6y � z�m*b/w�g

� ¦Ó× ¼ '∼ �
ρ
��b�gðm|^Y_o��_fgY_fe�v���h�v�j�_�n�^Y_fg�� ¦�×[¼ h�v�g�k�_

jAyYk[j�m|v�g�m*b�v-�4�/�¬�/_�jAj�m|^'v�g �
ρ
w�g�_ � y!j6m�j�w��/}�_�m|^Y_�j6_-��c6�

hiw�g�j*b/j�mA_�g�m _fº�y'v�m|b/w�g � ¢iÑ'¥ n�b/m|^ � (
� 	 ��� ¦�×�¼

Kρ( & 	 � � ¦�×�¼ ))
��b~}�_�g�k'� � ¢iÇ[¥-� ( _�h�v-�4��� ^�w�n�_�}x_�e¤��m*^[v�m

mAw � v�Ö�_�v�g���º�y[v�gYm|b/m*v�m|b/}�_o_fj�m*b � v�mA_�j¤��m|^�_ � w{e�_�eA_�v-��b�jA�
m|b/h C ��n�v�}x_ � wx`Y_���^'v�j�m�wÍk�_Êhiw�g�j*b/`�_�e6_�`�� v�g[` m|^�_
b�g�_�º�y[v-��b/m�� �
	

τ ä`õ ��� ¢§j*^�w�y!��`�g�w�m�k'_�v�j*j6y � _f`À¡�¢�°'£"�
]
^�_u}�v-�.y'_rw�c¬m*^�_ ¶P_fe�w���m�_ � z�_�e|v�m�y[e�_�j�y[z�_�e*c��.y[bd`

`�_�g�j*b~mA��b�j�g�w-np�[b/}�_�g�kY� $ ´ ( � = � ) = π
$ º τ ä·õ ρ ',' $ º �

j|b/gYhi_
τäÔõ ρ ',' ¢��Y]
^'b/j�`�w-_fj�gYw�m®hiw�g�m*e*v�`[b~h�m�m|^�_�e�_fj�y��/m|j

w{cÀ¡E°�Ä'£�kY_ih�v�y[j�_lm|^Y_¸j���j�mA_ � b�j�g�w�m«m*eAv-g�j"��v�m*b/wxg'v-�4�/�
b�g�}[v�e*b/v�g�m©b.g·m*^�_�zYeA_�j6_�gYhi_�w�c�b � z�y!eAb/m*b/_fj©¡A°-Ç'£P���!y!eA�
m|^Y_fe � w�eA_Y��v�j�w�g�_�hfv�guj�_i_Y��m|^Y_Í�/w�nÏ}[v-�/y�_�wxcÀm|^�_
jAy'z�_fe*c��/y[b�`l`�_�g[j�b/mA�lb�g  ]®t�sÒ¡6¹'£ � v���k�_«e�_���v�m�_f`�mAw
m|^Y_Éb � z�y[e*b~m|b/_�j n�^�b/h�^Ãv�e�_Ébdg�_�}�b/m|v�k!�/�Ãz�e�_�j6_�g�m�bdg
 ]³t's¨��¦g�w�m|^�_�ec6v�h�mAw�e�m|^Yv�mo�._�v�`[j®m�w��.w�n�_�eAbdg-��w�c m|^�_
jAy'z�_fe*c��/y[b�`r`{_fg'jAb/m��rb�j�m*^�_�z'e6_�j�_fg{hi_·wxc©m*^�_���v�mAm*b/h�_��
n�^�b/h�^�v-��j�w�`Y_fj�m|e�w��'j¯v�h�wxgYm|bdg�y�w�y[j�m|e�v�g�j"��v�m|b/w�g[v-��b�g��
}[v�eAb�v�gYh�_�� ��_�g�w-mA_�m|^�v�m¤��v�j®n�v�j9z�wxbdg�m�_f`�w�y�mb�g©¡6°�Ð[£"�
º�y�v�g{mAy � c��/y�h�mAy!v�m|b/w�g[jov-��jAw©�/_fv�`ËmAw�v�`�_ih�e�_fv�j�_¯b�gËm|^�_
jAy'z�_fe*c��/y[b�`�`{_fg'jAb/m��½�

��"�� 	 %�T %
) � %¤Us(�TAXYU %�W�% � %�S'W %�S[ZE%�V ��T 	 %��.(-U�%/PX � %�U
� &�X!\.WËW %¤S /�\~T �
´Ag�m*^�b�j�j�_�him*b#w�g�n�_�m|e���m�w�hiw�e|e�_���v�mA_Ëm|^�_�mA_ � z�_fe*v��

mAy[e�_�`Y_fz{_fg�`Y_�g�hi_�wxc m|^Y_�w�k[j�_fe�}�_f`Ëb�g��>z!��v�g�_�e6_�j|b/j�m|b�}{b�mA�
ρÀ,® ( � )

n�b~m|^�m*^�_�e6_�hi_�g�m"�.� � _�v�j6y!e6_�`�mA_ � z�_fe*v�m�y[e�_ð`{_f�
z�_fg'`�_�g�h�_�w�c m|^Y_�k�v�e�_ j�y�z{_fe�c��.y!b/`�`�_�g�j*b/m��«¡A°Y£��
�!w{eo� � � ¦�× ¼ m|^Y_�_��!z�e6_�j*jAb/w�g�c>w�e9m|^�_�k!v�e6_¯j6y'z�_�eA�c��.y[bd`¯`�_�g[j�b/mA��b�g�m*^�_�`'b/eAm��¯��b � b�m � ¢�Ç'¥®hfv�g�kY_�e�_in�e*b/m�mA_�g

b.gËm6_ie � j�w�c®mA^�_ b/g��>z��/v�g�_�h�w�g�`�y�himAb~}�b~m6�!� σ = X ù $ º τ ä·õ � > �n�^�_�eA_ X b�j�m|^Y_�h�^[v�eE�[_�w�c³v�gð_��/_ih�m|e�w�g$�

� (σ(
� 	 � � )

�
ρ(
� � �Y� )) = π² σρ

X ù
m|v�gY^ ρ° �

� � °xÑY¥

]
^�_�b/g'�4z���v�gY_�e6_�j*b/jAm*b/}�b/mA�
ρ À�® ∼ σ−

÷ b�g�hiy!z�eAv¤mA_�j�^�v�j
k�_i_�g�_���m�_fg'jAb/}�_-�.��j�mAy[`'b~_f` ¡"¢¤£"��v�g�`Íb~m|jËmA_ � zY_fe�v�mAy!e6_
v�g[` hiw�g�h�_fg{m|e*v�m|b/w�gÒ`�_�zY_fg�`Y_�g�hfb�_fj � y!j6m�e�_�c��._�himÊm|^�_
z�j�_iy[`Yw��[v-zÃz�e�w{z{_fe�m|b~_�juw�k[j�_�e6}�_�`Ãbdg w�m|^�_�e _i�!z�_�eAb��
� _�g�m|j¤����gY_�hfv�gpj*v��um|^�v�m

ρÀ�® ( � )
b�jÊ��b�gY_fv�e¬v�kYwx}�_

� ∗ −∼
�

ρ
v�g�`¬e�wxy{�Y^µ�/�¬��b�g�_�v�e�k�_�mAn�_�_�g¬� ���� v�gY`¬�

ρk�y[m¿n�b�m|^ v �.w�no_�e�j��.w�z�_Y��]
^�y[j b�g m|^Y_Éb/gYmA_�e6}[v-�
� ������ � ' � ρ

m|^�_�e6_�j*b�j6m*b/}�b/mA��h�v�g�kY_§v�zYz[e�wx�'b � v�m�_��/�
n�eAb/m�mA_�g�v�j

ρÀ³® ( � ) = � � + � ��n�^Y_fe�_ P v�g'` � v�e�_�c>y�g{hf�m|b/w�g[j�wxc�� � k[y�mgYw�m9wxc®m�_ � z�_�eAv�m�y[e6_Y��¼w�n�� j�y[k'j6m|b�mAy�m*b�g��
σ ∼ ρÀ³®−

÷
(
�

)
b�gYmAw©Å;º½� � °�Ñ�¥-��w�g�_

wxkYm|v�b�g�j

$ ´ ( � ) ∼ ρ
P � + �

m|v�g'^ ρ° �
� � °!¢�¥
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��y�e _fj>m*b � vPm6_�j;k�v�j�_i`�w�g�Å�º½� � °'¢�¥�v�e6_�j�^�w�n�g¯b/g���b����½¢��
��gY_�h�v�g�j�_�_�m|^Yv�m��¼b�g�h�w�g�m|e*v�j6m�m�w�m|^Y_«v-� � w�jAm���b�g�_�v�e
q�sot `{_fz�_�g'`�_fgYh�_w�c $ ´ ( � )

�xn�_o^[v�}�_9hiw�g�}�_��¯k�_�^'v�}[b~w{ef�
v-g�`�m|^Y_�j�y[z�_�e*c��.y'b�`�`�_�g[j�b/mA��k�_�h�w � _fj�¶P_fe�w�v¤m �

ρ
� ��_

j�m|e�_fj*j�m*^[v�mËm|^�_�hiy[e�}�v�mAy!e6_�wxc $ ´ ( � )
b�j�m*^�_�e�_�j6y!�/m�wxc

k'w�m*^�m*^�_�mA_ � z{_fe�v�mAy'e6_�`�_�z�_�g�`Y_fg�h�_�w�c ρ(
�

)
v�g�`

σ(
�

)c>w�e � ¦.×Ó¼ ' � ' � ρ
��)�w�e�_�b � z�w�e6m*v�g�m"�.�½��m|^�_�j"�/wxz�_owxc

m*^�_�h�y[e�}�_ $ ´ ( � )
v�m�

ρ
c>w�e�m*^�_�`'b�e�mA� � _�m|v-�
b�jj�y�k[j�m*v�g��

m*b�v-�4�/�·�._�jAjªm|^'v�g¬c>wxeªm|^�_©h-�._�v�glwxgY_Y�¼]
^�_�_���z�_�eAb � _�g�m
¡A°Y£;j*^�w�n�j;m*^�_�j*v � _9hiy!e6}[v�m�y[e�_�c>w�e $ ´ ( � )

k�yYm¼b�gY`[b/h�v�mA_�j
m*^[v�mlm|^Y_�k[v�e�_Íj6y'z�_�eAc��/y[b�`u`�_�g�j*b/m���`�b�j�v�z�z�_�v�e*jlv�m¸v
�/w�n�_fe mA_ � z�_fe*v�m�y[e�_��Â� ´ ' � ∗ �Ãt�b�g{hi_ m|^Y_ j"�.w�z�_C $ ´ ( � )M C �Âv�m¬�

ρ
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