
� � � �� �� � � � � � �	 
 � 	 � � ��

� � � � �� �� �� � �

�� ��� �� �� � � � �� � � � �! " # �$ %& " � %' () � *+� � � � �-, �� . " $ � � % * ' ( ) � �  � � � % �� *

�' � � �/ ' $ � %�' � 0 � % �1

� $ � �� "� � ' 2 � � � �' % %' � � � � � � .�' 3' � 4'

3 $ � "� % " �-5 � �  �$ *76 8 �6 9: 9



� �� � �� �

� �� 	 
�� �� �� � 	 � ��

� �� 
 �� � � �� � � � �� �� �� � 	 � �� � 	 
 �� �� � 
 	 �� ��

� �� 
 �� � � �� � � ��  � 	 � �  �� � � � � � 	 ��

� ! � �� �" �� � � 	 
  � � � � �� � � � 
 	" � � � � ��

�� � �� � � � � � � 	 �� � � � � �� � � �� 
��  �� � 	 
� 
 	 �� �

� # �� �� �� 	 �� �



� �� � �� � � � � � � � ��

� " %  � � ' �� � � " $ � 4 �� ' ( ( " $ & �' � � 0 � % � % 0' � #!� � � ' & #' � " � %� �
	 � �� ���

3 � " � *+� % " & � � � � �  % " � ( % � " "� "� %� . " $ � � � � � � ' ( % � " � � % " $ � � %' & � � #' % " � %� �� � �

&  � � � & �� � " $ % � � � % � " � . " $ � 4 " � � % " $ # �$ %� � � " � " # �$ � %�' � � � ��� � ��� � � � & "� *

� � � � � :  �: �

0 � " $ " � � � � � � ! � � % � " %' % �� �  & / " $ � " � � � % * ' ( % � " � " $ & � 4 �� �

3 � "  �� % �$ � % * $ " 4 � & " ' ( % �� � � � �  % " � " $ & � 4 � � � � % � " � � %  � %�' � � � 0 �� � � % � "

� � 0 � . " � � � % % " $ � � 4 � " � 4 % � " ' ( % � " � � % " $ � � %' & � � #' % " � %� �� 4 $ " � %� * "# � " " � � % � "

� . " $ � 4 " � � % " $ # �$ %� � � " � " # �$ � %�' � � � ��� � ��� � % � �

� $ " $� % : & �6 �

� � ( " 0 0' $ � � � % � "  �� % �$ � % * $ " 4 � & " ' ( � � � �  % " � " $ & � 4 � � � � � � �$ �� % " $ �' " � / *

� � � � � � �� � $ " $ & ��( �



3 � " & � � *� / ' � *�� � & � � %' �� � � ' ( � % 0' � � ' & #' � " � % � " $ & � � *+� % " & � � 4 � . " � / *

�� �
� �

�� �
��
	 �

6 � � � �� � � �
� �

� � �
�

�
��	 �

6 � � � �� � ���
�

�
� � �

� �� ���  � �  ��� �

0 � " $ " � �� � � � % � " "# % " $ � �� � ' �� �� � 4 #' % " � %� �� � � � � �� � � � % � " � � % " $ � � %' & � �

#' % " � %� �� � � " $ " 0 " � ' �� � � " $ � � � � ! �

3 � " � � % " $ � � %' & � � #' % " � %� �� ' ( � � � �  % " � " $ & � 4 � � � � � / " & ' � "� � " � / * � �

� % %$ � � %� . " � �  �$ " 0 "� � #' % " � %� �� 1
� � � � � � � � � � � �

9 � � � � �! �

" * . �$ *7� � 4 % � " � " # % � � � ' ( % � " #' % " � %� �� ' � " � � � � � � � 4 " % � " . ��  " ' ( % � "

� � 0 � . " � � � % % " $ � � 4 � " � 4 % � " � 0 �� � � (' $ % �� � #' % " � %� �� � � 4 � . " � / *

" � � � : � # " � � � �$ � � � %'& �

� �$ � � � % &

& � 8 �

�' $ � �$ � � � % & �( %6 % � " #' % " � %� �� �' "� �' % �  # #' $ % / '  � � � % � % " � � � " � 9 �

�' $ � �$ � � � % & �( %6 � # # " �$ � � / '  � � � % � % " ' ( / � � � � � 4 " � " $ 4 **) + � � � " � 9 �

2 % � �$ � � � %'& � ( %6 ' � " � � � ) + � 9 � � � " � ,- �



�' $ � � � �  % " 4 �� % � "  �� % �$ � % * � � & � % � ' $ $ "� #' � � � %'

" � , - & ��� �

, � � " $ % �� � � ' � � � %�' � % � " � " $ & � 4 �� � � � �� � " �  �� % �$ * � " $ & � 4 �� �

3 � " � $ ' � � ' . " $ ($ ' & � " � � �  # " $ � � � � " � 9 � %' � " � � ' ( & ' � "� � �$ # �� $ �

� " � 9 � � � � / " " � � � . "� %� 4 � % " � " # # " $ � & " � % �� � *�� � � � � � % � � � / " " � � �' 0 � % � � %

% � "  �� % �$ * � " $ & � 4 � � � $ " $ � - � " # � � %� � � � � � �& " % � �� % �/ � " �

3 � " � " % "� %�' � ' ( �  � � %� ' " � .' $ %� � "�  � � " $ $ ' % � %�' ��� � � � � � �$ � � " � % � � % % � "

 �� % �$ * � " $ & � 4 �� � � �  # " $ � � � �

3 � " ' �� * � " � 4 % � � � �$ �� % " $ �' � � 4 % � "  �� (' $ &  �� % �$ * � " $ & � 4 � � � � #!$ �� %� � �� � *

% � " � . " $ � 4 " � � � % � � � " / " % 0 " " � # �$ %� � � "� � � � � � �� � � � % �� � � �� " % � " " � " $ 4 * # " $

# �$ %� � � " & � % / "
� � � 	 
 � � 
 ( 

& 	
6 � ��(( 	 �	 ��� � 	 ��� � 
 (
 ) �  �� �

0 � % � ) � � " $ & � " � " $ 4 * ' ( % � " � � " �� 4 �� � � � 
 �  �� . " $ � ��  �� �' 0 � # �$ � & " % " $

�� ' � % " � �$ �' � �� � � � %�' � � �  4 4 "� % 
 � 9 &� ���

� �� � � ��� � �� � �� ��� � !" #$ ! #% &' �	 � ( ) *	 � �	 +�

, � � - � ./ " # �0 #" $ �� �� � �  !" #$ ! # 12 2 �3 )	 *	 � �4 +5 � � - � ./ " # �0 #" $ �� ��� �6 �78 � # *:9 ; $ < ; $ += =% �> 3 *	 � �4 +



�� � � � � � � � � � �� � � � � � � � � �� � � � � � � � �� � � ��

3 � " 3 �' & � � � � " $ & � � 3 � � " � " $ 4 * (  � � %�' � �� � ' ( % � "  �� % �$ * � " $ & � 4 � � %$ � # # " �

/ * � � " # % " $ � �� #' % " � %� �� � �� � � �

	 � � �  � �� � 
 

(

 
& 	

6 � ��(( 	 �	 �� � �� �	 �� � � �� � �
& �� �

0 � % � � �� � % � " �' � �� � " � � � % * � 3 � " %' % �� �  & / " $ ' ( ( " $ & �' � � � �

� � � �  � �� � & �: 9 �

" * & � �� & �' � � 4 	 � � ' � " � � � �


 &
	

6 � ��(( 	 �	 ��� � �� �	 ��� � � �� � � ��  �: : �

0 � % � �� � � " & � � �� #' % " � %� �� ' ( % � " �' ��  �� (' $ & � *+� % " & � � � % �� � 0 � *

� �� � � �6 � � � �	

(( 	 � 
 & 	 � � �	 � �� � � �� � � � �	 & �: 6 �

� � � " ; � � " $ " � 9 �� � � " 7 � #� �� " " � � $ <  �  7 � " $ � �� " �� #� � � ; <� � � � �� ' � � �	 �> *	 � �� +�



3 � " 3 � (  � � %�' � �� &  � % / " "# % " � � " � %' �  $ " % � " # � % �' �' 4 � � �� 3 � / " � � .�' $

� % % � " �  $ ( �� " �

� " � � � %' % � " " � " $ 4 * # " $ # �$ %� � � " % � " % " $ &

� & 	
� �

��� � �	
� 	 � � & 	
6 �

��� $ � �	
� & �: ( �

� � � %' $ � � �� � * � % �� � % " $ & 0 �� � � %$ ' �  � " � / * .' � � "�' ��� �� � " $ � %' %$ " � % �  $ ( � � "

"� "� %� � � � � � "� � � " $ " 0 " � ' � � � � " $ � �� � # � " �' & " �' �' 4 � � �� # �$ � & " % " $ �� �

� '  � %� � 4 (' $ % � " � � � $ " �� " ' ( � � � " %� � " � " $ 4 * �  " % � " � # � %� �� . �$ � � %�' � ' ( % � "

� " �� � % * �

3 � " $ " �$ " �� � ' & � %� � ' $ / � % �� � " � � � % * (  �� %�' � �� � (' $  �� % �$ * � " $ & � 4 � � 1

� % � "� ' � �� � � � & � " �� � % * (  � � %�' � �� ' () � # " �/ $ ' � � �

) � * � � � " . � 2 �	 � 9 � : 8 9 ( �6 9 9  � 	� % � " "' 4' � � / ' .� � "
 " � � "� �  # " $ � � � �' � �� � � " � � � % * � # #!$ ' # � & � %�' � � � � 2 �

' ( " � 4 � � �) � * � � � " . � 2 � � � 9 � 9  96 � � � �6 9 9 � � �

� �� � � ; $ - #"� ��� � ! � # � � .� � � � �� &� �3 � � * � ) � > +�



3 � " � " 0 " � " $ 4 * (  �� %�' � �� � % � � % � � % � " " # % " � � " � 3 �' & � � � � " $ & � � � 3 � � (  � � �

%�' � �� ' ( % � "  �� % �$ * � " $ & � 4 � � � $ " � � �

	 � � �  � �� � 

� & 	

� �
��� � �� � �	

� �� �	 � 
 ( 
& 	

6 � ��(( 	 �	 ��� � �� �	 ��� � � �� � �
& �: � �

" * & � �� & �' � � 4 % � " � 3 � " � " $ 4 * (  � � %�' � �� ' � " 4 " %� 1



� � & 	

6 � �
	 � 
 &

	
6 � ��(( 	 �	 �� � �� �	 ��� � � �� � �

� �� � � �� � �� � & �:  �

3 �� � � � � � ' $ % ' ( � % � %�' � �$ * (  �' �� � � " �$ � � � $� ' � � � 4 " $ " �  � %�' � �� � � � ���

3' � " % " $ & � � " 
 � � � � 0 " �' ' � (' $ % � " . ��  "� ' ( % � " % 0' # �$ � & " % " $ � 0 �� � �

� " � � %' % � " / "� % � %' ( % � " 4 $ '  � �� � % � % " " � " $ 4 � "� ' / % �� � " � 0 � % � % � " � # " �� �' � "

� � � � �' � � ' � % " � �$ �' � ��  � � � & " % �' � � � � � � �$ & ' �� � %$ � # � �� � � �� 	 �	 %6 �

2 ( % " $ � � *+� % " & � %� � � � �� *+� � � � � � � � � � � � � 3' � 4' �) � * � � � " . � 2 � � � 9  ( 86 8

�6 9 9 � �� 0 " � � �


 � 9 &�   � � � � � 9 &: (

�� % � " / "� % � % %� � 4 # �$ � & " % " $ � � � % � "  �� % �$ * $ " 4 � & " � � " " % � " � "# % � 4  $ " �

� � � ; $  7 # ! � # � � �� �� � � # #$ # � $ < � � �0 8 � # �� � � �� � #� � � 	 	 �3 � 4 � ) *	 � �� +



18 20 22 24 26
32

40

48

56

64

4 6 8 10 12 14 16 18 20 22 24 26 28 30
N

0

20

40

60

80

E

FNDMC 
ε-expansion
TF (LDA)
ETF 


 $ '  � �� � % � % " " � " $ 4 * 	 (' $ % � "  �� % �$ * � " $ & � 4 � � ' ( � � %' & �  � � " $ � �$ & ' �� �

� ' �� � " & " � % ' ( ($ " �  " � � * � � � � " $ 4 * � �  �� %� ' ( & � � � 2 � � # % " � ($ ' & � � � � �� �

� � 3 �� 4 � � 	 
 �� � � �� � � � � ���  ( �� � �� � � � ��



� � � � � � � �� � �� � � � � � 
 � � � � � � �� � �� 
 �� � � � �� �� � � � � � � � � � � � � �	� ��
 � � �� � ��

� �� � � � �� �� � � � � � �� � � � ��� �� � � � � � �� � � � � � � � � �� � �� � � 
 � � � � � � � � �� � � � � � � � � � �

� � � �
� � � ��� �� � � � � � � � ��� �� � � � � � � � � � � � � � � � 
 � � � � � �
 ��� � � �� � � � � �� � 
 � �� � � � � �

� � � 
 � � � 
 � � � � � � � � � � � �� � � � � � � 
 � � �� � � � � � � � � � � � ��� � � � 
 � � �� � � �

� � � � � � ��� 
 � � � � � �� � � � �
� ��� ��� �

�
�� � �! � " # � " $ � ��% � � � �

& � � � � � � � � � � � � �� �� � � � � � 
 � 
 � � � � � � �� � � � � � � � � �� �' � � � �)( � � � 
 
 � �

� � � * � � � � � � � � �� � � �� �� �� �� � � �� � � � � � � � �� � � � 
 � � �� � � � � � � �+ � �� � � � �� � � �

� � � � � �� ' �� � �� , �� � � � 
� � � �� � � 
 � � �� � �� � �� � � � �  �� � � � � � �� � � � � � � �

- ./ 01 23 4 56 / 7 89 :; 4<= 4> 5? /@ / A > 4 49 4 5B = CD / E 4 7/ F 4; ; / G G 5 � H H � IJ K � I IL +M 6 / 7 89: ; 4< = 4> 5? /@ / A > 4 49 4N 9 O ./ 01 23 4 5B = C D / E 4 7/ P Q Q IR HS J T K � I IU + M ./ 01 23 4 5 29 V 2WYX1Z D= 4 O/
, P/ 0 21 [N < 5B = CD / E 4 7/ P Q \ 5 IR I] I � K E + K � I IL +/



0 1 2 3
0

0.5

1

1.5

n(
r)

ETF
SLDA
FNDMC

0 1 2 3
0

0.5

1

1.5

0 1 2 3
r

0

0.5

1

1.5

n(
r)

0 1 2 3
r

0

0.5

1

1.5

N = 4 N = 8

N = 14 N = 20

� �� � � � � � � � � � � �� � � � � � � � � � 	 � �� � 	 �+ � � � � � � 	  � � 
 � � �� � � � � � �� � � �

� � 	+ � �� � �� �  	 � � � �� � � �  � � � � 	 � � 	 � � �� � � � � � � � 	 � �� � � �� 	 � � � � � � �� ��

' �� � �� �� �� � � � � � � � � � � � � �� � � � � � � � * � �� � �� � �� � � � � � � � � � � � � �� � � 	

� � � � � � � � � � �� � � �� � � � �� � � 	 � � 	 � � � � � � 	 � � 	 � � � �� �� � ��� � � � � � � � � � �

�� � �� � �  



1.5 1.75 2 2.25 2.5 2.75 3
r

0

0.1

0.2

0.3

0.4

0.5

n(
r)

ETF
SLDA
TF
FNDMC

� 	 	 � 	 � �� �� �� � � � � � 	+ �� � �� � 	 � � � � �  � � � � 	 � � �� � � � �� � � � �� � 	 � � �� �� �

� � � � 	 � �� � � �� 	 � � � � � �� � �� ' �� � �� �� �� � � �� � �� �� � � � � � � � � * � �� � �� �� � � �

� � � � � �� � � � �� � � 	 � � � � � � � � � � �� � � �� � � � �� � � 	 � � 	 � � � � � � 	 � � 	 � � ��� �

� � � � � � � � � � � � � � �� � �� � �  



�� �� � � � � �� � � 	
 � � � �  � 	 � �  � �� � � �

� � � � � � 	 � � � �� ��� � � �� � � � � � 	 � �� ��� � � �� � � �� �� 	 � � �� � � � �� � �� 	� � ��

�� �� �� � � �� � � � �� � �� �� � � � ��

� � � � � 	 �� � �� � � �� �� � ��  	! "� �� � � � � 	   � � �� #� � � � �� � �� 	� � � � � �� �� � 	 � � �

� � � � � � $� �� � �� � $� � $ � � �� � 
� � �� 	 � � 	� � % �� � �� � ( � � � 	 � � �� 	 � �  � � � � � #� � �� �

� � �� 	 � � � �� � ��&

'(
') "* + ,(- .�� / 0 , � � .

� '
')- "* �21 3 � �
4 �

* � 5 (
5 ( " 6 ,( 7 8 . ":9 ,<; . "= 4?>

@  BA / 0 ,<C � .

! �� �� 6 ,( 7 8 . A 8D E � � � �� $�  F � �� � � � �  � 	 �� � �� �  � ! � � � D E A � @ ,HGI @( .J J H � , 4= .

� �� �� �� � � �� � � ��

� �� � ��� � �� � �� �  � � �� % �� � � � 	 � 	� � �� � 
� � �� 	 � � 	� �� �� �� � � � � � � � 	 � � � �� � ��

	� �� �� � 	 �� ,� ! �� �� 3 A /�

- K 2N 9 ; 23 = C O > 8 O C9 N 3 Z < D 8L 41 4< ; > 89 DM N/ @ /O N > < = N 9 OO / B /P 8 D Z 5B > 8 < / E/ : 8 < / P Q QR 5H L H KJ TL @ +MS /T N > 43 W N N 9 O@ / ? / P D 8 5B E 0U G 5 U J R L KJ T TR +/

, :/ AZ 8 > [Z 9 Z 5 F/ B / B Z ; N 4 7DV Z Z 5N 9 O :/ :; >Z 9 [N >Z 5 E 4 7/ O 8 7/ B = C D / WR 5 J @J ] K @ I IU +/



� �� � % �� � �� � � � �� 	 � � � �� � �� � 
� � �� 	 � � � � � $� ! � � � �� � � � �� �� � 	� � ��� � "

�� �� � �� � �� � �� � ! �� � � � � � �  �  � � "� � # �� � � � �� �

� � � � � � � $ � � � �� 	 �� �� � � � �� � 	� �  � % ! � #� �� � � �� 	 �

� ,<; 0) . A ( ,<; 0) . ���� K
	 �� + 0 ,<C � .

! � � � � � � � 	�� �  � � � � � 	 � �� � 	 � �  �� � $� � � 	� �� �� �� � � � � � 	� � � � � � � � F � � �

� � � 	 � � � 	� � � � �� � 	� �� � � � � ��� " #�  	 �� � � ��  � �� 	 � � �� �

- ,<; 0) . A �
4= * � ,<; 0) . 0 , 4 / .

! �� �� � ,<; 0) . � � � �� � � � �� 	� � �� � 	 � �� � � � �� ! � #� �� � � �� 	 � 	� � 	 	 �� � � � � � � �

� �� � 
� � �� 	 �

� � '
') � A �1 � @
�= * @ " 49 ,<; . " 4 6 , � � � @ 7 8 . " ,<C 1 � 3 . � @
�=

* @ � � �
� � �  � 0 , 4 C .

� � � �� � � �  �� 
� � # �  � � � � 	 � �� � 
� � �� 	 �� 	� � % �� � �� � � � � � 	 � � � �� � ���

� �/ A 2 4> >N N 9 OO / B 2 D ; 4> 1 N 5 F 4; ; / N 2 8 7 8 ? Z 3 / QU 5 H ] J KJ TU @ + M @ /X ./ . 8 4W 9 4> N 9 O A/ P/A 81 OZ 9 5B = C D / E 4 7/ P �U 5 HL S R KJ T TS +/



� � � � � � � � � � � �  � � � � � � �� � � � � � � � � � �

� � 	� � �� � 
� � �� 	 � � 	� �� �� �� � � � � � � � 	 � � � �� � �� 	 �� + � � � � �� � � � �� � � � 	 �

��  � �� 	 � 	�  	! "� �� � � � � 	   � � �� #� � 	 �� � 	� � �� � � � � 	�� ,9 ,<; . A / .� � � � �� �

�� �� � � � � � � � �� � 	��

� A �J � 0 , 4 4 .

! �� �� � � � � �� � 	   � � �� #� � �� 
� � � � � � � � � � �� ! � #� �� � $� � � � �

�J A 8
G > E , 4 G .

� � � �� + � � � � 	� � � #�  	 �� � � � ! � � � > E A @ � �
� � � � �� �� �� � #�  	 �� � � 	� � � 	 �� � "

�� � � � �� � � �� �� � � � ��

� �� � 
� � �� 	 � � 	� � % �� � �� � �� �� �� � � � � � � � 	 � � � �� � �� , 	� � �� �� �� �� � � � � � �� .

� � #� �� � �� � � � �� � 	 � � 	 � � � � �� 	� #� � � 
 � /� G � 4 � , 4 / / � .  �  � 	 � � 	� �� � �� � �

�� �� � �� � �

� A �J � C " G 3
8 , � �
4= > E . @ 0 , 4 � .

! � � � � �� �� � � � 	 � � �� � � �� 	 3 � 8�



� � � �� � � �� 	� � ��� 	 � � � � 	 �+ �� � � � �

9 ,<; . A C
4= � @ � @ , 4 � .

! � � �� � � �� � � � � � �   � � �� � 	   � � �� #� � 	 �� � 	� � �� � � � � �� � �� �� � � �� $ � � � "

��� � � � � � � �� �� � $� � � 	� � � 	� ��

' � � 	  #� � � � �� �� �� �� � � � � � �� ! � + � � � � � � � �� � �� 
� � � � � � I 	� � �� � 	 � 	 � 	  �

� 	 �� ,�� A / . � � � � �� � �� 
� � � � � � J � � � 	  � � 	 �� ,�� A C . � 	 � 	 � �� �� � � 	 �

�&

� I A 4 � � � � � J A � 0 , 4 � .

�� ��� � � � �� � $ � �� � � � �� � � � 	� � �� � 	� � �� � � � � � � 
� � � � � / � , 4 / / � .  �

& � + � � � � � �� � � � � � � � �� � �� 
� � � � � � @ 	� � �� 
� � ��� � 	  � ,�� A 4 . � 	 ��

�� �� � � � 	 � � � � � 	 � � �� � � 	 � �� 	� � �� ��� � � �� � � � 	� � ��� � � 3�



20 40 60 80 100
N

1.4

1.42

1.44

1.46

1.48

1.5

Ω
2/ω

λ = 0.25

λ = 0.13

λ = 0

�� � � �� � 	  � � �� 
� � � � � � @ 	� � �� � � � � �� � �� �� � � � � , 8 A /% � � � . ! � � � � � � 	� �

� � �� � � ��� 	 �� � � 	 �+ �� � � � � 	� � �� 
� � � � � �� � ��� � � �� � �� � � # �  � � � 	� � ��

��� � � �� � � � 	� � ��� � � 3� � 	� 3 A / , � �  �� � � .& � @ A 5 4 �� �� � �� � �� � � ��  	 � � 	

� � � �� � 	 � � 	 � � � �� � � � ���� � � � �� � � � � , 4 / C / .�  



� � 	� � �  � �� � � � � 	 � � � �� � � � � � 	  � � � � � � � � � � �

& � � 	 ��  � �� � � � � " $ 	 � � 
� � � �� � � �� �  � 	 � � � � �� 	� � �� � � � � 	�� � � � � �� �

�� �� � � � � ! � � � � �� � �� �  � � � � � �� #� � �� �  � 	 �� � �

�� � � � A � I "
�

D �	
 , � . � �� �
� � � "

�
D � � ,� . �� � �
�� � 0 , 4 � .

! �� ��

� I A G
� 8 � D E , 4 � .

� � � �� � � 	� � � "� � � �� � �� � � � �

D �	
 , � . A � @J � @ " 3
�= @ �R � �J � " 3
�= @ �J � H , 4 � .

� � � �� � �� � � � 	� � �� $ 	 � 	 �� � � 	   � � �� #� � % �� � � �� 	 � � � � � �

D � � ,� . A , �
@

4= 1 � D E . @ " � @ I � � I " C
4= I ,� 1 � I . @ ,HG / .

� � � �� � �� � � � 	� � �� �� �� � 	 � � � � � � �  � " � �� �� �  � � % �� � � �� 	 �� � ! � � �

= I A �� �@ � � � � � � � I A 5 4= 6 A � J J @ � E�



� �� ��  � � 	  �� � �� � � �� � � ��� 	� � � �� �� 	 � � � �� � � � � � �� � ! � � � � �� �  � 	 �� � ��� � � � � � � � #� � $ �

� A 1 � ���  � �� � � ���
	� 
 � � J� ���  � � ,HG C .

� �� �� �� �� � ��� � � � �� � � � ��� � � � � � � � # �  � � � � ! � � � �

� A � � � �	 
  � � � ,HG 4 .

! � �� �

� �
� A G
� 8( D E ,HG G .

� � �� � � � � � � � �� � � �� �� � � � �� � � " � �� � � !

� �	

� A 1 I @
� /

, � � � .#"
,�$ � % .'&  3I "
( � �

, � � � .*)

,�$ � % .+& ,= � @ % . @ ,HG � .

� �, � � � - � � � � � - . � �� , � � $ � � � �� � � �   � �, � # � � % ��, � , � � � � ! � � �

� � �
� A 1 � � �

� � @ � ,= � � � � . % J @

, 4I ./& J @ $ & �0� � � J� �1� ,HG � .

� �, � � � - � � � � � - . � �� � � -� � � � � � �� � .  � " � � -, � �  � � % ��, � , � � � ��



� � � � � �  � �� � � !, � � , �, �  � �  � � �  , � � - � � � � � - . �� �� , � �  �! ", �� � � -� , � - �� �� "

, � - � � � -� � . � � � � � $ � , � � � ! -�, , � � � �

� A � D E � �
� E 0 ,HG � .

! � � - � � � �, � �, �, � � � �� � � - �� � , � � � � �, � � � � �, � - � . � � � � � � �
	 � � � � � � � �, � � �

�� , � � � � � � � � , ��  � -� , � - � 	 A � �� E !�� �, � � ��� � � � � � ! . � � � � � �

� �
	 �� �
��

� � " � �

�� � & � � 	 "  ! � ) � � �

�" # � $ � � 	 ) � � �% �
% & % � � ' % � � 	 & � � (*) + �-, . � � ( �

� � � - � '� / � � � �10 � - � � , � �2 � �� � � �, � � - � � � � � - . �43 � � � � � � � �� � � � �, � � � � � �

, � � , � � -� � � � � � � � � � � � �, � � � �0 � � - � � �, � � � � !, � � � � �� � � � �  �, � �, � � �

5� 6
7 3

7 � 8 9 :<; . � � � �

, � � � �, - �  �

=� �
6

7 3
7 > 8 ? : ; . � �" �

, � � � �, � - � � � � � � - . �

@ � 3  > = � � A � �



0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
0

0.4

0.8

1.2

E
/(

N
ε F)

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

T/T
F

0.2

0.4

0.6

0.8

µ/
ε F

� �, � - � � � � � � - . � @ � � � � � �� � � � �  �, � �, � � � 5 �� , � � � � �, � - � � � -� � . � � � � �

� � � �, � � � �� , � � � � � � � � , ��  � -� , � - � > 0 � �� � � � � � � � �, � � � - � � - � � � �, � �� � 0

� � � . � � !�� 0 	 0 
 - �, � � � �0 � � . � � - �� � ! � � � � !�� % � A � � �% � � ( �0 
 � � � � � �� � � ��

!� � 0 � � �� � �� � � �� !� � �% �0 � �0 �0 � � � �0 � � � . � !  - � �� � � � � - � - � � � �, �0 �



�� � �� �� �� ��

� 	 � � � � � � �, - � � � � � � � � �
 , � � � � � � � � � � ��� � � -� � � 	 � � � � � � �, � � � � �� � -, � �

, -�   � � � � �, � - � � � -� � . � �0

� 	 � � � � � �, � � � � � � � � � � � , � �, � � � . - � � � � � �, � , � � � � ��, �  - � � � � � � � � . � � � -� �

�
 , � - � � �  �, � �, � � �  ��� �0

� 	 
 , � � � � � � �  � -� � � � � � � - � � � � � � � � � � � � � � �   �� � �, � � � � � �, � . � , � � � � � � �, � � �

� � � � � �� , � � � ��, � - � . � � � � � . � � � -� � �
 , � - � � �  �, � �, � � �  ��� �0

� � �� �, ��  � -� , � - � , � � -� � � � � � � � � � � � � � � � �, � � � � � � � � �� � . , � � � � - � �

, ��  � -� , � - � � � �� � �, � - � �
 ��, � , � � � �0


