
� �� ��� � �� � �	 
 �� 
� � 

 	 � � � � 
 � ��� �� � � � �� � 	

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

 	 
 


� � 
 �� 	 � � � � � � �� 
 � �

��� ����  !" # ��$� %&

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

0 - � �-1 2 ( )3 * � � )  �

45 687 59 :5; < =7> ?@ A AB





� � � � � � �� �

� ! � * � - ( � ! � * 3 * (  � - � * � *   * � $ .- � � )� * � � � � *- ( �  , -  - � * � )� * � * (  

 , - (  , * - � )  , � *  ) $ - 3 * � - � *

� � � � 	 
 � � � � �

	 * � !�
  * � � * � -  %� * �, - � * � )- �� - � !"  , * � ) � ! � � * � * �
 % � �- � � � ! � * .-  

, - ." � . .) ( �

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
U/W

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

 ∆
/W

Mott insulator

(gaped)

Anderson insulator

(gapless)

M
et

al

coexistence
regime

crossover
regime

line of vanishing
Hubbard subbands



� � � � �� � 	 �� � � � �

� 0 - .  * � 
 !" �  *   * � 
 
 - � 3 - � � 2 ( )3 * � � )  �� 2 � �

� � ) *  * � � ! . ., - � �  
 � % � � � %� � 2 ( )3 * � � )  � � � * � �- ( �

� � � � �� � �
 � � � 	 �


� '(  � ! � %$  ) ! (

� � !   
 
 % � �- � �- ( � � ( � * � � ! ( � *  - .
 ) ( � % .-  ! �  � - ( � )  ) ! ( � 
 � ' + �

� � ( � * � � ! (
 
 % � �- � �
 - � ) .  ! ( )- (

� � * � $ � ) �  ) ! ( !" � ( � * � � ! ( .! $ - .)� -  ) ! (

� 0 ) � * . � � ) �  � ) � %  * � � - ( � ! � � %- (  )  ) * �

� � � )  , � *  ) $ 3 � � � * ! � *  � ) $ � *- ( �

� � ! �
 ( ! � �- . � ) �  � ) � %  ) ! (

� � � ! � ) � $ -  ) ! (1 )  , ) ( � �� +  ! ) ( $ . % � * � ( � * � � ! ( .! $ - .)� -  ) ! (

� � / , - � * � )- �� - � - ( � � ' + � ) ( � *  - ) .�

� � � ! ( $ . %� ) ! ( �



� �� ��� � �� � �	 
 � � � �� � � � �

� � � � ��
	 ��


� � �
� � ��
 �� � 
 � � 
 �

�
	 � � 	 � �

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

1.0 1.2 1.4 1.6
U/W

0.00

0.01

0.02

0.03

0.04

0.05

T/
W

Uc1, NRG
Uc2, NRG
Uc1, QMC
Uc2, QMC

IPT

� �� + � $ * (- � ) !



� � 
 
 	 � � � � � � �
� �

��
� � 	 ��


� � �
� � � 
 ��� 
 � �

/ � ! �- � ) .)  � � ) �  � ) � %  ) ! ( " % ( $  ) ! (

� � � � � � �

� �

�
�

�

� � � � �
�

∆/2

−∆/2

ε i

R i



� � 
 
 	 � � � � � � � � � � � � �

� *  %� ( ) ( � �� ! �- � ) .)  � � ��� � � � � � �	� � � ��


� �� � � � � � �	� � � � � � " ! � *�  * ( � * � �  -  * �

� �� � � � � � �	� � � ��
 � " ! � .! $ - .)� * � �  -  * �

|Ψ|

R

e− R/ ξ



� � 
 
 	 � � � � � � � � � � � � �

� ( � * � � ! ( � / � 
 �� � 
 � � � 
 
� �� �
 �  �  � ! ( � � ) � ! � � * �  , * (-  %� * !"

* .* $  � ! ( ) $ �  -  * � -  - � )3 * ( * ( * � � � $ , - ( � * � " � ! � *�  * ( � * �  !

*� � ! ( * (  )- . . � .! $ - .)� * �

� $ $ % � % .-  ) ! ( !" � %- (  % � ) (  * � " * � * ( $ * $ ! � � * $  ) ! ( � - � * $  �  , *  � - ( � � ! �  

� $ $ ! � � ) ( �  ! ! ( *
 �- � - � *  * � � $ - .) ( �  , * ! � � �� � � ��� �� 
 ( ! ( ) (  * � - $  ) ( �� ���  * � �

� '" � ) � � � ! � �- . . �  -  * � - � * .! $ - .)� * �

� '" � ) �	 
  , * � * ) � - $ � )  ) $ - . � ) � ! � � * � - � ! 3 *1 , ) $ ,  , * �  -  * � - � *

.! $- .)� * �

� �� - , - � � *  - .� � / � � � � � �� � 
 
� � � �

E

N(E)

Extended

Localized

� 
�� �� � � � �� �� �



� � 
 
 	 � � � � � � � � � � � � �

0 , ) $ , � %- (  )  � $ , - � - $  * � )� * � � ( � * � � ! ( � ' +



� � * $ - � ) ( � !" 1 - 3 *" % ( $  ) ! ( ��� � ��� � � �� ��� �
	 � 	 � ��� 
�� � �

� � *  - . � � �

� ) ( � % .-  ! � � � �

� � '( 3 * � � * �- �  ) $ ) �-  ) ! ( � -  ) ! � � � �) ( 3 * � � * ( % � � * � !" � )  * �  , -  

$ ! (  � ) � %  *  ! � � ��� � ��

� � *  - . � � �� � ���

� ) ( � % .-  ! � � � �� �� � ��

� � � ! ( � %$  - ( $ * �

� � *  - . � 
 �

� ) ( � % .-  ! � � � �

� � � ! $ - . � * ( � )  � !" �  -  * � 
 � � � � �

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

+ ! �-  $ ,  , * � ( � * � � ! ( .! $- .)� -  ) ! (  , * ! � �1 )  , � �� + 
�  � ! ( �$ ! � � * .-  ) ! ( � �  , * � ! �  %� *" % . ) �  ! %� * � � � �



� � 
 
 	 � � � � � � � � � � � � �

0 , � � � � �



 * %� ) �  ) $ - � � % � * (  ��
� ��� � � � � � � � � � � � ��!

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


� * � � ) � ! . � * ( � % .*

�
� � 	 


� � ! � � ��� � �

E E

ρ ρj j
(E) (E)

metal insulator

E E
F F



� � 
 
 	 � � � � � � � � � � � � �

� � ��� � ) � � )� * � * (  -  � )� * � * (  � ��� �- ( � ! � � %- (  )  � �

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

0 0.1 0.2 0.3
ρ

i
(E=0)

0

2

4

6

8

10

12

14

p [
ρ i (E

=0
) ]

W = 18t
W =   3t

0 0.1 0.2 0.3
ρ

i 
(E=0)

0

1

P [
ρ i (E

=0
) ]

� �� �� � � � � � �	� � �� 
��  �� !#" $ " % " & '

( � � � 
 	 ) 
 � �� � �� �� � 
 � �� ���� * ��



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

� � � � � �
� �� �

�
�

�
�� �	 
�� 
 ���� � �

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

� � ) 
 � � �	 � �	 �� � � �� � � � � � �

� � � 
 � �� ��� �� � � �

� � � �� �  � � � �  � ��  � ! � � �
 � ��

� " � �  � � � � �  � �� � � �# � � � $&% � ' ( � � �

xt

<x>

σ

x

f(x)

xm



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

� � �� � � �  �	 
 � �� � �� �� � � � �� � �� � � � � 
� �� �� ) 
�


 � �� � �� �� � � � � � � �� � � �� �� � �� � � �� � 
 � ) �� � � �� � 	 )

 �� )  �  � � � �

�� " �	 � � � & �� % �	� � � � � 	 � �� � � & �� %


 � � � � �� � 	 � �� � � �  �	�

� � � � �

� � 	 � 	
� � ��
 � � �� � � � �

� 
 
	 � � �� � �� ��

� �� � � 
 � ) � � � � � 
 � ) � � � � � � 	 � � � � 
 � 	 )  � � � � � � � � � � � � � �

� � �� �  ) � � � � � � 	 � � ) � � � � 	 � � ) � �� � 	 � � ) � � � ��



� � 
 
 	 � � � � � � � � � � � � �

� � �� � � 
 � � � � � 	 � � �	 �� �� � � � � ) 
 � � �	 �� � � � �

� 
 
� �� �  �� � 
 � ) �� �  � � � � � �	  � ��

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

0

0.03

0.06

0.09

0.12 W = 3t W = 6t W = 9t

-10 -5 0 5 10
E/t

0

0.03

0.06

0.09

0.12 W = 12t

-10 -5 0 5 10
E/t

W = 16t

-10 -5 0 5 10
E/t

W = 18tρ av
ρ ty

,

0 10 20 30
W/t

0

0.2

0.4

0.6

0.8

1

R(
E=

0)

M =  256  
M = 1024
M = 4096
M =16384

0 1 2 3 4 5 6
W/t

0

0.2

0.4

0.6

0.8

1

R(
E=

0)



� � 
 
 	 � � � �� � � �� � ��	


 �
� 
 �� � �� �� ��� � � � � ��

� ���� � �! " # $&%(' ) *+ ,(- �. #

$/ 021 3+4 / ' ) *+ ,(- � #

5
67 �

� 6 �! "/ 0

8 � 6 �! " # 9 # : � ���� � �! " # 9

; 
 < �� <= >!?@ < ACB <� D EF D G!H

� �! " # I � 6 �! "JCK 9



� � � � �� �� � � �� � 	� � �� � 	

�
 � <� � � < � 
 � � = H � �� � �� �
 � � <
 � � < � � �@ ��� � � � � 
 �� @

� < � �@ �� ��� � >� � �� G

��� �� #
! �" 6 # $ "&%(' 6 ! % 6 !) *+ 6 ,+ 6 -

)
. !

/ . % ' 6 !10 . ! ) 2 0 )
. !

" .0 ' . ! 0 . !

3 �&4 5 " 6 "&6 � 6 �&4 " # # 7
89: ; �&4 5 " < "

� � �&4 " # $&% ' ) *+ ,>= ? . @ 3 �&4 " # A 4CB � � �&4 "

4 # 4DB

3FE G �&4 " # 4 # H �&4 " # I �&4 "



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

� � �� �	
	 
 �&" " # �

8� � 
 # " 
 @ H �&4 " # � 

� 3 �&4 "

� # 9 �+ # 7 � # �� # 7

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
U/W

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

 ∆
/W

Mott insulator

(gaped)

Anderson insulator

(gapless)

M
et

al

coexistence
regime

crossover
regime

line of vanishing
Hubbard subbands



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

� �� � � � � � � �� �	

0 1 2 3
U/W

0

0.5

1

1.5

A
(0

)

∆=1

∆=0.5
∆=2.5

� ? �� < � < � � � � <

� � �� � <�� � � � � � G � * " � � � 
 � * "

�



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

� � �� �	

0

1

-2 -1 0 1 2
0

1

U/W=1.25

-2 -1 0 1 2
0

1

U/W=1.75

-2 -1 0 1 2
0

1

-2 -1 0 1 2
0

1

-2 -1 0 1 2
0

1

-2 -1 0 1 2
0

1

-2 -1 0 1 2
ω

0

1

-2 -1 0 1 2
ω

0

1

∆=0

∆=1

∆=2

∆=2.5

∆=0

∆=1

∆=2

∆=3

�
� < �� � ��� � � �� �B � 
 � � < � �� � �� <� A 
 �



� � � � � 	� � � � � � 	� �� � � � � � �� � � � � � � �� �	
0 0.5 1 1.5 2 2.5 3 3.5 4

∆/W
0

0.5

1

1.5

2

2.5

3
A

(0
) −3 −2 −1 0 1 2 3

ω

A(ω) at U/W=3

0 1 2 3 4 5

∆/W

0

1

N
e
xt

e
n
d
e
d

∆=1
1.5

2
2.5 U=3

U=5

U=0.75

1.25

1.75

� � � 9 "�� � � � � * " # � � * "���

� � � 
 � # 7 �� � � 7

� ; � � � 	 � � �
 �



� � � � � � 	� � � 		

� � < � = < ��� � � � = < �B � � � < � � � � �� � �
 B � <�� � B

	 � ; � B � � � � < � � � < � < � < � �� � B � �� � <= � � � 
� B

� 	 ? ;

� � � = � � < � < � 
 �� < �� � A � � =

� � �� � <� <� � � �B � �� �� � � 
 <� � B 	 � � ��� � � � � �� � 	 � ;

� � �B = �B � � � B � � � < 
 �
 � � � � 
 � � � * " � �
 B � <�� �B

	 � ;
� ;� �� B � � � � � ��� � �B B < � � < � � �� �� � �� � � � � �


