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[Osterloh et al, Nature 2002] 
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[Zurek, Dorner, Zoller, PRL 2005; Dziarmaga, PRL 2005...] 
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[Deng, Ortiz, Viola, in progress]

[Polkovnikov, PRB 2005; cmat/0706.0212]

�O(t) = O(            )  � O(              )

� �

t

� � �

Q

� � d

	

x z


 � z 	 1 F
t � tc�

t


 ��� �

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

*( � '( � � '�� � �� ) *� � � # �( � F� � � *� � # ( � x 

� � %�� � �� ) ( � O + �# ' � � � �� ' �( � +� � � # & � � ( � #� ( � %� # & +,.- / - 021 3
4 �� # 5( � )� % %� � ' $ '# � � ' + � * *� � # ( *� � �� "� # ��� �# $ � "� � � 6 �� )� # �� �# ��� � �# $ �� � '# � � � "�

� � � ( � � # � � *( � " $� %�� # � � "� # �� � � � )� ��� #87 7 7

�

H(t) = H(            )  � H(              )

� �

t

� 9 �

Q

: ; 1 <

z

= ; z < 1 f
t � tc�

t

> 3 ?A@ ,BC ,D ,E F F GIH ,KJ ,L M NL , 0 D FO F ,P D G E / O 0 G O Q O F GIR B ,C FP C Q O F G ME F S , MC T OC MP E 0 D E O B D S M F , G / ,E D FO F ,DU

>KV ?XW P B B N ,H ,E F 0 ,D RC G B F G ME Y G F S D R O N G E / O D D P H B F G ME DU

Z[

t

\^] ei

_

t Z[

0 t

\a` i g '
b

n
c 0

d [
n t

Z
H 1

Z[

0 t

\

E n t ` E 0 t 2

Z[

n t

\fe

O g ' 2

H(t) = H0 + [(g(t) – gc )+gc]H1 = H(g=gc ) + t/ g
Q H1 ,

E n t ` E 0 t ] t

hji

Q
z k

F

l
n

t

hji
Q

z k ,

d [

n t

Z

H 1

Z[

0 t

\^] t

hji

Q
z km 1 G

l

n

t

hji

Q
z k ,

n E o E d

p

z m 1q

� �

0 t

�
� �

0 t

�

H t

rs

t

t^u E n t

s

n t



 

 

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

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

 

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

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

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

+ ,.-/ 0132 4 5 562 78 6 9 : - ; 96 :/ < :>= - 7? 82 @? 8 < : @ @6 8 6 / 7 :/ 76 58 - ; : 9 : 7A 8 6 5 :>B 62 CED D D

FG$ H # $I ( ! J! $ H 'LK M ' $ !N ' H # O (QP M #R ! ( # H'N ! ST $ S! U H) ) )

VR ! %! S # U HXW R ' $I H &Y! R 'I & HR ! ( # H'N ' HP Z [$ (P H' J ! %' ( ( H! ( () ) )

\^] _ � � 
 �� `ab 	c

\^d _ � � 
 �� e � 
 � � � � � � 
 � 	c

\^f _ � � 
 �� � � � � e � 
 � � � � 	 � 	 � � � 	c

+ g h - 7 <i6 76 8 B :/ 62 2 7- ; : 9 : 7A j8 ? j6 8 7 :62 ? @ 01 4/ < 6 8 ? j6 / k2 A2 76 B < A/ - B :>=2 C D D D

l 12 7 : B - 7 : ? / k ; -2 6 < = h - 8 - = 76 8 :�m - 7 : ? / ? @ 01 -/ <n 01 k -2 2 :2 76 < B 6 78 ? 9? 5 A o C D D D

Conclusion and outlook Conclusion and outlook 

20/20

p qsr t uwv xy z x{ v x y { r | |~} t | � x t �p qsr t uv x y z x{ v x y { r | |~} t | � x t �     

 

�� �� �� �� �	 � 	 � 
 � � � � 
� � �	 � ��� � � � �	 
 �� �� � � � � �� � e � 
 � � � � 	 � 	 � � � 	 � � � � 
� � � � � � 
� �

    e � 
 � � � � � � � � � � 
 � 	 � 	 � � � 	 
 � � e � � � � �� � � � 
 �� � � � � � � �

+ � 7- 7 :>= ��� 2 � �- 9 : < - 76 - / - 9 A2 :2 ? / < : @ @6 8 6 / 7 B ? < 6 92 �- 9 5 6 ;8 -2 CD D D

l � A/ - B :>= - 9 � �� 2 � , ? / 7 :/ 46 �6� 76 / < - / - 9 A2 :2 -/ < <i6� 6 9? j 5 6 / 6 8 - 9 @8 - B 6 � ? 8 � CD D D

l , - / 01 <6 76 = 7 = 8 : 7 :>= - 9 : 7A2 : 5/ - 7 48 62 :/ 6 � = : 76 <2 7- 762 CD D D



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

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

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

+ Barnum, Knill, Ortiz, and Viola, “Generalizations of entanglement based on coherent  states
                                                                           and convex sets,” PRA 68, 032308 (2003).

+ Viola, Barnum, Knill, Ortiz, Somma, “Entanglement beyond subsystems,”  
                                                           Contemp. Math. 381, 117 (2005).

+ Barnum, Knill, Ortiz, Somma, and Viola, “A subsystem-indepedent generalizations of 
                                                                     entanglement,” PRL 92, 107902 (2004).

+ Somma, Ortiz, Barnum, Knill, and Viola, “Nature and measure of entanglement in quantum 
                                                                         phase transitions,” PRA 70, 042311 (2004).

+ Somma, Barnum, Knill, and Ortiz, “Efficient solvability of Hamiltonians and limits on the

+ Boixo, Viola, and Ortiz, “Generalized coherent states as preferred states of open quantum 

                        power of some quantum computational models,”   PRL 97, 190501 (2006).

                                                                                  systems,” EPL, in press (2007).

+ Weinstein & Viola, “Generalized entanglement as a framework for exploring quantum chaos,”

+ Viola & Brown, “Generalized entanglement as a framework for exploring complex quantum 
                                                                                                                EPL 76, 746 (2006).

                      systems: Purity vs delocalization measures,”JPA 40, 8109 (2007). 

Further reading on GE...            Further reading on GE...            


