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[Osterloh et al, Nature 2002] 
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[Zurek, Dorner, Zoller, PRL 2005; Dziarmaga, PRL 2005...] 

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

/ 0 1 2 243 3 3
5768 8 98 :; < => =?A@ = < BC @ 9C :@ D = :E ? :C @ : F =AG D : F < E =8 H : ; < => =?@ = < B G@ = D = G 6 > :I C 98 :8 DE J

K = BC > :E D FML 8 6 B = G 6 > E G :8 6@ = 9 N K> 9O > =8 : 6@ E O : :C 9 P G 98 D@ 9> C 6@ 6 B : D :@ O = D Q G 98 E D68 D E C : : FSR T

UV W N 5@ 9E E 9X :@ P@ 9 B Y 6 C C @ 9 I = B 6 D :> L Z 6 F = 6 ? 6 D = G D 9 = BC < > E :@ : H = B : 6 D P@ : :[ :7\ 9 < D D = B :
g t ] gc

^ t ] tc_

Q

, _

Q

` 0 , tc

^ 0

a b7� 	 �� % �� 	� � �	 � � � �� � % � �� � . � �� ��c � � � � � � � % �
d = 

e(�� .� �+ � � � - � �  � � � � � � � �	 � � , , � 	 	 � . �� � c , � �� � 	 �� ��

� �& � �- � � � � � � ��� � ��� � % � � � �� % �, � � % � � � � � � � . � � �� � � �� 	 � �+ $  � �, ��� 	f g � � � �, � � 	 � �+ � �-(h � �+ �g � � � �, � � 	 � �+ � �-(h � �+ �

i

a � �� � �
, � � � � � � � 	 , � � � �- � � � � �� � � � �	 � �� � � � c , � �� � � � �	 f j k

t

l

ttc

m 0

n op(q rq sp(tn o pq rq sp(t uvw x y(z{

|

t } ~

Q

� z � � z � 1

n tF

� _

Q

� � � � z � 1

_ ^ �
� � 1�

g t ] gc

� z �

� �

t � g t � g c

g '

�

t



Non-equilibrium excitation density Non-equilibrium excitation density 

17/20

-1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
0

0.02

0.04

0.06

0.08

0.1

0.12

4.4 4.6 4.8

-6

-5.9

-5.8

4.35 4.4 4.45 4.5 4.55 4.6 4.65 4.7 4.75 4.8

-3.75

-3.7

-3.65

-3.6

-3.55

� �

t

��� �

k
uk

1 t

�

uk
2 t ak

�

a� k

� �

uk
3 t bk

�

b� k

� �

uk
4 t ak

�

b� k

� �

uk
5 t a� k

�

bk

� �

uk
6 t ak

�

a� k

�

bk

�
b� k

� �
VAC

�

	 
�� ���� � 
� � 
�� � �� �� 
���

� 
�� ��� ��� � � �� � � �� � 
� � 
�� � �� �� 
 ���
n tF

� 1
N

�

tF

�  

k

!

k , 3

" !

k , 3

# !

k , 4

" !

k , 4

� �

tF

$ %'&() ) *+ ,- ./0 1'2 () 3 ,54 - ,567 68 ) ( 92 2 ( 6 2 ( , 9-) :<; =( 97 &)

,( () *2) 4 - ,8 ) 6 > 3) - 9 ,? * 6 > - .) @AB C5DE 97 -E F2 . 9 *) G

HJI KMLON P

QR ST
UR VW

XY ZU [
V[U \

R ]X
R ^U [ _

` ab cb dfe gih jlk b mno c p qrJs tub v d d

w dfe g dxyz {fe d| w v

}Y ZU [
V[U \

R ]X
R ^U [ _

~ � �
� ��

����� ��� ��� L�N � ��

a b cb de g h jlk b m c p w a � qrJs tub v d d

HJ� K�L�N P

QR S
R S[ �

``

�7 *) - G � ��� �� �� �� � � �

$ �4 9? ,7 & �) . 98 ,6 ( .6 ? 3 * - .( 6 E & .6 E -

) 7 - ,() - , F) ) 8 6 ?E - ,6 7¡     
n tF

Ising¢ £

Q

¤ 1 ¥

2 , n tF
Alt¢ £

Q

¤ 2 ¥

3

n t ¦ §

Q

¨ © ª © z « 1 F
t ¬ tc

t



Non-equilibrium GE scaling Non-equilibrium GE scaling 

18/20

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

-2 -1 0 1 2 3
-0.4

-0.2

0

0.2

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

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

�

Pu (N)(t) = Pu (N)(            ) � Pu (N)(              )

� �

0 t

�� �

t

�
� � !" #

# $&% ')( '* + ,* ' -&. # ! # '
/10 . # !0 # !0 ' +2 .

34 + 2 0 -&. # ! # '

5�687 6:9 ;=< >@? A BC

DFE G
HI J

K L MN OP

QR SR TVU WYX Z\[ R ] S ^=_ Q ` abdc e
fR g T T

hjilk inm o< >&? p B A

q r st uwv q s xr yz {}| s s�~�� � ��� ����
��� � �)� � � � ���� �

� �

Q

� � � � z � 1 G
t � tc�

t

� �
0 t

��� �
GS t

�



Toward dynamical quantum critical scaling... Toward dynamical quantum critical scaling... 

19/20

[Deng, Ortiz, Viola, in progress]

[Polkovnikov, PRB 2005; cmat/0706.0212]
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