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

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

�� � � �� �� ��

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



� � � 
 
 � � � � 
 
�
� � � � � "� � � � '$ ! � �!  ) � ' �

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

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

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

� � � � " � � "�$ � 	 � � ' '�  � "�$ � ") �$ ! � #


�� 
� �

 � ��

�� ��� � ��� ��

��



�� � � � � � � � � �

( �$ � #  $ ! " �� " � � � ! � � � �� " '

� %! � ' "! � "�$ �

� � � �� �) � � � � '$ ! � �!

-) �! ! � � � "$ � 	� � ! �  � "! � � � # $ � � � ��� '� � ��� � # � � "$ � � � � �	� � � ' '� � � � � " �! � � "�$ �


 � �� � � �
� � ��� �� � � �

�
� �

- � � % 	 �� �! � � � � � $ % ") � %! � � �� �! � *�� � �� � � / � � � �� � � /�� ���



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

� ! �  �� � � ' * # # � "! � � '$ � � "�$ � � � ! $ � �

� � �! � '� ! �  �� � � ' * # # � "! * � ! � � � � � � � � � �� �� � � "$ � � �$ ! ! � � "

��������
� � � � � � � � � !"

!" � � � � � � � � �

#$

#$

� � � � � � � � � !"

!" � � � � � � � � �
%%%%%%%%

&

' ( � ) � �* � � +, -/. � � �� � � 0 � � � 1 �. 1

� ( ! � � � � � �$ �2 � � ! � "�$ � �� �! � � � � �43 . - '$ � � "�$ �

� &$ � '� � �! � � � $ % # �� * (+ � '$ � � "�$ � '3 . -5 '$ � � "�$ �



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

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

� � � 
� � �� ( !� ���

� �
	 �� � � � 
��� � �� ( !�� � ��

� �
	 � � � �


 � � ' � 	 "� # � ' ! �  �� � � " � � -� � � # � � "$ � � � �  � � ' � � " �! � � "�$ � ' � � " � � �� ! �  �� � � '


 � � �
�

�


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

� � � � � ' ") � � � " �! � � "�$ � � � " � � �� ! � � � ! �  �� � � ' � � � �� ! �  �� � � � � � �  �� � �� � �

� ! � � � � � � � � " �! � � "�$ �

� � � � ! � � �$ # '  � � 	 '  � � � � " �! � � "�$ � � � ") � � � ' '� �� � � ' "! � � � "�$ �

� � �� �� " �! � � � # � � � � "� �2 � � � � � �� '  � � $ � ") �  $ '� "�$ � � � � ") � ! �  �� � ��



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

� � � � �
�

� � "
�

� � �
� � ��� �� � ��� ���

� � �
� � � ��� � �� �� /� �� � �� �� /� � �

� �
�

� ��	 �� �
� ��� �

� �
��

� 
 �� � � /� � ���
��

� � � � �
� �� � � � �

�

�
�� ( ! ��  �

�
���

��
�

� ��� �
� � � � �� � ��� � �
� �� �	 ��� � �� /��

�

� � �� ") �! # $ � * � � # � � � � # � �� � � � � � $ % � ��� � � � �� � � � � � �

� � � � �� � � �! ! � '  $ � ' � "$ ") � � � " �! � � "�$ � � � � � �

� 	 �� � �� � � � �� � �� � � � � � � � � �$ � � � � � " �! � � � # � � � � "� �2 � � � �� � � ' '� ��

(+ � �� � � %! � � �� �! � * � � � � � �� �! � � � � $ � �! � $ � �$ � � �� � ��



� � �� � � � � � 	 � � � � � � �

� � � � �� �
��

�
� � " � � ! � � /� � �� �
�� � ��� �
� � � � � ! � �� � � � /

� 
��� ��

�
�

�
( ! � ��  �

�
��� � �

� � ��� �
� � � � � � �� �

�
� � " 	 � � � �
�

�
�

� � �
�

�	� �	 /�� � � 
�
�� � " � 

�� � ��  �
� "� �  � � 	 � �� � " � � �	 � � � �	 /


 �
�� � " � 

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

�

- " � "�$ � �! � " * � � � � "�$ � ' %$ ! ") � $ ! � �!  �! � # � " �! ' �! �

' � ' � �  "� � � �� "� � ' � � � � � �� � � � � �� � � � �� � � �� � � � � � � �� � �

$ � �! � �  ' ! � � � 

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



� � �

� � � ) �� � �� �! � � � � (+ � 	 �� � � %! � � �� �! � *

� ( �$ '$ ! " '$ %$ ! � �!  �! � # � " �! '

� ! � � '  � � $ � �! � �  '

� � � � �� �� � $ � �! � �  ' � ' � �  "� � � �� "� � ' � ! � '  $ � ' � "$ ") � ! �  �� � � � � � � 	

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

� � � # � � � $ %) $ # $ � �� � � " * $ % %! � � �� �! � *3 � � � �  �� � �� � �$ � ") � � � # � �!

$ % ! �  �� � � '�

* � � � + , + . +� �

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

� �  �� � $ � ") � � � # � �! $ % ! �  �� � � '�



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

( �$ ! �  �� � � ' � � �

� !" " � !� � � !�

� !" � � !� " � !"

� � " � � � � " � �

. � � ! � " � ") � %! � � �� �! � *� � � # �! � � � � '$ � � "�$ � � ") ! � �  $ ' '� � � �� "� � '

� ! � � !" � !� � � � � �3 . - '$ � � "�$ �

� ! � � !� � � !" � � � � � �3 . - '$ � � "�$ �

� � �� � � !� � �� !" � !� �� �

* � � , + � � � � . � �

($ � #  ! $ � � �  $ � . - '$ � � "�$ � � 3 � � ) �� � "$ " � � � ") � ") � ! �  $ ' '� � � �� " *�



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

0 0.2 0.4 0.6 0.8 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Order parameters for RS and two replicas

T/T
c

q
RS

 

q
2R

 

χ
2R

 

0 0.2 0.4 0.6 0.8 1
−14

−12

−10

−8

−6

−4

−2

0

2

T/T
c

     

Measure of instability of RS solution

λ
SK

 

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

� � � �  � � � �
� �

���� ��� � 3 � � � �  � �� � � 	 � " �� ) � � � � 
 ! � � / �
�

() � ' � ' � � � � � � $ � � � � � � "�$ � %$ ! + ( 	 �� � �� . - '$ � � "�$ � � ' � � ' " � � � � � � � �� � �



� � � � � � � � � � � � ��
0 0.2 0.4 0.6 0.8 1

−0.95

−0.9

−0.85

−0.8

−0.75
Free energy for RS and two replicas

T/T
c

f
RS

 

f
2R

 

0 0.2 0.4 0.6 0.8 1
−0.2

−0.1

0

0.1

0.2

0.3

0.4

0.5
Entropy of SK and two replicas solution

T/T
c

S
SK

 

S
2R

 

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


� � � � � � / � �� � � � /

+ � �$ ! � � � � "$ � & '� # � � � "�$ � ' � � � / ') $ � � � � � ) � �) �! �



� � � � � � � 	� � # � � � #

� � � � �
� � � ! /� � �
�� � ��� �
� � � � � !� � � � / � 

���
�

� � � ��
�

�
�

( ! � ��  �
�

���
� � ��� �
� � � � � � �� � � 
 !

�
� � "

� � �
�

�
�

�
�

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

� � � � � � � � � � � �! � ") � ' � # �

� -$ # � � � � � �$ # � � � � "�$ � $ % '$ � � "�$ � ' � � ") � '# � � � �! �

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

��
� � � �

� � � �

� � � �

� � � �
%% � ��

� � � �

� � � �

� � � �� � � �
%% �



�� �� � �

� $ � # � �) ") � � � � �� " ' "$ � � � $ � � �! $�

( �$ 	! �  �� � � '$ � � "�$ � � ' � � ' " � � � � � �� �  � �

0 0.2 0.4 0.6 0.8 1
−14

−12

−10

−8

−6

−4

−2

0

2

T/T
c

     

Measure of instability of SK and two replicas solution

λ
2R

 
λ

RS
 

��
� � " � � � �

� " � � � � �

� � � � � � "

� � � � � " �
%% �

( �$ 	! �  �� � � '$ � � "�$ � � ' # $ ! � � � ' " � � � � ") �� . - '$ � � "�$ � � � �



� 
 
� � � � �� � � � � � � � � � �

� � 

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

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

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

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



�  � � 
 � � � 
 � �

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

� � " � ' % � �2 � � � " � " � � � ' " �$ � � � � *

� � �
�� � � �

( � � � � � � � � � � ! � � �� �! � *

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

� � � � � � � � �� " "$ ") � � �! � '�  . -5 %! � � �� �! � *

� � � � � " � � � �3 � � � � 



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

0 0.2 0.4 0.6 0.8 1
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

T/T
c

ν 

0 0.2 0.4 0.6 0.8 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

T/T
c
 

q 

χ 

 �� �� �� � � � �� � � ��

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

� � � � � � � � �� � � � � � � �� � �� � � � � � !#" � %(' % & � � !#" � %'



� 	 	 	� 	 � �� �

0 0.2 0.4 0.6 0.8 1
−0.95

−0.9

−0.85

−0.8

−0.75

f
RS

 

fν 

T/T
c
 0  0.22 0.5 1  1.5 2  

−0.78 

−0.776

−0.77 

ν 

fν 

f
RS

 

 �� �� �� � � � �� � � �

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

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

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



��� �� 	 � 	 � � � � � 	� � � 	 � ��

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

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

� � � � � �� � �� � �� � � � �� � � �� � �� � � �� � � � � � � � �� � & �

� � � � � �� � �� � �� � � � �� � � �� � �� � � �� � � � �� �� � � � � � � �� � & �

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

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

	 

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

## ! $

�� � �� �% � � � �� & �' () *+ � �� �� � �� � �� � � �� � � �� � � � , ( *) +



� � �� �� �� �

0 0.2 0.4 0.6 0.8 1
−0.35

−0.3

−0.25

−0.2

−0.15

−0.1

−0.05

0

0.05

λχ
2
 

λ∆ 

T/T
c
 0 0.2 0.4 0.6 0.8 1

−1

−0.5

0

0.5

1

ν 

λχ
2

 

λ∆ 

$ ( ) * � � �� �� �� � �  � �� � � � �� � �� () + � � � � �� � � � �� �� � �� � � �� � ��

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



� � � � �� �� � �� 	� � 	 � � � � �

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

� ( ) � � �� �� �� � � �� � � � � � � �� � � �� � � $ () * +

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

� $ ( ) * � � � � � � �� �� �� � � �� � � � � � � �� � � �� � �' ( *) � � �� ( ) � � $ () * +



� � �� � � � �� �

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

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

� � � � � � � � � � � � �� � �� � % � � � �� �� �� &� � �� � � � � � � �� �� � � � �� �� � �

� , �� �� , ( *) � � � �� � �� � � � �� � �� � � � � � � �� � �+

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

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


