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��    ��� �� $> #�> ���   2 �# bj. ��  �9�6%�] b6-D   � K#�6-9:  9� �6C

�/�.4�.

���D    �� I4�T� �6�� ��# �E�:�/ � /      �# �� 349� V��R ��4R

 2 [4P�6-    #�> b2� b�G</un   �@� $� �� D #�&� �  �n    #�9> b92�  .

  �#LQ�\   ��� 34� V��R D� 2 F�     [49P $� b6-0�s    u.�9>�� � 

�,!    �� '%�] �# �# �E�      '92� K�� b2� K#�6-: � K�.  '9%�]

���E�      $9� z49��� K�s=β         $9� z49��� K#�6-9: '9%�] � 0=β

'2� . � K���C�/   �� '%�] �# #4��E�  P�&. �# K�/  2 @�  9� b6-

��#         9� ��C9. � '2� �TY 34� V��R $G/       � �# 349� $9> �9�# 9� A

2��. b6-/ [�&6.� �.�4R����.

   � $� $�4R ���   �R�� #�<�� $> A�  -9� u�      ��9� '92� U�9� ��D

Z992�B��� 99�� � �99���#�� K�99���99��� @� �����99&� K�D%499�<� /

�./  #�> K#�T62� ��4R . ��� ��D Z2�B� �      $9.�,��6> V9��4R @� ��.J �D

LAPACKT69992� K#�999> K#��999�b .� �#999��9996�� @� V999��4R A� A

�4E%�����6D  ��� #4�4� D  � H�Z2�B� �m�/  Z2�B� �G.�� � �  9� K�

#�&���   =8 Hq#�<� L] �/  S � �K�     � � '2� K�� K#�T62� / ��4R
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  67>.   ��#4�.   ��� 34� V��RD� 2 F�      [49P $9� b6-0�s  u.�9>�� � 

�  �!    �� '%�] �# �# �E�  K#�6-: � K� . �� '%�]�E�     $9� z49��� K�

s=β $� z4��� K#�6-: '%�] � 0=β'2� .

   $��.�� �# �� ��.J��D � ��R�4�C .�48��� / #�>  . �� @���D �  9� A

 � V��4R/      q�� 'N�2 � �#4� #���.�62� $� ��4RD   �&� �# ��.J  9� $-

 # ���   #�> K���� ����� �E .<��4R/     #�9> K#�T62� �� $> �   �� �9� b 9��

�4E%��  b6QR '2�  . �4E%� �#�  b6QR� �� �   K�9� K#�T692� LY� A

 �R�� �� $>�<��� u/� �� /  �R�9� �# ��9m H�4Y $� ��4R� u

  o	o� � ���<6�/'�4.  .� g�2� ���� A/�R�� ��4R�  �9j. #�4� u

    H�4Y $� ��� �R�� F� o	o� u/  � $> '�4. �#�&� K�� ���� �J �

�� �Y�GND'2� �J �=; .

A .8 .������ ���E4

�Q/  ����� @� D ,CR � ] `��6%�D �� �E 9�   �# K� 9� 2 F 9� b6-

    �9�@��R ���J @� K#�T62� '92� .      � $9� $9�4R �9��    �9�6%�] �# $9QGD

���E99� �� �99� ��-99.�>�� K�D��99Q�99R �E�r�99�. �/ �99.��c:

��-.�>��D ��6%�] D �� �E 9�    E6-9Z�� ���9� K�/  �G6-9�  .� 9� A

  � �� $	f-�/      � K#�92 H�49Y $� ��4R 9�   �4R �49P A 9�   $9> #�9> $

     K#�6-: 34� �# $h.�G_   E� �j. �# �� 9���   �� �49_ b 9� � � 9�  �# A

    6. �# �G��� ���<6� 34��       9�. � �G6-9� $6-��� b� $� $
/  �9G.�4R

 -.�>�� ��/  68� �� � �GG> �� .  # l�P @��       @� I��9> �9� $h.�G_ �E

 ]�. �# ��GR 3�4���$�D   ���9� �� �9��<R z�� �G��� K�� K#�6-: 

____________________________________________
.� Level Statistics

  67?. #      �� 34� �# q�� LQ� ��E�   � K#�# ��C. K� '2� K� .����

 ̀ ,C� $> �4P'2� � �  � �G6-9� b9� @� L&6-� iO��> 34� �# A �#

6.�   . ��.J u.�>�� $
�  '2� L&6-�  .    �� LQ� �# L��&� �#��   34� �# A

-��� b� $� iO��> $> '2� K�� K#�# ��C. K#�6-:6�G6-� $ .

��      � ��m�� �G��� $6-��� b� $� $QG/   6. �# � �GG>�  ��-9.�>�� $
D

 . ��.J�    �G6-� b� @� L&6-� ��G</ E6-Z�� / �.���. � � �  $	f-� A

 �#LQ�*��. �'2� K�� K#�# �.

 .�Q� @�� ���J FD � /.�#�  @4R V��R b�   �� lO698� V 9���#��D

�#�kR/     .492�4� LQ9� $� /  '92�  . ����9G��   � �9:� A 9�  #�9&� K�� �

�R�99�� uK99G> $Z992�B� �� � b)��-99.�>��D2 99�b6- ( u�992 �

 #. lO68�� �96Q� � A 9��  #�9&� K�   9� �� �  $  ��J '92# 9�  �� @� bD

%�E_/ @4R � � V  $    9� K�9�J '2#/  ��� ��49R 9�   J $9> � 9� 2 � 9� b6-

���E�   '2� K�� K#�6-: � . @4R $h.�G_�  V� @4R F�  .492�4� V/�

 ������G</:

( ) s
pP s e−= , )�s(

  2 �# 3�4��� �� b6-�E�K�   � @� � �.���  � �4�J F/ 9.�#�   �9:� b

@4R�� H�4Y $� V��GEd�#��4-� ���� 

( ) , ,c s
wP s a s e    ,     αα

α α−= =
2

1 2 4 )��(

  2 �# 3�4��� K#�6-: b6-�.� .#�&��  ��9m ��    92� $9� v�  ��9
G�� $	

� $%#�<� �#�> $� '2#/J��] �� ��  ��( �0� � 00[:

/ / /
/ / /

a      a     a
c      c        c

π π π
π π π

= = =

= = =

2 18 6 3
1 2 4

1 2 4

2 32 2 3

4 4 64 9

 @4R V��99R �99�99� ��99� �� �99�@��R lO6998� VD2 99����6-/� �99� 

E6-Z�����D      K#�9> $Z92�B� 59	6,� � 9�b .  �# $9h.�G_ LQ9�!

____________________________________________
.0 Poissonian

.� Wigner-Dyson
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  679. @4R V��R�� lO68� V���� ��6%�] K�D�2 F� [4P �� b6-00s

����. �DE6-Z�� /5	6,� .

 /� K���C� �#49�  ��9� D 2  9�  iO��9> b6-  �#�k9R / @4R  9�  -9� V� ��

#.�   $� F4R@� .42�4� V/  %� '2� /  ��� �� �  E6-9Z�� �/   V��9R 

@4R� >�R V�Z/   @4R �# @� �    � ��C. $> '2� V/    9G_ '9BR ��#� A

����=/ ����     	Z; p�� �# $> �4P/ # �   ��9� �� K�D  }9<� /  @� 

�� #�&� K��     ��� � K#�6-: 34� V��R �D  }9<� / # �  �� �9E�E 9� K�

'2� .Gh��� � A/ 6. ��4R�      �9�� �9� $> '��: $
�  E6-9Z�� �/

�]��� K#�6-: Hq�� �/����.

���D @�2��� D ��6%�] D �� �E�  ��6%�] @� K�D    � K#�6-9: 

 '992# $9� 9=&. �#��J �99.��B� / 2 �J �# $9> 99� '99%�] @� b6-

   �� '%�] $� K#�6-:�E� � K�/   ��� @� �� #��/  #�> K#�T62� � b

  �4fR g�2� �� $>D'2� K�� $6T:  . � ��96�� �� 9� #�9&� K�� 9� � $

      �# $� �� K��J '2#-&R $62#�� b/G>�b� @4R V��R � lO68� V

     � b2� $.�:��� �� $62# ��/G>�b .�/��G�        $9> [�� $692# $9> b

 � L���� #�&� K��     � '92� �6Q_49> � 9�   @4R $9� �6C 9� � V� �9GE d

�#� #. �4-�  � '2� F62#�@4R $� I�#  9� #. �492�4� V�  �96Q

'2� .�/  � [4P ��4R�            �49�
� $9> �J z�9� $� �� $62# �# A

  # �# [4P2 [4P ����� � '��r $62�wR ��; �J ���� b6-�� #�# �

 ����#4�. �RD '2# $�       �498 '9;# �9� K��J / �� D @4R � �9�<D

  � � �42�4���GE d�#�  #4� g��� �4- . � �#�  � '%�] A/  ��49R

67A.            [49P �9� b6-9�2 F� D��� ��6%�] D@�2��� ���  D�9�. � 

  /E6-Z���/a  '2� $6��: H�4Y .  6%�] #��<R i�Z��&R  K��E��� D��

         ����� /.��B� u.�>�� � K#4� ����� K#�6-: �*/0 '2�  .   V9�@4R V��R

�GE�� � �42�4� D��<�@4R F�#. ���-� '%�] �# d'2� �4-��#.

  D�99�6%�] �� [�� �6992#   D�99�6%�] �� I�# �6992# � K#�6-99:

           A9�� A�9� @�9� � �9���. K��E���  9=&. �� $692# �#� 9.��B� /

��.��] 0s[ .

LQ�� � @�2��D  �9�6%�] D �� �E 9�       ��C9. �� K#�6-9: � K�

�/�#9    9� $9> �9   96T: p�� �9  9� $9  9� K�9��D2  9�6-9�/ 9� 9 �

6�����9 6-Z�� �9E/!/�     '92� K�9� I�
.�  . � �# 9� 2 A 9� b6-

]9 . #����/    �� Hq�9] @� �E 9� � K�.� 9�/ # � �9E  K#�6-9:

'2� .     9�� @� K#�T692� ���   9� p�� A/      u.�9>�� ���9&� ��49R

.��B�/  � ��   $ ��J '2## .  �#[����    9.��B� u.�9>�� /   $9� 

�@�D #��<R D ��. D E6-Z�� /   � $� $> �     K�9� $Z2�B� p�� A

'2� K�� K#��J.

����          # '>��C9� u9QN 'Z-9. p�� �# $> �4P 9�9 K�

�9��� ��D��6%�] D\/�<β�� ��6%�] �o>��E 9� G6-9� K�9� .

 � �#�  . p�� A�  .��B� u.�>�� /  ��9� D  �9�6%�] D    �9� \/�<β

-��9  '2� F_4> ��  � � 9��D  �9�6%�] D    �9�. �9� D  E6-9Z�� /

    � ��� 'N�2 $� �6:��/    �6. �9� $> �G> 9�9  9	Z; �/   '9&��=� 

#��#.
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 C���5. D��. v-] �� /.��B� u.����β.

 ���.β  �.��B� u.�>��cω

\/�s�/s±0�/s

*/�s�/s±�s/s

!/��/s±*/0

�/��/s±s/�

 /��/s±0/�

s/0�/s±�/�

F .%��6����.
   :��9> $99� �99� $9YO8 �499P $9���D u99QN 'Z-99. p�� �#

   @4R V��R � '>��C��   � lO698� V 9�   # �9�6%�] K� 9�    �# �9� K�

2�             �#�k9R �9G� '9��r � '��r I�� �� �G� � I�� b6-/ �  9� K�

   62# �# $� ��6%�]�  �9�6%�] D �� �E 9�   �9�6%�] � K�D   K#�6-9: 

-&R�  9� b/ �.49� .� 9�   �9� �9�6%�] A 9�  9.��B� u.�9>�� F/ @� 

��Q�E QTR �� � F/�.4� . E6-Z�� $h.�G_/  �9�6��r D    �� �9G� 

���� �# ��   �] �R b\/�<β.��B� u.�>��/wR ��@ H�� 9�#�D

  %� #�> ���4,./  � @� �     9.��B� u.�>�� �Rq�� �] A/  �9�� � �

�99G<� $99> $996��/�99�� �J ��99�6%�] �D'992� K#�6-99:  .�99� A

��-.�>��D .��B� / ��� D ����. D E6-Z�� /    $Z92�B� 5	6,� 

  92� K��'. ��. �# 9�  9� '/  6. ��49R�       �9�� �9� '9��: $9
� �

E6-Z��/�  2 bj. � � b6- 9�     �9�6%�] � K�9� �6CD    �# K#�6-9: 

2���� b6-�� �/����.
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