
���������	��

���	�������
���������������

��� �"!$#&%&'(�"!�)*%+!$,-!�'+%+.0/21435%26"%+!�)&�7.0�"�8�9#:/;��#&/<!=%
)&��>?!=�@,-��3A�<'&BC6$/ '<,-!D)&�8'+#&%&'&>E,GFH���I/J!=>?6$/ '<,-�7,K3A�
�$!=%&�<'+%=LM)&�8'+#&%&'&>E,N3O1E>E3ABPL;Q5)&!��<RS>DTU,-�8BV��.O3A�WTU'&� )

QX3O%+3A�

Y 

Z�
�[]\"�7��^��������
�`_�acb�de\�fVd]_8ahg�di_8j;�lk

mon ��prq=st�vu(st�`s Yxw ��syq n ����s�p{z
| b	diZlg	}l\ib�~�}-^ m _�[]\�q=��diZ���}
��g5���l�	�l�



}
j
_�d
�l�	�������7�������

��b�d
� Y=� �`st�(u n � Y p4se�(� Y ��� Y=� �(� Y p`����z

�(g��&�`��j
Z�_�^
p�_�}
}
_�[i[i_�_0�l�������
| g	}hg�Z�_8j;�lk

w p{� �{Y p4p n ��� n ^P�����
��b�dv\i�
_

w"� � � � n f Y ��p |<n �`p���� n � n �vu=z


}
j
_�d`��b�}l\�dig	��\�� n � Y �v�l�7�t���l�����������	�



p4�
��[4di_8aPb�de\��
g	[��c_�_8};di_8a�dib j


�8_�j j
��di_���\ � k ��d]b�� \i�
_(�c_�[]\�g��	g�� � g�� � _��8b�alk �

Y ��g	� � g	� � _9\�b �(� n g	}
j �(� n �8b�}l\id�g	� \�b�d][ ��dib�� \���_ ���X��_ b	� ����� _8}l\i�	�h�Gg	}
j
p�_8� �
}
����g � s�}���b�d
� g�\i� b�}-^�f � � � � b�� �l��^ ��g	�G��� j�Z�_	^�p�� �l�	������
Ua
di���8_�[5g��	g�� � g�� � _
��dib���� �	�l���4���	���t�	�l��� �

Y ��g	� � g	� � _4\�bI\i�
_�a


� � � �`��dib�� \i�
_(� g�\i� b�}
g � p�_�� �
}
� �8g � s�}���b	d��Xg�\���b�}&��_�d
� � ��_	^ w"� � �
�=_8a
g	d]\��X_�} \�b��U�{b����A_8di��_	^��	�	�l�5f�b�de\��`b7klg � �`j � ^���a�di� }�Z��h_ � j ^�q Y �����7��� �

p4�
��[Udi_8aPb�de\ ~{g	[Va
d]_8ahg	d]_8jXg	[ g	}Ag	�8��b�

}l\ b	�c~ b�d]�0[iaPb�}
[]b�di_�j �lkOg	}Xg	Z�_�}
��k5b��c\i�
_
w }���\�_�j�� \�g�\�_�[Ou�b��	_8d]}��X_�}l\ � �`_8� \��
_�d$\���_ w }
� \�_�j � \ g \�_8[0u(b��	_8di}��X_�} \0}
b�d0g�} k
g	Z�_�}
��k�\i�
_8d]_8b	�t^4}�b�dAg	}lk b�� \���_8� dA_��Aa � b�k	_8_�[8^��Xg	�	_�[ g	}lk ~{g	didig	}l\�k�^4_���a
d]_8[][i_8j
b�d5�	�Xa � � _�j ^Ub�dOg	[][i
��A_8[Xg	}lk � _�Zlg ��� ��g	�
� � � \�k@b�d5di_�[iaPb�}
[i���
� � ��\�k ��b�d0\��
_;g	���8

dig	��k	^
�8b��Xa � _�\i_8}
_�[i[8^ b�dU
�[i_���
 � }
_�[i[{b�� g	}lk5��}���b�d
� g�\i� b�}-^�g	a
a
g	d�g�\i

[8^ a
d]b�j�

��\8^ b	dUa
dib �8_�[i[
j
��[i� � b�[i_�j ^�b	d{di_�a
di_�[i_�} \i[`\i�hg�\4� \�[ 

[i_=~ b�
 � j&}
b	\v��}���di��}
Z�_�a
di���	g \�_ � kAb�~�}�_8jSdi��Z��l\�[ �
��_���_8d]_8}
��_<��_8di_�� } \�bWg	}lk [iaP_8���	�h�S��b����A_8d]�8� g � a
d]b�j�

��\8^{a
d]b���_8[i[�^{b�dO[]_8d
� ���8_;� k
\�dig	j
_$}hg��A_	^c\id�g	j�_��Xg	di��^�� g	} 
�� g���\�
�di_	^cb�d b�\��
_�d]~�� []_	^ j�b�_�[=}
b	\ }
_8��_8[i[ig	di� � k<�8b�} �
[]\i��\i
�\�_"b�d����Aa � k+��\�[�_�}
j
b�d][i_��A_8}l\8^-di_��8b����A_8}
jhg \�� b	} ^�b�d4� g��	b�di��}
Z �lkS\���_ w }���\�_�j
� \�g�\�_�[`u(b���_�di}��A_8}l\�b�d�g�} k+g	Z�_�}
��k+\i�
_8d]_8b	� � p4��_�� ��_�~�[`g	}
jSb�a
��}
� b	}
[{b	��g	
�\��
b�d][
_���a
d]_8[][i_8j �
_8d]_8� }<j
bA}
b	\`}
_8��_8[][�g	d]� � k+[]\ g \�_"b�d�di_! 
_8��\`\���b�[i_"b	��\��
_ w }
� \�_�j � \�g�\�_�[
u�b��	_8d]}��X_�}l\�b	d�g	}lkSg	Z�_�}
��k&\i�
_8d]_8b	� �



���������	��

���	�������
���������������

��� �"!$#&%&'(�"!�)*%+!$,-!�'+%+.0/21435%26"%+!�)&�7.0�"�8�9#:/;��#&/<!=%
)&��>?!=�@,-��3A�<'&BC6$/ '<,-!D)&�8'+#&%&'&>E,GFH���I/J!=>?6$/ '<,-�7,K3A�
�$!=%&�<'+%=LM)&�8'+#&%&'&>E,N3O1E>E3ABPL;Q5)&!��<RS>DTU,-�8BV��.O3A�WTU'&� )

QX3O%+3A�

����}
Z | g�� ^ � _�di}hg � j;� � �{b b�aP_8d��vg�}
j � di

��_0� �
� g�}
Z��
�tfV�lk [i���8[ �=_8ahg	de\ �A_8}l\

� | _8� �hg�}
� �8g � g	}
j Y _�dib�[]ahg	�8_ n }
Z���}
_8_�di� }�ZO�=_8ahg	de\ �A_8}l\
m _8[e\`q � d]Z�� }
� g w }��	��_�di[]��\�k
| b�d]Zlg	}l\�b7~�} ^ m qx�	�l���l�

Y 

Z�
�[]\"�7��^��������
��_8[]_�g	d]� � [iaPb�}
[]b�di_�j �lk+\i�
_ w$� � � �=_8ahg�d]\ �A_8}l\�b	� n }
_8d]Z	k�^

���A�8_(b	���hb�[i[]� � n }
_�diZ	k
Y j���g	}
��_8j<�`_�[i_8g	di� � | g�\�_�di��g � [4fUdib	Z�d�g��

��_8aPb�de\�a�di_8a
g	di_�j<�lk
mon ��prq=st�vu(st�`s Yxw ��syq n ����s�p{z
| b	diZlg	}l\ib�~�}-^ m _�[]\�q=��diZ���}
��g5���l�	�l�



}
j
_�d
�l�	�������7�������

��b�d
� Y=� �`st�(u n � Y p4se�(� Y ��� Y=� �(� Y p`����z

�(g��&�`��j
Z�_�^
p�_�}
}
_�[i[i_�_0�l�������
| g	}hg�Z�_8j;�lk

w p{� �{Y p4p n ��� n ^P�����
��b�dv\i�
_

w"� � � � n f Y ��p |<n �`p���� n � n �vu=z


}
j
_�d`��b�}l\�dig	��\�� n � Y �v�l�7�t���l�����������	�



��_8[]_�g	d]� � []acb	}
[ib�d]_8j �lkG\i�
_ w$� � � �=_�ahg	de\ �A_8}l\0b	� n }
_�diZ	k	^ �hb�[][i� � n }
_�diZ	k Y j��
��g	}
��_8j$�`_�[i_8g	di� � | g�\i_8di� g � [ fVd]b�Z�dig��<^��(� n �	� n Y Y �����7���7����^ m b�di� � di_8g	� j
b7~�}
� \idi

� \�

d]_ n � _��A_8}l\ m q w �e� �

, RS>�>?'+%=L

s�}5\��
��[ di_�acb	d]\�^�~{_4a
d]_8[]_8}l\V\��
_4[e\ g�\i

[Ub	�Pb�

d ��b��Aa

�\ g \�� b	}hg � �Xb j
_ � � }
Z`[]\i

j�k
b	� \�_�di}hg	dek@[]k []\i_��:b	� | b � k �Pj
_8} 
��;^ � � � ���8b�}@g�}
j � b	dib�}Wb���_8dIgS~���j
_Ad�g	}
Z	_Ab��
\i_��Aac_�d�g�\i

di_ � m _<�hg���_ 

[]_8j | b�}l\�_9�vg�d � b [i�	�0
 � g \�� b	} \�_8� ��}
��� 

_ \ibGa
d]_8j
����\
\i�
_ �A_8� �hg	}�� ��g � g	}�j \��
_�d��Xg � a
dib�aP_8de\���_8[ b��U\��
_�[i_ �Xg�\�_�di��g � [ � p4�
_5d]_�� 

��di_8j<\�b��
\�g � _8}�_8diZ�k&b	��\��
_([�g �Xa � _=� [4��b��Aa

�\�_�j<�lk&
�[i� }�ZXg0\i� Z��l\]�y�
� }�j
� }
Z � p � � �A_�\i�
b�j
\i�hg�\Ag �	� b7~�[5

[O\�b@[i��Z�}
�	�
��g	}l\ � k ��}
�8d]_�g	[]_;\i�
_S[i����_Sb	��\i�
_;�8b��Aa

�\�g�\���b�}hg � jhg�\ g
�hg�[i_X~�� \��
b	
�\Id]_8j

��8� }�Z \��
_ g	�8��

d�g���kWb	�4\���_ ��g � �8
 � g�\i� b�}
[ � p4�
_S� � g�\i_8de� � b�[]\i_8d
�
b	a
a
� }�Z ahg	dig��A_�\�_�di[�g	di_$j
� d]_8� \ � k+�8b��Aa

�\i_8j ��d]b�� di_�[i
 � \�[ b�� ��
 ��� ��aPb	\�_�}l\���g � � ��}��
_8g	d �I
��A}��y\i� }"b�di�
� \ g � � � f��t� | p`��� ��g � �8
 � g�\���b�}
[ \��
d]b�

Z��Ig �Ab�j��	�h_�j | � | g	�hg�}
g	}�j � � _�ac_�� [�� [`g	a
a
d]blg	� ��� ��^c��� � p4�
_"[i� \�_"_8}
_�diZ���_8[8^P�8dek []\ g � � �
_ � j;�8b	didi_���\i� b�}
[`g	}�j
d]_8a

 � [i����_ aPb	\i_8}l\�� g � g�di_���\i\�_�j�� } �	g�di� b	

[Ia
�lk [i����g � �Xb j
_ � [ � p4�
_&��b��0�
��}hg�\���b�}
b	� \��
_ �A_�\i�
b�j�[ �A_8}l\���b�}
_�jGg	�Pb���_A�8d]_�g�\i_8[$g	}G_
	-_���\�����_Xg	a
a
d]blg	� �W\�bS\��
_A�8b��5�
a

�\ g�\i� b�} b	�v\���_ a
�lk [i����g � a
dib�aP_8de\���_8[Ib��v\��
_A\�dig	}
[i� \���b�}�� �A_�\�g � �8b��XaPb�

}
j�[Ig	}�j
� \$�8g	} �P_X_ � \�_8}�j
_8j�\�b g ��� b7k�[�~�� \�� �Ab�d]_A\i�hg	} \�~ b9�8b��XaPb�}
_�} \i[ �SY \0a�di_8[]_8}l\�^
~ _I�hg��	_0b���\�g	� }
_�j _ ����_ �	� _8}l\=g	Z�di_�_��A_8}l\ ~�� \��<_���ac_�di�	�X_�} \���b�d | b+g	}�j | bS��� � � �
��� j
_�[8^h_8[]ac_��8� g ��� k | b�� ��� � p4�
_�\i�
� d]j;��b��Aacb�}�_8}l\`b	��\i�
_�\�_�di}hg	dek&[]k [e\�_��;^ � b�d]b�} ^
��[4�8

d]di_8}l\ � k&

}�j
_8d`b�

d4��

did]_8}l\ ��} ��_8[e\���Zlg�\���b�} �


 �����������������������

�hb�

}�j
_8j �lk;\��
_$� � g	[i[]� �$~ b�d]�<b	�V� � g�\i_8d g	}
j � b�[e\�_8d��hg � �Vg �8_�}l\�

dek g	Z	b�� ��� ^P\��
_
\i� Z��l\]�y�
� }�j
� }
Z��X_ \��
b j � p � ���
g	[�_���aP_8di��_8}
��_8j g&di_8}�_�~ _8jGaPb�a

 � g	d]��\�k;� }9d]_8�8_�}l\
� ��\�_�d�g�\i

di_�[ �AY � \��
b�
�Z��9\��
_A_�g	d � k9p � �X_ \��
b j
[�~ _8di_X� }l\�d]b�j�

�8_�j �Xg	� } � k g�[Ig	}
��} \i_8d]acb � g�\���b�} []� �
_��A_	^�\��
_�� d��Xb j
_�di}Wj
_8��_8}
j
_�}l\�[0�hg��	_X�P_8_�}G

[]_8jG\ib<��b��Xa�
�\�_
_ � _8� \�d]b�}
� �X[]\idi

� \�

d]_8[5\�b@g	� ��� _!�	_&dib�
�Z�� � k@\i�
_+[�g �X_+b	dij
_�d0b	��g	�8��

d�g���k�g�[I\��
_
�Ab�di_<[ib�a��
� [e\�� �8g�\�_�jN[i_ � ���y�8b�}
[]� [e\�_8}l\ �
di[]\e��a
d]� }
��� a � _8[A_ � _8��\idib�}�� � �A_�\i�
b j
[ � p4�
_
[]

�8��_8[i[�b	�
p � � [ }
b�\�b	} � k j


_V\�b`��\�[�g�a
ahg	d]_8}l\ g�j���g	}l\ g	Z�_Vb	��\��
_�b�di_ \�����g � []���Aa
� � � � �
� \�kWg	}
j } 
��A_8d]� ��g � _��A�8� _�}
��k	^U�

�\0g � []b �P_8��g�

[i_+� \I��[Ig �X_ \��
b jG\i�hg�\$

[i_�[I\��
_
j
��di_���\"di_8g � �y[iahg	��_ � g	["b�a
aPb�[i_�j \�b;����[]ahg	�8_��$g	a�a
diblg�� � ^ g	}�j \�� 

["��\"�hg�[IgS~�� j
_

�



dig	}
Z�_Sb	�(g�a
a � ����g�\i� b�}�[0� } a
dib	� � _!�X[5\��
g�\ � g	� � aP_8de��_8��\ �8dek�[e\ g �	� ��}
_&[]k ���X_ \�di��_8[
��_ � Z � ^hj�_���_8� \�[�^P�	�Xa�

di� \�� _�[8^ [i

de� g	�8_�[ g�}
j<��}l\�_8de� g	�8_�[ � �
�=_8[]a
��\i_X\i�
_ b���_�d]~��
_ � �A� }
Z<[i

���8_�[i[5� } �Xb j
_ � � }�Z;b��4[i��}
Z � _A_ � _��A_8}l\�[ � � � ^ d]_ �

��_8}l\ a�dib�Z�d]_8[][Xb	� p � �A_�\i�
b�j �hg�[X}
b�\Ak ��_ � j ��di
���\i��
 � di_�[i
 � \�[Ab�} ��}l\�_8d
�X_ \ g �	� ���
g �	� b7k+��b��Aacb�
�}
j
[ � f�g	a
g	�8b�}�[]\ g�} \ib�aPb�
 � b	[ �������	�
� �hg	[�\ g	�

 � g�\i_8j;p � ahg	dig��A_�\�_�di[
��b�d gX��_�~xg �	� b7kS[]k [e\�_��A[ � � � ^ �
b7~{_���_�d8^ ~ _5�hg���_5}
b	\ �
_�g�dij@g	}lk<[i

���8_8[][(� } 

[]� }
Z
\i�
_8[]_5ahg	d�g �X_ \�_8d][�� } �Ab � _8�8
 � g	d`j�k }hg��A� ��[�b�d | b�}l\i_A�vg	d � b+[i�	�0
 � g \�� b	}
[ g \=\��
_
\i���A_��P_8��}
Z � p4�
_�[]��g	d]_8��_"b���p � ahg	d�g �X_ \�_8d][{��b�d �8b��Aacb	

}
j �Xg�\�_�di��g � [V� [ j


_=\�b
\i�
_v��b ��� b7~�� }
Z�j
�	�A�8
 � \���_8[�������di[e\�^	\i�
_v\�dig	j
��\i� b�}
g � �A_�g�}
[ \�b�b���\ g	��}5ahg	d�g �X_ \�_8d][U� [
\ib �
\ \���_4p � _�}
_8d]Z	k5�hg�}
j
[ \�b=\i�
b�[]_4b���\ g�� }
_�j5_8��\i�
_8d���dib�� �hdi[e\Ua
di��}
�8��a � _�[�\���_8b��
d]_�\����=��g � �8
 � g�\i� b�}
[{b�d{��dib�� \���_"_ ��ac_�di���A_8}l\i[ � p4�
_(} 
��X_�di����g � �
\i\i� }
ZOa
d]b���_8j


d]_	^
~��
��� � aP_8d]��b	d��A[`\i�
_I[e\ g	}
j
g	dij }�b�} � ��}
_�g�d �A� }����A����g \�� b	} b�} \i�
_ �A_8d]��\���

}
� \���b�} ^
~ b�di� [A~{_ ��� b�} � k ~��
_8} \��
_;} 
��0�P_8dAb	��� }�j
_8aP_8}
j�_8}l\+ahg�d�g��A_�\i_8di[O��[Xd]_ � g \��	�	_ � k
[
� g �	� �5� 
�\$gS\�k a
����g � �
��}hg	dek9�8b��AaPb�

}
j � g \�_8d]��g � di_ � 
�� di_�[(b��	_8dI�����&� }
j�_8aP_8}��
j
_�}l\=ahg	dig��A_�\�_�di[ � p�b ��\ []b �Xg	}lk<a
g	d�g��A_�\i_8d][�[]���0
 � \ g	}�_8b�

[ � k&��[�a
dib���� �
� \��	�	_ � k
\i_8j
��b�

[8^-g	}
j \i�
_ �A_8d]��\`��

}
��\i� b�} ��g	} _8g	[i� � k;�P_$\�dig	a
aP_8j9��} \ib � b��8g � �X��}
���0
��X[�^
d]_8[i
 � \���}
ZI��} 

}�a
�lk�[]� �8g � p � ahg�d�g��A_�\i_8di[ \��hg�\{a
dib j


��_ p � �hg�}
j
[v�P_�g	d]� }
Z � � \i\ � _
d]_8[i_!�0� � g	}
�8_<\�b \i�
_ b�d]� Z���}hg � b�}�_8[ � s�} g	j
j
� \�� b	} ^ ��b�dX[i�	�0
 � g \�� b	}
[Ob	��\��
_�d��Ab��
j�k }hg �X���&a
dib�aP_8de\���_8[ � []

� �Ng�[A_�}l\�dib	a k	^ ��d]_8_S_8}
_�diZ	k g�}
j � ��_��A� ��g � acb�\�_8}l\i��g � [ �
b	�`j
� 	-_�di_�} \O[]b � ��j
[5g	}�j � ��� 

��j
[8^U� \5� [5�
��Z�� � kGj
_!� g�}
j
� }�Z \��hg�\I\��
_Sahg	dig��A_�\�_�di[
�P_�\�d�g�}
[]��_�d�g	� � _ ��
 b7~ _!�	_8d8^cahg	dig��X_ \�_�di[�b���\�g	� }
_�j&\��
d]b�

Z�� �
\i\i� }
Z � g	� �+a
�lk [i����g �
�A_�g	}�� }
Z�[�^ \i�
_8d]_���b�d]_	^{\i�
_8��d���g � � j
� \�k�g	d]_<

[]
hg �	� k � ���A��\�_�j \�b@\��
_<[�g��A_;�8d]k [e\ g �
[e\�di
���\�
�di_$g	[v\��
_ k;g	di_�b	di� Z	� }hg �	� k �
\]\�_�j;��b�d �
s�}G\i�
� [$di_8aPb�de\�^�~ _+a
d]_8[i_�}l\Ag	} ���Aa � _��A_8}l\ g�\i� b�}@b	�vp � �X_ \��
b j \i�hg�\0b��	_8de�

��b��X_�[ �Xb�[e\Ab	� \i�
_<j��	�A�8
 � \���_8[5j
_�[i�8d]� �P_8j � } \��
_<g	�Pb��	_ � s�} \���� [O[i� �
_!�X_�^v~{_
��b �	� b7~ _8jG\i�
_ �A_�\���b�j b�� | � | g	�
g	} g	}
j � � _�ac_�� [ � �	^ ��� \�b9_�� \id�g	� \Og ��� �
b�a�a
� }
Z
p � ahg	dig��X_ \�_�di[��	��� ��������� ��d]b�� \���_ 
 g��X� � \ib�}
��g�}Ng	}
job���_�d � g�a �Xg�\�d]� ��_8[S�8b��5�
a

�\�_8j@�lk �hd][]\e��a
d]� }
��� a � _8[ ��
 �	� �yacb	\i_8}l\�� g � � ��}
_�g	d �0
��A}�� \�� }9b	di�
� \ g � � � f��t� | p`���
�A_�\i�
b�j � � ^ ��� ^�g���b���j
� }�Z�\i�
_ j
�	�A�8
 � \���_8[ b	� �
\i\i� }
Z�a
d]b���_8j

�di_ ��Y j
j���\���b�}hg � ��g � � �
dig �
\i� b�}+b���_8}
_�diZ	k � [vaP_8de��b�d��A_8j \ib5���Aa
dib��	_�\���_ \�dig	}
[]��_�d�g	��� � � \�kAb	� \��
_�a
g	d�g��A_�\i_8d][ �
p4�
_ � j
_8g`b��hb���\�g	� }
��}
Z�p � ahg	dig��A_�\�_�di[�j
� d]_8� \ � k ��dib�� �hd][]\e��a
d]� }
��� a � _8[���g � �8
 � g�\���b�}
jhg \�_8[V�hg�� �0\�b Y }
j�_8di[]_8} �������	�
� � ��� ^ g	}
jO�hg	[V�P_8_�} �8b	} \i� } 

_�jX�lkOb	\i�
_8dUZ�d]b�

a
[ ����� �
p4�
_��hdi[e\0[i_�di��b�

[5g	a�a � ����g�\i� b�}@b	�4\i�
� [ �X_ \��
b jGb�}G� }l\�_�d��A_�\ g ��� ��� � g \�_8d]��g � [�~vg	[
j
b	}
_=�lk&���ig��ig�a

�\�dig � ���-��b	dv��� Y � 
��X��}
� j�_8[ � �=

d{~ b�di�A��g	}S�P_�� � _ ~{_�j<g�[4g	}+_ � �
\i_8}
[]� b�} \ib+�
��[ ~{b	di�;� } ��

de\��
_�d=_�� \id�g	� \�� }�Z \�~{b ���8_�}l\�_8d"� � a
g	d�g��A_�\i_8d][8^ g	[`~{_ ���
g	[�� }
��b�diaPb�dig�\���}
ZXb�\��
_�d _8}�_8diZ�k ahg�d�g��A_�\i_8di[�^-[]

� �Wg	[ b�} ��[i� \�_Ig	}
j d]_8a

 � [i����_IaPb��
\i_8}l\�� g � ^ \�b0��b�d
� g0di_8a�di_8[]_8}l\ g \�� b	}S��b	d{\��
_�\�b	\�g � _�}
_8d]Z	k&g	}�j&[i

�
[]_�� 

_�} \ � kS

[]� }
Z
\i�
_�� ��} | b�}l\�_{�vg	d � b � | ��� [i���I
 � g�\i� b�} � �=

d�b�}���[]��\i_ a
g	d�g��A_�\i_8d][�~ _8d]_ b	��\ g	��}
_8j

�



Mo

Si

����Z�

d]_5� �Vp4�
_$��

�
��� Y ���5[]\�d]

��\i

di_(��b�d | b�� �����Vp4�
_ | bXg�\�b��A[ � � � g	� �+��� d]� � _�[ �
��b�d
� � ��}
_8[4��� ��[]_8� \�� }�ZO\i�
_"�8

�
���([i

de� g	�8_�[8^cg	}
j ����g�\�b��A[ ��~�����\�_"�8��di� � _8[ �{b����8

alk
\i�
_(�c��� � g�\i\i� ��_ �

\i�
dib�
�Z��+} 
��A_8di����g � �
\]\�� }�Z�[8^ ~��
� � �&��[ � 

� \�_=j�� 	c_8di_�}l\{��dib�� | � | g	�
g	} � [4b�di��Z�� }hg �
[]� �
_��A_ � m _I��_8_ � \i�
� [`~vg�k<a
di_�[i_8d ��_�["\i�
_Ia
�lk [i����g � �X_8g	}
� }�Z�[�b��U\��
_�[i_5ahg	dig��A_ �
\i_8di[�^ �Xg	� � }�ZA\i�
_�� _�g	[]� _�d`\ibX\�dig	}
[e��_8d�\ib b	\i�
_8d`[]\idi

� \�

d]_8[ � ����}
�8_"\��
_ �
\i\i� }
ZA� [
j
b	}
_���b�d4b�}
_"g	}
Z	
 � g	d �Xb��A_8}l\i
�� g�\`g0\i���A_	^�\i�
_8d]_$��[4}
b	\4\ib�b �0

� �;b	��} 
��X_�de�
����g � �

�dij
_�} � ��� }hg ��� k	^�~ _0g	
�Z��X_�}l\�_8j<\��
_"p � �hg	}�j _8}�_8diZ�k;~�� \�� g	} g	j�j
��\i� b�}hg �
d]_8a

 � [i����_vaPb	\�_�}l\���g � ahg	de\ � m _v
�[i_8jXg	}5_!�0�c_�j
j
_�jXg \�b�� �X_ \��
b j � n Y | ��[i� ��_��A_
g	}�jI[i
�ac_�diaPb�[i� \�� b	}Ib	�h��b�}l\�dig	��\i_8jOg�\ib��X���Uj
_8}�[i��\�kIg	a
a�dib������Xg�\���b�}�\�b�� g��8� � ��g�\i_ \��
_
�
\]\���}
Z5b	� d]_8a

 � [i����_(_8}�_8diZ�k&ahg	dig��X_ \�_�di[ �
m _=� �
b b�[i_ \i�
_ \i_8di}
g	d]kX[]k []\i_�� b	� | b
^
���-g�}
j � g	[vb	

d{_ �
g �Xa � _��Xg�\�_�di� g � [�^

�P_8�8g	

[i_�\���_�kAg	d]_4�8

d]di_8}l\ � kO�P_8� }�Z"j�_!��_ � b�aP_8jO��b�dV�
��Z��5\�_��AaP_8d�g \�

d]_ � � �7�	����� ���
[e\�di
���\�
�d�g � g	a�a � ����g�\i� b�}
[ � ��� � � s�}&\��
_(a
d]b���_8[i[]� }
ZOb	��\���_8[i_��Xg�\�_�di� g � [�^�� \4� [4��di��\i� �8g �
\ib5�c_(g	� � _ \ib5a
di_�j
� � \�a
�hg	[]_"j�_!��_ � b�a��X_�} \�
�}
j
_8d���g	dek���}
Z0\���_8d��Ab j�k }hg��A� � ��b�}��
j
� \���b�}
[8^ ~�� \�� ��g	d]��g�\i� b�}�[�� }G��b��Aacb�[]��\i� b�} � p4�
_X\i_8� �
}���� 

_X~ _ �A_�\i� b�}�_8j g��cb���_
~�� ��� g ��� b7~ 

[U\�b(\�d]_�g�\ g�

}
� \ ��_ �	� b	� �	_8dek � g	d]Z�_4[i� �8_	^ � � _ � ^l~���\i�Ag��	_8d]k � g	diZ	_4} 
��O�
�P_8d"b	�4��}
j
_8aP_8}�j
_8}l\ � kW�c_��hg�����}
Z9g�\ib��A[ � p4�
��[$~�� �	� g ��� b7~ 

[$�8b�} ��_�}
� _�}l\ � k g	}�j
g	���8

dig�\�_ � k@\�b a
di_�j
� � \0_ 	c_8� \�[0b�����g	di� g�\���b�} ��}G[e\�b���� �
� b��A_�\id]kWg	}�j b	�`g	j
j���\�����_�[ �
s�}S\��
_(a
d]_8[]_8}l\ d]_8aPb�d]\�~ _ �hdi[e\�j�_�g � ~�� \�� �Xb j
_ � � }
ZIb	� | b g	}�j � � ^�~�� \��;[iaP_8�8� g �
��} \i_8d]_8[]\0� }G\i�
_ �Ab�j
_ � ��}
Z<b�� | b � ����� ��

�
� � Y ����^�[i_8_S��� Z � ��� � p4�
_&ahg	dig��A_�\�_�di[


[]_8jO� } | b � ����g	di_{j
_��Ab�}
[e\�d�g \�_8j0\ib��c_ \�d�g�}
[]��_�d�g	� � _ \ib�b	\��
_�d | b(� � � ���8��j
_8[ � p4�
_
��}
� � 

[i��b�}&b	��\��
_�\���� dijS��b��XaPb�}
_�}l\�^ � b	dib�} ^�g�di_ � _ � \4��b�d4b�

d4��
�\i

di_�~ b�di� �
s�}@\��
_5��b �	� b7~�� }
Z&[]_8� \�� b	}
[8^ ~ _X[]�hg ��� �
di[]\"a
d]_8[]_8}l\0gSj
_ \ g	� � _8j@j
_�[i��di� a�\�� b	}Wb��

\i�
_ �A_�\i�
b j<��} � _8� � ��^�\��
_�}<\i�
_"\i_8[e\�[ b��Ug	���8

dig	��k<g	}
jS\�dig	}
[e��_8d�g��
� � ��\�k+��} � _8� � ��^
��b �	� b7~ _8j �lk | b�}l\�_O�vg�d � b [i���I
 � g�\i� b�}Sd]_8[i
 � \�[ � }@��_�� � �
^ g	}�j \��
_I��
�\�

d]_0a � g�} � }
��_�� � � �

�



� � � ��� ��� ��������	
Y [ 

[]
hg � ^ ~ _ []_8ahg�d�g�\i_`\i�
_`\ib	\ g � _8}
_�diZ	kA� }l\ib"p � �hg	}
jA_8}
_�diZ	kAahg�d]\ g	}
j g"[]�
b�d]\
dig	}
Z�_�d]_8a

 � [i����_(acb�\�_8}l\i��g � a
g	d]\ �


��
�
��
�
�����������
������ � �e���

p4�
_{g	�Pb��	_{[]_8ahg	dig�\���b�}Ib���\�b�\ g � _8}�_8diZ�k$��} ��b � ��_8[�[ib��A_{g�di�
� \�d�g�di� }�_8[i[ � s�}0[ib��A_ p �
\ib	\ g � _8}
_�diZ	k [i� �
_!�X_�[ ��}
b	\�g	� � kXf�g	ahg	��b�}
[]\�g	}l\�b�aPb�
 � b�[ �������	�
� � �7��� � ^�\���_�di_8a�
 � []�	��_
aPb	\�_�}l\���g � � [O_8}l\���di_ � k g	��[ib�d]�c_�jN�lk�\��
_<�hg	}
j _8}
_�diZ	k g	[Xg � ��_��A� ��g � acb	\i_8}l\�� g �
[]�
��� \ � m �
� � _I\��
��[=\�d]_�g�\��X_�} \"[]���Aa � ���h_8[ \i�
_Oa
dib	� � _!� �lk@di_�j


�8��}
Z&\��
_O} 
��0�P_8d
b	� ahg	d�g �X_ \�_8d][ \ib0�c_ �
\i\i_8j ^���\ 
 � \�� g \�_ � k5b��
[]�8

d]_8[v\i�
_ a
�lk [i����g � �X_8g	}
��}
ZIb	� p �
ahg�d�g��A_�\i_8di[ � �hb�d$_ ��g��Xa � _	^ \i�
_+p � _�}
_8d]Z	k ��[I}
b � b�}
Z�_�dIa

�di_ � k g \i\�dig	��\i�	�	_ � }
\i�
� [ �Ab�j
_ � ^hg�}
j<\i�
_$a
g	d�g��A_�\i_8d][`~�� ��� �hg��	_$\�bA�P_Ig	� � _�\�bAdi_�a
di_�[i_8}l\��Pb	\i�<[]�
b�d]\
dig	}
Z�_"di_�a

 � []� b�} g	}
j � b�}
ZXd�g	}
Z	_Ig�\]\�dig	��\i� b�} � �{b�}�[i� j�_8di��}
ZX\i�
_8[]_0[i��b�d]\i�8b��A� }
Z	[8^
~ _=[i�
g ��� �	_�_8a&�Pb	\��X\�_8d
�X[ � }Xb�

d ��b�d��0
 � g�\i� b�} � p4�
_ g	di�
� \�dig	di��}
_8[][ b	�-\��
_=_�}
_8d]Z	k
[]_8ahg	dig�\���b�}O~�� ��� �c_�ahg	de\�� g ��� kId]_��A_8j
��_8j � g�\i_8dU� }O\���_`a�dib �8_8j�

di_�b	� �8g � ���c_�d�g�\i� b�}0b��
\i�
_(�hg	}
j;_8}
_�diZ	k �

!�"$# %'&)(+*-,/.)0213.)(5476/8
s�}G\i�
_+[]b ��g �	� _�jG}
b�} ��b�de\��
b�Z	b�}hg � p � �Ab�j�_ � ^�b�}
_X�8b��Aa

�\i_8[I\i�
_ 
 g��A� � \ib�}
� g	}
g	}�j;b��	_8d � g	a � g�\idi���8_8[�9:g	}�j3:v^hg	}�j<[]b � �	_8[4\��
_(Z�_�}
_8dig � � �8_�j;_�� Z�_�}<a�dib�� � _�� �

�;9=<'>@?�: �BAC? 
 � � � ���

p4�
_5�
g	}
j@_8}
_�diZ	k � [=b���\ g	��}
_8j@�lk []
����A� }�Z \��
_5_�}
_8d]Z	k9_�� Z�_�} ��g � 

_8[�
�a@\ib+\��
_
� �
_!�X����g � acb	\i_8}l\�� g � ~ _8��Z��l\�_8j;�lk;�h_8d��A�-��

}���\���b�}


��������D
 EF�GIHJFLK
>@?�M �N>@? � � � � �

� � g�\�_�d9g	}
j � b�[]\i_8d9

[]_8j?\��
_�\�~ bC��_8}l\�_�d g�a
a
dib������Xg�\i� b�}r\ib _���a
di_�[i[@\��
_

 g��X� � \ib�}
��g�} g	}
j b���_8d � g	a �Xg�\�d]���9_ � _!�X_�} \i[Ig�[ � � }
_8g	d��8b��0�
� }
g�\���b�}9b	�4gS[i_ \Ib��
ahg�d�g��A_�\i_8di[I� }�b�~�} g	[O� � ahg�d�g��A_�\i_8di[ � ��� � �hb�d0_ �
g �Xa � _	^Vg �
b	a
a
� }�Z �;O P
 � �

 g��X� � \ib�}
��g�} �Xg�\�d]���G_ � _��A_8}l\ � g�kG�c_&~�di� \i\i_8} g	[ � �
_�di_&~ _;
�[i_8j \���_ | � | g �
�hg�} � [���b�} ��_8}l\i� b�}�� � � �

Q �SR�T'U 9VU % RNWXTYW[Z 
\E^]�_ ] �`R�Tba�RNWcTYWNa�d% �BeBfgfgh ] �`O��ia � � �

�



~��
_�di_ _ ] [4g	di_�\��
_ � � }
_8g	d �8b _!�A�8��_8}l\�[{\i�hg�\4j�_8aP_8}
jSb�} \i�
_=Z�_�b��A_�\�d]� � g � ��Z�}��A_8}l\
b	�h\i�
_v��} �	b � � ��}
Z=g�\ib��A� � b�di�
� \ g � [8^�g	}
j eBfgfgh ] [Ug	di_ \��
_�� � a
g	d�g��A_�\i_8d][�\��hg \ j
_�ac_�}
j
b�} � k+b	};��}l\�_8dig�\�b��X���=j
� [e\ g	}��8_ O �
p4�
_`� } ��_�di[]_ a
d]b�� � _!�<^	}hg��A_ � k$\�b"j
_�\i_8d
�X��}
_�� � ahg	dig��A_�\�_�di[Vb�
�\V��d]b��EZ�����_�}


 g��X� � \ib�}
��g�} g	}
j b���_�d � g�a �Xg�\�d]� ��_8[8^ �hg	[O�P_8_�}K�8b	}
[i��j
_8d]_8jK�lk | � | g	�hg�}Kg	}�j
� � _�ac_�� [ � ��^
��� � p4�
_ k ��b�
�}
j&g	}Xb�d]\i�
b�Z�b�}
g � � \�k5di_ � g�\i� b�}
[ g��Ab�}
Z(\��
_ _ ] [ \ib0� } �	_8d]\
n � � ��� ���

eBfXf h ] �`O�� 
 � �)< �
]
� ��� � E

��� � h
_ ] �;RNTba RIW TYWNa d% � Q �SR�T'U 9VU % RNWXTYW[Z � � ���

p4� 

[�^�\i�
_0a
d]b���_8j

�di_Ob	�Vb���\�g	� }�� }
ZS� � �
b	a
a
� }�Z&ahg	d�g �X_ \�_8d][=� [�� g	j�_0[]\id�g	��Z��l\]�
��b�de~vg�dij � m _ �hdi[e\0��b��Xa�
�\�_�j \���_X����[]ahg	��_ 
 g �X� � \�b	}
��g	} g	}
jGb��	_8d � g	a �Xg�\idi� ��_8[
��b�d�\��
_��Xg�\�_�di� g � 
�[i� }�Z"b	

dUg	���8

dig�\�_`� f��t� | p`� � � � �A_�\i�
b�j � p4�
_��Xg�\�d]� ��_8[�~ _8d]_
\i�
_8}Ag	}l\�� �t�hb�

d]� _�d�\id�g	}
[e��b�d��A_8j5��}l\�b=\���_vdi_8g � [ia
g	�8_ � p4�
_�g	�Pb��	_4[]\i_8a
[V�hg���_��P_8_�}
}
���8_ � k(j
��[i�8d]� �P_8j0��}Ij
_ \ g	� � �lkI���ig��ig	a

�\�d�g � � � � ��b ��� b7~���}
Z n � � � ��� ^	\���_v�
b�a
a�� }
Z�p �
ahg�d�g��A_�\i_8di[v��b	dv\��
��[`a
g	d]\i� �8
 � g	d []\�d]

��\i

di_$g	d]_(\i�
_8};b���\�g	� }�_8j �
p4�
_Wg	�Pb���_9a
d]b���_8j


d]_@j
� 	c_8d][+��dib�� \�dig	j
��\i� b�}
g � ��\i\���}
Z�_ 	cb�de\�[&� }N\i�hg�\;g �	�

ahg�d�g��A_�\i_8di[O��b�dO\��
��[X[e\�d]

��\i

di_ ��[	��
 �
��� ����� j�_�\�_�d��A� }
_�j � sy\ ��[X_!�Xa��hg	[i� �8_�jK� }
\i�
_&b�di��Z�� }
g � a
g	ac_�d0\��hg \5\��
_&[]_�\Ab	��ahg	d�g �X_ \�_8d][5[ib@b���\�g	� }�_8j �Xg7kG}
b	\O�P_+\��
_
�Ab�[]\ g	���8

dig�\�_ a
g	d�g��A_�\i_8d][8^��

�\ � [X\i�
_ �P_8[e\&acb	[i[i��� � _S~���\i�
� } \��
_;\�~{b���_8}l\�_�d
g	a�a
dib������Xg�\���b�} ^U\���_8di_ ��b�di_�^4Z�b b�j \�dig	}
[]��_�d�g	��� � � \�k ��[X�
��}l\�_8j � ��b	dA��}l\�_8d
�X_ \ g �	� ���
��b��XaPb�

}�j
[V[i

� � g	[U\��
_�b�}
_�~ _�g�di_�� }l\�_�di_�[]\�_�j ��} ^�\��
_`} 
��0�P_8dVb	�cahg	dig��X_ \�_�di[V� [
\ib�b � g	diZ�_"\�b&�P_ �
\i\i_8j@[i�	�0
 � \ g	}
_�b�

[ � k � ��g \�dig	j
� \�� b	}hg � �X_8g	}
[ � p4�
_�di_���b	di_	^ \i�
� [
a
d]b���_8j

�di_4� [�a
di_ ��_8dig	� � _{� }5��\i[�_��X��� _�}
��k � s�}Og	j
j
� \�� b	} ^	[]� }
��_{~{_�g�di_v��} \i_8d]_8[]\i_8jO� }
g	}<b���_8dig ��� g	���8

dig�\�_(\�b�\ g � _8}�_8diZ�k�^�~{_$��g	}<[�g	��d�g �h��_$\i�
_0g	���8

dig	��k;b	��� }
j��	� � j


g �
\i_8d��A[v��b�d4�P_�\]\�_8d4\id�g	}
[e��_8dig	�
� � ��\�k �
p4�
_W�
b�a
a�� }
Z ahg	dig��X_ \�_�di[ e!�;O��+b���\�g	� }�_8jCg�\;b�}
_ ��b � 
��X_9�
g��	_ ��g � 

_8[;g�\

j
��[i��di_�\i_0[i_ \(b	� O acb���}l\�[ ��b�did]_8[]acb�}�j
� }
Z+\ib+\��
_I� }l\�_�d�g�\ib��X���$j�� []\�g	}
��_8[=��b�d \i�hg�\
[]ac_��8�	�
�X[e\�di
���\�
�di_ � | b�d]_ ��g � 

_8["g�\$g	j�j
��\i� b�}hg � O aPb���} \i[�� g�k9�P_Ob���\ g�� }
_�j �lk
��g	dek���}
Z4\��
_ ��b � 
��A_V� }(\��
_ � f��t� | p`� �8g � ��
 � g \�� b	} � ��b	\i_	^��
b7~{_���_8d�^�\��hg \�\i�
_{� �
p � ahg	dig��A_�\�d]���8g�\���b�}&g	[][i
��A_8[4\��
g�\4\��
_�
�}
j
_8d � k � }�ZA�
g	[i��[4b�di�
� \ g � [{d]_��Xg	� } � ��_�j
g	[ \i�
_ � g�\i\i� ��_ ��b � 
��X_Vb�d�[e\�di
���\�
�di_ � [�� �hg	}
Z	_8j � p4��� [�� [�}
b	\�g � ~vg�k [�acb�[][i��� � _V[i��}
�8_
�lk }hg�\�
�di_ \i�
_&� f��t� | p`� �8g � ��
 � g�\i� b�} �h}
j�[0\��
_+b	a�\��	� g � []_�\5b���b�di�
� \ g � ["\i�hg�\
�A� }
�	�X� �8_U\���_`j�_8}
[]��\�k0��

}���\���b�}hg � � s�}5\i�
_�b�di��Z�� }hg � a
g	ac_�dUb	� | � | g��hg	} ����� �	�
� � �
� ^
g"

}
��\�g	d]kAd]b	\ g�\i� b�}O~{g	[{aP_8de��b�d��A_8j+b	} �Pb	\�� 
 g��A� � \ib�}
� g	}Og	}
j+b��	_8d � g	a �Xg�\idi� ��_8[
\ib;_�}
[i
�di_Ag&ac_�d]��_8� \ � k \�dig	}
[e��_8d�g�� � _5b���_�d � g	a � s�[i[]

_8["b	� }
b�}�� \�dig	}
[]��_�d�g	��� � � \�kS~vg	[
d]_ � _�Zlg�\i_8j \ib \i�
_ 
 g��A� � \ib�}
� g	} � s�}Kb�

dAa
dig	��\i� �8_�^4�
b7~{_���_�d8^4~{_;��b�

}
j \��hg�\X���
\i�
_��	b � 
��A_ ��[I}
b�\ ��g	di��_8jW\�b b �0

� � ��� k � _�[i["\��hg	}��5����� �"g	}
j � �v~{_&d]_8[e\�di����\

�



4 8 12 16
R (Bohr)

0

0.2

0.4
ov

er
la

p

sssσ

−sppσ

sddσ

����Z�

d]_O� � p4��_A[ig��A_5b��	_8d � g	a@�
b�a�a
� }
Z&a
g	d�g��A_�\i_8d][�� �`O�� b���\�g	� }
_�j@g�\�j
� 	-_�di_�} \
�	b � 
��A_8[ �

\i�
_��0
 �X} �y\���} dig	j
� 
�[ \ib0�c_ ����_8jSg�\vg ��� �	b � 
��X_���g � �8
 � g�\���b�}
[8^�\i�
_=[ig��X_`b���_�d � g�a
��

}���\���b�}
[�� �;O��`[i�hg	d]_AgSa�di_�\]\�k �0

� �9\i�
_5[�g��A_5[i�
g	ac_ ��[i_8_A����Z � ��� � p4�
_�di_���b	di_	^
}
bI

}
��\�g	d]kOd]b	\ g \�� b	}X��[{}
_�_8j
_�j � p4�
� [ � [{a
g	d]\ � kO�P_8��g�

[i_ ~ _=�hg��	_=

[i_�j&b�} � kXb	}
_ �
� g	a
a
g ��b�d _8g	� �@b�di�
� \ g � ��b�}
[i��j
_8d]_8j ^�g�}
j \��hg \ �Xb	[]\=� �
g	d�g	� \�_�di� [e\����0� }���b	d��Xg�\���b�}
b	��\��
_ b�di�
� \ g � [�� [��8b�}l\ g�� }
_�jI� }"\��
_ �0
��A}�� \�� }$di_�Z�� b�}-^ ~��
��� �0� [ ����_8j5��}I[]���8_ � p4�
_
� �hg�}
Z�� }�Z<��} \i_8d][]\�� \�� g � g	d]_�g�^��P_8� }�Z gS[��Xg ��� ��d�g	� \�� b	}Wb��{\���_O\ib	\ g � ��b � 
��X_�^�b�� \�_8}
[]_8_8[I[��Ab�b	\i� j�_8}
[]��\�k g	}
j acb	\i_8}l\�� g � g	}
j �c_��8b��A_8[ � _8[][I�	�XaPb�d]\�g	}l\(� } g 	c_8��\i� }
Z
\i�
_ 
 g �X� � \�b	}
��g	}Sg�}
j9b���_8d � g	a � g�\idi���8_8[ � sy\�[]�
b�
 � j �P_0}
b	\i_8j \��
g�\=��} gX\�k a
����g �
� f���� | p`� �8g � ��
 � g \�� b	} ^h\��
_ �0
��A}��y\i� } dig	j
��

[���[=g���g	d]��g�\i� b�}
g � ahg	dig��X_ \�_�d g	}�j
[]�
b�
 � j �c_���g	di��_8j \ib �h}
j \i�
_ �A� }����0
�� _8}
_�diZ	k � 
 _�di_	^ ~ _+_!�Xa
�
g	[i� �8_ b	}G\��
_
\id�g	}
[e��_8dig	�
� � ��\�k;b	�V\���_Aa
g	d�g��A_�\i_8d][�
 ~{_ � _�g���_Ag	}lk j
_!� ��g \�� b	} ��dib�� \��
_Og	���8

dig�\�_
�hg�}
j<_�}
_8d]Z	k+\ibX�P_(g	�
[]b�di�P_8j;�lk&\��
_(di_�a

 � [i�	�	_(acb	\i_8}l\�� g � �
w } � � ��_A\i�
_ �8g	[i_ b	�4b���_�d � g�aG��

}
� \�� b	}
[8^�}
b	\����8_8g	� � _Aj
� 	-_�di_8}��8_8[I_���� [e\5g��Ab�}
Z

\i�
_<[ig��A_ 
 g��A� � \ib�}
� g	} ahg	dig��A_�\�_�di[ e!�;O��5b���\�g	� }�_8j g�\Aj
� 	c_8d]_8}l\��	b � 
��X_�[ ��[i_8_
����Z � � � � sy\�[i_�_��A[�\i�hg�\ \i�
_ 
 g��A� � \ib�}
� g	} ahg�d�g��A_�\i_8di[ j�_8aP_8}
j$b�}"\i�
_V[i�
_ ��� } 
��0�P_8d
g	[+~ _ �	� g	[&j
��[]\�g	}
�8_ � ���	�X� � g	dOa
�
_�}
b��A� }
b	} ��g	} �P_9[i_8_�}C��}N\��
_������?a � b�\+� }
��_�� � ��^=g�[S~ _ �	� g	[S�c_�� }
Z di_�acb	d]\�_�jC��} b	\��
_�dSp � �	�Xa � _��A_8}l\ g \�� b	}
[ � ����� ^`~��
_8d]_
\i�
_I[]� �
_��A_0b	�V_�} � ��dib�}��A_8}l\e��j
_�ac_�}
j
_8}l\(p � a
g	d�g��A_�\i_8d][�\��
g�\�g	���8b�
�} \i[ ��b�d�\��
_
[]�
_ �	� j
_�ac_�}
j
_8}��8_S~vg	[5_ � g	�Pb�dig�\�_�j � s�} b�

d0�8g	[i_�^ ~ _+��b�

}
j \i�hg�\0\i�
_&a
d]b�� � _!�
��[4��g	

[]_8j<� k \��
_"g	d]�
��\id�g	d]� }
_�[i[4� } �	b � �	_8j;� }&\��
_([]_8ahg	dig�\���b�}Sb	��\�b	\�g � _8}�_8diZ�k&� }l\�b
��g � _8}
��_ _8��Z�_8} ��g � 

_ []
��Jg	}�j di_!� g	��}
� }�Z<ahg�d]\5��}Gb�

d0� f��t� | p`� ��b�d��I
 � g�\i� b�} �

�



4 8 12 16
R (Bohr)

−0.2

0

0.2
H

am
ilt

on
ia

n 
(R

yd
be

rg
) tssσ

−tppσ

tddσ

����Z�

d]_I� �`p4�
_0[ig��A_ 
 g��A� � \�b�}���g	}S�
b�a�a
� }
Z ahg	d�g �X_ \�_8d][ � �;O��`b���\ g�� }
_�j9g�\=j������
��_�di_8}l\ ��b � 
��A_8[�^h�c_ ��b�di_�_�}
_8d]Z	kS��g � � �
dig�\���b�} �

p4�
_�di_ ��b�di_�^ ��\"� [ �	_8d]k ���AaPb�d]\�g	}l\�\�b;��g � � �P_8d�g \�_5\��
_A_8}�_8diZ�k d]_���_�di_8}��8_+aPb�� }l\(��b�d
\i�
_ 
 g��X� � \ib�}
��g�}
[U�c_ ��b�di_`�8b��Xahg�di� }�Z"\i�
_�� g�\ j
� 	c_8d]_8}l\ �	b � 
��A_8[ � m _�� �
b�[]_ \��
_
_�}
_8d]Z	kAdi_���_�di_�}
�8_ \ibI�P_�\i�
_�_�}
_8d]Z	k � _!�	_ � ��b�dV\��
_`� }
}�_8d �Xb�[e\{��b�di_�_ � _8��\idib�} � []

� �
g	[ � ��� ���P_8�8g	

[i_�� \ � [ �Xb�[e\U

} � � ��_ � k"\�b��P_�g 	c_8� \�_8jO�lk0\i�
_4�cb	}
j
� }�Z=_8} � � d]b�}��A_8}l\ �Y � \�_8d"��g � � ��d�g�\i� b�}3e!�`O���� e!�;O�� < � ��� � �;O�� ^�\��
_A}
_ ~ 
 g��A� � \�b�}
� g	}9ahg	dig��A_�\�_�di[
g	d]_�a � b�\i\�_�jS� };��� Z � ��^ ~��
_8d]_"\i�
_(���Aa
dib��	_��A_8}l\�b���_8d�����Z � �I��[4a
dib��X��}
_8}l\ �
m _ �
\=\i�
_0b���_�d � g�a@g	}
j9��g � � �P_8dig�\�_�j 
 g��X� � \ib�}
��g�}<ahg�d�g��A_�\i_8di[�� }l\�bX\��
_I��b � �

� b�~���}
Z5[i�	�Xa � _ ��

}���\���b�}hg � ��b�d�� �

e!�`O�� 
 ����� � �
�
O�� � �
	���
 � � � �

��_8[]
 � \i[�g	di_�\ g��

 � g \�_8jS��}&p�g	� � _O� � p4�
_(d��A[4aP_8di��_8}l\ g�Z�_$[]��g�\]\�_�d�g��cb�
�\4\��
_!� � [
��� b�d � _8[i[U��b�}
[]� j
_�di� }�Z5��� acb	� }l\�[Ug \/O�� ��� � b��
d �t� � b���d 
 � � ���	���Y � � �{b��Xahg�di_8j
\ib \��
_4[]��g�\]\�_�d b	�c�	� �?g	}
jO����� ��b	dCeBf�� � g	}
j e���� � d]_8aPb�d]\i_8j5� }O��_�� � ��^�b	

d���[ � ��Z��l\ � kg � \�_�di_8j �{a
dib �8_�j


di_(Z�����_�[�gO[i��Z�}
���h��g	}l\��	�Xa
d]b���_��A_8}l\�b	��\�dig	}
[e��_8d�g��
� � ��\�k �
m _4}
b7~ \i

di}5\�b=\i�
_4b�}��y[i� \�_ �`O 
 ����ahg	dig��X_ \�_�di[ � s�}O�8b�}l\�dig	[]\U\ib=\��
_4�8g	[i_4b��

�
b	a
a
� }�Z�ahg�d�g��A_�\i_8di[�^ 
 g �X� � \�b	}
��g	}�� g�\idi� �(b	��g`[i� }�Z � _V[]\idi

� \�

d]_v� [�}
b�\Ug	j
_ � 
hg�\�_
\ibXj
_ \�_�d��A� }
_(g �	� �8dek []\ g � � �
_ � j;ahg	dig��A_�\�_�di[�_�����_8a�\���b�dv\��
_�� d��8_�d]\�g	� } ����_8j<[i
��A[ �
��_�� � �=[]\i

j
��_8j \i�
_8[]_=[i
��A[4g	[ _ 	c_8� \��	�	_=[i� \�_�_8}
_�diZ���_8[vg�}
j&_ 	c_8� \��	�	_=�8dek []\ g � � �
_ � j�[ �
p4�
_�[i_5_
	-_���\�����_0a
g	d�g��A_�\i_8d][�g	di_$[]\i� ��� j
��di_���\ � k;�8b��Aa

�\�g	� � _(\�� 

[�aPb�[][i_8[][i��}
Z+\��
_
� � de\�

_ b	���c_�� }
Z0��d]_8_ ��d]b�� } 
��X_�di� �8g � ��\i\���}
Z � 
 b7~{_���_8d�^h�c_�� }
Z5a�

di_ �Xg�\i�
_��Xg�\�� �
�8g � �8b�} �	_8}
��_8}
��_	^�\i�
_�k � g	� �I\i�
_�a
�lk [i� �8g � � }l\�_�dia
d]_�\�g�\���b�} ^	\i�
_8d]_���b�d]_ g	d]_4[]\idi

� \�

d]_

�7�



p�g	� � _=� � � � � �
b�a�a
� }
Z�a
g	d�g��A_�\i_8d][Ub���\ g�� }
_�j0��b�d | b � ��� � ���<g	}
j � � � ahg	dig��A_ �
\i_8di[�g	di_{g��	g�� � g�� � _U

aPb�}$di_�� 

_�[]\ � � Y �	� _8}
_�diZ���_8[�g	di_ � }0�4k j
�P_8diZ �e�7�4k j � 
 �7� � �	_ q��
g	}�j<g ��� � _8}
Z	\i�
[�g	d]_"��} � b��
d �t� � b��
d 
 � � �	�	� �Y � �

\�k aP_ � � �
�

�
�

\�k aP_ ��� �
�

�
�e ��� � | b�� | b � � �7�l� � � �l��� � � �l��� � ��� � | b�� | b � � � ��� �t� � � �l� � � �����e ��� � | b�� | b �t� � ���l� � � �	��� � � ����� � ��� � | b�� | b � � � �l�	� � � �l�	� � � �����e � � � | b�� | b � � �	�l� �t� � ��� � � � ���7� � � � � | b�� | b � � �	�l� �t� � �l�	� � � ���	�e ��� � | b��e��� � � �l��� � � �	��� � � �l��� � ��� � | b��e��� � � ����� �t� � ����� � � �����e ��� � | b��e��� � � � �	��� � � � ��� � � ��� � � ��� � | b��e��� � � � �l��� � � �l��� � � �����e � � � | b��e��� � � �	�l� �t� � ���	� � � ����� � � � � | b��e��� � � �l�	� �t� � �	��� � � ���7�e

��� � | b�� | b ��� � ���l� �t� � ��� � � � �l� � �
��� � | b�� | b � � � �	��� � � ����� � � ���
�e

�
� � | b�� | b � � ���	� �t� � � ��� � � �	�l� �

�
� � | b�� | b � � ��� � �t� � ����� � � �l�	�e

� � � | b��e��� � � ����� �t� � ����� � � ����� �
� � � | b��e��� � � �l�l� �t� � �l�	� � � �����e

��� � | b��e��� �y� � ���l� � � � �l� � � ��� � �
��� � | b��e��� � � � �l�	� � � �l��� � � � �	�e

�
� � | b��e��� � � � �l� �t� � ���l� � � �l��� �

�
� � | b��e��� � � � �l� � � ����� � � � �	�e���� � | b�� | b � � ��� � �t� � ����� � � ����� � ��� � | b�� | b � � ���	� �t� � ����� � � �	���e�� � � | b��e��� � � � �l� �t� � ���	� � � �l�	� � � � � | b��e��� � � ����� �t� � �l�	� � � �	� �e��

� � | b��e��� ��� � � �	� �t� � ���	� � � ����� � �
� � | b��e��� �t� � �	�	� � � ����� � � �	�l�e���� � | b��e��� � � �7�l� �t� � ����� � � � �l� � ��� � | b��e��� � � �	� � �t� � ����� � � ���l�e ��� � � � �e� � �7� � ���	� �t� � �	�
� � � �	�l� � ��� � � � �e� � � � ����� �t� � ����� � � � �l�e ��� � � � �e� � ��� � ����� � � � � �	� � � � ��� � ��� � � � �e� � �e� � ����� � � ����� � � �l���e � � � � � �e� � � � �	��� �t� � ���	� � � ���l� � � � � � � �e� � � � ���7� �t� � ����� � � �l���e

��� � � � �e� � ��� � �	��� � � �	�	� � � ����� �
��� � � � �e� � �e� � �	� � �t� � ����� � � �l�	�e

�
� � � � �e� � � � �7��� �t� � ���7� � � ���l� �

�
� � � � �e� � � � � �l� �t� � ����� � � ���l�e���� � � � �e� � � � � ��� �t� � ����� � � �l�l� � ��� � � � �e� � � � ��� � �t� � ����� � � �	�l�

���



4 8 12 16
R (Bohr)

0

1

2

3

H
am

ilt
on

ia
n 

(R
yd

be
rg

)

tssσ

−tppσ

tddσ

����Z�

d]_$� �`p4�
_0[ig��A_ 
 g��A� � \�b�}���g	}S�
b�a�a
� }
Z ahg	d�g �X_ \�_8d][ � �;O��`b���\ g�� }
_�j9g�\=j������
��_�di_8}l\ ��b � 
��A_8[�^�g�� \�_�d4_8}
_�diZ	kS�8g � ���
d�g�\i� b�} �

g	}�j ��b � 
��X_�j
_8aP_8}�j
_8}l\�^�� � _ � ^�}
b�}�� \�d�g�}
[]��_�d�g	� � _ � �hb�d b�

dva�

diaPb�[i_�^�~ _�

[i_(g � \�_�de�
}hg \��	�	_=~vg�kSb	��} 
��A_8di����g � �
\i\i� }
Z5\�b �h}�j;\id�g	}
[e��_8dig	� � _(b�} ��[i� \�_�ahg�d�g��A_�\i_8di[ �
p�b`� g	��� � ��g�\i_�\��
_ �
\]\���}
Z
^7~{_ �Xg	j
_ g`[]���Aa � � � k � }
Z{g	[i[]
��Xa�\�� b	}"\i�hg�\�\��
_V��d]k []\�g � �

�h_ � j
[Vg�di_ �]

[e\ g��


}
� �Ab	�Pj
_ � \ g ��

}���\���b�}
[ []��\i
hg�\�_�jAg�\U}
_�� Z�� �Pb�di��}
Z�g�\ib��X���{[]��\�_�[ �
p4�
��[=� [�_ � 

�	��g � _8}l\=\�bSg�a
a � k ��}
Z \���_Og��	_8dig	Z�_8jWaPb	\�_�} \i��g � [ b	� g&}
_�� Z�� �Pb�di��}
Z+[i� \�_
\ib(\i�
_�[��Ab�b�\��5\ g	� � [ b��c\i�
_�b�di�
� \ g � [���dib��x\���_`��b�[]\ [i� \�_ �Uw }
j�_8dU\��
��[Vg	[i[]
��Aa�\���b�} ^
\i�
_���}l\�_8Z	d�g�\i� b�}Ob	�-acb	\i_8}l\�� g � g	� \���}
Z$b	}A\i�
_`~{g���_ ��

}
��\i� b�}�[v��g	}X�c_�_8g	[i� � k5�8g	did]� _8j
b�
�\�^hg	}�j;\i�
_(b�}���[]��\i_ � g�\idi� �+_ � _��A_8}l\�}
b7~ �P_8��b��A_8[ �

� f � 
 �
�f � E

����
�
� U A f � � % � U � a � ���

~��
_�di_�^=\��
_W[i
����Xg�\���b�} � [Sb���_�d g �	� }
_�� Z�� �Pb�di��}
Z g�\�b��A� � [i��\i_8[!
 �
�f ��[+\��
_Wb�}��

[]��\�_<_8}
_�diZ	k	^`g	}
j � � [O\���_ �8b _!�A�8��_8}l\&b	� \��
_ j�_ � \�gW��

}���\���b�}Kb	dX\���_ g���_�d�g	Z�_�j
aPb	\�_�}l\���g � ��� b	\��Xg	d]_v\�b"�c_��
\]\�_�jX\�b�\i�
_�j
��g	Z	b�}hg � 
 g��A� � \�b�}
� g	} �Xg�\idi���I_ � _��A_8}l\�[
��� } di_�g � []ahg	�8_�� � s�} g	j
j���\���b�} ^V~{_ ahg	d�g �X_ \�di� �8_�j \i�
_ g	[ek �Xa�\ib	\����<�P_8�
g�� ��b�dXb��
\i�
_ ~{g��	_���

}���\���b�};[ � 
hg	d]_8[4� }+\i�
_ ��b �	� b7~�� }�Z"��b�d
� []b0\��hg \4b�di����\ g � [ j
� 	c_8dvb	} � kA� }
�Xg	Z�}
_ \����=} 
��0�P_8d�[i�hg�di_"gA��b����Xb�}&dig	j
� g � ahg�d]\ �

U ACf � � � % �@U � 
 ��� � � �
�
O�� � ��� ��
 U 	 f

�
� d% �@U � � � � �

p4�
_�[i_ g	[i[]
��Aa�\���b�}
[ _8}
g	� � _U
�[�\ib4[i��Z�}
�	�
��g	}l\ � k d]_8j

��8_V\��
_U} 
��0�P_8d�b	��ahg	dig��A_�\�_�di[
\i�hg�\Vg	d]_4}
_8_�j
_8jA� } ��\i\���}
Z ~��
� � _v[e\�� ��� di_�\�g	� }�� }
Z \i�
_4a
�lk [i���8[Vb	��\��
_4j�� di_���\i� b�}hg � ��\�k

���



p�g	� � _W� �N� � b�}��y[i��\i_9ahg	dig��X_ \�_�di[Sb���\�g	� }
_�j ��b�d | b � ��� � Y ��� _�}
_8d]Z�� _�[;g	di_@� }
�4k j
�c_�diZ �e�7�4k j � 
 ��� � ��_�q��vg�}
j g ��� � _8}
Z�\��
[`g	d]_"��} � b��
d �R \�k aP_ �

�f � � �
�

�
�

� | b � � ���	� � � ���	� �t� � �l�	� � � ���l�
� | b � � �	� � �e� � �	��� � � ���	� � � �����
����� | b � � ���7� ���l� � � � � � � ����� � � ��� �
��� � � � � | b � � ����� �t��� � �l�	� � � ���	� � � �l���
� ��� � � � ��� � � �	��� �t� � �	�l� � � �l���
� ��� � � ����� �t� � ���l� � � �l��� � � ���	�
� ��� � � ���l� �e� � �l��� � � ���	� � � �l�	�

b	�{�8b���g � _�}l\I�Pb�}
j
[ � p4�
_ �
\i\i� }
Z;��g	} �c_Aj
b�}�_ b�}
_Xg�\$g;\i���A_0��b�d(_�g	� � g	}
Z�
 � g	d
�Ab��A_8}l\�
��;^�g	}
j&\��
_�d]_8[]
 � \i[�g	di_=\�g	�

 � g�\�_�j&� }&p�g	� � _�� � ��b�\�_=\��
g�\4ahg	dig��A_�\�_�d �
g	a�ac_8g	di��}
Z5� } n � � � ���v� [�g	�
[]b�di�P_8j;� }l\ibO\i�
_ � [ �
Y ��_�~ d]_��Xg	di� [Xg	di_S� } b�d]j
_8d�� ����di[e\�^{��} a�d�g	� \�� ��_&~{_<

[i_�j \���_<[]_�\Xb	�=d]_�g �

��b��0�
��}hg�\���b�}
[`b	� 	 f
�
[=\i�hg�\ �hg���_0\���_5�8

�
���0[]k ���X_ \�dek � p4�
_0\�~ b&Z�dib	

a
[=b	� | b

�	��b	di�
� \ g � ["d]_8[]
 � \i� }
Z ��d]b��:�8

��� �+��d]k []\�g � �h_ � j�[ia � ��\]\���}
Z g�di_ �
\]\�_�j ��}
j
������j

hg �	� k
g	[(\���b�

Z��W\��
_ k@acb�[][i_�[i[0j
� 	-_�di_�} \Ig	}
Z	
 � g	d��Ab��A_8}l\ g � �hb�d$��� ^�[i
�� � \�di_8g�\ �A_8}l\
��[���b�

}�j \�b+�P_0

}�}
_8��_8[i[ig	d]k � � _8�8b	}
j ^ � \ []�
b�
 � j9�c_$}
b	\�_�j \��hg \=\��
_$��g � � �
dig�\���b�}
b	�V_�}
_8d]Z	k d]_���_�di_8}��8_5aPb�� }l\ �A_8}l\i� b�}
_�j _�g�d � ��_8d`� [�b	�V_�� 
hg � ���Aacb�de\ g	}��8_"�
_8d]_ � p�b
[]_8_X\i�
� [�^�~ _+aPb�� }l\$b�
�\"\��hg�\Ig	���8b�d]j
� }
Z;\�b n � � � ��� ^�\���_���b � 
��A_Xj�_8aP_8}
j
_�}
�8_&b��
� f � [i�
b	
 � jX�c_��8b��A_� �g�\ ~��
_8}���b � 
��X_ ��b�d ��}l\�_8dig�\�b��X���vj
� [e\ g	}��8_��U� [ � g	diZ�_ � 
 b�~v�_���_8d�^ ~�� \��
b�
�\O��g � � �
dig�\���b�} ^�\i�
_8d]_;��[Og	} g	j
j
� \���b�}hg � j
_8aP_8}�j
_8}
��_ b	� � f � b�}�\��
_�	b � 
��A_Ij�

_$\ib \��
_I[i�
� � \�� }�Z _8}�_8diZ�k d]_���_8d]_8}
��_	^ ~��
��� �9j
b _8[=}
b�\���g	}
��[i�9g�\ � g	d]Z�_
�	b � 
��A_	^
\i� 

[��Xg	� � }
Z �
\]\���}
ZA\ibA\i�
_(��b�d�� n � � � ���4j
�	�A��
 � \ � ����}hg ��� k�^��8b��Aahg	d]� }
Z
\i�
_5_���aPb�}
_8}l\i��g � � g	��\ib�d �

�
� }9p�g	� � _��Og	}
j \i�
_5�8b�d]di_�[iaPb�}
j
��}
Z �

�
��}9p�g	� � _7� ^-~{_

[]_8_�g	a
a
d]b����	� g�\i_ � k �
��� � � � ^l~��
��� �X��� }l\�[U\��
g�\ b�

d �
\i\i_8jXdi_8[]
 � \i[U��b�d \��
_`b�d]�
��\�g �\�g	� � [ � 
hg	di_$� [��8b	}
[i��[]\�_�}l\ ~���\i�;\i�
_"j
� d]_8��\ � k&��b��Aa

�\�_�j b���_�d � g	a9� � a
g	d�g��A_�\i_8d][8^

ahg�d]\�� g ��� k��]

[]\i��� k+b	

d4[i�	�Xa � ��� k � }�Z5g	[i[]
��Aa�\���b�}
[ �

!�"L! %'&)(	� (�

�
������� (������ ( .����B,��
p4�
_&�
g	}
j�_8}�_8diZ�k g	���8b�
�} \i[0��b�dI\i�
_+_ � _8� \�dib	}
� �X� }l\�_�d�g	� \�� b	}
[0g	}�j�� [Ia�

di_ � kGg�\]�
\id�g	� \��	�	_ � p�bG_���a � g�� } \i�
_ �Pb�}
j
��}
ZG�P_8�
g�� ��b�d8^{~ _ }
_�_8j gGd]_8a

 � [i����_<acb	\i_8}l\�� g �
\i�hg�\���}
� � 

j
_8[=\i�
_5� b	}�����b�} d]_8a

 � [i��b�}@g	}
jWg+�8b	didi_���\i� b�} ��b�d b��	_8d]�8b�

}l\i� }
Z;b	�V\��
_
_ � _8� \�d]b�}���_ � _���\�d]b�};� }l\�_�d�g	� \�� b	} � s�} g	j
j
� \���b�} ^�~ _$�
g��	_I[ig	�8dig �h�8_�j [ib��X_"g	���8

dig	��k
��b�d�\�d�g�}
[]��_�d�g	�
� � � \�k<��} \��
_ �Ab j
_ � � }
ZXb	�{�
g	}
j@_8}
_�diZ	k � p4�
_5��}
� � 

[i��b�} b	� \��
_5d]_ �

�7�



a

 � [i����_�aPb	\�_�}l\���g � ~�� �	� di_!�X_�j�k+\���� [4j
_��h�8��_8}
� k �
m _<�	�Xa � _��A_8}l\�_�j \��
_;di_�a

 � [i�	�	_Sacb	\i_8}l\�� g � 

[]� }
ZWg	} n Y | []� �
_��A_	^ ~��
_8d]_

\i�
_�di_8a�
 � []�	��_`_8}�_8diZ�kO� [Vg([i
�� b	�c_��I�c_�j
j
� }�Z$_�}
_8d]Z�� _�[ \i�hg�\Vj
_�ac_�}
j b�}O\���_ � b��8g �
_ � _8� \�d]b�}Sj
_8}
[]��\i� _8[`g�\`g ��� g�\ib��A� � []��\i_8[ �


������)
 E
�

M ����� % ��� � ��� �

p4�
_0��
�}
��\i� b�}hg � ��b�d
� b	�V\���_5_��0�P_8j
j�� }
Z+��

}���\���b�} M � [=
�}
� }
b7~�} ^�g	}
j@� [ \ib&�c_
j
_ \�_�d��A� }
_�j �lk �
\]\���}
Z � p4�
_;_ � _8��\idib�} j
_�}
[i� \�k g�\O[i� \�_ % � [Og	[][i
��A_8j \�b@�P_<g
� � }
_8g	d []

ac_�diaPb�[i� \���b�} b	� �8b	} \id�g	� \�_�jGg�\ib��A� �Ij�_8}
[]��\���_8[=b	diZ���}hg�\�_�j ��dib��Hg �	� b	\i�
_8d
[]��\�_�[ �

��� % � 
 E
�
h
�� �

� � ��� U % W < % U � � �t�7� �

s�} n � � �t�7� ��\��
_�g \�b��A� �vj�_8}
[]��\�k�� � ��g�}X�P_4b���\�g	� }
_�jAg	�8��

d�g�\i_ � k0�lkOg	a
a � k � }
Z �
di[]\
a
d]� }
��� a � _8[ �X_ \��
b j
[ b	}Og	}0� []b � g \�_8jIg�\�b�� � ��� Z � ��[i�
b7~�[U\��
_{[ia
�
_�di����g �	� k"g���_�d�g	Z�_�j
_ � _8� \�d]b�}Sj
_8}
[]��\�k&��b�d | b g	}�j ��� � p4�
_ � � }�_�g	dv[]

aP_8diaPb�[]��\���b�}Sb	�Ug \�b��A� ��j
_8}
[]��\i� _8[
�Xg�k j
_���� g�\�_+��d]b��2\i�
_Sdi_8g � j
_�}
[i� \�k�^ �
b7~{_���_8d�^vj


_&\ib@\i�
_ ��g	di� g�\���b�}hg � }hg�\i

di_
b	��\��
_0j�_8}
[]��\�kS��

}
� \�� b	}hg � \��
_�b�d]k	^c\���_I� �hg	}�Z�_0b	�U_�}
_8d]Z	k<� [ b��U[i_��8b�}
j9b	dij
_�d���b�d
g �hd][]\Ob�d]j
_8dO� �hg	}�Z�_Sb	�`j
_8}
[]��\�k � � � [Og9[i�8g � ��}
Z � g	��\ib�dI��b�d5j�� []\�g	}
��_+~��
� � � � [
[]_�\=\ib �P_+� � �A� } b�

d �8g � ��
 � g \�� b	} � p4�
_0

[]_0b	�U��b�}l\�d�g���\�_�j9j
_8}�[i��\�k � [ �Xb�\��	��g�\i_8j
�lk \i�
_;� g���\5\��
g�\A� }�\��
_S��d]k []\�g � _8} � � dib��X_�} \O\i�
_;g�\�b��A� � j
_8}
[]��\�k���[Oj
� [e\�b�de\�_8j
�lk }
_8g	di�lk g�\ib��X[ � � g@_ � _���\�d]b�}
���;[]�8d]_8_8}�� }
Z � sy\Xg � []b@di_! 
_8��\i[X\i�
_Sdi_�� 

��di_!�X_�} \
\i�hg�\`\��
_"di_�a

 � []� b�};[i��b�
 � j<�c_"[i��b�d]\i_8d dig	}
Z�_�j<\i�hg	}<\i�
_$g�\i\id�g	� \�� b	};��b�d`gA[]\ g�� � _
�Pb�}
j
��}
Z �
�=}
�8_���� % �vg	d]_��8b��Aa

�\i_8j ^�~ _ �
\]\�_8jS\���_�_��0�P_8j
j�� }
Z0��

}���\���b�} M � } n � � �e�7� �

\ibXg0��b�
�d]\��;b�d]j
_8d4aPb � k }
b��X� g � �
M ��� � 
�� � �	�

�
� �
�

�
� � �	� ��� � �	�
� � � � �t�����

p4�
_ � _�� \��hg	}�j<[]� j
_(b	� n � � �e��� �v� [v\ g��	_8}S\�bO�P_�\��
_(j
� 	-_�di_8}��8_(�c_ \�~{_�_8} \i�
_�\�b	\�g �
_�}
_8d]Z	k&b���\�g	� }�_8j&~���\i� � f���� | p`� � 
�[i� }�ZO��b	

de�y��g�a
ahg � ��}
�	_�j;�
g	[i��[���b	d4_�g	� �<g	}��
Z�
 � g	d��Ab��A_8}l\�
�� �vg	}
j;p � �
g	}
j _�}
_8d]Z	kS�8b��Xa

�\�_8j<

[i��}
ZAb�

d�� � ahg	dig��A_�\�_�di[
b���\ g	��}
_8j _�g	d � � _�d8^���g � �8
 � g�\�_�jGg \ ��g	di��b�

[ ��b � 
��A_8[ � s�}G\i�
_+��f ��� | p`� ��g � �8
 � g �
\i� b�} ^�\���_+��aG[]_��A� ��b�di_X_ � _���\idib�}
[$b	� | b g	di_A\�di_8g�\�_�j�g	[ �	g � _8}��8_ _ � _���\�d]b�}
[$� } g
[]_8ahg	dig�\�_(_�}
_8d]Z	k&~�� }
j�b�~ ��\ibA�P_(j
� [e\���}
Z�

��[i�
_�j+��dib�� � a;_ � _���\�d]b�}
[ � �

� ����� ��� ������� ����� � � � ���
s�} \i�
� [ [i_���\i� b�} ^ ~ _ \�_�[]\vb	

d a
g	d�g��A_�\i_8d][ ��b�dV\��
_�� d g	�8��

d�g���k g	}
jX\id�g	}�[]��_8dig	�
� � ��\�k �

���



0 1 2 3 4
R (Bohr)

0

20

40

60

ρ0  (
B

oh
r−

3 )

Mo

Si

����Z�

d]_@� ��� a
�
_8d]� �8g ��� kNg���_�diZ�_�jC_ � _���\�d]b�} j
_8}�[i��\�kK��b�d | b � []b � ��j � ��}
_��Ag	}
jC���
��jhg	[i��_8j � � }�_�� �

��"$# ����� �)47,�� 8 % ( � ���
����}
�8_<b�

d�� g	��}K��} \i_8d]_8[]\+� [X\ib 

[]_ \��
_�[i_9ahg�d�g��A_�\i_8di[X� } | � []���0
 � g�\i� b�} ^ ~{_
_!�Xa
�
g	[i� �8_+b�}�\i�
_&g	���8

dig	��k�b���b��	_8d�g ��� \ib	\ g � _8}�_8diZ�k�^ }
b	\0\i�
_&� }
j��	� � j


g � ��b�}��
\idi� ��
�\���}
Z=ahg	de\�[ � p4�
_4\�_�[]\���}
Z(a
dib �8_�j


d]_`��[�\�b([]_8_��
b7~K~ _ �	� b�

dUp � \�b�\ g � _�}
_8d]Z	k
[]� �
_��A_ �8g	} d]_8a
d]b�j

��8_�\i�
_ d]_8[]
 � \i[ ��d]b��Dg	�8��

d�g \�_=��f ��� | p`�r��g � �8
 � g�\���b�}
[ � �hb�d
\i�
� [ a�

diaPb�[i_�^l~{_�

[]_8j j�� []\ib�d]\i_8j5[e\�di
���\�
�di_8[V\��
g�\ g	di_4}�b	\ � �	�X� \�_8j"\�b=\i�
_�b�di��Z�� }hg �
jhg \ g	�hg�[i_ ~���_8}5ahg	dig��I\i_8di[�g	di_ �
\i\i_8j0b	d�_ ��\id�g	� \�_�j � � �=

d�b�di��Z�� }
g � jhg�\�g	�hg	[]_{b�} � k
��b�}
[i��[]\i[{b	��

}�����b�d
� _���ahg	}
[]� b�} b�d{��b�}l\�d�g���\���b�} b�� \��
_ ��b � 
��X_�� � p4��_=j
� [e\�b�de\���b�}
[
~ _(�8b�}
[]� j
_�di_�j<� g �	� � }l\ibO\i�
_���b ��� b7~�� }
ZI\�~ bA��g�\i_8Z�b�d]� _�[ �
p4�
_9_ � g	[e\�� �;j
��[]\�b	d]\���b�}
[ g	di_ \i�
b�[]_ \�b b	��\ g	��} �A_8� �hg	}�� � _ � g	[e\���� �8b	}
[]\�g	}l\�[ �

p4�
_ k@g	d]_5� }l\��	� g�\i_ � k<d]_ � g�\�_�j@\ib&\��
_Og	���8b�
�[]\����O_����8� \ g�\i� b�}
[ b	� \i�
_5�8dek []\ g � � �hb�d
��

�
� �"[]\idi
�\i

di_�^c\i�
_8d]_0g	d]_$\���di_8_$� }
j�_8aP_8}
j
_�}l\=_ � g	[]\i� � �Xb j

 � g � �

� �
^ �

� �
g	}
j � � � ^

��b�did]_8[iaPb�}
j�� }
Z�d]b�

Z�� � k \ib � b�}�Z���\i

j
_8}
g � ^v\id�g	}
[ ��_�di[i_ g	}
j []�
_8_�d �Xb j
_8[ � p4�
_
��b �	� b7~�� }�Z"\i�
di_�_=\�k�aP_8[4b���j
� [e\�b�de\�� b	}
[vg	d]_=j
��[i� Z	}
_8j \ib5_�� \�dig	��\4\i�
_8[]_ �Xb j

 � g � �������
pVk ac_�s�� _ ��ahg	}
j
��}
Z"� } �Sg	}
j��0j
� d]_8� \�� b	}X�lk	�&~��
� � _4�8b��Xa
d]_8[][i� }�ZI� }�
Ij�� di_���\i� b�}
�lk �e� � � � � � < ��^ []b \��hg�\$\��
_���b � 
��X_X� [$�8b�}
[]_8d ��_8j 
vp k aP_&sis���_���ahg	}
j�� }
Z@g �	�
j
��di_���\���b�}
[5�lk���^{� � _ � ^V\���_;
�}
����b�d
� _ ��a
g	}
[i��b�} 
4pVk ac_;sis]s��U� �hg	}
Z���}
Z9\��
_;g	}�Z � _
�P_�\�~ _8_�} � g	}
j
�+g�����[v�lk���^hg	}�j;_ ��ahg	}
j
��}
ZO� }�
Oj
��di_8� \���b�}+�lk&g	};g��Ab�

}l\v\i�hg�\
��b�}
[i_�d
�	_8[0\���_��	b � 
��A_ � ��� Z � �;[]�
b7~�[I\���_X��b��Xa
g	di��[ib�}Wb	�4b�
�d$p � \ib	\ g � _�}
_8d]Z	k
d]_8[i
 � \�[`g	}�j<��f ��� | p`�xdi_�[i
 � \�[�

}
j�_8d�\��
_�[i_�\�k ac_�[�b	��j
��[]\�b	d]\���b�}
[ �

���



0.0 20.0 40.0
distortion #

0.00

0.10

0.20

T
ot

al
 E

ne
rg

y 
(R

yd
.)

����Z�

d]_+� �Op4�
_&��b��Xa
g	di��[ib�} b	��� f��t� | p`� di_8[]
 � \i[ � a � 

[$[i� Z	}
[ �Ig�}
j�p � \�b	\�g �
_�}
_8d]Z	k�di_�[i
 � \�[ � []b � ��j � ��}
_��P

}
j
_�d�_ � g	[e\����Uj
� [e\�b�de\�� b	}
[ � ��p4�
_ �hZ�

d]_ g���\�

g ��� k []�
b7~�[
b�} � kO\�k ac_=s g	}�j+sisVj
��[]\�b	d]\���b�}X\i_8[e\�[ � p4�
_�\�k�aP_=s]sisU\�_�[]\4��[{�8
�didi_�}l\ � kX� } a
dib�Z	di_8[][ �
m _(_���ac_���\`\�bO�hg���_"

aPjhg�\i_8j �hZ�

d]_"[]b�b	} �

�7�



4 8 12 16
R(Bohr)

0

1

2

3

H
am

ilt
on

ia
n 

(R
yd

be
rg

)

tssσ

−tppσ

tddσ

����Z�

d]_`� ��p4�
_`�8b��Xahg�di� []b�}Ob	�-\�~ b"[i_�\i[{b	�cahg	dig��A_�\�_�di[U��b�d | b�� | b � p4��_�[ � 

g	di_�[
g	d]_�b���\�g	� }
_�j&��b�d Y ��� | b � ��� ^hg�}
j;\i�
_�\�d]��g	}
Z � _8[vg	di_(b���\�g	� }�_8j&��b�d4�P�8� | b �

p4�
_$b	\��
_�d�� � g	[][�b�� j
��[]\�b	d]\���b�}
[�^
~��
� � �<� [ �Xb	di_(di_ � g�\i_8j<\ibXb	a�\�����g � � � ��d�g�\i� b�}
�Ab�j�_8[vb	��\i�
_ � g�\]\����8_	^ � [ \�bOg	d]�
��\id�g	d]� � kOj�� [ia � g	��_�g�\�b��X[ b�
�\�b	��\���_8� d{_�� 

� � � �
d]� 
��
aPb�[i� \���b�}
[ � p�bSdi_ \ g	��}@[]k ���A_�\id]k9[]b g�[=\�bS� g	�8� � ��g \�_$� f��t� | p`� �8g � ��
 � g�\i� b�}-^-~{_
� �
b	[i_ \i�
_ ��b �	� b7~�� }
ZSj
��[ia � g	�8_!�X_�}l\ � �Ab�� ��}
Z<\i�
_ }
_8g	di_�[]\5}�_8� Z	� �Pb�d$ahg	� d"b	� | b
g�\ib��A[v\�b7~vg�dij
[�b�d�g	a
g	d]\`�lk � � p4�
� [v\i_8[]\`��[`��

did]_8}l\ � k&� }Sa
d]b�Z�d]_8[i[ �

��"L! % 47,/. � � ( 47,��
����� �S8 % ( � � �
p4�
_�\�dig	}
[e��_8d�g��
� � ��\�k�^�\��hg�\ ahg	dig��A_�\�_�di[Va
d]_8ahg	d]_8jA��b�dVb�}
_�[]\idi

� \�

d]_ b�dV[]\ib�� � ��� b��5�
_ \�d]k g	d]_0g	a
a � � �8g	� � _(\ib&gXb�\��
_�d=[]\idi

� \�

d]_8[(g	}
j []\�b	� � �
��b��X_ \�d]� _8[�^�� [=g�} _8[][i_8}l\i��g �
a
d]b�aP_8d]\�k \��hg�\���[�j
_8[]� d�g�� � _=��b�d | �Cg	[4~ _ ��� g�[4b	\��
_�d`g	a
a � � ��g \�� b	}
[ �
p4�
_ \id�g	}�[]��_8dig	�
� � ��\�kOb�� \��
_=��b�a
a
��}
Z5� � ahg	dig��A_�\�_�di[ ��b�d | b�� ���cb��	_8d�gIdig	}
Z�_

b	���	b � 
��X_�[5g	}
j�j
��[]\ib�d]\i� b�}
[(��b�dI\i�
_+��

�
� � Y ���<[e\�d]

��\i

di_&�hg�[0�c_�_8} j
��[i�8
�[i[i_�j
��}<\���_0g	���8

dig	��k;\�_�[]\�[ ��
 _8di_"~{_$��b���

[ b�}<\�d�g�}
[]��_�d�g	�
� � � \�k&b���_8d�\��
_ �	g�di��g \�� b	};b��
[e\�di
���\�
�di_Og	}
j@[e\�b���� �
� b��A_�\id]k � �hb�d�\��
��[=a


d]acb�[]_	^ ~ _5� }
j�_8aP_8}
j
_�}l\ � k j
_!�	_ � b	ac_�j
g	}�b	\��
_�d$[]_�\$b	�va
g	d�g��A_�\i_8d]["��b�d | b;� } ��� | b � �P�8� � � � s�}Ga
d]_8ahg	d]� }
ZS\���_X[]_8�8b	}
j
[]_�\�^�~ _��hg���_4�8g	di_ ��
 ��� kI[]_�\Vahg	dig��A_�\�_�di[ []

� �Xg	[ �0
��A}�� \���}5d�g	j
��

[�\ib��c_v\i�
_4[�g �X_
��g � 

_{g�[�\���_ �hd][]\ []_�\ � p4�
_v�8g � ���
d�g�\i� b�}(��[�j
b	}
_{��}0g []���A� � g�d-~vg�k"\�b �Xg	��_ \���_ \�~ b
[]_�\�[4��b��Aahg	d�g�� � _ � p4�
_�d]_8[i
 � \�[vg	di_=a � b	\]\�_8j � }&����Z � � � p4�
_(g�Z�di_�_��A_8}l\4b	� \i�
_ \�~ b
[]_�\�[`� [4_ ���8_ �	� _�} \8^h� }
j�� ��g \�� }�Z ��_�d]kSZ�b b�j&\id�g	}
[e��_8dig	�
� � ��\�kO��b�d4b�
�d | bXahg�d�g��I\i_8d][ �
p4�
_"[�g��A_(\�d�g�}
[]��_�d�g	�
� � � \�kX\i_8[]\`��b�d������ } | b�� ����g	}
j;�8

�
���$j���g��Ab�}
j<��� j
b _8[

���



4 8 12 16
R (Bohr)

0

0.1

0.2

0.3

0.4

ov
er

la
p

sssσ

−sppσ

sddσ

����Z�

d]_(� �{p4�
_"�8b��Xahg�di� []b�};b	��\�~ b []_�\�[�b	� a
g	d�g��A_�\i_8d][`��b�d���� � p4�
_"[ � 
hg�di_8[=g	di_
b���\ g	��}
_8jW��b�d Y ��� | b � ��� ^�g	}�jG\��
_A\�d]��g	}
Z � _8["g	d]_Xb	��\ g	��}
_8jW��b�d"�8

�
���Xj���g��Ab�}
j
��� �

}
b�\Xk � _ � j \��
_<[�g��A_ _ ����_ �	� _8}l\+g	Z�di_�_��A_8}l\ � ��_�_ ����Z � � � n �	_8}N��b�dAb���_�d � g�aNahg �
dig��X_ \�_�di[8^U\i�
_Sj
� []�8di_�ahg	}
� k�Z�b _8[5

a�\ib g��cb�
�\5�l� � ����b�d e���� � � � m _S}
b	\�_+\i�hg�\\i�
_(}
_�g	d]_8[e\���� �e���-j
� [e\ g	}
��_(� [�g	�Pb�
�\`� � � �Y � } | b � ��� ^
��
�\ ��[4b�} � k&g	�Pb�
�\ � � � �Y � }
j
� g��Ab�}
jG��

�
���S��� 
V\���_+� �hg	}
Z	_&� [0g��cb�
�\5�l� � � s�}��8b	} \id�g	[e\�^U\���_+}
_�g�di_8[e\ | b��
| b j
� [e\ g	}
��_+� [$� � � �Y � } | b � ���{g	}
j � � � �Y � } � � | b�^ b�} � kGg��cb�
�\+�7� �*� �hg	}�Z�_ �
m _X\i� 
�[5�8b�}
� � 

j�_X\��
g�\0Z�b b jG\�dig	}
[]��_�d�g	��� � � \�k9� [ � �	�X� \�_8j9\ib � �hg	}
Z	_+� } }�_�g	d]_8[]\
}
_�� Z�� �Pb�d4j
��[]\ g�}
�8_(}
b	\ �Ab�d]_=\��hg	}W�7� � �
p4�
_{\id�g	}�[]��_8dig	�
� � ��\�k(b���b�}���[]��\i_{g	}�j n Y | ahg	dig��I\i_8di[ g	di_ �8

d]di_8}l\ � k$

}
j
_�d b�

d

��} �	_8[e\�� Z�g�\���b�} �

� � ������� � � �/��� ��� � �b� � �������
�=

d g	�8��

d�g���kXg	}
jA\�d�g�}
[]��_�d�g	�
� � � \�k0\�_�[]\�[ �


� � jA

a b�
�d ��b�}��hj
_�}
�8_ � } 
�[i� }�Z"\i�
_8[]_
ahg�d�g��A_�\i_8di[`� } | �r[i�	�0
 � g�\���b�} �{Y [ g�} _���g��Aa � _�^h~{_$a
di_�j
� � \(�{p n [ ��b�d���g	di��b�

[
| b �e��� �8b��Aacb	

}
j
[Og�\Oj�� 	c_8di_�}l\0\�_!�XaP_8dig�\�

d]_8[ � �vg � ��
 � g \�� }�Z9�{p n [O

[i��}
Z | �
[]���0
 � g�\���b�}Ka�di_8[]_8}l\�[ g�} 
��X_�di� �8g � � �hg ��� _�}
Z�_�^��P_8�8g	

[i_@\���_9_8}
_�diZ	k ��[&}
_�g	d&� \�[
�A� }
�	�0
�� ~���_8} � g�\]\����8_"�8b�}
[e\ g	}l\i[(g	di_0[ig��Aa � _�j � p4�
��[=���Aa � ��_8[4\��
g�\=\���_ � g�\]\����8_
��b�}
[]\�g	}l\ �8g	}  h

��\i
hg�\i_@~�� � j � kK~�� \��
b�
�\S[i
 	c_8d;b	�"\�b b �I

� �r_�}
_8d]Z	k ac_�}hg � \�k �
p4�
_�di_ ��b�di_�^��Ab�d]_=jhg�\�gA}
_�_8j
[�\�bO�P_([�g��Aa � _�jS�c_ ��b�di_�d]_8[i
 � \`� [4��b�} ��_8d]Z�� }�Z �
m _ �hd][]\ [i���I
 � g�\i_ | b � � � � p4�
_;[]k [e\�_�� [i�	�0
 � g�\�_�j ��b�}
[i��[]\i[Xb	�����7�Wg�\�b��X[

�7�



1000 1200 1400 1600 1800 2000
temperature (

o
K)

0.000

0.004

0.008

0.012

0.016

0.020

δL
C

/L
C

0

����Z�

d]_ � �Sp4�
_;g���_8dig	Z�_�j � g \i\����8_+��b�}
[e\ g	}l\�[Xg�\;�7� \�_!�XaP_8dig�\�
�di_&aPb�� }l\�[ � ��g�\ g
b���\ g	��}
_8j&��dib�� | �C[]���0
 � g�\i� b�}

� ���G�����<[i

aP_8d]�8_ �	� [ � � ��b	d$_8g	� � | � []\i_8a ^ ~ _+_8� \��
_�dIdig	}
j
b�� � k j
� []a � g	��_+g	}
dig	}
j
b�� � k;� �
b��8_8} g�\ib��Hb	d=� �hg	}
Z	_0\��
_ � g�\i\i� �8_$�8b�}�[]\ g�} \ � p4�
_5� �
g	}
�8_Ob	�V\i�
_8[]_
\�~ b b	ac_�d�g�\i� b�}
[Og�di_S�hg � � g�}
j �
g � � � m _S[]\ g�d]\�_�jC���W[ek�[e\�_!�X[Xg�\5\�_!�XaP_8dig�\�
�di_8[
dig	}
Z���}
Z<��d]b�� ���	��� � \��
d]b�

Z�� ������� � ^�� }
��di_!�X_�} \i_8j��lk �7��� � ^ ��dib��*\i�
_+[�g �X_
��}
��\i��g � �8b�}��
Z�

d�g \�� b	}Ab�� aP_8d]��_���\ �8dek�[e\ g � []\idi

� \�

d]_ � ��g�\]\�� ��_��8b�}
[e\ g	}l\i[ ~ _8di_�[�g��5�
a � _8j g�\A_!�	_8d]kK�	� | � [e\�_8a�[ g�� \i_8dO\��
_S[ek�[e\�_!� g	� ��� _!�	_8jK\i�
_8d
� g � _�� 

� � � �
d]� 
��
� g	dib�
�}
j �7��^ ����� | �?[e\�_�a
[ � � ����� [�g �Xa � _8[`~{_�di_0\���_8}Wg���_8dig	Z�_�j g�}
j \���_8� d�\�_��5�
aP_8dig�\�

d]_9j
_8aP_8}�j
_8}
��_W~{g	[Sa � b	\i\i_8j � } ��� Z � � � m _9[]_8_9\��
g�\+��b�d+\i�
_9[iaP_8���	�h_�j
\i_��Aac_�d�g�\i

di_�d�g	}
Z	_	^ \��
_ �Xg�\i_8di� g � j
��[ia � g7k [{g"� g	��d � k0Z�b�b j � � }
_8g	dV\��
_�d��Xg � _���ahg	}��
[]� b�} � p4�
_`�{p n [U��g�}5�c_v_8g	[i� � k"di_8g	j5b�	A��dib��?\���_ �hZ�

d]_	^�~��
��� �5� [�dib�

Z	� � k$g	�Pb�
�\
� � �����7� ������� � p4�
_`g	
�\i�
b�di[ g	d]_4

}hg�~vg�di_ b�� g	}lk5_ ��� []\i� }
Z"_���aP_8d]���A_8}l\ g � j
g�\ g=��b�d
\i�
� [��Xg�\�_�di� g � g�\4\i�
� [v\i���A_ �
p�b d]_ � g \�_Sb�

d5\���_8b�d]_�\�����g � ~ b�d]� ~���\�� _���aP_8d]���A_8}l\ g � d]_8[]
 � \i[8^{~ _<�
g��	_ g � [ib

[]���0
 � g�\�_�j@g | b
	 � ��� ��� � _ � �=b�}
_5b	
�\(b	�v��� | b;g�\�b��X[���[=di_�a � g	��_8jW�lk@g;���Ug�\ib��
��}+gI� � � � � � | b0g	didig7k�� [ek []\�_!� 

[]� }
Z$\��
_�[�g��A_ []_�\4b	��a
g	d�g��A_�\i_8d][ � ����Z � ���"[]�
b7~�[
\i�
_ [ig��Xa � _8jXg���_�d�g	Z�_ � g�\]\�� ��_��8b�}
[e\ g	}l\i[vg�\{�Ij
� 	-_�di_8}l\ \�_!�XaP_8dig�\�

d]_ aPb�� }l\i[ � p4�
_
jhg \ gA~ _8d]_0�8b��Xahg�di_8j;~���\i�<\���_Ip | Y �A_�g�[i

d]_��A_8}l\�[�^c~��
��� �9g	di_$�8b�}�j


��\i_8j9b�}
g | b ��� ����[]k [e\�_�� � ��b�}l\ g	��}
� }�Z � � � g \ � � b	�"��� � � � b�\��Kd]_8[]
 � \i[ �hg���_<�c_�_8}Nb 	P�
[]_�\A��b�dO�8b��Aahg	d]� [ib	} � �=

dO\��
_�b�di_ \����;a�di_8j�� ��\i� b�} b	���{p n ��b	d | b
	 � ����� [Ag	�Pb�
�\
� � �����7� ������� ^ \i�
_`_���ac_�di�	�X_�} \�g � �{p n ��b�d | b ��� � �P��[ g	�cb	
�\ � � �
�`�7� ������� � �{b��5�
ahg�di_8j \ib+\��
_Ia


� � � [i��_8jW�{p n d]_8[i
 � \ ��b	d=a


d]_ | b
^-~��
��� �9� [=� � �����7� ������� ^-~{_
� � _�g�d []_8_ \i�
_�\i_8}
j
_�}
��kX\��hg \���� ��di��� �X��b��Aacb�
�}
j+�hg	[{g � g	diZ�_�dv�{p n � �{b�}
[i��j
_8d]� }
Z

� �



0 200 400 600 800 1000
temperature (

o
K)

0

0.002

0.004

0.006

δL
C

/L
C

0

����Z�

d]_A��� �{f � 

[i_�[ � � g�\i\i� �8_(��b�}
[]\�g	}l\�[�b	� | b�	 � ����b���\ g�� }
_�j �lk | ��
�[ib � � j;�8

d ��_	�
��di_8[]��g � _8j � � � }
_8g	dv[i� �8_�[`b�� | b���� ��� b���\�g	� }
_�jS� k+_���ac_�di�	�X_�} \ �

\i�
_ _�did]b�d�dig	}
Z�_ g	[][ib �8��g \�_8j(~���\i�0g4\�k a
� �8g � _ � _���\�d]b�}
��� �8g � ��
 � g \�� b	} ^�\��
_ g	Z�d]_8_!�X_�} \
b	�Vb	

d�\i�
_8b�d]_�\i� �0g�}
j _���aP_8d]���A_8}l\ g � ~{b	di�;� [ �	�Xa�di_8[][i����_ � ��� }��8_I\i�
_0ahg	dig��A_�\�_�di[


[]_8j&��} \��
��[ �8g � ��
 � g \�� b	}A~ _8d]_�b�di��Z�� }hg ��� k$a
d]_8ahg	d]_8j+��b�d | b � � � ^ ��\v��[{g � [ibIg	}
b	\i�
_8d
j
_!�Xb	}
[]\id�g�\i� b�}&b	��Z�b b�j&\id�g	}
[e��_8dig	�
� � ��\�k �

� � � �����/��� �����

m _ �Xb j
���h_8j | � | g	�
g	} � [$[]� �
_��A_Ob	� b���\ g�� }
��}
Z+p � ahg	dig��X_ \�_�di[�j
��di_8� \ � k<��d]b��
� f���� | p`�D�8g � ��
 � g�\i� b�}�[8^Pg	}
j9j
_���_ � b�aP_8jWg+[i_ \�b	�Vp � ahg	dig��A_�\�_�di[`��b�d | b;��� � � �
��� j
_�[�[]k [e\�_��A[ � ��
�d�ahg�d�g��A_�\i_8di[�g	d]_vg	���8

dig�\�_ _8}
b	

Z��I\ib �8b��Xa

�\�_ ��g	d]� b�
�[�[e\ g�\i� �
a
d]b�aP_8d]\i� _�[ [i
�� � g�[=_ � g	[]\i� �I��b�}
[e\ g	}l\�[�^ g	}
j9d]_�g	[]b�}hg	� � k;\�d�g�}
[]��_�d�g	� � _I� � \��
_I}
_�g	d
}
_�� Z�� �Pb�d�j�� []\�g	}
��_4� [ ��g	d]� _�j5� kI}
b	\ �Ab�d]_ \��
g	}&�7� � � m _4

[]_8j5\��
_�[i_�ahg	dig��A_�\�_�di[
��} | � []���0
 � g�\i� b�}A\�b5�8b��Xa

�\�_=\���_"�{p n [�b	� | b�� ��� g	}
j | b�	 � ��� � p4��_�di_8[]
 � \�b��
\i�
_ � g�\i\i_8d��Xg�\�_�di��g � � [(� } Z�b�b j g	Z�di_�_��A_8}l\"~���\�� b�

d"_���aP_8di�	�X_�}l\ �h}�j
� }
Z	[ � p�b
b�
�d � }
b7~ � _8j�Z�_	^�\i�
� [�~ b�d]�I� [�\��
_��
di[]\ p � �Ab � _8�8
 � g	d�j�k }hg��A� ��[ b�d | � �Ab�j�_ � ��}
Z
b	��� }l\i_8d��A_�\�g ��� � �`�8b��AaPb�

}
j �Xg�\�_�di��g � [ �
�=

d���
�\�

d]_$~ b�di� � ��[]\4~�� ��� � }
� � 

j�_(\id�g	}�[]��_8dig	� � � � � \�k \i_8[]\i[ ��b�d�\��
_"b�}��y[i� \�_"p �

ahg�d�g��A_�\i_8di[{g	[{~ _ �	� g	[ \��
_=d]_8a

 � [i����_ n Y | _8}
_�diZ���_8[ � p4��_�ahg	d�g �X_ \�_8d][{b	� � b�dib�}
� � � � ^ � � | b9g	}
j � �e��� �(~�� �	� �c_+j�_!��_ � b�aP_8j���}�g [i�	�X� � g	d �Xg	}
}�_8d � w � \i���Xg�\�_ � k	^
~ _ ~{g	}l\5b�

d0a
g	d�g��A_�\i_8d][$\�b �c_ g	a
a � � ��g�� � _A� } �0
 � \i� �ya
�hg	[]_	^ �I
 � \i� ����b��Aacb�}�_8}l\
��b��Xa�
�\ g�\i� b�}�[8^ [i
�� � g	[(� }9\i�
_Xu(dig	}
jG�vg	}
b�}
����g � | b�}l\�_ �vg	d � bS[i���I
 � g�\i� b�}�[�\�b

�	�



a
d]_8j
����\4\i�
_(a
�hg	[]_$j
� g	Z�dig��X[ �

� � �S� ��� ��� � �
� ��� YI� �5� | � | g	�hg	} g	}
j�� � n �P� � _�ac_�� [8^�fU� k [ � ��_!� ������� ^ �7�����	� �
� ��� YI� �5� | � | g	�hg	} g	}
j�� � n �P� � _�ac_�� [8^ | g�\ � �`_�[ � ��b � � � k �Aa � fUdib � ���
	�� ^ � � � �
� � �
� � � � � � g�\i_8d�g	}
j<u � � �h� b�[]\i_8d8^�fU�lk [ � �`_�� ��	�� ^ ��� ��� �
� ���$� � Y$� f�g	ahg	��b�}
[]\�g	}l\�b�aPb�
 � b�[8^�� � 
 ���������
��� ��� ��� � 
 ��� � � � ��� � � � ����� � �� � 
 ���	�

�!� � � �#" ^
f � _�} 
��<^��`_�~oz b�di��^ � ���	� �
� ���$� � Y$� f�g	ahg��8b�}
[e\ g	}l\ib�acb	
 � b�[=g	}
j | � � � | _8� � ^-fU�lk [ � ��_!� � �$��� ^c� ��� ��
-� � 
$�
z g	}
Z
^ | � � � | _8� � ^�� � Y$� f�g	a
g	�8b�}�[]\ g�} \ib�aPb�
 � b	[8^ �%� � � � �'& ^����	���7� �

� � �$� � � � fUdi� ��_&g	}
j ��� � � �{b b�aP_8d8^ fU�lk [ � ��_!� � �)(*	 ^V� �	� � 
 � � � � fUdi���8_	^+� � | �
m � �	� [vg�}
j ��� � � �{b b�ac_�d8^ �%� � � � �
� ^-���7����� �

� ���$� � ���ig��ig	a�
�\�dig5g	}
j � � � � �{b b�ac_�d8^hfU�lk [ � � \�g�\ � ��b � � Q-, (*� ^ �l� �
� � �I� � �5�
Y }
j
_8d][i_�} g	}
j � � �	_8a�[i_8}-^-fU�lk [ � �`_�� � ��_ \i\ ����( ^P���	��� �
� � �"p4� � �hd�g	

_�}
�
_����;^h� � m _8� � �-^Pp4� �c�/.b�� � _8d�^P� �Pw � � � g�}
} ^�� � f�b�di_ ��g	Z g	}
j9u �
��_8� ��_8de\�^lfU�lk [ � �`_�� � �0� , ^h����� �l� 
1� � m ��jhg	}lk�^ p4� � �hdig	

_8}��
_8�	�<^lp4� ���2.b	� � _�d8^
| � � \i_8di} �P_8d]Z
^�� � f�b	di_��8g	Z
^Pu � �	

}
Z�}�� � �	_ � g	}
j u � ��_8� ��_8d]\8^ �%� � � � ��( ^h���	�l� �

� �7� �$� � � ��� di� g	}l\�^ | g \ � ��_8[ � � b�� � � k �Xa � fUd]b�� �*( ,�, ^h�l���
� �����3� � 
$� ��� ��}
_8���c_ � ^�� � p � ����
 ^�� � � � n g	[e\�b�} g	}
j � � YI� �vg	d
�X��� �hg	_ � ^ | g�\ � ����� �
n }
Z � '4, �5� ^(����
Is � ��b�[�g � _8[<g	}
j$� � 
"� � � �
}
_8���c_ � ^=s�}l\i_8d��A_�\�g ��� � ��[76 ^(�	�l� 


$� �{�
b�_�^V� � �{�
_�} ^�� � 
"� ��� ��}
_8���c_ � g	}
j � � � � �`� \�� �
��_	^ �%� � � � 	 ^ �	� ��
�� � 
$�
��� �
}
_�� �P_ � ^ � � � � �`g7~�}-^�p � � � m g�\i� ��}
[ g	}
j n � Y$� f�g�k ��g	}l\�^�fU� k [ � ��_!� � �8��� ^
�7�	�
�	��� �

� �����$� � � � �h
 ^�9 � m g	}
Z
^�z � z � z _�g	}
j �5� | � 
 b
^�s�}l\i_8d��A_�\�g ��� � ��[ & ^���� ��

� � � � ��

g	}
j:9 � m g	}
Z�^hfU�
� � � | g	Z � ��_ \i\ � 6*; ^����	� �

� �7� �"� � n � �{b��
_�} ^ | � � � | _8� � g	}
jG� � Y$� f�g	ahg	��b�}
[e\ g	}l\�b	acb�
 � b�[�^UfU� k [ � ��_!� ���
� ;�^-���l� �	� �

���



� �����$� ����� m g	}�Z
^ � � � � f�g	}-^ | � � � p�g�}
Z
^ 
"� 
 g�g	[�^ | � ����Zlg � g	[8^�u � � � � _�_ g	}�j
�5� | � 
 b
^ | g \ � ��_8[ � � b�� � � k �Xa � fVd]b�� ���
	5� ^P���	� �

� �����$��_�_I��b�d`_���g��Aa � _�^-� � m �PY []�
�8d]b	� \�g�}
j9� � � � | _8d
�X��} ^5�!� � � � � ���	� ��� � � "�� � "
� ��g�

}
j
_�di[��{b ��� _8j
Z	_	^hfU�
� � g	j
_ � a
����g�^P� �l�	��� ^
� �	� �

���


