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t ~ s&� �j| u tvt s�� � } � �lux��t } � � u t q  � w }d� � ��� ux� u t uxs �x� q � s�tv� ~ s�t }'�2/ u tvwlu � � ~j} s � ux� �\ux��t } � � u t q��
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� � � ! ~v| }`� � / u t w � ~ � � � � � � u | � � u � s�t u � � � � �$t w } � q ��s | u � � � �Ls ! p }`~ � � � u �x� s�t � ~ �
� ��s �>� u tvu � �ft � tvw } � u ~v} � t ~v}O�x} �&s�� � } t � � � � � t ~ � � t ux� �dw u��7w ��} � }`~ � q ! p }`~ � s �v}O~�� � / }

� � t } tvw }\} s �j} / u tvw / w>u � w ��s ~ u � � � � } s�t � ~j}'� � w�s ~ s � t }`~ u � tvu � � �*� � � � u � } s ~i� q ��s | u � s �

� q � t }`| � � s&� p } � p �v}O~ � }O��~v} � } s�t s p � q ux�%! p }`~ � s �j}`~�� � � w u � � � ��� }'� t � tvw�s�t�! p }`~ � � � u �#�

� s�t � ~&� � s&� p } s&�ds�tvt ~ s � t u�� }"}@( � }`~ u | } ��t s � � � s�t�� � ~v| � � ~ � tv� � q ux� �.�&s ~ u � � � � w } � � |X} ��s
ux��� � � � u � } s ~ � q ��s | u � s � � q � t }`| ��/ u t w\s � u | � � } � ux� }@( � } � � u�� }.� q � t }O| �
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{ � }O~ ���>~ u��4u � � � �[tvw } � s�t � ~ s p � } s p � � ~ p }O~ 8 � � ; | } � w s&� u �j| s � s � u | u t s�t u � �.t � � � �4�j}

} � }`~ � q ux� ! p }`~ � � � u �x� s�t � ~&� w�s � u t � � ~ u4�7u � � u ��tvw�s�t �Ms � t � s�t � ~ s p � } s p � � ~ p }`~&� / u tvwCs
� s ~ � }�| � � � � s�t u � � � } � t wXs&� � � � u t s p �x} � � ~ � �v} ux�=! p }`~L� s �v}O~�� s ~j} s �x� u ��t }`~ � }`~ � |X} t ~ u � u �
� ~ u4�7u ��� �A� � � w }G| � � t � � |X| � � � q � �v}O� t } � w � u * � }'� s ~v} � � � � u � } s ~ � � � s ~ u&5 s�t u � � } � � � �?t u � �
8 � ��� ; � � � � � � � � ux� } s ~ ��� tvu � s � � � ��� | u ~v~ � ~�� 8 � { � � ; � � � � s�� � tvw } u ~ �&s ~ u s���t � � � �
} s � w � s �j} � tvw } � � �4�j}m} � }`~ � q u � � u � t ~ u p �?t }`� t � t / � | � � }+� / u t w�� � }+* � s �x� q � � w�� � �

t w } t / � | � �>}'� s � * � u ~v} s ~v}`� s�t u#� } � � � � ux� } s ~ � w s �v} � w u#� t\� � � � � ~ ��� s��7s�t u � �Bux�Ps

� � � � ux� } s ~^| }`� u � | 8_t q � u � s � � q s�! p }`~ ; � � w } | s��7� u t � � } � �?t w } � w�s �v} � u :k}`~v} � � } u � t w } �
� ~ ��� � ~ t u � ��s � t � tvw } � � �4�j}"} � }`~ � q � � w } � w�s �v} � u :k}`~j} � � } u � � � � � }`~ t }O� ux��t � s | � � u tv� � }
| � � � � s�tvu � � p�q s � ~ ��� }`~ � � � }`~ � � � u tvu � � � � t w } t / � | � � }'� � � ��tvw } � s �v} � � � ��� �

t w>u � u � s � � � | � � u � w }O� t w ~ � � �7w#s � ux� } s ~ � � � s ~ u 5 }O~ s � t u � � � � ~ u��7w�t � s&� �#�x} � t � � u ~ � � � s ~

� � � s ~ u&5`s�t u � � | � � }+� � � ��tvw } � s �v} � � s � { � � � tvw } t / � | � � }'� s ~v} � � ���v}+� � � � ��t }`~��
� ~ ��� s���s�t ux� �dt w ~ � � �7wls ! p }`~ � �$��� � s&� � � � � � }`~&� u � �lt � s | � � u t � � } | � � � � s�t u � �mt s 1&}+�
� � s � } s�t[s.! p }O~ � � � � �x}O~ t w s�t �j}`~ � }'� s � t w }*} ��t ~ q s&� �$}@( u t � � ~ t � �^tvw } ! p }`~ � � ��� � � �

s ~v}'� � � t � � t w } u ~ ux��t }`~ � }O~ � | } t ~ u � ��s�t � ~v} � t w }+�v} t } � w � u * � }+� s ~j} � ux��� � � u � s � �_� � � tvu � � �
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s�tvu � ��s�t � � � � � | �

� � t w } � � �4�j}�} � }O~ � q � 
 } � � } � tvw }$� � �&� � � t w } � � p } �7ux� � t � � u | ux�>u � w }'� s�� � !���s � � q

ux� � ~v} s �v}+� s � t w } � � ���v}�} � }`~ � q u � ux� � ~v} s �v}O� ��r u4�&� ~v} �$� ��u � � � � t ~ s�t }+� })( � }`~ u |X} ��t s � � q
| } s � � ~v}O� t ~ s&� �j| u tvt s&� � } � �Es � { � � �

� }
�>} !�� } tvw } � } s 1 ux��t } � � u t q 8 � ~*} � }`~ � q�� � � ~ �7u#� } � � � �4�j} � w�s � }5; � � ~j~v}+� � � � � u � �

t � tvw } � � ux��t � � | s ( u | � | t ~ s&� �j| u tvt s&� � } t w ~ � � �7wCtvw } � � t � tvw } � � }O~ ���>~ u��4u � ��ux� �

t } � � u t q ��} � }O~ � q �  } q � � � tvw u � ��s � � } t ~ s�� �v| u tjt s&� � } p } �7ux� � t � � } � ~v} s �v} � � ~ � | � tvux� �
� � / }`~ � } s 1 u ��t } � � u t q � � ~ tvw } � � �4�j} � � w } � � }`~ � � ~ u#�4ux� � } � }O~ � q � s&� p } ux� � ~v} s �v}O� / u tvw
� ~ ��� }O~ � ux� } s ~ p uxs � u � � 80r u�� ��� � � ; � � ~ p�q � } � ~v} s � u � � tvw } } � }O~ � q � u :I}O~v} � � } p } t / }O} �ft w }

ux��t }`~ � }O~ u � � | � � }+� � 
 � / } � }`~ � t w }'�v} � w s&� � }+� ~j}'� � � t u � � } � ~v} s � u � �$t ~ s&� �v| u tjt s&� � } � � ~

ux� � ~v} s � u � � ux��t } � � u t q�� � ~ s&� � � }`~ s �x�8~v}O� � � t u � � � �kt w } t ~ s&� �j| u tvt s�� � } s�t � � / ux��t } � � u t u }'� �
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s�tvu � ��s�t � � � � � | � p u s �v}`� � � ~ ��� }`~ s�t u � ��s�t w u��7w }O~ � � �4�j} } � }O~ �7u }'� �

~v}+� � } � t u�� }`� q � � u tvw }`~ / s q�� u � u tvu s�tvu � � � � | � � })� � � � 1 u � � � ~ � | ux��t ~ s � � s5�4u t q � � u �v} p }@�

� � |X}+��� u � � � � t � u#�^� � t u | � � �&� u p �x} � �?}O� � �>� t s ~ t u � � ��� }O~ s�tvu � �Xu � s�� }'�&�v} ��tvu s � � } s�t � ~v} � � ~
� ~ s � tvu � s � �>t u � u t q�� ~j} � �>}`~ u � �
t w }+�v} s � � ~ � s � w }+� �>��s � � } � t s p � } � � ~[| � � t s � � � u � s�t u � � � �

� ��� �������
��� � .��	�
 � � ���:


� �Xtvw u �
�j} � tvu � � / } � } � }`� ��� s p s � u � | � � }`� � � ~ s � � � u t � � ��� u 1&} � s �j}`~b| � � }@��� � � 1&}O� / u t wXs

� � � ��| � � � t � � u � � �Ms � t � s�t � ~ s p � } s p � � ~ p }`~ })( w u p u t u � � | � � t u � �x} t ~ s&� �v| u ��� u � � | s ( u | s �

� } / u �x� � �j} tvw u � | � � }O� t � � p t s&ux�\s&� }'* ��s�tvu � � � � ~ t w } � � ���v} } � }O~ � q } � � � �>t u � � � � w }
| � � }O��/ u � � p } � � � �v}O� qfp s �v}O� � � � � � u t � �6! p }`~ � s �v}`~&� ��p �?t | s&� q � �ht w } ~j}'� � � t ��� w � � � �

s � � � q t �.� t w }O~ t q � }+� � � � s �v}O~�� � ux� � s ~ tvu � � � s ~ t � � u � � }`~�� u � � ��| s&��s�� }O� s&� �6�v}O� � �>� u | u � s ~
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(gain)

2n   > 0 and anomalous
dispersion AM

r u��7� ~v} � ��� - � � � 1�� uxs�� ~ s | � � s � } � }O~ u � � � � u t � � ��� u 1�} � s �v}O~ � � � � u � tvux� � � � s&� ��� t u � s �
| }`� u � | / u tvw � � � u t u#� } � }`~j~ � � � � u � } s ~ u t q�� s&� � | s � � � � � ��� � s&� � ��s&u �ds&� � s �Ms � t � � �

! p }`~ � s �v}`~&� � � p � � � 1f� u s�� ~ s | � �Vtvw } | � � }O�;� s �j}`~ � s<�4u t q u � � ~j}'�j} ��t }O� ux�\r u�� � �$� � �
r � ~�� u | � � u � u t q�� / } � � � � u � }`~ tvw } ��� tvu � s � | }`� u � | t � p } s � u � � � })��| � � } ! p }O~ � ~ � �

�4u � u � �#� � u#� � ~v| � q ��� u � t ~ u p �>t }O� � }`~j~ � � � � u � } s ~ u t q 842
)
� � ; s&� � s&� � | s � � � � � � � �

� } � }O~ s � u&5 s�t u � � � � tvw u � s � � ~ � s � w t � s � u � � }O~�� u � � � | s���s�� }O�?� � w }`| } / w }`~j} s�t � } s � t
t / � �v} � | } ��t � � � ! p }`~"/ u tvwm� � ~v| s � s&� � s&� � | s � � � �� ��� � w � � � � p } � � �&� u p �x} p s �j}`�

� �$t w } � � ~v| s � u �v| � } � }`� ��� }O� p�q t w } � � � � ~ � � � � � � �
� � �4�j} � ~ ��� s���s�t u � ��tvw ~ � � �7w�t w } ! p }`~ �v} � |X} ��tdu � | � � }O�x}`�9/ u tvw tvw } � � � � u � } s ~

� � w ~ y� � u � � }`~ }+* � s�t u � � 

� �
�
� � � 8 � � � ; �  � � �

� ) � 8 � � � ;� � ) � � �"( � 8 � � � ; ( ) � 8 � � � ; � 8 �  � �  � �
� )� � )

; � 8 � � � ; � 8 � � � ;

 }O~v} � � 8 � � � ; u � tvw }3�v� � / � q � ��s ~ q u � � � � ���v}$} � � }`� ��� } � � u � s.tvu | }6� � s �x} u �St w } � ~v� }O~
� � t w } � � ���v} � � ~ s�t u � � � � w } � ~ ��� s���s�tvu � � � u ~v} � t u � ��u � � s ~ s |X} t ~ u&5 }O� p�q � � ��� 3 � s
t u |X} � � s �x} ux�.tvw } � ~j� }`~ � �Lt w } � s5�?u t q ~ � � � � t ~ u � t u |X} ��� � ux� � t } s � � �Gtvw } � � ��s � �$u �
s&��s � � � q t � t w }"| s � t }O~ }'* ��s�t u � �6� � ~ | � �>})��� � � 1 u � � �>} � }O� ��� }`� p�q 
 s&� � � � � � � �bu � t w }ux��t ~ s � � s5�4u t q � ��� � � � � � �	� )� u � tvw } ��s&u � � u � � }`~&� u � � � � )� u � t w } w�s � � � / u � tvw.s�t*w�s � �
| s ( u | � | 80r�� 
 � ; ��s�ux� p s&� � / u � t w�� � w } � � } � � u } ��t � � ~ �v}O� � � � w�s �j}.| � � � � s�tvu � �
8 � � � ; s ~ u � u � �3� ~ � | tvw } � }O~v~ � � � � ux� } s ~ u t q u � � � 8 � � ; � 8 ���*5 ��	�	 ; 2

)
� ��	�	 � / w }O~v} 2
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u � u ��t } � � u t q ���>} � } � � } ��t ~v} � ~ s � t u#� } ux� � }@( � 5 ��	�	(s�� � � ��	�	 s ~v} t w } }+:k} � t u#� }(| � � } s ~v} s
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� �kt w } � � ���v} � � u � t w } ��s&u � � � } � � u } ��t�s�� � � � u � t w } � ux� } s ~ ux��t ~ s � � s5�?u t q � � �&� � ux� � � � � ux� �
� � ���[� � } t �-� �?t � �>t � � � � � ux� � �
� } s ��� � | } s ��s�ux� | }`� ux� | / u t w ~j}`� s ( s�t u � �ltvu | }X| � � w � � � � }`~ t w s&� � � s&� � s

� s ~ � }�� s�tv� ~ s�t u � � } � }`~ � q / w u � wfu � s.� � � � s � � ~ � ( u | s�t u � � � � ~ tvw } � s �v} � � � ~ � s�� � � p �

� ��� }`� ! p }`~����v}O~ �4ux� �(s � tvw } �7s&ux� | }`� uxs � � w }O~v} � � ~v} � tvw } �7s&ux�iu �
� s�t � ~ s�t }O� p�q s �v}O~ u }+�
� � � � �4�j}'� 8 | � � t u � �x} � s5�4u t q ~ � � � � t ~ u � � ; � �>} t }O~v| ux� }O� � ~ u | s ~ u � q p�q t w } s5� }O~ s�� } u ��t ~ s �

� s5�4u t q � � / }`~ � � w } � q � s | u � ��s&u � � s�tv� ~ s�tvu � � / u t w u ��t w }i� � ~ s�tvu � � � � s&�lux� � u��4u � ��s �
� � ���v} u � u��7� � ~j}`� � 
 } � � } � t w } �7s&ux� � p } q � t w } s5� }O~ s�� })��~ s�t } }+* � s�t u � �

� �
� � 8 � � � ;
� � �  8 � 8 � � � ;  � � ; ���

��
  � 8 � � � ; ���� � � 8 � � � ;


 }O~v} � � �"u � tvw } �v| s �x� � u4�7��s � ��s&ux� � � � u � t w }.� s�tv� ~ s�tvu � � } � }`~ � q � �Et w } ��s�ux� |X}O� ux� | �

��
 u � t w } ��s&u � ~v}O� s ( s�tvu � �ftvu | } � � w } � � ���v} } � }`~ � q�� ��� � u � �7u#� } � p�q
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