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Hydrogen Column Density  (10��ä������	��
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Y7ý:Y�� c VXWZY c Y�	 � Y^] N%c Qb]UY�i ½ V [ ��Y
�XQ�	\V [�P SUV c d N%[ T � �bV c Y'T �_N ]$#A	 N SUS N ]UY ` <bY�TMV [ c ��Y�SUY�	 P TbY���S cUPL�i0� / - * ¼ I × � N%[ T ��i0� � ��� c ��Y c �bV����N�XV [ Y V [ T.V�� N%c Y�S c ��YU� P ]�]UY�S � P
[ T.V [ � � � P
cUP S � ��Y^]�V��A] N T.VXQ�S ij P
[ecUP Qb]'# P ] T N�d ����H�HZ� P ]�]UY�S �`P
[ TbS cUP c ��Y � � P ��Y\] N%[ �ZY P #_Y7ý`Y�� c VXWZY c Y�	 � Y^] N%c Qb]UY�S'# P Q [ T f�d¯ ]�V P Y c'N ��i 8 ��H�H�� : # ] P 	 ú�È·È�° g Y �*cUP
[ P
f SUY^]�W N%c V P
[ S `�c�c Y�T � V c � g�û ��ÿ N%c 	 P S � ��Y^]UYI	 P TbY���S Á
c ��Y ] N%[ �ZY P # � � P
cUP S � ��Y^]�V�� ] N T.VXQ�S V�S P
fbcaN V [ Y�TV# ] P 	 c ��Y [�P ];	 N �XV ¾ N%c V P
[ � P
[ S caN%[�c # P ] c ��Y f Y�S c!`�c� V c � c ��YRT.V�S caN%[ ��Y�W N ] d V [ � f Y c�� Y�Y [�Ò � N%[ T ÒSÒPË!Í ��iA����Y � � P ��Y�Q [ ��Y^] caN V [�chd V [ c ��Y � � P
cUP S � ��Y^]�V��
] N T.VXQ�S TbY^]�VXWZY�T # ] P 	 c ��Y � �bV c Y�T �jN ]$# N%c 	 P S � ��Y^]UY"	 P TbY���S V [ c �bV�S SUY�� P
[ T P
f SUY^]�W N%c V P
[ V�S [�P
c
V [ ���XQ�TbY�T7�2S�V [ ��Y'V c V�S Y^WZY [ � N ]6�ZY^] c � N%[ c ��YHS�� N ��Y P # c ��Y � � P
c i ø�P ] c �bV�S ]UY N S P
[ c ��YF� P 	 ��N ]�V�S P
[� V c ��	 P TbY���S�	 Q�S c ]UY�� d 	 N V [ � d P
[ c ��Y Y7ý`Y�� c VXWZY c Y�	 � Y^] N%c Qb]UY Y^W P �XQ c V P
[ � N S V [ c ��Y�� N SUY P #Ñ ��� ® L]j d ��i

����Y'^j¯ ½ �S� P
f SUY^]�W N%c V P
[ ]UY�S�Q�� c S 8 T N�d ����H�H N # c Y^] P Q c�f Qb]US c : N ]UY'� P ��Y^]UY [�cK� V c � N ��i0� � � �
N S �jN S N SUS�Q�	 Y�TF# P ] c ��Y � �bV c YjT �jN ]$# N%c 	 P S � ��Y^]UYP	 P TbY���S Q�SUY�T f�d ¯ ]�V P
9 �']UY^V [ Y^] 8 ������� : i§±jQ c
c ��Y�]UY�S�Q�� c S P
fbcaN V [ Y�T � V c � úPÈ·È�° g Y �*cUP
[ f�d ¯ ]�V P Y c N ��i 8 ��H�H�� :'P
[ T N�d ����H�H N # c Y^] P Q c�f Qb]US c
V [ T.V�� N%c Y�T N 	 Q>��� S;	 N �?��Y^] 	 N SUS i � [ N TbT.V c V P
[ � c ��Y c V?	 Y ° S�� N ��Y�S # ] P 	 P Qb]MY [ WZY�� P�� Y[	 P TbY���S� V c �;��i0� � � � P ]UY�S N ]UY N � �jN�d S
# N ] cUPeP S;� P ] c # P ]'g P W N û È j ����� Ò i"j P
[ ��Y^] [ V [ � c ��Y Y7ý:Y�� c VXWZY
c Y�	 � Y^] N%c Qb]UY TbY^]�VXWZY�T)# ] P 	 c ��YV^j¯ ½ �S� P
f SUY^]�W N%c V P
[ � c ��YF# N � c c � N%cCc ��Y�S P Qb]���Y �_N S'S c V?�?��+ P
[ -
��H�H�H\T N�d S N # c Y^]�� � ��Y [ P
f SUY^]�WZY�T fed4ú�È·È�° g Y �*cUP
[ �bV [ T.V�� N%c Y�S c � N%c V c S;� P Q���T f YF��� P SUY cUP c ��Y
f Y�S cB° `�c W N �XQ�Y]# P ] c ��Y Y7ý:Y�� c VXWZY c Y�	 � Y^] N%c Qb]UY&# ] P 	 ¯ ]�V Pa9 � ]UY^V [ Y^] 8 ������� : � P ]\Y^WZY [ � P P ��Y^]��
f Y�� N Q�SUY N ��� P ]UT.V [ � cUP Y [ WZY�� P�� Y'	 P TbY���S�� c ��Y c Y�	 � Y^] N%c Qb]UYHS;� P Q���T V [ �^]UY N SUYHT.Qb]�V [ � c � P SaY ��H�H�H
T N�d S_Y�� N4� SUY�T f Y c�� Y�Y [ P
f SUY^]�W N%c V P
[ S id����Y^]UY=# P ]UY�� c ��Y��bV�����Y�S c Y7ý:Y�� c VXWZY c Y�	 � Y^] N%c Qb]UY�S_V [ ���XQ�TbY�T
V [ c ��Y Q [ ��Y^] caN V [ec d ] N%[ �ZYV# P ] T N�d ����H�H N ]UY Q [ �XV?�ZY�� d cUP ]UY � ]UY�SUY [ec c ��Y N � c Q N � c Y�	 � Y^] N%c Qb]UY P #
c ��Y S P Qb]���Y�iM����� P ]UT.V [ � cUP\c ��Y
	 P TbY���S�� [�P Y [ WZY�� P�� YF� P Q���T�� N WZY f Y�Y [ c � N%c � P
c N%c*c ��Y c V?	 Y P #^j¯ ½ �S� P
f SUY^]�W N%c V P
[ S N%[ T S c V?�?� f Y,+ P
[ - ��H�H�H\T N�d S N # c Y^]�i

� SUS�Q�	\V [ � c ��Y f Y�S cB° `�c Y7ý:Y�� c VXWZY c Y�	 � Y^] N%c Qb]UY�# P ] c ��Y�^j¯ ½ �S� P
f SaY^]�W N%c V P
[ cUP f Y c ��Y N � c Q N �
c Y�	 � Y^] N%c Qb]UY P # c ��YCS P Qb]���Y�� c ��Y c V?	 YCY�� N4� SaY�T\Q [�c V?� c ��Y úPÈ·È ° g Y �*cUP
[AP
f SaY^]�W N%c V P
[ N%[ T\V c S Y=# °# Y�� c VXWZY c Y�	 � Y^] N%c Qb]UYjV [ T.V�� N%c Y c � N%c � N 	 P
[ � c ��Yl¯�g Y�H��K	 P TbY���S�� P
[ � dHc ��YjS;	 N �?��Y�S cA� �bV c Y_T �jN ]$#;�� V c �[H.i\G � ��� � P Q���T SUV?	 Q�� N%c Y c ��Y Y^W P �XQ c V P
[ id������Y �bc V [ � c ��Y � �bV c Y T �_N ]$#A	 N SUS_TbY c Y^];	\V [�N%c V P
[# ] P 	 c ��Y f Y�S cB° `�c N%c 	 P S � ��Y^]UY'	 P TbY�� P
fbcaN V [ Y�T f�d ¯ ]�V P Y cCN ��i 8 ��H�H�� : ��H.i\� � ��� c ��Y � G��I	 P TbY���S� V c � c �bV�S_	 N SaS �jP Q���T N ��S P S�Q>����Y�SaS$# Q��?� d SUV?	 Q�� N%c Y c ��Y Y^W P �XQ c V P
[ P # c ��Y c Y�	 � Y^] N%c Qb]UY P #Pg P W Nû È j ����� Ò i �h[=N%[�d P # c ��Y�SUY�� N SUY�S1�`V c V�S �`P SUS�V f ��Y c � N%c c ��YI	 N <.V?	 Q�	 Y7ý:Y�� c VXWZY c Y�	 � Y^] N%c Qb]UY�_N S S c V?�?� [�P
c ]UY N ����Y�T f�d c ��Y c V?	 Y P # c ��Y ú�È�È ° g Y �*cUP
[KP
f SUY^]�W N%c V P
[ 8 V [�� Y���Y�	 f Y^]\��H�H�H : i
� # c ��Y c V?	 Y P # c ��Y�^l¯ ½ �S� P
f SaY^]�W N%c V P
[ N%[ T V c S f Y�S cB° `�c Y7ý:Y�� c VXWZY c Y�	 � Y^] N%c Qb]UY N ]UY caN �ZY [ N S
S caN ] c V [ � � P V [ec � c ��Y	 N <.V?	 Q�	 Y7ý`Y�� c VXWZY c Y�	 � Y^] N%c Qb]UY
� P Q���T f Y ]UY N �@��Y�T N SP� N%c Y N S�% �4LfH�H T N�d S
N # c Y^] c ��YF^j¯ ½ �S� �
Ù ½ ÙPj P
f SUY^]�W N%c V P
[ 8 � V c � c ��Y � G�� H.i\� ���X	 P TbY�� : �bV�i Y�� fed � Q���Q�S c ��H�H4L�i

ú�È·È�° g Y �*cUP
['� P V [ec Y�T P
[ ��Y N � N V [ g P W N û È j ����� Ò V [ � � ]�V?����H�H�� 8 P
f SUY^]�W N%c V P
[ H���LfG�G ® H���H����Ù � � È8N ]�V [�N ¯ ]�V PU:jN%[ T T N%caN\N ]UY � Q f �XV�� S�V [ ��Y ��� È N�d ��H�H4L�idg P ]UY�S�Q�� c S�� N WZY f Y�Y [�� Q f �XV�S���Y�T
N%c c ��Y_	 P 	 Y [ec � f Q cjN ��� P ]UT.V [ � cUP c ��Y S N%c Y��?�XV c Y P
f SUY^]�W N%c V P
[ � P �>� c ��Y P
f SaY^]�W N%c V P
[&�jN S N ý:Y�� c Y�T
fed �bV���� ] N T.V N%c V P
[ N%[ T c ��Y Y=< �`P S�Qb]UY c V?	 Y �jN S S;� P ] c Y^] c � N%[ V [8c ��Y ` ]US cPú�È·È�° g Y �*cUP
[ P
fÂ°
SUY^]�W N%c V P
[ i�� ` ]US c � PeP � N%c c ��Y N ]��@�bVXW N ��T N%caN S;� P1� S c � N%c c ��Y S P Qb]���Y V�S [�P
c S P ����Y N ];� d W V�S�V f ��Y
V [ c ��YXÿ*Ù � j � N 	 Y^] N S N S �jN S V [ c ��Y ��H�H�H P
f SUY^]�W N%c V P
[ i g Y^WZY^] c ��Y���Y�SaS�� c ��Y S P Qb]���Y\TbY c Y�� c V P
[
N ��� P ]�V c ��	 S P # c ��Y N Q cUP 	 N%c V�� � V � Y��XV [ Y � Y^]$# P ];	 Y�T P
[AN �?� ú�È�È ° g Y �*cUP
[ P
f SaY^]�W N%c V P
[ SRTbY c Y�� c Y�T
N S P Qb]���Y�V [ c ��Y È ¯ ½ ��V?	 N �ZY N%c %'� N ]���SUY���# ] P 	 c ��Y [�P 	\V [�N � �`P S�V c V P
[=P #Pg P W N û È j ����� Ò8 ��H�H�HMTbY c Y�� c V P
[ �jN S N%c % ÒMN ]���SUY�������Y�SUS c � N%[8c ��Y ú�È�È ° g Y �*cUP
[ ]UY�S P �XQ c V P
[ � � �bV��@�8V�S Ü N ]�� °
SUY�� : � � V c � N � P Q [�cB° ] N%c Y]% - * ¼ � º�� 5A5 ¼76�8 # P ] c ��Y È ¯ ½ ��� N 	 Y^] N � c ��Y�� P Q [�cB° ] N%c YAV [ c ��Y ��H�H�H
P
f SUY^]�W N%c V P
[U�_N S *�, - º�� 5E5 ¼76 : iQ���bV�S �jP Q���T V [ T.V�� N%c Y c � N%c c ��Y S P Qb]���YK� N T N �X]UY N T d\c Qb] [ Y�T ° P ý f�d� � ]�V?�2��H�H���� f Q c ��VXWZY [Mc ��Y_� P
[�caN 	\V [�N%c V P
[ P # c ��Y P
f SUY^]�W N%c V P
[ f�d �bV����M] N T.V N%c V P
[ � c �bV�SM	 Q�S c f Y
caN �ZY [[� V c � � N ]UY N%[ T N TbY caN V?��Y�T N%[�N � d S�V�S [ Y�Y�TbS cUP f Y � Y^]$# P ];	 Y�T:i
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ú©° ] N�d P
f SUY^]�W N%c V P
[ S P # c ��Y c �b]UY�Y [�P W N Y TbY c Y�� c Y�T f�d ^j¯ ½ �S� � V c � N SUQ � Y^]US P # c � P 	 � P
[ Y [ec� N WZY f Y�Y [ � P 	 ��N ]UY�T cUP P Qb] � �bV c Y T �jN ]$# Y [ WZY�� P�� Y�	 P TbY���S�# ] P 	 ��� N4�bc Y^] �.i � [ N �?�� N SUY�S��
c ��Y � � P
cUP S � ��Y^]�V�� � ] P�� Y^] c V�Y�S 8 ] N T.VXQ�S N%[ T Y7ý:Y�� c VXWZY c Y�	 � Y^] N%c Qb]UY : P
fbcaN V [ Y�T � V c � � �bV c YHT �jN ]$#
N%c 	 P S � ��Y^]UYZ	 P TbY���S `�c�c Y�T cUP8c ��Y ú©° ] N�d S � Y�� c ] N � N WZY f Y�Y [ Q�SUY�TX# P ]I� P 	 ��N ]�V�S P
[ � V c � c ��Y
Y [ WZY�� P�� YF	 P TbY���S�i^l¯ ½ �S� �
Ù ½ ÙPj P
f SUY^]�W N%c V P
[ S P # Ñ ��� ® L[j d �&� N WZY f Y�Y [ ]UY N%[�N � d�¾ Y�T � V c � SUV?	 � ��Y S � Y�� c ] N �	 P TbY���S�� N S c ��Y N%[�N � d S�V�S � Y^]$# P ];	 Y�T fed b ] N Q c�c Y^]AY c N ��i 8 ����� Ü : i ����Y ú�° ] N�d �XV���� c �^Qb]�WZYZ� N S
c �b]UY�Y_����Y N ] � � N SUY�S�� N%[ V [ V c V N ��]�V�SaY���T.Q�Y cUP c ��YCTbY��^]UY N SUY P # c ��Y N%f S P ] �bc V P
[ V [\c ��Y Y�¿ Y�� c Y�TMS;��Y��?�T�
N"� � N%c Y N Q P #A� P
[ S caN%[�c �XQ�	\V [�P S�V chd N%[ T NV`�[�N �:TbY����XV [ Y��bT.Q�Y cUP�c ��Y'Y=< c V [ � c V P
[ P # c ��Y
� d T.] P �ZY [
f Qb] [ V [ � V [ c ��Y Y [ WZY�� P�� Y�ia����Y Y^W P �XQ c V P
[ P # c ��Y&� d T.] P �ZY [ � P �XQ�	 [ TbY [ S�V c d ]UY�S � P
[ SUV f ��YU# P ]
c ��Y ]�V�SaY P # c ��Y ú©° ] N�d ��Q�< V�SF� P 	 ��N%c V f ��Y � V c � c ��Y\TbY��^]UY N SaY\V [ TbY [ S�V chd P # c ��Y Y�¿�Y�� c Y�T=S;��Y��?�T�
N SaS�Q�	\V [ � c � N%c V c V�SRS � ��Y^]�V�� N � N%[ T\V c S P Q c Y^] ] N T.VXQ�S Y=< ��N%[ TbS N%c � P
[ S caN%[�c WZY�� P �^V chd iD¼ ��Y [ � P 	 °��N ]UY�T cUP P Qb]CY [ WZY�� P�� Y"	 P TbY���S�� c ��YHY^W P �XQ c V P
[ P # Ñ ��� ® L�j d � T.Qb]�V [ � c ��Y � � N%c Y N Q P #d� P
[ S caN%[ec�XQ�	\V [�P SUV c d � f Y c�� Y�Y [ T N�d S'� ÒSÒ N%[ T Ò ��� N # c Y^] P Q c�f Qb]US c �`V�S_# P Q [ T cUP f Y"� P 	 ��N%c V f ��Y � V c � c ��Y
Y^W P �XQ c V P
[ P # N%[ Y [ WZY�� P�� Y � V c � S c Y N T d � d T.] P �ZY [ f Qb] [ V [ �>� P
[ Y^V c ��Y^] N ¯�g Y&H.i\� ��� � �bV c Y
T �_N ]$# � V c � Ò H l 	\Vk<.V [ �>� P ] P
[ N ¯�g Y ��i\H � � � V c �K� Ò l 	\Vk< V [ �>� � V c � N c Qb] [Â° P ý c V?	 Y f Y °
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�� >P; ] � 8 � ] �^>&>E8�0 	 2  > �ª5��G�17����³� ' � > ��7 9 �?�@7d��4Q > D >4>E8 ����� > �65�� > �,�
	���§Z ± ��	�� >E0@>E8 �
24' �65 ' 7�	���	 '18 7 9L24'10�0@> 7�5 '18 ��	 8 B¬� ' �� > 7 > Q >E8 ��	�� >E0@>E8 ��� ' � > ��76� '106> � 2 ��eab5 >�' �s�
�	�� > ���(� 0 �
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� 0 7��j� 8 �d�� > ���	 0 � ' D?7 >E0 QF����	 '18d' �K+ ±�{ �F� & B 0L0@> 7@5 >42 ��	�Q > ��ap. c�8 B >E8?>E0 ��� 9�; ] >E8 �� 8?24> ��� ' � > ��7
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0@> 7������@7^� 0@> �����(��ab7^� '10 7 > ���� 8 �
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� > � >42 � > �³	 8 + ±�{ �F� & B 0�9l24' ��D�	 8?> �~�
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$�	�BF� 0@>U± . ~ �����������	��
������� 	 �+��O� ���T� � � � ���q�  ���	�' � ��� �"���&� � � � � �)��� � "�� 1���� %$ � ��� �?� � � "�� 1��	� � �4� �� �D� � � � � �!��*-,/.&0�021G� � ��� ���'�"! �)� � �&%�� � ��� � �) ������S3 .$# �4� �)� � � �)� �K��� � %����)� � � �  ��� �
� � �!� �)�&%2�D� � � � ��� �"'-� # % ��� � �1 %2 ���(% � ���  .�  ��� � �� � � � %��$� �'� � � � �&� � � � � � � � �' �)�
� � � � � �(��% �&� � ��� � � 3
)+*-, ���.��
/�0�-�2143 �G� �� ���4� � �D� � � �)� % ��� � �z�  �$� ����� ����� � �  %'� �) ���i�!� �4� � � �!� ���'�5% � ���  ��� %2� ��� � � � � 346���� %  � � �� � �  � � � � � � � � �� !�)� � � � � � � ��% ��� � �'� � � � � �4�P��� � �'� �   � ��� � � �7'?� # % ��� � � 1 %2 ���8% � ���  !�"�  !����9;:�<>=@?�ACB&D
EGF�H �T� � � � � ��� � � � � � ���)�4�   � �I� � � �J9;:0KL=NM;A ?PO EGF�H � %  � �
� � ���)�4�   � ��� 3RQ#� ���  % � ���  � � � � � � �� ���4� �'� ���2� � ��  �� ���)�4� �  ��� %$ � ���I  � �
� � � �����&��� � �&�'� � � �D� � �) � �  S#S3
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$�	�BF� 0@>j± .K���?	��+��N� ��� "�� 1�� � � � "�� 1 �-� �D� � � � � ���7*-,/.�0&0
1G� � ��� �����R! �)� � ��%'� � ��� � �) �����-� 3 ."# � � �)� � � �)� � �&� � �%'���)� � � !����)�4� �  ��� �-� � ��� �)�&%2�D� � � � ��� � � �  !����� 3 ��� EGF�H � � � ��0 EGF�H ��'-� # % ��� � � 1 %2 ���5% � ���  �  ���2� %��$� �'� � � � �
� ��� % � � ���$% � ���   �������	��
� � ��� � ���.� ������� � � � � � � � � � �' �)�
� � � � � �(��% �&� ���'� � � 3
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k���D�� >M± . ± � 1 �D� � � � �  � �J� � � %2���)� �)��� ��� � � �!� �)�&%2�D� � � � ��� �8'-� # % ��� � � 1 %2 ����% � ���  !�� �&� � � *?,/.�0&0 1G� � ! �)� �
�"$" ��� � � � ��� �&%'� � ��� �(�) ��� 3��k� �� �)�[� � � � � �(��% �&� ���'� � �8% � ���   � �  !� �  � �� !� ��� �Q � �  � "� � � � �&�"�  ���Q���'�
 � �� � �(�)�4� ��� %2� �&�  �) ��� 3 � � � � � � � � ��� %2� �&�  �) �����	� � � �����F�  � � % � ��� ��� � � � ��� � � � % � ���  !�  � ���&�	� 
 � � ��� � ���
� ��� ��� � 3 � �� � % � ��� �'�  � #  � �  � � #�� !'���4� � � BPA ���8B&? K <����
	�K 3

-�' � > � � l�Tj � l�Tj [�� _ [�� X � _ � X � X�
g4o�� � w [�\ w [�\ g4o W�� g4o W��

; ] �3���O7 ' � ZF.K´ H�.�Z ± H�.�Z�S ( .KH ( Z�H 6 Z�� { ZF. ( H
; ] Z ~ .�Z H�.KH�Z H�.�Z�S ��.KSFH ��. 6 ( (76 .K� ZF. ( �
; ] ~ ZF.KH g4o W�� ~ H�.K� ± . { H ZF. ± S ~.~ . ~ ZF. ( H
; ] � ZF.KH g4o W`_�� Z�´�. ± ± . { H ZF. ±�( ~ ZF. ( ZF. ( H
; ] ± ~ .KH H�.KH�Z H�.�Z�´ ± .KH ~ ± .�ZFZ (�± .KS ZF. ± ´
; ] ( ~ . ± H�.KHFH�Z H�.�Z ± ��.K�F� ZF. (�± ~ ��. ± ZF. ( �
; ] { ~ . ± H�.KHFHFH ± H�.�Z ± ��.K�F� H�. ±�( {76 .K´ ZF. (.{
; ] 6 ~ . ± H�.KHFH�Z H�.�Z ± ��.K�F� ZF. ( � ~ ��. ~ ZF. ( �

] �O> �3���O7 ' � ~ .K� H�.�Z { H�.�Z�S ( .KH 6 Z�H ± Z�� { ZF. ± S
] �^> Z ��.KH H�.KHFH ± H�.�Z�S Z ~ . { ~ . ± H Z�S�. 6 ZF. ± H
] �^> ~ ZF.KH H�.KH ~ H�.�Z 6 Z�´�. { Z�H�. { ±�{ .K´ ZF. ~76
] �^> � ��.KH H�.KHFH { H�.�Z�S ~ ZF. { ~ . 6 { ~ H�. ~ ZF.K�FS
] �^>E± ��.KH H�.KHFHFS H�.�Z 6 ~ H�.�Z H�. { ´ { .KH ZF. ±�(
] �^> ( ± . 6 g4o W � H�.�Z�S ~�± .KS ~ .KS { Z�´�. ± ZF. ~.{
] �^> { ZF.KH g4o W�� H�. ~ H ~.~ .KS ~ .KHF� Z ( . 6 ZF. ±�~
] �^>�6 ZF.KH g4obW�� H�.�Z�´ ~ ��. ( H�. ±�( ��. {�± ZF. ~.~

k���D�� >Y± . ( � 1 �D� � � � �  � �'� � � %2���)� �)� � � � � � �!� �)� %2�D� � � � ��� �"% � ���  �`� ��� ���'�#���� � � �"$" ��� � � � ���Z��%'� � ��� � �) ��� 3-�' � > � � l�Tj � l�Tj [�� _ [�� X � _ � X � X�
g4o�� � w [?\ w [�\ g4o W�� g4o W��

; ] �3���O7 ' � ��. ( ZF. { S H�.�Z { ± . ~ Z Z�H�Z Z�HF� ZF.K� (
; ] Z ~ .K� H�.KHF´ H�.�Z ± ��.�Z 6 ± .�ZFZ ±�~ .KH ZF.K��Z
; ] ~ ~ .K� H�.KHFS H�.�Z ± ��.�Z 6 ZF. 6 ~ Z 6 . ( ZF. ± H
; ] � ~ .K� H�.KHF´ H�.�Z ± ��.�Z 6 ZF. {.( Z { .K´ ZF.K�F´
; ] ± ~ .K� H�.KHFS H�.�Z 6 ��.K� ± ± .KHFS � ( .K´ ZF.K�F´
; ] ( ~ . ± H�.KHF� H�.�Z ~ ��.KH ( ZF.KS�Z Z { .KS ZF.K� ±
; ] { ~ . ± H�.KHF� H�.�Z ~ ��.KH ( H�. (.~ ± .KS ( ZF.K�F´
; ] 6 ~ . ± H�.KH ± H�.�Z�� ��.�Z ( ZF.K��Z Z 6 . ( ZF.K� (

] �^> �3���O7 ' � ��.KS g4o W�� H�.�Z�S ± .K�FH { S�. ± Z�H�Z ZF. ~76
] �O> Z ~ .K� H�.KSFS H�.�Z ± { . 6 ± ��. ± 6 ZFZF.K� ZF. ~.{
] �O> ~ ~ .K� H�. (.( H�.�Z 6 ´�.K´FS Z�H�.�Z ~�± . 6 ZF. ~.~
] �O> � ~ .K� H�.KSFS H�.�Z { 6 .KSFS ~ . { S ´�.KSFS ZF.K�FH
] �O>E± ~ .K� H�.K´FS H�.�Z 6 Z ~ .�Z H�. ( S ��. { � ZF.K� 6
] �O> ( ~ .K� H�. { Z H�.�Z 6 Z ~ .KH ~ . { ´ ZFZF.�Z ZF.�Z {
] �O> { ~ .K� H�. ( H H�.�Z�´ ~ H�.K´ ZF. {.{ ZFZF.K� ZF.K��Z
] �O>�6 ~ . 6 H�.KHFS H�.�Z�S Z ~ .K´ H�.K� { ~ .�Z { ZF.�Z ±
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k���D�� >R± . { � 1 �D� � � � �  � �'� � � %2���)� �)� � � � ��� � � � � �)� %2�D� � � � ��� �('-� # % ��� � ��1 %2 ���7% � ���  !�� �&� � �T*?,&.&0&0N1G��� ! �)� �
�"$" ��� � � � ��� ��%'� � ��� � �) ��� 3��k� �� !�)�N� � � � � �(��% �&� � ��� � � % � ���   � �  !� �  �$�� � ���4�Q � �  � � � � � �&�"�  ��� �����
 � �� � �(�)�4� ��� %2� ���  �) ��� 3 � � � � � � � � ��� %2� �&�  �) ���'� � � � ���'� �  � � % � ������� � � � ��� � � � % � ���  !�  � �����	� 
 � � ��� � � �
� ����� � � 3 � �� !� % � ��� ���  � #  � �  � � #�� !����4� � � B A � �	BI? K < ��� 	K 3

-�' � > � � l�Tj � l�Tj [�� _ [�� X [��`R � _ � X � R � X�
g4o�� � g4o W R w [?\ w [�\ w [�\ g4o W�� g4o W�� g4o W��

; ] �3���O7 ' � ZF.K´ Z�HFH H�.�Z ~ H�.KS ~ Z�� ~ SF´ ~.~ ZFZ ± ZF.�ZFZ
; ] Z ZF.KH ± .K� H�.�ZFZ H�.KSFH � 6 { .�Z Z�� ±�( ZF.KH ±
; ] ~ ZF.KH ZF.K´ H�.�Z�H H�. 6D6 Z�´ ��.�Z ( . { ~.~ ZF. ~76
; ] � ZF.KH ZF.KS H�.�Z�H H�. 6 { Z�´ ~ .K´ ( . ( ~ Z ZF. ~76
; ] ± ZF.KH ± .�Z H�.�Z�� H�.KSFH � { ± .KS Z ± � { ZF.KH�Z
; ] ( ZF.KH ZF. { H�.�Z�H H�. 6 ~ Z ( ~ . { ( .�Z Z�´ ZF. ~ �
; ] { ZF.KH ± .KS H�.�Z�H H�. 6 � Z ± H�. 6D6 ZF. ± ( . 6 ZF. ±�~
; ] 6 ZF.KH ZF. { H�.�Z�H H�. 6 ~ Z ( ~ . { ± .K´ Z�´ ZF. ~�±

] �^> �3���O7 ' � ZF.K´ Z�HFH H�.�Z ~ H�.KS ~ Z�� ~ SFS ~.~ ZFZ ± ZF.�ZFZ
] �O> Z ~ .KS ~ . { H�.�ZFZ H�.K��Z ~ H 6 . ~ H�. ( S ~ Z ZF. ~ ´
] �O> ~ ZF.KH ´�.K� H�.�Z { H�. (76 �FS ZFZ ZF.�Z ( H ZF. ~.~
] �O> � ~ . ( ZFZ H�.�Z ± H�. ( � ± Z ± .�Z H�. ±�~ ~.~ ZF. ~76
] �O>E± ��.�Z H�.K´ ± H�.�Z ~ H�.K� 6 ��Z ZF. ± ZF.K� { . ± ZF.K� ±
] �O> ( ZF.KHFH ��.KH H�.�Z { H�. (76 ±�{ ��.K� H�. (76 ~ Z ZF. ~ Z
] �O> { ZF.KHFH ZF. { H�.�Z�´ H�. {.~ � ~ ZF.K´ H�.K� ( Z ( ZF.K�FS
] �O>�6 ZF.KHFH H�. ± H�.�Z�S H�. {.( ± H H�. ± � H�.KH 6 ��.KS ZF.�Z�S

k°��D�� >Y± . 6 � 1 �D� � � � �  � �'� � � %2���)� �)�`� � � ��� � � � � �)�&%2�D� � �(� ��� � % � ���  !�`� � � �����#���' � � #"$" ��� � � � ���Z�&%�� � ��� � �) ��� 3-�' � > � � l�Tj � l�Tj [�� _ [�� X [��`R � _ � X � R � X�
g4o�� � w [?\ w [�\ w [�\ g4o W�� g4o W�� g4o W��
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∆ R

∆ R∆ R

∆ Ro

∆ R = ∆ Ro i = 0

∆ R ∆ R

inner boundary conditions
Po, Lo, To, Ro; 

Set derivatives

dTi/dR, dRi/dR

Integrates one step with

P(i+1), L(i+1), 
T(i+1), R(i+1).
Estimation of accuracy.

stepsize

Suggests next stepsize, 
next

to obtain

Accuracy
good enough?

i=i+1

new

Yes

No

dPi/dR, dLi/dR,

Initial stepsize to be tried,

LOAD:

= next
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End

Yes

No

v(1)=sqrt(Rout), v(2)=sqrt(Menv)

Start:

− initial values of free parameters at the outer boundary, Rout and Menv 

− fixed parmeter at the outer boundary: Lout.
− Mass and radius of the  WD and chemical composotion.

boundary from the free parameters.
Determination of conditions at the outer

Rout  = v(1)**2
Menv = v(2)**2

Integration of the atmosphere from thau=0
to thau=2/3, with fixed Lout and 
present values of Rout and Menv,

to obtain the values of P and T at the 

and Tfot=Teff=T(Lout,Menv,Rout)
photosphere, Pfot=P(Lout,Menv,Rout)

Variation of free parameters
at the outer boundary, v(1) & v(2)

fullfiled?
Conditions

from Lout to Lbase (fixed values).

Integration of structure equations,

Determination of values of the
functions at the inner boundary(base),

R(base), Menv(base), T(base), P(base)

f(2)=Menv(base)*1.d8 = 0?

f(1)=(R(base)−Rwd)/Rwd = 0 ?

boundary layer with the required conditions.
Comparation of functions at the inner
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