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i÷¢ør2mýQ4 ýGHÄ÷¢ù5H�N�4 ýQHIK=CxøG4Ðú	(J�67aCyú	��ú8÷I�Æý?õ�(Æù§÷¬ùÐøZõ�(]NFúÄ÷?7Èú�úÀõj(ÆøAþ¡H�ýQ4c4ÐúÀû+´ çZì¤éXÚÄÝ>çZÝ�ÙÄÚý?õxû Ú�Þ�ÚÄÝ ÚÄÝ>çZÝ�ÙÄÚ ýQ��ú�(ÆúÀúÀõ�UÛ(ÆúÀúv{cù52�[u��[ú�GW@[Z�1Cyú	(Æú�(¤÷¬ý¯÷¢ú	(�HÀøG���Æú	4 ý¯÷¢ú�7Óù§÷IC�÷3Cyú�45��EÁùÐõyøG(Æù§÷?
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 ��] _�ùlû�ùlú6û���ûS^^ù7þéü��!" ] ^S
!¹�"«û$
��@�±ø��±üwüS^ û0ù7þ�
\øÂý6þ��8R
�9
�^�þéø��^ù+�±ø6üDû�dÔùlú>ûO�Z_f^S�z�±üDûNý6ûwø��yþ ù3`Pþ��:���S�W_ � ûDýÂþéø
�±ýw���±ø>üDûO�\ø6ýP� ûuù�ù2
Q��ü�
\ø��yþéý6û+^8�! �"1`v"�
 � �(�!"c_6û�# � ùlú6ûS^ � þ��yû�dÔùlú>ûO�=ù � 
�� ] ú6ûS^ û � 
�_�"éýP 	ûNþéøw¹Ôø6þ ùlû�"1`Pú>þéÿ\ú®#
��ù�ùlú6û�û�5z_��?ù2
�^ þ���" ] "��\ø6ûG
���ùlú>û}ý6þ��8R=d � ú6þéü7ú'þ���ùlú>ûG 7
=ù ù2
 � "éþ � þ ùt
���ùlú6û � 
�ý6û�"0�S"��� {dp�Nù2
=ù+�!"®D	_�*¥û�5z_��!"ù�
%MDûS^8
�þ����!�8�W_ � ûDý¥ýf_6û�ù2
2ùlú6û ] "��±ø6ûG�D` �%� û0ùe^-`�
���ùlú>ûjý6þ��8Rp#
Ãjixº Õ�h$iÃjNh$_)c7_�d8_�e$dWÖ>mZc7d8_�e b�_�`$i�×NØ%×�ÙÛÚ
A�ú6ûÂ^8�±ý>þ��?ùlþ	��û}ùk^8�±ø��8�§ûS^�ü�
;ý6û ��������� ü�
 �m] _�ùlû���ù7ú6ûÂ^8�±ý>þ��?ùlþ�
\øW¹Ôû�"éýP�±ø6ýÄù7ú6û ] ú�`�� þéü;�!"��µù��?ùlû$
��6��ÿ\þ	��ûDø
] "��±ø6û+� ] �;^8��"�"éû�" � ûwý6þc_ � #�÷�ù(ü�
/ø��yþéý6ûS^8��ù7ú6û,ùlû �m] ûS^2�?ùe_a^yû�d/þ�
\ø6þéü��! a_>ø6ý��±ø>üDû��+d��±ø>ýNùlú6û<"éû+��û�" ] 
 ] _�"��?ùlþ�
\ø��4
��
�!"�"9þ�
\ø6þéüt� ] ûDüDþéû��Ûùlúa^8
�_6ÿ\ú�
�_;ù,ùlú6û:�?ù � 
�� ] ú>ûS^ ût �`u�!�8�W_ � þéø6ÿN�$�µù��?ùlþ�
/ø��;^-`u�^ù+�?ùlû�#4A�ú6þ���ü�
\ø>ý6þ ùlþ�
/ø#ûDø��W_a^yû��
�y"�
�ü;�!"> ��!"��±ø>üDûO 	ûuù � ûDûDø��!"�"�þ�
\ø>þ�MDþéø6ÿ��±ø6ý¼^ ûDü�
 �  6þéø>þéø6ÿ ] ^8
�üDû��8�yû��:�!� � û�"�"L�!�: 	û0ù � ûDûDøÂû+*6üDþ ù��?ùlþ�
\ø����±ø6ý
^yû�"��=*��?ù7þ�
\ø���#6�a_f^^ùlú>ûS^ � 
�^ û�d�ü�
\ø��yûS^Y�(�?ùlþ�
\øu
���ûDø6ûS^yÿ/`�þ�� � �±þéø/ù��±þéø>ûDýu"�
�ü���"�"1`y�±ø>ýy
���ûS^�ù7ú6û � ú�
�"éû � ûDý>þc_ � #

A�ú6û ��������� ü�
�ý>û�ü�
\ø6ø>ûDü0ù2�jù � 
'þ ùlûS^8�=ùlþ�
\øÅ�yü7ú6û � û��+d>
\ø6ûN^ ûDÿ(�;^yý6þéø6ÿ¥ùlú>ûU�S
("c_;ùlþ�
\øÅ
(�(ù7ú6ûN^8�±ý6þ��=ùlþ	��ûùk^8�±ø��8�§ûS^�û�5z_��?ùlþ�
\øÇ{}� ûwü0ùlþ�
\ø�Ì�#KJw#�C � �±ø>ý¨�\ø�
=ùlú>ûS^%
\ø6û#ù2
Aü��!"éü+_�"��?ùlûbùlú6û ] ú�`�� þéü;�!" ] ^S
 ] ûS^^ù7þéû��%
���ùlú>ûbÿ(�!�
{}� ûDüuùlþ�
\øvÌ�#KJ�#KJ � #>Î�ûjý>û��yüS^ þ� 	û� 7
=ùlúÄþ ùlûS^8�?ù7þ�
\ø ] ^S
�üwûDýa_f^ û����±ø6ý#ù7ú6ûDþc^�þéø/ùlû+^8�±ü0ùlþ�
/ø,{|�yûDüuùlþ�
\øvÌ�#KJ�# �(� #
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τν

τν
*

τν

τν
*

τ  = 0ν
0

Θ

Θ
dA

d

µ

Ι(0,µ)

Ι(   ,µ)

Ι(   ,µ)

0z  = 0

z*

��þéÿ�_f^ û<Ì�#�C�þ���û1¹Ôø6þ ùlþ�
\øO
���ù7ú6û)� ] ûDüDþF¹ÔüÛþéø/ù7ûDø��yþ ù3`oþéø�ùlú>ûÛÿ\ûwø6ûS^8�!";ü;�!� û:{�_ ]a] ûS^Y�x"éû��«ù � �\ø6ýO�9
�^L� ] "��±ø6û1� ] �;^2�!"�"éû�"
�?ù � 
�� ] ú>ûS^ ûG�����!�8�Z_ � ûDýÄþéø ���������
Å>Ø|Ù>ØµÚ ÝLÜ�æ~Þ@ã±Ý&ÔÊß � â���à®á)ã|à7ß�ã~Þ0â^ß���à.Ý@Þ;ÈYâ	�¼Ç���ÜÉ�)æ|âpå
��^8�±ý>þ��?ùlþ�
\ø�¹Ôû�"éý,�?ù��j^ û�5z_>ûDø6ü9`

ν
þ��jý>û1¹>ø>ûDý� �`Âþ ù��gP
ßfR ´ ³ à ´ ³~yfx�R9yaP+³~x¹á

Iν
�=ù}û+��û+^-` ] 
\þ«ø/ùG
���ùlú>ûg^ ûDÿ/þ�
\øü�
/ø��yþéý6ûS^yûDý®#uÿ&�yþéø6ÿbùlú>ûÌý6ûwø�
=ù��=ùlþ�
\ø����yú�
 � ø4þéø���þéÿ�#�Ì�#�Cv{¹_ ]f] û+^Y�µ"éû��«ù � d

Iν
� û��!�W_a^yû��jùlú6ûÌûDø>ûS^ ÿ/`

dEν

��

 ��±ø6ý ] �!�8�
dν
d�ùlú��?ù�ýf_a^ þéø>ÿN�}ùlþ � û ] ûS^yþ�
�ý

dt
] ^8
\ÿ�^ û��8�yû��Ûùlúf^S
�_6ÿ\ú��$�Z_f^S�z�±üwû

dA
�±ø>ý#þéø/ù2
oùlú6ût�8
�"éþéý��±ø6ÿ�"«û

dΩ
þ

dEν = Iν dA cos θ dΩ dt dν.
{µÌ�#�C �(�

ÿ&�yþéø6ÿÄùlú6þ��Ný6û1¹Ôø6þ ùlþ�
\ø�dÉùlú>û�â�MDûS^S
=ù7úoã � 
 � ûwø/ùN
��
Iν
þéø
µ = cos θ

þ��oü��!"�"éûwý4ùlú6û(¸mRW¶�y�³jy	x�R9yaP�³~x¹á
Jνÿ\þ	�6þéø6ÿU� � û;�!�W_a^ ûG�9
�^,ùlú>ûjûDø>ûS^ ÿ/`¥ý6ûDø�� þ ù-`Q
���ù7ú6ûb^8�\ý6þ��?ùlþ�
/ø�¹>û�"éý.þ

Jν =
1

2

1∫

−1

dµµ0 Iν =
1

2

1∫

−1

dµ Iν .
{±Ìw#�C�B �

A�ú6ûu¹	^S�µùU�±ø6ý��yûDü�
\ø6ý � 
 � ûDø�ù2�%
��
Iν
þ«ø

cos θ
ý6û0ù7ûS^ � þéø>û�ùlú6û³R9y�R9T}´�ágäæå�ç

Fν
�±ø>ý�ùlú>û�^8�±ý6þ��=ùlþ	��û

] ^ û��8�W_a^ û
P radν

þ

Fν =
1

2

1∫

−1

dµµIν ,
{±Ìw#�C;Ì �

P radν =
2π

c

1∫

−1

dµµ2Iν .
{±Ìw#�C�È �
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��
�^�ùlú>û � 
�ý>û�"éþéø6ÿy
��L� ] ûDü0ùe^2�Ìû � þ ùyùlûDýW �`W�±øP�!�µùe^S
 ] ú�`w�yþéü��!" � ûDý>þc_ �Í� û � �\ø/ùVù�
�ü�
 �m] _;ù7ûjùlú>ûGDf_�*
"éû;����þéø6ÿPù7ú6û � ûDý>þc_ � �?ùÌþ ù2�% 7
�_6ø6ý��;^ þéû���#ÅA�ú6û��yûuD	_�*�û��'�;^ ûbü�
\ø6ø>ûDü0ùlûwý�ù2
Pùlú6ûu¹>û�"éý�
��

Iν
ùlúf^S
�_6ÿ/ú�
�_;ùù7ú6û � ú�
�"éû � ûDý6þc_ � #C÷�ø¨
�^ ý6ûS^2ù2
4ý6ûuùlûS^ � þéø6ûbùlú6þ��'¹>û�"éý�dÛþéø�ùlûS^8�±üuùlþ�
\ø��U 	ûuù � ûDûDø¾^2�±ý6þ��?ù7þ�
\ø��±ø6ý � �=ù ùlûS^

 �`Âû � þ��8�yþ�
\ø,�±ø6ýH�! ��8
�^ ] ùlþ�
\øAú�����ûNù2
Q 	û2ü�
/ø��yþéý6ûS^yûDýH�?ù}û+��û+^-` ] 
\þéø/ù;#$A�
Q5o_��±ø/ù7þ��p`'ùlú6û�� û ] ^S
�üDû��8�yû�� � û
^yûDü��!"�"Éùlú>ûoü�
;û ý üwþéûDø/ù2�:�9
�^�û � þ��S�yþ�
\ø

ην
dI�! ��S
�^ ] ùlþ�
/ø

κν
d®�±ø6ýP�yü��?ù ù7ûS^ þéø>ÿ

σν
#tA�ú6ûQ` � û;�!�W_a^ û�ùlú6ûNûDø>ûS^ ÿ/`

�±ý>ý6ûDý¥ù2
'
�^%^ û � 
���ûDý
�j^8
 � ù7ú6ûG� ] ûwüDþF¹>ü}þéø�ùlûDø��yþ ù3`W�?ùt�Ìÿ\þ	��ûDøW"�
�ü��?ù7þ�
\øv�±ø6ý
�z
�^���ÿ\þF��ûDøW�j^ û�5o_6ûDø6ü9`�#ªA�ú6û
�!�µùe^8
 ] ú�`��yþéü��!" ] ^S
� �"éû � � � û�ü�
\ø��yþéý6ûS^oþéø�
�_a^ � 
�^SR=d4�;^yû�ùe^yû��?ùlûDý�þéø ] "��±ø>û+� ] ��^8�!"�"éû�"Ûÿ\û�
 � û0ùe^-`��!�O� ú�
 � øþéø���þéÿ�#4Ì�#�C�{¹^ þéÿ\ú�ù � #�A�ú6ûU��û+^^ùlþéü��!"�ý6û ] ùlú�þéø��yþéý6û�ùlú>û � ûDý6þc_ � þ��Ný>ûDø�
=ù7ûDý^ �`4ùlú>û�ü�
�
�^ ý6þéø��?ùlû

z
�±ø>ý

µ� û��!�W_a^ û��Tùlú>û��\ø6ÿ�"éû�
��	ùlú>û�"éþéÿ\ú/ùæ^8�S` � þ ùlúN^yû�� ] ûDü0ù(ù2
jùlú>ûVø6ûDÿ(�?ù7þ	��û
z
��ý6þc^ ûDüuùlþ�
\ø®#�Î þ ùlú�ùlú>û��yû�ý>ûDø�
=ù+�?ùlþ�
\ø��ù7ú6û�ùe^2�±ø��8�§ûS^�û�5z_��?ù7þ�
\ø
�9
�^

Iν
^ û;�±ý���þ

µ
dIν(z, µ)

dz
= [κν(z, µ) + σν(z, µ)] Iν(z, µ) +

{±Ì�#�C;� �

−σν(z, µ)

2

+1∫

−1

dµ′Iν(z, µ′) +

−ην(z, µ).

A�ú6ûG¹	^S�µùVùlûS^ � 
\øÄùlú6ûi^ þéÿ/ú/ù�ú��±ø>ý��µ�yþéý>ûG
���ù7ú6þ���û�5z_��=ùlþ�
\ø'ý>ûDø�
=ù7û��Vû+*;ùlþéø6ü0ù7þ�
\øW �`bù7ú6û � ûwý6þc_ �  ëûDþéø6ÿý>þc^ ûDü0ù�"1` ] ^S
 ] 
�^^ùlþ�
\ø��!"�ù�
Âù7ú6û
� ] ûDüwþF¹>üÄþéø/ù7ûDø��yþ ù3`�#ÊÑ)
=ùlú{dË^8�±ý6þ��?ù7þ�
\ø¾^yû � 
���ûwý��j^S
 � ùlú6û
 ëû�� �  �` ] _a^yû
�! ��8
�^ ] ù7þ�
\øQ�±ø6ýu �`y�yü��?ùyùlûS^ þéø>ÿNþ��,ü�
\ø��yþéý6ûS^ ûwý®#LA�ú6ût� ûwü�
\ø6ý�ùlû+^ � ý6û��yüS^yþ� 	û��Ûùlú6û�^8�±ý>þ��?ùlþ�
\øu�yü��?ùyùlûS^ ûDýQ ��±ü�Rþéø�ù2
�ù7ú6ûN 	û�� � �yü��!"éþéø6ÿ � þ ùlú'ù7ú6ûN"�
�ü��!" � û��\øÂþéø/ù7ûDø��yþ ù3`P
��Tùlú6ûg^8�±ý6þ��=ùlþ�
\øP¹>û�"«ý®#���þ«ø��!"�"1`�dëùlú>û�ùlú>þc^ ý'ù7ûS^ �
5o_��±ø/ù7þF¹>û���ùlú>ûb^8�±ý>þ��?ùlþ�
\øW�±ý>ý6ûDý#ù2
2ùlú>û� 	û�� �  �`¥û � þ��8�yþ�
\ø.#

A�ú6ûO�! p
���ûoû�5o_��?ùlþ�
/ø'þ��t�±øPþéø/ù7ûDÿ�^S
¯��ý6þFEëûS^yûDø/ùlþ���"Éû�5o_��?ùlþ�
/øW
��L¹f^S�µù:
�^ ý6û+^Sd>ùlú��?ù_ü��±øv 	ûi^yû � ^ þ ùyùlûDøPþéøv�
� 
�^ û}ü�
 ��] �±ü0ù��9
�^ � þ

µ
dIν(τν , µ)

dτν
= Iν(τν , µ)− Sν(τν),

{±Ì�#�C�� �

� ú6ûS^yû � û�� � þ ùlü7ú>ûDýbù�
2ùlú6û�RSµèR9¸NR9y	x
¶;TQáqMQß�x|³ ´ ¶�µÉV�R3ß�xz²zd � ú6þéü7ú'þ��Vÿ\þ	��ûwø
 �`
dτν = [σν(z) + κν(z)] dz

#
A�ú6ûS^ û� �`�d � ûU�!�8�W_ � û2ùlú��?ù}ùlú6ûÌü�
�û ý üwþéûDø/ù2�

ην
d
κν
d��\ø6ý

σν
�;^yûÌþéø6ý>û ] ûwø6ý6ûDø�ù$
��

µ
d��±ø>ý � û�ý6û1¹>ø>û2ùlú6û

�8
¯��ü;�!"�"éûDýªP9M;åoT ´ R&ékåAy ´ x|³�M;y

Sν(τν) =
σν(τν)Jν(τν) + ην(τν)

σν(τν) + κν(τν)
.

{±Ìw#�C�~ �

­w
�"	��þéø>ÿ�û�5o_��?ùlþ�
/øuÌ�#�C���ÿ\ûDø>ûS^8�!"�"1`�þ��)�}ý6þ ý üS_�" ùÛù��!�8Rp#�÷�ù2�ª�8
�"c_;ù7þ�
\ø�ý>û ] ûDø>ý��@
/ø�ùlú>û<���!"c_6û��@
(�	ùlú6ûVü�
�û����
¹ÔüDþéûDø/ù��

κν
d
σν
d��±ø6ý

ην
ùlú��=ù � �S`u���;^D`Q�yþéÿ\ø>þF¹>ü��\ø/ù2"1` � þ ùlúbùlú>ûb^2�±ý6þ��?ù7þ�
\ø�¹>û�"éý®#ªÿVø�"éû��8�Z��ûS^D`Q�yþ �m] "éþ��p`6þéø6ÿ

�!�8�W_ �m] ùlþ�
/ø����! 7
�_;ù}ùlú6ûÌû � þ��8�yþ�
\øÅ�±ø>ý,�� ��8
�^ ] ùlþ�
\ø ] ^S
 ] ûS^^ù7þéû��G
��(ùlú6û � ûDý>þc_ � �;^ û � �±ý>û�d+ùlú>û%�8
�"c_�ùlþ�
\øú��!��ù2
' ëû��9
�_>ø6ý
 �`¥þ ùlûS^2�?ùlþ	��û ] ^S
�üDû��8�yû���ù7ú��?ù�ü�
\ø��yþéý>ûS^�ùlú6û²^8�±ý>þ��?ùlþ�
\øW�±ø>ý#ù7ú6û ] ^S
 ] ûS^^ù7þéû���
��Éùlú6û � �=ù ùlûS^
�yû�"�����ü�
\ø��yþ��µùlûwø/ù2"1`�#

÷^ø%ù7ú6û'�9
("�"�
 � þéø6ÿad � û � þ�"�" ] ^ û��yûDø/ùN���9
�^ � �!"@�S
("c_;ùlþ�
\øÅ
��Ûùlú6ûm^2�±ý6þ��?ù7þ	��û�ùe^8�±ø��S�.ûS^}û�5o_��?ùlþ�
\øìþéø
Iν
�9
�^

 7
=ùlúÂü�
\ø�ùlþéøz_a_ � ^8�±ý>þ��?ùlþ�
\øH�±ø6ý��! ��8
�^ ] ù7þ�
\ø�ù=û � þ��8�yþ�
\øP"éþéø>û���#&ÎìûNü�
/ø��yþéý6ûS^�ùlú6ûNü��!�yûO
(�6� ] "��±ø6û1� ] �;^2�!"�"éû�"
�?ù � 
�� ] ú>ûS^ û � þ ù7ú'¹>ø>þ ùlûVú6ûwþéÿ\ú/ù

z∗
ü�
�^W^ û�� ] 
\ø>ý6þéø>ÿ_ù2
}ùlú6û�ù2
±ù��!"Ôû�"éû � ûDø/ù+�;^-`'
 ] ùlþéü��!"	ý6û ] ùlú

τ∗
#�÷�ø ���������ù7ú6û}ùe^8�±ø��S�.ûS^��9
�^�ùlú6ûoü�
\ø/ù7þéøz_a_ � �±ø6ýv�9
�^�ùlú>û�"«þéø6û���þ���ùe^yû��?ùlûDýv�yû ] �;^8�?ùlû�"1`W �`¥ùlú6û$�t·�÷ � û0ù7ú�
�ý.#���
�^�ùlú6û

"éþéø>û��+d\ùlú6û��^ù+�?ùlþ��µùlþéü��!"Ôû�5z_6þ�"«þ� a^ þc_ � 
��Ôùlú>û�"éû+��û�" ] 
 ] _�"��?ùlþ�
\øÌú��!�Tù2
G ëû�ü�
\ø6ø>ûDü0ùlûwý2ù2
_ùlú6ûs^2�±ý6þ��?ùlþF��û�ùk^8�±ø��8�§ûS^û�5o_��?ùlþ�
\ø®#
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;üDû��8�yû��Ûü�
\ø�� þ«ý6ûS^ ûwý�þéø ������� {|�yûDü0ùlþ�
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r = P (x) =

x∫

0

p(x′)dx′.
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x = P−1(r).
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\øW�yü��?ùyùlûS^ þéø>ÿ�#Û÷^øbùlú>ûG�9
�^ � ûS^Vü��!�yû�d6ùlú6û
â�� ü;�?ù ùlûS^yþéø6ÿ/ãjþ������S�W_ � ûDýbù2
' ëûjþ��8
=ùk^S
 ] þéü$�±ø6ýbùlú>ûjø>û � D>þéÿ\ú�ù�ý6þc^ ûDüuùlþ�
\ø

��Éù7ú6û ] ú�
=ù2
\øÄþ���ý>ûS^ þ	��ûwý
 �`#ùlú6û
�2� �m] "éþéø6ÿÌû�5z_��?ùlþ�
\ø���þ

θ = arccos(1− 2r4),
{±Ì�#ÔB�C �

φ = 2πr5.
{±Ìw#TB�J �

÷^øjùlú>û(ü��!�yûª
���X)
 �m] ù2
/ø��yü��?ù ù7ûS^ þéø6ÿfdzùlú>û@� ü;�?ù ùlûS^yþéø6ÿ ] ú��!�yû@�j_>ø6ü0ù7þ�
\ø�þ�� � 
�^ û(ü�
 ��] "éþéü;�?ùlûDý}ù2
Vü�
 ��] _;ùlû�#
Î�ûN�!�8�W_ � ûN� ] ú�
=ù2
\øP
(��ûDø>ûS^ ÿ/`

hν
] ^8
�üDûDûwý6þéø6ÿQ�!"�
\ø>ÿ��±øÂþéø6þ ù7þ��!"�ý>þc^ ûDüuùlþ�
\ø

Ωi
#�A�ú>ûDø{d	ù7ú6û ] ^S
� ��� 6þ�"éþ ù3`

p(hν, v,Ωi,Ωs)
�z
�^jùlú>þ�� ] ú�
±ù2
\øAù2
v 	ûU�yü��?ùyùlûS^ ûDý�
!E��±ø�û�"éûDü0ùk^S
\ø�
��ª��û�"�
;üDþ ù3`

v
�±ø>ýAù2
PûDø6ý¡_ ] þéøAù7ú6ûý>þc^ ûDü0ù7þ�
\ø

Ωs
þ��Vÿ\þ	��ûDø
 �`#ùlú6û��z
�"�"�
 � þéø6ÿÌû1* ] ^ û��S�yþ�
\ø.þ

p(hν, v,Ωi,Ωs) =
N(v)(1− vΩi

c ) dσ
dΩs∫ ∫

N(v)(1− vΩi
c ) dσdΩ′d

3Ω′d3v
,

{±Ìw#TB �(�

� ú6ûS^yû dσ
dΩ

ý6ûDø�
=ùlû���ùlú6ûÂý>þFEëûS^yûDø/ùlþ��!"�ü+^S
��8�Y�x�yûDü0ùlþ�
\ø«�9
�^�X)
 �m] ù2
/øÊ� ü;�?ù ùlûS^yþéø6ÿ�#�A�ú6û��! p
;��ûP�9
�^ � _�"��
�!�8�W_ � û��&�±ø'þ��8
=ùe^8
 ] þéü���û�"�
;üDþ ù3`Äý6þ��µùk^ þ� a_�ùlþ�
\ø

N(v)

���ùlú6û�û�"éûDüuùe^S
\ø���#�÷�ù�ü;�±ø
 ëû�þéø/ùlûDÿ�^2�?ùlûDýv�±ø>ýÄþéø���ûS^^ùlûwýþéø�
�^yý6ûS^�ù2
bý>û�"éþ	��ûS^:�2� �m] "éþéø6ÿbû�5z_��?ù7þ�
\ø����9
�^�ùlú6ûN�yü��?ùyùlûS^ þéø>ÿ��±ø6ÿ�"éû��'{±�:
�^ ûDü�R�þ4� Î þ�"éü�MDû � �8R�þ�dLC�~��!B � #�÷�ø

������� �WVv�=* � û�"�"éþ��±ø,��û�"�
�üDþ ù-`4ý6þ��µùe^ þ� f_;ùlþ�
/ø,
��Ûùlú>ûÌû�"éûwü0ùe^S
\ø��+d>�±üDü�
�^ ý6þéø>ÿ¥ù2
bù7ú6û'"�
�ü��!"Tùlû ��] û+^8�?ùe_f^ û'
��ù7ú6û � ûwý6þc_ � þ��s_��yûDý.#
A�ú6ûu
�_;ùlÿ(
\þéø6ÿ ] ú�
±ù2
\ø¡_>ø6ý6û+^ ÿ�
�û��N�v� ú>þ��«ù2þéø�ûDø6û+^ ÿ/`�#PA�ú6û�ø>û � ûDø6ûS^yÿ/`

hν ′
þ��Nÿ\þ	��ûDø^ �`4ùlú6ûI_��W_��!"

XZ
 ��] ù�
\ø��9
�^ � _�"���þ

hν ′ =
hν(1− vΩi

c )

1− vΩs
c + hν

mec2
γ(1− ΩiΩs)

,
{±Ìw#TB�B �

� þ ùlú�ùlú>ûÛû�"éûwü0ùe^S
\ø � ���S�
me

�±ø>ý}ù7ú6û)·.
�^ ûwø/ù2M+�x�z�±ü0ù2
�^
γ
�!�8�8
�üwþ��?ùlûDý � þ ù7ú}ù7ú6û6��û�"�
�üDþ ù3`

v

��;ù7ú6ûÛû�"éûDü0ùe^S
/ø®#

A�ú6û_ý6þFEëûS^yûDø6üDûjþéøbûDø6ûS^yÿ/`
hν − hν ′ þ����±ý6ý>ûDý�ù�
oùlú6û_ø6ûuù�X)
 �m] ù�
\øbú6û��=ùlþéø6ÿ ] ^8
!¹�"éû��?ù�ùlú>û:"�
�ü��!" ] 
��yþ ùlþ�
\ø
��Éùlú6û � ûDý>þc_ � #

� ñLû�õ�ë=ö0ê¯ð�õ7÷�ì�÷�ï�è�î�ð9û�û;ð9õp÷Ðñ
	�ð�õ7÷�û
A�ú6û ] ú�
=ù�
\ø ] �?ù7ú�"éûDø>ÿ=ùlúAþ����2� �m] "éûDý,�±üDü�
�^yý6þéø6ÿ#ù2
#ùlú6ûNù2
=ù��!"TüS^S
��8���µ�yûDü0ù7þ�
\ø,�?ù��bÿ\þ	��ûDøH"�
�ü;�?ùlþ�
\øH
���ùlú6û
� �?ùlûS^ þ��!"}#N��
�"�"�
 � þéø>ÿad0�j^S
 � ùlú>û ] 
 ] _�"��?ùlþ�
\ø��G�±ø6ýAüS^S
��8���µ�yûDü0ù7þ�
\ø����z
�^jû��±ü7úAþ�
\øAü�
\ø��yþéý6ûS^ ûwý{d9ùlú6û�^8�±ø>ý�
 �øo_ �  ëûS^�ÿ\ûwø6ûS^8�=ù2
�^(ý6ûwüDþéý6û�� � ú6þéü7úUR�þéø>ýU
��9þéø/ùlûS^2�±ü0ùlþ�
\øy 	û0ù � ûDûDø ] ú�
±ù2
\øy�±ø6ý � �?ùyùlûS^(þ��Tù�
� 	û�ü�
\ø��yþéý6û+^ ûDý®#
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÷�ø'ùlú6ûNü��!�yûO
��@X)
 ��] ù�
\øP� ü;�?ù ùlûS^yþéø6ÿadÔù7ú6û ] ú�
=ù�
\øPþ��t�yü��=ù ùlûS^ ûwýP�±ø>ýv�yú6þ��!ùlûDýPþ«øPûDø>ûS^ ÿ/`-#�÷x��ùlú6û ] ú�
=ù2
\øÂþ��
�! ��8
�^S 	ûwý� �`
�±ø¥þ�
/ø{d;ùlú>ûS^ ûG��^ û��yû+��û+^8�!"®
 ] ùlþ�
\ø���þ

�ª²oM�x
M�vx³¹M;y�³
�+¶�x|³¹M;yìMDéIxz²AR¿M;åAx�R9T¿RSµèR ´ x¹TDM�y�P�²ARSµjµ
�¥÷�øìùlú>þ��Nü��!�yûÌù7ú6û ] ú�
=ù2
\ø�þ��O"�
��µù;#�/�
 � û+��ûS^Sd4�9
�^N�!"�"ú�`�ýa^S
/ÿ\ûDø��x"éþ�R\û'
�^�ú6û�"éþc_ � �µ"éþ�R\û�þ�
\ø��+d�ùlú>ûUVW
/ø/ùlû+��XZ�;^S"�
'üQ`6ü�"éû'�µù��;^µù2��
���ûS^� �`4üS^ û��?ù7þéø6ÿv�¥ø>û ��] ú�
=ù2
/øÅ�?ùù7ú6ûG�8� � û ] 
��yþ ùlþ�
\ø®#@A�ú6þ�� ] ú�
±ù2
\øÄþ������S�W_ � ûDýbù2
' 	û_ùlú>ûb^yû��W_�" ù&
��L��^ ûDü�
 �  6þéø��?ùlþ�
\øÄû+��ûwø/ù���ùlú6û � û0ù7ú�
�ýü�
�^Z^ û�� ] 
\ø6ý��Éù2
Vùlú6û)
\ø��Æù7ú6û+�µ� ] 
=ùS�x� ]a] ^S
;*�þ � �?ù7þ�
\ø$�µù��?ùlþéø>ÿad?ùlú��?ù4�?ùTû��±ü7úO"�
�ü��?ù7þ�
\ø{d(� ] ú�
=ù2
\þ�
\ø>þ�M��?ùlþ�
/øoû1��ûDø/ùþ��Ûü�
�_6ø/ù7ûS^Y�µ ��!"��±ø6üwûDýy �`U�±ø�û�"éûwü0ùe^S
\øq^ ûwü�
 �  >þéø��?ùlþ�
/ø®#LA�ú>û%^ ûwü�
 �  >þéø6þéø6ÿoû�"éûwü0ùe^S
\øu�;^Z^yþ	��û��)�=ù)�8
 � ûVûDø>ûS^ ÿ/`
"éû1��û�"0
��Éù7ú6û}þ�
\øv�±ø>ýbùlú>ûDø
�z��"�"��Vý�
 � ø¥ùlú6û�"éû+��û�"���þéøW�m^ û�"��=*��?ùlþ�
\ø'ü;�!� ü;�±ý6û�#Z�f^S
 � ùlú>þ��Vü��!�yü��±ý6û�d�
\ø�"1`bùlú6û
"��!�µù�ùe^8�±ø��yþ ùlþ�
\øbù2
Nù7ú6û��j_>ø6ý�� � ûDø/ù+�!"®"éû+��û�"�þ���ü�
\ø�� þéý>ûS^ ûDý
�9
�^�ùlú6ûb^yû+��û � þ��8� þ�
\ø�
��L�2ø>û �«] ú�
=ù2
\ø.#

�ª²oM�x
M�vx³¹M;y�³
�+¶�x|³¹M;y¿MZésxz²AR�³~yfy=R9T�RSµcR ´ x¹TZM;yqP2²ARSµ~µ
�Û÷�ø2ùlú6û�ü;�!�yû<
�� ] ú�
=ù2
¯��þ�
/ø6þ�M��?ùlþ�
\ø%
(�7��Ë&�x� ú>û�"�"6û�"éûDü0ùe^8
\ø{dù7ú6ûoþ�
\øPþ��& f^S
�_6ÿ\ú�ù�þ«ø/ù2
u�±ø(_6ø��^ù+�! �"éûoû+*�üwþ ùlûDýv�µù��?ùlû(#�A�ú>þ��&�µù��?ù7û�ü��\ø(^ û�"��=*W �`bù7ú6û���_6ÿ\ûS^�û1E9ûDü0ù:"éû��±ý>þéø6ÿù�
'�N�yûDü�
\ø6ý���^-`bþ�
\ø>þ�M��?ùlþ�
\ø

(��ùlú>ûjþ�
\ø{d�
�^< �`uDf_�
�^ û��yüDûDø�ùVû � þ��S�yþ�
\ø

��L�%Ë
α
�µ"éþ«ø6û ] ú�
±ù2
\ø®#

Xi + hν ⇀↽ Xi+1∗ + e− ⇀↽

{
Xi+2 + e− + e−,
Xi+1 + e− + hνKα.

{±Ìw#TB�Ì �

/�ûS^ ûDþ«ø{d
Xi ý6ûDø�
=ùlû��O�±ø�þ�
\ø � þ ùlú�ü7ú��;^ ÿ\û i dÉùlú>ûU�µù��;^$�µù��±ø6ý��$�9
�^}ùlú6û�û+*�üDþ ùlûwý³_>ø��µù��! �"éûU�µù��?ùlû(#
A�ú6ûþéø>þ ùlþ��!" ] ú�
=ù2
/ø'ûDø>ûS^ ÿ/`

hν
ú��!�Vù2
y 	û$"��;^ ÿ/ûoûDø�
�_>ÿ\úÄù2
�û+*�üwûDûDýÄùlú>û�þ�
/ø6þ�M��?ùlþ�
\øÄùlúf^ û��yú�
("éýv
���ùlú6û$�µùe^S
\ø>ÿ�"1`

 7
�_6ø>ý�Ë
α
] ú�
=ù�
\ø���#j÷�øPùlú>ûNü��!�yûN
��4D	_�
�^ û�� üwûDø/ù}û � þ��8�yþ�
\ø� �`Pþc^8
\ø{d.�!"��8
�ù7ú6ûNË

β
�µ"éþéø6ûN"éþéû��jþéø'ù7ú6û$�&��^8�S`

^2�±ø6ÿ\û�#6A�úz_��+d6þéø#ù7ú6þ���ü��!�yû�d �g����� �!"��8
2ù��!R\û���þ«ø/ù2
'�\üDü�
�_6ø�ù&�Nùlú6þc^yý�
 ] ù7þ�
\ø®þ

Fei + hν ⇀↽ Fei+1∗ + e− ⇀↽ Fei+1 + e− + hνKβ.
{±Ìw#TB(È �

¶�ûwü��!"�"éþéø6ÿjù7ú6û�� ] ûDüDþF¹>ü�Df_�
�^ û��yüDûwø6üDû±`�þéû�"éý��+d/ùlú>ûs^8�±ø>ý�
 � øz_ �  	ûS^(ÿ\ûDø>ûS^8�?ù2
�^@
�� �g����� ý>ûDüDþéý>û��+d�þ��	ùlú6û
^yû�"��=*��?ù7þ�
\ø'"éû;�±ý��Tù2
_ù7ú6û�û � þ��8�yþ�
\øU
��I�GË

α
�>
�^@�>û

β
� ] ú�
=ù2
\ø{d � ú6þéü7ú2ù7ú6ûDøÌþ��(üS^yû��?ùlûDýy�?ù�ùlú6û��2� � û ] 
�� þ ù7þ�
\ø®#÷�øbùlú6û}ü��!�yû�
��Éùlú6ûG��_6ÿ\û+^�û1E9ûDü0ùnd;ù7ú6û ] ú�
=ù2
/ø¥þ���"�
��µùt�±ø6ý
��ü�
 �m] "éû0ù7ûjø6û � üQ`�ü�"éûG�µù��;^µù2��#

� ë=è-è�ð�ü±ë=è-èWö�ë=õ�ë(è-û;û�è�û
÷�ø �g����� ���j^yûDû+�µ�~^ ûDû¥ü�
\ø/ùe^ þ� f_;ùlþ�
\ø�þ���ü�
\ø��yþéý6û+^ ûDý��9
�^2ùlú6ûÄü��!"éüS_�"��?ùlþ�
\ø�
��Vùlú>û#ù2
=ù+�!"�û+*�ùlþéø>ü0ùlþ�
\ø8üS^S
(�S���
�yûDü0ù7þ�
\ø

σ
#P��
�^}ù7ú6ûy� ] ûDüuùe^8�Ad4�j^ ûDû+�x�j^ ûDû�û � þ��8�yþ�
\ø�þ��Nø6ûDÿ�"éûwü0ùlûDý{d4 ëûDü��;_�� û�þéøìùlú6û � 
�ý>û�"éþéø6ÿÂü��!�yû�� � ûQ�;^ ûþéø�ùlûS^ û��µùlûwý¥þéøÄú6ûS^yû�d;ùlú6ûG a^ û � �8�^ùk^8�±ú�"c_>ø6ÿ%� ] ûDü0ùe^Z_ � �!"c^ û;�±ýo`¥üS_;ù2��
!E� 	û�"�
 � �w#Ô�%R\û±Æ%#

Å>Ø~ÏLØjÏ �¯Ý�Çæ
4ß
à0Ý@á�Ü£
4ß�Çæ
4ßWÜÉÈgø��Â÷��
A�
G"��;_6ø>ü7ú ������� d/þ ù(þ���ø>ûDüDû��8�2�;^-`Nù2
jý6û1¹Ôø6û< ��!�yþéü � 
�ý6û�" ] �;^8� � û0ùlûS^8�Sd��W_6ü7úU�!��ùlú6û<�yú�� ] û<
(�>ùlú6û�þéø6üDþéý>ûDø/ù
� ] ûDü0ùe^Z_ � d�ùlú6û��\ø6ÿ�_�"��;^�ý6þ��µùe^yþ� a_;ù7þ�
\ø

��Éùlú6û}þ«ø6üDþéý>ûDø/ù ] ú�
=ù2
\ø��+d��±ø>ýbùlú6û_ù2
±ù��!"�øz_ �  ëûS^<
�� ] ú�
=ù2
\ø���ù2
' ëû
�2� �m] "éûDý.#WA�ú6û�ý>ûDø��yþ ù3`�d�ù7û ��] ûS^8�?ùk_a^ ûu�±ø6ý�þ�
/ø6þ�M��?ùlþ�
\ø ] ^S
!¹�"éû��O
��,ùlú>û � ûDý>þc_ � �;^ ûy
( ;ù��±þéø>ûDý��j^8
 � ùlú6û
] ^ ûDüDûDý>þéø6ÿ�^W_6ø�
(� ��������� #

A�ú6ûPü�
�ý6ûÄùlú6ûwø��2� �m] "éû��Q�³_�� ûS^���ý6û�¹>ø6ûwýCøz_ �  ëûS^U
(� ] ú�
=ù�
\ø��+d�þéø�?^ûDü0ù7þéø6ÿ4ùlú6û � þéø/ù2
4ù7ú6û � ûDý>þc_ � #
��ú�
=ù�
\ø��,û�� ü;� ] þéø>ÿ$�j^8
 � ù7ú6û � 
�ý6û�"=^ ûDÿ/þ�
\øQ�;^ û±â^ý6ûuùlûDü0ùlûwýoã�
\øu p
=ù7úy�yþéý6û��)
��9ùlú6ût�S"��! ®#LA�ú6ûQ`u�;^ û�ü�
�_>ø/ùlûDýþéø�ý>þFEëûS^yûDø/ù2ü7ú��\ø6ø6û�"��oý>û ] ûDø>ý6þéø>ÿW
\ø4ù7ú6ûDþc^�DÔþéÿ\ú/ù2ý6þc^yûDü0ùlþ�
\ø�dL�8
Äùlú��?ùoùlú>û � ûDý>þc_ � ü��±ø^ 	ûy
� ��yûS^���ûDý^�?ù
�yû+��û+^8�!"(þéø6ü�"éþéø��?ùlþ�
\ø���#uA�ú6û%��þéû � þ«ø6ÿW�\ø6ÿ�"éû��O�;^ û�ý6þ	��þéý>ûDý4þ«ø4û�5o_��!"@�^ù7û ] ��
��

µ = cos θ
#�X)
\ø��µù��±ø/ùNü�
�_6ø�ù

^2�?ùlû���þéø��!"�"@�\ø6ÿ�_�"���^}ü7ú��±ø6ø>û�"��+d�ø6ûDÿ�"éûwü0ùlþéø6ÿ¥ùlú>ûm_��W_���"@VW
\ø�ùlû+�YX<�;^S"�

Df_6ü0ùk_��?ùlþ�
/ø��+d�ú6ûDø>üDûÌü�
�^W^ û�� ] 
\ø>ý%ù2

�yû � þ	��þ��8
=ùe^S
 ] þéü��!"�"1`#ùk^8�±ø�� � þ ù ùlûDý

�^±^yû1D>ûDü0ù7ûDý¿^8�±ý>þ��?ùlþ�
\ø.#
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Ãji [ X i&$SmZc7dZYGd2¾wcId8bÏ]7m6ot¼!c7]7m�b>d2e$¿��¸d�c7h����
A�ú6û(^8�S`��Æùe^8�\üDþéø6ÿ�ü�
�ý6û³���f{}�t
����wþ��!R=d�ËG�;^8�!��� �ª�!5-
�
� {d<J!���!B��Z�t
����Dþ��!R=d<J!����B � �!"�"�
 � ��ù2
�ü�
 �m] _;ù7û
^yû�"��?ùlþ	��þ��µù7þéü}û�EëûDü0ù2��þéø6ýa_>üDûDýW �`bùlú6û�üS_a^Y��ûDý
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ṁ
þ��_û1* ] ^ û��S�yûDý%þéø¼_>ø6þ ù��:
���ùlú>ûN3�ý6ý6þéø>ÿ=ù2
\øH�±üDüS^yû0ùlþ�
\øl^8�?ù7ûQ{�ü;�!"�"éûDýH3Tý>ý6þéø>ÿ=ù2
\øl_6ø>þ ù2�_þéø'ùlú>ûO�9
�"�"�
 � þéø6ÿ � #÷�øPùlú6þ��_ü��!�yû�dëùlú>ûNþc^Z^8�±ý>þ��?ùlþéø>ÿyDf_w*v
���ùlú>û$D���^ ûO"��;^ ÿ\û�"1`Âý�
 � þ«ø��?ùlû���ùlú>ûO"�
�ü���"�û � þ��S�yþ�
\ø� �`'ùlú6ûNý>þ��8Rp#tÎìûü�
/ø��yþéý6ûS^�� ] ûDü0ùe^8�bü�
 � þéø6ÿ��j^S
 � ù � 
¥ý6þ��8R(^8�±ý>þéþ�d0�?ù

7Rg
�±ø6ý,�?ù

18Rg
#NA�ú6û%� ] ûDü0ùe^8���;^ û�û+�(�!"c_��?ù7ûDýH �`

� û��!�W_a^ þéø>ÿt� ] ûDü0ùe^2�!"�Df_w*i^2�?ùlþ�
��L�\ø6ý$ �`O�±ø��!"1`wMwþéø6ÿVùlú>ûÛû�5z_>þ	���!"éûwø/ù � þéý;ùlúO
���ùlú6û,þc^S
\øNË
α
�x"éþéø6û�#�÷�ø/ù7ûDÿ�^8�?ù7þ�
\ø


���û+^,ù7ú6ûjú�
=ù�� ] 
=ù&"éû��±ý���ù2
Nùlú>û�ù2
=ù+�!"®"�
�ü;�!"�"1`¥û � þ ùyùlûDý�� ] ûDü0ùe^Z_ � d��?ù�ý6þFEëû+^ ûDø/ù�þéø6ü�"éþéø��?ùlþ�
\øW�±ø>ÿ�"éû���#
��
�^_ú�
=ù�� ] 
=ù��:
�^S 6þ ù7þéø6ÿQ
\ø'ù7ú6ûN�±üwüS^ û0ù7þ�
\øÂý>þ��8RW�?ù²^8�±ý>þéþ�ü�"�
��yûoù2
�ùlú6ûN �"��±ü�R'ú�
("éû�d�^yû�"��?ùlþ	��þ��^ù7þéü2û1EëûDü0ù��

�±ø>ý
�t
 ]f] "éûS^��yú6þ��«ù���ýa_6û_ù2
Nù7ú6û�Ë_û ] "éû+^ þ��±ø � 
=ùlþ�
/ø

���ù7ú6û�� ] 
=ù� ëûDü�
 � ûjþ �m] 
�^^ù+�±ø/ù;#LÎìû_ù��!R\û_ùlú>û � þéø/ù2

�±üwü�
�_6ø�ù�þéøQ
�^ ý>ûS^(ù2
2ü�
\ø��µùe^W_6ü0ù�ùlú6ût� ] ûDü0ùe^Z_ � �yûDûDøQ �`u�Ný6þ��µù��±ø�ù<
� ��yûS^Y��ûS^�{|�yûDü0ù7þ�
\øQÈw# �(� #>Îìû_þéø(��û��µùlþéÿ��?ùlûù7ú6û}û1EëûDü0ù���
\ø¥ùlú6û²^ û ] ^S
�üwû��8� ûwý�� ] ûDü0ùe^2� � þ ùlúbùlú6û}ú>û�" ] 
��L��^ û�"��?ùlþ	��þ��µùlþéüi^8�S`-��ùe^8�±üDþéø>ÿ2ùlûDü7ú>ø6þ�5z_>û�#)­ ] ûDü0ùe^2�
�;^yûTùlú>ûDø�û+����"c_��?ùlûwý��9
�^®�(�;^ þ�
�_�� ] ú��!�yû���
����±ø$
�^S >þ ùlþéø6ÿ&� ] 
=ù;#.ÎìûTù7ú6ûDø�ü�
\ø��µùe^Z_>ü0ùÉùlþ � û+��ý>û ] ûDø>ý6ûDø�ù�� ] ûwü0ùe^8�!"
�yþ � _�"��?ùlþ�
\ø��>�z
�^��yú�
�^^ùS�Æù7ûS^ � D��;^ û��4�!�8�Z_ � þéø>ÿ�ù7ú��?ù6� � �±ÿ\ø>û0ùlþéüæ^ ûDü�
\ø>ø6ûDüuùlþ�
\øNû+��ûDø�ù�ü+^ û��?ùlû��L�&� ú�
�^^ùS�x"��!�µùlþéø6ÿú��;^ ýP����^2�S`v�8
�_a^yüDû%�! p
���ûoùlú>ûNý6þ��SR7#GA�ú6û2ý6þ��µù��\ø6üDûN 	û0ù � ûwûDøPùlú6ûN�8
�_a^ üwûN�±ø>ýÂý>þFEëûS^ ûDø�ù ] 
��yþ ùlþ�
\ø��:
��Tùlú6û
_>ø6ý6û+^S"1`�þéø>ÿÄú�
=ùO� ] 
=ùNþéø6ýa_>üDû��jù7þ � û+��ý6û�"��S`4û1EëûDüuù2�jù7ú��?ùoü;�±ø, ëû�ù��!R\ûDøìþéø/ù�
W�±üDü�
�_6ø/ùO �`,
�_f^²^8�+`-�Æùe^2�±üDþéø6ÿù7ûDü7ú6ø>þ�5z_6û�#LÎìûjü�
\ø��µùe^Z_>ü0ù�"éþéÿ\ú�ùS��üS_f^Y��û����\ø6ý¥þéø�ùlûDÿ�^8�=ùlûDý�� ] ûDü0ùe^2�N
����W_6ü0ú��yú�
�^^ùS�Æù7ûS^ � D���^ û���#

��þéø��!"�"1`�d � ûG�W_ �%� �;^ þ�MDû��±ø6ý¥ý>þ��yüS_��8��
�_a^ � 
;ý6û�"éþéø>ÿ�^ û��W_�" ù���þéø
�yûDü0ù7þ�
\ø
È�#TB�#
È(Ì



È�È �4���t�t�>�@�98(��©w�@�&���>���t�Å���Z�:�@�. Y¡O¢£�<¤�¥:¦}���:§¨¤L�®�:���@©

:}ilk Õ�h$i�Y&iL]�cId8b�m%$�j$]7_<;�$Sik_�gWc7h�ikm�b>b�]7i>c7d8_�e `Od8¾�Ä

÷�øv�N¹	^S�µù&�µùlû ] d � û}ü�
 ��] _�ùlû_ù7ú6û���ûS^^ùlþéü;�!"0�^ùk^Z_6ü0ùk_a^ û��?ù:�Ìÿ\þ	��ûDø�^8�±ý>þc_��
R

��4�¿y=M�yavx³jTQTZ¶�V�³¹¶�x�RWV
�±üwüS^ û0ùlþ�
\øý>þ��SR7#OX)
 ��] �;^yûDýPù2
�ù7ú6û2û+* ] �±ø��yþ�
\ø�
���ùlú6û � ú�
�"éû2ý6þ��8R�d � ûN
\ø�"1`%ü�
\ø�� þéý>ûS^��u� � �!"�"�d."�
�ü��!"�"1`%þ�"�"c_ � þéø��=ùlûDý

^yûDÿ\þ�
\ø®#4A�ú6ûS^ û��9
�^ û�d � û_ü��±ø�� ]a] ^S
�*�þ � �?ùlû�ù7ú6û_ý6þ��8Ry�?ù � 
�� ] ú6ûS^yû
R
 �`Q�±øbþéøw¹Ôø6þ ùlû�"1` � þéý6û�d ] "��±ø6û1� ] �;^2�!"�"éû�"�d

��û+^^ùlþéü��!"�"è`��µùe^8�=ùlþF¹>ûDýW�8"��! ®#)��
�^��W_6ü7úv�%�8"��! {d � û}ü�
 ��] _�ùlû_ùlú6û:��ûS^^ùlþéü���".�µùe^Z_>ü0ùe_a^yûjþ«øÄú�`6ýa^S
��µù��?ù7þéü}û�5z_>þ�"éþ� ��
^yþc_ � _�� þéø>ÿW� � 
�ý6þF¹ÔûDý���ûS^8� þ�
/ø,
��Ûùlú6ûÌü�
�ý6ûÌý>û��yüS^ þ� ëûDý4þéøÅ¶>= Ò �@?��8R¯�
� X)MDûS^yø�`�{SC�~�~�È � �±ø6ýÅ¶>= Ò �@?��8R¯�
{SC�~�~�~ � #Ç­;þ«ø6üDûW�9
�^�ùlú>ûu^8�\ý6þ��?ùlþ	��û¥ùe^8�±ø��S�.ûS^ � ûW��^ û'ÿ�
\þéø6ÿAù�
4þéø>ü�"c_6ý>û�^ û�"��?ùlþ	�6þ��µùlþéü'ü�
�^W^ ûDü0ùlþ�
/ø��+d � ûv�!"��8
þ �m] "éû � ûDø/ù��W_6ü7ú¥ü�
�^Z^ ûwü0ùlþ�
\ø���þéø/ù�
où7ú6ûjü�
 ��] _;ù��?ù7þ�
\øQ
(�+ù7ú6û_ý>ûDø��yþ ù3`Q�µùe^Z_>ü0ùe_a^yû�#>Îìû_ý>û��yüS^ þ� ëû�ù7ú6û��yû � 
�ý��þF¹Ôü��?ùlþ�
\ø���þéø��yûDü0ù7þ�
\ø°Èw#�C�#�C�#«A�ú6ûwø{d � ûv� ]f] "1`Jùlú6û'ü�
;ý6û¥ù2
Å� û1��ûS^8�!"Vû1*�� ��] "éû��U
(�:�±üwüS^ û0ùlþ�
\øCý6þ��8R-�u�±ø6ýü�
 ��] ��^ û�ùlú6û�
� ;ù+�±þéø6ûDýQ��ûS^^ùlþéü;�!" ] ^S
�¹�"éû��G{}� ûwü0ùlþ�
\ø
Èw#�C(#KJ � #6A�ú6û+^ û� �`zd � û��!"��8
 � �!R\ûjü�
 ��] ��^ þ��8
\ø��� 	û0ù � ûDûDøü���"éüS_�"��?ù7þ�
\ø���
���ùlú>ûjú�`�ýf^S
��µù��?ù7þéüjû�5o_6þ�"éþ� f^ þc_ �k� þ ùlúW�±ø6ý � þ ùlú�
�_;ùVþéø>ü�"c_6ý>þéø6ÿ2ùlú6ûb^yû�"��?ùlþ	�6þ��^ù7þéüjü�
�^Z^ ûDüuùlþ�
\ø���#
ALØxÚ®ØµÚ �¯åÐÇ)æ|âpå�â7Ý0ß!à7ß(ã}Ü�Ý�ÜÉÈ�ß � â���â7æ|à7ß(ã~Þ@ã}Þ=ß�ã�����ÜÉ����â=��ß(ã|Ü�Ý@Þ
��
�^Nùlú6û¥ý6þ��8R³^2�±ý6þc_��'�?ù2ùlú>ûbüDûDø�ùlûS^%
���ù7ú6ûbú�
=ù'� ] 
=ù � û¥ü�
 ��] _;ùlû#ùlú6ûu��ûS^^ùlþéü;�!"�ý>ûDø��yþ ù3`�d�ùlû �m] ûS^8�=ùe_a^ û�d
�±ø>ýÐ^8�±ý>þ��?ùlþ�
\ø°Df_�* ] ^S
!¹�"éû � þ ùlú6þéøCùlú>ûv�\üDüS^ û0ù7þ�
\ø­ý>þ��SR7#¸A�ú>ûPü��!"éü+_�"��?ùlþ�
/ø��I_��yþéø>ÿ4ùlú6ûPü�
�ý>ûPý6û��yüS^yþ� 	ûDýþéø«¶>= Ò �@?��8R¯���½X)MwûS^ ø�`�{�C�~�~�È � �\ø6ý«¶>= Ò �@?��8R!�°{�C�~�~(~ � ü�
\ø��yþéý>ûS^Ìù7ú6ûS^ � �!"�û � þ��8�yþ�
\ø þéø��yþéý6û��±ø

α
��ý6þ��8R

�;^8
�_6ø>ýQ�oüDûDø/ùk^8�!"7 �"��±ü�RÌú�
�"éût
�� � �!�8�
M
d�ý6þ � ûDø��yþ�
\ø�"éû��8�)� ] þéø ] �;^8� � û0ùlûS^

a
d��±ø6ýQ�\üDüS^ û0ù7þ�
\øI^8�=ùlû

ṁ
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cos(theta) = 0.95 (full)

cos(theta) = 0.85 (dot)
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τ = optical depth
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T low, n high
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Ip
ù2

Ir

���ûS^Éùlú>ûæ^8�±ø6ÿ/û) 	û0ù � ûDûDø

Emin = 0.2
R\ûµÆ �±ø>ý

Emax = 12
R\û±Æ ����_��yûDýW�z
�^�ùlú>û$�±ø���"1`w�yþ��& �`v��
\ø�ùlþÉûuù:�!"}#>{±J!���!B � #<A�
y
� �ù��±þéø¥ù7ú6ûù�
=ù��!"7�(�!"c_6û��+d�ùlú6ûjþéø�ùlûDø��yþ ù7þéû����;^ û}þéø/ùlûDÿ�^8�?ùlûDý

���ûS^�ùlþ � ûG�±ø>ý¥ûDø>ûS^ ÿ/`Iþ

K =

N
+∞∫
−∞

dtLr(t0, δ,Ω, b)
Emax∫
Emin

dE E−αr

+∞∫
−∞

dtLp(t0,Ω)
Emax∫
Emin

dE E−αp

{µ��#KÌ �

=
Nb(1− αp)

1− αr
E1−αr
max − E1−αr

min

E
1−αp
max − E1−αp

min

.
{µ��#ÔÈ �

/�ûDø6üwû�d��z
�^u��ÿ\þ	��ûwø��(�!"c_6ûP
��
K
d�ùlú>ûPø�
�^ � �!"éþ�M;�?ùlþ�
\ø

N
þ����Å�j_>ø6ü0ù7þ�
\øÊ
���ù7ú6ûÂûDø6ûS^yÿ/`�"éþ � þ ù2�+d�ù7ú6û

 f^S
(�±ý>ûDø6þéø>ÿad��±ø6ýÌùlú6û�� ] ûDü0ùe^2�!"Ôþéø6ý>û+*�û���#�÷x� � û&�±ÿ��±þéø�ü�
\ø��yþéý6û+^Tùlú>û � 
;ý6û�"éþéø>ÿ�ü�
\ø>ýa_6üuùlûDý�þéø�ü7ú�� ] ùlûS^ªÈad � û
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A>�� �"éû$��#�C�þ@��û�¹>ø6ûDýÄûDø6û+^ ÿ/`� ��±ø6ý����±ø>ý�
=ù7ú6ûS^ � 
�ý>û�"+ü�
\ø��^ù+�±ø/ù2�
3�ø6ûS^yÿ/`Q ��\ø6ý�� | Vv
�ý6û�"+ü�
\ø��µù��±ø�ù2�

∆E1
�w#KJOR/û±Æ«½ �w#KÌ��NR\û±Æ | Emin

�w#KJNR\û±Æ
∆E2

�w#ÔÈNR/û±Æ«½ J�#KJNR\û±Æ | Emax
C;JNR\û±Æ

∆E3
J�#KJOR/û±Æ«½ J�#ÔÈ%R\û±Æ | αp

�w#Ô~Ad.C�# �
∆E4

J�#ÔÈNR/û±Æ«½ B�#Ô�%R\û±Æ | αr
�x�w#�C

∆E5
B�#Ô�NR/û±Æ«½ Èw#Ô�%R\û±Æ | t0

J�J!���%�
∆E6

Èw#Ô�NR/û±Æ«½ C;J�#Ô�%R\û±Æ | Ω
Ì!���%�

¹Ôø6ýy�(�!"c_6û��<
��
K ∼ 0.15

#4A�ú>þ��<"éû��±ý��,ù2
%�2ø�
�^ � �!"éþ�M��?ù7þ�
\ø�
��
N ∼ 0.022

dw�z
�^<�N a^S
(�\ý6ûDø>þéø6ÿN
��
b = 2

�\ø6ýù7ú6û�� ] ûwü0ùe^8�!"®�8"�
 ] û����!�8�W_ � ûDý¥ú>ûS^ û�#
A�ú6û'ý>þ��^ù+�±ø/ùu
� ��yûS^Y��ûS^�þ��y�W_ ]a] 
(� ûwýJù�
ìý6û0ùlûwü0ù�ùlú6ûW�W_ �

Itot

��
Ip
�±ø>ý

Ir
d,ùlú>ûS^ û� �` � û � �!R/û¥ùlú6û

�!�8�W_ �m] ùlþ�
/ø#ùlú��?ù&�!"�"9ùlú6û ] ^ þ � �;^-`�^2�±ý6þ��?ùlþ�
\ø¥ÿ�
/þéø6ÿ2ù2
 � �;^yý#ùlú>ûjý>þ��SR#þ��s^ û ] ^S
�üDû��S�yûDýÄþéø��yþéý6û_ùlú6û�� ] 
=ù;#

Iobs(E, t) = Ip(E, t) + Ir(E, t).
{±��#K� �

Î�û�ø�
 � ü�
 �m] _;ù7û�üS^S
��8����ü�
�^W^ û�"��?ù7þ�
\øÅ�~_6ø6ü0ù7þ�
\ø��$�9
�^
Iobs(E, t)

ù��!R\ûDø��9
�^jùlú>û�ûDø>ûS^ ÿ/`, ��±ø6ý��
∆Ei

���ý>û1¹>ø>ûDýPþéøP�>
\ø/ùlþ�û0ù��!"}#L{±J!���!B � #&A�ú6û�� ûNûDø6ûS^yÿ/`W ��±ø>ý��:�;^ û$�W_ �%� ��^ þ�MDûDýPþéøPA>�! �"éû%��#�C�dÔù�
\ÿ\û0ùlú>ûS^ � þ ùlú��!"�"

=ù7ú6ûS^ � 
�ý>û�"+ü�
\ø��µù��±ø/ù2��#

� ø#ù7ú6û� ��!� þ���
���ùlú>ûjûDø>ûS^ ÿ/`� ��±ø>ý��
∆Ei

d � û}ü�
\ø��^ùk^Z_6ü0ù�"éþ«ÿ\ú/ùS��ü+_a^Y��û��
Li
þ

Li(t) =

∫

∆Ei

Iobs(E, t)dE.
{±��#Ô� �

A>
�þéø(��û��µùlþ«ÿ(�?ùlû_ùlú6û�ùlþ � û1�µ"��±ÿ% ëû0ù � ûDûwø�ù7ú6û�� ] ûDüuùe^8�!"{^ û�� ] 
/ø��yû:
���ù7ú6ûjûDø6û+^ ÿ/`Q ��\ø6ý
∆Ei

�±ø6ý
∆Ej

� û
ü�
 ��] _�ùlû'{�ø�
�^ � �!"éþ�MDûDý � üS^8
��8��ü�
�^Z^ û�"��?ù7þ�
\ø
�j_6ø>ü0ùlþ�
\ø��

F ijCCF (τ)
þ

F ijCCF (τ) =

+τmax∫
−τmax

Li(t)Lj(t− τ)dτ

√
+τmax∫
−τmax

L2
i (t
′)dt′ ×

√
+τmax∫
−τmax

L2
j (t
′′)dt′′

,
{µ��#Ô~ �

� ú6ûS^yû
τmax

ú��!�où�
P ëûQ�Z_ ý üDþéûwø/ù2"1`^ >þéÿad�ù�
�"éû��±ý�ù2
H�Âü�
/ø(��ûS^ ÿ/ûDý��yú�� ] ûu
��
F ijCCF (τ)

#,A�ú6ûbÿ�"�
� ��!"
� �=*�þ � _ � 
(��ù7ú6û�üS^S
(�S����ü�
�^Z^ û�"��?ùlþ�
\ø��j_>ø6ü0ùlþ�
/ø�� ]a] û��;^S���=ù�ùlú>û6
� �� û+^Y��ûDýjùlþ � û1�µ"��±ÿ�
���ù7ú6û6� ] ûDü0ùe^2�!"!���;^ þ��=ùlþ�
\ø��
 ëû0ù � ûDûwø#ùlú>û�ù � 
ÌûDø6ûS^yÿ/`Q ��±ø6ý���#÷^øÅ��
\ø/ù7þ�û0ùO�!"}#@{±J!���!B � d+ùlú>û%� ] ûDü0ùe^2�!"6�±ø>ýAü+^S
��8����ü�
�^Z^yû�"��?ùlþ�
/øÅ�±ø��!"1`�� þ��²^ û1��û��!"@�#ùlþ � û+�x"��±ÿ

�� ∼ 600

�
 ëû0ù � ûDûwø#ùlú6ûjú��;^ ý,{

∆E6
� �±ø>ý��S
(�«ù${

∆E1
� ����^2�S`y���;^ þ��=ùlþ�
\ø���#LÎìûjü�
 �m] _�ùlûG�N� ûuù�
�� � 
;ý6û�"���þéø�
�^yý6ûS^,ù2
ü�
 ��] ��^ û�
�_a^&^ û��Z_�" ù2�Tù2
_ùlú6û<Dp�;^ û��9
�_6ø>ý' �`'�>
\ø/ùlþ>ûuù)�!"}#�{±J!����B � #43>* ] "�
�^yþéø6ÿ ] �;^8� � û0ùlûS^6� ] �±üwû � þ�"�">ý6û�"«þ	��ûS^

�8
 � û}þéø��µùe^Z_>ü0ùlþ	��û}þéø�� þéÿ/ú/ù2��
\øÄú�
 � ù7ú6û_ùlþ � û1�µ"��±ÿ��&�;^ û}þéøwD	_6ûDø>üDûDý
 �`#ùlú>û�� ] ûwü0ùe^8�!".�yú�� ] ûG
��Éùlú6û}þéø/ùk^ þéø��yþéü
^2�±ý6þ��?ùlþ�
/ø�
�^�ùlú>ûjû � þ��8�yþ�
\øÄÿ\û�
 � û0ùe^-`-#
] Fxº ù _�`$i&$8d2e$¿Á]7i6¾�aÂ$�c7¾
÷�ø��y¹f^S�µù��µùlû ] d � û2ü��!"éüS_�"��?ùlûN�yû+��ûS^8�!">�yû0ù��t
(� � 
�ý>û�"��:�9
�^Vùlú>û�ù � 
#ÿ\þ	��ûwøP�8"�
 ] û��

αp = 0.9
�±ø6ý

αp = 1.3
��
Ip
#tÎ�û�����^-`Äù7ú6ûNþéø�ùe^ þéø�� þéü2ý>û�"��S`

δ
d®�\ø6ýPùlú6û2ø�
�^ � �!"éþ�M��?ù7þ�
\ø

N

��
Ir
#��Tú�`w�yþéü��!"�"1`�dëù7ú6þ��_þ��_û�5z_6þ	�(�!"éûDø/ù
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ù�
W�!�8�W_ � þéø6ÿ'ý6þFEëû+^ ûDø/ùNú>ûDþéÿ\ú/ù2�$
��Ûùlú6û'D���^ ûU�±ø>ýìý6þFE9ûS^ ûDø/ù�^ û1DÔûDü0ùlþ	�6þ ùlþéû��$
��Ûùlú6û�ú�
=ù$� ] 
=ù;#UÎ�û ] "�
=ù�ùlú6ûù7þ � û+�µ"��\ÿN�!�<�O�j_6ø>ü0ùlþ�
\øQ
��+ùlú6û�ûwø6ûS^ ÿ;`y ��±ø>ý��
∆Ei

#4A�ú6ûwø{d � û_þéø(��û��µùlþéÿ(�=ùlû�ùlú6ût ëûDú����6þ�
�^)
(�9ùlú>ûVùlþ � û+�µ"��±ÿ��ý>û ] ûwø6ý6þéø>ÿt
\øoùlú6ûZ a^8
(�±ý6ûDø>þéø6ÿ ] �;^8� � û0ùlû+^
b
#L��þéø��!"�"1`�d � û�ü�
 ��] �;^ ûZ
�_a^�^ û��W_�" ù2��ù2
�ùlú6ûÛùlþ � û+�µ"��±ÿ��4
� ��yûS^���ûDýþéøWVPX��¬�xÈ=� � �=�2C;Ì�#

b Ø|Ù>ØµÚ ÆHâ	Ç<âpÝ@á@âpÝ���ã|â�Þ
Ü�Ý¬ß � â¨ã±Ý0ß���ãµÝ6Þ�ã
��á6â7æ|à�ä¸à0Ý@á�Ü�Ý¬ß � â���âpæ|àIß(ã~Þ0â�Ý6ÜÉ��å�à.æµãJcwàIß(ã|Ü�Ý
Î�ûu���;^-`�ùlú6û¥þéø�ùe^ þéø��yþéü¥ý>û�"��S`

δ
 	û0ù � ûDûDø�ù7ú6û#ù � 
 ] _�"��yû��+d

δ
 	ûDþéø>ÿÅÌ!�����+dZ�!���H�Sd&C;�������U�±ø6ýÉC=�!���H��#

��þFEëûS^yûDø/ù��(�!"c_6û��G
���ù7ú6û�ø�
�^ � �!"éþ�M;�?ùlþ�
\ø
N
 	û0ù � ûDûDø,�w#Ô�wCU�±ø6ý,��#Ô~��;^ û%�yû0ù;#%A�ú6û�^yû��W_�" ù2�G�9
�^�ù7ú6û�ü��!�yû%
��

αp = 0.9
�±ø>ý,�Q a^8
(�±ý6ûDø>þéø6ÿ ] �;^8� � û0ùlûS^�
(�

b = 2
�;^ û'� ú�
 � ø4þéø,��þéÿ�#0�w# � #'�f^S
 � ù7ú6û�üS^8
��S����ü�
�^Z^ û�"��?ùlþ�
\ø

�j_>ø6ü0ù7þ�
\ø��
F ijCCF

� û%
� �ù��±þéøÂù7ú6ûNùlþ � û1�µ"��±ÿ��G
���ù7ú6û%� ] ûDü0ùk^8�!"�^ û�� ] 
\ø��yû%�9
�^jû��±ü0úAûDø6û+^ ÿ/`� ��±ø>ý
∆Ei

d � þ ùlú
i > 1

d6ü�
 �m] �;^ ûwý#ù2
2ùlú6û�"�
 � û��µùVûwø6ûS^ ÿ;`Q ��\ø6ý
E1

ý>û1¹>ø>þéø6ÿNù7ú6û�
�^yþéÿ\þéø

���ùlú>û��yü��!"éû�#÷�ù�þ��U
� (�6þ�
�_��+d(ùlú��?ùy�9
�^2ùlú>ûu��ûS^D`�"�
 � ø�
�^ � �!"éþ�M��?ù7þ�
\ø����!"p_6û

��
N = 0.023

d(ù��!R/ûDø��j^S
 � ^8�±ý>þ��?ùlþ	��ûùk^8�±ø��8�§ûS^ � 
�ý6û�"éþéø6ÿ�
��+ú�
=ù)� ] 
±ù,û � þ��8�yþ�
\ø{d=y=MÂP+³F´�y�³ à ´ ¶;y	x�x|³j¸mR9v-µè¶�´;P�¶kß�ßfRW¶;T+#6¶�û;�!�8
\ø��! �"éû�ùlþ � û1�µ"��±ÿ�ü+_a^Y��û��Sd
� ú6þéü7ú#ü��±øy ëû�ü�
 ��] ��^ ûDýÌù2
N�±ü0ùk_��!"p
� ��yûS^Y���=ùlþ�
\ø��+d�
\ø�"è`y� ]f] û���^ª�9
�^6�(�!"c_6û��)
(�

N
 	ûDþéø>ÿoú6þéÿ\ú>ûS^ª �`y�?ù<"éû��!�µù


\ø>û$
�^ ý6ûS^t
�� � �±ÿ\ø>þ ùe_6ý>û�#:/Vûwø6üDû�d � û��!�W_f^8�! �"éû�ùlþ � û+�µ"��±ÿ(��þéø'ùlú>ûÂ^8�±ø>ÿ\û$
�� � þéøz_;ù7û��t 	û0ù � ûDûDø'ùlú>ûoûDø>ûS^ ÿ/`
 ��±ø6ý��m^ û�5z_>þc^ ûW�%ú>þéÿ\ú6û+^'� � 
�_6ø�ùU
���^ û�D>ûDü0ù7þ�
\ø{d(ùlú��±ø�þ���û+* ] ûDü0ù7ûDý¨�9
�^U�±ø8þ��S
±ùe^S
 ] þéü��!"�"1`�û � þ ù ùlþéø>ÿ�Dp�;^ û
�8
�_f^ üDû�#T÷^ø
�±ý>ý6þ ùlþ�
/ø#ù2
2ùlú��?ù5d;ùlú>û��9
�"�"�
 � þéø>ÿ2ùe^ ûDø>ý���ü��±ø
 	ûjý>ûS^ þ	��ûDý
�j^S
 � ùlú>ûjÿ�^8� ] ú���þ

C � �&�Vû1* ] ûDüuùlûDý{d6ùlú>ûG
���ûS^8��"�"Éø�
�^ � �!"éþ�M��?ù7þ�
\øW�9
�^�ùlú6ûjùlþ � û+�µ"��±ÿ�üS_f^Y��û��Vþéø>üS^ û���� û�� � þ ùlú¥ùlú>û}þéø��ùe^ þéø��yþéüjý>û�"��S`
δ
#

J � �t"�"+ùlþ � û1�µ"��±ÿ�üS_f^Y��û���ú�����û$� ] 
�� þ ùlþ	��û��8"�
 ] û�d6ù7ú6û�� ] ûDüuùe^8�2ùlú6û+^ û��9
�^yû�û+��
�"	��û$�j^S
 � �S
(�«ùlûS^�ù�
ú��;^yý6ûS^<����^8�S`¥ûDø>ûS^ ÿ\þéû���#
�(� A�ú>û)"éû+��û�"�
(�;ù7ú6û(ùlþ � û+�µ"��±ÿ�ü+_a^Y��û���þéø6ü+^ û��!�yû�� � þ ùlú�ù7ú6ûæ^ û�"��?ù7þ	��û,ø�
�^ � �!"éþ�M;�?ùlþ�
\ø

N
#L/�
 � û+��ûS^Sd

�9
�^�ú6þ«ÿ\ú6ûS^L����"c_6û��@
��
N
d\ùlú>û�üS_f^Y��û��@�^ù+�;^^ù�ù2
G 	ûwü�
 � û�ü�
\ø>ü�����û��±ø>ý'�2�?ùe_a^2�?ùlû��?ù)��"éû+��û�"�d � ú6þéü7ú

�yü��!"éû�� � þ ùlú
δ
þ��
δ
ý�
�û���ø�
=ù� ëûDü�
 � û�ù2
-
' 6þéÿ�#

B � ��
�^)��ûS^D`bú6þéÿ\úÄþéø/ùk^ þéø��yþéü}ý6û�"��S`��
δ
d�ùlú6ûjü�
\ø6ü�����û��yú�� ] û�
��Éùlú6ûjü+_a^Y��û���ý6þ��2� ]a] û��;^S���±ÿ��±þéø®#

A�ú6û�¹f^S�µùt�µù��?ù7û � ûDø�ù�ü��±øv 	ûi_>ø6ý6û+^S�µù2
-
�ýW �`¥ùlú6û��|�±ü0ùVù7ú��?ù
δ
ÿ\þ	��û��t� � û��!�W_a^ û��z
�^�ùlú>û�ú6ûDþéÿ/ú/ùt
���ùlú6û

Dp�;^ ûN�8
�_f^ üDû%�! 7
���ûoù7ú6û2ý>þ��8Rp#O��
�^_ú6þ«ÿ\ú6ûS^t���!"c_6û���
��
δ
ùlú6ûg^yû1D>ûDüuùlûDý%ü�
 �m] 
/ø6ûDø/ù�� ]a] û;�;^S��"��?ùlû+^��±ø6ýÂùlú6ûù7þ � û+�µ"��\ÿ�� � _��^ù& 	ûDü�
 � ûG"��;^ ÿ\ûS^�#÷^øÊ
�^ ý6û+^Ìù2
�_6ø>ý6ûS^8�^ù+�±ø6ýCùlú6ûP� ú�� ] ûP
��_ùlú6û'ùlþ � û+�µ"��±ÿ�ü+_a^Y��û��#þéø � 
�^ ûÂý>û0ù��±þ�"�d � û ] "�
=ù¥þéø«��þéÿ¨��#TB

� 
�ý6û�"�üS_a^Y��û��:�z
�^
Ip
�±ø6ý

Ir
�±ø>ýPùlú>ûDþc^:�W_ �

Iobstot

�±üS^S
��8��ùlú>û2ý6û1¹Ôø6ûDý%ûDø>ûS^ ÿ/`� ��±ø>ý��
∆Ei

#$�&�8�W_ � þéø6ÿ��ø�
�^ � ��"éþ�M��?ùlþ�
\ø
N = 0.7

d+ùlú>û%�8
�"éþéý ] þéø�RÂüS_a^Y��û�ý>û��yüS^ þ� ëû��
Iobstot

�?ù
t = 0

d0 ëû��9
�^yûNùlú>ûNù � 
 ] _�"��yû��+d � ú>ûDø
Ip
�±ø>ý

Ir
�;^ û��µùlþ�"�"®��ûS^-`
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 � #@Îìû�ø�
 � þ � �\ÿ\þéø6û�d6ù7ú��?ù

Ip
þéø>üS^ û��!�yû��& �`
�ÌüDûS^^ù+�±þéøW�z�±ü0ù2
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