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$Ià2� Ueç/
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$9ài�9à2� ù9ÍSådÖ�ç�Ý×ñ�ÍSÌ�ÍSÔGûfÎ�ÛÜÐ�Ð�ÍSÎ¯à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à 1/�
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$IàW$n��ýGÌ�ÍSÎtÉ~Ð~Í\Í��	ådÛÜÍSç�åSÏ�'PØ�ÑtÉ~Î�Ø(�g
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É�ç�Ý×ÉrÒqÑtÍdÎÂÉ�Ú�Ú�Ô�ÏNÛ�ç�Ð�ådÖ�Î�Î�ÍSåSÑtÛ�Ö�çíÖ~ÒfØ�ÞnÓIÑ�Ñ�ÍdÎJÖ�Ú(Ídç�ÍSÝ�Í�~WÍSåSÑ±àÂà\à+à\àÊà+à\à mn�
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Ø�Û�Ñ�ÛÜÖ�ç½'���ú Ï�+ðÖ�ç©Ñ�Þ�Ípo,o�! åæÞ�ÛÜÚ
à+ñ�ÍSÒqÑâÚIÔÜÖ~ÑâØ�Þ�ÖUèÂØâÍ��	ådÛ�Ídç�åóÏ�Ö~ÒBØ�Û�ç�Ð�Ô�Í
É±Ì~ÍdÎtÉ�Ð�ÍÂÖ~Ò��*�ÊÛ�ËìÉ�Ð�ÍdØkÒ`Î�Ö�Ë�ç�ÛÜÐ�Þ�Ñ������n�9àW����à2��1�®���X@ådÖ�Ô�ÔÜÍdåóÑtÍSÝ£èÂÛ�ÑtÞÆØ�ÞNÓ9Ñ�

Ñ�ÍdÎCÛÜç	ç�Ö�Î�Ë^É~Ô¥Ë	Ö9ÝIÍðÉ~çIÝ%Î�Û�Ð�Þ�ÑCÚIÔÜÖ~ÑBØ�ÞIÖuèÂØïÍ��	ådÛ�Ídç�åóÏìÖ�ç^Ø�Û�ç�Ð�ÔÜÍJÛÜË^É~Ð�Í
Ò`Î�Ö�Ë ç�Û�Ð�Þ�Ñ��*���n�9àW�n19àT�>��®/�F$eådÖ�Ô�ÔÜÍdåóÑtÍSÝ^èÂÛ�Ñ�Þ^Ú(ÍdÎ�ËìÉ�ç�Ídç�ÑtÔôÏÆÖ�Ú(Ídç�ÍSÝìØ�ÞnÓIÑ�ÑtÍSÎ¾m�$

$IàW$����JÓ�Ë£ß(ÍdÎâÖ~ÒCÖ�ß�Ø�ÍdÎEÌ�ÍdÝ¬Ö�ßNë�ÍSåSÑtØÊç�Ö�ÑÊÍ��9ÛÜØEÑtÛÜçIÐ�ÛÜç�û-¼wo�jeUe
V�%å±É�ÑtÉ~ÔÜÖ�Ð�Û�ç
Ò`ÓIç�åSÑ�ÛÜÖ�çÊÖ~Ò9Ø�ÑtÉ~ÎGÚ�Ö�Ø�Û�Ñ�ÛÜÖ�çp'��Wú Ï�+GÖ~çÊÑ�Þ�Í�o,o�!�åæÞ�Û�Ú
à7ñ�ÍóÒqÑGÚ�ÔÜÖ~ÑGØ�Þ�ÖUèÂØfÖ~ß/

ë�ÍSåSÑ�ØfÒ`Ö�Ó�çIÝ�Ö�ç+Ø�ÛÜçIÐ�ÔÜÍBÉ±Ì�ÍSÎtÉ~Ð�ÍïÖ~Ò;���JÛÜË^É~Ð�ÍSØGÒ`Î�Ö�Ë1ç�Û�Ð�Þ�Ñ��*���n�9àW����à2��1�®��*X
åSÖ�ÔÜÔ�ÍdåóÑtÍdÝ+èÂÛ�ÑtÞ�Ø�ÞnÓIÑ�Ñ�ÍdÎÕÛÜç�çIÖ�Î�Ë^É~ÔNË^ÖNÝ�ÍîÉ�ç�Ý�Î�Û�Ð�Þ�Ñ7Ú�Ô�Ö~Ñ7Ø�Þ�ÖUèÂØBÖ~ßNë�ÍdåóÑtØ
Ò`Ö~Ó�ç�Ý�Ö�çÆØ�Û�ç�Ð�Ô�ÍïÛÜË^É~Ð�ÍBÒ`Î�Ö�Ë ç�Û�Ð�Þ�Ñ��������9à2��19à�����®/��$JådÖ�Ô�ÔÜÍdåóÑtÍSÝ£èÂÛ�ÑtÞ�Ú(ÍdÎV

Ë^É~ç�ÍSç�ÑtÔ�ÏìÖ�Ú(Ídç�ÍSÝ�Ø�ÞNÓ9Ñ�ÑtÍSÎ�à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à m�$

$IàW$n1¸�JÓ�Ë£ß(ÍdÎ%Ö�ÒÊç�ÍSè�Ö�ßNë�ÍSåSÑtØíÉ�Ý�Ý�ÍdÝ"Ñ�Öêå±É�ÑtÉ~ÔÜÖ~Ð�Ö�ç"Ø�Ó�ß�Ø�ÍlknÓ�Ídç�Ñ�ÛÜË^É~Ð�ÍSØ
'`ÔÜÍóÒqÑÆÚ�ÔÜÖ~Ñ¦+�É~ç�Ý�ÑtÖ�ÑæÉ~ÔõçnÓ�Ë£ß(ÍdÎÆÖ~Ò@ç�Íóè Ö�ßNë�ÍSåSÑtØ^É~Ý�ÝIÍdÝ�ÑtÖ�å±É�ÑtÉ~ÔÜÖ~ÐÙÛ�ç
Ò`ÓIç�åSÑ�ÛÜÖ�ç¬Ö~ÒÂÛÜË^É~Ð�ÍÆçnÓ�Ë£ß(ÍdÎ+Î�ÛÜÐ~ÞnÑ+Ú�Ô�Ö~Ñ±à�ûõÞ�ÍìÝ�É�ÑæÉ�èïÉ~Ø£åSÖ�ÔÜÔ�ÍdåóÑtÍdÝ¬Ö�ç
��ÍdÔÜÝc��r����

+
���c'ÊÉ±Ì~ÍdÎtÉ�Ð�Í×çnÓ�Ë£ß(ÍdÎ	Ö~ÒðØ�ÑæÉ�Î�Ø ��r������¿+�ÝIÓ�Î�Û�ç�Ð¬çIÛÜÐ�Þ�Ñ

�*���n�9àW����à2��1�®��*X+èÂÛ�Ñ�Þ�Ø�ÞnÓIÑ�Ñ�ÍdÎJÛÜçíç�Ö�Î�ËìÉ~Ô�' Ö�Ú(ÍdçI®�ådÔ�Ö�Ø�ÍF+õË	ÖNÝ�Í à\àÊà+à\à mn1
$IàW$�X�ûõÞIÍõÎ�Í±É�Ø�Ö�ç�Ò`Ö�ÎfØ�ÑtÍSÚ�Ì9Û�Ø�Û�ß�ÔÜÍCÖ�ç�Ú�Î�ÍóÌNÛÜÖ�Ó�ØPÛÜË^É~Ð�ÍîÉrÑPÒ`ÎtÉ�Ë^ÍîÛ�Ý;¶±$���àføPÉ~ÎEÑ

Ö�Ò�ÛÜË^É~Ð�ÍÊèÂÛ�ÑtÞIÖ�ÓIÑeØ�É�ÑtÍSÔÜÔ�Û�ÑtÍ¬'`Ö�ÎðÚ�ÔÜÉ~ç�ÍF+ÂÑtÎ�É~ådÍ�ÛÜØ@ÌNÛ�Ø�ÛÜßIÔÜÍ�Ö~ç©ÔÜÍóÒqÑeÛÜË^É~Ð�Í
É�ç�Ý�èÂÛ�ÑtÞ�Ñ�Þ�Í�ÑtÎtÉ�ådÍÆÖ�ç�Î�Û�Ð�Þ�ÑÊÛÜË^É~Ð�Í~à+ûõÞ�ÛÜØeÑ�ÎtÉ~åSÍÆå±É~Ó�Ø�ÍdØ+É~Ý�Ý�ÛôÑtÛ�Ö�ç©Ö~Ò
çIÍSè�Ö~ßNë�ÍdåóÑtØÂÑtÖÆØ�ÑtÉ~ÎÂå±É�ÑtÉ~ÔÜÖ�ÐÙà\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à m�X

$IàW$n�¸�JÓ�Ë£ß(ÍdÎÆÖ~ÒâçIÍSè Ö�ßnë�ÍdåSÑ�Ø%É~ÝIÝ�ÍdÝ&ÑtÖÙå±É�ÑtÉ~ÔÜÖ�Ð�Ò`Î�Ö�Ë ÑtÞIÍ�ß(ÍdÐ�Û�ç�ç�Û�ç�Ð�ÑtÖ
Ð~Û�Ì�ÍSç\Ò`Î�É~Ë	Í7çnÓ�Ë£ß(ÍdÎdà
!eÉ�ÑtÉõÒ`Ö~Î�Ý�Û�~�ÍdÎ�Ídç�ÑP�¥ÍdÔ�Ý�Ø�ådÖ�Ô�ÔÜÍSåSÑtÍSÝÊÝ�Ó�Î�Û�ç�ÐÂËìÉ�çnÏ
çIÛÜÐ�Þ�ÑtØõÛ�ØõØ�Þ�ÖUèÂç
àÆà\à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à mn�
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$IàW$�r��JÓ�Ë£ß(ÍdÎÂÖ~Òfç�ÍSèiÖ�ßNë�ÍSåSÑtØ@É~Ý�ÝIÍdÝ�Ñ�ÖÆå±É�ÑtÉ~ÔÜÖ�Ð�Û�ç�Ò`Ó�ç�åSÑ�ÛÜÖ�çíÖ~ÒfçnÓ�Ë£ß(ÍdÎÂÖ~Ò
Û�ËìÉ�Ð�ÍdØ�' Ô�ÍSÒqÑkÚ�Ô�Ö~Ñ�+�É~ç�Ý\ÑtÖ~ÑtÉ~Ô�çnÓ�Ë£ß(ÍdÎkÖ~Ò¥ç�Íóè�Ö�ßNë�ÍSåSÑtØPÉ~Ý�Ý�ÍSÝ�ÑtÖJå±ÉrÑæÉ~Ô�Ö�Ð
Û�ç^Ò`Ó�çIåSÑtÛ�Ö�ç%Ö~Ò
ÛÜË^É~Ð�ÍJçNÓIË£ß�ÍSÎïÎ�ÛÜÐ�Þ�ÑCÚ�ÔÜÖ~Ñdà7ûõÞ�ÍeÝ�É�ÑæÉÊèîÉ~ØïådÖ�Ô�ÔÜÍdåóÑtÍSÝ%Ö�ç
��ÍdÔÜÝc��r����

+
���c'ÊÉ±Ì~ÍdÎtÉ�Ð�Í×çnÓ�Ë£ß(ÍdÎ	Ö~ÒðØ�ÑæÉ�Î�Ø ��r������¿+�ÝIÓ�Î�Û�ç�Ð¬çIÛÜÐ�Þ�Ñ

�*���n�9àW�n19àT�>��®/�F$+èÂÛ�Ñ�Þ�Ø�ÞnÓIÑ�Ñ�ÍdÎJÚ�ÍSÎ�Ë^É~ç�Ídç�Ñ�Ô�Ï%Ö~Ú�ÍSç�ÍdÝ
à à\à+à\à+à\àÊà+à\à mn�
$IàW$�m��JÓ�Ë£ß(ÍdÎkÖ~Ò�çIÍSèêÖ�ßnë�ÍdåSÑ�Ø7É~ÝIÝ�ÍdÝ\ÑtÖJå±É�ÑtÉ~ÔÜÖ�ÐÂÖ�ç+Ø�Ó�ßIØ�ÍlknÓ�ÍSç�Ñ�ÛÜË^É~Ð�ÍdØ^'`ÔÜÍóÒqÑ

ÚIÔÜÖ~Ñ¦+ÊÉ�ç�Ý�ÑtÖ�ÑæÉ~ÔÕçnÓ�Ë£ß(ÍdÎ+Ö~Òõç�Íóè�Ö�ßNë�ÍSåSÑtØ£É~Ý�Ý�ÍSÝ�ÑtÖ�å±É�ÑtÉ~ÔÜÖ�ÐíÛ�ç¬Ò`Ó�ç�å�

Ñ�ÛÜÖ�ç�Ö~Ò�Û�ËìÉ~Ð~ÍâçNÓIË£ß�ÍSÎðÎ�ÛÜÐ�Þ�Ñ@Ú�ÔÜÖ~Ñdà�!eÉ�ÑæÉÆèîÉ�ØeådÖ�Ô�ÔÜÍSåSÑtÍSÝ×Ý�ÓIÎ�ÛÜçIÐ^ç�Û�Ð�Þ�Ñ
�*���n�9àW��XIàW���f®���1ÆèÂÛ�Ñ�Þ�Ú�ÍSÎ�Ë^É~ç�ÍSçnÑ�Ô�Ï�Ö�Ú(Ídç�ÍSÝÙØ�ÞnÓIÑ�Ñ�ÍdÎdúGÖ�ç��¥ÍSÔÜÝ³��r�1/��
��*�
'7É±Ì~ÍdÎtÉ�Ð�Í+çnÓ�Ë�ß�ÍSÎJÖ�ÒPØEÑæÉ~Î�Ø $�$������0+!à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à m�r

$IàY�n��È�Ë^É~Ð�Í�ÑtÉ~é~ÍSç�èÂÛ�Ñ�Þ�Ú(ÍdÎ�Ë^É~ç�ÍSç�ÑtÔ�Ï�Ö�Ú�ÍSç�ÍdÝ�Ø�ÞnÓIÑ�Ñ�ÍdÎ^ß�ÍóÒ`Ö�Î�Í�ådÖ�Î�Î�ÍSåSÑtÛ�Ö�ç
'`ÔÜÍóÒqÑÂÛÜË^É~Ð�Í�+BÉ~ç�Ý�É�ÒqÑtÍSÎõådÖ�Î�Î�ÍSåSÑtÛ�Ö�ç¿' Î�ÛÜÐ�Þ�ÑÂÛÜË^É~Ð�ÍF+¹à+à\à\à+à\à+à\àÊà+à\à m�r

$IàY�L�»�JÓ�Ë£ß(ÍdÎkÖ~Ò�çIÍSèêÖ�ßnë�ÍdåSÑ�Ø7É~ÝIÝ�ÍdÝ\ÑtÖJå±É�ÑtÉ~ÔÜÖ�ÐÂÖ�ç+Ø�Ó�ßIØ�ÍlknÓ�ÍSç�Ñ�ÛÜË^É~Ð�ÍdØ^'`ÔÜÍóÒqÑ
ÚIÔÜÖ~Ñ¦+ÊÉ�ç�Ý�ÑtÖ�ÑæÉ~ÔÕçnÓ�Ë£ß(ÍdÎ+Ö~Òõç�Íóè�Ö�ßNë�ÍSåSÑtØ£É~Ý�Ý�ÍSÝ�ÑtÖ�å±É�ÑtÉ~ÔÜÖ�ÐíÛ�ç¬Ò`Ó�ç�å�

Ñ�ÛÜÖ�ç�Ö~Ò�Û�ËìÉ~Ð~ÍâçNÓIË£ß�ÍSÎðÎ�ÛÜÐ�Þ�Ñ@Ú�ÔÜÖ~Ñdà�!eÉ�ÑæÉÆèîÉ�ØeådÖ�Ô�ÔÜÍSåSÑtÍSÝ×Ý�ÓIÎ�ÛÜçIÐ^ç�Û�Ð�Þ�Ñ
�*���n�9àW��XIàW���f®���1	èÂÛ�Ñ�ÞÙØ�ÞnÓIÑ�Ñ�ÍdÎâèÂÛ�Ñ�ÞÙÖ~Ú�ÍSç�ÍdÝÙØ�ÞnÓIÑ�ÑtÍdÎSúfÖ~ç³��ÍdÔÜÝ���r�1/��
��*�
É�ç�Ý�åSÖ�Î�Î�ÍdåóÑtÛÜÖ~ç�Ö�ÒPÖ�Ú(ÍdçIÍdÝ�Ø�ÞnÓIÑ�Ñ�ÍdÎJÍ�~�ÍdåóÑJèïÉ~Ø@É~Ú�Ú�Ô�ÛÜÍSÝ à+à\à+à\àÊà+à\à m�m

$IàY�f�¸���	ådÛ�Ídç�åóÏ�Ö~ÒÂØEÑæÉ~Î�ÛÜÝ�ÍSçnÑ�Û��¥ådÉ�ÑtÛ�Ö�ç�Û�ç¬Ò`Ó�çIåSÑtÛ�Ö�ç�Ö~ÒÂçnÓ�Ë�ß�ÍSÎ£Ö~ÒJØ�ÑtÉ~Î�Ø£Û�ç
Û�ËìÉ�Ð�Í�Ò`Ö�Î�Ø�énÏ¿�¥ÍdÔ�Ý»��r����

+
���Ià×ùNÑæÉ�Î�å±ÉrÑæÉ~Ô�Ö�Ð×Ö�ß9ÑæÉ~Û�ç�ÍdÝÙÒ`Î�Ö�Ë�ÛÜË^É~Ð�ÍSØ

É±Ì~ÍdÎtÉ�Ð�ÍdÝ�ÖuÌ~ÍdÎs��� à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à m�m
$IàY�n$����	ådÛ�Ídç�åóÏÙÖ~ÒîØEÑæÉ~ÎÊÛÜÝIÍdç�ÑtÛT�¥å±É�Ñ�ÛÜÖ�ç�Û�çÙÒ`Ó�çIåSÑtÛ�Ö�ç�Ö~ÒîçnÓ�Ë�ß�ÍSÎ+Ö~ÒïØ�ÑtÉ~Î�Ø\Ö�ç

Ø�ÛÜç�Ð~ÔÜÍ%����ØJÛ�ËìÉ�Ð�Í à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à �����
$IàY�������	ådÛ�Ídç�åóÏíÖ~ÒfØ�ÑæÉ�ÎJÛ�Ý�Ídç�Ñ�Û��¥ådÉ�ÑtÛ�Ö�ç%ÛÜç�Ò`Ó�çIåSÑtÛ�Ö�çíÖ~ÒfÎtÉ�Ñ�ÛÜÖ

Rcat
à+à\àÊà+à\à �����

$IàY�f1�øÕÎ�ÍdådÛ�Ø�Û�Ö�çêÖ~ÒJØ�ÑtÉ~Î£ß�Î�ÛÜÐ�Þ�ÑtçIÍdØ�Ø�Ë	Í±É�Ø�Ó�Î�ÍdË	Ídç�ÑtØ�Û�ç�ÑtÞ�Í�Ú�ÞIÖ~ÑtÖ�Ë	ÍSÑ�Î�Ï¬Ö�ç
Û�ËìÉ�Ð�ÍdØîÖ~ßIÑæÉ~Û�ç�ÍdÝíß�Ï�É±Ì�ÍSÎtÉ~Ð�Û�ç�Ð¬����Ø�Û�ç�Ð�ÔÜÍx'����~Øµ+îÛÜË^É~Ð�ÍdØSà à\à+à\àÊà+à\à ���n�

$IàY�nX��JÓ�Ë£ß(ÍdÎÊÖ~ÒïÍSÌ�ÍSç�ÑtØ�É�ÒqÑ�ÍdÎâØ�Ó�ß�Ø�Í�knÓ�Ídç�ÑÆådÓ9ÑtØ\Ö~Òîç�ÖUÌ�ÉíÛÜÝ�ÍSçnÑ�Û��¥ådÉ�ÑtÛ�Ö�çÙÉ~ÔT

Ð~Ö�Î�ÛôÑtÞ�Ë�à�&ÂÍdØ�Ó�Ô�Ñ�ØÂÒ`Î�Ö�Ëº�IÌ�Í\ç�ÛÜÐ�Þ�Ñ�Ø@É�Î�ÍâØ�ÞIÖuèÂçWà�à\à+à\à\à+à\à+à\àÊà+à\à ���n�

$IàY�f�¸���	ådÛ�Ídç�åóÏ©Ö~Ò�çIÖuÌ�É%Û�Ý�Ídç�ÑtÛT�¥å±ÉrÑtÛÜÖ~ç©É~Ô�Ð�Ö�Î�ÛôÑtÞ�Ë¿Ò`Ö�ÎðØ�ÍSÌ�ÍSÎtÉ~ÔPç�ÛÜÐ�Þ�Ñ�Ødà"!ðÛôÒ�

Ò`ÍSÎ�ÍSçnÑÕÌ�É~Ô�Ó�ÍdØPÖ~Ò(Ë^Û�ç�ÛÜË£ÓIË�çnÓ�Ë£ß(ÍdÎÕÖ~Ò;�¥ÍSÔÜÝ�Ö�ß�Ø�ÍdÎEÌ~ÉrÑtÛÜÖ~ç�Ø7Î�Í�knÓ�ÛÜÎ�ÍdË	Ídç�Ñ
èCÍdÎ�Í\Ñ�ÍdØEÑtÍdÝ à\à+à\à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à ����r

$IàY�nr����	ådÛ�Ídç�åóÏâÖ~ÒNç�ÖUÌ�ÉõÛÜÝ�ÍSçnÑ�Û��¥ådÉ�ÑtÛ�Ö�çâÉ~Ô�Ð�Ö�Î�Û�ÑtÞIËÿÌNØ�çnÓ�Ë£ß(ÍdÎ�Ö�Ò9ß�É~åæénÐ�Î�Ö�ÓIç�Ý
ÍóÌ�ÍSçnÑ�Ø@Ò`Î�Ö�Ë¹Ø�ÛÜç�Ð�Ô�Íâç�ÛÜÐ~ÞnÑ à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à ����m
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$IàY�nm����	ådÛ�Ídç�åóÏÊÔÜÖ�Ø�Ø�ÍSØ�Ö�ç+Ø�Ó�ß�Ø�ÍlknÓ�Ídç�ÑPådÓIÑ�ØkÖ�Ò�É~Ô�Ð�Ö�Î�Û�ÑtÞIËÿÒ`Ö~Î�Ý�Û�~�ÍdÎ�Ídç�Ñ�Ì�É~ÔÜÓ�ÍSØ
Ö�ÒPÚ¥É�ÎtÉ~Ë	ÍSÑ�ÍdÎ

Nmin
obsfield

¶"19úT���ìà\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à �����
$Ià21������	ådÛ�Ídç�åóÏÊÔÜÖ�Ø�Ø�ÍSØ�Ö�ç+Ø�Ó�ß�Ø�ÍlknÓ�Ídç�ÑPådÓIÑ�ØkÖ�Ò�É~Ô�Ð�Ö�Î�Û�ÑtÞIËÿÒ`Ö~Î�Ý�Û�~�ÍdÎ�Ídç�Ñ�Ì�É~ÔÜÓ�ÍSØ

Ö�ÒPÚ¥É�ÎtÉ~Ë	ÍSÑ�ÍdÎ
Nmin

obsfield

¶"���IúW$���à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à �����
$Ià21/�»���	ådÛ�Ídç�åóÏ�Ö~ÒBç�ÖUÌ�É%ÛÜÝ�ÍSç�ÑtÛ���å±É�Ñ�ÛÜÖ�ç�É�ÔÜÐ�Ö�Î�Û�Ñ�Þ�Ë.Ò`Ö�ÎeÝ�ÛT~WÍSÎ�ÍSçnÑeß�Î�Û�Ð�Þ�Ñtç�ÍSØ�Ø

Ö�ÒCÖ~ßNë�ÍdåóÑ\É~Ý�Ý�ÍSÝ�Ñ�Ö�Ø�ÑtÉ~Îeå±ÉrÑæÉ~Ô�Ö�Ð�ú�Ñ�ÍdØEÑtÍdÝ�Ò`Ö�ÎðÝ�Û�~�ÍdÎ�Ídç�Ñâç�Û�Ð�Þ�ÑtØ0'`Ó�Ú�Ú(ÍdÎ
ÚIÔÜÖ~Ñ¦+óà7ûõÞ�ÍðÔÜÖUèïÍSÎïÚ�Ô�Ö~ÑCØ�Þ�ÖUèÂØõçnÓ�Ë£ß(ÍdÎCÖ~ÒGÐ�ÍdçIÍdÎtÉrÑtÍdÝ�ÍóÌ�ÍSçnÑ�ØJÉ�ÒqÑtÍSÎïØ�ÓIß/

Ø�ÍlknÓ�ÍSçnÑðådÓIÑ�Ødà à+à\à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à ���>�

$Ià21���ûkÖ~ÑtÉ~Ô�Í��	ådÛ�Ídç�åóÏíÖ~Òfç�ÖUÌ~É]'PÖ~ÒPß�Î�Û�Ð�Þ�Ñtç�ÍSØ�Ø��g
¦��� m +îÛÜÝIÍdç�ÑtÛT�¥å±É�Ñ�ÛÜÖ�çíÉ�ÔÜÐ�Ö*
Î�Û�Ñ�Þ�ËöÖ�ç�Ø�Û�ç�Ð�ÔÜÍ�É±Ì�ÍdÎµ���%ÛÜË^É~Ð�Í¤'CÎ�ÍdØ�ÓIÔ�ÑtÛ�ç�ÐìÒ`Î�Ö�Ë ÉUÌ~ÍdÎ�É~Ð�ÛÜçIÐK���ìØ�Û�ç�Ð�Ô�Í
Û�ËìÉ�Ð�ÍdØ(+�àÕà+à\à\à+à\à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à ����$

$Ià21�$�oïÖ~Ë^Ú¥É�Î�ÛÜØ�Ö�ç&Ö~ÒÊÍ��	ådÛ�Ídç�åóÏ�Ô�Ö�Ø�Ø�ÍdØ^Ö�ç�Ø�Ó�ß�Ø�Í�knÓ�Ídç�Ñ�ådÓIÑ�Ø^Ò`Ö�Î�1Ùç�Û�Ð�Þ�ÑtØSà
!@Ó�Î�Û�ç�ÐÆç�ÛÜÐ�Þ�Ñe�������>
V�n1�
���mn®*$��\Ñ�Þ�Í+ò�Ö9Ö~çíèïÉ~Ø@É~ÔÜË	Ö�ØEÑîÒ`Ó�ÔÜÔ
É~ç�Ý�ådÓIÑJÎ�Í�

knÓ�Û�Î�Û�ç�Ð+Ô�ÖUè¨ÔÜÍóÌ�ÍdÔ(Ö~Ò�Ø�é�Ïìß¥É�åæéNÐ~Î�Ö�Ó�çIÝ%Î�Í�ë�ÍdåSÑ�ÍdÝ�Ë	Ö�Ø�ÑBÖ~ÒWÑtÞ�Í@Ð�Ídç�ÍSÎtÉ�Ñ�ÍdÝ
ÍóÌ�ÍSçnÑ�Ø à\à+à\à\à+à\à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à ���F�

$Ià21*���JÓ�Ë£ß(ÍdÎ+Ö~ÒÂØ�ÑtÉ~Î�Ø\èÂÛ�ÑtÞ
magMAX − magMIN ≤ Tmagdiff

' ÔÜÍóÒqÑ�ÚIÔÜÖ~Ñ¦+
É�ç�ÝêÝ�ÛÜØEÑtÎ�ÛÜß�ÓIÑ�ÛÜÖ�ç¬Ö~Ò

magMAX − magMIN

'`Î�ÛÜÐ~ÞnÑ�Ú�ÔÜÖ�Ñ�+óà�Ueç�ÔôÏÙØ�ÑæÉ�Î�Ø
Ø�É�ÑtÛ�Ø�ÒqÏNÛÜçIÐ�ådÖ�ç�ÝIÛ�ÑtÛ�Ö�ç%Ö�ç�çnÓ�Ë�ß�ÍSÎõÖ~ÒkË^ÍdÉ~Ø�Ó�Î�ÍdË	Ídç�ÑtØÂÉ�Î�ÍâØ�ÞIÖuèÂçB'fÝ¥ÉrÑæÉ
Ò`Î�Ö�Ë¹çIÛÜÐ�Þ�Ñs�������9à2��19ài�*Xn®����%+�à à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à ���>1

$Ià21�1¸�
�IÉ~Ë	Ú�ÔÜÍ�Ö~ÒÊÝ�ÍóÑtÍdÎ�Ë^Û�ç�ÍdÝ¨Î�É~ç�Ð�Í�Ö~Ò�rn1�À>Ö~ÒÊË	Í±É~Ø�Ó�Î�ÍSË^ÍSç�ÑtØ�Ú(Ö�ÛÜç�ÑtØ�'
É�Î�Í±É	ß�ÍóÑ�èïÍSÍdç©ÞIÖ�Î�Û�ãdÖ�ç�ÑæÉ�ÔkÔ�ÛÜç�ÍSØÂÛÜçíÑtÞ�Í\ÔÜÍóÒqÑ@ÚIÔÜÖ~Ñe+ÂÉ~ç�Ý�Ý�ÛÜØEÑtÎ�Û�ß�ÓIÑ�ÛÜÖ�çíÖ~Ò
É�ÔÜÔWË	Í±É�Ø�Ó�Î�ÍdË	Ídç�ÑtØÂÒ`Ö�ÎîÑtÞIÍ\Ø�É~Ë	ÍâØ�ÑæÉ�Î�'`Î�Û�Ð�Þ�ÑõÚ�ÔÜÖ�Ñ�+eà+à\à\à+à\à+à\àÊà+à\à ����r

$Ià21�X�ûõÞIÍ^Ý�Û�Ø�Ñ�Î�ÛÜßIÓIÑtÛ�Ö�ç�Ö~ÒCËìÉ~Ð~ç�Û�Ñ�Ó�Ý�Í�Ë	Í±É~Ø�Ó�Î�ÍSË^ÍSçnÑ�ØâÒ`Ö�Î\ÉíØ�ÛÜç�Ð~ÔÜÍ�Ø�ÑtÉ~Î\É~ç
É�Î�Ð�Ó�Ë	Ídç�Ñ�èÂÞ�Ïÿç�Ö~ÑíË^Ég�9ÛÜË�Ó�Ë Ë^É~Ð�çIÛ�ÑtÓIÝ�Í©ÛÜØ�ÓIØ�ÍdÝþÉ~ØíÓ�Ú�Ú(ÍdÎ�Ô�ÛÜË	Û�Ñ
magmax

Û�ç%ÑtÞ�Í\É~Ô�Ð�Ö�Î�Û�ÑtÞIË à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à ����r
$Ià21��¸�JÓ�Ë£ß(ÍdÎeÖ�ÒCÍóÌ�ÍSçnÑ�Ø�ÉrÒqÑtÍdÎðØ�Ó�ß�Ø�ÍlknÓ�ÍSçnÑ�ådÓIÑ�ØâÖ~Ò�ÑtÞ�Í%.¥É~Î�Í�Û�Ý�Ídç�ÑtÛT�¥å±ÉrÑtÛÜÖ~ç

É�ÔÜÐ�Ö�Î�Û�Ñ�Þ�Ë�àkûõÞ�Í\Ý¥É�ÑtÉ�Ò`Î�Ö�Ëº�IÌ�Í\ç�ÛÜÐ�Þ�Ñ�ØõÛÜØõØ�ÞIÖuèÂçWàeà+à\à\à+à\à+à\àÊà+à\à ����m
$Ià21�r"ñ�Û�ç�Í±É~Îµ®��
�9Ú�Ö�çIÍdç�ÑtÛÜÉ~Ô�Ú�É~ÎtÉ~Ë	ÍSÑ�Î�Û�ã±É�Ñ�ÛÜÖ�ç^Ö~Ò�ÑtÞ�Í·.¥É~Î�Í�
�ÔÜÛ�é~Í@Ö�ÓIÑtßIÓ�Î�ØEÑ±à��PÛôÑ

èïÉ~Ø%Ú(ÍdÎEÒ`Ö�Î�Ë	ÍdÝ�ÑtÖ�Î�Í±É~Ô(.ZÉ~Î�Í©Ø�ÑtÉ~Î�áw�¾$�$�$��dý�®�áw�¾$�$�$��ÙÖ�ÓIÑ�ß�Ó�Î�Ø�Ñ
èÂÞIÛÜåæÞ�Ö9åSådÓ�Î�Î�ÍdÝ�Ö�ç�������X9à����~ài��r���X�¹W��$0Á@û àÊà+à\à+à\à\à+à\à+à\àÊà+à\à �>���

ÛT�
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$Ià21�m��
�IÉ~Ë	Ú�ÔÜÍõÖ�Ò
ÔÜÛ�Ð�Þ�ÑÕådÓIÎ�Ì�ÍSØCèÂÛôÑtÞÆÐ�ÍdçIÍdÎtÉrÑtÍdÝp.ZÉ~Î�ÍÂèÂÛôÑtÞ	Ö�ÓIÑ�ß�Ó�Î�ØEÑBÚ�ÍdÉ~é£Ö~Ò
� m É~ß�ÖUÌ~ÍeÉ±Ì�ÍSÎtÉ~Ð�ÍJß�Î�ÛÜÐ�Þ�ÑtçIÍdØ�ØCÔÜÍóÌ�ÍdÔ�'`ÔÜÍSÒqÑBÚ�Ô�Ö~Ñ�+ÕÉ~çIÝìÝ�ÍSå±É±ÏÆÑtÛÜË	ÍõÖ~Ò9�*���
Ø�Ídå¤' Î�ÛÜÐ�Þ�ÑÂÚ�Ô�Ö~Ñ�+�ú�Ö~ÑtÞIÍdÎÂÚ¥É~Î�É~Ë^ÍóÑtÍSÎ�ØÂÖ~ÒPÑ�Þ�ÍÊÔÜÛ�Ð�Þ�ÑÂådÓ�ÎEÌ�ÍdØðÉ~Î�ÍâÑ�Þ�ÍÊØtÉ~Ë	Í
É�ØÂÑ�Þ�Ö�Ø�Í"�IÑ�ÑtÍSÝ�Ñ�Ö^á���$�$�$��±ý±®~á���$�$�$n�+Ö�ÓIÑ�ß�Ó�Î�Ø�Ñ�à\à+à\à\à+à\à+à\àÊà+à\à �>�/�

$IàWX������	ådÛ�Ídç�åóÏ×Ö�Ò�.ZÉ~Î�Í�ÛÜÝIÍdç�ÑtÛT�¥å±É�Ñ�ÛÜÖ�ç�ÛÜç�Ò`Ó�ç�åóÑtÛÜÖ~ç×Ö~ÒÕÖ~ÓIÑtß�ÓIÎ�Ø�ÑeÉ~Ë	Ú�ÔÜÛôÑtÓ�Ý�Í
'`ÔÜÍóÒqÑ�Ó�Ú�Ú(ÍdÎ�Ú�ÔÜÖ�Ñ�+óú�Î�ÛÜØ�ÍÂÑ�ÛÜË	Í"' Î�ÛÜÐ�Þ�Ñ�Ó�ÚIÚ�ÍSÎ¦+óúNÝ�ÍSå±É±Ï�ÑtÛ�Ë^Í"'`ÔÜÍóÒqÑ�ß�Ö~Ñ�ÑtÖ�Ë¤+óú
ØEÑæÉ~ÎJÉ±Ì�ÍSÎtÉ~Ð~Í\Ë^É~Ð�çIÛ�ÑtÓIÝ�Í0' Î�ÛÜÐ�Þ�ÑÂß(Ö~Ñ�Ñ�Ö�Ë¤+�à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à �>���

��àT� �fÔ É~Ø�Þ�ÍdØeÝIÍSÑtÍSåSÑ�ÍdÝ�ß�Ï×ÑtÞIÍ�÷døÕÛPÖ~ÒÕÑ�Þ�Í	ù9é�ÏW÷�ØEÏNØ�ÑtÍSË�àÊûõÞ�Í�Ø�Ú¥É�Ñ�Û É~ÔfÝ�ÛÜØV

Ñ�Î�Û�ß�ÓIÑtÛ�Ö�çìÛ�ØïØ�Þ�ÖUèÂç�Û�çìÑtÞIÍeÐ�É~ÔÜÉ~åSÑ�ÛÜåJådÖNÖ�Î�Ý�Û�ç¥É�Ñ�ÍdØdà��ÕÌ~Ídç�ÑtØõÒ`Î�Ö�Ë¿Ú(ÍdÎ�ÛÜÖNÝ
�*�����f®��*���n1îÉ~Î�ÍÕådÖ�Ô�ÔÜÍdåóÑtÍSÝ+ç�ÍdÉ~ÎGÍdåSÔÜÛÜÚ9ÑtÛÜåPÚ�Ô É~çIÍÕÝ�Ó�Í�ÑtÖ�je�Õû(�

��ÂÚ�Ö�Û�ç�ÑtÛÜçIÐ
Ñ�Ö	É~ç�ÑtÛT
�Ø�Ö�ÔÜÉ~ÎïÚ(Ö�Û�çnÑ�à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à ��$��

��à2� ñ�Û�Ð�Þ�ÑCåSÓ�Î�Ì~ÍdØõÖ~Ò).ZÉ~Ø�Þ�ÍdØïÌNÛ�Ø�ÛÜßIÔÜÍÂÖ�ç%ÉrÑïÔ�Í±É~ØEÑ,�âådÖ�çIØ�ÍdåSÓIÑtÛôÌ�Í%�F�~ØïÍ��IÚ(Ö�Ø�Ó�Î�ÍSØ���$��
��àW$ UeÚIÑ�ÛÜådÉ~Ô7.ZÉ~Ø�Þ×ÌNÛÜØ�Û�ß�ÔÜÍÊÖ�ç��	åSÖ�ç�Ø�ÍSådÓIÑ�Û�Ì~Í£ÛÜË^É~Ð�ÍSØ�'��%É�ç�Ý�1¬+ÂÖ�ç�������X>


�F�g
¦���x���/¹W���L¹W��$"à+à\à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à ��$n�
��àY� È�Ë^É~Ð�ÍSØõÖ~Ò�o�� ñ�ÍSÖ^Ö�Ó9Ñtß�Ó�Î�Ø�Ñ�'Pß(ÍdÐ�Û�ç�ØJÉ�ÑÂÛÜË^É~Ð�Í·�¬+ à\à+à\à+à\àÊà+à\à ��$n�
��à21 ñ�Û�Ð�Þ�ÑìåSÓ�Î�Ì~Í�Ö~ÒÊÖ�ÓIÑ�ß�Ó�Î�ØEÑ%Ö~Ò±.¥É~Î�Í�Ø�ÑæÉ�Îzo��!ñ�ÍdÖ�ÛÜÝ�ÍSçnÑ�Û��¥ÍSÝ"ß�Ïc.¥É~Ø�Þ

Î�ÍdåSÖ�Ð�ç�ÛôÑtÛÜÖ~çíÉ~ÔÜÐ�Ö~Î�Û�Ñ�Þ�Ë�Ö�ç������n19àW����àW�n�¬��¹���$/¹W�n�0ÁJû à\à\à+à\à+à\àÊà+à\à ��$�$
��àWX ñ�Û�Ð�Þ�ÑðåSÓ�Î�Ì~Í£Ö~Ò�Ö�ÓIÑ�ß�Ó�Î�Ø�ÑeÖ�Ò�.ZÉ~Î�Í+Ø�ÑtÉ~Îâáw�¤$�$�$/�±ýÂ®ìá��¤$�$�$n�	Û�ç��*���~Ø

Ñ�ÛÜË	ÍeÎ�ÍSØ�Ö�Ô�ÓIÑtÛ�Ö�ç à\à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à ��$n1
��à2� ñ�Û�Ð�Þ�Ñ+åSÓ�Î�Ì~ÍìÖ~ÒïÖ�ÓIÑ�ß�Ó�Î�ØEÑ�Ö�Ò-.ZÉ~Î�Í^ØEÑæÉ~Î�áw�]$�$�$/�±ýº®�áw�]$�$�$n�íÛ�çc�F�~Ø

Ñ�ÛÜË	ÍeÎ�ÍSØ�Ö�Ô�ÓIÑtÛ�Ö�ç à\à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à ��$�X
��àWr Ueß�Ø�ÍdÎEÌ~ÉrÑtÛÜÖ~ç�ØCÖ�ÒGÉ~Ø�Ñ�ÍdÎ�Ö�ÛÜÝìøPÉ~Ú¥É�Ð�Ídç¥É+ÛÜçÆÑtÛÜË	ÍÂÚ�ÍSÎ�Û�Ö9Ý	Ò`Î�Ö�ËÃ�����n�>
V���>
����

Ñ�Ö¬�����n�>
´�n�>
V�*� à+à\à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à ��$n�
��àWm ý¹Ë^ÖNÝ�ÍdÔBÖ~ÒJÉ~ç�ÍdË	ÛÜØ�Ø�ÛÜÖ�ç�Ë^ÍSåæÞ¥É~ç�Û�Ø�Ë Ö~ÒJÉ�á"&@ü�èÂÛôÑtÞ�ÝIÛ�~�ÍdÎ�ÍSç�ådÍ�Û�ç

åSÖ�ÔÜÔ�ÛÜË^É�ÑtÛ�Ö�ç�Ö�Ò
γ

�Î�ÉUÏ	É�ç�ÝìÖ�Ú9ÑtÛÜådÉ~Ô¥ÍdË	ÛÜØ�Ø�Û�Ö�ç
àPûõÞIÍdÎ�Í@ËìÉ±ÏÆß(ÍðÉÊçnÓ�Ë£ß(ÍdÎ

Ö�ÒPÍóÌ�Ídç�Ñ�ØðÎ�ÍSÔ É�Ñ�ÍdÝ�ÑtÖ^á"&@üCØdú¥ß�ÓIÑÂÛ�ç�Ì9Û�Ø�Û�ß�ÔÜÍeÛ�ç
γ
ß¥É~çIÝíÒ`Î�Ö�Ë¹Ñ�Þ�Íw�BÉ�Î�ÑtÞWàB�F�n$

��àT����UeÚIÑ�ÛÜådÉ~Ô9Ô�Ó�Ë	ÛÜç�Ö�Ø�Û�Ñ�ÏÊÖ~ÒZÑ�Þ�ÍõØ�Ö�ÓIÎ�ådÍõÛ�ç�Ò`Ó�ç�åóÑtÛ�Ö�ç�Ö~Ò¥ÑtÛ�Ë^Í�ú~Ó�Ú�Ñ�Öw�*�eÞ�Ö�ÓIÎ�Ø
ÉrÒqÑtÍdÎ^ÑtÞ�Í�ß�ÓIÎ�Ø�Ñdà�ûõÞ�Í�ÔÜÛ�Ë^ÛôÑtØÆÖ�ßIÑtÉ~ÛÜçIÍdÝ"Ò`Î�Ö~Ë ÑtÞIÍ&÷døÕÛeÖ~ÒÊÑtÞ�ÍÙùNénÏW÷
Ë	Í±É�Ø�Ó�Î�ÍdË	Ídç�ÑtØJÉ~ç�Ý�Ú�Î�ÍdØ�ÍSç�ÑtÍdÝ×ÛÜç%ÑtÞIÛÜØõÑtÞ�ÍSØ�Û�Ø@É�Î�ÍâØ�ÞIÖuèÂçWà�à\à+à\àÊà+à\à �F�f1

��àT���»!@ÛÜØ�Ñ�Î�Û�ß�ÓIÑtÛ�Ö�ç�ØÂÖ~ÒÕÔ�Ó�Ë	ÛÜç�Ö�Ø�Û�Ñ�Ï�Û�ç×Ø�Ó�ß�ÎtÉ�ç�Ð�ÍdØðÖ~Ò7ÑtÛ�Ë^ÍâèÂÛôÑtÞ]�IÑ�ÑtÍSÝ©Ð�É~ÓIØ�Ø
Ò`ÓIç�åSÑ�ÛÜÖ�ç à+à\à\à+à\à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à �F�f�

��àT�>��ñ�Ó�Ë	ÛÜçIÖ�Ø�ÛôÑ�ÏìÖ~ÒkÑtÞIÍ\Ø�Ö�Ó�Î�ådÍ\ÛÜç�Ò`Ó�ç�åóÑtÛÜÖ~ç�Ö~ÒPÑ�ÛÜË	ÍeØ�Û�ç�ådÍ+á"&@üðà à\àÊà+à\à �F�nr

�
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��àT��$�UeÚIÑ�ÛÜådÉ~Ô£ß�Î�ÛÜÐ�Þ�ÑtçIÍdØ�ØÙÖ�ßIÑtÉ~ÛÜçIÍdÝ1Ò`Ö�Î�Ý�Û�~�ÍdÎ�Ídç�ÑÙØ�Ö�ÓIÎ�ådÍ&ÔÜÓIË^Û�ç�Ö�Ø�ÛôÑtÛ�ÍdØ×Û�ç
Ò`ÓIç�åSÑ�ÛÜÖ�çíÖ~ÒfÎ�ÍSÝ�Ø�Þ�ÛôÒqÑ¹à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à �F�nm

��àT�F� Ueß�Ø�ÍdÎEÌ�ÍdÝ
γ

�ÎtÉ±ÏìÍSç�ÍdÎ�Ð~Ï

Eobs
peak

Û�çìÒ`Ó�ç�åóÑtÛÜÖ~çìÖ~ÒGÎ�ÍdÝ�Ø�Þ�Û�ÒqÑÂÉrÑïèÂÞ�Û�åæÞ�áw&Jü
ÖNådåSÓ�Î�Î�ÍdÝ
à�oîÉ~ÔÜåSÓ�Ô ÉrÑtÍdÝeÒ`Ö~Î

Esource
peak

ÍdçIÍdÎ�Ð~ÛÜÍdØGÖ~Ò��9àW��ò�Í�Ä�ún��à21�ò�Í�Ä£ú��uò�Í�Ä
É�ç�Ý�1*���~é~Í�Ä�à à+à\à+à\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à �>1��

��àT�>1¸!@ÛÜØ�Ñ�Î�Û�ß�ÓIÑtÛ�Ö�ç�ØîÖ�ÒPÎ�ÍdÝ�Ø�Þ�Û�ÒqÑ�ØJÖ�ÒPÚ�Î�Í�
<ùNäÿÈV�Pû�É�ç�Ý©ùnäÿÈV�Pû1á"&@üCØ×àÊà+à\à �>1/�
��àT��X�!@ÛÜØ�Ñ�Î�Û�ß�ÓIÑtÛ�Ö�ç×Ö�ÒCÎ�Í±É~åóÑtÛ�Ö�ç©ÑtÛ�Ë^ÍSØx'�¯(�n���ìØ�ÍSå�+eÖ~ÒBÉ~Ô�ÔPÖ�ÚIÑ�ÛÜådÉ~ÔkÑ�ÍdÔ�ÍdØ�åSÖ�Ú(ÍdØ

É�ç�Ý�ùNäÿÈV�fû-
VÁ�ÄsUeû¨Ø�Þ�ÖUèÂç�Ø�ÍdÚ�É~ÎtÉ�Ñ�ÍdÔôÏ]' ÔÜÍóÒqÑBÚ�ÔÜÖ~Ñ¦+ÕÉ~ç�ÝìË	ÛÜçIÛÜË^É~Ô9Ñ�ÛÜË	Í
Ö�ÒîÚ(Ö�Ø�ÛôÑtÛ�Ì~ÍÆÖ�ÚIÑtÛ�å±É~ÔÕÝIÍSÑtÍSåSÑ�ÛÜÖ�ç�' Î�Û�Ð�Þ�Ñ\Ú�ÔÜÖ~Ñ¦+óà�UâçIÔ�ÏÙùNèÂÛôÒqÑ�áw&JüïØÊèïÍSÎ�Í
ÑtÉ~é~ÍSç�Û�ç�ÑtÖ	É~ådåSÖ�Ó�ç�Ñ±àêà\à\à\à\à\à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à �>1��

ý+à��Å�
�IÉ~Ë	Ú�ÔÜÍâÖ�ÒPç�Û�Ð�Þ�ÑÂÚ�ÛÜØ�ÞíØ�ådÎ�ÛÜÚIÑ"à+à\à+à\à\à+à\àÊà+à\à+à\à\à+à\à+à\àÊà+à\à �>���

�9Û





���������ÇÆ$2$�¬��

���

�ZÖ~Î7ÑtÞ�Ö�ÓIØtÉ~ç�ÝIØBÖ�Ò�Ï~Í±É~Î�ØCÚ(ÍdÖ�ÚIÔÜÍõß(ÍdÔÜÛ�ÍSÌ~ÍdÝ�ÑtÞ¥ÉrÑBÑ�Þ�ÍõØ�é�ÏÆÛ�Ø�ÉÊåSÖ�ç�ØEÑæÉ~ç�ÑBß�ÍSÛÜç�ÐIàPûõÞ�ÍsÁ@ç�Û#

Ì�ÍdÎ�Ø�ÍîèïÉ~Ø7ß(ÍdÔ�ÛÜÍSÌ~ÍdÝ�Ñ�Öeß(ÍïÍSÑ�ÍdÎ�ç¥É~Ô9É~ç�Ý£Ó�çIåæÞ¥É~ç�Ð�ÍSÝ
à7ûõÞ�Û�Ø7ÛÜÝIÍ±É@Þ�É~ØPß(ÍdÍSçxkNÓIÍdØ�Ñ�ÛÜÖ�çIÍdÝ�ß�Ï
á\É~Ô�ÛÜÔ�ÍdÖ�áÊÉ~Ô�ÛÜÔÜÍSÛ�èÂÞ�ÖÆÓ�Ø�ÍSÝ�Ø�Ó�Ú(ÍdÎ�çIÖuÌ�ÉÆÝ�ÛÜØ�ådÖUÌ�ÍSÎ�ÍSÝ�ß�ÏK�~Ö�Þ�É~ç�ç�ÍSØsÈâÍSÚ�ÔÜÍSÎîÛÜç���X����ÆÉ~ØÂÉ~ç
É~Î�Ð�ÓIË^ÍSçnÑdà�ù9Û�ç�ådÍïÑ�Þ¥É�ÑÕÑ�ÛÜË	Íïß�Û�ÐâÚ�Î�Ö�Ð~Î�ÍdØ�Ø�ÛÜçÆÉ~ØEÑtÎ�Ö~ç�Ö�Ë�Ï\èîÉ�ØCÉ�åæÞ�ÛÜÍóÌ�ÍdÝWàÕûõÞ�Í(Á@ç�ÛôÌ�ÍSÎ�Ø�Í
ÛÜØBç�Ö~Ñîß(ÍdÔ�ÛÜÍóÌ�ÍdÝ^ÑtÖ�ß(ÍðÍóÑtÍSÎ�ç¥É~Ô�É~ç�Ý^Ó�ç�åæÞ¥É�ç�Ð�ÍdÝíÉ�çnÏNË	Ö�Î�Í�àBù9ÍSÌ~ÍdÎ�É~ÔWÖ�ßIØ�ÍdÎEÌ�É�ÑtÛ�Ö�ç�ØBÚ�Î�ÖUÌ�Í
ÑtÞ¥É�ÑÕÑ�Þ�Í�Á@ç�ÛôÌ�ÍSÎ�Ø�ÍÂß(ÍdÐ�É�ç	Û�ç£ÑtÞ�ÍÂüCÛÜÐÊüîÉ~çIÐ�únÉ~ß(Ö�ÓIÑ(�F�âß�Û�ÔÜÔ�ÛÜÖ�ç\Ï�Í±É�ÎCÉ�Ð�ÖÊÉ~ç�Ý�ÑtÞIÛÜØÕÛÜØfÑtÞ�Í
èïÍSÔÜÔkÍdØ�ÑtÉ~ß�Ô�ÛÜØ�ÞIÍdÝ×Ñ�Þ�ÍdÖ�ÎEÏ×çIÖuèÊà@ûõÞ�Í£ÍóÌ�Ö�Ô�ÓIÑtÛ�Ö�ç×Ö~ÒPÑtÞ�Í�Á@ç�ÛôÌ�ÍdÎ�Ø�Í�Û�Ø@ØEÑtÓ�Ý�Û�ÍdÝ�É�Ø@èCÍdÔÜÔfÉ~Ø
ÍSÌ�Ö~ÔÜÓIÑ�ÛÜÖ�çíÖ~ÒfÛ�Ñ�ØJåSÖ�Ë	Ú�Ö�çIÍdç�ÑtØSàBûõÞIÍ+ÍóÌ�Ö�Ô�ÓIÑtÛ�Ö�çíÖ~ÒPØEÑæÉ~Î�ØÂÛÜØ(knÓ�Û�Ñ�ÍeèïÍSÔÜÔ�Ó�ç�ÝIÍdÎ�ØEÑtÖNÖ9Ý�É~ç�Ý
Û�ÑJÛÜØJç�ÖUè�èCÍdÔÜÔkénç�ÖUèÂç×Ò É~åóÑ@Ñ�Þ¥É�ÑÂÑtÞ�ÍSØ�Í+Ö�ßNë�ÍdåóÑtØeÍóÌ�Ö�ÔôÌ�Í�àõûõÞ�Í+Ñ�ÛÜË	ÍdØ�ådÉ~ÔÜÍÊÖ~ÒfÑtÞ�Û�Ø@ÍóÌ�Ö�Ô�Ó/

ÑtÛÜÖ~ç¬Û�ç�ådÖ~Ë^Ú¥É�Î�ÛÜØ�Ö�ç�ÑtÞ�Í^ÞnÓ�ËìÉ�ç�ÔÜÛôÒ`Í�ÛÜØ\ÞnÓ�Ð�Í~àKjJÖuèCÍSÌ~ÍdÎSú7ÑtÞ�ÍSÎ�Í^É~Î�Í^ËìÉ~ç�Ï�Ú�Î�Ö9åSÍdØ�Ø�ÍdØ
ÛÜç�ÑtÞ�Í0ÁJç�Û�Ì~ÍdÎ�Ø�Í�èÂÞ�ÛÜåæÞÙÖNådådÓIÎâÛÜç�Ë£Ó�åæÞ�Ø�Ë^É~Ô�ÔÜÍdÎJÑtÛ�Ë^ÍSØ�å±É�ÔÜÍdØSà�ûõÞ�Íx�¥Î�Ø�Ñ\Í��IÉ~Ë	Ú�Ô�Í£å±É~ç
ß�ÍìÉ~ÔÜÎ�Í±É~ÝIÏÙË	Ídç�ÑtÛ�Ö�ç�ÍSÝ�Ú�Î�Ö9åSÍdØ�ØSúÕØ�Ó�Ú(ÍdÎ�ç�ÖUÌ�É©Í��9Ú�ÔÜÖ~Ø�ÛÜÖ~ç
à�ûõÞIÍdØ�ÍìÍSÌ�ÍSç�ÑtØ�ÖNådådÓIÎ�É�Ñ\ÑtÞ�Í
Ídç�Ý�Ö~ÒGØEÑæÉ~ÎCÔÜÛôÒ`ÍðÉ~çIÝìÑtÛ�Ë^ÍSØ�å±É�ÔÜÍJÖ~Ò
ÑtÞIÍeÍ��9Ú�Ô�Ö�Ø�Û�Ö�çìÛôÑtØ�ÍSÔ�Ò�ØEÑæÉ~ÎEÑtØîÖ~çìÑtÞ�Í@ÔÜÍóÌ�ÍdÔ�Ö~ÒGØ�ÍSådÖ�çIÝ�Ødà
&JÍSådÍdç�Ñ�Ö�ß�Ø�ÍSÎ�Ì�É�Ñ�ÛÜÖ�ç�ØÊØ�Ó�Ð�Ð�ÍSØ�Ñ�Ñ�Þ¥É�ÑÊÑtÞIÍ^Ë	Ö�Ø�ÑÊÌNÛÜÖ~ÔÜÍdç�Ñ+É~ç�ÝÙØ�Ú(ÍdåóÑæÉ~åSÓ�Ô É�Î+Ú�Î�Ö9åSÍdØ�Ø�ÍdØ+ÛÜç
ÑtÞ�Í]Á@ç�ÛôÌ�ÍSÎ�Ø�Í�ÖNådådÓIÎ	Û�çêÑtÛÜË	ÍdØ�å±É~Ô�ÍdØ�Ö~Ò@Ø�ÍSådÖ�çIÝ�Ødà�ýðË	Ö�ç�Ð�ÑtÞ�ÍSØ�Í�Ú�Î�ÖNådÍSØ�Ø�ÍdØ^Ñ�Þ�ÍíË^Ö~Ø�Ñ
Ídç�ÍSÎ�Ð�ÍóÑtÛÜå+É~Î�Í\á\É~Ë	Ë^Éx&@É±ÏíüïÓIÎ�Ø�Ñ�Ø%'`Þ�ÍdÎ�Í±É�ÒqÑ�ÍdÎðáw&Jü,+�úIèÂÞ�ÛÜåæÞíèCÍdÎ�Í+ËìÉ�ÛÜç�Ë	Ö~ÑtÛôÌ~ÉrÑtÛÜÖ~ç
Ö~ÒGÑtÞ�Û�ØïÑtÞ�ÍSØ�Û�ØdàÕûõÞ�Í\á"&@üCØõÉ~Î�ÍâÚIÎ�ÖNådÍdØ�Ø�ÍSØJÖNådåSÓ�Î�Î�ÛÜç�Ð�ÛÜç%ÑtÛ�Ë^ÍSØ�ådÉ~ÔÜÍSØïÎtÉ�ç�Ð�ÛÜçIÐ�Ò`Î�Ö�Ë/Ë	ÛÜÔT

ÔÜÛÜØ�ÍdåSÖ�ç�Ý�ØPÑ�ÖeÞnÓ�ç�Ý�Î�ÍdÝ�Ø�Ö~ÒZØ�ÍdåSÖ�ç�Ý�ØSàÕÈ�ç�Ö�Î�Ý�ÍSÎfÑ�ÖeØ�Ñ�Ó�ÝIÏ£Ø�Ó�åæÞÆÎtÉ~ÚIÛÜÝ£Ú�Î�Ö9åSÍdØ�Ø�ÍdØ�Û�ç�Ö�ÚIÑ�ÛÜådÉ~Ô
Ý�Ö�Ë^É~ÛÜçíÉ�ç�Íóè¯É~Ú�Ú�Î�Ö�É~åæÞíèîÉ�ØJÎ�ÍlknÓ�Û�Î�ÍdÝWàïùNÓ�åæÞ©É�ç�ÍSÍdÝ�Ñ�Î�Û�Ð�Ð�ÍdÎ�ÍdÝíÝ�ÍóÌ�ÍdÔ�Ö�Ú�Ë	Ídç�ÑJÖ~ÒkÑtÞ�Í
÷døÕÛîÖ~ÒõÑtÞIÍ�ù9é�Ï
÷%Ú�Î�Örë�ÍdåóÑ±à�!eÉ�ÑtÉ�É~ç¥É~ÔôÏNØ�ÛÜØ+Ú�Î�ÍSØ�ÍSçnÑ�ÍdÝ�ÛÜç�Ñ�Þ�ÛÜØ�Ñ�Þ�ÍdØ�ÛÜØ�èïÉ~Ø�Ú(ÍdÎEÒ`Ö�Î�Ë	ÍdÝ
Ö�ç�ÑtÞ�ÍÆÝ¥É�ÑtÉ%ådÖ�Ô�ÔÜÍSåSÑtÍSÝ�ßnÏ×ÑtÞ�Í�÷døÕÛ7Ö�ÒCÑ�Þ�Í^ù9é�Ï
÷£Ý�ÍóÑtÍSåSÑtÖ~Îdú�èÂÞ�ÛÜåæÞ�èïÉ~ØÊÖ�ÚIÑtÛ�Ë^Û�ãdÍSÝ×Ò`Ö�Î
ÛÜç�Ì�ÍSØ�ÑtÛ�Ð�É�Ñ�ÛÜç�ÐÆØ�ÞIÖ�Î�ÑõÑ�ÛÜË	ÍdØ�ådÉ~ÔÜÍeÉ~Ø�Ñ�Î�Ö�Ú�Þ�ÏNØ�Û�å±É~ÔGÚ�Î�Ö9åSÍdØ�Ø�ÍdØÂèÂÛ�Ñ�ÞíËìÉ~Û�ç%Ò`Ö9åSÓ�ØÂÖ�ç�áw&JüïØSà
ûõÞ�Í�ÑtÞIÍdØ�Û�ØðÛ�ØðÝ�ÛôÌ9Û�Ý�ÍdÝ�ÛÜçK��Ì�Í£åæÞ�É~ÚIÑtÍSÎ�ØSàeÈ�ç×ÑtÞIÍ��¥Î�ØEÑeåæÞ¥É�ÚIÑtÍSÎeØ�Þ�Ö~Î�ÑðÑ�ÛÜË	ÍdØ�å±É~Ô�Í+É�Ø�ÑtÎ�Ö*

Ú�Þ�Ï9Ø�ÛÜådÉ~ÔfÚIÎ�ÖNådÍdØ�Ø�ÍSØâÉ~Î�Í\Î�ÍóÌNÛÜÍSèCÍdÝ�èÂÛ�ÑtÞ�ËìÉ�ÛÜç�Ò`Ö9åSÓ�ØJÖ�ç�á"&@ü@à¥È�ç�ÑtÞIÍ+Ø�ÍdådÖ~ç�Ý�åæÞ¥É~ÚIÑ�ÍdÎ
ÑtÞ�Í�÷døÕÛâÖ~Ò+ÑtÞ�Í¬ù9é�ÏW÷�Í��9Ú�ÍSÎ�ÛÜË	Ídç�Ñ�ÛÜØ�ÚIÎ�ÍdØ�Ídç�ÑtÍSÝ
úâèÂÛ�Ñ�Þ Ø�ÍSÌ~ÍdÎtÉ�ÔÊÑ�ÍdåæÞ�çIÛÜå±É�Ô\Ø�Ö�ÔÜÓ9ÑtÛÜÖ~ç�Ø
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Ý�ÍdØ�ådÎ�Û�ß�ÍSÝÿÛÜç¨Ý�ÍóÑæÉ~Û�ÔÜØdà1ûõÞIÍ©ÑtÞ�Û�Î�Ý"åæÞ¥É�ÚIÑtÍSÎ�ådÖ�ç�ÑæÉ�ÛÜç�Ø%ÝIÍdØ�åSÎ�Û�ÚIÑtÛ�Ö�ç¨Ö~ÒÊÝ¥É�ÑtÉêÉ~ç¥É~ÔôÏNØ�ÛÜØSú
ÛÜç�åSÔÜÓ�Ý�Û�ç�Ð×ÝIÍdØ�åSÎ�Û�ÚIÑtÛ�Ö�ç�Ö~Ò,.¥É~Ø�ÞêÎ�ÍdådÖ~Ð�ç�Û�Ñ�ÛÜÖ�ç¬É~Ô�Ð�Ö�Î�ÛôÑtÞ�Ë	ØÊådÎ�Í±É�Ñ�ÍdÝêß�Ï�É�ÓIÑtÞ�Ö~Îdà×È�ç¬ÑtÞ�Í
Ò`Ö�Ó�Î�Ñ�Þ�åæÞ�É~ÚIÑtÍSÎÂÎ�ÍdØ�Ó�Ô�Ñ�ØJÉ~ç�Ý�Ú�ÍSÎ�Ø�Ú(ÍdåóÑtÛôÌ�ÍdØÂÒ`Ö�ÎîÒ`ÓIÑ�Ó�Î�Í\É~Î�ÍâÚ�Î�ÍSØ�ÍSçnÑ�ÍdÝ
à
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�ZÖ~Î	åSÍdç�ÑtÓIÎ�ÛÜÍSØ%É~ØEÑtÎ�Ö�ç�Ö�Ë	ÛÜådÉ~ÔîÖ�ß�Ø�ÍdÎEÌ~ÉrÑtÛÜÖ~ç�Ø�èïÍSÎ�Í×Ú(ÍdÎEÒ`Ö�Î�Ë	ÍdÝ&ÛÜç&ÔÜÖ~ç�Ð�ÑtÛÜË	ÍdØ�å±É~Ô�ÍdØSà�È�Ñ
èîÉ~ØJË^É~ÛÜç�ÔôÏ	Ý�Ó�ÍâÑtÖÆÛÜçIØ�ÑtÎ�Ó�Ë	Ídç�ÑæÉ~ÔWÔÜÛÜË	Û�ÑtÉ�ÑtÛ�Ö�ç�ØSà��7Ì~Ö�ÔÜÓIÑ�ÛÜÖ�çíÖ~ÒfØ�ÑtÉ~Î�ØJÉ~çIÝíÑ�Þ�ÍwÁ@ç�ÛôÌ�ÍSÎ�Ø�Í
ÛÜØ£É�Ì�ÍdÎEÏ�Ø�ÔÜÖUè�Ú�Î�Ö9åSÍdØ�ØSúÕØ�Ö×Ò`Ö~Î�ÔÜÖ~ç�Ð�Ñ�ÛÜË	Í^ÛôÑ+èïÉ~Ø£ÍSç�Ö�Ó�Ð~Þ�Ò`Ö�Î\Ó�ç�Ý�ÍSÎ�Ø�ÑtÉ~ç�Ý�Û�ç�Ð�Ë^É~ç�Ï
É~Ø�Ñ�Î�Ö�Ú�Þ�ÏNØ�Û�å±É~ÔÕÚIÎ�ÖNådÍdØ�Ø�ÍSØ+Û�ç�Ñ�Þ�Í0Á@çIÛ�Ì�ÍSÎ�Ø�Í~àÆûõÞ�ÍÆËìÉ�ÛÜç©Ô�ÛÜË	Û�ÑæÉrÑtÛÜÖ~çíèïÉ~ØÊÝ�Ó�Í�Ñ�Ö�ÝIÍSÑtÍSå�

ÑtÖ�Î�Ødú�Ø�ÛÜç�åSÍðÑtÞ�ÍâË	ÛÜÝIÝ�ÔÜÍJÖ~Ò�ÊeÈ�Ê¯åSÍdç�ÑtÓIÎ�Ï%ÚIÞ�Ö~ÑtÖ~Ð�ÎtÉ~ÚIÞ�ÛÜå��¥ÔÜË	ØCèCÍdÎ�ÍâÓ�Ø�ÍSÝ
àCûõÞIÍSÏ%ÝIÛÜÝ�ç7Ë Ñ
É~ÔÜÔ�ÖuèÿÒ`Ö�ÎïØ�Þ�Ö�ÎEÑÂÍ��9Ú(Ö�Ø�Ó�Î�ÍdØJÝ�Ó�ÍâÑtÖ�Ì~ÍdÎ�Ï%Ú�ÖNÖ�Î�knÓ¥É~ç�Ñ�Ó�Ë.Í��	åSÛÜÍdçIåSÏ�àBûõÞ�ÍÊç�Í��9ÑJÐ�ÍSç�ÍdÎ�Ég

ÑtÛÜÖ~ç�Ö�ÒPÝ�ÍóÑtÍSåSÑtÖ~Î�ØdúZÚ�ÞIÖ~ÑtÖ�Ë�Ó�Ô�Ñ�ÛÜÚ�Ô�ÛÜÍdÎ�ØîÉ~Ô�ÔÜÖUèCÍdÝíË£Ó�åæÞ�ß�ÍóÑ�Ñ�ÍdÎõÑtÛ�Ë^ÍâÎ�ÍdØ�Ö~ÔÜÓIÑ�ÛÜÖ�ç
ú9Þ�ÖUèïÍóÌ�ÍSÎ
ÑtÞ�ÍóÏ�èïÍSÎ�ÍÂÔÜÛ�Ë^ÛôÑtÍdÝ\ÑtÖÊÖ�ß�Ø�ÍdÎEÌ~ÉrÑtÛÜÖ~ç�ØÕÖ~Ò�Ø�ÛÜçIÐ�ÔÜÍîÖ~ßNë�ÍdåóÑ±à�üïÛ�ÐâÚ�Î�Ö�Ð~Î�ÍdØ�Ø�ÛÜç�ÍdÔ�ÍdåóÑtÎ�Ö~ç�ÛÜåîÑ�ÍdåæÞ/

ç�Ö�ÔÜÖ~Ð�ÛÜÍSØeÉ~Ô�ÔÜÖUèïÍSÝ©ÑtÖ�Û�çnÑ�Î�ÖNÝ�Ó�åSÍ£ç�ÍSè Ñ�ÏNÚ�Í�Ö�ÒCÝIÍSÑtÍSåSÑ�Ö�Î�Ø�oïÞ¥É~Î�Ð�ÍdÝ�oïÖ~Ó�Ú�ÔÜÍSÝ�!ðÍSÌNÛÜåSÍdØ¬'
o,o�!Ì+óà�ûõÞIÛÜØâÑ�ÏNÚ�Í	Ö~ÒCÝ�ÍSÑ�ÍdåSÑ�Ö�ÎÊÑtÖ�Ð�ÍóÑtÞ�ÍSÎâèÂÛ�ÑtÞ�åSÖ�Ë^ÚIÓIÑtÍSÎ�ØÊÐ�Û�Ì~ÍdØ+É�Ú�ÖUèCÍdÎ�Ò`ÓIÔ�Ñ�Ö9Ö~ÔPÑtÖ
ÑtÞ�Í%Î�ÍdØ�Í±É~Î�åæÞ�ÍdÎ�Ødà³Á@Ø�ÛÜç�Ð�ÑtÞ�Í�o,o�!öÝIÍSÑtÍSåSÑ�Ö�Î�Ø£ÛôÑ�Û�Ø�Ú(Ö�Ø�Ø�ÛÜß�Ô�Í	Ñ�Ö©Ú(ÍdÎ�Ò`Ö~Î�Ë É~Ø�Ñ�Î�Ö�ÚIÞnÏNØ�ÛT

å±É~ÔkÖ�ß�Ø�ÍdÎ�Ì�É�Ñ�ÛÜÖ�çIØ@èÂÛ�Ñ�Þ�Ñ�ÛÜË	Í\Î�ÍdØ�Ö�ÔÜÓIÑ�ÛÜÖ�ç�Ö~ÒÕØ�ÍdåSÖ�ç�Ý�ØSà±�
�IåSÍdÚIÑðÑtÞ�Í+Ö�ÚIÑtÛ�å±É~ÔGÝ�Ö~ËìÉ~Û�ç�ßIÛÜÐ
Ú�Î�Ö�Ð~Î�ÍdØ�Ø+èïÉ~Ø£É�ÔÜØ�Ö�É~åæÞ�Û�ÍSÌ~ÍdÝ�Û�çÙÑ�Þ�ÍìÉ�Î�Í±É�Ö~Ò-Ê�
�Î�ÉUÏ~úfÐ�É~Ë^Ë^ÉíÉ~ç�Ý¬Ú¥É~Î�Ñ�ÛÜåSÔÜÍ�Ý�ÍóÑtÍdåóÑtÖ�Î�Ødú
èÂÞ�ÛÜåæÞ�É~ÔÜÔ�ÖuèCÍdÝ�ÑtÖ�ß(ÍdÐ�Û�ç¬ØEÑtÓ�Ý�Û�ÍdØ\Ö~ÒïÑ�Þ�Í¬Á@ç�ÛôÌ�ÍdÎ�Ø�Í	ÛÜçÙÖ~ÑtÞIÍdÎ\ß¥É~ç�Ý�ØSà%øÕÎ�Ö~Ð�Î�ÍSØ�Ø�Û�ç¬ÝIÍ�

ÑtÍdåóÑtÖ�ÎJÑtÍSåæÞ�ç�ÛÍknÓ�ÍSØâÉ~Ô�ÔÜÖUèïÍSÝ�Ñ�ÖìË	Ö�ç�ÛôÑtÖ�ÎõØ�ÛÜË£Ó�ÔôÑæÉ~çIÍdÖ�Ó�Ø�Ô�Ï�Ë^É~ç�ÏíÖ�ßNë�ÍSåSÑ�ØeÛÜç�Ø�Þ�Ö~Î�ÑðÑ�ÛÜË	Í
Ø�å±É�ÔÜÍdØSàÙä¬Í%ç�ÖUè¿énç�ÖUè¿Ñ�Þ¥É�Ñ�Ñ�Þ�ÍdÎ�Í�ÛÜØ�É�çNÓIË£ß�ÍSÎ�Ö~ÒÂØ�ÓIåæÞ&Ò É~ØEÑÆÉ~ØEÑtÎ�Ö~Ú�Þ�Ï9Ø�ÛÜådÉ~ÔïÍóÌ�Ídç�Ñ�Ø
Ö9åSådÓ�Î�Î�ÛÜçIÐ�Ö~çÙÌ~ÍdÎ�Ï�Ø�Þ�Ö�ÎEÑ\Ñ�ÛÜË	ÍdØ�å±É~Ô�ÍdØâÝ�ÖUèÂç¬Ñ�ÖíË^Û�ÔÜÔÜÛ�Ø�ÍSådÖ�ç�ÝIØdà�ñ�ÛÜØEÑÊÖ~ÒîÛ�ç�ÑtÍdÎ�ÍdØEÑtÛÜçIÐ�É�Ø�

ÑtÎ�Ö~Ú�Þ�Ï9Ø�ÛÜådÉ~Ô
Ú�Î�Ö9åSÍdØ�Ø�ÍdØJÉ~åóÑtÛÜçIÐ£ÛÜç%Ø�Þ�Ö�ÎEÑîÑtÛ�Ë^ÍSØ�å±É�ÔÜÍdØCÛÜØCÔÜÖ�ç�ÐIà7ûõÞ�ÍâË	Ö�Ø�ÑïÎtÉ~Ú�Û�Ý
úIßIÓIÑõØ�Ñ�ÛÜÔ�Ô
Ú�Ö�Ø�Ø�Û�ß�ÔÜÍeÑ�Ö	Ö~ß�Ø�ÍSÎ�Ì�Í�É~Î�ÍâÔ�ÛÜØEÑtÍdÝíß(ÍdÔ�Öuè¡¹

• áÊÉ~Ë^Ë^É%&JÉ±ÏíüïÓ�Î�Ø�ÑtØ�' á"&Jü,+
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• ù9Ó�Ú(ÍdÎ�ç�ÖUÌ�É~Í+ØEÑæÉ~Î�Ø
• ýõåSÑ�Û�Ì~Í£áÊÉ~Ô É�åSÑtÛ�å·�JÓ�ådÔ�ÍdÛ^' ýJá"�·+ïÛ�çíÚ¥É~Î�Ñ�ÛÜåSÓ�Ô É~Îïß�Ô É~Ø�É~Î�Ø
• �@ÖUÌ�ÉÆØ�ÑæÉ�Î�Ø
• �PÔÜÉ~Î�ÍÊÉ~çIÝ�Ö�ÑtÞ�ÍSÎÂÌ�É~Î�Û É~ßIÔÜÍeØEÑæÉ~Î�Ø
È�Ñ�Ø�ÍdÍSË^Ø�ÑtÞ�É�Ñ�ÑtÞ�ÍÕË	Ö�ØEÑ
ÌNÛÜÖ�Ô�Ídç�ÑGÉ~ØEÑtÎ�Ö~Ú�Þ�Ï9Ø�ÛÜådÉ~Ô�Ú�Î�Ö9åSÍdØ�Ø�ÍdØkÖ9åSådÓ�Î�Ö~çâØ�Þ�Ö�ÎEÑ�ÑtÛ�Ë^ÍSØ�å±É�ÔÜÍdØSà

È�ç�Ë^Ö�ØEÑPådÉ~Ø�ÍSØÕÖ�ÚIÑ�ÛÜå±É�ÔNÖ~ß�Ø�ÍSÎ�Ì�É�ÑtÛ�Ö�ç�ØfÖ~Ò¥ÑtÞ�ÍSØ�ÍïÒ É�Ø�Ñ7ÚIÎ�ÖNådÍdØ�Ø�ÍSØ�É~Î�ÍCÚ�ÍSÎ�Ò`Ö�Î�Ë^ÍSÝ£Ø�Ö�Ë	ÍCÑ�ÛÜË	Í
É�ÒqÑtÍSÎ@ÑtÞIÍ�Ë^É~ÛÜç�Í��9Ú�Ô�Ö�Ø�Û�Ö�ç
úZèÂÞ�Ídç©çIÍSè Ö�ßNë�ÍSåSÑeÛ�ØðÖ�ßIØ�ÍdÎEÌ�ÍSÝ�ÛÜç�Ñ�Þ�Í�Ø�é�Ï×Ö�Î@Ø�Û�Ð�ç¥É~Ô�Ò`Î�Ö~Ë
Ö~ÑtÞ�ÍSÎ@ß�É~ç�Ý�Ø@ÛÜØÂÝ�ÍSÑ�ÍdåóÑtÍdÝ�É�ç�Ý×Ý�Û�Ø�Ñ�Î�ÛÜßIÓIÑtÍSÝ�Ñ�Ö^ÑtÞIÍ+åSÖ�Ë^Ë�Ó�ç�Û�Ñ�Ï~à,!ðÓ�Í\ÑtÖ	Ø�Ó�ÝIÝ�Ídç�åæÞ¥É�Î�

É~åSÑ�ÍdÎâÖ~Ò�ÑtÞIÍdØ�ÍÆÍóÌ�Ídç�Ñ�Ø+ÛôÑeÛÜØ@Ì�ÍdÎEÏ�Ý�ÛT�^åSÓ�Ô�ÑðÑtÖ�å±ÉrÑtåæÞ�Ø�Ó�åæÞÙÍSÌ~Ídç�ÑÊèÂÞ�ÍdçÙÛ�ÑðÛÜØâÐ�Ö~ÛÜç�Ð%Ö~ç
à
ûõÞ�ÛÜØJÛÜØJÉÆØ�ÑtÎ�Ö�ç�Ð	Ë^Ö�ÑtÛ�Ì�É�Ñ�ÛÜÖ�ç^Ò`Ö�ÎõèÂÛÜÝ�Í±�¥ÍSÔÜÝ�Ö�ß�Ø�ÍSÎ�Ì�É�Ñ�ÛÜÖ�ç�ØSàõù9ÓIåæÞ×Ö�ß�Ø�ÍdÎEÌ~ÉrÑtÛÜÖ~ç�Ø@Ð~Û�Ì�Í\É
ß�ÛÜÐ£åæÞ�É~ç�ådÍâÑ�Ö£Ý�ÛÜØ�ådÖUÌ�ÍSÎõËìÉ�çnÏ^ÍSÌ~Ídç�ÑtØõèÂÛôÑtÞ�.ZÉ~Ø�Þ/
�Ô�ÛÜé�ÍðØ�Û�Ð�ç¥É�Ñ�Ó�Î�Í�ú9èÂÞ�ÍSçíØ�Ó�Ý�ÝIÍdç�ÔôÏ%ç�Íóè
Ö�ßNë�ÍdåóÑÆÉ~Ú�Ú(Í±É�Î�Ø£Û�ç¬ÑtÞIÍ%Ø�é�Ï�à�ù9Ó�åæÞ�Ø�Û�Ð�ç¥É~Ô�Ë^ÉUÏÙß(Í%Ó�Ø�ÍdÝ�É~Ø\ÑtÎ�Û�Ð�Ð�ÍSÎ+Ø�ÛÜÐ�ç¥É�ÔBÒ`Ö�Î\Ö~Ñ�Þ�ÍdÎ
Í��9Ú�ÍSÎ�Û�Ë^ÍSçnÑ�Ø+Ñ�Ö�Ö�ßIØ�ÍdÎEÌ�Í�à�ûõÞIÍ©÷døÕÛ�Ö~ÒCÑtÞ�Íìù9é�ÏW÷^Í��9Ú(ÍdÎ�Û�Ë^ÍSç�Ñ+èïÉ~Ø\Ý�ÍdØ�ÛÜÐ�ç�ÍSÝ�ÑtÖ�ß(ÍìÉ
Ð�Ö9ÖNÝ�ÑtÖNÖ�ÔWÒ`Ö�ÎõÚ(ÍdÎEÒ`Ö�Î�Ë	ÛÜçIÐ�ÑtÞ�Û�ØõénÛÜç�Ý�Ö~ÒfÖ�ß�Ø�ÍSÎ�Ì�É�Ñ�ÛÜÖ�ç�ØSà
Î^Ï@Ð(Ï�Î Ñ�Ò�ÓÔÓÂÒÖÕ¸ÒP×ÇØ¿Ù�ÚLÛnÜ/Û
ûõÞ�ÍÂá"&@üïØPÉ~Î�Í�ÑtÞIÍïË	Ö�Ø�ÑkÌNÛÜÖ�Ô�Ídç�Ñ7É�ç�Ý£ÍdçIÍdÎ�Ð~ÍSÑtÛ�åïÍóÌ�Ídç�Ñ�ØÕéNçIÖuèÂç�Û�ç+Ñ�Þ�Í�ÁJç�Û�Ì~ÍdÎ�Ø�Í~à7ûõÞIÍSÏ
èïÍSÎ�Í¤�¥Î�Ø�Ñ+Ö�ß�Ø�ÍdÎ�Ì~ÍdÝ�ÛÜçÙÔ ÉrÑtÍpX��~Ø\ß�Ï¬ý@Ë^ÍSÎ�Û�å±É~ç¬ØtÉ�Ñ�ÍdÔÜÔ�Û�Ñ�ÍdØ·Ä�ÍdÔÜÉB�Yrg�màK�ZÖ~Î\Ë^É~ç�Ï�Ï�ÍdÉ~Î�Ø
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(Note Variable Time Sampling)
TriggerNum=252588, 2006−12−22 03:28:52 UT, 15−350keV
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(Note Variable Time Sampling)
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(Note Variable Time Sampling)
TriggerNum=254532, 2007−01−03 20:46:39 UT, 15−350keV
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(Note Variable Time Sampling)
TriggerNum=241840, 2006−12−01 15:58:36 UT, 15−350keV
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�¥ÍdÔ�Ý�Ö�ÒfÌNÛÜÍóèiÛ�çíÝ�ÍdÐ�Î�ÍdÍSØdà^�¥Ö�ÎõÞnÓ�ËìÉ�ç�ÍóÏ�ÍÊÝ�ÍóÑtÍdåóÑtÖ�Î
m0 = 7.5m É~çIÝ�ÓIØ�ÛÜçIÐ¬�9U,Ä"¶"�/�
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ß�ÍSÍdçÙÓ�Ø�ÍSÝ
àxoïÖ�Ë	Ë£Ó�çIÛÜå±ÉrÑtÛÜÖ~ç×èÂÛ�Ñ�Þ©ÑtÞ�ÍÆø^o1ÛÜØeÎ�Í±É~Ô�ÛÜãdÍSÝ�ß�Ï�Áeù9ü,�9àW�íÛ�ç�ÑtÍdÎEÒ É~ådÍ�ß�Ï�ÑtÞ�Í
oCÏ9ÚIÎ�ÍdØ�Øx��Ê±�KÁðùIüÂo^¼"o�X�r�����$íåæÞ�Û�Ú
à­oîÉ~Ë	ÍdÎ�É�Û�Ø\åSÖ�ç�ÑtÎ�Ö�ÔÜÔ�ÍdÝ�ß�Ï�ÑtÞ�Í¬�7øBáÊý�ý@Ô�ÑtÍSÎtÉ
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åæÞ�ÛÜÚ
à�o,o�!iåæÞ�ÛÜÚIØïÉ~Î�ÍÂådÖNÖ�ÔÜÍSÝ	èÂÛôÑtÞÆÑtÞ�ÍõÑtÞIÍdÎ�Ë	ÖNÍdÔÜÍSåSÑ�Î�ÛÜåÂøkÍdÔôÑtÛÜÍSÎWë�Ó�ç�åSÑ�ÛÜÖ�çWúNÝIÖuèÂç	ÑtÖ�$��
◦

oÿß(ÍdÔ�ÖuèþÉ~Ë�ß�ÛÜÍSçnÑCÑtÍSË^Ú(ÍdÎ�É�ÑtÓ�Î�Í~àÕûõÞ�ÍeÒ`Ö~ÔÜÔÜÖUèÂÛ�ç�Ð+Ò`ÍdÉ�ÑtÓ�Î�ÍdØîÞ�ÉUÌ~ÍÊß�ÍSÍdçíÛÜË	Ú�ÔÜÍSË^ÍSç�ÑtÍdÝ^ÛÜç
å±É~Ë	ÍdÎ�É~Ø"¹

• &ÂÍdË	Ö~ÑtÍõåSÖ�ç�ÑtÎ�Ö~Ô�Ö~Ò�É~ÔÜË	Ö�ØEÑÕÉ~Ô�Ô9Ò`Ó�ç�åóÑtÛ�Ö�ç�Ø,¹kÎ�Í±É�Ý�Ö�ÓIÑÕÒ`Î�ÍlknÓ�ÍdçIåSÏ�úNÐ�É~Û�ç
úfo,o�!ÿÑtÍdËx
Ú�ÍSÎtÉ�Ñ�Ó�Î�Í�úfË	ÍdåæÞ�É~ç�ÛÜådÉ~Ô7Ø�ÞNÓ9Ñ�ÑtÍSÎdúkÔÜÍSç�ØâÒ`Ö9åSÓ�ØÊÎ�ÍdÐ~Ó�Ô É�Ñ�ÛÜÖ�çWú
ÔÜÍSç�ØâÞ�Í±ÉrÑtÛÜçIÐB'õÉ~Ð�É~ÛÜç�ØEÑ
èîÉrÑtÍdÎÂåSÖ�ç�Ý�ÍSç�ØtÉ�Ñ�ÛÜÖ�ç�+

• &ÂÍdË	Ö~ÑtÍâË	Ö�ç�ÛôÑtÖ�Î�ÛÜç�Ð£Ö�Ò7É�Ñ�Ë^Ö~Ø�Ú�Þ�ÍSÎ�Û�åâådÖ�ç�ÝIÛ�ÑtÛ�Ö�ç�Øw'fÑ�ÍdË	Ú�ÍSÎtÉ�Ñ�Ó�Î�Í\É~ç�Ý�ÞnÓ�Ë	ÛÜÝ�ÛôÑ�ÏØ�ÍSç�Ø�Ö�Î�Ø·+
• øfÖ~Ø�Ø�Û�ß�ÛÜÔ�Û�Ñ�Ï�Ö~Ò�Î�ÍdË	Ö~ÑtÍ���Î�Ë�èïÉ~Î�Í�Ó�Ú�Ð�Î�É~Ý�Í­'�oCÏNÚ�Î�ÍdØ�Ø\Ë	ÛÜåSÎ�ÖNådÖ�ç�Ñ�Î�Ö�Ô�ÔÜÍdÎÂÚ�Î�Ö�Ð�Î�É~ËÉ~ç�Ý]�7øBáÊý1åSÖ�ç��¥Ð~Ó�ÎtÉ�Ñ�ÛÜÖ�ç]+
• ä�É�ÑtåæÞ�ÝIÖ�Ð�ûõÛÜË	ÍdÎ+èÂÞIÛÜåæÞ�Î�ÍSØ�ÍSÑ�Ø�å±É~Ë	ÍdÎ�É©ÛÜç�ådÉ~Ø�ÍíåSÖ�Ë^Ë�Ó�ç�ÛÜådÉ�ÑtÛ�Ö�ç�èÂÛ�ÑtÞ�ø^o ÛÜØÔÜÖ�ØEÑ
ûõÞ�ÍâÑtÉ~ß�ÔÜÍâß(ÍdÔ�ÖUèiØ�Ó�Ë^Ë^É~Î�ÛÜãdÍSØîÑtÞ�ÍÊÚ¥É�ÎtÉ~Ë	ÍSÑ�ÍdÎ�ØõÖ�ÒfÑ�Þ�ÍÊå±É~Ë	ÍdÎ�É~Ø"¹

\·G�:gGL?BAn<�Af: ì GIH@�9A&ÂÍ±É�Ý�Ö�ÓIÑJûõÛÜË	Í �±Ø�
��±Ë	ÛÜç
&ÂÍ±É~ÝIÖ�ÓIÑÂç�Ö�Û�Ø�Í ¯w�FX

e−
É�Ñs��ò�jJã�É~çIÝ�¯"�>�

e−
ÉrÑ"�uò�j@ãù9ÞnÓIÑ�Ñ�ÍdÎ�!ðÓ�Î�É~ß�ÛÜÔ�Û�Ñ�Ï �

107 åSÏNådÔ�ÍdØÁðùIü,�9àW��ËìÉ>�%ÑtÎ�É~ç�ØEÒ`ÍdÎÂØ�Ú(ÍdÍSÝ 1���ò�ü,®�Øò×Ég�9ÛÜË^É~ÔWåSÖ9Ö~ÔÜÛÜçIÐ $��
◦
ß(ÍdÔÜÖUè�É~Ë£ß�Û�Ídç�ÑîÑtÍSË^Ú(ÍdÎ�É�ÑtÓIÎ�Í

þ�ê�ïgìWã�ó�æ2å�ç��=�¦
³ú�ê���ã�â�ê�îaégê�âäê!��ãVëOã�âäî

ò�Ö~Î�ÍÊÝ�ÍSÑtÉ~ÛÜÔ�ØõÖ�çíÝ�ÍdØ�ÛÜÐ�ç�Ö~ÒkÑtÞ�Í\å±É�Ë^ÍSÎtÉ~ØõådÉ~ç�ß(ÍâÒ`Ö�Ó�ç�Ý�ÛÜç�� �n�*�mà�ûõÞ�Í+ådÉ~Ë	ÍdÎtÉ�Ø@É�Î�Í
ÍlknÓ�ÛÜÚIÚ�ÍSÝ�èÂÛ�Ñ�Þ�oïýe�·U±� �^�1ÒO¶±rn19úBÒO®�Ý;¶%��à2��Ô�Ídç�Ø�ÍdØSàÿù9Þ�Ö�ÎEÑÆÑtÛÜË	Í�Í��9Ú(Ö�Ø�ÓIÎ�ÍdØ�'ä1>
µ���
Ø�ÍdåF+CÛÜË	Ú�ÔôÏ£Ë^É~ç�Ï�' ≈ 2000− 4000

+PÍ��9Ú�Ö~Ø�Ó�Î�ÍdØîÝ�ÓIÎ�ÛÜçIÐ£É+Ø�ÛÜç�Ð~ÔÜÍÂç�ÛÜÐ~ÞnÑdà7ûõÞ�Û�ØïÎ�ÍSØ�Ó�ÔôÑtØBÛÜç
≈ 106 Û�ËìÉ�Ð�ÍdØõÚ(ÍdÎõÏ�ÍdÉ~Îdà�j@ÓIÐ�Í+çnÓ�Ë�ß�ÍSÎJÖ�ÒPåSÖ�ÔÜÔ�ÍdåSÑ�ÍdÝ�ÛÜË^É~Ð�ÍSØîÎ�Í�kNÓIÛÜÎ�ÍSÝ×Ø�Ú�ÍSådÛ É�Ô�Ý�ÍdØ�ÛÜÐ�çÖ~ÒÕÑtÞ�Í+Ø�ÞnÓIÑ�ÑtÍdÎJèÂÞ�ÛÜåæÞ�ådÉ~ç©Ø�Ó�Î�ÌNÛ�Ì~Í�Ë	Ö�Î�ÍÊÑtÞIÍdç�Ë	ÛÜÔÜÔ�ÛÜÖ�çìåSÏNådÔ�ÍdØx'�ådÖ�Ë	Ë	ÍdÎ�åSÛ É~Ô�Ø�ÞnÓIÑ�Ñ�ÍdÎ�Ø
Ó�Ø�Ó¥É�ÔÜÔ�Ï�èïÖ~Î�é�Ó�Ú�ÑtÖ

105 åSÏNåSÔÜÍdØ�+óàÆÈ�çÙÖ�Î�ÝIÍdÎeÑtÖ�ØtÉ±Ì~Í^Ø�ÞNÓ9Ñ�ÑtÍSÎ+ÛôÑÊÛÜØâÚ(Ö�Ø�Ø�ÛÜß�Ô�Í£ÑtÖíË^É~é~ÍÍ��9Ú�Ö~Ø�Ó�Î�ÍdØ7èÂÛ�Ñ�Þ�Ø�ÞNÓ9Ñ�ÑtÍSÎ7Ú(ÍdÎ�Ë^É~ç�ÍSç�ÑtÔ�Ï\Ö�Ú(ÍdçIÍdÝ
àfûõÞ�ÍîË	Ö�Ó�ç�ÑfèÂÛôÑtÞ£ådÉ~Ë	ÍdÎtÉ�ØfÛ�ØfÛ�ç�Ø�ÑtÉ~ÔÜÔ�ÍdÝ
ÛÜç×Ñ�Þ�Í£ýâùNýâù¾� �L�l�fÝ�Ö�Ë	Í�ÛÜç�ÑtÞ�Í�ñ9o,U '��PÛ�Ð�à±�Nài��+�àâûõÞ�Í£Ý�Ö~Ë^Í+ÛÜØðåSÖ�ç�ÑtÎ�Ö�ÔÜÔ�ÍdÝ©ß�Ï�ÑtÞ�Í
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U\áÊñP��ÑtÍSÔÜÍdØ�ådÖ�Ú(Í\Ø�ÏNØ�Ñ�ÍdË�'�� �f�g��+óàîÈ�Ñ@Ö�Ú(Ídç�ØJèÂÞ�Ídç×Ñ�Þ�Í�U\áÊñP��ÑtÍSÔÜÍdØ�ådÖ�Ú(Í\Ý�Ö�Ë	Í+Ö�Ú(ÍdçIØdú
èÂÞ�ÛÜåæÞ©ÝIÍdÚ(Ídç�Ý�Ø@Ö�ç×Ö~ß�Ø�ÍSÎ�Ì�ÍSÎlË ØeÝ�ÍSådÛÜØ�ÛÜÖ�ç�Ë	Ö~ÑtÛôÌ~ÉrÑtÍdÝíß�Ï�ÑtÞIÍ+èCÍ±É�Ñ�Þ�ÍdÎ@ådÖ�ç�ÝIÛ�ÑtÛ�Ö�ç�ØSàïûõÞ�Í
Ë^Ö�ÓIçnÑCÉ~çIÝ^ÑtÞIÍ@ådÉ~Ë^ÍSÎtÉ~ØBÉ~Î�ÍÂådÖ�ç�ÑtÎ�Ö�ÔÜÔ�ÍdÝ	ß�Ï�ÑtÞ�ÍJØ�Û�ç�Ð�ÔÜÍÂø^o�åSÖ�Ë	Ú�ÓIÑtÍSÎBèÂÞIÛÜåæÞìÛ�Ø�Ú�Ô É~åSÍdÝ
ÛÜç^Ñ�Þ�ÍJÔÜÖUèïÍSÎïÚ¥É�Î�ÑCÖ~Ò
ÑtÞIÍ@Ý�Ö~Ë^Í�'O�PÛ�Ð�à��Nà2$n+�à�oïÓ�ØEÑtÖ�Ë�Ý�Î�Û�Ì�ÍSÎBèïÉ~ØCÝ�ÍSÌ~ÍdÔÜÖ~Ú�ÍSÝìÑtÖ+ådÖ�ç�ÑtÎ�Ö�Ô
Ú¥É~ÎtÉ�Ë^ÍóÑtÍdÎ�Ø£Ö~ÒÂÑtÞIÍ%å±É~Ë	ÍdÎ�É~Ø�É~çIÝêådÖ�Ô�ÔÜÍdåóÑ£Û�ËìÉ~Ð~ÍdØdúPÛ�Ñ�èÂÛ�ÔÜÔBß�ÍìÝ�ÍdØ�ådÎ�Û�ß�ÍSÝ�ÛÜç�Ñ�Þ�Í�ç�Í��NÑ
Ø�ÍdåóÑtÛ�Ö�ç
àÕûõÞ�ÍeØEÏNØ�ÑtÍSË¹åSÖ�ç�ÑæÉ~Û�ç�ØCÑ�èCÖ�Ö~ÑtÞIÍdÎîø^o"ådÖ~Ë^Ú�Ó9ÑtÍdÎ�ØCèÂÞ�Û�åæÞíÉ~Î�Í@Ó�Ø�ÍSÝ%Ò`Ö�ÎïÖ*~R
�ÔÜÛÜçIÍ
Ý¥É�ÑæÉ	É~ç¥É�Ô�ÏNØ�Û�Ødà

Þ/ß2à�ágâOã�ó�æ ó�ç�
�ð!��ã�ð�ò�ë��gã�ý
è�ý�èeã
��é*ã�âOßU��ã�ñlë�ßWñ ÿ��=�

¬,Ï�¬�Ïo¬ º"´qØûÜ`Ú�Ò�Úz¸
Z=Ô�Z«Ô�Z«ÔO4 u àRAD:LàP=JA	��8;_,<>6PA�C�NPC�<FA/? E�8R?BM�8RQPA/QR<>C
ûõÞ�Í�Ë^É~Û�ç ÷døÕÛîÖ~ÒðÑ�Þ�Í�ù9é�ÏW÷íØ�Ö~ÒqÑ�èîÉ�Î�Í�ådÖ�Ë	Ú�Ö~ç�Ídç�ÑtØ	É~Î�Í�Î�Ó�çIç�ÛÜç�Ð�Ó�çIÝ�ÍdÎ^ñ�ÛÜçnÓ/� '@�¥Í�

Ý�Ö�ÎtÉ�+�Ö�Ú(ÍdÎ�É�ÑtÛ�ç�ÐÊØ�ÏNØ�Ñ�ÍdË�àBò�Ö�ØEÑïÖ~Ò�ÑtÞ�Í@Ø�Ö~ÒqÑ�èïÉ~Î�Í@Ó�Ø�ÍdÝ%Û�ç	Ñ�Þ�ÍJÍ��9Ú�ÍSÎ�Û�Ë^ÍSçnÑBèïÉ~ØïåSÓ�Ø�Ñ�Ö�Ë
Ý�ÍSÌ~ÍdÔÜÖ~Ú�ÍSÝ
à�ùNÖ�Ë^Í^Ö~ÒõÑtÞIÍ�Ú�Î�ÖNådÍSÝ�Ó�Î�ÍSØÆÉ~ç�Ý�Ò`Ö�Î�ËìÉrÑtØ+èCÍdÎ�ÍíÉ~Ý�Ö�Ú9ÑtÍdÝ�Ò`Î�Ö�Ë�ÑtÞ�Í%ýeù9ýâù
Í��9Ú�ÍSÎ�Û�Ë^ÍSçnÑe� �L�l�mà�áÊÍSç�ÍdÎ�É~ÔÜÔôÏ�Ø�Ö�ÒqÑ�èîÉ~Î�ÍðådÉ~çìß(Í@ÝIÛ�ÌNÛÜÝ�ÍSÝìÛ�çnÑ�Ö+Ö~ç/
�Ô�ÛÜç�ÍõÚ¥É�Î�Ñ±únèÂÞ�Û�åæÞ^ÑæÉ�é~ÍdØ
å±É~Î�ÍìÖ~ÒÂÝ�ÍóÑtÍSåSÑtÖ~Î�ådÖ~çnÑ�Î�Ö�ÔBÝ�Ó�Î�ÛÜç�Ð�ç�ÛÜÐ~ÞnÑ�Ô�Ï�Ý¥ÉrÑæÉ×É�ålknÓ�ÛÜØ�Û�Ñ�ÛÜÖ�ç¬É~ç�Ý�Ö*~R
�ÔÜÛÜçIÍ	Ú�É~Î�Ñ\èÂÞ�ÛÜåæÞ
Ú�ÍSÎ�Ò`Ö�Î�Ë^ØõÖ�~;
�Ô�ÛÜç�ÍðÝ¥É�ÑæÉÆÉ~ç�É~Ô�ÏNØ�Û�Ødà
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PiExperiment/figs/dome.eps
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Þ�ß2à�á>âäã
ó>æ �gç� ;ß ó�ú�ð!��é>á�ëäã�âaúVð�ñlëäâOð�ìWì2ßWñgà�ñ>ß2à!�lëOì2ü-ígê¦ëäê�ê�ú�
�ágß2îOßYëäßWð�ñ,ß2îRìWð�ú�ê¦ëOãûí,ß2ñ,ë��>ã�ìWð[©aã�âRégê�âOë)ð�ò�ë��>ãý
è�ý�è·í>ð!��ã

áâÍdç�ÍSÎtÉ~ÔCÉ~Î�åæÞ�Û�Ñ�ÍdåSÑ�Ó�Î�ÍìÖ~ÒõÑtÞ�Íìç�ÛÜÐ�Þ�Ñ�ådÖ�ç�ÑtÎ�Ö�ÔBØ�ÏNØ�Ñ�ÍdË>Û�Ø+Ú�Î�ÍdØ�Ídç�ÑtÍSÝ�Û�ç»�PÛÜÐ~Ó�Î�Í¤�9àY��à
ûõÞ�Í^ØEÏNØ�ÑtÍSË�ådÖ�ç�Ø�ÛÜØEÑtØÊÖ~ÒCØ�ÍSÌ~ÍdÎ�É~ÔCË	ÖNÝ�Ó�ÔÜÍSØðèÂÞ�Û�åæÞ¬åSÖ�Ë^Ë�Ó�ç�ÛÜådÉ�ÑtÍ£èÂÛôÑtÞ�Í±É�åæÞ�Ö~Ñ�Þ�ÍdÎÊß�Ï
ÑtÞ�Í�o,U±&@üïý ÛÜç�Ñ�ÍdÎ�Ò É�ådÍ¬�Y�n$>� àïûõÞ�ÍSÏíèCÍdÎ�Í+Ý�ÍdØ�ÛÜÐ�çIÍdÝ×Û�ç�Ñ�Þ�Í\ådÔÜÛ�Ídç�ÑJØ�ÍSÎ�Ì�ÍSÎeÉ~Î�åæÞ�Û�Ñ�ÍdåóÑtÓ�Î�Í~à
ûõÞ�Í+Ë^É~Û�ç�ådÖ�Ë	Ú�Ö~ç�Ídç�ÑtØÂÖ~ÒkÑtÞIÍ\ØEÏNØ�ÑtÍSËöÉ~Î�Í0¹

• \ � Ë { vÈ�Ñ�ÛÜØPÑ�Þ�ÍõË^É~ÛÜç£Ë^É~ç¥É�Ð�ÍdÎ7ÚIÎ�Ö�Ð�Î�É~Ë¯èÂÞ�ÛÜåæÞÆådÖ~çnÑ�Î�Ö�Ô�ØPÑtÞIÍÂèÂÞIÖ�ÔÜÍîØEÏNØ�ÑtÍSË�àPûõÞ�ÛÜØÕÚ�Î�Ö*

Ð�ÎtÉ�Ë1Ú�Î�ÖUÌNÛÜÝ�ÍSØPØ�ÍSÑ7Ö�Ò¥ådÖ�Ë	Ë^É~ç�Ý�ØGèÂÞ�ÛÜåæÞ+å±É~ç�ß�ÍBÍ��9ÍdåSÓIÑtÍSÝÆßnÏ\Ý�ÛT~WÍSÎ�ÍSçnÑfË	Ö9Ý�ÓIÔÜÍdØSà
ûõÞ�ÍdÎ�Í\É~Î�ÍâÉ�ÔÜØ�Ö�ådÖ�Ë	Ú�ÔÜÍ��%åSÖ�Ë	ËìÉ~çIÝ�ØdúnèÂÞ�ÛÜåæÞíÓ�Ø�ÍâØ�ÍóÌ�ÍdÎ�É~Ô�Ý�ÛT~WÍSÎ�Ídç�ÑõË	ÖNÝ�Ó�ÔÜÍSØdà7È�ç
ÑtÞ�Û�Ø�ådÉ~Ø�Í^Î�ÍdØ�Ó�Ô�Ñ�Ö~ÒõåSÖ�Ë^Ë^É~ç�ÝÙÍ��9ÍSådÓIÑ�ÍdÝ�ß�Ï�Ö�çIÍ^Ë	Ö9ÝIÓ�ÔÜÍ	ÛÜØ\Ó�Ø�ÍSÝ�É~Ø+É~ç�ÛÜçIÚ�ÓIÑ
ÑtÖÙådÖ�Ë	Ë^É~ç�Ý�Ò`Ö�Î	É~ç�Ö�ÑtÞ�ÍSÎ	Ë	ÖNÝ�Ó�ÔÜÍ�à oïÖ�Ë	ËìÉ~çIÝ�Ø�å±É~ç&ß(Í�Í��9ÍdådÓ9ÑtÍdÝ�ËìÉ~çnÓ¥É�ÔÜÔ�Ï
Ò`Î�Ö�ËÃ©
�	���L«/§D§ìÚ�Î�Ö�Ð�ÎtÉ�Ë.Ö�ÎÂÔÜÖ�É�Ý�ÍdÝ�ÛÜç�Ò`Ö�Î�Ë Ö~ÒPÑ�Þ�Í"©��	����Ø�åSÎ�ÛÜÚ9Ñðß�Ï��������fª�����©��
Ú�Î�Ö~Ð�ÎtÉ~Ë�à(�
�IÉ~Ë^ÚIÔÜÍ\Ö~Ò7ÑtÞIÍ�ç�Û�Ð�Þ�ÑðØ�ådÎ�Û�ÚIÑ@ÛÜØJÐ�Û�Ì~Ídç©Û�ç��PÛ�Ð�Ó�Î�Í+ý+ài19àÂÈ�ÑðÛÜØ@É^Ø�ÍóÑeÖ~Ò
ådÖ�Ë	Ë^É~ç�Ý�ØeèÂÛôÑtÞ�ÑtÛÜË	ÍdØÊÉrÑâèÂÞ�ÛÜåæÞÙÑtÞ�ÍóÏ�Ø�Þ�Ö~Ó�ÔÜÝÙß�ÍÆÍ��IÍSådÓIÑ�ÍdÝ
à�ù9ådÎ�ÛÜÚIÑÊÛ�ØâÐ�Ídç�ÍSÎ�

É�ÑtÍSÝíÍSÌ�ÍSÎ�Ï�ÍóÌ�ÍSç�ÛÜç�ÐÆß�ÏìÑ�Þ�Í��/«����fª����F©��%Ú�Î�Ö�Ð~ÎtÉ~Ë�à7ý@ÒqÑ�ÍdÎîØEÏNØ�ÑtÍSË.ÛÜØïØ�ÑæÉ�Î�ÑtÍSÝ�ÑtÞ�Í�������fª�����©��×Ú�Î�Ö�Ð~ÎtÉ~Ë Û�ØJÍ��9ÍdådÓ9ÑtÍdÝ�Ñ�ÖìÎ�ÍdÉ~Ý�Ñ�Þ�Í�çIÛÜÐ�Þ�Ñ@Ø�ådÎ�ÛÜÚIÑðÉ~ç�Ý�Ø�ÍSçnÑeÛ�ÑÂÑtÖ	ÑtÞ�Í
©�� �I¨��ÆÚ�Î�Ö�Ð�Î�É~Ë�àkûõÞ�Í-©��!�I¨"�£Ú�Î�Ö~Ð�ÎtÉ~Ë Í��9ÍSådÓIÑ�ÍdØ�ådÖ�Ë	Ë^É~ç�Ý�ØÕÉrÑ7Ø�Ú(ÍdåSÛ��¥ÍSÝ�ÑtÛÜË	ÍdØSà
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PiExperiment/figs/pi2_in_dome.eps
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MOUNT MODULE

Controlls functionality
of the mount

PIMAN

Pi-Manager program controlling 
of other modules. It executes night script

DAQ MODULE

Controlls the cameras,
collects images and 

perfomers on-line algorithm

GCN MODULE

Receives alerts and satellites pointing 
information from GCN server

PISHELL

Allows for sending commands to 
piman in interactive mode

RUNSCRIPT

Reads night script files and loads it to piman

GENSCRIPT

Generates pish script 
programming the system

work for current night

EXTERNAL GCN SERVER

Distributs alerts about GRBs to 
registered experiments

         PISH SCRIPT FILE 

# auto-generated script 
# night 20070315
# camera : Cannon EOS f=85mm
piman 1 exec_script_synchro(startup.pish)
daq 1845 start_daq
internal 1900 forced_point_best_target

Þ�ß2à�á>âäã�ó>æ ö*ç�÷
ã�ñ>ã�â�ê�ì/ê�â�úo�>ßYëäã�úVëOá>âäã�ð�ò;îOü�îJëäã
��úVð�ñ�ëäâOð�ìWì2ß2ñ>à�ë��>ã-í�ãVëäã�úVëOð�â
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Initialization of program paramters 
( from cfg files )

Initialization of camera
( settings and cooling )

Waiting for start_daq request from piman
( if required )

After start_daq request arrives DAQ enters collecting loop and remains there until
the end on data collection ( exit request from piman ) 

After start_daq request, make darks if needed 
( in case cooling failed to cool to desired temperature 

the old dark from one of the previous nights will be used )

Take next image from driver ( call of GetNextFrame )
Images are collected in second thread.

When image is taken from collection thread, a request
for next image is sent to collection thread in the same moment

Handle requests from piman if any were sent and
added to request queue. The request can be :

- change off collection mode to sky/dark or GCN trigger
- paramters modification
- stop of data collection
- exit of daq program
- coordinates change

etc...

DAQ interface :

listening for requests 
from PIMAN module

and in case any is added
it is inserted into request queue

PIMAN MODULE

Image collecting thread 
When new image is requested from 
the main thread it is send back and 

the next one is started
Data collector is working in such a way 
that when new exposrure is being taken

the previous one is transfered 
from camera to PC

Check if new astrometry should be performed on new image
( in case there was pointing change or time since last astrometry 

exceeded limit etc ) and execute astrometry if needed

Analyse new image with the on-line flash recongition algorithm
in case there are any interesting events found save them in log 

files and database table Events

CORBA

Þ�ß2à�á>âäã�ó�æ<¢�çIùaìWð�úoÂ(í�ßiê�à�âäê!�»ð�ò�ë��>ã�

ê¦ë�ê-ý�úHG�á>ßiî@ßWëOß2ð�ñeé>âäð�à�â�ê��
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PiExperiment/figs/daq.eps
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Ø�Ú(ÍdÍdÝIØeÛÜç�ß�Ö�ÑtÞ©É>�IÛ�ØdàîûGèÂÛÜåSÍ�É	ç�ÛÜÐ~ÞnÑÂÑ�Þ�Í\èÂÞIÖ�ÔÜÍ\Ø�é�Ï�Ø�ådÉ~ç©ÛÜØÂÚ(ÍdÎEÒ`Ö�Î�Ë	ÍdÝ
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ûõÞ�Í,o,o�!�ådÉ~Ë	ÍdÎtÉ�ØfÓ�Ø�ÍdÝ+ÛÜçÊÑtÞ�ÍBÚ�Î�Öuë�ÍdåSÑ7É~Î�Í�åSÓ�Ø�Ñ�Ö�Ë¯Ý�ÍdØ�ÛÜÐ�ç�ÍSÝ
à�!@Ó�ÍCÑ�ÖJÑ�Þ�ÛÜØ�Ò É~åóÑPÛôÑkèïÉ~Ø
ç�ÍdåSÍdØ�Ø�É~Î�Ï�Ñ�Ö£Ý�ÍóÌ�ÍdÔ�Ö�Ú�ÑtÞ�ÍðØ�Ö~ÒqÑ�èïÉ~Î�ÍeÑ�Ö�ådÖ�ç�Ñ�Î�Ö�Ô(ÑtÞ�ÍSË�àÕûõÞ�ÍâådÉ~Ë	ÍdÎtÉ+Ý�Î�ÛôÌ�ÍdÎCèîÉ~ØõÝIÍSÌ�ÍSÔT

Ö�Ú�ÍSÝ�ÛÜç%o,®�o
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ûõÞ�Í^ÝIÎ�Û�Ì~ÍdÎeÒ`Ö�Î"ÁðùIü,�9àW��å±É~Ë	ÍdÎ�É~ØÊådÖ�çIØ�ÛÜØEÑtØÊÖ~Ò�Ñ�èCÖ×Ú¥É~ÎEÑtØSà�ûõÞ�Íx�¥Î�ØEÑ+Ú�É~Î�ÑÊÛ�ØÊÉíé�ÍdÎ�ç�ÍdÔ
Ë^ÖNÝ�Ó�Ô�ÍJÚIÛÜérÉ~Ë�à é�Ö\èÂÞ�Û�åæÞìådÉ~çìß(ÍðåSÖ�Ë^ÚIÛÜÔÜÍSÝÆÓ�ç�Ý�ÍSÎîñ�ÛÜçnÓ/�	é�ÍdÎ�çIÍdÔ ≥ �Nà2XIà219àfûõÞ�ÍðØ�ÍdådÖ~ç�ÝÚ¥É~Î�ÑPÛÜØGÑtÞ�Í-o

++
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Ídç�Î�ÛÜåæÞ�ÍSÝ�ÛÜç�Ð�ÛÜÐ�É�ßnÏnÑ�Í��7ÑtÞIÍdÎ�çIÍSÑâÛ�çnÑ�ÍdÎEÒ É~ådÍ�àõûõÞ�Íx�7ÑtÞ�ÍSÎ�ç�ÍóÑeådÉ~Ë^ÍSÎtÉ	Í��9Ú�Ö~Î�ÑtØJÑtÞ�Í+ØtÉ~Ë	Í
Ø�ÍSÑ+Ö~ÒCÒ`Ó�ç�åSÑ�ÛÜÖ�ç�É~ÔÜÛôÑ�Ï�ú�Ø�Ö�Ö�ç�ÔôÏ©ÑtÞ�Í	ÔÜÖUè�ÔÜÍSÌ~ÍdÔ�ådÖ~Ë^Ë£ÓIç�ÛÜådÉ�ÑtÛ�Ö�ç�Ú¥É~ÎEÑ+Ö�ÒïÑtÞIÍ^Ý�Î�Û�Ì~ÍdÎÊÞ¥É~Ø
ÑtÖ£ß(ÍeÖ�ÚIÑ�ÛÜÖ�ç�É~ÔÜÔôÏ£Î�ÍSÚ�Ô É�ådÍdÝWàÕûõÞ�ÛÜØîÎ�ÍlknÓ�Û�Î�ÍdÝ�ÝIÍSÌ�ÍSÔÜÖ�ÚIË^ÍSçnÑîÖ~Ò�ådÖ~Ë^Ë£ÓIç�ÛÜådÉ�ÑtÛ�Ö�ç^ÚIÎ�Ö~Ñ�Ö9åSÖ�Ô
�eÁe!ðøÂ�Y���*�mú
Û�ÑâÛ�ØðÛ�Ë^Ú�Ô�ÍdË	Ídç�ÑtÍSÝ©ÛÜç×å±É~Ë	ÍdÎ�É¤�¥Î�Ë�èïÉ~Î�ÍÆÉ~ç�Ý�ÛÜç©ø�o1Ý�Î�Û�Ì�ÍSÎdà�!ðÍdÝIÛÜå±ÉrÑtÍdÝ
é~ÍdÎ�ç�ÍdÔPË^ÖNÝ�Ó�Ô�Í+Û�Ø@ç�Ö�Ñeç�ÍSÍdÝ�ÍSÝÙÛ�ç�Ñ�Þ�ÛÜØ@å±É~Ø�Í~àeûõÞ�Íxo

++
åSÔ É~Ø�ØDU�V%�	�CUD¨��I«���¨�Ó�Ø�Û�ç�ÐìÍ��D


ÑtÍdÎ�ç¥É~ÔGÔÜÛ�ß�ÎtÉ�Î�Ï%ù9Ö9åæé�ÍSÑ�Ø%� �f1>�GÛ�Ë^Ú�Ô�ÍdË	Ídç�ÑtØõåSÖ�Ë	Ë£Ó�ç�Û�å±É�Ñ�ÛÜÖ�çìèÂÛôÑtÞ�å±É~Ë	ÍdÎ�É£Ì9ÛÜÉ0�ÕÑ�Þ�ÍdÎ�ç�ÍSÑ
ÛÜç�ÑtÍSÎ�Ò É~åSÍ~à�ûõÞ�ÍÊådÔÜÉ~Ø�Ø6(�«"5��fª�«"V%�	�BS"T�S"T�Ý�ÍdÎ�Û�Ì�ÍSÝ�Ò`Î�Ö�ËW(L«"5��nª�«�S"T�S"T�ÖuÌ~ÍdÎEèÂÎ�Û�Ñ�ÍdØÂØ�ÍóÌ�ÍSÎtÉ~Ô
ÔÜÖUèöÔÜÍóÌ�ÍdÔ@ådÖ�Ë	Ë£Ó�çIÛÜå±ÉrÑtÛÜÖ~ç&Ò`Ó�çIåSÑtÛ�Ö�ç�Ø%ÓIØ�ÛÜçIÐ�Ë^ÍSË£ß(ÍdÎìåSÔ É~Ø�Ø'U�V%�	�CUD¨��I«���¨ '\Ø�ÍSÍ³�PÛÜÐIà
�9à2X�+óà��JÍSè �7ÑtÞ�ÍSÎ�ç�ÍóÑõå±É~Ë	ÍdÎ�É+Ð�ÛôÌ�ÍSØîÉ+Ú(Ö�Ø�Ø�ÛÜßIÛÜÔÜÛôÑ�Ï�Ö~Ò�ÓIØ�ÛÜçIÐ%Áeù9ü,�9àW��Ö�Î��ÕÑ�Þ�ÍdÎ�ç�ÍSÑîÛÜç�ÑtÍSÎ�

Ò É~ådÍ�ú(ÝIÍdÚ(Ídç�Ý�Û�ç�ÐìÖ~ç�åSÓ�Î�Î�Ídç�ÑeÓ�Ø�ÍdÎJÎ�Í�kNÓIÛÜÎ�ÍSË^ÍSç�ÑtØdà,oïÞ¥É~ç�Ð�Í\Ö~ÒPådÖ�Ë	Ë£Ó�ç�Û�å±É�Ñ�ÛÜÖ�ç�ådÉ~ç�ß�Í
Í±É~Ø�ÛÜÔ�Ï%Ý�Ö�ç�Í\ß�Ï�ÍSÝ�Û�Ñ�ÛÜç�ÐÆåSÖ�ç��¥Ð�ÓIÎtÉ�Ñ�ÛÜÖ�çz�¥Ô�ÍdØJÖ�ÎÂßnÏ�åSÖ�Ë^Ë^É~ç�ÝíÔ�ÛÜç�ÍâÖ�Ú9ÑtÛÜÖ~ç�Ñ�Ö	Ñ�Þ�Í+Ý�É�ÑæÉ
É~ålknÓ�Û�Ø�Û�Ñ�ÛÜÖ�ç×Ú�Î�Ö�Ð~ÎtÉ~Ë�'CØ�ÍSÍ�ûPÉ�ß�ÔÜÍ£ý+ài�%Û�ç©ýðÚ�Ú(ÍdçIÝ�ÛT�©ý�àT�p+óà\ûõÞ�Í�Ý�Î�ÛôÌ�ÍSÎeÛÜØeåSÖ�Ë	Ú�ÛÜÔ�ÍdÝ
ÛÜç�Ò`Ö�Î�Ë¿Ö~ÒfÔÜÛÜßIÎtÉ~ÎEÏ�§���-f©��!�I¨"��:%�	50/�¨�à
È�Ë^É~Ð�ÍSØðÉ~Î�Í+Ø�É±Ì�ÍdÝ�Ñ�ÖX9������0�¥Ô�ÍdØ�'�� �nX*�múÍ� �f�g��+óàõä¬Î�ÛôÑtÛÜçIÐ	Ö�ÒL9������¬��ÔÜÍdØJÛÜØJÎ�ÍdÉ~ÔÜÛ�ãdÍSÝ×ß�Ï

ÔÜÛÜßIÎtÉ~ÎEÏ0§�� -	��J�9������n§�� -6/V¨�úNßIÓIÑPÑ�Þ�ÛÜØkÛÜØGÑtÞ�ÍCå±É~Ë	ÍdÎ�É@Ý�Î�Û�Ì~ÍdÎPÔ�ÛÜß�Î�É~Î�ÏðèÂÞ�ÛÜåæÞ£Û�ØfÎ�ÍdØ�Ú�Ö�çIØ�ÛÜßIÔÜÍ
Ò`Ö�ÎâÚ�Î�ÍSÚ¥É~Î�ÛÜç�Ðíå±É�Ë^ÍSÎtÉ�Ø�ÍóÑ�ÑtÛ�ç�Ð�ØÊÛÜç9Ò`Ö�Î�Ë^É�ÑtÛ�Ö�ç�Ñ�Ö�ß(Í�ØtÉ±Ì~ÍdÝ�Û�ç<9��������¥Ô�Í�Þ�Í±É~ÝIÍdÎdà	ûõÞ�Í
é~ÍSÏnèCÖ�Î�ÝIØ�Î�ÍdÔÜÉ�ÑtÍSÝ�Ñ�Ö�å±É�Ë^ÍSÎtÉ�Ø�ÍSÑ�ÑtÛ�ç�Ð�Ø%É�Î�Í�ÔÜÛÜØEÑtÍSÝ�Û�ç�ûfÉ~ß�ÔÜÍíý+à2$ÙÛÜç�ý@Ú�Ú(Ídç�Ý�Û#��ý�àT��à
ò�Ö�Ø�Ñ£Ö~ÒõÑtÞ�Û�Ø�Û�çIÒ`Ö�Î�Ë^É�Ñ�ÛÜÖ�ç�ÛÜØ�É~ÔÜØ�Ö�èÂÎ�Û�Ñ�Ñ�Ídç�Ñ�Ö×ÑtÞIÍ%Ý¥É�ÑtÉ~ß¥É~Ø�Í~à©ûõÞ�Í�ÝIÎ�Û�Ì~ÍdÎ+ÔÜÛÜßIÎtÉ~ÎEÏ�ÛÜØ
ÔÜÛÜçIé~ÍdÝÆß�ÏY(�*�+\Ú�Î�Ö�Ð~ÎtÉ~Ë	Ø�'Vªfª�:B��� ���L§�«£É~ç�Ý­ªDª�:%:C.���-;§�«f+óà�ûõÞ�ÍÂß(ÍdØ�Ñ�èïÉ±Ï�ÑtÖÊÍ±É~Ø�ÛÜÔôÏ�ÑtÍSØ�Ñ
å±É~Ë	ÍdÎ�É~Ø£ÛÜØ+ÑtÖ�Ó�Ø�Í�Ú�Î�Ö�Ð~ÎtÉ~ËZ��«C����S"T�S�T ' ûfÉ~ß
à�ý�à2��+óà�È�ÑÆÛ�Ø£É©Ø�Û�Ë^ÚIÔÜÍ^Ñ�Í��NÑÆÛÜç�Ñ�ÍdÎ�Ò É�ådÍ
ÛÜç�ÑtÍSÎtÉ~åóÑtÛ�Ì~ÍðÚ�Î�Ö�Ð�Î�É~Ë�èÂÞ�ÛÜåæÞ%É~ÔÜÔ�ÖuèÂØÕÑ�Ö�åæÞ¥É~çIÐ�ÍeØ�ÍóÑ�Ñ�ÛÜç�Ð�ØBÖ~Ò
Ñ�Þ�ÍðådÉ~Ë	ÍdÎtÉ9úNÑ�Ö+ÑæÉ�é~ÍðÛ�ËìÉ�Ð�Í
É~ç�Ý^Ñ�Ö�Î�Í±É~Ô�ÛÜãdÍÂÉ�çnÏ	énÛÜçIÝ^Ö~ÒWå±É~Ë	ÍdÎ�ÉÊÒ`ÓIç�åSÑ�ÛÜÖ�ç¥É�ÔÜÛ�Ñ�Ï~àPÈ�ÑBå±É�çìß(Í@Ó�Ø�ÍdÝìÑ�Ö�Ö�Ú(ÍdÎ�É�ÑtÍÂådÉ~Ë^ÍSÎtÉ
ßnÏ�ÑtÞ�Í%ÁeùIü,�Nà2�ìÛ�ç�ÑtÍdÎEÒ É~ådÍ+Ö�Îðß�Ï�ÑtÞ�Í��ÕÑ�Þ�ÍdÎ�ç�ÍSÑÊÝIÍdÚ(Ídç�Ý�Û�ç�Ð�Ö�ç©Ö~ÚIÑtÛ�Ö�ç�ØðÚ�É~Ø�Ø�ÍdÝ�ÛÜç�ÑtÞ�Í
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DeviceBase

Base class for all types 
of camera driver.

Contains most common 
member variables and 

functions required by any 
type of camera driver

( like : CCDTemp, Cooling, etc ... )

Most of the functions are virtual and 
are overwritten in derived classes

Device2K2K

Class implementing driver for 2K2K
camera ( k2 and k20 )

It opens /dev/usb/pikamN node 
to comunnicate with the camera

It has member variables and functions
 specific for this kind of camera

Some classes are virtual and are 
overwritten in the derived classes

DeviceEth2K2K

Class derived from Device2K2K. Functions
which are different for ethernet camera

driver are overwritten here.

The functionality of comunication with 
ethernet camera is realized by member

variable : 

CEthCamera *m_pEthCamera;

CEthCamera 

Class implementing communication
with ethernet camera driver.

It implements sending commands and
receiving answers.

Also image transfer from camera is 
specially implemented here and 

error handling

It has member variable :

NudpSocket* _comm;

which implements NUDP protocol used 
to communicate with camera

NudpSocket

Class implementing NUDP protocol on the
PC side which is used to communicate

with the ethernet camera.
NUDP protocol is also implemented in 

the camera 

Þ�ßWà�á>âäã�ó>æ �gç�
9ã�é*ã�ñgí�ã�ñ*úVß2ã�î�ð�ò�ú�ê!��ã�â�ê-í>âOßU��ã�â��
++
úVìiê�îäî@ãûî
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FRAME

id_frm - internal record ID
iframeno - night image number

idaynight - night
spathtofile - path to FITS file

icamid - camera ID
scamfilter - filter
inaxis1 - X size
inaxis2 - Y size

sopbject - name of observed object
fra - right ascension of image center [h]
fdec - declination of image center [deg]

ttime_ut - unixtime of image start
sloctime - local time string
slocdate - local date string

fhjd - image HJD
istarcount - number of stars on image

ifitssize - size of FITS file
ra2000, dec2000, par_x_N, par_Y_N - astrometry paramters
matchedstars - number of stars matched to reference stars

shutter_mode - shutter mode ( opened / closing )
avg - average pixel value 

rms - RMS of pixel value distribution
cat_stars - number of reference stars on observed field

FRAME_DET

id_frm - link to internal ID of FRAME record
sobserved - name of observed
ssoftware - version of software

sbuild - build of software
sdrvtype - driver version

icamiidx - index of camera
fexptime - exposition time

frexptime - measured exposition time
bshutter - shutter opened / closed ( DARK or SKY )

fadcgain - ADC gain value
fadcbias - ADC bias setting
fadcgset -ADC gain setting
flnagain - LNA gain setting
fadcbset - ADC bias setting

fadcrange - ADC range
fadcclamp - adc clamping
felecgain - electron gain
bcooling - cooling on/off 
fabinn - analog binning

fsbinn - software binning
fspeed - chip readout speed ( setting )  
sspeedmh - readout speed [Mhz] - string

bmpp_bc - mpp mode on/off 
fro_time - USB/Ethernet transfer time [sec]

fcrotime - chip readout time 
ifocus - focal lenght [mm]

bhitlens - lens heating on/off
ssavearea - image save area [string]

susbmode - USB mode used
sfpgver - version of FPGA software

scprsver - version of Cypress software
sverdesc - version description
frnoise - readout noise [ADU]

frelnoise - readout noise [in electrons]
fchiptset - required chip temperature 
fchiptemp - actual chip temperature

fcasetemp - case temperature
fambtemp - ambient temperature

fcamhumid - humidity
fambhumid - ambient humidity

fintrtemp - ????
fairmass - airmass

MountSpeed

ms_id - internal ID of record
ms_time - unixtime of speed information

ms_omega_ha - angular speed in HA axis [ ??? ]
ms_omega_dec - angular speed in DEC axis [ ??? ]

PimanCommand

pmc_name - name of piman command [ string ]
pmc_param1 - first paramters of command

pmc_param2 - second parameter of command
pmc_time - unixtime of command

pmc_night - night 
pmc_module - module to which command was adressed

pmc_par1 - param 1
pmc_par2 - param 2 
pmc_par3 - param 3 
pmc_par4 - param 4 
pmc_par5 - param 5 
pmc_par6 - param 6 
pmc_par7 - param 7 
pmc_par8 - param 8

pmc_pimanid - ID of piman program

Event

id_event - internal ID of record
id_frm - link to Frame record
frame_no - frame number 

event_no - number of event on frame
x - chip X coordinate
y - chip Y coordinate

lap_new - "laplace" value on new image
lap_prev - "laplace" value on previous image

lap_max_new - maximum value of laplce in cluster on new image
s_raw - raw ADU value of event

sphericity - value of shape indicator
cluster_size - number of pixels in cluster

black_ratio - black pixel indicator
coic_radius_sec - distance of conciding event on second camera [arcsec]

ra - right ascension [deg]
dec - declination [deg]

evt_time - unix time of event
evtpath - path to FITS sub renders

mag - magnitude of flash
evt_slt_ok - flag if TLT accepted the event

evt_external - information on external triggers related to this event
evt_night - night 

evt_online - if found on-line or off-line
evt_runtype - algorithm type 0-coinc 10s,1-coinc sum 8, 3-single cam on-line

conirmation on next, 4-off-line single, 5 - off-line coinc 10s
lap_next - laplace value on next image

evt_camid - camera ID
evt_glon - galactic longitude 

evt_glat - galactic latitude
evt_type - event type , 0-verified, 1-final,3 - singla cam, 4 - generated

evt_slt_reason - reason why TLT rejected this event
evt_min_dist_cone - minimal distance from Earth required for satellite to flash
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Ö�ß�Ø�ÍSÎ�Ì~Í�É~Î�ßIÛ�ÑtÎ�É~Î�Ï%Ú�Ö�Ø�Û�Ñ�ÛÜÖ�ç�ØSàïÈ�ç�ØEÑtÍdÉ~Ý©Û�Ñ(�¥çIÝ�ØðåSÔÜÖ�Ø�ÍdØ�Ñ��¥ÍSÔÜÝ�Ò`Î�Ö�Ë.ÑtÞIÍ+Ú�Î�ÍdÝ�Í��¥ç�ÍSÝ�ÔÜÛÜØEÑ
É~ç�Ý�ÑtÍSÔÜÍdØ�ådÖ�Ú(ÍÆÚ�Ö~ÛÜç�ÑtØeÑ�Ö%ÑtÞ�ÍÆådÍSç�ÑtÍdÎÊÖ~Ò�Ñ�Þ�ÛÜØ·�¥ÍSÔÜÝ
à�È�ç�Ñ�Þ�ÛÜØeèïÉ±Ï�Í±É�åæÞ¬ØEÑæÉ~ÎâÛ�ØeÓ�Ø�Ó�É~ÔÜÔôÏ
Ë^ÍdÉ~Ø�Ó�Î�ÍdÝíÉ~Ô�Ë^Ö~Ø�ÑBÛÜçìÑ�Þ�ÍðØ�É~Ë	ÍðÚ(Ö�Ø�ÛôÑtÛÜÖ~çìÖ~Ò
Ñ�Þ�Í"o,o�!�åæÞ�Û�Ú
àÕûõÞ�ÍâÉ�ß�ÖUÌ�ÍðÚ�Ö�Û�ç�ÑtÛÜçIÐ+Ú�Î�Ö*

ådÍdÝIÓ�Î�Í+ÛÜØJÚ�ÍSÎ�Ò`Ö�Î�Ë^ÍSÝ�Ý�ÓIÎ�ÛÜçIÐ^Ë	Ö�Ø�ÑJÖ~ÒPÑtÞ�Í\ç�ÛÜÐ~ÞnÑdàîûGèÂÛÜådÍ+É^çIÛÜÐ�Þ�ÑÂÑtÞ�ÍÊèÂÞ�Ö�Ô�Í+Ø�é�Ï�Ø�å±É~ç
ÛÜØðÚ(ÍdÎEÒ`Ö�Î�Ë	ÍdÝ�ß�Ï�Ñ�Þ�Í�ØEÏ9ØEÑtÍSË�ÑtÖìådÖUÌ�ÍSÎâÉ~ÔÜÔGØ�énÏ~úWèÂÞ�Û�åæÞ×ÑæÉ~é�ÍdØâÉ�ß�Ö�Ó9Ñ

2 × 1
Þ�Ö�ÓIÎdàðûõÞIÍ

ç�Ö�Î�Ë^É~Ô�Ö�ß�Ø�ÍSÎ�Ì�É�Ñ�ÛÜÖ�ç�ØEÑtÎtÉrÑtÍdÐ�ÏìÝ�ÍSØ�åSÎ�ÛÜß(ÍdÝ�É~ß(ÖUÌ�Íâå±É�ç�ß�ÍâÛ�çnÑ�ÍdÎ�Î�Ó�ÚIÑ�ÍdÝíÖ�ç�Î�ÍdådÍSÛ�ÌNÛÜçIÐ£ÑtÞ�Í
á�o��/É~ÔÜÍSÎ�Ñ+É~ß(Ö�ÓIÑ�á"&@ü1èÂÛ�Ñ�Þ¬énç�ÖUèÂç�Ú(Ö�Ø�ÛôÑtÛ�Ö�ç
à�äÿÞ�Ídçêá�o���Ë^ÖNÝ�Ó�Ô�Í�Î�ÍSådÍdÛôÌ�ÍSØ+ÑtÞIÛÜØ
éNÛ�ç�Ý×Ö�ÒÕÉ~Ô�ÍdÎ�ÑÂÛôÑJØ�ÍdçIÝ�ØðÛôÑJÑ�Ö0©��!�I¨��×Ë	ÖNÝ�Ó�ÔÜÍ�àCÈ�ç�å±É�Ø�Í+Ñ�Þ�Í\ÍSÌ�ÍSç�Ñeå±É�ç×ß(Í+Ö�ßIØ�ÍdÎEÌ�ÍSÝ½'�ÛôÑ
ÛÜØÊÉ~ß(ÖUÌ�ÍÆÑtÞ�ÍÆÞ�Ö�Î�ÛÜãSÖ�ç¿+@ÑtÞ�ÍÆç�Ö�Î�ËìÉ�Ô7Ú�Î�Ö~Ð�ÎtÉ~Ë�ÛÜØâÚ(Ö�Ø�Ñ�Ú�Ö~ç�ÍdÝ¬É~ç�Ý�Ø�ÏNØEÑtÍdË�Ú(Ö�ÛÜç�Ñ�ØeÑtÞ�Í
å±É~Ë	ÍdÎ�É~Ø\Ñ�ÖUèîÉ~Î�Ý�Ø+Ñ�Þ�ÍìßIÓ�Î�ØEÑ£Ú(Ö�Ø�ÛôÑtÛÜÖ~ç
àìýJÒqÑtÍdÎ\Þ¥É~ÔôÒõÉ~ç¬Þ�Ö�Ó�Î\Ø�ÏNØEÑtÍdË	Ø�Î�ÍSÑ�Ó�Î�ç�Ø\ÑtÖ�ÑtÞ�Í
ç�Ö�Î�Ë^É~Ô
Ö~ß�Ø�ÍSÎ�Ì�É�ÑtÛ�Ö�çíÚ�Ô É�ç
à
Z=Ô�Z«Ô�Z«ÔÍ� ��AD?B8I<�A�C�NPC�<�AD? E�8RQ)<�:>8RH
ûõÞ�Í�÷døÕÛkÖ~ÒPÑ�Þ�Í�ùNénÏW÷+ÚIÎ�Ö~Ñ�Ö~Ñ�ÏNÚ�Í\ÛÜØJÛÜç�ØEÑæÉ~Ô�ÔÜÍSÝ�Û�ç©ñ9o,U�É~ç�Ý�Ò`Ó�ÔÜÔGÝ�ÍóÑtÍSåSÑtÖ~ÎJèÂÛ�ÔÜÔGÉ~Ô�Ø�Ö	ß�Í
ÛÜç�ØEÑæÉ~Ô�ÔÜÍdÝÆÛ�çìÉ\Î�ÍdË	Ö~Ñ�ÍJÔ�Ö9ådÉ�ÑtÛ�Ö�ç
àkûõÞ�ÛÜØBÛÜË	Ú(Ö�Ø�ÍSØBØ�Ú�ÍSådÛT�¥å@Î�ÍlknÓ�Û�Î�ÍdË	Ídç�Ñ�ØCÒ`Ö�ÎÕÑtÞIÍðØ�ÏNØEÑtÍdË�à
ûõÞ�Í^Ë	Ö�ØEÑÊÛÜË	Ú�Ö�ÎEÑæÉ~ç�ÑðÖ�ç�ÍÆÛÜØeÒ É~Û�ÔÜÓ�Î�Í�
 Ò`Î�ÍdÍ+Þ¥É~Î�ÝIèîÉ�Î�Í~àÆý@ç�Ö~ÑtÞIÍdÎÊÖ�ß�ÌNÛÜÖ�Ó�ØâÎ�ÍlknÓ�Û�Î�ÍdË	Ídç�Ñ
ÛÜØ�ÑtÞ¥ÉrÑ^Ñ�Þ�Í�ØEÏNØ�ÑtÍSË Ë£Ó�Ø�Ñ^ß(Í�åSÖ�ç�ÑtÎ�Ö~ÔÜÔ É�ß�ÔÜÍìÌNÛÜÉ�Ñ�Þ�Í�È�ç�Ñ�ÍdÎ�çIÍSÑ±à ò�Ö�Ø�Ñ^Ö~ÒðÑ�Þ�Í�Ø�ÏNØ�Ñ�ÍdË
Ò`Ó�ç�åSÑ�ÛÜÖ�ç�É~ÔÜÛôÑ�Ï�ådÉ~ç�ß(ÍíådÖ�ç�Ñ�Î�Ö�Ô�ÔÜÍdÝ�ÌNÛÜÉ�Ñ�Þ�ÍíØ�Ø�Þ�Ú�Î�Ö~ÑtÖNådÖ�ÔïßnÏ�Ô�Ö�Ð�Ð�Û�ç�Ð×Ñ�ÖÙÎ�ÍdË	Ö~ÑtÍ�ÞIÖ�Ø�Ñ
É~ç�Ý"Í��IÍSådÓIÑ�ÛÜç�Ð¬Ú�Î�Ö~Ð�ÎtÉ~Ë	Ødà�j@ÖUèïÍóÌ�ÍSÎdúJç�ÛÜÐ�Þ�Ñ�Ô�ÏêÖ�Ú(ÍdÎ�É�ÑtÛ�Ö�ç�ådÖ�ç�Ñ�Î�Ö�ÔJÝ�ÖNÍdØ	ç�Ö~Ñ^Î�ÍlknÓ�Û�Î�Í

$�r



Z«ÔÍS   �9H@H^\�=-8;_,<>69A³57`)N ÍPAn<�ADE�<�8;:

ÔÜÖ�Ð�Ð~ÛÜç�Ð�ÑtÖ¬Î�ÍSË^Ö~Ñ�Í�ÞIÖ�Ø�ÑdúõË^Ö�ØEÑ	ÛÜË	Ú�Ö�ÎEÑæÉ~ç�Ñ	ÛÜç9Ò`Ö�Î�Ë^É�ÑtÛ�Ö�ç�É~ß(Ö�ÓIÑÆÑtÞIÍ×Ø�ÏNØEÑtÍdË Ú(ÍdÎ�Ò`Ö~Î�

ËìÉ~çIådÍÊÛÜØõåSÖ�Ú�ÛÜÍSÝ�Ñ�ÖÆÔÜÖNå±É~Ô�ËìÉ~åæÞIÛÜç�ÍSØ@É�ç�Ý�Û�ØÂÉ±Ì~É�ÛÜÔ É�ß�ÔÜÍ@ßnÏìÑtÞ�Íâä¨ä¨ä Û�çnÑ�ÍdÎEÒ É~ådÍ�àÕûõÞ�ÛÜØ
ÛÜçIÒ`Ö�Î�ËìÉrÑtÛÜÖ~ç%ÛÜØõß¥É�Ø�ÛÜådÉ~ÔÜÔôÏK¹

• !eÉ�ÑtÉ~ß¥É~Ø�Í�Î�ÍdådÖ~Î�Ý�ØðÒ`Î�Ö�Ë Ö�ç/
�ÔÜÛ�ç�ÍâÑæÉ~ß�Ô�ÍdØJådÖ�ç�ÑtÉ~ÛÜç�Û�ç�Ð	ÛÜçIÒ`Ö�Î�ËìÉrÑtÛÜÖ~ç�É�ß�Ö�Ó9ÑðÛ�ËìÉ~Ð~ÍdØ
É~ç�Ý�Î�ÍSØ�Ó�ÔôÑtØõÒ`Î�Ö�Ë/ÑtÞ�ÍÊÖ�çD
�ÔÜÛ�ç�ÍâÉ~Ô�Ð�Ö�Î�Û�ÑtÞIË�'ÕùNÍdå~à-�9à2�9à2�9ài10+

• ùNÑtÉ�ÑtÓ�Ø,�¥Ô�ÍdØÂÖ~ÒPÉ~ÔÜÔ�Ø�ÏNØ�Ñ�ÍdËöådÖ~Ë^Ú(Ö�ç�ÍSçnÑ�Ø
• ñ�Ö�Ðx�¥ÔÜÍSØÂÖ~ÒPË	Ö�ØEÑÂådÎ�ÓIådÛ É�Ô
Ø�ÏNØ�Ñ�ÍdËöådÖ~Ë^Ú(Ö�ç�ÍSçnÑ�Ø
• øPÉ�Î�ÑtØÂÖ~ÒPÛÜË^É~Ð�ÍSØîådÖ�ç�ÑtÉ~ÛÜç�Û�ç�Ð�ÍSÌ~Ídç�ÑtØJÒ`Ö�Ó�ç�Ýíß�Ï�ÑtÞIÍ\Ö~ç/
�Ô�ÛÜç�ÍðÉ~ÔÜÐ�Ö~Î�Û�Ñ�Þ�Ë
• ù9Ö�Ë	ÍâÖ~ÒfådÖ�Ô�ÔÜÍSåSÑtÍSÝíØ�é�ÏíÛÜË^É~Ð�ÍSØ"'7ådÖ�ç�Ì�ÍSÎ�Ñ�ÍdÝ�Ñ�Öâë�ÚIÐÆÒ`Ö~Î�Ë^É�Ñ�+

Á@ç�Ý�ÍSÎÊç�Ö�Î�Ë^É~ÔkådÖ�çIÝ�Û�Ñ�ÛÜÖ�ç�ØJÑtÞ�Í�ØEÏNØ�ÑtÍSË$Ý�ÖNÍdØâç�Ö~ÑeÎ�ÍlknÓ�Û�Î�Í�ÞnÓ�Ë^É~ç�É�Ñ�ÑtÍdç�Ñ�ÛÜÖ�ç
ú
É~ÔÜÔ�ë�Ö�ß�Ø
ÑtÖ©ß(Í%Ú(ÍdÎ�Ò`Ö~Î�Ë	ÍdÝêÉ~Î�ÍìØEÑæÉ~ÎEÑtÍdÝ�É�ÓIÑtÖ�Ë^É�Ñ�ÛÜå±É�ÔÜÔ�Ï�Ò`Î�Ö�Ë�ª��C.�����¨�-�à�ýîÑ�Ð�Û�Ì~Ídç�Ñ�ÛÜË	Í^çIÛÜÐ�Þ�Ñ
Ö�ß�Ø�ÍSÎ�Ì�É�Ñ�ÛÜÖ�çíØ�åSÎ�Û�ÚIÑõÛÜØõÐ~Ídç�ÍSÎtÉ�Ñ�ÍdÝ
ú�åSÖ�ç��¥Ð~Ó�ÎtÉ�Ñ�ÛÜÖ�ç���ÔÜÍdØÂÉ�ç�ÝíÝ¥É�ÑæÉ�Ò`Ö~ÔÜÝ�ÍSÎ�ØÂÉ~Î�ÍâÚ�Î�ÍSÚ¥É~Î�ÍSÝ
ú
Ø�ÏNØ�Ñ�ÍdË�ÛÜØ�Ø�ÑtÉ~Î�Ñ�ÍdÝ^É~ç�Ý	Û�Ñ�Î�Ó�ç�ØBÓ�ç�ÑtÛÜÔ¥Ë	Ö�Î�ç�ÛÜç�ÐIàfûõÞ�ÍJÚ(ÍdÎ�Ø�Ö�ç	Ö�ç^ÝIÓIÑ�ÏÆÝ�ÖNÍdØBç�Ö~ÑBÞ¥É±Ì�ÍÂÑtÖ
èîÉ�Ñ�åæÞ�ÑtÞ�Í£ØEÏNØ�ÑtÍSË�Ò`Ö�ÎJÑtÞ�Í+èÂÞ�Ö�ÔÜÍ�ç�ÛÜÐ�Þ�ÑdàðÈ�ç�Ö�Î�Ý�ÍdÎðÑ�ÖìèïÉ~Î�ç�É~ß(Ö�ÓIÑðØ�ÏNØ�Ñ�ÍdË�Ú�Î�Ö�ßIÔÜÍdË	Ø
Ø�Ú(ÍdådÛÜÉ~Ô�É~Ô�ÍdÎEÑõØ�ÏNØ�Ñ�ÍdË.èïÉ~ØÂÝ�ÍdØ�ÛÜÐ�çIÍdÝ
àÕÈ�çíå±É�Ø�ÍÊØ�ÑtÉ�ÑtÓ�Ø,�¥Ô�ÍðÒ`Î�Ö~Ë.É~ç�Ï%Ë	ÖNÝ�Ó�ÔÜÍðÛÜØîç�Ö�ÑÂÓ�Ú/

Ý¥É�ÑtÍSÝ£Ò`Ö�ÎPÔ�Ö�ç�ÐJÑtÛÜË	ÍBÖ�ÎfåSÖ�ç�ÑæÉ~Û�ç�Ø7Û�çIÒ`Ö�Î�Ë^É�Ñ�ÛÜÖ�ç\É~ß(Ö�ÓIÑfÚ�Î�Ö~ß�ÔÜÍSË^ØSú~Í�
�ËìÉ�ÛÜÔnÖ�ÎÕùIò©ù�ÛÜØkØ�ÍSçnÑ
ÑtÖ%Ú(ÍdÎ�Ø�Ö�ç�Ö�ç×Ý�ÓIÑ�Ï�àâÈ�ç�Ø�Ó�åæÞ�å±É~Ø�Í£Ú�Î�Ö�ß¥É~ß�ÔôÏ�ÞNÓIËìÉ~ç×Î�Í±É�åSÑtÛ�Ö�ç�èÂÛ�ÔÜÔGß(Í£ç�ÍdåSÍdØ�ØtÉ~ÎEÏ�É~ç�Ý
èÂÛÜÔÜÔ¥Î�ÍlknÓ�Û�Î�ÍÂÔÜÖ�Ð~Ð�ÛÜç�ÐeÑ�Ö�ØEÏ9ØEÑtÍSË/åSÖ�ç�ÑtÎ�Ö�ÔÜÔ�ÛÜç�ÐâåSÖ�Ë^ÚIÓIÑtÍSÎdà7ûõÞ�ÍðÉ~åSÑ�ÛÜÖ�ç�èCÖ�Ó�Ô�ÝìÝ�ÍSÚ�ÍSç�Ý%Ö�ç
ÑtÞ�ÍÂÑ�ÏNÚ�Í@Ö~ÒWÑ�Þ�Í@ÚIÎ�Ö�ß�Ô�ÍdË�ú�Ø�Ö�Ë	ÍSÑ�ÛÜË	ÍdØÕÛôÑCÛ�Ø�Ídç�Ö�ÓIÐ�Þ^Ñ�Ö+Í��IÍSådÓIÑ�Ís©��!�;¨��^ådÖ~Ë^Ë^É~ç�Ý�Ò`Î�Ö~Ë
©
�	���L«/§D§�Ö�ÎÊÎ�ÍdØ�ÑtÉ~Î�Ñ\Ö�çIÍ	Ö�ÒïÑtÞIÍ	Ë	ÖNÝ�Ó�ÔÜÍSØdú�èÂÞ�Û�ÔÜÍ�ÛÜç�ådÉ~Ø�Í	Ö~ÒîË	Ö�Ó�ç�Ñ\Ø�ÍSÎ�Ì~ÍdÎ\Ú�Î�Ö�ßIÔÜÍdË	Ø
å±É~Ô�ÛÜß�Î�É�ÑtÛ�Ö�ç%Ú�Î�Ö9åSÍdÝ�Ó�Î�ÍÊËìÉ±Ï�ß(ÍâÎ�Í�kNÓIÛÜÎ�ÍSÝ
à
ò³óhg i'j ¾ó¾¹ûlk�¼Om�Å ù À n^º ý Á�ÀîÅGÀÂ¸CÅG¼"�
¬,Ï�Õ(Ï�Î Ñ ¸=¶·¸7ÚLÒ�²�½"�·¸�Ò
ûõÞ�ÍðÒ`Ó�Ô�ÔZÌ~ÍdÎ�Ø�ÛÜÖ~ç%Ö~Ò
Ñ�Þ�ÍeÝ�ÍóÑtÍdåóÑtÖ�ÎCÛÜØBådÓ�Î�Î�ÍSçnÑ�Ô�Ï^Ó�ç�Ý�ÍSÎïåSÖ�ç�Ø�Ñ�Î�Ó�åóÑtÛ�Ö�ç
àÕûõÞ�Íe��ç¥É~Ô(Ø�ÏNØ�Ñ�ÍdË
èÂÛÜÔÜÔkådÖ~ç�Ø�Û�Ø�ÑâÖ~Ò-�ìØ�ÍSÑtØâÖ�Ò(��X%å±É~Ë	ÍdÎ�É~Ødàw��É~åæÞ�å±É�Ë^ÍSÎtÉ^èÂÛ�ÔÜÔkådÖUÌ�ÍSÎ

20◦ × 20◦
�9U(Ä�úWÎ�Í�


Ø�Ó�ÔôÑtÛÜçIÐ\Û�çp�ÊØEÑtÍSÎtÉ~Ý�ÛÜÉ~ç�ØÕåSÖuÌ~ÍdÎ�É~Ð�ÍJÖ~ÒWÍdÉ~åæÞìØ�ÍSÑdà7ûõÞ�Ís��U,ÄÿÖ~Ò7�ÊØEÑtÍdÎ�É~Ý�ÛÜÉ~ç�ØÕådÖ~Î�Î�ÍSØ�Ú(Ö�ç�Ý�Ø
ÑtÖx�9U(Ä�Ö~Ò�ÑtÞ�ÍeüïýÕû¨Ý�ÍSÑ�ÍdåóÑtÖ�ÎõÖ�çìß�Ö�É�Î�Ý%Ö~Ò�Ñ�Þ�ÍâùnäÿÈV�PûÿØtÉ�Ñ�ÍdÔÜÔ�Û�Ñ�Í%'��21��>� úa�21D�l�|+ÂúIÛôÑîÉ~Ô�Ø�Ö

$�m
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ËìÉ�Ñ�åæÞ�ÍdØ-�9U(ÄþÖ~Ò
ÑtÞIÍeñ�ýÕû"Ý�ÍóÑtÍdåóÑtÖ�ÎCÖ�ç^Ñ�Þ�ÍâáÊñ�ýâù9û�ØtÉ�Ñ�ÍdÔÜÔ�Û�Ñ�Íw'��W��X*�múa�W1��>��+óúnèÂÞ�Û�åæÞìèÂÛÜÔ�Ô
ß�ÍÊÔÜÓIç�åæÞ�ÍdÝ�ÛÜç%Ñ�Þ�ÍÊß�ÍSÐ�ÛÜçIç�ÛÜç�Ð�Ö�Ò��*����rIàÕûõÞ�ÍSØ�ÍÊÑ�èïÖ	Ø�ÍóÑtØõèÂÛÜÔ�ÔWß(ÍÊÛÜç�ØEÑæÉ~Ô�ÔÜÍdÝìÛÜç�Ý�ÛT~WÍSÎ�Ídç�Ñ
Ú�Ô É~åSÍdØõØ�ÍdÚ¥É~Î�É�ÑtÍSÝíßnÏìÝ�ÛÜØEÑæÉ~çIådÍeÖ~Ò ≈ �����£énË�à7ûõÞ�ÛÜØõØ�ÍdÚ¥É�ÎtÉ�Ñ�ÛÜÖ�ç%ÝIÛÜØ�ÑtÉ~ç�åSÍeèÂÛÜÔÜÔ(É~Ô�ÔÜÖUè¨ÑtÖÎ�Í<ë�ÍSåSÑ@Ö�ÚIÑ�ÛÜå±É�Ôa.ZÉ~Ø�Þ�ÍdØJå±É~ÓIØ�ÍdÝ�ß�Ïíç�Í±É~Î���É~ÎEÑtÞ�Ö�ßNë�ÍdåóÑtØ�'PË^Ö~Ø�ÑtÔôÏ%Ø�É�ÑtÍSÔÜÔÜÛôÑtÍSØ¦+óúIÓ�Ø�Û�ç�Ð�ÑtÞ�Í
Ú¥É~ÎtÉ�ÔÜÔ É>�ÙÍ�~�ÍdåSÑdà¬ûõÞIÍ�Ø�ÑtÍSÎ�ÍSÖÙÖ~ß�Ø�ÍSÎ�Ì�É�ÑtÛ�Ö�ç�Ø£Þ�ÉUÌ~ÍíÉ~ÔÜÎ�Í±É~Ý9Ï�ß(ÍdÍSç�Ñ�ÍdØEÑtÍdÝ�Û�çêñ9o,U¥'`Ø�ÍdÍ
ù9Ídå�à�$Ià2�9à2��+óà�ûõÞ�Í	Ú¥É~Î�É~ÔÜÔÜÉg��èÂÛÜÔÜÔ7É~ÔÜÔ�Öuè¯Ñ�Ö�Î�Í<ë�ÍdåóÑ\ç�Í±É~Îw��É~ÎEÑtÞ³.ZÉ~Ø�ÞIÛÜç�Ð�Ö�ßNë�ÍSåSÑtØ\Ó�Ú�ÑtÖ
Ö�Î�ß�ÛôÑÂÖ~ÒkÑtÞ�Í+ò�ÖNÖ�ç
à
¬,Ï�Õ(Ïo¬ o ´�Ù·¶^Ü�Û
ûõÞ�Í�Ë	Ö�Ó�ç�ÑÆÝ�ÍSØ�Û�Ð�çêèîÉ~Ø	ß¥É~Ø�ÍdÝ&Ö�ç�ÑtÞ�Í�Ë	Ö�Ó�ç�Ñ	Ó�Ø�ÍSÝ�Û�çêÑtÞ�ÍíÚ�Î�Ö~ÑtÖ~Ñ�ÏNÚ(Í~úBß�ÓIÑ	Û�Ñ�èïÉ~Ø
Î�ÍdÝIÍdØ�Û�Ð�ç�ÍSÝ�É~ç�ÝÙÛÜË	Ú�Î�ÖuÌ~ÍdÝ¸'O�PÛ�Ð�àp�9àWrn+óàÆÈ�çÙÑtÞ�ÍÆç�Íóè Ý�ÍdØ�ÛÜÐ�ç���å±É~Ë	ÍdÎ�É~ØÊÉ~Î�ÍÆÛ�ç�Ø�ÑtÉ~ÔÜÔ�ÍdÝ
Ö�ç�É+Ø�ÛÜç�Ð~ÔÜÍÂË^Ö~Ó�ç�Ñ±à7ûõÞ�ÍóÏìådÉ~çìèCÖ�Î�éÆÛ�ç^Ñ�èCÖ£Ë^ÖNÝ�ÍSØïØ�Ö+å±É~Ô�ÔÜÍSÝ)prqts�äðÉ~ç�Ýus�ä[äwv(à�!ðÓ�Î�ÛÜç�Ð
ç�Ö�Î�Ë^É~ÔCÖ�Ú�ÍSÎtÉ�Ñ�ÛÜÖ�ç�å±É~Ë	ÍdÎ�É~Ø£èÂÛÜÔ�ÔBèCÖ�Î�é¬ÛÜç�Ñ�Þ�Íxprqts�ä�Ë	Ö9ÝIÍ~úÕÔÜÖNÖ�énÛÜçIÐ�É�Ñ�ç�ÍSÛÜÐ�Þnß(Ö�Î�Û�ç�Ð
�¥ÍdÔ�Ý�Ø^Û�çêÑtÞ�ÍíØ�é�Ï&É~çIÝ�åSÖuÌ~ÍdÎ�ÛÜç�ÐB��U,Ä ≈ 40◦ × 40◦

'eØ�Û�ç�Ð�ÔÜÍìË^Ö�ÓIçnÑ¤+�à�È�ç&Ö�Î�ÝIÍdÎ�ÑtÖ
Ö�ßIÑæÉ�ÛÜç�Þ�ÛÜÐ~Þ�ÍdÎ�Ô�ÛÜË	Û�ÑtÛ�ç�Ð�ËìÉ~Ð~ç�Û�Ñ�Ó�Ý�Í�É~çIÝ�Û�Ë^Ú�Î�ÖUÌ�Í�Ú�Î�ÍdådÛ�Ø�Û�Ö�ç�Ö~Ò@Ñ�Þ�ÍíÚ�Þ�Ö~Ñ�Ö�Ë	ÍSÑtÎEÏ�É~Ô�Ô
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ÔÜÛÜçIÍ�É�ÔÜÐ�Ö�Î�Û�Ñ�Þ�Ë^Ø�ÛÜË	Ú�ÔÜÍSË^ÍSçnÑ�ÍdÝ&ß�Ï&É~ÓIÑtÞIÖ�Î	èÂÛ�ÔÜÔõß(Í�ÝIÍdØ�åSÎ�Û�ß�ÍSÝ"ÛÜç&Ý�ÍSÑtÉ~ÛÜÔmà�ûõÞ�ÍSØ�Í�É�Î�Í
.ZÉ~Î�ÍÆÎ�ÍdådÖ~Ð�ç�Û�Ñ�ÛÜÖ�ç©É~ÔÜÐ�Ö~Î�Û�Ñ�Þ�Ë�ú�Ô�Ö9Ö�énÛ�ç�ÐìÒ`Ö�ÎeßIÎ�ÛÜÐ~ÞnÑ�ç�ÍdØ�ØÊÛÜç�åSÎ�Í±É�Ø�ÍÆÖ~ÒBÍ��9ÛÜØEÑtÛ�ç�ÐíØ�ÑæÉ�Î�ØÊÉ~ç�Ý
É~ÔÜÐ�Ö~Î�Û�Ñ�Þ�Ë�Ò`Ö~Îw�¥çIÝ�ÛÜç�Ð�ç�Íóè�Ö�ßNë�ÍdåóÑtØ+ÛÜç�ÑtÞ�Í^Ø�é�Ï�àíûõÞ�Í^Ý¥É�ÑæÉ�ß¥É~Ø�Í	Ú�Î�ÖuÌNÛ�Ý�ÍdØ+Í±É~ØEÏ¬Ý�É�ÑæÉ
É~ådåSÍdØ�ØeÒ`Ö~Î@ß�Î�Ö�É~Ý�Ø�Ú(ÍdåSÑ�Î�Ó�Ë Ö~Ò�Ý¥ÉrÑæÉìÉ�ç¥É~Ô�ÏNØ�ÛÜØdà��
�9ådÍSÚIÑÊÉ~Ô�Ð�Ö�Î�ÛôÑtÞ�Ë	ØõÚ�Î�ÍdØ�ÍSç�ÑtÍdÝ�Û�ç�ÑtÞIÛÜØ
ÑtÞ�ÍSØ�ÛÜØõÑ�Þ�ÍdÎ�Í�É~Î�ÍÊÉ~ÔÜØ�ÖÆÖ~ÑtÞ�ÍSÎõÖ�~;
�ÔÜÛ�ç�ÍâÉ~Ô�Ð�Ö�Î�Û�ÑtÞIË^ØCÛÜË	Ú�ÔÜÍSË^ÍSçnÑ�ÍdÝ�'��W1�$*�mú��W1*����+óà
gÀó�ô � »X��¾�kd»�À ÁK	âÅ9	 �fÀÂÁ j ¸CÅ�kó¼+»
UâçD
�ÔÜÛ�ç�ÍîÝ¥ÉrÑæÉÊÉ~ç¥É~ÔôÏNØ�ÛÜØPÛÜØÕÎ�Í�knÓ�ÛÜÎ�ÍdÝÆÒ`Ö�ÎÕÝ�ÍSÑ�ÍdåóÑtÖ�Î�ådÖ~çnÑ�Î�Ö�ÔmàPûõÞ�ÍÂË	Ö�Ø�Ñ�Û�Ë^Ú(Ö�ÎEÑæÉ~ç�ÑPÑtÉ~Ø�é�ÛÜØ
É~Ø�Ñ�Î�Ö�Ë	ÍSÑ�Î�Ï�ú~Û�ÑfÛÜØfÉ@ÑtÎ�É~ç�Ø�Ò`Ö~Î�Ë^É�ÑtÛ�Ö�ç+Ö�Ò¥åæÞ�ÛÜÚ�åSÖ9Ö~Î�Ý�Û�ç¥É�ÑtÍSØ�'���ú Ï�+kÑ�ÖeådÍSÔÜÍdØEÑtÛÜÉ~ÔnådÖNÖ�Î�Ý�Û�ç¥É�Ñ�ÍdØ
'
λ, δ
+e¹

���
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T : (x, y) → (λ, δ)
'@$Ià���+

È�ç�Ö�Î�ÝIÍdÎîÑtÖÆÖ�ß9ÑæÉ~Û�çíÑ�Þ�ÛÜØîÑ�ÎtÉ~çIØ�Ò`Ö�Î�ËìÉ�Ñ�ÛÜÖ�ç^ÑtÞ�ÍâÒ`Ö�Ô�ÔÜÖUèÂÛÜç�Ð�Ø�ÑtÍSÚ�Ø@É~Î�ÍâÚ(ÍdÎEÒ`Ö�Î�Ë	ÍdÝ³¹
• �ZÉ~Ø�Ñ\Û�ËìÉ~Ð~Í�Î�ÍdÝIÓ�åSÑ�ÛÜÖ�ç�
@Ø�Ó�ßIÑ�ÎtÉ~åóÑtÛ�Ö�ç¬Ö�ÒîÝ¥É~Î�é�ÛÜË^É~Ð�ÍK'ïÑtÞIÛÜØÊÛÜØÊØ�Ñ�ÍdÚ¬ÛÜØ\É~ÔÜØ�Ö�Î�Í�
knÓ�ÛÜÎ�ÍdÝ�ßnÏ%Ö�ç/
�Ô�ÛÜç�ÍeÉ~ç¥É~ÔôÏ9Ø�ÛÜØÂÉ~Ô�Ð�Ö�Î�Û�ÑtÞIË +
• øÕÞ�Ö~Ñ�Ö�Ë^ÍóÑtÎEÏ�
ðÛ�Ý�Ídç�Ñ�Û��¥ådÉ�ÑtÛ�Ö�ç�Ö~ÒõØ�ÑtÉ~Î�Ø\ÛÜç¬É~ç¬ÛÜË^É~Ð�ÍÆÉ~ç�Ý¬Ý�ÍSÑ�ÍdÎ�Ë^Û�ç¥É�ÑtÛ�Ö�ç�Ö~ÒõÛ�ç/
Ø�Ñ�Î�Ó�Ë	Ídç�ÑæÉ�Ô�ËìÉ~Ð~ç�Û�Ñ�Ó�Ý�ÍdØÂÉ�ç�ÝíåæÞ�ÛÜÚ�ådÖNÖ�Î�ÝIÛÜç¥É�Ñ�ÍdØw'��Wú Ï�+
• ýðØEÑtÎ�Ö�Ë^ÍóÑtÎEÏ�
JÝ�ÍSÑ�ÍdÎ�Ë^Û�ç¥É�ÑtÛ�Ö�ç©Ö~ÒCç�Ö�çD
�ÔÜÛ�ç�Í±É�ÎðÑtÎ�É~ç�Ø�Ò`Ö~Î�Ë^É�ÑtÛ�Ö�ç©û±¹Í'|��ú Ï�+ → '

λ, δ
+

È�ÑÆÛÜØ+Û�ÑtÍSÎtÉ�Ñ�ÛÜÖ�ç�É~Ô�Ë^Û�ç�ÛÜË	ÛÜãdÉ�ÑtÛ�Ö�ç�Ú�Î�ÖNådÍSÝ�Ó�Î�Í�åSÖ�Ë	Ú¥É~Î�Û�ç�Ð×ØEÑæÉ~Î�Ø�ÛÜÝ�ÍSç�ÑtÛ���ÍdÝêÛÜç¬ÑtÞ�Í
ÛÜË^É~Ð�Íeß�ÏíÚ�ÞIÖ~ÑtÖ�Ë	ÍSÑ�Î�Ï%èÂÛôÑtÞíÎ�ÍóÒ`ÍdÎ�Ídç�åSÍ�Ø�ÑtÉ~Î�ØõÒ`Î�Ö�Ë.Í��NÑ�ÍdÎ�ç�É~ÔGØ�ÑæÉ�ÎJådÉ�ÑæÉ�ÔÜÖ�Ð�àPûõÞ�ÛÜØ
Ú�Î�ÖNådÍSÝ�Ó�Î�Í\èÂÛ�ÔÜÔWß(ÍÊÝ�ÍdØ�ådÎ�ÛÜß(ÍdÝ�ÛÜçíË^Ö~Î�ÍâÝ�ÍóÑæÉ~Û�ÔWÛÜç�ù9ÍSåSÑ�ÛÜÖ�ç]$IàW$Ià��~à���à

ý@ÒqÑtÍSÎ^��ç�Ý�ÛÜçIÐ�É~ØEÑtÎ�Ö�Ë^ÍóÑtÎEÏ£ÑtÎ�É~ç�Ø�Ò`Ö~Î�Ë Û�Ñ�Û�Ø�Ú�Ö�Ø�Ø�Û�ß�ÔÜÍõÑtÖ\å±É�ÔÜådÓIÔ É�Ñ�ÍõådÍdÔ�ÍdØEÑtÛ É�Ô¥ådÖNÖ�Î�Ý�Û�ç¥É�Ñ�ÍdØ
Ö~Ò\É~ç�Ï�Ö~ßNë�ÍdåóÑ�Ö�çÿÉ~ç"Û�ËìÉ�Ð�Í�Ò`Î�Ö�Ë Û�Ñ�Ø�'��Wú Ï�+ìådÖNÖ�Î�ÝIÛÜç¥É�Ñ�ÍdØSàiûõÞ�Í½'

λ, δ
+ÆådÖNÖ�Î�ÝIÛÜç¥É�Ñ�ÍdØ

Ö~ÒïÛ�ËìÉ�Ð�Í�åSÍdç�ÑtÍSÎ+É�Î�Í£ådÉ~ÔÜåSÓ�Ô É�Ñ�ÍdÝ�É~çIÝÙåSÖ�Ë	Ú¥É~Î�ÍSÝ�É~Ð�É~Û�ç�Ø�ÑðÑtÞ�Í�Í��IÚ(ÍdåóÑtÍSÝ�Ú(Ö�Ø�ÛôÑtÛÜÖ~ç©É~ç�Ý
å±É~ç�ß(ÍðÓ�Ø�ÍdÝ%Ñ�Ö£ådÖ�Î�Î�ÍSåSÑõË	Ö�Ó�ç�ÑïÑ�ÎtÉ~åæénÛ�ç�Ð£Ø�Ú(ÍdÍSÝ�Ø"'GØ�Ö�å±É�ÔÜÔÜÍSÝz¨����B."������:������%ÚIÎ�ÖNådÍdÝIÓ�Î�Í
+óà¯üïÍóÒ`Ö�Î�Í×É~ç¥É~ÔôÏ9ãSÛÜç�Ð�É~ç¨ÛÜË^É~Ð�Í�èÂÛôÑtÞ"Ö�çD
�ÔÜÛ�ç�Í�É~ÔÜÐ�Ö~Î�Û�Ñ�Þ�Ë Ò É~ØEÑ�ÛÜË^É~Ð�ÍíÚ�Î�Ö9åSÍdØ�Ø�ÛÜçIÐêÛÜØ
Ú�ÍSÎ�Ò`Ö�Î�Ë^ÍSÝ
àêûõÞ�Í­�¥Î�ØEÑ^ØEÑtÍSÚ�ÛÜØ�Ý�É~Î�é�Û�ËìÉ�Ð�ÍìØ�Ó�ßIÑtÎ�É~åSÑ�ÛÜÖ�çWà&È�ç�ÑtÞIÍ�çIÍ��NÑ	Ø�ÑtÍSÚ
úïÛ�ËìÉ�Ð�Í
ÛÜØ£ÑtÎ�É~ç�ØEÒ`Ö�Î�Ë	ÍdÝ�ß�ÏêØ�Ú(ÍdåSÛ É~ÔCÑtÎtÉ�ç�Ø�Ò`Ö�Î�ËìÉrÑtÛÜÖ~ç�å±É~Ô�ÔÜÍSÝ¸§n¨*©;§�¨�ª�« Î àBÄBÉ~Ô�Ó�Í�Ö~ÒJÍ±É�åæÞ�Ú�Û#�9ÍdÔ
ÛÜØ£ådÉ~ÔÜåSÓ�Ô É�Ñ�ÍdÝêÉ�Ø£Ø�Û�Ë^Ú�Ô�Í^Ò`Ó�çIåSÑtÛ�Ö�ç�Ö~ÒJØ�ÍSÌ�ÍSÎtÉ~ÔïØ�Ó�Î�Î�Ö�Ó�çIÝ�ÛÜç�Ð�ÚIÛT�9ÍdÔ�Ødà�ÄBÉ~ÔÜÓIÍdØ£Û�ç�Ú�ÛT�9ÍSÔÜØ
ë�Ó�Ø�Ñ�É~Î�Ö~Ó�ç�Ý�ÑtÎtÉ�ç�Ø�Ò`Ö�Î�Ë^ÍSÝ�Ú�ÛT�9ÍdÔ�Ø\É~Î�ÍÆØ�ÓIË^Ë	ÍdÝÙÉ~ç�ÝÙÌ�É~ÔÜÓ�ÍSØâÛÜçÙÖ~ÑtÞIÍdÎÊÚ�ÛT�9ÍSÔÜØeÒ É~ÎâÒ`Î�Ö~Ë
Û�ÑÂÉ~Î�ÍeØ�ÓIßIÑtÎ�É~åSÑ�ÍdÝ
à�ûõÞ�ÍâÛ�Ý�Í±É£Ö~Ò�Ñ�Þ�ÛÜØCÑtÎtÉ�ç�Ø�Ò`Ö�Î�ËìÉrÑtÛÜÖ~çìÛÜØCÑtÖ�å±É�ÔÜådÓIÔ É�Ñ�ÍðØ�Û�Ë^ÚIÔÜÍ@É~Ú�ÍSÎ�Ñ�Ó�Î�Í
ß�Î�Û�Ð�Þ�Ñtç�ÍSØ�ØÂÒ`Ö�ÎõÍSÌ~ÍdÎ�ÏíÚIÛT�9ÍdÔmà

ù9ÍóÌ�ÍSÎtÉ~ÔõÑ�ÏNÚ�ÍSØ^Ö�Òs�¥ÔôÑtÍSÎ�Ø£èÂÞ�Û�åæÞ&èCÍdÎ�Í�Ñ�ÍdØ�Ñ�ÍdÝ�É~Î�Í�Ø�Þ�ÖUèÂç�ÛÜç �PÛ�Ð�Ó�Î�Í­$Ià��~àêÈ�ËìÉ~Ð~ÍdØ
ß�ÍóÒ`Ö�Î�Í^É~ç�Ý¬É�ÒqÑtÍSÎ\É~Ú�Ú�ÔôÏ9Û�ç�Ð�ÑtÞ�Í������²§�¨*©R§�¨�ª�«��¥Ô�Ñ�ÍdÎp'õÉ~Ú(ÍdÎ�Ñ�Ó�Î�Íp��ÛÜç��PÛÜÐIà¤$IàT�¬+\É�Î�Í
Ø�Þ�ÖUèÂçÙÛÜç³�PÛ�Ð�Ó�Î�Í�$Ià2�ìÛ�ÑâådÉ~ç�ß�Í£åSÔÜÍdÉ~Î�ÔôÏ×Ø�ÍdÍdç�ÑtÞ�É�ÑâØ�ÑtÉ~Î�ØÊÉ�Î�Í£Ø�Þ¥É~Î�Ú(ÍdÎâÖ~ç�Ñ�Þ�Í%�¥ÔôÑtÍdÎ�ÍdÝ
ÛÜË^É~Ð�Í~à¤�PÛÜç�É~ÔÜÔôÏ�ú�Ö�ç�Í0�¥ÔôÑtÍdÎâèïÉ~Ø�åæÞIÖ�Ø�ÍSç�É~ådåSÖ�Î�Ý�Û�ç�ÐíÑtÖ×Ô�ÖUèïÍSØ�Ñ+ÎtÉ�Ñ�ÛÜÖíÖ~Ò

σg/gavg

Ì�É~Ô�Ó�Í
å±É~Ô�ådÓ�ÔÜÉ�ÑtÍSÝ^Ò`Ö�ÎBÒ É~ÛÜç�ÑCØ�ÑæÉ�Î�ØdúNèÂÞ�ÍdÎ�Í

gavg

Ý�ÍdçIÖ~ÑtÍSØõÉ±Ì�ÍdÎ�É~Ð�ÍeÖ�ÒGËìÉg�9Û�Ë£Ó�Ëº§�¨*©;§n¨�ª�«ÆÌ�É~Ô�Ó�Í
Ò`Ö�Î�Ð�ÛôÌ�ÍSçêØ�ÑæÉ�Î£É~ç�Ý

σg

ØEÑæÉ~çIÝ�Ø£Ò`Ö�Î\Û�ÑtØ+Ý�ÛÜØ�Ú�ÍSÎ�Ø�ÛÜÖ�ç
à��¥Ö�Î�Ö�Ô�Ý�Ú�Î�Ö~ÑtÖ�Ñ�Ï9Ú(ÍìÌ~ÍdÎ�Ø�ÛÜÖ�ç�èÂÛôÑtÞ
Ð ï*ãûú�ê�á*î@ã�ßWëPâOãûî@ãc�^ï>ì2ã�î7ê,í�ßiîOú�âOã�ëOã&��ã�âäîOß2ð�ñ�ð�ò�ÿ/ê�é>ìiê�ú�ã
ð�é*ã�âäê�ëOð�â

�f1
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Þ�ß2à�á>âäã��>æ2å�ç�
�ß���ã�âäã�ñlë7�!�����!�����^ëJülé�ã�îaëäã�î@ëOãûísß2ñ·ð�ñLá�ì2ßWñ>ã;Ó*ê�î��eâäã�úVð�à�ñ>ßWëOß2ð�ñeê�ì2à�ð�âOßWë��g�,î

oîÉ~Î�Ô$�WÍdÛÜØ�ØCÒO¶"1��~Ë	Ë�Ô�Ídç�Ø�ÍdØs§�¨*©;§n¨�ª�«p�z't������+ÕèîÉ�ØîÓ�Ø�ÍSÝíÉ~ç�Ý%Ò`Ö�Î�ÑtÞIÍ"oîÉ~ç�Ö�ç^ÒO¶"r�1�Ë^Ë
§n¨*©;§�¨�ª�«�����ÛÜØõÓ�Ø�ÍdÝ
à�Ueç/
�Ô�ÛÜç�ÍðÉ~ÔÜÐ~Ö�Î�ÛôÑtÞ�Ë�ÛÜØïß¥É~Ø�ÍSÝ�Ö~çíÑ�ÎtÉ~çIØ�Ò`Ö�Î�Ë^ÍSÝ�ÛÜË^É~Ð�ÍdØSúIÝ�Û�Ø�Ñ�Î�ÛÜßIÓ/

ÑtÛÜÖ~ç©Ö~Ò�Ú�Û#�IÍSÔfÌ�É~Ô�Ó�ÍdØðÉ�ÒqÑtÍSÎeØ�Ó�åæÞ�Ñ�ÎtÉ~ç�ØEÒ`Ö�Î�Ë^É�Ñ�ÛÜÖ�ç�ÛÜØ@ådÍdç�Ñ�ÍdÎ�ÍSÝ�É�Î�Ö�Ó�çIÝ©ãdÍSÎ�Ö�'-�PÛ�Ð�à·$9à2$
+óà��¥Ö�ÎîÍóÌ�ÍdÎEÏ�ådÖ~ÔÜÔÜÍSåSÑ�ÍdÝ�ÛÜË^É~Ð�ÍðÉÆá\É�Ó�Ø�Ø�Û É~ç�åSÓ�Î�Ì~Í\Û�Ø-��Ñ�ÑtÍdÝ�É~çIÝ�Ø�ÛÜÐ�ç�É~Ô�Ñ�Þ�Î�ÍSØ�Þ�Ö�Ô�Ý

Tn
ÛÜØ

å±É~Ô�ådÓ�ÔÜÉ�ÑtÍSÝ�É�ØJË�Ó�Ô�Ñ�ÛÜÚ�Ô�ÛÜådÛôÑ�ÏÆÖ~ÒfØ�ÛÜÐ~ËìÉ+Ì�É~Ô�Ó�Íp'PÑ�ÏNÚ�ÛÜådÉ~ÔÜÔôÏ
Tn
¶Ö1

σB
Ö�Î�X

σB
+�à

Þ�ßWà�á>âOã��gæ ó>çIèLÂlüsß|�,ê�à�ã
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DataAnalysis/DataAnalysisFigs/laplace_type.eps
DataAnalysis/DataAnalysisFigs/before_and_after_laplace.eps
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Histo_g12.txt
Entries  4222975
Mean   -19.26
RMS     220.8
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210× Histo_g12.txt
Entries  4222975
Mean   -19.26
RMS     220.8

mean = -25.52
 sigma = 134.50

g12.txt

Þ�ß2à�á>âäã&�>æ �>ç�
9ßiî@ëOâäßWï>á>ëOß2ð�ñ·ð�òI�!�����!�����såûó��¦ê�ì2á>ã�î7ð�ñeê�îOßWñ>à�ìWã�ßU�,ê�à�ã

�f�

DataAnalysis/DataAnalysisFigs/g12_distr.eps
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GICl6�:gADE�8@ÌRQ�=|<>=J8RQcGIH�Ì;8R:g=|<>69?¾C
gÀó ò � »X��¾�kd»�À���	\Ç ù �fÀÂ¸ï¼\Ã�»>k�Å�kS¼+» 	Ê¾óÃ+¼"�7k�Å ù Ä Ç
ûõÞ�ÍðÉ�ÛÜË Ö~Ò�Ñ�Þ�ÛÜØ7Ñ�ÏNÚ(ÍÂÖ~Ò
É�ÔÜÐ�Ö�Î�Û�Ñ�Þ�Ë^ØfÛÜØPÑ�Ö±�¥ç�Ý	Ö�ÚIÑtÛ�å±É~Ô/.ZÉ~Ø�ÞIÍdØ�Ö9åSådÓ�Î�Î�Û�ç�ÐÊÛÜç�Ø�Û�ç�Ð�Ô�ÍõÛÜËx

É~Ð�ÍïÑ�ÛÜË	ÍCØ�å±É~Ô�Í"'����ðØ�Ídå�+�àPûõÞ�ÍõØ�ÛÜÐ�ç¥ÉrÑtÓ�Î�ÍïÖ~Ò(Ø�ÓIåæÞ	ÍóÌ�ÍSçnÑ�Ø�ÛÜØfÑ�Þ�ÍïÒ`Ö�Ô�ÔÜÖUèÂÛÜçIÐ�àGÈ�çnÑ�ÍdÎ�ÍdØ�Ñ�ÛÜç�Ð
ÍSÌ�ÍSç�ÑïÛ�ØÕÉ~ç�Ö�ßNë�ÍSåSÑ�èÂÞ�Û�åæÞ^É�Ú�Ú�ÍdÉ~Î�ØPÛÜçÆÉeç�Íóè"ÛÜË^É~Ð�ÍCÖ~ÒZÑtÞ�ÍõØ�é�ÏÆÉ~ç�Ý£èïÉ~Ø�ç�Ö~ÑÕÚIÎ�ÍdØ�Ídç�ÑBÛÜç
ÑtÞ�ÍJÚ�Î�ÍóÌNÛÜÖ�Ó�Ø�Û�ËìÉ~Ð~ÍõÖ~Ò�Ñ�Þ�ÍJØtÉ~Ë	Í,�¥ÍdÔ�Ý	èÂÞ�Û�åæÞ	èïÉ~Ø�ÑæÉ~é�ÍdçìÉ\Ë	Ö�Ë	Ídç�Ñ�ß�ÍóÒ`Ö�Î�Í�à�j@ÖUèCÍSÌ~ÍdÎdú
ÑtÞ�Û�ØBØ�ÛÜË	Ú�ÔÜÍïÛÜÝ�ÍdÉÊÛ�Ø�ç�Ö~Ñ�Ø�Ö\Ø�Û�Ë^ÚIÔÜÍõÛÜçÆÚ�Î�É~åSÑ�ÛÜådÉ~Ô�Î�ÍdÉ~ÔÜÛ�ã±É�Ñ�ÛÜÖ�çWàPò�Ö�Ø�ÑCÖ~Ò(ÑtÞ�ÍÂÍSÌ~Ídç�ÑtØBÒ`Ö�Ó�ç�Ý
ßnÏ�Ø�Ó�åæÞ�Ø�Û�Ë^ÚIÔÜÍìåSÖ�Ë	Ú¥É~Î�Û�Ø�Ö�ç�Ö~ÒÂÑ�èïÖ�ÛÜË^É~Ð�ÍSØ£É~Î�Í�Ý�Ó�Í%Ñ�Ö�ß¥É~åæénÐ�Î�Ö~Ó�ç�Ý
à¬ûõÞ�Í�ådÎ�Ó�ådÛÜÉ~Ô
ÑæÉ~Ø�é¬Ö~ÒõÑ�Þ�Í%Í��^åSÛÜÍSçnÑ�É~ÔÜÐ�Ö~Î�Û�Ñ�Þ�Ë!Û�Ø+ÑtÖ×Î�Í<ë�ÍSåSÑÆË	Ö�Ø�Ñ+Ö~ÒõÑ�Þ�Í%ß¥É~åæénÐ�Î�Ö�Ó�ç�ÝêèÂÛôÑtÞ�Ö�Ó9Ñ+Ñ�Ö9Ö
Ë£Ó�åæÞ©Ô�Ö�Ø�ØÂÖ~ÒfÑtÞ�Í\Ø�Û�Ð�ç¥É~ÔmàïÈ�Ñ@ÛÜØÂÎ�ÍdÉ~ÔÜÛ�ãdÍdÝ�ß�Ï�É^Ë£ÓIÔ�ÑtÛ�ÔÜÍóÌ�ÍdÔ�ÑtÎ�Û�Ð�Ð�ÍSÎ�ÛÜçIÐ�Ø�ÏNØ�Ñ�ÍdË ß¥É~Ø�ÍSÝ©Ö�ç
ÛÜÝ�ÍdÉ~ØÂÓ�Ø�ÍSÝ�Û�ç�Ú�É~Î�Ñ�ÛÜådÔ�ÍeÚ�Þ�ÏNØ�Û�ådØdà��7Ì�ÍSÎ�ÏíÛÜË^É~Ð�ÍðådÖ�ç�Ø�ÛÜØEÑtØÂÖ~Ò

4 · 106 Ú�ÛT�9ÍdÔ�ØõØ�Ó�Ø�Ú�ÍSåSÑ�ÍdÝ©Ö~Òß�ÍSÛÜç�Ð^Ú�Ö~Ñ�Ídç�ÑtÛÜÉ~Ô�ÛÜç�Ñ�ÍdÎ�ÍSØ�Ñ�ÛÜç�Ð^ÍSÌ�ÍSç�Ñ±àðÈ�Ë^É~Ð�Í\Ø�ÞIÖ�Ó�ÔÜÝ�ß�Í+É~ç¥É�Ô�ÏNØ�ÍSÝ×èÂÞ�ÛÜÔ�ÍÊç�Í��NÑeÛ�ËìÉ�Ð�ÍÊÛÜØ
ß�ÍSÛÜç�Ð	ådÖ�Ô�ÔÜÍSåSÑtÍSÝ�èÂÞ�ÛÜåæÞ�ÑæÉ~é�ÍdØ ≈ 12

ØÂÛÜçíÑtÞ�ÍÊåSÓ�Î�Î�Ídç�ÑeåSÖ�ç��¥Ð�ÓIÎtÉ�Ñ�ÛÜÖ�ç
à�ûõÞ�Û�Ø@Ë	Í±É�ç�ØõÑtÞ¥É�Ñ
ÑtÞ�Í	É~Ô�Ð�Ö�Î�ÛôÑtÞ�ËöË£ÓIØ�Ñ\ß�Í�Ò É~ØEÑ±à0�PÛ�Î�ØEÑeÑtÎ�ÛÜÐ�Ð�ÍSÎeÔÜÍóÌ�ÍSÔÜØ\É~Î�Í�Ø�ÛÜË	Ú�ÔÜÍ£É~ç�Ý�Ò É~Ø�ÑdúGÑ�Þ�ÍSÏ©Î�Í<ë�ÍSåSÑ
ß�ÛÜÐ�É~Ë	Ö�Ó�ç�Ñ\Ö~ÒîÍóÌ�ÍSçnÑ�å±É~çIÝ�ÛÜÝ¥ÉrÑtÍdØâèÂÛôÑtÞÙØ�ÛÜË	Ú�Ô�Í£ådÎ�Û�ÑtÍSÎ�ÛÜÉIàpj@ÛÜÐ~Þ�ÍdÎeÑ�Î�ÛÜÐ~Ð�ÍdÎâÔ�ÍSÌ�ÍSÔÜØÊÞ¥É±Ì�Í
Ë^Ö�Î�ÍeÑtÛ�Ë^ÍâÉ�ç�Ý�ådÉ~ç�Ó�Ø�ÍÊË	Ö�Î�ÍâØ�Ö�Ú�Þ�Û�Ø�ÑtÛ�å±É�Ñ�ÍdÝíådÎ�Û�Ñ�ÍdÎ�ÛÜÉ�ÑtÖÆÎ�Í�ë�ÍdåóÑðß¥É�åæéNÐ~Î�Ö�Ó�çIÝ�ÍóÌ�Ídç�Ñ�Ødà
Õ�Ï�¬�Ï�Î ¾Ï°VÚ�ÛfÜ�� ¸$��¸=²Ï¿�Ú�°�ÙqÙ�¸7Ú
ûõÞ�ÛÜØCÔÜÍSÌ~ÍdÔ(Ö~ÒGÉ~Ô�Ð�Ö�Î�Û�ÑtÞIË�Ë£Ó�ØEÑîÞ¥É�ç�Ý�ÔÜÍÂÑtÞIÍðÞ�Û�Ð�Þ�ÍdØEÑïÝ�É�ÑæÉ\ÎtÉ�Ñ�Í~úNØ�Ö£ÛôÑCË�Ó�Ø�Ñïß�ÍJÌ�ÍdÎEÏ^Ò É�Ø�Ñ
É~ç�Ý×Ø�ÛÜË	Ú�ÔÜÍ�àîÈ�Ñ@Ø�Þ�Ö�ÓIÔÜÝ�Ú�Î�ÍSØ�ÍdÎEÌ�Í�Ë	Ö�Ø�ÑJÖ~ÒfÑtÞ�Í+Ø�Û�Ð�ç¥É~ÔGÉ~çIÝ×Î�Í�ë�ÍdåóÑeß�Û�Ð	Ò`Î�É~åSÑ�ÛÜÖ�çíÖ~ÒÕçIÖ�ç/

ÛÜç�ÑtÍSÎ�ÍdØEÑtÛ�ç�Ð�ÚIÛT�9ÍdÔ�Ødà	ýîÑ\Ñ�Þ�ÛÜØÊØEÑæÉ~Ð�Í0.ZÉ~Ø�Þ/
�Ô�ÛÜé�Í�ÍSÌ�ÍSç�ÑtØ£Û�çÙØ�ÛÜç�Ð~ÔÜÍ�å±É�Ë^ÍSÎtÉ�É~Î�ÍÆÛÜÝIÍdç�ÑtÛT�¥ÍdÝ
É~ç�Ý�ØtÉ±Ì�ÍSÝÙÑ�Ö�ÔÜÖ�Ð¬�¥ÔÜÍSØâÉ~ç�Ý�Ö�ÚIÑ�ÛÜÖ�ç�É~ÔÜÔôÏ%ÑtÖ%Ñ�Þ�Í�Ý¥É�ÑtÉ~ß¥É~Ø�Í~à\ûõÞ�Í£Ò`Ö�ÔÜÔ�ÖUèÂÛÜç�Ð^ÔÜÛÜØEÑeÖ~ÒBåSÓIÑtØ
É~Î�Í\É~Ú�ÚIÔÜÛÜÍSÝ%ÑtÖÆÍSÌ~ÍdÎEÏ�ÚIÛT�9ÍdÔ�Û�ç%ÑtÞ�ÍÊÛÜË^É~Ð�Í�¹

• Tn


7Ñ�Þ�ÛÜØCådÓIÑÂØ�ÍdÔÜÍSåSÑ�ØîØ�ÑtÉ~Î�ØõÖ�ç�çIÍSè ÛÜË^É~Ð�ÍJß�Ï%Î�Í�knÓ�ÛÜÎ�ÛÜç�Ð£Ø�ÛÜÐ�ç�É~Ô�Û�çìÑtÞIÍâÉ~ç¥É~ÔôÏNØ�ÍdÝ
Ú�ÛT�9ÍSÔ àÕûõÞ�ÍÊådÖ~ç�Ý�Û�Ñ�ÛÜÖ�ç%Ò`Ö~ÎõØ�ÛÜÐ~ç¥É~Ô
Ú�Î�ÍdØ�Ídç�åSÍ�ÛÜØ±¹

N(x, y) > Tn

'O$Ià2��+
èÂÞ�ÍdÎ�Í,�%'���ú Ï�+kÛ�ØGý·!·Á�Ì~É�ÔÜÓ�ÍBÛÜç\Ú�ÛT�9ÍSÔa'���ú Ï�+kÖ�Ò�ÑtÞ�ÍBç�Íóè�ÛÜË^É~Ð�ÍBÉ~ç�Ý\ÑtÞ�Í�ÑtÞ�Î�ÍdØ�Þ�Ö�ÔÜÝ
Tn

ÛÜØeØ�Ú�ÍSådÛT�¥ÍdÝ�ß�Ï³!õý�q/åSÖ�ç��¥Ð�ÓIÎtÉ�Ñ�ÛÜÖ�ç�Ú¥É�ÎtÉ~Ë	ÍSÑ�ÍdÎ�ØðÛÜç�Ë£Ó�ÔôÑtÛ�Ú�ÔÜÛ�ådÛ�Ñ�ÛÜÍSØõÖ~Ò
σB

'
Ø�ÍSÍ�ûfÉ~ß
à�$IàT��É~çIÝ��PÛ�Ð�à,$IàW$¤+�àõûõÞ�Í�Ð~Ö�É~Ô�Ö~Ò7Ñ�Þ�ÛÜØJådÓ9ÑðÛ�Ø@Ø�ÍdÔÜÍSåSÑ�ÛÜÖ�ç�Ö~Ò�É~Ô�Ô�Ø�ÑtÉ~Î�ØJÛÜç
ç�ÍSè�ÛÜË^É~Ð�Í~à

�nr
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• Tv


JÑtÞ�Û�Ø+åSÓIÑ+Î�Í<ë�ÍSåSÑ�Ø+åSÖ�ç�Ø�ÑtÉ~ç�Ñ£ØEÑæÉ~Î�Ødà%È�Ñ+Î�Í�kNÓIÛÜÎ�ÍSØ\Ñ�Þ¥É�Ñ\ÑtÞ�ÍSÎ�Í	ÛÜØÊç�Ö�Ø�ÛÜÐ~ç¥É~ÔÕÖ�ç
ÑtÞ�ÍJÚ�Î�ÍSÌNÛÜÖ�ÓIØ�Ò`Î�É~Ë	Í~àõ÷Sø�Î�ÍSÌNÛÜÖ~Ó�ØBÒ`Î�É~Ë	Í�÷îÛÜç�ÑtÞIÛÜØ�å±É~Ø�Í@Ë	Í±É�ç�Ø�ç�Ö~Ñ
ë�Ó�Ø�ÑBÖ�çIÍ@Ø�ÛÜç�Ð�Ô�Í
ÛÜË^É~Ð�Í�úWß�ÓIÑ+É±Ì�ÍSÎtÉ~Ð~Í�Ö~ÒïØ�ÍSÌ~ÍdÎtÉ�ÔÕÚ�Î�ÍóÌ9Û�Ö�Ó�ØÊÛÜË^É~Ð�ÍSØdà\ûõÞ�Í�ådÖ~ç�Ý�Û�Ñ�ÛÜÖ�ç�Û�Ë^Ú(Ö�Ø�ÍdÝ�Ö�ç
Ì�É~ÔÜÓ�ÍâÖ�ÒPÚ�Û#�9ÍdÔ�ÛÜç�Ñ�Þ�Í^÷SÚ�Î�ÍóÌNÛÜÖ�Ó�ØõÛ�ËìÉ�Ð�Í�÷ðÛ�ØîÑtÞ�ÍâÒ`Ö�Ô�ÔÜÖUèÂÛÜç�Ð¤¹

P (x, y) < Tv

'O$IàW$n+
èÂÞ�ÍdÎ�ÍÂø�'|��ú Ï�+fÛ�ØfÑ�Þ�ÍïÌ�É~ÔÜÓIÍCÛ�ç£Ú�ÛT�9ÍSÔ7'��Wú Ï�+fÖ�ç£Ñ�Þ�ÍîÉ±Ì�ÍSÎtÉ~Ð~ÍõÖ~Ò

Naver

Ú�Î�ÍóÌNÛÜÖ�Ó�ØPÛÜËx

É~Ð�ÍSØdà�øÕÛT�9ÍdÔ�Ø�Î�ÍdË^É~Û�ç�ÛÜç�ÐÊÉrÒqÑtÍdÎÕÑ�Þ�ÛÜØBådÓIÑCØ�ÞIÖ�Ó�ÔÜÝ	ß(Í@ç�Íóè¨Ö�ßNë�ÍSåSÑ�ØCèÂÞ�Û�åæÞ%É~Ú�Ú(Í±É�Î�ÍdÝ
Ö�ç�ç�ÍSèiÛÜË^É~Ð�ÍâÉ~çIÝ�èCÍdÎ�Í\çIÖ~ÑJÚ�Î�ÍSØ�Ídç�Ñ@Ö�çíÚ�Î�ÍóÌNÛÜÖ�Ó�ØÂÛ�ËìÉ~Ð~ÍdØdà

• Ë =OQ � G�M
HJGIE�A 
	Î�Í<ë�ÍdåóÑtØ�Ú�ÛT�9ÍSÔÜØ%èÂÞ�Û�åæÞþÞ¥É±Ì~Í�Ì�É~Ô�Ó�Í�Ö�ç Ú�Î�ÍóÌNÛÜÖ�Ó�ØíÛ�ËìÉ~Ð~Í×ÔÜÖUèCÍdÎÑtÞ�ÍSç�Ë^Û�ç�ÛÜË^É~Ô�É~åSådÍSÚIÑtÍSÝ�Ì�É~Ô�Ó�Íz'
TMinLap

+�àeûõÞ�Û�ØeådÓIÑâÉ~ÔÜÔ�ÖuèÂØJÑtÖ%Î�Í<ë�ÍSåSÑâÍSÝ�Ð�ÍdØ
Ö~Ò£ßIÎ�ÛÜÐ~ÞnÑíØEÑæÉ~Î�Ø�èÂÞIÍdÎ�Í�Ì�É~ÔÜÓIÍdØíÖ~Ò£ÚIÛT�9ÍdÔ�ØíÉ�ÒqÑtÍSÎ�§�¨*©;§�¨Lª�«¸�¥ÔôÑtÍdÎíÖ~ÒqÑ�Ídç ß�ÍSådÖ�Ë	Í
ç�ÍdÐ�É�ÑtÛôÌ�Í~ú¥ßIÓIÑJå±É~ç�É~ÔÜØ�Ö£Ì�É~Î�Ï%Ñ�Ö�Ì~É�ÔÜÓ�ÍSØJÍ��9ådÍdÍSÝ�ÛÜçIÐ

Tn

à
•
� _ Ë 8;:>AD{�_ä<�Af:g[�à 
�Î�Í<ë�ÍdåóÑtØkÑtÞ�ÍÕèÂÞ�Ö�Ô�ÍCÛ�ËìÉ�Ð�Í7Û�Ò9çnÓ�Ë£ß(ÍdÎkÖ~Ò�ÚIÛT�9ÍdÔ�ØfÉ�ådådÍSÚIÑtÍSÝ�É�ÒqÑ�ÍdÎ
Tv

åSÓIÑ�Í��9ådÍSÍdÝ�ØBådÍSÎ�ÑtÉ~ÛÜçÆÔÜÛ�Ë^ÛôÑ
NMaxT v

àfûõÞ�ÛÜØ�ådÓ9ÑBÉ~ÔÜÔ�ÖuèÂØfÑtÖÊÎ�Í�ë�ÍdåSÑ�Û�ËìÉ�Ð�ÍdØPèÂÛôÑtÞ
ß�ÛÜÐ	çnÓ�Ë£ß(ÍdÎÂÖ~ÒPÍSÌ�ÍSç�ÑtØ@èÂÞIÛÜåæÞ©É�Î�ÍÊÝ�Ó�ÍÊÑtÖ	Ø�ÏNØ�Ñ�ÍdË ÍdÎ�Î�Ö�ÎSú(ò�Ö9Ö~ç�Ô�ÛÜÐ�Þ�ÑÂÖ�ÎõåSÔÜÖ�Ó�ÝIØdà
ûõÞ�Í\ÛÜË^É~Ð�ÍâÛÜØÂß¥É�Ý
úZÉ~ÔÜÔWÍSÌ�ÍSç�ÑtØâÉ~Î�ÍÊådÍdÎEÑæÉ~Û�ç�Ô�Ï%Î�Ó�ß�ßIÛÜØ�Þ�Ø�Ö	ÑtÞ�ÍóÏ�É~Î�ÍÊÎ�Í<ë�ÍdåóÑtÍSÝ©É~ç�Ý
ç�ÖÆÒ`Ó�Î�Ñ�Þ�ÍdÎÂÉ~ç�É~Ô�ÏNØ�Û�ØõÖ~ÒkÑtÞ�Û�ØJÛ�ËìÉ�Ð�ÍðÛ�ØõÚ�ÍSÎ�Ò`Ö�Î�Ë^ÍSÝ
à

•
� 87E�GIH Ë G�d 
�Î�ÍlknÓ�Û�Î�ÍdØîÑ�Þ¥É�ÑõÚIÛT�9ÍdÔ(Ì~É�ÔÜÓ�ÍeÛ�ØõÉ£ÔÜÖNå±É�Ô�Ë^Ég�9ÛÜË£ÓIË�àfûõÞ�ÛÜØîåSÓIÑJÉ~Ô�ÔÜÖUèÂØÑtÖÆåæÞ�ÖNÖ�Ø�Í\Ö�ç�ÔôÏ%Ö�çIÍ\ÚIÛT�9ÍdÔ
Ö�ÒPØEÑæÉ~ÎÂÔÜÛ�é~ÍâÖ�ßnë�ÍdåSÑÂÒ`Ö�ÎîÒ`ÓIÎ�ÑtÞIÍdÎJÉ~ç¥É~ÔôÏNØ�ÛÜØSà

•
57`7=@M u àRAf:*HJGLM�C 
(åæÞIÍdåæénØPçnÓ�Ë£ß(ÍdÎGÖ~ÒIÉ~åSådÍdÚ9ÑtÍdÝ+Ú�ÛT�9ÍSÔÜØ�ÛÜçâåSÍdÎEÑæÉ~Û�ç\Î�É~Ý�Û�Ó�Ø

RoverlapÒ`Î�Ö�Ë�åSÓ�Î�Î�Ídç�ÑõÚ�Û#�IÍSÔWÉ�ç�Ý%ÔÜÍdÉ±Ì�ÍdØïÖ�ç�Ô�Ï	Ö�çIÍðÍSÌ~Ídç�ÑJÉ~ç�ÝìØ�énÛÜÚ�ØBÑtÞ�ÍðÖ~ÑtÞ�ÍSÎ�ØSàÕûõÞ�ÛÜØCådÓIÑ
ç¥É~Î�Î�ÖUèÂØõÑtÞ�ÍâçnÓ�Ë£ß(ÍdÎõÖ�ÒPÚ�Û#�9ÍdÔÜØCÑtÖ�ß(ÍÊÉ~ç¥É~ÔôÏ9Ø�ÍdÝíèÂÞ�ÛÜåæÞ�É~Î�ÍâÎ�ÍSÔ É�Ñ�ÍdÝ%ÑtÖ£Ñ�Þ�ÍÊØtÉ~Ë	Í
Ö�ßNë�ÍSåSÑJÑtÖ	É�Ø�ÛÜçIÐ�ÔÜÍeÖ~ç�Í~à

•
5�6PGLM�A 
BÖ�ßnë�ÍdåSÑ@Ø�Þ�É~Ú�ÍÊÛ�ç�Ý�ÛÜådÉ�ÑtÖ~Îõù�ÛÜØõå±É�ÔÜådÓIÔ É�Ñ�ÍdÝ
àÕÈ�ÑÂÛ�ØõÝ�Í��¥çIÍdÝ©É�Øw¹

S =
Scluster

Scircle

'O$IàY�f+
èÂÞ�ÍdÎ�Í

Scluster

ÛÜØCÉ~Î�ÍdÉ\Ö~Ò
ådÔÜÓIØ�ÑtÍSÎïÉ�ç�Ý
Scircle

ÛÜØÕÑtÞIÍeÉ~Î�Í±ÉÊÖ~Ò
ÑtÞIÍ@Ø�ËìÉ~Ô�ÔÜÍSØ�Ñ�ådÛ�Î�åSÔÜÍ
ådÛ�Î�ådÓIË^Ø�ådÎ�Û�ß�ÍSÝ×Ö�ç�ÑtÞ�Û�Ø@åSÔÜÓ�ØEÑtÍdÎSà·oïÔ�Ó�Ø�Ñ�ÍdÎ@ÛÜØJÝ�Í��¥çIÍdÝ�É~Ø@Ð�Î�Ö�ÓIÚ×Ö~ÒÕÚIÛT�9ÍdÔ�ØeÉ~Î�Ö�Ó�ç�Ý

�nm
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ådÓ�Î�Î�ÍSçnÑ@Ú�Û#�IÍSÔ
èÂÛ�Ñ�Þ�Ì�É~Ô�Ó�ÍdØõØ�É�ÑtÛ�Ø�ÒqÏNÛÜç�Ð

N(x, y) ≥ Tcluster

àïù9Þ¥É�Ú�ÍÊÛÜØõÎ�ÍlknÓ�Û�Î�ÍdÝ
ç�Ö~ÑÂÑtÖÆß(ÍÊÍdÔÜÖ~ç�Ð�É�Ñ�ÍdÝ�ß�ÏíÛÜË	Ú�Ö~Ø�ÛÜçIÐ�¹

S > Tshape

'O$Ià21�+
ûõÞ�Í	ÛÜÝ�ÍdÉíÖ�ÒîØ�Þ�É~Ú�Í	å±É�ÔÜådÓIÔ É�Ñ�ÛÜÖ�ç©Û�ØâØ�Þ�ÖUèÂç�Û�ç��PÛÜÐ�ÓIÎ�Í0$IàY��àÆûõÞ�Í	Ý�ÛÜØEÑtÎ�Û�ß�ÓIÑ�ÛÜÖ�ç�Ö~Ò
Ø�Þ¥É�Ú�ÍâÌ�É~ÔÜÓIÍeÒ`Ö�ÎõØ�ÑtÉ~Î�ØÂÛÜçíØ�ÛÜç�Ð�Ô�ÍâÛÜË^É~Ð�Í@ÛÜØõØ�ÞIÖuèÂç�ÛÜçK�PÛ�Ð�Ó�Î�Í"$9àW��à

Histo_shape.txt
Entries  8286
Mean   0.3658
RMS    0.1566

Value of shape indicator
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 = 0.2shapecut at T

Þ�ß2à�á>âäã=�>æ ögç��Jí�ã�ê
ð�ònî��gê�é�ã�ßWñ*í�ß2ú�ê¦ëäð�âIú�ê�ì2ú�á>ì2ê�ëOß2ð�ñ×�#ì2ãVò ë6�Iê�ñgí-ßWëäî;í>ß2î@ëOâäßWïgá�ëOß2ð�ñ�ò#ð�â;ãc��ã�ñ�ë�î�ò#âOð���ê�î@ß2ñ>à�ìWãñgßWà���ë9ê�ñgíeú�ê���ã�âäê·�#âäßWà��lëo�

•
� H@GLEg`7\�=|d�ADHOC 
CÑtÞ�Û�ØÂådÓIÑ@Î�Í�ë�ÍdåSÑ�ØðÚ�Û#�9ÍdÔÜØõèÂÞ�Û�åæÞ©Þ¥É±Ì�Í+Ë£Ó�åæÞ�Ø�Ë^É~ÔÜÔ�ÍdÎõØ�Û�Ð�ç¥É~Ô
Ñ�Þ�Ídç
ç�ÍdÛ�Ð�Þnß�Ö~Î�ÛÜçIÐeÚ�ÛT�9ÍSÔÜØÕå±É�Ó�Ø�Û�ç�Ð0§�¨*©;§�¨Lª�«w��Ô�ÑtÍSÎ7ÑtÖâß(ÍõÞ�ÛÜÐ~Þ�Ý�Ó�ÍîÑtÖÊÓ�çIÝ�ÍdÎ�ÍdØ�Ñ�ÛÜË^É�ÑtÛ�Ö�ç
Ö~ÒJÑtÞ�Í�ß¥É~åæénÐ�Î�Ö�Ó�ç�Ý&ÔÜÍóÌ�ÍdÔmà�ûõÞ�Í�Ò`Ö�ÔÜÔ�ÖuèÂÛ�ç�Ð©Î�ÍlknÓ�ÛÜÎ�ÍdË	Ídç�Ñ	ÛÜØ�Û�Ë^Ú(Ö�Ø�ÍSÝ�Ö�ç�ÍóÌ�ÍSÎ�Ï
Ú�ÛT�9ÍSÔ�¹

Min(P
−
)

∑

P
−

≥ Tblack

'O$IàWXn+
èÂÞ�ÍdÎ�Í

P
−

ÛÜØõÌ�É~ÔÜÓ�ÍâÖ�Ò7Ú�Û#�IÍSÔGÍdç�ÑtÍSÎ�ÛÜçIÐ	Ñ�Þ�Í0§�¨*©;§�¨Lª�«ìÒ`Ó�ç�åóÑtÛ�Ö�ç�èÂÛôÑtÞ�Ë^Û�çnÓ�ØÂØ�ÛÜÐ~ç
à
üïÔ É�åæé�ÚIÛT�9ÍdÔ�ØðÖ�ç©Î�ÍdÝ�ÓIådÍdÝ�Û�ËìÉ�Ð�ÍÊå±É~ç�ß(Í�Ý�ÓIÍ�ÑtÖ�o,o�!�ÝIÍSÒ`ÍdåóÑtØeÖ~Î@ÑtÍSË^Ú(ÍdÎ�É�ÑtÓIÎ�Í
.¥Ó�åóÑtÓ¥É�Ñ�ÛÜÖ�çIØdú¥ß�ÓIÑ@É~Î�ÍâÎtÉ�Ñ�Þ�ÍdÎõÌ~ÍdÎ�ÏíØ�ÍdÔ�Ý�Ö�ËÅ'7ûfÉ~ß
à^$Ià2�0+óà

1��

DataAnalysis/DataAnalysisFigs/shape.eps
DataAnalysis/DataAnalysisFigs/shape_allevents.eps
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•
#]8I<�\�=Jd7A/H@C 
âÝ�Ó�Í%Ñ�Ö³o,o�! åæÞ�ÛÜÚêÝIÍSÒ`ÍdåóÑtØ�Ø�Ö�Ë^Í^Ú�ÛT�9ÍSÔÜØ�ådÉ~çêÐ�ÛôÌ�Í%Ë£ÓIåæÞêÞ�ÛÜÐ�ÞIÍdÎ
Ø�Û�Ð�ç¥É~Ô�Ñ�Þ�Ídç^ç�Ö�Î�Ë^É~Ô¥Ð�ÖNÖNÝ	ÚIÛT�9ÍdÔ�Ødà�ù9ÓIåæÞ%Í�~�ÍdåóÑtØïØ�Þ�Ö�Ó�Ô�Ý^Ð~Ídç�ÍSÎtÉ~Ô�Ô�Ï�ß(ÍÂØ�Ó�ßIÑ�ÎtÉ~åóÑtÍSÝ
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Calculate filtered image 
( called since now L image )

Camera 1 analysis :
Apply subsequent cuts described in the text of the section 

Basically these are :

1/ Tn cut ( stars selection )
2/ Tv cut ( constant stars rejection )

3/ Rejection of saturated pixels
4/ MinLaplaceOnPrev cut ( rejection of stars edges )
5/ IfMore cut : rejection of all nearby event if to many 

6/ Rejection of whole image if too many events at this level
7/ Local Maximum cut

8/ Rejection of overlaping events
9/ Black pixels cut
10/ hot pixels cut

11/ check tracks on single camera events ( if required )

Add resulting events to list of events from single camera.
Dump list of events from single camera to log file ( optionally also to DB )

Same steps as above are done for other camera

Check concidence of events from events lists from 
k2a and k2b camera.

Conciding events are mostly of astrophysical origin,
following subsequent checks are done :

1/ rejection of satellites from orbital elements catalog                 
2/ rejection of constant stars according to own catalog              
3/ track check - in case events line on streight line they            
are all rejected ( by default 200 back images are considered )

All events accepted by the concidence are dumped to separate log file 
verifiedevents_N.log ( optionally to DB )

Events accepeted after step 3/ are saved to finalevents_N.log and 
also to database

OPTIONALLY - ONLY IF CONFIRMATION IN THE NEXT IMAGE IS REQUESTED
Check all events found on previous image, verify if there is signal 

on next image

Þ/ß2à�ágâOã��>æ2åûó>ç�ùaì2ð�úoÂ�í�ßiê�à�â�ê��»ð�ò/ð�ñLáÍì2ß2ñ>ã;Ó*ê�î��·âOãûúVð�à�ñ>ßWëOß2ð�ñsê�ìWà�ð�âäßYë��g�
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Õ�Ï�Õ(Ï�Î Õ¹¸a�eÙ·±;Ü�°
´�¶ ®×°6® ¸=²
°�¶ª¸
ûõÞ�ÍíÉ~ÛÜË Ö~ÒõÑ�Þ�Í�Î�ÍSÝ�Ó�åSÑ�ÛÜÖ�çêÚIÎ�ÖNådÍdÝIÓ�Î�Í�Û�Ø�ÑtÖ�Î�ÍdÝ�Ó�åSÍ�ÎtÉ±è¿Ý¥É�ÑæÉ�Ø�ÑtÖ~Î�ÍdÝ&É~Ø�ÛÜË^É~Ð�ÍdØ+ÛÜç9������K�¥ÔÜÍSØ�ÛÜç�Ñ�Ö×ÍdØ�Ø�ÍSçnÑ�Û É~ÔCÝ¥É�ÑtÉ×Ý�ÍdØ�ådÎ�ÛÜß�Û�ç�Ð×ØEÑæÉ~Î�Ø£ådÖNÖ�Î�ÝIÛÜç¥É�Ñ�ÍdØ+É~ç�Ý�ßIÎ�ÛÜÐ~ÞnÑ�ç�ÍdØ�Ødà�ûõÞ�ÛÜØ
É~ÔÜÔ�ÖuèÂØ7Ñ�Ö+Î�ÍdÝ�ÓIådÍ@Ñ�Þ�Í@É~Ë^Ö~Ó�ç�Ñ�Ö~Ò
Ý¥ÉrÑæÉÊßnÏ�Ò É�åSÑtÖ~ÎBÖ�Ò ≈ 10

Û�çÆÑ�Þ�ÍJå±É~Ø�Í@Ö~ÒWØ�Û�ç�Ð�ÔÜÍõÛ�ËìÉ�Ð�ÍdØ
É~ç�Ý ≈ 100

Û�çíÑ�Þ�ÍÊå±É~Ø�ÍÊÖ~Ò��*�	É±Ì~ÍdÎtÉ�Ð�ÍdÝ�ÛÜË^É~Ð�ÍdØSà
S=Ô�S«Ô@4�ÔO4 � ?BG�ÌRA]:>A�Í9�9E�<>=@8RQ
�ÕÌ~ÍdÎEÏíÛÜË^É~Ð�ÍðåSÖ�ÔÜÔ�ÍdåóÑtÍdÝ�ÝIÓ�Î�Û�ç�Ð	É£ç�ÛÜÐ�Þ�ÑÂÛ�ØîÚ�Î�ÖNådÍSØ�Ø�ÍdÝ×Û�ç%ÑtÞ�ÍâØ�É~Ë	ÍeèîÉ±Ï�à�Ue~;
�ÔÜÛ�ç�ÍðÝ�É�ÑæÉ
É~ç¥É~ÔôÏ9Ø�ÛÜØCÝ�ÍdØ�ådÎ�Û�ß�ÍSÝ%ÛÜç^ÑtÞ�Û�ØBÑ�Þ�ÍdØ�ÛÜØïèïÉ~ØîÚ(ÍdÎEÒ`Ö�Î�Ë	ÍdÝ^Ö�ç%Ý¥É�ÑtÉ�Ö�ßIÑtÉ~ÛÜçIÍdÝìß�ÏìÉ±Ì�ÍdÎ�É~Ð�Û�ç�Ð0���
Ø�Ó�ß�Ø�ÍlknÓ�ÍSçnÑ�ÛÜË^É~Ð�ÍSØdà\ûõÞ�ÍdÎ�Í^É�Î�ÍÆÉ~Ô�Ø�Ö�Ö~Ñ�Þ�ÍdÎâÎ�ÍdÝ�Ó�åóÑtÛ�Ö�ç�Ú�ÛÜÚ(ÍdÔ�ÛÜç�ÍSØ@Ò`Ö�ÎâÎ�ÍdÝ�Ó�åSÛÜç�ÐíØ�ÛÜç�Ð�Ô�Í
ÛÜË^É~Ð�ÍîÉ�ç�ÝÆØ�å±É�ç^Û�ËìÉ~Ð~ÍdØ('WÉ±Ì~ÍdÎtÉ�Ð�ÛÜç�Ðw$eØ�å±É~ç	ÛÜË^É~Ð�ÍSØ�+óú�ß�Ó9ÑBÉ~ÔÜË	Ö�Ø�Ñ7É~ÔÜÔ9Ö~ÒZÑtÞ�ÍõØEÑtÍSÚ�ØïÉ�Î�Í
ÑtÞ�ÍCØtÉ~Ë	Í~àfûõÞ�ÍïË^É~ÛÜçÊÝ�ÛT~WÍSÎ�ÍSç�ådÍCÛÜØGÑtÞ¥É�ÑfÛÜç+Ú�ÛÜÚ(ÍdÔ�ÛÜç�ÍSØkÉ~åSÑ�ÛÜç�ÐJÖ�ç£É±Ì~ÍdÎtÉ�Ð�ÍdÝ�Û�ËìÉ~Ð~ÍdØ�ÑtÞ�ÍSÎ�Í
ÛÜØ£É�çêÉ~Ý�Ý�ÛôÑtÛ�Ö�ç¥É~ÔÕØEÑtÍdÚêådÉ~ÔÜåSÓ�Ô ÉrÑtÛÜçIÐ�É±Ì~ÍdÎtÉ�Ð�Í%Ö~ÒõØ�Ú�ÍSådÛT�¥ÍdÝêçnÓ�Ë£ß(ÍdÎ+Ö~ÒÂÛÜË^É~Ð�ÍSØdàíÈ�Ë^É~Ð�Í
Î�ÍdÝIÓ�åSÑ�ÛÜÖ�ç�ådÖ�çIØ�ÛÜØEÑtØÂÖ~ÒkÑtÞ�ÍâÒ`Ö�Ô�ÔÜÖUèÂÛÜçIÐ£Ø�Ñ�ÍdÚ�Øw¹

• ÛÜË^É~Ð�Í%ÉUÌ~ÍdÎ�É~Ð�ÛÜçIÐ³
\ÛôÑÆÛÜØ�Ú�Î�ÍdØ�ÍSç�Ñ%ÛÜç�Î�ÍdÝ�Ó�åóÑtÛ�Ö�ç�Ú�ÛÜÚ(ÍdÔ�ÛÜç�ÍSØÆÉ~åSÑ�ÛÜç�Ð�Ö�ç&É±Ì�ÍSÎtÉ~Ð�ÍSÝÛÜË^É~Ð�ÍSØdàîÈ�ç�ÑtÞ�Í+å±É~Ø�Í�Ö~Òs¨"5�«���S+*�Ú�ÛÜÚ(ÍdÔ�ÛÜç�Íw�*�^Ø�ÓIß�Ø�Í�kNÓIÍdç�ÑÊÛÜË^É~Ð�ÍSØÂÉ~Î�Í+É±Ì�ÍdÎ�É~Ð�ÍSÝ

��X
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É~ç�Ý�Û�ç^ÑtÞIÍeå±É~Ø�ÍeÖ~ÒGÚ�Û�Ú�ÍSÔÜÛ�ç�ÍO�fª�¨��-,¬$£Ø�Ó�ß�Ø�Í�knÓ�Ídç�ÑJÛÜË^É~Ð�ÍSØïÉ~Î�ÍeÉ±Ì�ÍSÎtÉ~Ð~ÍdÝ
à�È�Ë^É~Ð�Í
ådÖNÖ�Î�ÝIÛÜç¥É�Ñ�ÍdØÕÉ�Î�ÍîåSÖ�ç�ÑtÎ�Ö~ÔÜÔÜÍSÝ�É~ç�Ý�Û�ç�å±É~Ø�ÍîÑtÞ�ÍóÏ£åæÞ¥É�ç�Ð�Í~únÉ±Ì~ÍdÎtÉ�Ð�ÍõåæÞ¥É~Û�ç�ÛÜØ7ØEÑtÖ�Ú�Ú(ÍdÝ
ç�Ö~Ñ\ÑtÖ×É~ÔÜÔ�Öuè�Ò`Ö�Î\É±Ì�ÍdÎ�É~Ð�Û�ç�Ð×Û�ËìÉ~Ð~ÍdØâÒ`Î�Ö�Ë$ÝIÛ�~�ÍdÎ�ÍSç�Ñ£Ú(Ö�Ø�ÛôÑtÛÜÖ~ç�Ødà%È�çÙÑtÞ�Í^å±É~Ø�ÍìÖ~Ò
Ø�Û�ç�Ð�ÔÜÍâÛ�ËìÉ�Ð�ÍðÎ�ÍdÝ�Ó�åóÑtÛ�Ö�ç�Ñ�Þ�ÍÊÛÜË^É~Ð�ÍâÉ±Ì~ÍdÎtÉ�Ð�ÛÜç�ÐÆØEÑtÍdÚ�ÛÜØõØ�énÛÜÚ�Ú(ÍdÝ
à

• !eÉ~Î�é£Ò`ÎtÉ~Ë	ÍõØ�ÓIßIÑtÎ�É~åSÑ�ÛÜÖ�ç%
kÑtÞ�ÍÂÎ�Í±É~Ø�Ö�ç	Ò`Ö~ÎBÝ�É~Î�é�Ò`Î�É~Ë	ÍõØ�Ó�ßIÑ�ÎtÉ~åóÑtÛ�Ö�ç�èîÉ~ØCÉ~Ô�Î�Í±É�ÝIÏÝ�ÍdØ�ådÎ�ÛÜß(ÍdÝ�ÛÜç�ù9ÍdåóÑtÛ�Ö�çK$Ià��~àÕýðØõÝ�ÍSØ�ådÎ�ÛÜß(ÍdÝ�ÛÜç�ù9ÍSåSÑtÛ�Ö�ç]�9à2�9ài�Nà2$�ÛÜç�Ö~Î�Ý�ÍSÎîÑtÖÆÎ�ÍSÝ�Ó�ådÍ
.¥Ó�åóÑtÓ¥É�Ñ�ÛÜÖ�çIØfÑtÞIÍïÝ¥É~Î�éâÛÜË^É~Ð�Í�ÛÜØkå±É�ÔÜådÓIÔ É�Ñ�ÍdÝ£É�ØPÉðË	ÍdÝIÛ É~ç\Ö~Ò¥Ø�ÍSÌ�ÍSÎtÉ~Ô9Ý¥É~Î�é\Û�ËìÉ�Ð�ÍdØSà
ûõÞ�ÛÜØìØ�ÑtÍSÚÿÉ~ÔÜÔ�ÖUèÂØ	Ñ�Ö�Ø�Ó�ß9ÑtÎtÉ�åSÑ�Ø�ÛÜÐ�ç¥É�Ô@Ö�~�Ø�ÍóÑ�Ú�Î�Ö9Ý�ÓIådÍdÝ¨ß�Ï�Ý¥É~Î�é�åSÓ�Î�Î�Ídç�ÑíÉ~ç�Ý
ÍdÔ�ÍdåSÑ�Î�Ö�çIÛÜådØSà�È�ÑJÉ~ÔÜØ�Ö	Î�ÍdÝ�ÓIådÍdØÂÑtÞIÍ\Í�~WÍSåSÑJÖ~ÒfÞ�Ö~ÑJÚ�Û#�IÍSÔÜØSà

• !ðÛôÌ9Û�Ø�Û�Ö�çêß�Ï¾.ZÉ�ÑÆÛ�ËìÉ~Ð~Í¬
ÊÑtÞ�Û�Ø£Ø�Ñ�ÍdÚ�É~ÔÜÔ�ÖuèÂØ+ÑtÖ�ådÖ�Î�Î�ÍSåSÑ�Ò`Ö�Î�ç�Ö~ç/
�Ó�çIÛ�Ò`Ö�Î�Ë^ÛôÑ�Ï¬Ö�ÒÑtÞ�ÍÆÖ�Ú9ÑtÛÜåSØ\É~ç�Ý�Ý�Û�~�ÍdÎ�Ídç�åSÍdØ\ß�ÍóÑ�èïÍSÍdç�ÚIÛT�9ÍdÔ�ØÊÉ~Ë^ÚIÔÜÛ���å±É�Ñ�ÛÜÖ�ç�ØSà�ùNÑtÉ~ç�Ý¥É�Î�Ý�èîÉ±Ï�Ö~Ò
�¥ç�Ý�Û�ç�Ð©ÑtÞIÛÜØ�åSÖ�Î�Î�ÍdåóÑtÛÜÖ~çêÛÜØ+ÑtÉ~énÛÜç�Ð×ÛÜË^É~Ð�ÍdØ\Ö~ÒJÓ�ç�ÛôÒ`Ö�Î�Ë	Ô�Ï©ÛÜÔÜÔ�Ó�Ë	ÛÜç¥É�Ñ�ÍdÝ��¥ÍSÔÜÝ
à�È�Ñ
ÛÜØ�Ó�Ø�Ó¥É~Ô�Ô�Ï�ÑtÞ�Í�Ø�énÏÙë�Ó�Ø�Ñ�É�ÒqÑ�ÍdÎ%ÝIÓ�Ø�é"Ö~Î+ë�Ó�Ø�Ñíß(ÍSÒ`Ö�Î�Í�Ý¥É±èÂç
ú@èÂÞIÍdçÿÑtÞ�Í�Ø�énÏ"ÛÜØ
ß�Î�Û�Ð�Þ�Ñ^É~ç�Ý&Ø�ÑæÉ�Î�Ø^É~Î�Ííç�Ö~ÑÆÌNÛÜØ�ÛÜß�Ô�Í~à&ýðç�É~Ô�Ñ�ÍdÎ�ç¥É�ÑtÛôÌ�Í%èïÉ±Ï�Û�Ø�ÑtÖÙÓ�Ø�Í�Ó�ç�ÛôÒ`Ö�Î�Ë	Ô�Ï
ÛÜÔ�ÔÜÓ�Ë	ÛÜç¥ÉrÑtÍdÝ�Ø�ådÎ�ÍSÍdç
à1È�ç¨ådÉ~Ø�Í×Ö~ÒâèÂÛÜÝ�ÍK�¥ÍdÔ�Ý"Ö�ß�Ø�ÍdÎEÌ~ÉrÑtÛÜÖ~ç�Ø%Û�Ñ^ÛÜØ	Ì�ÍSÎ�Ï�Ý�Û��	ådÓIÔ�Ñ
ÑtÖ�Ö�ßIÑtÉ~ÛÜçÙÚ�Î�Ö~Ú�ÍSÎ".¥É�Ñ�Û�ËìÉ�Ð�Í~à	È�Ñ\ÛÜØÊÝ�Ó�Í	ÑtÖ�Ý�Û��	ådÓIÔ�Ñ�Ï�Ö~ÒïÖ�ßIÑtÉ~ÛÜç�Û�ç�ÐíÓ�ç�ÛôÒ`Ö�Î�Ë	Ô�Ï
ÛÜÔ�ÔÜÓ�Ë	ÛÜç¥ÉrÑtÍdÝK�¥ÍdÔ�Ý�Ö~ÒîØ�ÛÜãdÍ�Ö�Ò,�9U(Ä ≥ 20◦

àÆûõÞ�ÍÆÍSÌ~Ídç�Û�ç�Ð×Ø�énÏìë�ÓIØ�Ñ+É�ÒqÑtÍSÎâØ�Ó�çIØ�ÍSÑ
ÛÜØCÓ�ç�Û�Ò`Ö~Î�Ë	Ô�ÏÆÛÜÔ�ÔÜÓ�Ë	ÛÜç�É�ÑtÍSÝ�ÛÜç%Ø�å±É~Ô�ÍðÖ~ÒkÉ~Î�åeË	ÛÜçnÓIÑtÍSØdú9ß�ÓIÑîÛ�ç%Ø�ådÉ~ÔÜÍðÖ~ÒGÝ�ÍdÐ~Î�ÍdÍSØîç�Ö�ç
Ó�ç�ÛôÒ`Ö�Î�Ë	Û�Ñ�ÛÜÍdØðÝ�Ó�Í^Ñ�Ö×Ø�énÏÙÐ�Î�É~Ý�Û�Ídç�Ñ£É�Î�Í	Ø�ÛÜÐ~ç�Û��¥ådÉ~ç�Ñ±àz!@Ó�Í^Ñ�Ö�Ñ�Þ�ÛÜØ\Ú�Î�Ö~ß�ÔÜÍSË�.ZÉ�Ñ
ÛÜË^É~Ð�ÍÂÛÜØBÖ�ßIÑtÉ~ÛÜçIÍdÝìß�ÏÆÑæÉ�éNÛ�ç�Ð�Û�ËìÉ�Ð�ÍdØ�Ö~Ò�ÍóÌ�ÍSç�ÛÜç�Ð�Ø�é�Ï^èÂÛôÑtÞ^Ñ�Þ�ÍðË	Ö�Ó�ç�ÑBÑtÎ�É~åæénÛÜç�Ð
Ø�èÂÛôÑtåæÞ�ÍSÝ%Ö�~fàPý@ÒqÑ�ÍdÎÕÑæÉ�éNÛ�ç�ÐÊËìÉ�çnÏ£ÛÜË^É~Ð�ÍdØ�É�ç�Ý^ådÉ~ÔÜåSÓ�Ô ÉrÑtÛÜçIÐâË^ÍSÝ�Û É~çÆÛ�ËìÉ~Ð~ÍîØ�ÑtÉ~Î�Ø
É~Î�ÍÙÍdÔ�ÛÜË	ÛÜç¥ÉrÑtÍdÝWú(��ç¥É~ÔÜÔôÏ"ÑtÞIÍ¬Û�ËìÉ~Ð~Í©ÛÜØíç�Ö�Î�ËìÉ�ÔÜÛÜãSÍdÝ¨ÑtÖ&Ö�ç�Í�à¹ûõÞ�Û�Ø�ÚIÎ�ÖNådÍdÝIÓ�Î�Í
Î�Í�kNÓIÛÜÎ�ÍSØõådÖ�Ô�ÔÜÍSåSÑtÛ�Ö�ç%Ö~ÒkË^É~ç�Ï�' ≥ �����n+CÛ�ËìÉ�Ð�ÍdØCØ�ÖÆÛ�ÑïÛÜØîÚ(ÍdÎEÒ`Ö�Î�Ë	ÍdÝ�Î�É~Î�ÍSÔ�ÏìÉ~ç�Ý%Ò`Ö�ÎË^Ö~Ø�ÑÂÖ~ÒkÑtÞ�ÍâÑ�ÛÜË	ÍðÑtÞ�ÍÊØ�É~Ë^Í±.ZÉrÑÂÛÜË^É~Ð�ÍeÛ�ØõÓ�Ø�ÍSÝ×ÛÜçíÉ�ç¥É~Ô�ÏNØ�ÛÜØdà

ýJÒqÑtÍdÎBÑtÞ�ÍÊÉ�ß�ÖUÌ�ÍðÖ�Ú�ÍSÎtÉ�Ñ�ÛÜÖ�çIØCÑtÞIÍeÛÜË^É~Ð�ÍJÛÜØCÎ�Í±É�ÝIÏ^Ò`Ö~ÎîÚ�Þ�Ö~Ñ�Ö�Ë	ÍSÑtÎEÏ�à7ûõÞIÍâÚ�Þ�Ö~Ñ�Ö�Ë^Í�

ÑtÎ�Ï+ÛÜØPÉeÚ�Î�ÖNådÍSÝ�Ó�Î�ÍïèÂÞ�ÛÜåæÞ%��ç�Ý�ØÕØ�ÑtÉ~Î�ØPÛÜç�Ñ�Þ�ÍîÛÜË^É~Ð�ÍCÉ~ç�Ý�ÝIÍSÑtÍSÎ�Ë	ÛÜç�ÍSØfÑ�Þ�ÍdÛ�Î7åæÞ�ÛÜÚ�ådÖNÖ�Î�Ý�Û#

ç¥É�ÑtÍSØ�'|��ú Ï�+îÉ~çIÝ�ßIÎ�ÛÜÐ~ÞnÑ�ç�ÍdØ�Ødà�È�ç�ÑtÞ�Í	÷Sø�ÛWÖ~ÒGÑtÞ�Í\ù9é�ÏW÷eÝ¥É�ÑtÉ	É�ç¥É~Ô�ÏNØ�ÛÜØCÑ�èCÖ	Ú�Þ�Ö~Ñ�Ö�Ë^ÍóÑtÎEÏ
Ú�Î�ÖNådÍSÝ�Ó�Î�ÍSØðÉ�Î�ÍÊÓ�Ø�ÍSÝ�ÝIÍdÚ(Ídç�Ý�Û�ç�Ð	Ö�ç�Ñ�Þ�ÍâÑ�ÏNÚ�ÍÊÖ~ÒfÎ�ÍSÝ�Ó�åSÑ�ÛÜÖ�ç�Ú�Û�Ú�ÍSÔÜÛÜçIÍ�¹

• ýâùNýâù�Ú�ÞIÖ~ÑtÖ�Ë	ÍSÑ�Î�Ï�
îÉ~Ú(ÍdÎ�Ñ�Ó�Î�Í+Ú�Þ�Ö~Ñ�Ö�Ë	ÍSÑtÎEÏ�É~Ý�Ö�Ú9ÑtÍdÝ�Ò`Î�Ö�Ëöýeù9ýâùíÍ��9Ú�ÍSÎ�Û�Ë^ÍSçnÑ
�Y���l� à+È�ÑâÛÜØâÎ�É�ÑtÞIÍdÎeØ�ÔÜÖUè�Ø�Öíå±É~ç�çIÖ~Ñâß(Í�Ó�Ø�ÍSÝÙÒ`Ö�ÎðÎ�ÍdÝIÓ�åSÑ�ÛÜÖ�ç�Ö~ÒCÉ~Ô�ÔfØ�ÛÜç�Ð�Ô�Í£ÛÜË^É~Ð�ÍSØ

���
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Ò`Î�Ö�Ë/É£ç�Û�Ð�Þ�Ñ±à7È�ÑïÛÜØCÓ�Ø�ÍSÝíÒ`Ö~ÎïÚ�Þ�Ö�ÑtÖ�Ë	ÍSÑ�Î�Ï	Ö~Ò����£É±Ì~ÍdÎtÉ�Ð�ÍdÝ�Û�ËìÉ~Ð~ÍdØe' ≈ 20 · 12 =

240
Ø�ÍdåÊÑtÛ�Ë^ÍSØ�å±É�ÔÜÍ"+îÉ~çIÝ�Û�ç�Î�ÍdÝ�ÓIåSÑtÛ�Ö�çíÖ~ÒfØ�å±É�ç×ÛÜË^É~Ð�ÍSØ"'�$�ÛÜË^É~Ð�ÍSØÂÉUÌ~ÍdÎ�É~Ð�ÍdÝ�+óà

• �ZÉ~Ø�Ñ@Ú�Þ�Ö�ÑtÖ�Ë	ÍSÑ�Î�Ï�
ïÛ�Ñ@ÛÜØõÒ É~Ø�ÑdúWÉ�Ú�ÍSÎ�ÑtÓIÎ�Í�ÚIÞ�Ö~ÑtÖ~Ë^ÍóÑtÎ�Ï�É�ÔÜÐ�Ö�Î�Û�Ñ�Þ�Ë�àîù9ÛÜË	Ú�Ô�ÍÊÉ~Ú�ÍSÎ�
ÑtÓ�Î�Í^Û�ØâÓ�Ø�ÍSÝ�ÑtÖíådÉ~ÔÜåSÓ�Ô É�Ñ�Í�Ø�ÑtÉ~ÎÊß�Î�Û�Ð�Þ�Ñtç�ÍSØ�Ødà^ûõÞ�ÛÜØ\Ú�Þ�Ö�ÑtÖ�Ë	ÍSÑ�Î�Ï�Û�ØâÓ�Ø�ÍSÝ�Ö�ç/
�ÔÜÛ�ç�Í
ß�Ï (�*�+�ÑtÖ�Ú�ÍSÎ�Ò`Ö�Î�Ë�É~Ø�Ñ�Î�Ö�Ë	ÍSÑ�Î�Ï�ÍóÌ�ÍSÎ�Ï¿$����íØ�ÍSå%É~ç�ÝÙÛÜçÙÎ�ÍSÝ�Ó�åóÑtÛÜÖ~ç�Ö~ÒîÉ~ÔÜÔ7çIÛÜÐ�Þ�Ñ
ÛÜË^É~Ð�ÍSØ"'7ýâù9ýeùíÚ�ÞIÖ~ÑtÖ�Ë	ÍSÑ�Î�ÏìÛÜØîÑtÖNÖÆØ�Ô�ÖuèþÒ`Ö�ÎîÑtÞIÛÜØõÚ�Ó�Î�Ú�Ö~Ø�Í�+

Þ�ßWà�á>âOã��gæ ó�¢�çIýPé�ã�âOëOá>âäã�ágîOã�íeßWñeòTê�îJë�ég�>ð�ëOð��-ã�ëOâäü�ê�ì2à�ð�âOßWë��1�

ýðÚ(ÍdÎEÑtÓ�Î�Í©Ó�Ø�ÍSÝ¨Ò`Ö�Îìß�Î�ÛÜÐ�Þ�Ñ�ç�ÍdØ�Ø%å±É~Ô�ådÓ�ÔÜÉ�ÑtÛ�Ö�ç&ÛÜØìØ�Þ�ÖUèÂçÿÛÜç��PÛ�Ð�Ó�Î�Í�$Ià2��19à �PÛÜç¥É�Ô
ß�Î�Û�Ð�Þ�Ñtç�ÍSØ�ØJÖ~ÒfØ�ÑæÉ�ÎõÛÜØõÝ�ÍóÑtÍdÎ�Ë^Û�ç�ÍdÝ�É~Ø±¹

I =

N+
∑

i

P+ − N+ · Bsky

'@$IàT���>+
èÂÞ�ÍdÎ�Í

Bsky

ØEÑæÉ~ç�ÝIØJÒ`Ö�ÎJÉ±Ì�ÍSÎtÉ~Ð~Í\Ì�É~Ô�Ó�ÍÊÖ~Ò7Ø�énÏ�ß¥É�åæéNÐ~Î�Ö�Ó�çIÝ×ç�ÍdÉ~ÎðÉ�ç¥É~Ô�ÏNØ�ÍdÝ�Ø�ÑæÉ�Îdà
ûõÞ�ÛÜØ7Ì�É~Ô�Ó�ÍîÛ�Ø7Ö�ßIÑtÉ~ÛÜç�ÍSÝÆÉ~ØÕË	ÍdÝ�ÛÜÉ~ç�Ì�É~ÔÜÓIÍîÖ~Ò(Ú�ÛT�9ÍSÔÜØÕÛÜç�Ð~ÎtÉ±Ï�Î�ÛÜç�ÐÊÉ�Î�Ö�Ó�çIÝ£ÑtÞ�ÍõØEÑæÉ~Î

��r
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's�PÛ�Ð�àK$Ià2��1�+�à
P+

Ý�ÍdçIÖ~ÑtÍSØ£Ø�Û�Ð�ç¥É~Ô�Ú�Û#�IÍSÔÜØSúPØ�ÞIÖuèÂç&É~Ø+Ý¥É~Î�éÙÐ~ÎtÉ±ÏÙÚ�ÛT�9ÍdÔ�Ø+Û�ç�Ø�Û�Ý�Í
ÑtÞ�Í\Ø�ÑtÉ~Îdú¥Ñ�Þ�ÍSÏ�Ò`Ö�Î�ËÇ$g��$^Ø�knÓ¥É~Î�Í+É~Î�Ö�Ó�ç�ÝíÑtÞ�Í\Ë^Ég�9ÛÜË£Ó�Ë¿ß�Î�Û�Ð�Þ�Ñtç�ÍSØ�ØJÚ�ÛT�9ÍSÔGèÂÛôÑtÞ
$ìË	Ö�Ø�Ñ@ß�Î�Û�Ð�Þ�ÑðÚIÛT�9ÍdÔ�ØðådÖ~çnÑ�ÛÜÐ�ÓIÖ�Ó�ØÂÑtÖìÑ�Þ�Í�Ø�kNÓ�É~Î�Í£Ø�ÛÜÝ�ÍSØdà@ûõÞ�ÛÜØ@Ú�Î�ÖNådÍSÝ�Ó�Î�Í+ÛÜØ@ç�Ö~Ñ
Ð�ÖNÖ9ÝÙÒ`Ö�Î+ÝIÍdç�Ø�Í¤�¥ÍdÔ�Ý�Ø+èÂÞIÍdÎ�ÍìØ�é�Ï�ß¥É�åæéNÐ~Î�Ö�Ó�çIÝ�å±É~ç�ß�Í^å±É~Ô�ådÓ�ÔÜÉ�ÑtÍSÝ�ÛÜçIådÖ�Î�Î�ÍdåóÑtÔôÏ
Ý�Ó�ÍÂÑtÖÊØ�ÑtÉ~Î�Ø�ÍSçnÑ�ÍdÎ�ÛÜç�ÐÊÑtÞ�Í+÷Sß�É~åæénÐ�Î�Ö�ÓIç�ÝìÎ�ÛÜç�ÐZ÷îÉ�ç�ÝìÉ�ÔÜØ�Ö ∑N+

i P+
ÛÜØ�É*~�ÍdåóÑtÍSÝìß�Ï

ÖUÌ�ÍdÎ�Ô É~ÚIÚ�ÛÜç�Ð�Ø�ÑæÉ�Î�ØdàÕÈ�çIØ�ÑtÎ�Ó�Ë	Ídç�ÑæÉ~Ô�ËìÉ�Ð�ç�Û�Ñ�Ó�Ý�Í@ÛÜØïådÉ~ÔÜåSÓ�Ô ÉrÑtÍdÝ	Ò`Î�Ö�Ë Ñ�Þ�ÍðÒ`Ö�Î�Ë£Ó�Ô É0¹

mπ = −2, 5log(I)
'@$Ià�����+

ùNÑæÉ�Î	åSÖ9Ö~Î�Ý�Û�ç¥É�ÑtÍSØ­'|��ú Ï�+	É~Î�Í�Ý�ÍSÑ�ÍdÎ�Ë^Û�ç�ÍdÝ�É~Ø�ådÍSç�ÑtÎ�Ö~ÛÜÝ&Ö~ÒðåSÔÜÓ�ØEÑtÍSÎ	Ö�ÒðÚ�Û#�9ÍdÔÜØÆÉ�å�

ådÖ�Î�Ý�ÛÜçIÐÆÑ�Ö�ÑtÞ�ÍâÒ`Ö�Î�Ë£Ó�Ô É�¹

Xstar =

∑

cluster xi · Vi
∑

cluster Vi
, Ystar =

∑

cluster yi · Vi
∑

cluster Vi

'@$IàT��$n+
oïÔÜÓ�ØEÑtÍSÎPÖ~Ò¥ÚIÛT�9ÍdÔ�ØfÛ�ØfÝ�ÍóÑtÍSÎ�Ë	ÛÜç�ÍSÝ£É~ØfÚ�ÛT�9ÍdÔ�ØPÉ�Î�Ö�Ó�çIÝ�ÑtÞ�ÍBØ�ÑtÉ~ÎfèÂÞIÛÜåæÞ£Ø�É�ÑtÛ�Ø�ÒqÏ\ø�'|��ú ÏL+�

Tcluster = 3.5 · σ à
üïÖ�ÑtÞ�Ú�Þ�Ö~Ñ�Ö�Ë	ÍSÑtÎEÏêÚ�Î�Ö9åSÍdÝ�Ó�Î�ÍdØÆèÂÎ�ÛôÑtÍíÎ�ÍSØ�Ó�ÔôÑtÛÜçIÐ�ÔÜÛÜØEÑÆÖ~Ò@Ø�ÑæÉ�Î�Ø�èÂÛ�Ñ�Þ '��Wú Ï�+£ådÖNÖ�Î�Ý�Û#


ç¥É�ÑtÍSØ�É�ç�Ý�ËìÉ~Ð~ç�Û�Ñ�Ó�Ý�ÍdØeÑ�Ö�Ö~ÓIÑtÚ�Ó9Ñ��;¨����¥Ô�ÍdØSà	ûõÞIÍÆÒ`Ö~Î�Ë^É�ÑâÖ~ÒBÑtÞ�Û�Ø±�¥ÔÜÍSØâÛÜØÊØ�Û�Ë^Û�Ô É~ÎÂÑtÖ9�������Ò`Ö~Î�Ë^É�Ñ±àfûõÞ�ÍSÏìådÖ�ç�Ø�ÛÜØEÑõÖ~ÒGÞ�ÍdÉ~Ý�ÍdÎCèÂÞ�ÛÜåæÞíÛÜØBÑæÉ~é�Ídç%Ò`Î�Ö�Ë 9�������ÞIÍ±É~Ý�ÍSÎîèÂÛ�Ñ�Þ%Ø�Ö�Ë	Í
É~Ý�Ý�ÛôÑtÛÜÖ~ç¥É~Ô7�¥ÍSÔÜÝ�Ø@É~Ý�Ý�ÍSÝ
ú
ÉrÒqÑtÍdÎÂÑtÞIÍ�Þ�ÍdÉ~Ý�ÍdÎ@Ø�ÍSåSÑtÛ�Ö�ç
ú(ÔÜÛ�Ø�ÑJÖ~ÒÕØEÑæÉ~Î�ØðÛÜç�ß�Û�ç¥É~Î�Ï�Ò`Ö~Î�Ë^É�ÑJÛÜØ
èÂÎ�Û�Ñ�ÑtÍSç
à�ûõÞ�Í��;¨��¤��ÔÜÍdØJÉ~Î�ÍÊÛÜç�Ú�Ó9Ñ,�¥ÔÜÍSØîÒ`Ö�ÎÂÉ~Ø�Ñ�Î�Ö�Ë	ÍSÑ�Î�ÏìÚ�Î�ÖNådÍSÝ�Ó�Î�Í�à
ûõÞ�ÛÜØÆÚ�Î�Ö9åSÍdÝ�Ó�Î�Íz�¥ç�Ý�Ø�ÑtÎ�É~ç�ØEÒ`Ö�Î�Ë^É�ÑtÛ�Ö�ç�û±¹Í'|��ú ÏL+ → (λ, δ)

úÕÑtÞ�Í�ÑtÎ�É~ç�ØEÒ`Ö�Î�Ë^É�ÑtÛ�Ö�ç�û¿ÛÜØ
Ý�ÍdØ�ådÎ�Û�ß�ÍSÝ×ß�Ï%Ñ�Þ�ÍâÒ`Ö�ÔÜÔ�ÖuèÂÛ�ç�Ð�Ò`Ö�Î�Ë£Ó�ÔÜÉ¤¹

λ =
∑

i,j≤O

Pij · xi · yi , δ =
∑

i,j≤O

Qij · xi · yi '@$IàT�F�f+
äÿÞ�ÍSÎ�Í�U ÛÜØ�ÑtÞIÍ�Ö�Î�Ý�ÍdÎ	Ö~Ò@ÑtÞ�ÍíÑtÎ�É~ç�Ø�Ò`Ö~Î�Ë^É�ÑtÛ�Ö�ç
ú�ÛÜç&ådÓ�Î�Î�ÍSçnÑ^ådÖ~ç��¥Ð�Ó�Î�É�ÑtÛ�Ö�ç¸Uw¶·�

É~ç�Ý�ÝIÓ�Í�Ñ�ÖÙÑ�Þ�ÛÜØÆÒ É~åSÑ^ådÖNÍ��	åSÛÜÍdç�Ñ�Ø
P14, P23, P24, P32, P33, P34, P41, P42, P43, P44 = 0É~ç�ÝÙÉ~ÔÜØ�ÖíådÖ�Î�Î�ÍdØ�Ú�Ö~ç�Ý�ÛÜçIÐKq/ådÖNÍ��	åSÛÜÍdç�Ñ�Ø+É�Î�Í�ãdÍSÎ�Ö�à�È�Ñ\É�ÔÜÔÜÖUèÂØðÑ�Ö�å±É~Ô�ådÓ�ÔÜÉ�ÑtÍ�ÍlknÓ¥É�Ñ�Ö�Î�ÛÜÉ~Ô

ådÖNÖ�Î�Ý�Û�ç¥É�Ñ�ÍdØ£Ò`Ö�Î�É�çnÏ�åæÞ�ÛÜÚ�åSÖ9Ö�Î�Ý�ÛÜç�É�ÑtÍ³'���ú Ï�+óà�ýðØ�Ñ�Î�Ö�Ë	ÍSÑ�Î�Ï�Î�ÍlknÓ�Û�Î�ÍSØ	Û�ç�Ú�ÓIÑ£ÛÜçIÒ`Ö�Î�ËìÉ>

ÑtÛÜÖ~ç%É~ß(Ö�ÓIÑïÛÜË^É~Ð�ÍÂådÍSçnÑ�ÍdÎõÚ(Ö�Ø�ÛôÑtÛ�Ö�ç
ú�Ú�Û#�IØ�å±É~Ô�Í Î É~çIÝ%Î�Ö~ÑtÉ�ÑtÛ�Ö�ç^É~ç�Ð�Ô�ÍðÖ~Ò
Ñ�Þ�ÍeÛ�ËìÉ~Ð~ÍÂèÂÛôÑtÞ

Ð é>ßl�>îäú�ê�ìWã�ßiî�ê�ñ·ê�ñ>à�á>ì2ê�â�î@ß/.�ã�ð�òDë��gã��=�¦
�é>ß|�Fã�ì

��m
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Î�ÍdØ�Ú�ÍSåSÑ£Ñ�Ö�Ñ�Þ�ÍìåSÍdÔÜÍSØ�Ñ�Û É~Ô�ådÖNÖ�Î�Ý�ÛÜç¥ÉrÑtÍdØSúfÑ�Þ�ÍdØ�Í%Ø�ÍóÑ�ÑtÛ�ç�Ð�Ø�É~Î�Í	Î�ÍdÉ~Ý�Ò`Î�Ö~Ë$Þ�Í±É~ÝIÍdÎ£Ö~ÒD�I¨��
�¥ÔÜÍ�àBûõÞIÍ+É�Ø�ÑtÎ�Ö�Ë	ÍSÑtÎEÏ�Ú�Î�Ö9åSÍdÝ�Ó�Î�ÍâèîÉ~Ø@É~Ý�Ö~ÚIÑtÍSÝ�Ò`Î�Ö�Ë¹ÑtÞIÍ\ýeù9ýâù�Í��9Ú(ÍdÎ�ÛÜË	Ídç�Ñ±ú¥ÛôÑõÛÜØJÉ~ç
Û�ÑtÍSÎtÉ�Ñ�ÛÜÖ�ç�ÚIÎ�ÖNådÍdÝIÓ�Î�ÍÆèÂÞ�ÍdÎ�ÍÆØ�ÑæÉ�Î�Ø\ÛÜç �I¨����¥ÔÜÍÆÉ~Î�ÍÆËìÉ�Ñ�åæÞ�ÍdÝ¬É~Ð�É�ÛÜç�ØEÑâå±É�ÑtÉ~ÔÜÖ~Ð�Ø�ÑæÉ�Î�ØÊÛÜç
Ð�Û�Ì~ÍdçÆÚ�Ö~Ø�Û�Ñ�ÛÜÖ�ç�ÛÜç�Ñ�Þ�ÍõØ�é�Ï�àBùnÑæÉ~Î7ådÉ�ÑæÉ�ÔÜÖ�ÐeåSÓ�Î�Î�Ídç�ÑtÔôÏ£Ó�Ø�ÍdÝ	ÛÜç£Ñ�Þ�ÍõÚ�Î�ÖNådÍSÝ�Ó�Î�ÍõÛÜØ7ß¥É�Ø�ÍdÝ	Ö�ç
û-¼wo�j·U�å±É�ÑtÉ~ÔÜÖ~Ð�úWÞ�ÖUèCÍSÌ~ÍdÎ\É~ç�Ï©ØEÑæÉ~ÎâådÉ�ÑæÉ~Ô�Ö�ÐìådÉ~ç�ß�Í�Ó�Ø�ÍSÝÙÛ�ç�Ø�Ñ�Í±É~ÝWà+ûõÞ�Í�ÚIÎ�ÖNådÍdÝIÓ�Î�Í
ådÖ�ç�Ø�ÛÜØEÑtØJÖ~ÒfÑ�Þ�ÍâÒ`Ö�ÔÜÔ�ÖUèÂÛÜç�Ð+ËìÉ~Û�ç�Ø�Ñ�ÍdÚ�Øw¹

• ÔÜÖ�É~Ý�ÛÜçIÐ�Ö~Ò3�I¨��¤�¥ÔÜÍ
• Î�ÍdÉ~Ý�Ø�ÑæÉ�Î�ØõÒ`Î�Ö�Ë/ÑtÞ�ÍÊÎ�ÍSÒ`ÍdÎ�Ídç�åSÍ+ØEÑæÉ~ÎÂådÉ�ÑæÉ~Ô�Ö�Ð
• ÍdØEÑtÛ�ËìÉ�Ñ�ÛÜÖ�çíÖ~ÒPØ�Þ�ÛôÒqÑÂÒ`Î�Ö�Ë.Ñ�Þ�Í+Í��9Ú�ÍSåSÑtÍSÝ�Ú�Ö~Ø�Û�Ñ�ÛÜÖ�ç

(λ, δ)mount

É~ç�Ý×Î�Í±É~Ô�Ú(Ö�Ø�Û�ÑtÛ�Ö�ç
(λ, δ)

Ó�Ø�Û�ç�Ð�Ñ�Þ�Í^åSÖ�Î�Î�ÍdÔÜÉ�ÑtÛ�Ö�ç©Ò`Ó�ç�åóÑtÛÜÖ~ç�ß(ÍSÑ�èCÍdÍdç�ÛÜË^É~Ð�Í�Ø�ÑtÉ~Î�Ø+É~ç�Ý¬Ø�ÑtÉ~Î�Ø\ÛÜç�ÑtÞ�Í
å±É�ÑtÉ~ÔÜÖ~Ð

ýJÒqÑtÍdÎCÑtÞ�ÍÊÉ~ß(ÖUÌ�ÍÊÛÜçIÛ�ÑtÛÜÉ~ÔÜÛ�ã±É�Ñ�ÛÜÖ�ç�ØEÑtÍSÚ�ØõÑtÞ�ÍâÛôÑtÍdÎ�É�ÑtÛ�Ö�ç¥É~ÔZÚ�Î�Ö9åSÍdÝ�ÓIÎ�ÍÊß�ÍSÐ�ÛÜçIØdú�ÍóÌ�ÍdÎEÏ�Û�Ñ�

ÍdÎtÉrÑtÛÜÖ~ç�åSÖ�ç�Ø�ÛÜØ�Ñ�ØÂÖ~ÒfÑ�Þ�ÍâÒ`Ö�ÔÜÔ�ÖUèÂÛÜç�Ð£Ë^É~Û�ç�Ø�ÑtÍSÚ�Øw¹

• Î�ÍSå±É~Ô�ådÓ�ÔÜÉ�ÑtÛ�Ö�ç©Ö~ÒCÎ�ÍóÒ`ÍdÎ�Ídç�åSÍìÉ~çIÝÙÛ�ËìÉ�Ð�Í�ØEÑæÉ~Î�Ø\åSÖ9Ö~Î�Ý�Û�ç¥É�ÑtÍSØeÑtÖíØ�ÑtÉ~ç�Ý¥É�Î�Ý�ådÖNÖ�Î�ÝIÛT
ç¥É�Ñ�ÍdØ�'PèÂÛ�ÑtÞíÎ�ÍdØ�Ú(ÍdåóÑ@Ñ�ÖÆÛÜË^É~Ð�ÍeåSÍdç�ÑtÍSÎ·+
• Ë^É�ÑtåæÞ�Û�ç�ÐÆÖ~ÒfÛÜË^É~Ð�ÍðØEÑæÉ~Î�ØõÒ`Î�Ö�Ë �I¨��¤�¥Ô�ÍÊÉ~Ð�É~Û�ç�Ø�ÑÂÎ�ÍSÒ`ÍSÎ�ÍdçIådÍ\Ø�ÑæÉ�Î�Ø
• Ý�ÍóÑtÍdÎ�Ë^Û�ç¥É�Ñ�ÛÜÖ�çâÖ~ÒNÑtÎ�É~ç�ØEÒ`Ö�Î�Ë^É�ÑtÛ�Ö�çâÚ¥É~Î�É~Ë	ÍSÑtÍSÎ�Ø�ß�ÏÊÓ�Ø�ÛÜç�ÐÂÑtÞ�Í�Ë	ÍSÑ�Þ�Ö9ÝÊÖ~Ò9Ø�Û�ç�Ð�Ó�ÔÜÉ~ÎÌ�É~ÔÜÓ�ÍâÝIÍdådÖ~Ë^Ú(Ö�Ø�ÛôÑtÛ�Ö�ç�' ùDÄ·!±+óà
• åæÞ�ÍSåæéíÑ�Þ�ÍÊådÖ�ç�Ì~ÍdÎ�Ð~Ídç�åSÍ�ådÖ~ç�Ý�Û�Ñ�ÛÜÖ�ç�Î�ÍlknÓ�Û�Î�ÛÜçIÐ^É�Ø�ÑtÎ�Ö�Ë	ÍSÑtÎEÏ%ÍSÎ�Î�Ö~Î δα < δαMAX

• Î�ÍSå±É~Ô�ådÓ�ÔÜÉ�ÑtÛ�Ö�ç�Ö~ÒfÛÜË^É~Ð�Í@ådÍdç�Ñ�ÍdÎJådÖNÖ�Î�Ý�Û�ç¥É�Ñ�ÍdØ (λ, δ)center

ûõÞ�ÍõÛôÑtÍSÎtÉ�Ñ�ÛÜÖ�ç£ØEÑtÍSÚ�ØBÉ~Î�ÍõÎ�ÍdÚ(Í±É�Ñ�ÍdÝÆÓ�ç�ÑtÛ�Ô9ÑtÞIÍJåSÖ�ç�Ì�ÍSÎ�Ð�ÍSç�ådÍJådÖ�çIÝ�Û�Ñ�ÛÜÖ�ç�ØPÉ~Î�ÍõØ�É�ÑtÛ�Ø��¥ÍSÝ
à
È�ç+ÑtÞIÍïå±É�Ø�ÍCÉ~Ø�Ñ�Î�Ö�Ë	ÍSÑ�Î�ÏÊÚ�Î�Ö9åSÍdÝ�Ó�Î�ÍCåSÖ�ç�Ì�ÍSÎ�Ð�ÍSØdú�Ò`Ö�ÎkÉ~Ô�Ô�Ø�ÑæÉ�Î�ØkÛÜçÊÑtÞ�Í·�I¨	�±�¥Ô�Í�ådÖNÖ�Î�Ý�Û�ç¥É�Ñ�ÍdØ
(λ, δ)

É~Î�Íïå±É�ÔÜådÓIÔ É�Ñ�ÍdÝ+Ò`Î�Ö�Ë1ÑtÞ�ÍCÒ`Ö�Î�Ë£ÓIÔ És$9à��F�IàfûõÞ�ÍïÎ�ÍdØ�Ó�Ô�Ñ�ØÕÉ~Î�ÍïØtÉ±Ì~ÍdÝ�ÑtÖ·¨C���w�¥ÔÜÍBèÂÞ�ÛÜåæÞ
ådÖ�ç�Ø�ÛÜØEÑtØîÖ~Ò
ØtÉ~Ë	Í@Û�çIÒ`Ö�Î�ËìÉ�Ñ�ÛÜÖ�ç	É~Ør�I¨	�x�¥Ô�ÍJèÂÛôÑtÞ�É�Ý�Ý�Û�Ñ�ÛÜÖ�ç�É~Ô��¥ÍSÔÜÝ�ØBÒ`Ö�Î

(λ, δ)
à7ýðÔ�ÔZç�ÛÜÐ�Þ�Ñ

ÛÜË^É~Ð�ÍdØ+É~Î�ÍìÚ�Î�Ö9åSÍdØ�Ø�ÍdÝ�ÛÜçÙÑtÞ�ÍìØtÉ~Ë	Í^èïÉ±Ï�É~çIÝ�ÍSÌ~ÍdÎ�Ï�Ø�é�Ï¬ÛÜË^É~Ð�Í�' 9������K�¥Ô�Í�+ÊÞ¥É~Ø�É
ådÖ�Î�Î�ÍdØ�Ú�Ö~ç�Ý�ÛÜçIÐz¨������¥ÔÜÍ�à

r��
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S=Ô�S«Ô@4�ÔÍZ 5a<�G�: t G�<�GIHJ8@Ì
ûõÞ�Í�Ø�ÑæÉ�Î�å±É�ÑtÉ~ÔÜÖ�ÐïÛÜØ
Ý�ÍóÌ�ÍSÔÜÖ�Ú(ÍdÝ+É~Ø�Î�ÍSÔ É�Ñ�ÛÜÖ�ç�É~ÔrøfÖ�ØEÑtÐ�Î�ÍUùLqâñìÝ¥ÉrÑæÉ~ß¥É�Ø�Í(� �nrg�màfûõÞIÍBÝ�É�ÑæÉ~ß�É~Ø�Í
Ø�ÑtÎ�Ó�åSÑ�Ó�Î�ÍJÛÜØÕØ�Þ�ÖUèÂçìÛ�ç¬�fÛÜÐ�Ó�Î�Í,$Ià2��XIàfÈ�ÑCåSÖ�ç�Ø�ÛÜØ�Ñ�Ø�Ö~Ò�ÑtÉ~ß�Ô�ÍdØ�Ý�ÍdØ�ådÎ�ÛÜß(ÍdÝ	Í±É~Î�ÔÜÛÜÍSÎ7ÛÜç^ù9ÍSåSÑ�ÛÜÖ�ç
�9ài�Nài�9à21�èÂÛ�Ñ�Þ�É�Ý�Ý�Û�Ñ�ÛÜÖ�ç�É~Ô�ÑtÉ~ß�ÔÜÍSØ±¹

• 5)<�GL: 
ÆÑ�Þ�ÛÜØ�ÑæÉ�ß�ÔÜÍ�åSÖ�ç�ÑæÉ~Û�ç�Ø�É~ÔÜÔeÖ~ßNë�ÍdåóÑtØ�Ö�ß�Ø�ÍSÎ�Ì~ÍdÝ�ß�Ï¨Ð�ÛôÌ�ÍSçþådÉ~Ë^ÍSÎtÉIà¿ùIÉ�Ë^Í
Ú�Þ�ÏNØ�ÛÜådÉ~ÔÕØ�ÑtÉ~ÎeådÉ~ç�ß�Í�Ö�ßIØ�ÍdÎEÌ�ÍSÝ¬ß�Ï©Ë^É~ç�Ï©ådÉ~Ë	ÍdÎtÉ�ØeØ�ÖíØtÉ�Ë^Í£ÚIÞnÏNØ�ÛÜå±É�ÔÕØ�ÑæÉ�ÎeÞ¥É~Ø
� ≥ ��Î�ÍSådÖ�Î�Ý�ØeÛ�ç×ÑtÞ�Í+ÑæÉ~ß�Ô�Í 5)<�GL: úWèÂÞIÍdÎ�Í%��Ø�ÑtÉ~ç�Ý�ØðÒ`Ö~ÎðçnÓ�Ë£ß(ÍdÎ@Ö~Ò�å±É~Ë	ÍdÎ�É~Øeß�ÏèÂÞ�ÛÜåæÞíÑtÞIÛÜØõØ�ÑtÉ~ÎõèîÉ�Ø@Ö�ßIØ�ÍdÎEÌ�ÍSÝ
à

• Ë AfGICF�P:gAD?BADQ)<�C 
7ÑtÞIÛÜØïÑtÉ~ß�ÔÜÍJØ�Ñ�Ö�Î�ÍSØõÛÜçIÒ`Ö~Î�Ë^É�ÑtÛ�Ö�çÆÖ�ç�ÍSÌ~ÍdÎ�ÏìÖ�ß�Ø�ÍdÎ�Ì�É�Ñ�ÛÜÖ�çìÖ~Ò�ÑtÞ�ÍØ�ÑtÉ~ÎdàâÈ�ÑâÛ�ØðÔ�ÛÜç�é�ÍdÝ×Ñ�Ö%ÑæÉ~ß�Ô�Í 5)<�GL: ß�Ï©Î�ÍSÒ`ÍdÎ�Ídç�åSÍ%�¥ÍdÔ�Ýy����¨	�Zú�ÛôÑðÛ�ØâÉ~ÔÜØ�ÖìÔ�ÛÜç�é�ÍdÝ�ß�Ï
�¥ÍdÔ�Ý ��:�4�9%����Ñ�Ö   :>GI?¿A Ö�çíèÂÞ�ÛÜåæÞíÑtÞIÍ\ØEÑæÉ~ÎîèïÉ~ØJÖ�ß�Ø�ÍdÎ�Ì~ÍdÝ
à

• 57�9M�Af:�5a<FGL: 
�ÛôÑ	ÛÜØ^É�ÑtÉ~ß�ÔÜÍ�ådÖ~çnÑtÉ~ÛÜçIÛÜç�Ð�Î�ÍdÉ~ÔÂÚ�Þ�ÏNØ�ÛÜådÉ~ÔJØ�ÑæÉ�Î�Ødà¨È�ç�å±É~Ø�Í×ØEÑæÉ~Î	ÛÜØÖ�ß�Ø�ÍdÎ�Ì~ÍdÝ¨ß�Ï&Ý�Û�~�ÍdÎ�Ídç�Ñ	å±É~Ë	ÍdÎ�É~Ø	Û�Ñ	Þ¥É~Ø	Ë£Ó�ÔôÑtÛÜÚIÔÜÍ%Î�ÍdådÖ~Î�Ý�Ø^ÛÜç�ÑæÉ~ß�Ô�Í 5a<�G�: úCß�ÓIÑ
Ö�ç�ÔôÏ%Ö�ç�ÍâÎ�ÍdåSÖ�Î�Ý�ÛÜç%Ñ�Þ�ÍeÑæÉ~ßIÔÜÍ 57�9M�Af:�5a<FGL: à��7Ì~ÍdÎ�Ï%Î�ÍdåSÖ�Î�Ý�ÛÜç%Ñ�Þ�ÍâÑæÉ~ßIÔÜÍ 5)<�GL: ÛÜØ
ÔÜÛ�ç�é~ÍSÝ^ÑtÖ+ådÖ�Î�Î�ÍSØ�Ú(Ö�ç�Ý�Û�ç�Ð 57�9M�Af:�5a<FGL: Î�ÍdåSÖ�Î�Ý^ß�Ïp��ÍdÔÜÝ��%����¨���4C��:Zà�ûõÞ�Í@Î�ÍdÔÜÉ�ÑtÛ�Ö�ç
ß�ÍóÑ�èïÍSÍdç 57�PM�AD:�5)<�GL: É�ç�Ý 5)<�GL: ÑæÉ~ßIÔÜÍâÛÜØõÖ~ç�ÍâÑtÖÆËìÉ�çnÏ~à

• u í�C   =JA/H�Í�5a<�G/< 
CØ�ÑtÉ�ÑtÛ�Ø�Ñ�ÛÜå±É�Ô
ÑæÉ~ß�Ô�ÍÊådÖ�ç�ÑæÉ�ÛÜç�Û�ç�ÐÆÛÜçIÒ`Ö�Î�ËìÉrÑtÛÜÖ~ç%Ö�ç×çnÓ�Ë�ß�ÍSÎ@Ö~ÒPÛÜËx

É~Ð�ÍSØJåSÖ�ÔÜÔ�ÍdåóÑtÍdÝ�Ò`Ö�ÎÂÉ�Ø�Ú�ÍSådÛ���å"��ÍdÔÜÝ

•   =JA/H�Í \¬yzAf_ 
BÝ�Í��¥çIÛ�ÑtÛ�Ö�ç�ØõÖ~Ò9�¥ÍSÔÜÝ�ØÂÖ�ß�Ø�ÍdÎEÌ�ÍdÝ×ßnÏìÑtÞ�ÍÊØ�ÏNØEÑtÍdË
ùNÑtÉ~ÎeådÉ�ÑæÉ~Ô�Ö�ÐìÝ�É�ÑæÉ~ß�É~Ø�Í£ådÉ~ç�ß�Í�ÞNÓIÐ�Í~úGÉ�ÒqÑ�ÍdÎJÏ�Í±É�ÎâÖ~ÒBÝ¥É�ÑæÉ^ådÖ�Ô�ÔÜÍdåóÑtÛ�Ö�ç×ÛôÑeå±É�çÙÎ�Í±É~åæÞ

1��g
��*����áÊü '9¨"5�«	��S+*�Ý¥É�ÑæÉ�ß¥É~Ø�Í·+óúNØ�Ö+ÛÜçìÖ~Î�Ý�ÍSÎBÑ�Ö�ß(ÍðÍ��	åSÛÜÍdç�Ñ�Ô�ÏÆÓ�Ø�ÍdÝ�Û�ÑBË£ÓIØ�Ñîß(ÍJÖ�ÚIÑtÛ#

Ë^Û�ãdÍdÝWàBý@ç�Û�Ë^Ú(Ö�ÎEÑæÉ~ç�ÑõÍSÔÜÍdË	Ídç�ÑJÖ~ÒkÑtÞ�ÍÊÝ¥ÉrÑæÉ~ß¥É�Ø�ÍÊØ�Ñ�Î�Ó�åóÑtÓ�Î�Í£É~Î�ÍâÛÜç�Ý�Í��9ÍdØdàCûõÞ�ÍSÏ�É�ÔÜÔÜÖUè
Ø�Í±É�Î�åæÞ�Û�ç�Ð¬Û�ç�Ý�Í��IÍSÝ ��ÍdÔÜÝIØ�ßnÏ�Ò É~Ø�ÑÆß�Û�ç¥É~ÎEÏ�Ø�ÍdÉ~Î�åæÞ�É~Ô�Ð�Ö�Î�ÛôÑtÞ�Ë�à�ûõÞ�ÍíË^Ö~Ø�ÑÆÛÜË	Ú(Ö�Î�ÑtÉ~ç�Ñ
Ý¥É�ÑæÉ�ß¥É~Ø�ÍsknÓ�ÍdÎ�ÛÜÍdØCèïÍSÎ�ÍeÖ�Ú9ÑtÛÜË	ÛÜãSÍdÝ	ß�Ï^åSÎ�ÍdÉ�ÑtÛ�ç�Ð�Û�ç�Ý�Í��9ÍSØîÖ�ç¤�¥ÍSÔÜÝ�ØBÓ�Ø�ÍdÝ�ÛÜç^ådÖ�çIÝ�Û�Ñ�ÛÜÖ�ç¥É�Ô
Ø�ÑæÉrÑtÍdË	Ídç�Ñ�Ødà�ýðçIÖ~ÑtÞ�ÍSÎ�Ö�Ú9ÑtÛÜË	ÛÜãdÉ�ÑtÛ�Ö�ç�Ú�ÍSÎ�Ò`Ö�Î�Ë^ÍSÝ�Ö�ç�Ñ�Þ�ÍìÝ�É�ÑæÉ~ß�É~Ø�Í%Û�Ø+ÚIÔ É~åSÛÜç�Ð Ë AfG�[CF�9:>AD?BADQ)<>C Î�ÍdåSÖ�Î�Ý�Ø£Ò`Ö~Î£É×Ð�ÛôÌ�ÍSçêØ�ÑæÉ�Î£ÛÜç�Ñ�Þ�Í�ØtÉ�Ë^Í^Ú�Þ�Ï9Ø�ÛÜådÉ~ÔîÔÜÖNå±ÉrÑtÛÜÖ~ç¬Ö�ç�Ñ�Þ�Í%Ý�Û�Ø�éZà
ûõÞ�ÛÜØJÛÜØÂÌ�ÍSÎ�Ï�ÛÜË	Ú�Ö~Î�ÑæÉ�çnÑõÒ`Ö~ÎJÒ É~ØEÑðÎ�Í±É~ÝIÛÜç�Ð	Ö~Ò7ØEÑæÉ~ÎJÔÜÛ�Ð�Þ�ÑJådÓ�ÎEÌ�ÍdØSà@ûõÞIÛÜØJÖ�ÚIÑtÛ�Ë^Û�ã±É�Ñ�ÛÜÖ�çìÛÜØ
Í��9ÍdåSÓIÑtÍSÝ�ß�Ï�øfÖ�ØEÑtÐ�Î�ÍUùLqâñ"åSÖ�Ë^Ë^É~ç�Ý�oîñPÁðù9û(��& èÂÞIÛÜåæÞÙË£Ó�Ø�Ñ\ß(Í�å±É~Ô�ÔÜÍSÝ�Ò`Î�Ö�Ë�Ñ�ÛÜË	Í
ÑtÖ�ÑtÛ�Ë^Í�ÉrÒqÑtÍdÎâÔÜÉ~Î�Ð~Í�É~Ë	Ö�Ó�ç�ÑÊÖ~ÒCç�ÍSè�Ý¥É�ÑæÉ�Û�ØÊÉ~Ý�Ý�ÍSÝÙÑ�Ö�å±É�ÑtÉ~ÔÜÖ�ÐIà�ýðÔ�Ø�Ö�ÑæÉ�ß�ÔÜÍ 5)<�GL: ÛÜØ
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SUPERSTAR

id - internal record ID
name - star name

ra - right ascension [h]
dec - declination [deg]

v_mag - visual magnitudo
period - star period 
star_type - star type

star_class - star class in ASAS catalog
gcvs_id - link to star in GCVS database

tycho_id - link to star in TYCHO database
asas_id - link to star in ASAS database

STARS

id - internal record ID
ra - right ascension [h]
dec - declination [deg]

magnitude 
sigma_mag - RMS of magnitude

name - star name ( by coordinates )
min_mag - minimum magnitude

max_mag - maximum magnitude
no_measurements - # of measurements

mag_cat - magnitudo in reference catalog
camid - ID of camera 

sstar_id - link to SuperStar record
quality - data quality flag

max_id_frm - link to last observation image

MEASUREMENTS

star - link to STAR record
time_hjd - HJD of measuserement

magnitude - 
error - error of magnitude measurement

id_frm - link to FRAME record
ra - right ascension [h]
dec - declination [deg]

mag_piphoto - instrumental magnitude
ccdx - X chip coordinate
ccdy - Y chip coordinate

mag_ap0 - other aperture magnitude
mag_ap1 - other aperture magnitude
mag_ap2 - other aperture magnitude
mag_ap3 - other aperture magnitude
mag_ap4 - other aperture magnitude
new_star - flag if first measurement
quality - measurement quality flag

FlareEvents

fl_id - internal record ID
fl_star - linit to Star record

fl_night - night on which event was found
fl_flare_mag - maximum brightness of the flare

fl_mag_limit - limit for being a flare 
fl_good_count - number of measurements exceeding fl_mag_limit

fl_peak_count - flare height ( from platou to maximum )
fl_quality - flag for event quality  
fl_ccdx - X coordinate of event
fl_ccdy - Y coordinate of event

fl_min_time_hjd - start of HJD period inspected by algorithm
fl_max_time_hjd - end of HJD period inspected by algorithm

fl_camid - camera ID
fl_cam2_sstar_id - ID of star on other camera

fl_comment - user comment on event
fl_run - run number ID 

fl_hjd - HJD at peak of the flare
fl_start_hjd - flare start HJD
fl_end_hjd - flare end HJD  

fl_xy_ok - no position change before the flare
fl_type - event type 0-flare, 1-nova like event

fl_near_star_count - number of nearby stars in radius of 120 arcsec
fl_min_mag - min magnitude during flare

fl_max_mag - maximum magnitude during flare
fl_field_obs_count - number of field observations before flare occured

fl_rej_reason - rejection flag, see table for values
fl_id_frm - internal ID of frame on which event occured

fl_url - URL link to fits/jpg files
fl_url2 - alternative URL ling to fits/jpg files

InterestingObjects

io_id - internal record ID
io_name - name of object

io_ra - right ascension [hours decimal]
io_dec - declination [deg decimal]

io_star_k2a - link to Star record [ camera 1 ]
io_star_k2b - link to Star record [camera 2 ]

io_type - type of interesting object
io_vmag - magnitudo [ from catalog ]

io_comment - user comment
io_quality - quality flag
io_run - run number

io_bmag - B filter magnitude
io_star_type - star type string

io_no_measurements - number of measurements in Pi-catalog
io_match_distance - distance to closest star in Pi-catalog [arcsec]

io_othername - other name of object
io_var - 0-variable / 1-not variable

io_mag - magnitudo in filter io_filter
io_filter - specific filter name

io_freq - number of times the object should be observed in period of io_period
io_period - 0-day, 1-week, 2-month, 3-year

io_visible - visibility description
io_active - enable/disable record (0-not active,1-active)

io_url - URL to images location
io_lastobs - id_frm on which object was last observed

io_prior - priority for pointing telescope

ObsFieldStat 
( statistic of field observations )

ofs_field - field name
ofs_night - night 

ofs_ra - right ascension of field center [h]
ofs_dec - declination of field center [deg]

ofs_night_count - # observation on given night
ofs_count - total number of observations

HotPixel

hp_x - chip coordinate X of hot pixel
hp_y - chip coordinates Y of hot pixel

hp_cam - ID of camera 

Field_Def
( definitions of observed fields )

fd_id - internal record ID
fd_name - name of field ( syntax HHMM+DD.D )

fd_ra_h - right ascension of the field center [hours]
fd_dec - declination of the field center [degrees]

fd_original - flag if original field or added later
fd_mstars - average number of star in this field
fd_rstars - RMS of number of stars in this field

FRAME

id_frm - internal record ID
iframeno - night image number

idaynight - night
spathtofile - path to FITS file

icamid - camera ID
scamfilter - filter
inaxis1 - X size
inaxis2 - Y size

sobject - name of observed object
fra - right ascension of image center [h]
fdec - declination of image center [deg]

ttime_ut - unixtime of image start
sloctime - local time string
slocdate - local date string

fhjd - image HJD
istarcount - number of stars on image

ifitssize - size of FITS file
ra2000, dec2000, par_x_N, par_Y_N - astrometry paramters
matchedstars - number of stars matched to reference stars

shutter_mode - shutter mode ( opened / closing )
avg - average pixel value 

rms - RMS of pixel value distribution
cat_stars - number of reference stars on observed field

Þ/ß2à�ágâOã��>æ ó��gçLèFëOâäágú´ëäá>âOã�ð�òLî@ëäê�âPú�ê¦ë�ê�ì2ð�à�í>ê¦ë�ê�ïgê�î@ã
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Ö�ÚIÑtÛ�Ë^Û�ãdÍSÝ�ßnÏ0oîñ9Áðù9û(��&"ådÖ�Ë	Ë^É~ç�ÝÆÉ~åSådÖ�Î�Ý�ÛÜç�ÐâÑ�ÖÊÑ�Þ�ÍÂådÍSÔÜÍdØEÑtÛÜÉ~ÔIåSÖ9Ö�Î�Ý�ÛÜç�É�ÑtÍSØÕÛÜç�Ö�Î�Ý�ÍdÎ
ÑtÖ�Ö�ÚIÑ�ÛÜË	ÛÜãSÍ+Î�Í±É~Ý�Û�ç�Ð%Ö~ÒBØEÑæÉ~Î�ØðÒ`Î�Ö�Ë Ý¥É�ÑtÉ~ß¥É~Ø�Í£Ý�Ó�Î�ÛÜç�Ð�ådÉ�ÑæÉ�ÔÜÖ�Ð�Û�ç�Ð�à@ûõÞ�Í�Ë^Ö~Ø�ÑeÛ�Ë^Ú(Ö�ÎV

ÑæÉ~ç�Ñ�Û�ç�Ý�Í��9ÍSØÆÉ~Î�Í%Ô�ÛÜØEÑtÍdÝ¬ÛÜç�ûfÉ~ß�Ô�Íz$IàWrIà©ûõÞ�ÍSÎ�ÍíÉ~Î�Í�É~Ô�Ø�Ö©Ý¥ÉrÑæÉ~ß¥É�Ø�Í%Ö�Ú9ÑtÛÜË	ÛÜãdÉ�ÑtÛ�Ö�ç�ØÊÖ�ç
øfÖ�ØEÑtÐ�Î�ÍUùLqâñ¬Ø�ÍdÎEÌ�ÍdÎõåSÖ�ç��¥Ð~Ó�ÎtÉ�Ñ�ÛÜÖ�çìÔÜÍSÌ~ÍdÔ(èÂÞ�ÛÜåæÞ�Ø�ÍSÑõÚ¥É�ÎtÉ~Ë	ÍSÑ�ÍdÎCÌ�É~Ô�Ó�ÍðÚIÎ�Ö�Ú(ÍdÎïÒ`Ö~ÎïÞnÓ�Ð�Í
Ý¥É�ÑæÉ�ß¥É~Ø�Í�à
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�JÛ�ç�Ý�Í�� ù�Áðø���&ðùNûfýe& Ð�åSÌNØ��JÛ�Ý ç�ÖË	Í±É~Ø�Ó�Î�ÍSË^ÍSç�ÑtØ!�ÂØEÑæÉ~Î��JÛ�ç�Ý�Í�� ò��Õýâù/Áe&��Cò]�^�JûJù ØEÑæÉ~Î Ï�ÍSØË^ÍdÉ~Ø�Ó�Î�ÍdË	Ídç�ÑtØ��ÂÛÜÝ$�õÒ`Î�Ë��ÂÛÜç�ÝIÍ�� ò��Õýâù/Áe&��Cò]�^�JûJù Û�Ý$�õÒ`Î�Ë ç�Ö
þ/ê�ï>ì2ã&�gæ Ågçz�|ñgí�ã���ãûî«�-ðlîJëPßU��é*ð�â@ë�ê�ñlë7ò#ð�â�ð�é�ëOßU��ß0.�ßWñ>à,î@ëäê�âPú�ê¦ë�ê�ì2ð�à

S=Ô�S«Ô@4�ÔÍS t G/<�GIHJ8�ÌR=@Q]Ì�M9:g87E�A�Í9�P:gA
&JÍSÝ�Ó�ådÍSÝ¬Ý�É�ÑæÉìÛ�ØâÉìØ�ÍSÑÊÖ~Ò·¨����]�¥ÔÜÍSØdúWÑ�Þ�ÍdØ�Í%�¥ÔÜÍSØeÞ¥É±Ì�Í£Ñ�Ö�ß�Í�ÔÜÖ�É~ÝIÍdÝ×Ñ�Ö%ÑtÞ�Í£Ý�É�ÑæÉ~ß�É~Ø�Í
Ø�ÑtÎ�Ó�åSÑ�Ó�Î�Í+Ý�ÍdØ�ådÎ�ÛÜß(ÍdÝ©Û�ç�Ñ�Þ�Í+ÚIÎ�ÍSÌNÛ�Ö�Ó�ØJØ�ÍdåóÑtÛ�Ö�ç
àîûõÞ�Û�ØõÑæÉ~Ø�é�Û�ØÂå±É~Ô�ÔÜÍdÝíådÉ�ÑæÉ~Ô�Ö�Ð�Û�ç�ÐÆÉ~ç�Ý�ÛÜØ
Ú�ÍSÎ�Ò`Ö�Î�Ë^ÍSÝ�ßnÏ]©
�*¨�:%:/¨C����S�Ú�Î�Ö�Ð�Î�É~Ë�à"�
�9ådÍSÚIÑÊÖ~ÒBÔÜÖ�É~Ý�ÛÜçIÐìÝ¥É�ÑtÉ^ÑtÖ%Ñ�Þ�Í�Ý¥É�ÑtÉ~ß¥É~Ø�Í�ÑtÞIÛÜØ
Ú�Î�Ö�Ð~ÎtÉ~Ë.çIÖ�Î�Ë^É~ÔÜÛ�ãdÍSØîØ�ÑtÉ~ÎõËìÉ�Ð�ç�Û�Ñ�Ó�Ý�ÍSØÂÉ~ådåSÖ�Î�Ý�Û�ç�Ð�ÑtÖxÄ��¥Ô�Ñ�ÍdÎõË^É~Ð�ç�ÛôÑtÓ�ÝIÍdØõÛÜçíådÉ�ÑæÉ~Ô�Ö�Ð
Ö~ÒâÎ�ÍóÒ`ÍdÎ�Ídç�åSÍ×Ø�ÑtÉ~Î�ØSà¨ûõÞ�Í×ßIÔÜÖNåæé�Ý�Û É�Ð�ÎtÉ~Ë Ö~ÒðÑ�Þ�Í­©��*¨�:%:�¨�����S�ÚIÎ�Ö�Ð�Î�É~Ë ÛÜØÆØ�Þ�ÖUèÂç"ÛÜç
�PÛÜÐ�ÓIÎ�Í"$Ià2���9àBáâÍdç�ÍSÎtÉ~Ô�Ô�Ï~úIå±ÉrÑæÉ~Ô�Ö�Ð�ÛÜçIÐ£Ú�Î�ÖNådÍSÝ�Ó�Î�Í\Î�Í±É~ÝIØJØEÑæÉ~Î�ØJÉ~ÔÜÎ�Í±É~ÝIÏìÖ�ß�Ø�ÍdÎ�Ì~ÍdÝ�ß�ÍóÒ`Ö�Î�Í
Ò`Î�Ö�Ë�ÑtÞ�ÍâÝ�É�ÑæÉ~ß�É~Ø�ÍÊÉ~çIÝ�ËìÉ�Ñ�åæÞ�ÍdØõçIÍSèþÖ�ß�Ø�ÍSÎ�Ì�É�Ñ�ÛÜÖ�ç�ØCÑtÖ£ÑtÞIÍdØ�ÍâØEÑæÉ~Î�ØdàCù9Ó�ßIØ�ÍlknÓ�ÍSç�Ñ±¨����
�¥ÔÜÍSØ+É�Î�Í�Ö�Î�Ð�É~ç�Û�ãdÍdÝ�Û�ç©ÑtÞ�ÍÆË	ÍdË	Ö�Î�Ï�Ó�ç�ÑtÛ�Ô7Ö�ß�Ø�ÍdÎEÌ~ÉrÑtÛÜÖ~ç��¥ÍdÔ�ÝÙåæÞ�É~ç�Ð�ÍSØ\èÂÞ�Û�åæÞ�ÑtÎ�Û�Ð�Ð�ÍSÎ�Ø
Ý�Ó�Ë	Ú+Ö~ÒIÝ¥É�ÑtÉÂÒ`Î�Ö�Ë�Ë	ÍdË	Ö�Î�Ï@ÑtÖõÑtÞ�ÍBÝ¥É�ÑtÉ~ß¥É~Ø�ÍBÉ~ç�Ý�Ø�ÍdÔ�ÍdåSÑ�ÛÜÖ�çÊÖ~ÒIØ�ÑtÉ~Î�ØGÒ`Ö�Î�ç�ÍóèêÚ�Ö~Ø�Û�Ñ�ÛÜÖ�çWà
�ÕÌ~ÍdÎEÏ�¨������¥Ô�ÍâÛÜØÂÚ�Î�ÖNådÍSØ�Ø�ÍdÝ×Û�ç�ÑtÞ�ÍâÒ`Ö�Ô�ÔÜÖUèÂÛÜç�Ð\èîÉ±Ï³¹

• &ÂÍ±É~Ý�çIÍ��NÑ�¨���� �¥Ô�Í~úÊÝ�ÍóÑtÍdÎ�Ë^Û�ç�Í�Î�É~ç�Ð�Í¬Ö~ÒÆådÍSÔÜÍSØ�ÑtÛÜÉ~ÔÊådÖNÖ�Î�ÝIÛÜç¥É�Ñ�ÍdØ�ÛÜç°¨���� �¥ÔÜÍ
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• ùIÉ±Ì�Í�Û�ËìÉ~Ð~ÍPÞ�ÍdÉ~Ý�ÍdÎGÛ�çIÒ`Ö�Î�Ë^É�Ñ�ÛÜÖ�çÂÑtÖõÝ¥ÉrÑæÉ~ß¥É�Ø�Í7ÑæÉ�ß�ÔÜÍSØ   �z{ Ë b É~ç�Ý   �z{ Ë b]\py­b·[ à
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min , δprev
min ) −

(λprev
max, δ

prev
max)
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Read List of ast files

read next ast file

is next ast file
available

Dump stars and measurements from memory
to sql files and load these files to DB

Find range of coordinates in new ast file :
(ast_min_ra,ast_min_dec)-(ast_max_ra,ast_max_dec)

and read stars from this range from the database 

is ast file good for being cataloged
( for criteria see text )

NO

Save image information from header to database 
table Frame and FrameDet

Verify if all stars in ast file are inside range :
(min_ra,min_dec)-(max_ra,max_dec)

which was previously selected from DB

YES

YES

NO

Dump stars and measurements from memory 
to sql files and load these files to DB

NO

Using reference catalog find map of magnitude correction 
which must be added to instrumental magnitudo to 
obtain absolute magnitudo, calculate normalized 

magnitudo for all stars in ast file

YES

Add stars (from ast file) which satisfy the quality cuts 
( described in the text ) to list of stars and measurements

stored in memory 

Optimize database ( create indexes and clusters )

END

Print statistics of loading data
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Ø�ÑtÉ~Î�ØBÉ~ç�Ý	Ë	Í±É~Ø�Ó�Î�ÍSË^ÍSçnÑ�Ø�Ø�ÑtÖ~Î�ÍdÝ	ÛÜç�Ë	ÍdË	Ö�ÎEÏ�ÑtÖ]��M�§±�¥Ô�ÍdØ�É~ç�Ý	ÔÜÖ�É~Ý�Ø0��M�§±�¥Ô�ÍdØÕÑtÖ
ÑtÞ�ÍÆÝ¥ÉrÑæÉ~ß¥É�Ø�Í~úGÑtÞIÍdçÙØ�ÍdÔ�ÍdåóÑtØ\Ø�ÑæÉ�Î�ØâÒ`Î�Ö�Ë Ý¥É�ÑæÉ�ß¥É~Ø�Í�èÂÛôÑtÞÙådÖNÖ�Î�Ý�Û�ç¥É�Ñ�ÍdØâË^É�ÑtåæÞ�Û�ç�Ð
ÎtÉ~çIÐ�ÍÊÖ~ÒPåSÖ9Ö~Î�Ý�Û�ç¥É�ÑtÍSØõÛÜçíç�Íóè²¨����z��ÔÜÍp'7É~ØÂÝ�ÍóÑtÍdÎ�Ë^Û�ç�ÍdÝíÛ�ç­��Î�Ø�ÑJØEÑtÍdÚ�+

• oïÞ�ÍSåæé©Û�ÒÕÑ�Þ�Í�ÛÜË^É~Ð�Í\Î�ÍSÚ�Î�ÍSØ�Ídç�Ñ�ÍdÝÙßnÏ�ÑtÞ�Íp¨�������ÔÜÍ�Û�ØeÐ�ÖNÖ9Ý×Ídç�Ö�ÓIÐ�Þ©ÑtÖ�ß(Í£å±ÉrÑæÉg
ÔÜÖ�Ð~ÍdÝ
úIÑ�Þ�ÍâÒ`Ö�ÔÜÔ�ÖUèÂÛÜç�Ð£åSÎ�ÛôÑtÍdÎ�Û É�É~Î�ÍâåæÞ�Ídåæé�ÍdÝ»¹

1 çnÓ�Ë£ß(ÍdÎðÖ�Ò�ÛÜË^É~Ð�ÍdØÂÓ�Ø�ÍdÝ©Ò`Ö�ÎðÉ±Ì�ÍdÎ�É~Ð�Û�ç�Ð�'�ÛÜç�Ñ�Þ�Í�ådÉ~Ø�Í�Ö~Ò�å±É�ÑtÉ~ÔÜÖ~Ð�ÛÜç�Ð	É±Ì�ÍSÎ�
É~Ð�ÍSÝ�ÛÜË^É~Ð�ÍdØ�+CÒ`Ö�Î,�*��ÉUÌ~ÍdÎ�É~Ð�ÍdÝ�ÛÜË^É~Ð�ÍSØCÑ�Þ�ÍeÔÜÖUèCÍdÎõÔ�ÛÜË	Û�ÑBÛÜØ·�F��ÛÜË^É~Ð�ÍSØîÉ~ç�Ý
Ò`Ö�ÎD�fª�¨"�-,%Ú�Û�Ú�ÍSÔÜÛ�ç�ÍðÔ�ÖuèCÍdÎÂÔ�ÛÜË	Û�ÑCÛÜØ($Ià

1 åæÞ�Ídåæé�Û�Ò N image
star ≥ NMIN

star (= 5000)
ú(ÛÜç�å±É~Ø�Í�çnÓ�Ë£ß(ÍdÎJÖ~ÒÕØEÑæÉ~Î�ØðÛ�ØJÔ�ÖUèïÍSÎðÛ�Ñ

Ë^ÍdÉ~ç�ØîÑ�Þ¥É�ÑJÛ�ÑõÛ�ØõÚ�Î�Ö~ß¥É~ß�ÔôÏ%ådÔ�Ö�Ó�ÝIÏ%ÛÜË^É~Ð�Í0'��PÛ�Ð�à�$Ià2��rp+ðà
1 åæÞ�Ídåæé�ÛôÒGçnÓ�Ë£ß(ÍdÎõÖ~ÒkØ�ÑtÉ~Î�ØõÛ�Øîç�Ö~ÑõÑ�Ö9Ö�Þ�ÛÜÐ�Þ�¹ N image

star ≤ NMAX
star (= 70000)

'
�PÛÜÐIà�$Ià2��rp+óúIèÂÞ�Û�åæÞ�Û�ç�Ý�Û�å±É�Ñ�ÍdØõß¥É~Ý�ÛÜË^É~Ð�Í�à

1 åæÞ�Ídåæé�ÛôÒ�ÉUÌ~ÍdÎ�É~Ð�ÍJÉ~Ø�Ñ�Î�Ö�Ë	ÍSÑ�Î�Ï�ÍdÎ�Î�Ö�ÎÕÛÜØPç�Ö~ÑÕÑtÖNÖÊÔ É~Î�Ð�Íe¹ Aerr ≤ Amax
err (= 0.3)'��PÛÜÐIà�$Ià2��mp+

È�çíå±É~Ø�Í+É�ÔÜÔ(ådÎ�ÛôÑtÍSÎ�Û É�É~Î�ÍâØ�É�ÑtÛ�Ø��¥ÍSÝ�¨����¤��ÔÜÍeÛ�ØõÉ~ådåSÍdÚIÑ�ÍdÝ�É~ç�ÝíØ�ÑtÉ~Î�ØÂÉ�Î�Íâå±ÉrÑæÉ~Ô�Ö�Ð�ÍdÝWú
Ö~ÑtÞIÍdÎ�èÂÛ�Ø�ÍÊÛ�ÑÂÛ�ØõØ�énÛÜÚIÚ�ÍSÝ
à

• ��É~åæÞ×ØEÑæÉ~ÎõÛ�ç�É~Ø�Ñ(�¥Ô�ÍâÛÜØõÍ��IÉ~Ë	ÛÜçIÍdÝ�É~Ð�É~Û�ç�Ø�ÑÂåSÍdÎEÑæÉ~Û�çKknÓ¥É�ÔÜÛ�Ñ�Ï^ådÓ9ÑtØw¹

��à@ùNÑæÉ�Î�É~Ô�Ñ�Û�Ñ�Ó�Ý�Í%Û�Ø£Î�Í�kNÓIÛÜÎ�ÍSÝêÑtÖ�ß�Ï�Þ$�
hmin
¶%�>1

◦
ú�Û�çêÖ�Î�Ý�ÍSÎ£ÑtÖ�Î�Í<ë�ÍdåóÑ	Ë^ÍdÉg


Ø�Ó�Î�ÍdË	Ídç�ÑtØJådÔ�Ö�Ø�ÍeÑ�ÖÆÞ�Ö�Î�Û�ãdÖ�ç�èÂÞ�Û�åæÞ×É�Î�ÍÊÖ~ÒkÌ�ÍdÎEÏíÚ�ÖNÖ�Î�knÓ¥É�ÔÜÛ�Ñ�Ï
• ùNÑtÉ~ÎCË^É~Ð�çIÛ�ÑtÓIÝ�ÍdØBÉ~Î�ÍJçIÖ�Î�Ë^É~ÔÜÛ�ãdÍSÝ	ß�Ï	ådÖ~Ë^Ú¥É�Î�ÛÜçIÐÊèÂÛôÑtÞÆÑtÞ�Í@å±É�ÑtÉ~ÔÜÖ~Ð\Ö�Ò
Î�ÍóÒ`ÍdÎ�Ídç�åSÍØ�ÑtÉ~Î�ØSà�ò×É�Ñ�åæÞ�ÛÜç�ÐÊÉ�ÔÜÔÜÖUèÂØPÑ�ÖâådÎ�Í±É�Ñ�ÍîådÖ�Î�Î�ÍSåSÑtÛ�Ö�ç�ÛÜË^É~Ð�Í·'a�PÛ�Ð�à
$9à2$��"+GèÂÞ�ÛÜåæÞÆå±É�ç�ß�Í
Ó�Ø�ÍSÝ�Ñ�Ö^ç�Ö~Î�Ë^É~ÔÜÛ�ãdÍeË^É~Ð�ç�ÛôÑtÓ�ÝIÍdØõÖ~Ò7É~ÔÜÔ
ØEÑæÉ~Î�ØÂÛÜçíÑtÞ�ÍÊÛÜË^É~Ð�Í�àÕûõÞ�Í\ç�Ö�Î�Ë^É~Ô�ÛÜã±ÉrÑtÛÜÖ~ç
ÛÜØõÚ(ÍdÎEÒ`Ö�Î�Ë	ÍdÝíÛÜç�Ñ�Þ�ÍâÒ`Ö�ÔÜÔ�ÖuèÂÛ�ç�Ð�èïÉ±Ï³¹

1 å±É�ÑtÉ~ÔÜÖ~Ð�Ö~ÒPÎ�ÍSÒ`ÍSÎ�ÍdçIådÍ\Ø�ÑæÉ�Î�ØÂÛÜØõÎ�Í±É~ÝíÑtÖÆË	ÍdË	Ö�Î�Ï

rn1
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Histo_image_stars.txt

Entries  25426
Mean   2.425e+04
RMS    1.233e+04
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5 Ratio_vs_nstars
Entries  3863
Mean x  1.959e+04
Mean y   1.428
RMS x  1.376e+04
RMS y  0.8627

Ratio_vs_nstars
Entries  3863
Mean x  1.959e+04
Mean y   1.428
RMS x  1.376e+04
RMS y  0.8627

Ratio_vs_nstars

Þ�ß2à�á>âäã��>æ ó�Ågç�
�ß2î@ëOâäß2ï>á�ëOß2ð�ñeð�ò�ñFág�^ï�ã�â�ð�ò�î@ëäê�â�î)ßWñ±ê�ñsß|�,ê�à�ã"�#á>é>é�ã�â9é>ìWð�ëo�aê�ñ*ísí�ßiî@ëOâäßWï>á>ëOß2ð�ñeð�ò/â�ê¦ëäßWðð�ò�ñFág��ï*ã�â�ð�òIîJë�ê�â�îaßWñ±ê�ñeßU��ê�à�ã
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r�X

DataAnalysis/DataAnalysisFigs/cat_cuts/image_stars.eps
DataAnalysis/DataAnalysisFigs/cat_cuts/ratio_vs_nstars.eps
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Histo_ast_err.txt
Entries  25426
Mean   0.2359
RMS     0.131
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DataAnalysis/DataAnalysisFigs/cat_cuts/ast_err_log.eps
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1 Ò`Ö�Î%ÍdÉ~åæÞþØEÑæÉ~ÎìÛÜç ¨������¥ÔÜÍ×Ú�Î�Ö�Ð~ÎtÉ~Ë �¥ç�Ý�Ø�É�åSÖ�Î�Î�ÍdØ�Ú(Ö�ç�ÝIÛÜç�ÐêØEÑæÉ~Î�Û�ç"ÑtÞ�ÍÎ�ÍóÒ`ÍdÎ�ÍSç�ådÍ\å±ÉrÑæÉ~Ô�Ö�Ð�à7È�ç�å±É~Ø�ÍÊÛ�ÑõÛ�ØîÒ`Ö�Ó�ç�ÝíÑtÞ�Í±�¥ÍSÔÜÝ
magcat

Û�Ø��¥ÔÜÔ�ÍdÝ%èÂÛ�Ñ�Þ�ÑtÞ�Í
ËìÉ�Ð�ç�Û�Ñ�Ó�Ý�Í\Ö~Ò�ÑtÞ�Í�Ø�ÑæÉ�ÎðÒ`Î�Ö�ËöÑtÞIÍ£Î�ÍóÒ`ÍdÎ�ÍSç�ådÍ�ådÉ�ÑæÉ�ÔÜÖ�Ð�à±oïÖ�Î�Î�ÍdåSÑ�ÛÜÖ�ç©Ò`Ö~Î@ÑtÞIÛÜØ
Ø�ÑtÉ~ÎõÛÜØÂå±É�ÔÜådÓIÔ É�Ñ�ÍdÝíÉ~Ø"¹

δmag = magcat − magπ

'@$IàT�>1�+
ÑtÞ�Û�ØPÛ�ØfÌ�É~ÔÜÓIÍCèÂÞ�Û�åæÞ�Ë£Ó�Ø�ÑPß�ÍîÉ~Ý�Ý�ÍSÝ£ÑtÖeÛ�ç�Ø�Ñ�Î�Ó�Ë	Ídç�ÑæÉ�Ô9Ë^É~Ð�ç�ÛôÑtÓ�ÝIÍCÑtÖðÖ�ßIÑæÉ�ÛÜç
ç�Ö�Î�ËìÉ~Ô�ÛÜãSÍdÝÆÖ�ç�Í�àÕûBÏNÚ�Û�å±É~Ô�Ô�ÏÆÉ~ß(Ö�ÓIÑ�1��nÀ�Ö�Ò�¨����	Ø�ÑtÉ~Î�ØCÞ¥É±Ì�ÍeåSÖ�Î�Î�ÍdØ�Ú(Ö�ç�ÝIÛÜç�Ð
Ø�ÑtÉ~ÎõÛÜç�ÑtÞIÍ\åSÓ�Î�Î�Ídç�ÑtÔôÏ�Ó�Ø�ÍdÝ×Î�ÍSÒ`ÍSÎ�ÍdçIådÍ\å±É�ÑtÉ~ÔÜÖ�ÐK'`û-¼wo�jeUw+�à

1 É�ÒqÑtÍSÎCË^É�Ñ�åæÞ�ÛÜç�Ð\Ú�Î�Ö9åSÍdÝ�Ó�Î�Í~ú9ådÖ�Î�Î�ÍdåóÑtÛ�Ö�ç�Ø�Ì~É�ÔÜÓ�ÍSØïÉ~Î�Íðénç�ÖUèÂç%Ö�çIÔ�Ï�Ò`Ö�ÎBÚ�ÛT�9ÍSÔÜØèÂÞ�ÍdÎ�ÍðØEÑæÉ~Î�ØCË^É�ÑtåæÞIÍdÝ^Ñ�Ö+ådÉ�ÑæÉ�ÔÜÖ�ÐÊØ�ÑtÉ~Î�ØCÉ~Î�Í@Ú�Î�ÍdØ�Ídç�Ñ±à�È�çìÖ~Î�Ý�ÍSÎ�Ñ�Ö�ådÉ~ÔÜåSÓ�Ô É�Ñ�Í
ådÖ�Î�Î�ÍSåSÑtÛ�Ö�ç�Ò`Ö~Î@ÍdÉ~åæÞ�Ø�ÑtÉ~Î@Û�ç�Ñ�Þ�Í�Û�ËìÉ~Ð~Í~ú¥ådÖ~Î�Î�ÍSåSÑ�ÛÜÖ�ç×Ì�É~Ô�Ó�ÍdØ@É~Î�Í�å±É�ÔÜådÓIÔ É�Ñ�ÍdÝ
Ò`Ö�Î@É~ÔÜÔ�Ú�Û#�9ÍdÔÜØÂÖ~ÒPÑtÞ�Í+ÛÜË^É~Ð�Íâß�Ï�Í��NÑtÎ�É~Ú�Ö~Ô É�Ñ�ÛÜç�Ð�Ì�É~ÔÜÓIÍdØJÝ�ÍSÑ�ÍdÎ�Ë	ÛÜçIÍdÝ�Ò`Ö~Î@Î�ÍSÒ�

ÍdÎ�Ídç�åSÍ�ØEÑæÉ~Î�Ødà½oïÖ~Î�Î�ÍSåSÑ�ÛÜÖ�ç�Ì�É~Ô�Ó�ÍKo±'|��ú ÏL+�Ò`Ö�Î�Í±É~åæÞ&Ú�ÛT�9ÍSÔîÛÜç�Ñ�Þ�Í�ÛÜË^É~Ð�Í^ÛÜØ
å±É~Ô�ådÓ�ÔÜÉ�ÑtÍSÝ�É~Ø�É±Ì�ÍSÎtÉ~Ð~ÍJÖ�Ò�åSÖ�Î�Î�ÍdåóÑtÛÜÖ~ç�Ø7Ò`Ö�Î7ç�ÍdÉ~Î�ß�Ï�Î�ÍSÒ`ÍSÎ�ÍSç�ådÍJØ�ÑtÉ~Î�Ø7èCÍdÛ�Ð�Þ�ÑtÍdÝ
ß�Ï�Ý�ÛÜØEÑæÉ~çIådÍâÑtÖÆÚ�Û#�IÍSÔ
èÂÞ�ÍdÎ�Í\Ñ�Þ�ÛÜØõØEÑæÉ~ÎõèïÉ~ØÂÖ�ß�Ø�ÍdÎ�Ì~ÍdÝ¿¹

C(x, y) =
∑

ref.stars :R<Rmax

w(
√

(x − xi)2 + (y − yi)2) · C(xi, yi)
'@$IàT��Xn+

ýðç�Í��IÉ~Ë	Ú�ÔÜÍâÖ�ÒPÎ�ÍdØ�ÓIÔ�ÑtÛ�ç�Ð�ådÖ~Î�Î�ÍSåSÑ�ÛÜÖ�çíÛÜË^É~Ð�ÍðÛÜØõØ�ÞIÖuèÂç�ÛÜçK�PÛ�Ð�Ó�Î�Í·$Ià2$��Ià
1 ç�Ö�Î�ËìÉ~Ô�ÛÜãSÍdÝ�Ë^É~Ð�ç�ÛôÑtÓ�Ý�ÍïÛÜØ�å±É~Ô�ådÓ�ÔÜÉ�ÑtÍSÝ£Ò`Ö�Î�ÍSÌ~ÍdÎ�ÏÆØEÑæÉ~Î�Û�çÆÑ�Þ�ÍJÛÜË^É~Ð�ÍõÉ~åSådÖ�Î�Ý/
ÛÜç�Ð£Ñ�Ö	Ò`Ö~Î�Ë£Ó�ÔÜÉ¤¹

magnorm = magcat + C(x, y)
'O$IàT�>��+

èÂÞ�ÍdÎ�Í�'���ú Ï�+õÉ~Î�ÍÊåæÞ�Û�ÚíådÖNÖ�Î�Ý�Û�ç¥É�Ñ�ÍdØõÖ~ÒkÑtÞ�ÍÊç�Ö~Î�Ë^É~ÔÜÛ�ãdÍdÝ�ØEÑæÉ~ÎSà

• ùNÑtÉ~Î�ØâÒ`Î�Ö~Ë Ñ�Þ�Í¬¨C������ÔÜÍ�É~Î�ÍÆËìÉ�Ñ�åæÞ�ÍdÝ�Ñ�Ö�ØEÑæÉ~Î�ØâÎ�ÍdÉ~ÝÙÒ`Î�Ö�ËöÑtÞ�ÍÆÝ¥É�ÑtÉ~ß¥É~Ø�ÍK'ïØ�ÍSÍ
Ø�Ñ�ÍdÚ $�++É�ç�Ýêé~ÍSÚIÑÆÛÜç�Ñ�Þ�Í%Ë	ÍdË	Ö�Î�Ï~à×È�çêådÉ~Ø�Í%Ð~Û�Ì�ÍSçêØ�ÑtÉ~Î£ÛÜØ\Ò`Ö�Ó�ç�ÝêÖ~ç�ÑtÞ�ÍìÔÜÛÜØEÑ
Ö~Ò7ØEÑæÉ~Î�ØÂé~ÍdÚ9ÑeÛÜç�Ñ�Þ�ÍÊË^ÍSË^Ö�ÎEÏ�ú�Ñ�Þ�ÍÊØ�ÑæÉ�ÎJË	Í±É�Ø�Ó�Î�ÍdË	Ídç�Ñ@Ò`Î�Ö�Ë¹åSÓ�Î�Î�Ídç�Ñ"¨������¥Ô�ÍÊÛÜØ
ÔÜÛ�ç�é~ÍSÝ�ÑtÖ×Ñ�Þ�Í%Ô�ÛÜØ�Ñ\Ö~ÒÂË	Í±É�Ø�Ó�Î�ÍdË	Ídç�ÑtØ£Ö�ÒõÑtÞ�Û�Ø�Ø�ÑtÉ~Îdà×È�ç�å±É~Ø�ÍìÑtÞIÛÜØ�ØEÑæÉ~Î+èîÉ~Ø�ç�Ö~Ñ
Ï�ÍóÑÂÖ�ß�Ø�ÍSÎ�Ì~ÍdÝ
ú�ÛôÑîÛ�ØîÉ~Ý�ÝIÍdÝ%ÑtÖ+ÑtÞ�Í@ÔÜÛÜØEÑïÖ�ÒGØ�ÑæÉ�Î�ØîÛ�ç^ÑtÞIÍeË^ÍSË^Ö~Î�Ï^É~ç�Ý¤.¥É~Ð�Ð�ÍSÝ�É~ØõÉ

r�r
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Þ�ß2à�á>âäã&�>æ ��õ>ç@�)ð�âäâäã�ú´ëäßWð�ñ,ß|�,ê�à�ã
ð�ï�ë�ê�ß2ñ>ã�í�ßWñeú�ê¦ë�ê�ì2ð�à�ßWñ>à^ëOð-ñ>ð�â��,ê�ì2ß0.�ã9ß2ñgî@ëOâäág��ã�ñlëäê�ì��,ê�à�ñ>ßWëOágí>ã�î)ëOð�,ê�à�ñ>ßWëOágí>ã�î�ð�ò�î@ëäê�â�îaßWñeë��>ã�âOã�ò#ã�âäã�ñgú�ã�ú�ê¦ë�ê�ì2ð�à*æ

r�m

DataAnalysis/DataAnalysisFigs/20070302_corr_smooth_18.eps
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ç�ÍSèþÖ�ßNë�ÍSåSÑõÛ�çìÑtÞIÍeå±É�ÑtÉ~ÔÜÖ~Ð�à7ý@ÒqÑ�ÍdÎïÉ~ÔÜÔ(Ø�ÑtÉ~Î�ØîÛ�ç­¨����¤�¥Ô�ÍeÉ~Î�ÍeÚ�Î�ÖNådÍSØ�Ø�ÍdÝíç�Í��NÑs¨����
�¥ÔÜÍðÛÜØïÎ�Í±É~ÝíÉ�ç�Ý�Ú�Î�ÖNådÍSØ�ØîØEÑæÉ~ÎEÑtØîÒ`Î�Ö�Ë ÑtÞ�Íeß(ÍdÐ~ÛÜç�ç�Û�ç�Ð­'GØ�ÑtÍSÚ³�"+óàÕûõÞ�ÍâÚIÎ�ÖNådÍdÝIÓ�Î�Í
ådÖ�ç�Ñ�ÛÜçnÓ�ÍdØJÓ�ç�ÑtÛ�Ô�É~Ô�ÔP¨����¤�¥ÔÜÍSØÂÉ~Î�ÍÊÚ�Î�Ö9åSÍdØ�Ø�ÍdÝ
à

ýJÒqÑtÍdÎ�Ñ�Þ�ÍïÉ�ß�ÖUÌ�ÍCØ�Ñ�ÍdÚ�ØPÉ~ÔÜÔ�Ð~Ö9ÖNÝ�knÓ¥É�ÔÜÛ�Ñ�ÏðÝ¥É�ÑtÉ@ÛÜç�¨����"�¥ÔÜÍSØkÛ�ØGØtÉ±Ì�ÍSÝ£ÑtÖÂÑtÞ�ÍBÝ¥É�ÑtÉ~ß¥É~Ø�Í~à
j@ÖUèïÍóÌ�ÍSÎdúâÑtÞ�ÍSÎ�ÍÙÉ~Î�ÍÙØ�ÍSÌ~ÍdÎtÉ�ÔÊÑ�ÍdåæÞ�çIÛÜå±É�ÔâÝ�ÍSÑtÉ~ÛÜÔ�ØìèÂÞ�ÛÜåæÞ Ø�ÞIÖ�Ó�ÔÜÝ ß(ÍÙË	Ídç�Ñ�ÛÜÖ�ç�ÍSÝÿÞ�ÍdÎ�Í~à
�PÛÜÎ�Ø�ÑõÖ~ÒkÉ�ÔÜÔ ú9É~ØîådÉ~ç�ß(ÍâØ�ÍdÍSçíÛÜç­�PÛ�Ð�Ó�Î�Íe$Ià2��X+ÑtÞIÍ 5a<�G�: ÑtÉ~ß�ÔÜÍ@Þ¥É~ØõØEÑæÉ�Ñ�ÛÜØ�Ñ�ÛÜådÉ~ÔR��ÍdÔÜÝIØîÔÜÛ�é~Í
ËìÉ~Ð~ç�Û�Ñ�Ó�Ý�Í~úkÝ�Û�Ø�Ú(ÍdÎ�Ø�ÛÜÖ�ç¬Ö~ÒõË^É~Ð�ç�ÛôÑtÓ�ÝIÖB'w�����"�I¨%4��;¨��/+óú·��.�4��;«f¨�������«��I«������×èÂÞ�ÛÜåæÞêÉ�Î�Í
ç�Ö~ÑfÓ�Ú�Ý�É�ÑtÍSÝ£Ý�Ó�Î�ÛÜç�ÐJÝ¥É�ÑtÉ@ÔÜÖ�É~Ý�ÛÜçIÐ�úUß�ÓIÑfÑtÞ�ÍóÏ\É~Î�Í�Ì�ÍSÎ�Ï+Ó�Ø�ÍóÒ`Ó�Ô9Û�ç\Ò`ÓIÎ�ÑtÞIÍdÎPÝ�É�ÑæÉJÉ~ç¥É~ÔôÏNØ�ÛÜØSà
ûõÞ�ÍdØ�Í"��ÍdÔÜÝIØîÉ~Î�ÍeÎ�ÍSå±É~Ô�ådÓ�ÔÜÉ�ÑtÍSÝ%ß�Ï¬©��Cf���M�§�ÚIÎ�ÖNådÍdÝIÓ�Î�ÍDe�«	UD¨�§Dª�c����	���íÉrÒqÑtÍdÎBÑtÞ�ÍðÝ¥É�ÑæÉ+ÛÜØ
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DataAnalysis/DataAnalysisFigs/PhotoEff/eff_vs_xy/20070425_shutter_normal_eff.eps
DataAnalysis/DataAnalysisFigs/PhotoEff/eff_vs_xy/20070512_shutter_open_eff.eps
DataAnalysis/DataAnalysisFigs/PhotoEff/eff_vs_xy/20070425_shutter_normal_bkg.eps
DataAnalysis/DataAnalysisFigs/PhotoEff/eff_vs_xy/20070512_shutter_open_bkg.eps
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Number of new objects not present in TYCHO star catalog ( 2007.04.25/26 - shutter open/close )
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Bkg = a * ImageNo + b
a = 5.91

b = 2808.00

Number of objects not present in TYCHO star catalog ( 2007.04.25/26 - shutter open/close )
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DataAnalysis/DataAnalysisFigs/PhotoEff/bkg_vs_image/20070425/sat/plane.eps


S«Ô�S u È·[µHO=@QPA�ÍPG�<�G¿GIQ9GLHJNPCl=OC

Number of images of field
0 50 100 150 200 250 300

Number of images of field
0 50 100 150 200 250 300

S
u

m
 o

f 
a
ll
 n

e
w

 o
b

je
c
ts

 a
d

d
e
d

 t
o

 c
a
ta

lo
g

310

410

Number of new objects added to catalog so far

Field = 0800+20
Field = 1200+30
Field = 1739-30
Field = 1656-30
Field = 1614+30
Field = 1739+30
Field = 1532+30
Field = 1821+30
Field = 1800-10
Field = 1200-60
Field = 1656+30
Field = 1440+00
Field = 1240+00
Field = 1325+30
Field = 1242+30
Field = 1845-40
Field = 0851-70
Field = 1407+30
Field = 1115-40

Þ�ß2à�á>âäã��gæ �FôFç4ÁPá1�^ï�ã�â�ð�ò�ñ>ã
©xð�ïLÛJã�úVëäî/ê�í>í�ãûí�ëOð�ú�ê¦ë�ê�ì2ð�à7ò#âäð!��ë��gãRï�ã�à�ß2ñ>ñ>ß2ñ>à�ëäð9à�ß|��ã�ñ�ò#â�ê���ã;ñFág�^ï�ã�âûæ

ê¦ë�ê-ò#ð�âPí�ß¾��ã�âäã�ñlë«Çgã�ìií>îPú�ð�ì2ìWãûú´ëOãûísí>á>âOß2ñ>à"�,ê�ñFü(ñ>ß2à!�lë�î7ß2îPî��>ð[©�ñfæ

Image number
10 20 30 40 50 60

Image number
10 20 30 40 50 60

N
u

m
b

e
r 

o
f 

n
e
w

 o
b

je
c
ts

 o
n

 f
ra

m
e
  
  

1

10

210

310

Number of new objects not present in TYCHO star catalog ( 2007.05.12/13  )

Image number
10 20 30 40 50 60

Image number
10 20 30 40 50 60

B
k
g

 =
 P

I 
S

T
A

R
S

 N
O

T
 I
N

 T
Y

C
H

O
  
  
  
  

0

1000

2000

3000

4000

Bkg = a * ImageNo + b
a = 1.11

b = 4366.62

Number of objects not present in TYCHO star catalog ( 2007.05.12/13 )

Þ�ß2à�á>âäãª�gæ ��Å>ç"ÁPág��ï*ã�â�ð�òPñ>ã
©»ð�ïLÛJã�úVëäî-ê�í>í>ã�í�ëOð�ú�ê�ëäê�ì2ð�à±ß2ñ0ò#ágñgú´ëäßWð�ñ0ð�òPñFág��ï*ã�â�ð�òPß|�,ê�à�ã�îª�#ì2ãVò ëégìWð�ëo��ê�ñ*í0ëäð�ëäê�ì�ñFág�^ï�ã�â(ð�ò�ñ>ãc© ð�ïLÛJã�úVëäî,ê�ígí�ã�í¬ëOðxú�ê¦ëäê�ìWð�à�ß2ñ¬ò#á>ñgú´ëäßWð�ñ�ð�ò�ß|�,ê�à�ãsñFág��ï*ã�â,âOß2à!�lëégìWð�ë�æ;þ«�>ã�í>ê¦ë�ê�©7ê�îaúVð�ìWì2ã�úVëOã�í�ð�ñ�Ç*ã�ìií�õ!Å�õ�õ
+
ó�õ���ê#��ã�â�ê�à�ã�ñFág�^ï�ã�â7ð�ò�îJë�ê�â�îÌåcÅ�õ�õ�õ��)í�á>âäßWñ>à-ñ>ß2à!�lëó�õ�õFôFæ õ�¢�æ2åûó!¶Få �&©�ßYë��·î��Fá�ë@ëäã�â�é�ã�â��,ê�ñ>ã�ñ�ëäìWü�ð�é�ã�ñ>ãûínæ

mn�

DataAnalysis/DataAnalysisFigs/PhotoEff/bkg_vs_image/bkg_vs_i_all.eps
DataAnalysis/DataAnalysisFigs/PhotoEff/bkg_vs_image/20070512/new_vs_i.eps
DataAnalysis/DataAnalysisFigs/PhotoEff/bkg_vs_image/20070512/bkg_vs_i.eps


S«Ô�S u È·[µHO=@QPA�ÍPG�<�G¿GIQ9GLHJNPCl=OC

Image number
0 10 20 30 40 50 60

Image number
0 10 20 30 40 50 60

N
u

m
b

e
r 

o
f 

n
e
w

 o
b

je
c
ts

 o
n

 f
ra

m
e
  
  

1

10

210

310

Number of new objects not present in TYCHO star catalog ( 2007.06.04/05  )

Image number
0 10 20 30 40 50 60

Image number
0 10 20 30 40 50 60

B
k
g

 =
 P

I 
S

T
A

R
S

 N
O

T
 I
N

 T
Y

C
H

O
  
  
  
  

0

2000

4000

6000

8000

10000

12000

Bkg = a * ImageNo + b
a = 61.57

b = 7472.40

Number of objects not present in TYCHO star catalog ( 2007.06.04/05 )

Þ�ß2à�á>âäã×�>æ �!¥>ç�Á9ág�^ï�ã�â�ð�ò9ñ>ã
© ð�ïLÛJãûú´ëäî�ê�í>í�ã�í0ëOð%ú�ê�ëäê�ì2ð�àwð�ñ¬îOá>ïgîOã�
lá>ã�ñlë�ßU��ê�à�ãûîª�TìWã�ò ë�égìWð�ëo�-ê�ñgíëäð�ë�ê�ìRñFág��ï*ã�â�ð�ò�ñ>ãc©¿ð�ïLÛJã�úVëäî�ê�í>í�ãûí�ëOð"ú�ê�ëäê�ìWð�àeß2ñ%ò#á>ñgúVëOß2ð�ñxð�ò7ßU�,ê�à�ã,ñlá1�^ï�ã�â�âäßWà��lë�é>ìWð�ë�æ×
�ê�ëäê©7ê�î�úVð�ìWì2ã�úVëOã�í±í>á>âOß2ñ>à(ñgßWà���ë�ó�õ�õFôFæ õ!�gæ õ�ö ¶¦õd¢&©�ßWë��"é�ã�â��,ê�ñ>ã�ñ�ëäìWüeð�é�ã�ñgã�í"î��Fá�ë@ëäã�â Ñgð�ñ×Ç*ã�ìií"õ!Åd¢�å�á@ô¦õ·�ê#��ã�â�ê�à�ã9ñFág�^ï�ã�â�ð�òLî@ëäê�âäî ����õ�õ�õ��

Þ�ß2à�á>âäãq�gæ ölõ>ç��8�,ê�à�ã�ë�ê�Â�ã�ñ ©�ßYë��±é*ã�â��,ê�ñ>ã�ñlëOì2üeð�é�ã�ñ>ãûí"î��Fá�ëOëOã�â9ï�ãVò#ð�âäã^ú�ð�âäâOãûú´ëOß2ð�ñß�TìWã�ò ë�ßU��ê�à�ã#��ê�ñgíê�ò ëOã�â9úVð�âOâäã�úVëOß2ð�ñ �TâOß2à!�lë�ß|�,ê�à�ã �

m�r

DataAnalysis/DataAnalysisFigs/PhotoEff/bkg_vs_image/20070604/new_vs_i.eps
DataAnalysis/DataAnalysisFigs/PhotoEff/bkg_vs_image/20070604/bkg_vs_i.eps
DataAnalysis/DataAnalysisFigs/PhotoEff/OpenedShutterCorr/image100_1000_1200.eps
DataAnalysis/DataAnalysisFigs/PhotoEff/OpenedShutterCorr/image100_1000_1200_sc.eps
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É~ç¥É~ÔôÏNØ�ÍdÝWúIÉ~çIÝ^ÑtÞIÍ@Ò`Ö�Ô�ÔÜÖUèÂÛÜç�ÐâØ�Ó�ß�Ø�ÍlknÓ�Ídç�ÑÂåSÎ�Û�Ñ�ÍdÎ�Û ÉÊÉ~Î�Í@É~Ú�ÚIÔÜÛÜÍSÝ	Ñ�Ö�ÍóÌ�ÍdÎEÏ	ÛÜË^É~Ð�Í±¹

19àÂÉ~ÔÜÔ�Ë^ÍdÉ~Ø�ÓIÎ�ÍdË	Ídç�Ñ�Ø
Ò`Î�Ö�ËiÉ~çâÛÜË^É~Ð�Í�úF.ZÉ~Ð�Ð�ÍSÝÊÉ~Ø�ç�Íóè�Ö�ßNë�ÍSåSÑ�'9èÂÛôÑtÞ B «f¨C�����/«��;«������7/¼�L«"8�4�����¨��
¶/ÑtÎ�Ó�Í¬+eÉ~Î�ÍÆØ�ÍdÔÜÍSåSÑ�ÍdÝ�èÂÛ�ÑtÞ¬É~Ý�ÝIÛ�ÑtÛ�Ö�ç¥É~ÔkådÖ~ç�Ý�Û�Ñ�ÛÜÖ�çIØeÒ`Ö�Îâß�Î�Û�Ð�Þ�Ñtç�ÍSØ�ØÊÖ~ÒCÑtÞ�ÍÆç�Íóè
Ö�ßNë�ÍSåSÑâË^É~Ð ≤ magmin

É�ç�Ý×Ò`Ö�Î@çNÓIË£ß�ÍSÎeÖ~Ò�Ë	Í±É~Ø�Ó�Î�ÍSË^ÍSç�ÑtØ
Nobs ≥ Nmin

obs

à·�ÕÌn

ÍdÎEÏíÖ�ßNë�ÍdåóÑ@É~ådåSÍdÚIÑ�ÍdÝ×ß�Ï�Ñ�Þ�Í\É~ß�ÖUÌ~Í+åSÎ�Û�Ñ�ÍdÎ�Û É£ÛÜØÂÉ�ç¥É~Ô�ÏNØ�ÍdÝ�É~ØÂÚ�Ö~Ñ�Ídç�ÑtÛÜÉ~Ô
ç�ÖUÌ�Ég
�ÔÜÛÜé�Í
ÍSÌ~Ídç�ÑâÉ~çIÝ�Ø�Ó�ß�Ø�ÍlknÓ�Ídç�ÑâåSÎ�ÛôÑtÍdÎ�Û É�É~Î�ÍÊÉ~Ú�Ú�Ô�ÛÜÍSÝ
à

XIàîÌ�ÍSÎ�Û���å±É�Ñ�ÛÜÖ�çíÖ~ÒfÖ�ßNë�ÍSåSÑJÛÜç�ÑtÞIÍ\Ø�ÍdåSÖ�ç�Ý×ådÉ~Ë	ÍdÎtÉK'PÛôÒ7É±Ì�É~ÛÜÔÜÉ~ß�Ô�Í±+
�9àõÝ�ÍSÑ�ÍdÎ�Ë^Û�ç¥É�ÑtÛ�Ö�ç�Ö~ÒfÑtÞ�ÍÊçnÓ�Ë£ß(ÍdÎJÖ~ÒfÖ�ßNë�ÍdåóÑðÖ~ß�Ø�ÍSÎ�Ì�É�ÑtÛ�Ö�ç�ØÂÝ�Ó�Î�ÛÜç�Ð�Ñ�Þ�Í+Ð~Û�Ì�ÍSç�çIÛÜÐ�Þ�Ñ
'kÛ�ç%å±É~Ø�ÍðÑtÞIÍeØ�ÍSådÖ�ç�Ý�ådÉ~Ë	ÍdÎtÉ+ÛÜØBç�Ö~ÑïèCÖ�Î�éNÛ�ç�Ð£ÑtÞIÛÜØBÛÜØCÑ�Þ�Íeß(ÍdØEÑõÛÜç�ÝIÛÜå±ÉrÑtÛÜÖ~ç	Ö�Ò�ÑtÞ�Í
ÍSÌ~Ídç�Ñ·knÓ¥É~Ô�Û�Ñ�Ï�+

rIàõûõÞ�Í�ÍóÌ�ÍSçnÑeÛÜØÂåæÞ�Ídåæé�ÍdÝ�Û�ÒfÑtÞ�ÍSÎ�Í\ÛÜØJç�Ö	ç�Í±É~Î�ß�Ï¾'�&"¯
Rmin

bigstar

+îÌ�ÍSÎ�Ï�ß�Î�Û�Ð�Þ�Ñ@ØEÑæÉ~Î�'
magbigstar < magmax

bigstar

+îÛÜç¬÷døÕÛ
Ö~ÒkÑtÞ�Í+ù9é�ÏW÷\Ö~Îõû-¼wo�j·Us
V�K�W1�Xg�GådÉ�ÑæÉ�ÔÜÖ�Ð�à
mIà(!ðÍdØ�Ú�Û�Ñ�ÍeÑtÞ�Í@Ò É~åSÑCÑtÞ¥É�ÑCÑtÞ�Ís�¥ÍdÔ�ÝìèîÉ�ØÂÉ~ÔÜÎ�Í±É~ÝIÏ	Ö�ßIØ�ÍdÎEÌ�ÍSÝ�ÉrÑîÔÜÍdÉ~Ø�Ñ

Nmin
obsfield

ÑtÛÜË	ÍdØSú
Û�ÑïÛÜØïÚ(Ö�Ø�Ø�ÛÜßIÔÜÍx'kË^Ö�ØEÑîÚ�Î�Ö�ß¥É~ßIÔ�Ï	Ý�Ó�ÍðÑ�Ö£ß¥É~Ý%èCÍ±ÉrÑtÞ�ÍSÎõådÖ�ç�ÝIÛ�ÑtÛ�Ö�ç�ØCÖ�ÎCÒ É~Û�ç�Ñtç�ÍSØ�ØîÖ~Ò
ÑtÞ�Í@Ö�ßNë�ÍSåSÑ�+ÕÑ�Þ¥É�ÑCÛ�ÑBÛÜØWë�Ó�ØEÑõÉÊç�Ö�Î�Ë^É~Ô¥ØEÑæÉ~Î�èÂÞ�ÛÜåæÞìÎ�ÍdË^É~Û�ç�ÍdÝ	Ó�ç�Ý�ÍóÑtÍSåSÑtÍSÝ%ß(ÍSÒ`Ö�Î�Í~à
ûõÞnÓ�ØõÍSÌ~ÍdÎ�Ï%ÍSÌ�ÍSç�ÑÂÛÜØïåæÞIÍdåæé~ÍSÝ©É~Ð�É~ÛÜç�ØEÑCÑ�Þ�Íeû-¼"o�j·U1å±É�ÑtÉ~ÔÜÖ�Ð�É~ç�Ý�Û�ç%å±É~Ø�ÍâÉ�ØEÑæÉ~Î
Ö~ÒeßIÎ�ÛÜÐ~ÞnÑ�ç�ÍdØ�Ø

mag < magmax
tycho

Û�ØÆÒ`Ö~Ó�ç�Ý&ÛÜç�Ý�ÛÜØEÑæÉ~çIådÍK&�¯
Rtycho

star

Ñ�Þ�Í�ÍóÌ�ÍSçnÑ
å±É~çIÝ�ÛÜÝ¥ÉrÑtÍÊÛÜØõÎ�Í<ë�ÍdåóÑtÍSÝ
à

�F�IàõÈ�ç�ådÉ~Ø�Í�ÑtÞIÍ^Û�ËìÉ~Ð~Í�èîÉ�Ø+åSÖ�ÔÜÔ�ÍdåSÑ�ÍdÝ�èÂÛ�Ñ�ÞÙÚ(ÍdÎ�ËìÉ�ç�Ídç�ÑtÔôÏ�Ö�Ú(Ídç�ÍSÝ¬Ø�ÞnÓIÑ�Ñ�ÍdÎdúPÉ~ç¬É~Ý/

Ý�Û�Ñ�ÛÜÖ�ç�É~Ô
åæÞ�ÍSåæé�Ò`Ö�ÎÂß�Î�ÛÜÐ�Þ�ÑJØ�ÑtÉ~Î�ØJß(ÍdÔÜÖUè�É~ç�Ý©É�ß�ÖUÌ�Í¤'7ÛÜç�o,o�!�ÏíådÖNÖ�Î�Ý�ÛÜç¥ÉrÑtÍ�+îÛÜØ
Ú�ÍSÎ�Ò`Ö�Î�Ë^ÍSÝ
à7È�ç�ådÉ~Ø�Íâß�Î�ÛÜÐ�Þ�ÑïØ�ÑæÉ�Î±'

mag < magabove

+BÛ�ØCÒ`Ö�Ó�çIÝ�ÛÜç^Ñ�Þ�ÍeØ�É~Ë^ÍðÛÜËx

É~Ð�ÍõÛ�ç�ÑtÞ�ÍõåSÖ�ÔÜÓIË^ç�åSÔÜÖ�Ø�ÍïÑtÖâÑtÞIÍõÍSÌ�ÍSç�ÑCådÉ~ç�Ý�Û�Ý¥É�Ñ�ÍîådÖ�Ô�Ó�Ë	çK' |Xevent−Xbigstar| <

∆Xmax
bigstar

+óú9ÑtÞ�ÍSç�Ñ�Þ�ÍÊÍSÌ�ÍSç�Ñeå±É�ç�Ý�ÛÜÝ�É�ÑtÍâÛ�ØõÎ�Í<ë�ÍSåSÑ�ÍdÝ
à

�����
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����à(�7Ì�Ídç�Ñ�Û�ØâÌ�ÍdÎ�Û��¥ÍSÝêÉ~Ð�É�ÛÜç�ØEÑ\Ñ�Þ�Í	ÔÜÛÜØEÑÊÖ~Òõénç�ÖUèÂç�Þ�Ö�Ñ�Ú�Û#�9ÍdÔÜØSúkèÂÞIÛÜåæÞ�É�Î�Í	Ø�ÑtÖ~Î�ÍdÝ¬ÛÜç
Ý¥É�ÑtÉ~ß¥É~Ø�ÍÊÑtÉ~ß�Ô�Í #]8I<�\�=Jd�ADH@C '��PÛ�Ð�à�$Ià2��Xp+

���9àõÈ�ç^ådÉ~Ø�ÍJådÖNÖ�Î�Ý�ÛÜç¥ÉrÑtÍdØÕÖ�ÒWÑtÞIÍJÍóÌ�ÍSçnÑïÉ~Î�ÍJåSÔÜÖ�Ø�ÍõÑtÖÊÖ�ç�ÍÂÖ~Ò�ÑtÞ�Í@ù9Ö�ÔÜÉ~Î�ùNÏNØEÑtÍdË�Ú�ÔÜÉ~ç�ÍóÑtØ
Û�ÑÂÛ�ØõÎ�Í<ë�ÍSåSÑ�ÍdÝ»'

Dplanet < Rplanet

+
�F$Ià(!ðÛÜØ�Ú�ÍSÎ�Ø�ÛÜÖ�ç�ØâÖ�ÒïË	Ö�Ó�ç�ÑeÑ�ÎtÉ~åæénÛÜçIÐ�Ø�Ú�ÍSÍdÝ�Ø\É~Î�Í�åæÞ�Ídåæé�ÍdÝ�Ò`Ö~ÎeÍ±É~åæÞÙÛÜË^É~Ð�Í�àÊÈ�ç¬ådÉ~Ø�Í

ÑtÞ�ÍóÏ£Í��IåSÍdÍSÝ^åSÍdÎ�ÑtÉ~ÛÜç�ÔÜÛÜË	Û�Ñdú±ÑtÞ�ÍõÛ�ËìÉ�Ð�Í�ÛÜØ
.ZÉ�Ð�Ð�ÍdÝ£É~Ø7ß¥É~ÝxknÓ¥É�ÔÜÛ�Ñ�Ï\Û�ËìÉ~Ð~Í·'�Ø�Þ�Û�ÒqÑ�ÍdÝ
ÛÜË^É~Ð�Í"+�à��7Ì�Ídç�Ñ�Ø@Ò`Ö�Ó�çIÝ�Ö�çíØ�Ó�åæÞ×Û�ËìÉ~Ð~ÍdØõÉ~Î�Í\É~ÓIÑtÖ~ËìÉ�Ñ�ÛÜådÉ~ÔÜÔôÏÆÎ�Í<ë�ÍSåSÑ�ÍdÝ
à

ý@ÔÜÔNÍSÌ�ÍSç�ÑtØÕèÂÞ�ÛÜåæÞ�Ø�Ó�Î�ÌNÛôÌ�ÍdÝÆåSÎ�Û�Ñ�ÍdÎ�Û ÉeX�+fÉ~Î�ÍîØtÉ±Ì�ÍSÝ	Ñ�ÖeÝ¥É�ÑtÉ~ß¥É~Ø�ÍïÑæÉ�ß�ÔÜÍ   H@GL:>Afb·àRADQ)<>C
'��PÛÜÐ�à"$9ài��X­+�à�ñGÉ�Ñ�ÍdÎeåSÓIÑtØâÝIÖ�çIÖ~ÑâÎ�Í�ë�ÍdåóÑÊÍSÌ�ÍSç�ÑtØ\Ý�Í��¥çIÛ�ÑtÍSÔ�Ï~ú
Ö�ç�ÔôÏ×Î�Í<ë�ÍdåóÑtÛ�Ö�ç�.ZÉ~Ð��¥ÍSÔÜÝ9I§�4��/«+C�4"��JIª���.�ÛÜØ�Ø�ÍSÑCÛÜç�ÑtÞ�ÍÂÝ¥ÉrÑæÉ~ß¥É�Ø�Í~àÕÈ�Ñ�ØÕÌ~É�ÔÜÓ�ÍÂÝ�ÍSÚ�ÍSç�Ý�ØBÖ�ç	Ñ�Þ�ÍÂådÓIÑBèÂÞ�Û�åæÞ^Î�Í<ë�ÍdåóÑtÍSÝ
ÑtÞ�ÍÊÍSÌ~Ídç�Ñ±àCûPÉ�ß�ÔÜÍ"$IàT����ÔÜÛ�Ø�Ñ�ØîÚ�Ö~Ø�Ø�Û�ß�ÔÜÍeÌ�É~Ô�Ó�ÍdØõÖ�Ò7Î�Í�ë�ÍdåóÑtÛÜÖ~ç­.¥É~Ð�à
�¤AED�A/E�<�=@8RQ   HJGzÌ ì GIH@�PA yzADCFE�:g=@MP<>=J8)Q

� É~åSådÍSÚIÑtÍSÝ×ÍSÌ~Ídç�Ñ
� ØEÑæÉ~ÎîÒ`Ö�ÓIç�Ý�Û�çíû-¼wo�j·U
� ç�ÍdÉ~Î�ß�Ïíß�Î�ÛÜÐ�Þ�ÑÂØEÑæÉ~ÎîÒ`Ö�ÓIç�Ý�Û�çíû-¼wo�j·U
$ ØtÉ�Ñ�Ó�ÎtÉ�Ñ�ÍdÝíØ�ÑtÉ~ÎõÒ`Ö�Ó�ç�Ý�É~ß(ÖUÌ�ÍÊÍSÌ~Ídç�Ñx'

Ystar > Yevent

+
� ØtÉ�Ñ�Ó�ÎtÉ�Ñ�ÍdÝíØ�ÑtÉ~ÎõÒ`Ö�Ó�ç�Ý�ß(ÍdÔÜÖUèþÍSÌ~Ídç�Ñx'

Ystar < Yevent

+
1 ßIÎ�ÛÜÐ~ÞnÑÂØEÑæÉ~ÎõÒ`Ö�ÓIç�Ý�Û�ç ÷døÕÛ�Ö~ÒkÑtÞIÍ�ùNénÏW÷âØ�ÑtÉ~ÎÂå±É�ÑtÉ~ÔÜÖ�Ð
X ÞIÖ~ÑJÚ�ÛT�9ÍdÔ
� Ø�é�Ïíß¥É~åæénÐ�Î�Ö�Ó�ç�Ý�ÔÜÍóÌ�ÍSÔ �

Tavgr É~ç�ÑtÛ�Ú�ÔÜÉ~ç�ÍSÑ�ØõådÓIÑ
m Û�ËìÉ~Ð~Í·knÓ¥É~ÔÜÛôÑ�Ï%åSÓIÑ

þ/ê�ï>ì2ã&�gæWåûõ>çLø�ã�ÛJãûú´ëäßWð�ñªÓ�ê�à�î«�¦ê�ìWá>ãûî

�7Ì�ÍSç�ÑtØÕÚ�Î�ÍdØ�ÍSç�ÑæÉ�Ñ�ÛÜÖ�ç�Û�ØPÛÜË	Ú�Ô�ÍdË	Ídç�ÑtÍSÝ+Û�ç�Ò`Ö�Î�Ë¯Ö~Ò�©%�f©£Ø�ådÎ�ÛÜÚIÑÕØ�ÍdÔ�ÍdåSÑ�ÛÜç�Ð@ÍSÌ~Ídç�ÑtØÕÒ`Î�Ö~Ë
ÑtÞ�Í+Ý¥É�ÑæÉ�ß¥É~Ø�Í�à@ûõÞIÍ£É~Ý�ÝIÛ�ÑtÛ�Ö�ç¥É~ÔWÝ�Û��	ådÓIÔ�Ñ�Ï�ÛÜØÂÑtÞ�Í\Ò É~åSÑJÑtÞ�É�ÑeÉ�ÔÜÐ�Ö�Î�Û�Ñ�Þ�Ë¹Û�Ø@Í��IÍSådÓIÑ�ÍdÝ�Ö�ç
ÑtÞ�ÍÆÎ�ÍSË^Ö�ÑtÍ�Ø�ÍSÎ�Ì~ÍdÎ+É~ç�ÝÙÎ�ÍdØ�Ó�Ô�Ñ�Ø\É~Î�Í�Ö�Î�ÛÜÐ�Û�ç¥É~Ô�Ô�ÏíØtÉ±Ì~ÍdÝ¬Ñ�Ö�ÑtÞ�ÍÆÎ�ÍSË^Ö�ÑtÍ�Ý¥É�ÑtÉ~ß¥É~Ø�Í~àÆûõÞ�Í
ÍSÌ�ÍSç�ÑtØíÝ¥É�ÑtÉ�ÛÜØ^ådÖ�Ú�Û�ÍdÝ�Ñ�Ö�ÑtÞIÍ©ÔÜÖNå±É~ÔÂØ�ÍdÎ�Ì~ÍdÎ�'+ù9Ídå�à�$Ià2$9ài�9àW$»+�Ò`Ö�ÎìåSÖ�ç�Ì�ÍdçIÛÜÍdçIådÍ�É~ç�Ý
É~ÔÜØ�Ö�ÛÜç©Ö�Î�Ý�ÍdÎðç�Ö~ÑeÑ�Ö�ÖuÌ~ÍdÎ�Ó�Ø�Í�ÑtÞIÍ�È�çnÑ�ÍdÎ�ç�ÍSÑÊÔ�ÛÜç�é�ÑtÖíñ9o,U ß�Ï�Ý�ÛÜÎ�ÍdåóÑÊÉ~ådåSÍdØ�Ø�ÛÜçIÐ�Ö~Ò�ÑtÞ�Í
Î�ÍdË	Ö~Ñ�ÍìÝ¥É�ÑtÉ~ß¥É~Ø�Í%Ë£Ó�ÔôÑtÛ�Ú�ÔÜÍ�ÑtÛ�Ë^ÍSØdà©ûõÞIÍ�Ø�ÏNç�åæÞ�Î�Ö�ç�ÛÜãdÉ�ÑtÛ�Ö�ç�Û�Ø�Í��9ÍSådÓIÑ�ÍdÝ&Ö�ç�ådÍ%É~ç�Ý�É~Ô�Ô
Ô É�Ñ�ÍdÎ+É~ç¥É~ÔôÏ9Ø�ÛÜØ+É~ç�Ý�Û�ç�Ø�Ú(ÍdåóÑtÛ�Ö�ç�Ø\Ö~ÒÂÍSÌ~Ídç�ÑtØÆÉ~Î�Í^ÓIØ�ÛÜçIÐ©ÍSÌ~Ídç�ÑtØ�Ý¥ÉrÑæÉ�Ò`Î�Ö�Ë$ÔÜÖNå±É�ÔBØ�ÍdÎEÌ�ÍdÎ
ç�Ö~ÑÂÒ`Î�Ö�Ë¹ñ9o,U èÂÞ�ÛÜåæÞ�ÛÜØõË�Ó�åæÞ�Ò É�Ø�ÑtÍSÎdà

���n1
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\·GL:>GI?¿Af<FAD: yzAf_�GI�9H|< ì GIH@�PA 5�E�:g=JM9<08;MP<>=@8RQ
Nmin

obsfield

1�� 
�Ë	ÛÜç
�JÖ~ß�Ø!�,�¥ÍSÔÜÝ
magmin

��� 
�ËìÉ�Ð
magmax

bigstar

r 
�ç�Í±É~Î��Âß�ÛÜÐ�ØEÑæÉ~Î��ÂËìÉg���ÂË^É~Ð
Rmin

bigstar

�>1+Fg$�Xz� É~Î�ådØ�ÍSå�� 

Rtycho

star

�>1��­� É~Î�åSØ�Ídå�� 
�ç�ÍdÉ~Î!�ÂØ�ÑtÉ~Î!�ÂÎ�É~Ý�ÛÜÓIØ!�JÉ~Î�åSØ�ÍSå
magmax

tycho

��$ 
�ËìÉg���õÑ�ÏNåæÞ�ÖC�ÂØ�ÑtÉ~Î
magabove

bigstar

1 
�Ë^Ég���JßIÛÜÐ�ØEÑæÉ~Î��@É�ß�ÖUÌ�Í
∆Xmax

bigstar

��� 
�Ë^Ég���Âß�ÛÜÐ�ØEÑæÉ~Î����
�ÂÝ�Û�Ø�Ñ
Navgcut

$ 

Rplanet

�������­� É~Î�åSØ�ÍSå�� 
�Î�Í<ë�ÍSåSÑ!�JÚIÔ É~ç�ÍóÑtØ
þ�ê�ï>ì2ã��>æ2å�å�ç�Æ±ðlîJë�ßU��é*ð�â@ë�ê�ñlë�égê�â�ê���ãVëäã�â�îað�òDë��>ã�ñ>ð[�¦ê-ß2í>ã�ñlëOß|Ç*ú�ê�ëOß2ð�ñ·ê�ì2à�ð�âOßWë��g�

ûõÞ�ÍâådÉ�ÑæÉ�ÔÜÖ�Ð�Û�ç�Ð\Ú�Î�Ö�Ð~ÎtÉ~Ë/Ø�Ñ�Ö�Î�ÍSØõË^ÍdÉ~Ø�Ó�Î�ÍdË	Ídç�ÑtØõÖ�Ò
104 
 106 ØEÑæÉ~Î�ØõÚ�ÍSÎîç�Û�Ð�Þ�ÑõÉ~ç�Ý

.ZÉ~Ð�Ø�ç�Íóè.Ö�ßnë�ÍdåSÑ�Ø�èÂÛ�ÑtÞ�Ø�Ú�ÍSådÛ É�Ô-.ZÉ~Ð�à¬ûõÞ�Ííç�ÖUÌ�É©ÛÜÝ�ÍSçnÑ�Û��¥ådÉ�ÑtÛ�Ö�ç�É~Ô�Ð�Ö�Î�ÛôÑtÞ�Ë�É�ç¥É~Ô�ÏNØ�ÛÜØ
Ø�ÑæÉ�Î�ØÊÒ`Î�Ö�Ë$ÉíÐ�ÛôÌ�Ídç¬ç�ÛÜÐ~ÞnÑ\É�ç�Ý¿.ZÉ�Ð�Ð�ÍdÝ¬É~Ø\ç�ÍSè�Ö�ßNë�ÍdåóÑtØ\ÛÜç�ÑtÞ�Í	å±ÉrÑæÉ~Ô�Ö�Ð�à	ñGÉ~Î�Ð�ÍÆÚ¥É�Î�Ñ
Ö~Ò�ÑtÞ�Í@ë�Ö�ß�Û�ØeÚ(ÍdÎ�Ò`Ö~Î�Ë	ÍdÝ�ß�Ï×Ñ�Þ�Í�å±É�ÑtÉ~ÔÜÖ~Ð�ÛÜç�Ð^Ú�Î�Ö~Ð�ÎtÉ~Ë�ú�Ñ�Þ�ÍÆÉ~Ô�Ð�Ö�Î�ÛôÑtÞ�Ë ÛôÑtØ�ÍdÔ�ÒBÉ�ç¥É~Ô�ÏNØ�ÛÜØ
Nnew ≈ 104 − 105 Ö~ßNë�ÍdåóÑtØdú�èÂÞ�Û�åæÞ�ÑæÉ~é�ÍdØ0��
V$%ÞIÖ�Ó�Î�ØSà%�PÛ�Ð�Ó�Î�Íx$IàY�nX%Ø�Þ�ÖUèÂØÊçnÓ�Ë£ß(ÍdÎâÖ~ÒÍSÌ�ÍSç�ÑtØeÉrÒqÑtÍdÎõØ�Ó�ß�Ø�ÍlknÓ�Ídç�ÑâåSÓIÑtØõÒ`Ö�ÎõØ�ÍSÌ~ÍdÎtÉ�Ôfç�Û�Ð�Þ�ÑtØSà
���	ådÛ�Ídç�åóÏ�Ö~Òîç�ÖUÌ~É�ÛÜÝ�ÍSç�ÑtÛ���å±É�Ñ�ÛÜÖ�ç¬É~ÔÜÐ~Ö�Î�ÛôÑtÞ�Ë èîÉ~Ø+ÑtÍdØEÑtÍSÝ
à×ûõÞ�Í	Ò`Ö�ÔÜÔ�ÖUèÂÛÜç�ÐíÚ�Î�Ö9åSÍ�


Ý�Ó�Î�ÍÂèïÉ~ØCÓIØ�ÍdÝWú9Ð�ÛôÌ�ÍSç^çnÓ�Ë£ß(ÍdÎ�Ö~ÒWØ�ÑtÉ~Î�Øs'WÑ�ÏNÚ�ÛÜådÉ~ÔÜÔôÏ������w®âÛÜË^É~Ð�Í(+7Ö~ÒWÐ�Û�Ì~Ídç	ß�Î�Û�Ð�Þ�Ñtç�ÍSØ�Ø
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1.2Efficiency of nova algorithm on single aver20 image
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ûõÞ�ÛÜØÂÉ~Ô�Ð�Ö�Î�Û�ÑtÞIË�èïÉ~ØõÝ�ÍóÌ�ÍSÔÜÖ�Ú(ÍdÝíÑtÖ%�¥çIÝ�Ö�Ó9Ñtß�Ó�Î�Ø�Ñ�ØõÖ~ÒPØEÑæÉ~Î�ØîèÂÞ�ÛÜåæÞ�É~Î�ÍÊÉ~ÔÜÎ�Í±É~Ý9ÏìÛ�ç%ÑtÞ�Í
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DataAnalysis/DataAnalysisFigs/offline/flare/20070526_magdiff.eps
DataAnalysis/DataAnalysisFigs/offline/flare/mag_diff_normal.eps
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Ò`Ö�ÎÂÉÆÐ�Û�Ì~Ídçíç�ÛÜÐ~ÞnÑ
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ÑtÛÜÖ~çíèïÉ~Ø,��Ñ�ÑtÍdÝíÑtÖ	Î�ÍdÉ~Ôa.ZÉ�Î�ÍÊÝ�ÍSÑ�ÍdåóÑtÍdÝ�ß�Ï�ÑtÞ�ÍÊÉ~Ô�Ð�Ö�Î�Û�ÑtÞIË�'PØ�ÍdÍ�ù9ÍdåóÑtÛÜÖ~çK�Ià2$p+·¹

mag =

{

m0 − Fmax · t
∆t

Ò`Ö�Î
t ≤ ∆t

m0 − Fmax · exp
[

− t−∆t
τ

] Ò`Ö�Î
t ≥ ∆t

'@$Ià2�*�f+
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Mag(t) = Mag0 - flare_max*exp( -(t-dt)/decay_time)

flare_max = 0.6195
dt = 203.7974 [sec]

decay_time = 1351.3103 [sec]
Mag0 = 9.5657

Paramterization of GJ 3331A / GJ 3332 outburst
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DataAnalysis/DataAnalysisFigs/flare_eff/gj_lc_fit.eps
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Ð����r��������£�Â4�����9¦§©«�{©Õ��¤����¬���É�������ß�����ª��¦§Â�����©«�����ï���MÙ+¯�©§��©§£�Â{�{�-��������£�¤E�¼�4�Ò�¥ð;�4���
¤ �4£�¨-©§¨6�����w��£X���É¦§� ����� ° ¤���£-����¤E¯-��©Õ���¬Ø ± ��©§�{�4Â��E��ÀHÐ��-�r¨��E��©Õ����¨X£+¯��ª¡b�����¬� �4£������6���
�����E���9©«�J£-�4�­�¬�����É�4�-��©«¤ �4¦�ð;�������E�­¡���©§Â��³���E�ò������£ÄØ ° m ���-��£ Æ À $ ºÛI�¨6� ��I ²

π
ÀHÐ��-©§�ò©§�ò£��4�

�������|������©«¤E�A¦«©§�¬©«�É©«�î´J�¼�����4¦§©«Ü��r���6���A©Õ��©«����£�¦Õ�c����¦§�����E¨Ô���`���Î�����E��¡���©«Â��³��ð;�4�������Eá�¡�¯-�
©«��©«�9¤E���{���4���4¡-¦§�r�������-�ª�9{��b��¤E����¨Å£+¯��ª¡b�����4�T>��@?­����£Ä�����à´����4¦§�ª¤E��¦§�E����© �4¦l�����-�����
´���©§¤��^©«� ° ó Æ I�¨��µ��I ²

π
ÀZÐ���©«��£+¯��ª¡b���¥´�©§¦«¦�¡¢�X¯�����¨^©«£»���-�c£��.{��Ë���E¤E��©§��£ã���Ê¨-����©Õ���

¤���£��������4©§£³������£X¤��4¦§¦§©«���Î��©§�4£{�4�Ù�������{�������-��©§¤ ��¦����¬©§����©§�4£`�4�->��@?­��À

³�´�µ°´�à ·¹¸5º�»�¼6½R¾5¿�ºT¼#»W¸5ºÁÆ3¸5Ç�Ç�¿Báâ¾-¼#¿�¸5ºã¸5äå¸-Å�¼#¿�Æ3¾5Ç�Ë(áâ¿�»#»6¿�¸5º
|�¤�¤��4��¨�©«£�Â����{�����E���E£+����¨¿� ����¦§©«�������-�������E��©«¤ �4¦l������¨�©«¤E��©«��£��Eáb�4�-��©«¤ �4¦x��©«Â�£6�4¦��������]>A�@?­�
¤ �4£y¡¢�î�E�{©Õ������¨A©§£y��¦ ����Â��E���4£�Â�¦«�p���-��£r�

γ
��©«Â�£6�4¦%À�Ý'£w��¯�¤��à��¤��4���Ò©Õ�������4¯�¦§¨w¡b�î�¢������©«¡�¦§�

���y��¡����E���4�Ñ���������ò������©§¤��4¦�ð6�4�����E�J����¦§�����E¨¥���É>��@?­�H´���©§¤��¬¨��w£��4�ò�6� �4�Ñ¤E�����������b��£�¨-©§£�Â
γ
ó'��� �c¤���¯-£+�������6�4���9��©«��©«¡�¦§�w������� �����¼íÒ�4�����ã¶�Ô Æ4²iÕ á|Ô Æ�±
Õ á�Ô Æ Ø ÕÒ¹ À�Ð����ª¤E��£���������©§£³�A��£
¤���¦«¦§©§�{����©§��£Å�4£�Â4¦§�Ë�4�É������©§¤��4¦­�E�{©«����©§��£Ê´�©«¦§¦J¡¢�Ë¨-�E���E���¬©§£��E¨Ì¯�£�¨��E�ª�����f�4����¯��¬�-��©§��£
���6��� & ���-��©§¤��4¦Jð;�������E�{��¡-���������E¨Z��£ã���¥¦«� �4��� ° ¤E��£�����¤�¯���©«�4�Ä©«���4Â4���¼�4���`���E¦ ������¨?���
>A�@?­�î´���©§¤��{¨�©§¨¬£��4�ò�6� �4�9�w¤��������E���b��£�¨�©«£�Â

γ
¨��E����¤·��©§�4£�À��Ñ¯-�ª¡¢�E�Ò�4��������©§¤��4¦-ð;�������E�

����¦§�����E¨Ä���Y>A�@?­��´�©«���-��¯-�
γ
óN��� �X¨��E����¤·��©§�4£Ô©§�É���E¦ ������¨Ä����£+¯��ª¡b�������H�����4���ª¨��·���E¤E���E¨

©§£fÂ³�4�¬���r��� ���Ñ¡³�Ë�����A����¦§¦«��´�©«£�Âà�������ª¯�¦§�4�ü�

Nall−grb

Nγ−visible
=

(

αOT

βγ

)2 ¶ ² À °�¹
´����E���`��£�Â�¦§�E�

αOT
��£�¨

βγ
�4���Ë¨��EÞ�£���¨Ì©§£ � ©§Â�¯-��� ² À/ºÄ�4£�¨ Nall−grb

¨��E£��4�����¥�4¦«¦
�E���E£³���y����¦§�����E¨Ô���æ>���?J��´���©§¤��¿¤ ��£|¡¢�¼��¡-���������E¨Ã�����4� �����¥íÒ�4�����|��©«�������A©«£Ô���-��©§¤��4¦
���¥©§£ãÂ³�4�¬���Ô¡6��£�¨�À^Ð����X�E�4��£³���{���6���¬¤��4£Z¡b�c�4¡����E�����E¨^¡³�?������wMLî©��4�9�����Á}�½³�Ùw
�����������R�4���à��£-¦«�f�����4���ª¡���©§Â��³�����Ñ������£?Ø ° m À�Ð����ª£+¯��ª¡b���9�4�Ò��¯�¤��¿�·����£³���r���{��£-ÂË�4¦«¦
>A�@?)�E���E£³���Ë¤��4£»¡b�f������©§�{������¨?�������v�����e}6d Ý � Ðß¨6�����-À?Ð����c�4£6�4¦Õ����©§�¼�4�Ñ���-��©§¤��4¦
¦§©§Â4�+��¤�¯��������y�4�\}6d Ý � Ðâ>A�@?­��á���©§�¬©§¦§�4�É���`�����¼��£-�¬�-��������£³���E¨Ê©«£|Ðp�4¡=À ² À«Ø & á���©§��¦«¨��

Ø ²+°
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γ emmision

Only optical emission
     in wider angle

Only optical emission
     in wider angle

γβαOT

γN
 − visible 

~ 

all−grb

γ( β )
2

αOTN          ~ (      )   2

�,F7ë9YRJL1�3T5 ~08#P!Z\BkMk1K/TB.P�+.G_1EZ\F7NLN�F7B9G\Z\1E@?QT+.GRFcN�ZlB.P�+5N|{(}XV�FW=LQxMkF�ç%1EJ�1EG0@C1�F2G;@KB9/7/2F7Z_+>=�F7B9G\B9P
γ
ê©J?+ÓS

+9G0MüB9HR=�Fc@K+./#1KZ\F7NLN�F2BDG�5�*ÙQR1EJ�1_Z_+ÓSû-T1x+�G�YRZO-T1EJaB.P�1Eî91KG^=?N�J�1E/7+.=�1EMû=LBèN|{(}ÙNKU,-RYk=OF2G�î�F7N�F7-R/21_F7G
γ-T+.G0M�PnJLB9ZÇ=LQR1-�#+.J�=�Q�5

���6�����4¡b��¯-�Ñ� ≈ Ç³È �4�î�·����£³���A�6� ���à�4�-��©«¤ �4¦x��¡��������4�Î��©§�4£��Ñ�4�Ñ¡���©§Â��³��£������9�9{������4�b��¦ �Î����¨
���¥��©§�¬��Ðxt ± ¡���©«Â��³���E�������E£ÊØ ° m á-´��-©§¤��X�{���4£����

Nγ+OT<12m = a · Nγ+OT

¶ ² À Æ³¹
�É��´ñ©«�ò´­���4����¯��{�¥�������y�E���E£³���à´���©«¤��Ê¨��c£��4�y�6� ���

γ
ó'���µ�¿¤E��¯�£³���E���6�����à�4���¬£��4�

���-��©«¤ �4¦«¦«�{¡���©«Â��³���E�������E£X���������A´���©«¤��c���µ�4�4á6´J�r¤��4£`´���©«���I�

NNo−γ+OT<12m = a1 · NNo−γ+OT ≤ a · NNo−γ+OT

¶ ² À ²+¹
´����E���

NNo−γ+OT

�4���F>A�@?­�ª´�©«���»£-�
γ
óN��� �?��¡-������������©«��£���á

NNo−γ+OT<12m

�����
���4�¬�w�E���E£³����áb¡�¯-�É¡���©§Â��³���������-��£ÅØ ° m ��£�¨

a1

tA�¼©§���4����¯��¬��¨=ÀòÐ��-�r������¯-¦«��©«£�Â¼£+¯��ª¡b���
�4�H������©§¤��4¦=ð;�������E�

Nπ−flash

¤ �4£X¡b�y¯-����¨c���¥¤ �4¦«¤�¯�¦§�����������w¯����b���É¦§©«�{©Õ�J�����É�¼£+¯��ª¡b���
�4�p�4�����6��£Ä���Ö������Â�¦§�µ´���©§�é�

NNo−γ+OT =
NNo−γ+OT<12m

a
≤ Nπ−flash

a · εalgo
≈ 45.8/day

¶ ² À &�¹

Ø ²³Æ

Results/ResultsFigs/collimation.eps


õxö<« © �¢úk����ù��R�³úµý-úµû��#� �
�;�R��� � þÖúR�

´����E���
εalgo ≈

± À Æ'& �����4£�¨����������D�¬¤E©§��£-¤E�`�4�H�ªð;�4���X���E¤���Â4£�©«��©§��£f�4¦«Â�����©«���-� ¶a}��E¤4À
Æ À ° À ²w¹ �4£�¨à������������©«¤E���E���î�4¡-���4©«£���¨à¦§©§�¬©«�

Nπ−flash

tÛØ�À °4Ç ´­�4�H¯-����¨=ÀîÐ���©§�Ù�{���4£��p���6���
�Ô£�¯-�ª¡¢�E�à�4�É������©§¤��4¦îð;�4�������¼����¦ �Î����¨Ã��� wE©«£³��©«��©«¡�¦§�"wå>���?­�EáH���-��¯�¦§¨Ê£��4�¼¡b�ËÂ���� �������
�����E£ ° Ø�À & I9¨��µ�4ÀHÐ��+¯��Ò£+¯��ª¡b���H�4�¢�4¦«¦R>��@?­�H��©§��©«¡�¦§�ò������� ���-��íÒ�4�����¬�E©«�������H©«£ª���-��©§¤��4¦
����Â³�4�¬���ÎóN��� �¬¡6�4£�¨X¤ ��£X¡b�w¤���£-�������4©§£³�Ñ�4������¦«¦§�µ´��é�

Nall−grb ≤ NNo−γ+OT + Nγ−visible ≈ 45.8 + 2.5 = 48.3/day
¶ ² À $�¹

´����E���Ã�ã£+¯��à¡¢�E�X���¼�4¦«¦é>A�@?­�`´���©«¤�� ¤ ��£ ¡b�Ã�4¡����E�����E¨ �����4� �����ÅíÒ�4����� ´­�4�
�4����¯��{�E¨ ���?¡¢�

Nγ−visible ≈ ° À & À�Ð��-©§�`Â�©Õ�����Ë�����|¤��4£��������4©«£+�f�4£ �¾������©«�?�4�w�����
¤���¦«¦§©§�{����©§��£{�4£�Â�¦«���é�

fc =

(

αOT

βγ

)2

=
Nall−grb

Nγ−visible
≤ 48.3/2.5 ≈ 19.3

¶ ² À ¸�¹
´���©«¤��cÂ4©«���E���

αOT ≤ 4.4 · βγ
¶ ² À Ç³¹

Ð���©«�Ñ¦«©§�¬©«�­�{���4£������6�Î�9¤E��¦§¦«©§�{����©«��£��4�p���-��©§¤ ��¦����¬©§����©§��£X©§��£����Ñ�¬�����w������£ ≈ ² À ²
��©§�¬����¦ �4��Â����¥�����E£ ¤���¦«¦§©§�{����©§��£Ì�4�

γ
óN��� �Z�E�{©«����©§��£�ÀÞ)­�4¦§¦§�E¤E��©§��£»�4�y�{�����Ä¨6�Î���Ê´�©§¦«¦

©§�¬�����µ���y����©«�9¦«©§�¬©«����©§Â�£�©ÕÞ6¤ ��£+��¦«�4ÀÑÝN�9©§�9�b������©§¡-¦§�w���Ë¤E���{���4���y�����r��¡-����©§£��E¨Ô���E��¯�¦Õ����£
fc ≈ 19.3

´�©Õ���Ê������������¯-¦«���à��¡-����©§£��E¨Ê©§£êÔ &�¸xÕ �4£�¨ÒÔ &4ÇÖÕ ´��-©§¤��Ì�4��� ¸"& ± °"& �4£�¨ &�±�± á�������¢�E¤E��©«���E¦«�4À ~Ñ�µ´J�E�4����áp��£��¬�ª¯����y½������Ê©§£¿�{©«£�¨|���6�Î�y���������{������¯�¦«���y´J�����{��¡����4©«£���¨
�����ª¤�¦§�4����©§¤��4¦­�Î�Ö������Â�¦§�µ´��Eáp´���©§¤��Ì�����Ë¦«��£�ÂÔ¨�¯-������©§��£Ã���-��©«¤ �4¦ò¤��4¯�£³�������6�4�����¼�4��>���?­�Eá
��¡����E���4��¨Ô���4¯�����I�¨6� ���9���Ö�����������è>A�@?â�E���E£³� À

³�´�µ°´së ìÉ¿Báâ¿�¼#»Ä¸Êº_¼#Ã�Ëí¸-Å@¼�¿�Æ�¾ÊÇ�Ç�î¢áâ¿�º�¸Ê»6¿�¼iïÏ¸Êä®¼�Ã�ËðÐñÑêÓ »6¸5î�½�Æ3Ë
� ��©«£�Â`�¬� �4��¯����E�{�E£+�����4�Ò������©§¤��4¦l¤���¯�£³���������4�����A��¡-����©§£��E¨Ô¡³�Ä�4�������9�9{��¢�E��©«�{�E£+���A�4£�¨
� �4��¦«�|¡���©§Â��³��£������r¦«©§�¬©«���Ñ�����E���E£+����¨¾©«£|�����¬�����·��©§��¯��w����¤E��©§��£=ál�����¥¦§©§�¬©«������©«��£��É��£¿�����
���-��©«¤ �4¦�¦«¯��{©«£�����©«�'�¾���9���-�4>���? ����¯���¤��X´­�E���Ä¨-�E���E���¬©§£��E¨�À Ð����E�Ì´J�����Ô¤����¬�6�4����¨
´�©«���»�����c�{���4��¯������¬��£³�����4�A�4�������{���-��©«¤ �4¦�����¦§�E��¤E���¢�E��ÀÛÐ��-�Ô��¡��������4��¨â�{�4Â�£�©Õ��¯�¨-���
´­�E���y¤���������¤·���E¨X�����������AÂ³�4¦§�4¤E��©§¤��.{���©§£-¤E��©«��£�ÀHÐ��-�r¦«¯��{©«£�����©«�'�¬¨�©§�����4£-¤������¼�����w����¯���¤��

Ø ²�²
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´��4�à¤ �4¦«¤�¯�¦§�����E¨Ã©«£Ã���-�{¤E�����¬��¦§�4Â�©§¤��4¦H�¬��¨��E¦î´�©«���
Ωλ = 0.7

��£�¨
ΩM = 0.3

À`Ð��-��£
¦§¯��¬©§£��4��©«�'�{�4�l�����w����¯���¤E�A´��4�É¤ ��¦§¤�¯-¦ ������¨f�4¤E¤�����¨�©§£�Â¼���¥���4���ª¯�¦§� �

L =
4πD2

Lf

1 + z
· k ¶ ² À0º ¹

´����E���w½Ë©«��¤������{��¦«��Â�©«¤ �4¦b½�ó'¤��4�����E¤E��©§��£Ã¶p´���©§¤��f´­�4��£��4������½4��£c©§£³���¬�4¤E¤���¯-£+�É���E���
¹ ��£�¨`�H©§��ð�¯r{¿á6¤ ��¦§¤�¯-¦ ������¨Ë�����4�ß����Â�£�©«��¯�¨��9´�©Õ���`���-�w���4¦§¦§�µ´�©«£�Âà�������ª¯�¦ �X�

f = f0 · 10−0.4·m ¶ ² ÀÕØ ±³¹
Ð����Ñ¦§¯��¬©§£-����©Õ�'�ª©§£¬��¯�£�¤·��©§�4£��4����©§�¬��´�©«���¬�����Ñ¦§©«�{©Õ���H¨��·���E���¬©§£��E¨�©§£¬����©«�ò��������©§�J©§�

�����µ´�£Ä©«£ � ©§Â�¯-��� ² ÀÕØ ±

Time since GRB in rest frame of the burst t_obs*(1+z) [sec]
1 10 210 310 410
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Legend :

PI limit for GRB050721 ( T = 0 sec )

Gemini measurement for GRB050721

PI limit for GRB060607

Other measuremenst of GRB060607

Optical lightcurve of 071003 (other telescopes)

Optical observations of GRBs

Optical luminosity in the source

�,F7ë9YRJL1�30576Eí08,æ�Hk=LF7@E+./k/7YRZ\F2GRB^N�F2=�S�B9PT=LQR1�N�B9YRJ?@C1çF2G\PnY0G0@�=LF2BDG]B9PT=LF2Z\1DU9YRH]=�B�u.3�QRB9YRJ?N�+>P¼=L1KJ�=LQR1�-RYRJ?N�=E5
*ÙQ01_/2F7Z\FW=?NaB9-R=L+.F7GR1�MAPnJLB9Z�=�QR1è���
F
B9P[=LQR1x�! �S"��Z\1�+9N�YRJ�1EZ\1KG^=LN�+9G0M HRJ�1�N�1EG^=�1EMûF7Gû=LQRFcN�=�Q01EN�F7Na+9J�1
N�QRB>V�G�5

Ð����Ñ�{���4��¯-�����¬��£³���J�6���­¡b����£{¨�©«��©«¨���¨{©§£³���w��©«�{��¡�©«£��J�4£�¨Y>w�4¯�����©§�4£�¨�©«������©§¡-¯-��©«��£
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Optical telescopes reaction time Histo_ot_time.txt
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Mean    193.5
RMS     244.2

OT first observation time [sec]
0 200 400 600 800 1000

N
u

m
b

e
r 

o
f 

S
w

if
t 

G
R

B
 e

v
e
n

ts
  
  
  

0

2

4

6

8

10

12

14

16

18

20

22
Histo_ot_time.txt
Entries  187
Mean    193.5
RMS     244.2

ot_time.txt

�,F7ë9YRJL1x3T526QøR8\:�FcN�=�JLF2-RYR=�F7B9GIB9P�J�1�+9@�=LF2BDGü=�F7Z\1EN�, ¥ 3DíDíéN�1�@S.aB.P�+./7/çB9Hk=LF7@E+./
=L1K/71ENL@CBDHT1�NO+9G0MI�!�Y÷p��*çê9O��æ<* N�QRB>V�GxN�1KH0+9JL+.=�1E/2S�,n/71CP¼=�H0/2B9=�.[+.G0M�Z\F2GRF7Z_+./%=�F7Z\1�B.PrH%BDN�F2=�F7î91<B9Hk=LF7@E+./'Mk1C=L1E@C=�F7B9Gè,bJ�F7ë9Q^=ÙHR/7B.=�.C5
æ�G0/2S���V�FWP¼=aN|{O}çNÙVç1KJL1<=L+� 91KG4F7GD=LB_+9@K@KB9YRG^=�5

�����Îû���� fÁ� � i����X�#��VYX8Z fÁ� ��i���� �
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°4±�±"$ À ± Ø�À ± ØEó °4±�±"$ À«Ø ° À Æ Ø Ø ±"& $�Æ
°4±�±³¸ À ± Ø�À ± ØEó °4±�±³¸ À«Ø ± À«Ø Æ $4Ç Æ�Ç
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VYXYZ � ý,�xû�� � �i���û��#�¢úR������� ù ûLþ�úk��� ù û��0�Eú �
i��^���kj�ý#úúµû��#�ãúµû����lmn�Dp d ��þ���� ü"�;ù��
>���? ±³¸ Ø ±�±�Æ | Ø ° À Ç�Æ £���£�� ²+° yÄía�/>wí�á £ |ÑÝ'Ð
>���? ±"$ Ø4Ø °%$ | Ø ° À Æ £���£�� ° Ø �;|¢LîÐ b �>���? ±"$ Ø ±�±³¸ | Ø ± À«Ø & � Ø ²³° � b Ðx}�í�á � Ðx}>���? ±"$�± Ø�Ø ¸ | Ø�Ø4À & � Ø °Î² � �;|éy>A�@? ±"$�± Ø�Ø4Ø%? Ø Æ À ± £���£�� °�¸ Ð�|4� b ÐAá7� b Ðx}�í>���? ±'& Ø4Ø�Ø�Ø�| Ø Æ À ± £���£�� °�¸ � b Ðx}-í
*,+.-0/21430576K3T8;*ÙQR1�-0J�F7ë9Q^=�1�N�=]B9Hk=LF7@E+./�@CBDYRG^=�1EJ�H0+9J�=?N@,<@K+9/2/71EM¤��ë9YT+.J?+.G^=�1E1EM6�]F7GI=LQR1x=L1Cï�=@.aB9P�N|{(}ÙN
BD-0N�1KJLî91EM\-�Sx�!�Y÷p��*�U�V�QRFc@?Q�@KB9YR/cM_-%1<Mk1K=�1�@�=�1�M;-�S����#FTB9P�=�QR1��! �S"��F2P�F2=Ù+9HRHT1�+.J?N#V�F2=�Q0F2Gx=�QR1<JL+9GRë91
B9Pr=LQR1�=�1E/21�N�@KB9H%195#æ�-0N�1KJLî91�M;F7G�=LQR1�=�F7Z\1�HT1EJ�F7BkMéu.í9í^úk5 íR6D5 í06Cê�u.í9í!�^576Eík5vu.í05

Ð����ò��¯�¦§¦[wMLî©��4�6���-�_}�½³�çwJ�����������T´�©§¦«¦�¡b���É�¢�E�����E¤E�H������¦³�����l¤��µ�4����©«£�Â9����©§�l� �4��¦«�y�b�·ó
��©§��¨w�4���4�-��©«¤ �4¦��4¡����E��������©«��£��EÀ�|�¤E¤�����¨�©§£�Â��������-�ò¤E¯�������£³�a}"d Ý � ÐÊ¨6�Î����©«�x©§�x�b������©§¡�¦«�H������4½��A¤���£-������������©Õ���w������©§�{��������£`�����w£+¯��ª¡b�������Ù�·���E£+���Ñ�����J´���©§¤��`���-�y���������E�ß´­�4¯�¦§¨
�����c�����Ô��©§Â�£��4¦�������� >���? ���-��©§¤ ��¦É¤E��¯�£³���E���6����� À |9¦«¦�>��@?­��¨��·���E¤E���E¨â¡³��}6d Ý � Ð´­�E���Ñ�4£6�4¦Õ������¨{�4£�¨¬�E�4��£³���ò´�©«���¬��¡��������4�Î��©§�4£��î©§£¼���-��Þ������ÑØ & �¬©§£+¯-���E�Ò���Ö���E�î������¡�¯������
´­�E���ª����¦§�E¤E����¨�À�(��E��¯-�9¨�©Õ��©«¨��w�����E� ©«£³���{���4¯��Ñ¤E¦ �4�����E���4¤E¤�����¨�©§£�Â¬��� wMLî©Ù�4�p�����ü}�½³�Ùw
��¡����E�����4¡�©«¦§©Õ�'� �

• V � ý���ý��¢ú������ �Ù�·���E£+���p´���©«¤��à�6� ���­��¡����E��������©§��£��x¡���©§Â��³�����x�����E£ 13m �4£�¨y´­�4¯�¦§¨
¤��E������©§£�¦Õ�Ë¡b�y¨-�E���E¤E����¨Ä¡³�Ë�����XwMLî©��4�l�����û}�½³�çww�.{��¢�E��©§�¬��£³�à¶pÐÙ�4¡�À ² ÀÕØ ²{¹

• � ý��R�bû��xý6þ �¬�E�4��£³���¼´���©«¤��Ì�6� ���`��¡��������4�Î��©§�4£��ª¡���©§Â��³���E�r������£
15m �4£�¨?���4��¦Õ�

��¡�������������©§��£f�4�Ù��¯-¤��Ä�E�4��£³���É´­�4¯�¦§¨X�6� ���wÂ���� ���É��¤E©§�E£+��©«Þ6¤A��©§Â�£-©«Þ6¤��4£�¤��

• �4��ú��Îý-ù��¢þ�ý-úk��� ���E�4��£³���y´���©§¤��¿¨���£ç���w�6� �4�¬�4¡����E��������©«��£��A¡���©§Â��³�����9������£ 15m á
¡�¯-�Ò¦«©§Â��³�Ù¤�¯��������4�b� �4��¦«�r�¢�4©§£³���Ù�9{������4�¢�4¦ ������¨ª������©§�¬�­Ðxt ± ���E¤�©§�H¡-��©§Â4�+�����p������£
15m À

• Zü�'o#�[��� q û��¾ûÖú ���E���E£³���¥´�©«���?¡-��©§Â4�+�������¼�{���4��¯-�����¬��£³���¥�L���ª¡¢�E¦§�µ´ ¦§©«�{©Õ��©§£-Â
����Â�£�©«��¯�¨������p���-�ÝwMLî©��4�Ù�����û}�½³�çwy�9{��b����©§�¬��£³�

ÐÙ�4¡�¦«� ² À«Ø & ���-��´��É�����y¤�¦§�4����©«Þ6¤�����©«��£f���E��¯�¦Õ����À­ÝN�9¤��4£Ä¡b�r�����E£Ä���6�Î� ° À Æ ó�Ø Ç³È �4�Ò�4¦«¦
>A�@?­�î¤��4¯�¦§¨¥¡b��¨��E����¤E����¨{©«�;�����·�¼�4�-�¢���4�î©§£¼���-� �ab/c �4�b�����AwMLî©6�4�;������}�½³�Ùw������������XÀ

Ø &4Æ
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øIi��^���kj�ý-ú�û��#� ù��R���lû%ü4ú�û��#�
�?�
�¹ûT�rûO�
��úR��� �)¬ o:û fÁ� ��i���� �
� V8XYZ

ü ÷��
��«#ú�÷��#�1ý�þ ÿ
>w¯6�����4£³���E��¨ $ ° À Æ
yÄ�4��Â�©§£��4¦ °4± ¸ À ¸

í<{������4�b��¦§�����E¨ °4± ¸ À ¸
?J�E���4£�¨ (�©§�¬©«� Ø Ç�Æ ¸4± ÀÕØ

�Ñ�¥� ����¦«����¡�������������©§��£-� Æ³° Ø ° À Æ
d �;ú ý6þ'V8XYZ�� ÷7ý�	 Ø ±�± À ±
*r+9-R/21�3T526Óúk8+2�YRZO-T1EJ�B.P+N|{(}ÙN�F7G4MkF�ç"1KJL1KG^=�HRJL1EMkFc@�=LF2BDG�ëDJ�BDYRH0N

Ð����9�E����©«���Î�����4�¢������£+¯��ª¡b���ò�4���·���E£+���J���r¡b����¡����E���4��¨`¡³�¼��������¯�¦«¦6�����������×©§�Ò¨��E��©Õ����¨
�������ï�����A����¦§¦«�µ´�©§£�Ây�������ª¯-¦ � �

NΠ−OT/year =
NSWIFT

total

T SWIFT
total

× fSwift−FOV × fcoll,

fSwift−FOV := fnight × fsatfov ,

ftot := fnight × fsatfov × fcoll

¶ ² ÀÕØ�Ø ¹

´����E���
NSWIFT

total

©«�É�����y£�¯-�ª¡¢�E�9�4�p�E�4��£³���A�4�pÂ�©«�4��£X�'���b�à�4¡����E�����E¨¿¡+�Á}6d Ý � ÐÛ©§£
�¢�E��©§��¨

T SWIFT
total

á
fnight

©«�É�����r�����4¤E��©§��£X�4�p��©§�¬�A´���©§¤��Ô¤��4£Ô¡b�r¯-����¨Ô���4�Ñ��¡-������������©«��£��
���yÂ�©«�4��£Å��©«���4á

fsatfov

©«�������¥�����4¤·��©«��£¿�4�­£-©§Â��³�w´�����£ }6d Ý � Ðñ�������E¦§¦«©«���à©§�w�4¡b�µ���¥�����
������©«Ü���£=á

fcoll

©«�������ª�����4¤E��©§��£|�4�ò£�©«Â��³����´����E£Å´J� �Î�����E�w´­�4�wÂ�����¨|�E£���¯�Â4�¿���f¤���¦«¦§��¤·�
¨6�����¿�4£-¨Ì�����f�����������~´­�4�¼��¯�£�¤·��©§�4£6�4¦ÏÀÃÐ����`���4¦§¯��

fSwift−FOV

´­�4�¥¤ �4¦«¤�¯�¦§�����E¨¾�����
�¢�E��©§��¨¼�4�¢��£����4� �4�Ò¯�£�¨-���Ò�4����¯��¬�-��©«��£ª�������Ò�����������)¤E��¦§¦«��¤E���H¨6�����A��£�¦«�y´����E£

hSUN <

10◦
�4£�¨Ê¯���©«£�Â }6d Ý � Ð �b��©§£³��©«£�ÂX©§£-���������Î��©§�4£¿�������v�¢�E��©§��¨ °�±�±'& ó °4±�±"$ ÀXÐ��������4¦«¯��

�4� �ab/c �4¤E¤��������4£�¤E�
fsatfov

´��4��¤��4¦§¤E¯�¦ �Î����¨�©§£Ë¤E��£����E��������©«����´­� �`�4����¯��¬©§£-Âà���6�Î��©«�­©§�
�¢������©«¡�¦§�A���¬��¡����������z}"d Ý � Ðé�0� �Ob'c ´�����£c©«�É©§�É���É�$�wØ ²

◦
�4¡b�µ���à�-����©«Ü���£�ÀO~Ñ�µ´J�E�4����á

¨�¯��à����¦ ����Â�� �Ob'c �4��}6d Ý � ÐÁ©Õ�9©«�Ñ�b������©§¡-¦§�A���Ë�4¡����E�����à�6�4���Ñ�4�î©Õ��� �Ob'c ��¦§���¥´����E£
©«�¥©§�¼� = Ø ² ◦ ÀãÐ����f���������¥¤����¬©§£-ÂÔ�������Í����©§�¼������¯�¦«¨»£-�4�¥�9{�¤��E��¨Z���·´ß�b����¤���£³��ÀZÐ����
�4��¦§¯����4�

fcoll ≈ 81%
¤����D�¬¤�©«��£³�ò´��4�ò������©«��������¨¼����� °4±�±%$ À ±%$ À ± ØEó °4±4±³¸ ÀÕØ ± À °"& ¤��4¦§¦§�E¤E��©§£�Â

�¢�E��©§��¨�ÀlÝN�-´J���4����¯��¬�Ò���6���Ù�¬�����l�4�������Ò���E¤���£�©§¤��4¦�������¡-¦§���¬��´�©§¦«¦�¡¢�ò���4¦«���E¨à©«£y�����òÞ�£6�4¦
����������� �4£-¨Ë¨6�����à´�©§¦§¦;£�����¡b��¤���¦«¦§�E¤E���E¨Ë��£�¦Õ�¬¨�¯��9���à�����9¡6�4¨Ë´J� ����������¤E��£�¨�©Õ��©§�4£{���-©§�
¤����D�¬¤�©«��£³�­¤��4£¬¡¢��������©«��������¨¬¡³�

fweather ≈
º-Ø È ¶�©«£X(x�4�O)��4�¬�6�4£��4� b ¡-�����������������¼©§£

Ø &�²
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)­��©§¦«� ¹ À�Ð����y�4��¦§¯��E�É���î¤����D�¬¤�©«��£³���������É¨�©<G¢������£³�É��©Õ�����Ñ�4���r�����µ´�£Ô©§£XÐp��¡�¦§� ² ÀÕØ $ À\(x�
Lp�4¦«���y��©«���É´­�4�������µ´�£f�4����£��9{-�4�¬��¦«�Ñ�4�x�b������©§¡-¦§���Ñ���������E��£Ë���E�{©«�����-�����Ñ¦§��¤ ����©§��£¥�4�
�����XwMLî©��4�l�����û}�½³�çwA�����������XÀ

� û�úk� �yý6þ � �e�
� fSwift−FOV fcoll fweather ftot ftot−max(�) b Ø &�È Ç Ø È º-Ø È Ø °�È Ø ²+È
(x��Lp��¦§�{� °4Æ³È $'&�È ¸"&4È Ô $�±
Õ Ø &�È Ø ¸�È

*,+.-0/21�3T526QøR8+�
+./7YR1�N�B.P�@CB�1��;@KF21EGD=?N�Y0N�1EM�=�B�@K+./c@CY0/7+.=�1
π
+9@K@K1KHk=?+.G0@K1<PnB9J��!�Y÷p��*4N|{(}ÙNE5[*ÙQR1�î>+./7YR1

B9P
ftot−max

VÙ+9N[@K+9/7@KYR/7+.=�1�M\YRG0Mk1EJ#=LQR1<+DN�N�YRZ\Hk=LF2BDG\=�Q0+.=#=�Q01<N�SkN�=L1KZ V�F2/7/%GRB.=ç/2B^N�N[+.G�S\GRF2ëDQ^=[MkYR1�=�B
=L1E@?QRG0F7@E+./�HRJLB9-0/21EZ\NÙ+9G0M

fcoll = fweather

ø d �àþLý���� � û�úk� � �
� ø d û��
÷��#�1«#ú�÷
�
�3¯

�4��ù���ü4úk����� �
�
�
i<�D���kj-ý-ú�û��[�����
o#�+ý��

>A¯6�4���4£³�����E¨ (�) b $ ± À °�Ç
yÄ�4��Â4©§£6�4¦ (�) b °4± ± À/º

í<{������4�b��¦ ������¨ (�) b °4± ± À/º
d �6úµý6þ q �¥ø q �¥ø õ�ý ÷ À �1ª
>A¯6�4���4£³�����E¨ (x��Lp��¦§�{� $ ± À Æ�²
yÄ�4��Â4©§£6�4¦ (x��Lp��¦§�{� °4± Ø�À«Ø

í<{������4�b��¦ ������¨ (x��Lp��¦§�{� °4± Ø�À«Ø
d �6úµý�þ q ýl��ý�þ��Êý q ý ��ý6þ��Êý õ�ý ÷ À «�õ

*,+.-0/21<30576��k8#��ïkH%1E@C=�1EM�G�YRZ�-%1KJÙB9Pr1KîD1KG^=LN[B9-TN�1EJ�îD1EM_-�S\PnYR/7/
π
N�S�N�=�1EZ�5+�
+./7YR1ENçVç1KJL1�B9-R=L+.F7GR1�M;YRG0MR1KJ

+DN�N�YRZ\Hk=LF2BDG�B9Pr=LQR1�Pb+.F7/2Y0J�1<PnJL1K1�N�SkN�=�1EZ B9G0/2S;/7F7Z]F2=�1�M4-^S;=�QR1�Vç1E+.=�QR1EJ�@CB9GTMkFW=LF2BDG0NE5

Ð����ËÞ�£6�4¦��E����©«���Î�����r�����ª£+¯��ª¡b�����¼�4�É�E���E£³���¬�4�ÉÂ�©«�4��£Ì¤�¦§�4���¼�����`¦§©«������¨¾©«£?Ðp�4¡-¦§�
² À«Ø ¸ À ÝN��¤ �4£â¡b�Ä������£â���6���Ë£+¯��à¡¢�E���4�w��¯����Ô�b����©«��©Õ���X��¡�������������©§��£-��©§�¬���E���^������¦§¦ÏÀ
~Ñ�µ´­�·���E��á­©Õ�ª�ª¯-���¥¡b�Ë�������������E¨ã���6���¼�b����©§��¨?���¼Ðxt ± �¬���{�E£³�¼©§�à�4¦§�¬�����à¯�£�½+£��µ´�£�À
Ð����r�E����©§�{����©«��£Ë©§�­¤���£��������4�Î��©«�4�4á�>�(�|�}�Ð ��������¦§¦«©«���Ñ´�©§¦«¦=©«£�¤���� �4���w���������4¦§¯-�A�4�

fsatfov¤����D�¬¤�©«��£³� À
Ð����E���J©§�l�4¦§�����4£r�4¨-���4£³���4Â��ò�4�6��¡���������©«£�Â9���������->���?J�Ù¨�¯-��©§£-ÂÑ���-�

γ
óN��� �w��¯-��¡�¯������ À

Ð����9£+¯��ª¡b�����­�����µ´�£Ë©§£¬Ðp��¡�¦§� ² ÀÕØ ¸ �������������Ñ������©§�{�������ò�4¤�¤E����¨-©§£�Âw���y´��6���J©§�ò�4¦§��� �4¨��
��¡����E���4��¨ ������¦«��£�ÂÄ>���?J��ÀÁÐ����·�^���-��´V¡�©«Â¾¤��6�4£�¤E���f�4�w��¡-��������©§£�Â?�b����©Õ��©Õ���Ä��©§Â�£��4¦
�4�yÂ��������`��¤E©§�E£+��©«Þ6¤|��©§Â�£-©«Þ6¤��4£�¤��Ä©§£^���-�ÄÞ6����� ° �����4���f�4�w���-�|�9{��¢�E��©«�{�E£+�`�4£�¨â���+¯��
¤ �4£Å¡¢�¥¤E��£���©«¨�������¨Ê�4�w���-��©«�{©«����©§¤4ÀrÝN�y©§�A©§�¬�b�������4£³�����6�Î�w©§£|�L�4¤E�y��£-¦«�|�Ë���·´ñ���-��©§¤��4¦

Ø &"&
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