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Commande

Analyseur de
surface d’onde

Objet 

Image avec correction

Image sans correction

Turbulence atmospherique

Deformation du front d’onde

Front d’onde corrige

Objet 

MD
MB

Camera
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kmlonjpZlrqMstlrpSuwv�uZxZyrqKloz.{}|�~:�5zj�Bz�st�
�:�0{���uwxwpZ���5��qMstla�ElBuwx�zj�r�2lr�t��njnI��lr���jp��<�5�Bl��:nV�<pwxws�pTzjlK�@�a�a�
nV�<pm�j���B���5uZ��pwxws��jq�p���uZuZlrq��j�7�<��x'�7��uZ���rst�rxZ��k)��uZlrpZzj��x@�`�0{}|T�5uZlrpw���<xZ��s�pZl�zjl����<pwstu�� �¡lr�5zj���[¢0|S£�¤����¦¥>�
�0{}|¨§©�Bl¦ªS�<xwst���V�<�oz.{¬«�xw�5zjl­lrx[zjls�¨lB���5lrpZ�)�5l¦~��rpZ�auwnV�<xws7�<�tl®¢0|SªS¯°�T~Q¥°lrx±�0{}²´³�µ�¶¸·5¹wº�»�¼I¶�³�½¿¾�¹>µ>»
À�Á>Â ¹>µ>Ãdºa½0¶�µ>ÄÅ¢Æ¯�¤j|o¥;��¤����5u:�tl°�5��qÇzjl[È�|S�¡¯��É|Sª��'�Bl°uZv�uwxZyrqKl°zjlr�estlr�exM��nI�rp��<xwst���j�5lr��zjyBu±�@�a�a�
lrx¨zj��s�x�n]lrpwqKlrxwxwpZlOzjlo�a�<��stzjlrp��tlQnjpws��5�rs�nIl
z.{}|�~R�B���jnj�t�Bl���zjloÊap��<�5zju¨xZ�r�tlBuZ�B��n]lBu@��nI���jp¨�0{ s�q©�<Ê2lrpwstl
�a�V�<�jxO�B���exwp���uwxZl�¢ÆËoÈ�¥¨lrx6�V�<�jxZl�pZ�BuZ�����jxwst���Ì�<�jÊa�j�7�<s�pZl¡¢ÆËM�T~Q¥;�IÍ ��zj��s�xo�B���5uwxws�xw�5lrpo�j�ÎnjpZ��xZ��x v�n]l
nI���jp��0{ s��5uwxwpw�jqKlr�ex¨�5���j�2lr���tl
Ê2�r�5�rp��<xwst���m�5uw�5uZ�Blrnjxws��j�tlOz.{¬�BÏe�js�n]lrp��j�5lozjlBuÑÐÆ�jxw�jpZlBu��j�js�xZ�Bu¨z��[njpZ�<Òwlrx
zjl
xwpZyBuSÊap��<�5z�xZ�r�tlBuZ�B��n]la�VÓQkeÔRzjl��0{¬¯�¤j| �]ÕQyBu��@�a�����mÈ�|S��¯��É|Sª��]�<�t��pZuSs��5uwx��<���t�M�<�¡xZ�r�tlBu��B��nIl:zjl
Ö ���'×ØzjlM�0{¬¯�¤j|Ù�[k)��¤es����7���)���jxwstlr��x�zjlMxwpZyBu
pZlrq©�<pZÏ��V�<�j�tlBu:pZ�Buw�j��x��<xZu�uw�jpO�tlK�rstlr�Q¢c�¨���5uZuZlrx�lrx��<� �
�@�a����ÚD��s�Ê��<�jx�lrx��<� ���@�a���`¥;��È´l�uZ�5�B�ByBucs��5�rs�xZl��Szj�rnV��uZu�lrp'�tlÑuwx���zjl�zjl´njpZ��xZ��xÛven]lÑnI���jp�zj�r�2lr�t��njn]lrp��j�
pZ�Blr�.s��5uwxwpw�jqKlr��x¨z.{}|�~�zj�Bz�st���
�0{���uZxwpZ���5��qMstlD�5k�{��dÒw���jx¨z.{ �j�[�5���j�2l@�<�¡È´Ô��
���tlSnV��uZu��<Ê2lO�:�j�[~o¤j|
zjlOx v�n]l�¤�ËRzjl�Ü��K� Ö ÜMuZ���5u��0nj�jnjs����tlBuSlrxTz.{ �j���¡ÕÝzjlK�@�°�KÞaÜ©���rxwst���j�5lr�jpZuSzj���j�5lr��xQ�V�<stuZu¸�<�5�Bl
�
È�|S�¡¯��É|SªoßàÏ��js�zjlr�estlr�5z�p�����lr�°�@�a�aÞ��<~SÕo|SªSÍw¤>�`k)�¨Ï��V�<��s�xZ�´zjlBu)s�q©�<Ê2lBu��¨�7����s�qMs�xZl´zjláz�sWâ]p����rxwst���m�
�tlT�B��ãjx´�5lrxwxZlrqKlr��xÑnj���5u�Ðä�<s��j�tlTnV�<p´p��<njnI��pwx��o�j�ånjpZ�<Ò�lrxÑuwnV�<xws7�<�0�es��5�rs�xZlr��x¨�<�t��pZuÑ�<�åzj�r�2lr�t��njn]lrqKlr��x
zjl��5��q
�jpZlr��æÌ�<�jxwpZlBuQs��5uwxwpw�jqKlr��xZu�z.{}|�~èç.ËT��é��jnV��{��¦¢0È´��ËTÔ¨¥>�.���<�t��q©�<p@�m��êS¯�|�¢0È´��ËSÔ¨¥>�]nj�jstu
uw�jp°�7�Ì�5���j�2lr���tlÎÊ2�r�5�rp��<xwst��� zjl�Êap��<�5zju°xZ�r�tlBu��B��nIlBu¦¢ä�d�����'×¡¥>�ÑëolB�Zé]��¤e�j�V�<pw�m��ªT~¨È�|Ø¢¿ÓSk�Ô¨¥°lrx
ì lrqMs��jsm�5��pZz�lrx¨uZ�5z.íjk�{}|�~RuZlQÊ2�r�5�rp��<��stuZlOq©�<s���xZlr�V�<��xouw�jp��tlBu�xwpZyBu�Êap��<�5zju�xZ�r�tlBuZ�B��n]lBu@í
~¨�¡�B��qMqKlr�5�BlrqKlr��x@�Is��mv[�B�a�<s�xTzj���5��È�|S��¯��É|SªÝzj����xT�tlOuw�5�B�ByBuTlr��x��<��xSÏ��5lOzj�rqK���5uZxwp��<xZlr�jp

�MqKlr�5���M�7�K�B���5uwxwpw�5�rxwst���Îzjlo�0{ s��5uwxwpw�jqKlr�exQªS~¨È�|:�V�B��qMn]�auZ�Oz���uwv�uwxZyrqKlOz.{}|�~ÝªS~¨|o¤[�B���jnj�t�:�
�7�
�@�<qK�rp���ÍÉîïÈ�|SªTÍwÈ´~�í�ÕQlr�2lr���±pZ�@�<��s�xZ�a�jªS~¨È�|ïlBuwx´s��5uwx��<���t�o�<�°ÐÆ�`v2lrpÑªQ��uwq�vexwð[£àz��±Ïe�V�<xwpwstyrqKl
xZ�r�tlBuZ�B��nIl°z��­ÓQkeÔè¢¿�2��s�poñ5Êa�jpZl°Ü�í��`¥>íckmlKuwv�uwxZyrqKlKz.{}|�~�ªT~¨|o¤¦���rxZ�©�B����Òw��s���xZlrqKlr��x�zj�r�2lr�t��njn]�
lrx¨�B���5uwxwpw�js�x¨nV�<p¨�j�b�B���5uZ��pwxws��jqòÐÆp��<�5ó@�<stu�pZlrÊapZ���jnV�<�exT�0{}|SªS¯�îT~�q©�dôtxwpZl�z.{¬õQ�j�epZl
z���njpZ�<Ò�lrx@�5pZlBu��
nI���5u��<�j�tlozjlS�0{¬�rxw�5zjlOlrx�z���z�s�qKlr�5uwst���j�5lrqKlr�exTzjlS�0{}|�~ölrx�z��¡È´Ô�î
���tlozj�rnV�<pwxZlrqKlr��xTzjlQpZlB�Zð5lrpZ�Zð5l
uwnV�<xws7�<�tl�zjl
�'�<pwstuM¢ÆÕQ¯�¤��I~��É|S£�¤����¦¥¨nI���jpT�7�K�B���5�Blrnjxwst���Îz��¡��£S�EzjlO�0{¬~o¤j|ÝÍÉî�lrxTzjlO�0{ s���xZ�rÊap��d�
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xwst����z���uwv�uwxZyrqKla��lrx�lr��ñ5�[�tlQkm~¨| ì lr�[��ðV�<pwÊ2lOzjlQ�7��nV�<pwxwstloqK�B�@�<�jstÏ��5lolrx���njxwstÏe�5lozjloªS~¨|o¤I��zjl
�0{¬~o¤j|��estuZs��j�tla��zjlS�0{ s��exZ�rÊap��<xwst���¡uwx��<xwstÏe�5lTñ5�V�<�tlolrxÑzjlS�7��pZlBuwn]���5u��<�js���s�xZ�ouZ�rstlr�exwsWñVÏ��5laíVÈ�ðV���r�j�5lOzjlBu
�B��qMn]�au��<��xZlBuQlBuwxSzj�B�rpws�xZla�VnV�<pS�7�KuZ�js�xZla�5nj���5uSlr�¡zj�rx��<s��0íIk)�©�@�<qK�rp��±È�|SªSÍ�È´~:�js��5uwx��<���t�Bl:lr�¡uZ��pwxwstl
zjlKªS~¨|o¤I�m�±�rxZ�K�B���5uwxwpw�js�xZlKnV�<po�j�Ì�B���5uZ��pwxws��jq �<���tlrq©�<�5zÌpZlrÊapZ���jnV�<��x
�tl�mÎºon�p6qWº�»$ras	t¸» Â ½vuÆ½Æ³�½ ¹
wax µKy Â ½Æµw¶�»E¶-zQu0¹M¢Æ����ÍÛ~ï��ËTlrstzjlr���]lrpwÊe¥´lrxÑ�tl{m�ºon�p6qWº�»$ras�t¸» Â ½vuÆ½Æ³�½ ¹ w_x µT²(na½Æµwºa½ ¹>µ>µ_u Â ½Æµau Â r>¾�¹\p�¾eÄ Â u|s
¢Æ����¯�� ì �<pZ�Zðjs��jÊe¥>í

} �0{��<�jxZ��qM�5l�Ü��������¨ªT~¨|o¤,lr�exwpZlÌz5�<�5u�u�� njðV��u�l¦z.{ s���xZ�rÊap��<xwst���Ý� £´lr���tlr���5là¢Æ���<pwstu¸¥>íTÈS{¬lBuwx
� �Bl�qK��qKlr��x¡Ï��5l¦zj�r�j�jxZlÎq©� xwð5yBuZl­�<� km~¨| ì ���<s��5uwsOÏ��m{ �j�5l¦u��rpwstl�zjl¦u��ÉÒ����jpZu±pZ�rn]�rxZ�Bu±nI���jp
qKl°Ð0�<qMs���s7�<pwstuZlrp©�B�2lB�å�0{}|�~:í(~2låq�{ s����2lBuZxwstuKz5�<�5u:�j� �Blrpwx��<s����5��q��jpZl[zjlåxZlBuwxZu@í'Ô)���jxKz.{��<�]��pZz.��s��
u@{��<Êas�x°zjl[���<��stzjlrp©�tlBuMÐä���5�rxwst���j�V�<��s�xZ�Bu°zjlBuKz�sWâ.�rpZlr��xZuåuZ���5u�� uZv�uwxZyrqKlBuMzjlbªT~¨|o¤ lrx°zjl¡È�|SªTÍwÈ´~:í
~2l�qKlÎuw�jstu±lr�5uw�js�xZlÎ�B���5u����rpZ�¦�Ì�j�5l¡njpZ�>� �rxw�5zjl¦z��*zj�rxZlB�rxZlr�jp�~Skm~TÕQÕQÍÉªSÜ�zjlÎÈ�|SªSÍwÈ´~ nI���jp
�@�<p����rxZ�rpwstuZlrpMuZlBu
nIlrp�Ðä��pwq©�<�5�BlBu@�cnj�jstu�z5�<�5u��0{¬�rxw�5zjlåzjlBu��Vl>æ�st���5u�zjl°ªT~¨|o¤­lrxMÈ�|SªSÍwÈ´~�n]���jp
�7�
�rpZ�@�<xwst���±z.{ �j�©qK��zjyr�tlT�B��qMn]lr�5u��<xZlr�jp´zjlBu��Vl>æ�st���5u@í�¯���ñ5�m���tlBu�zjlrpw�jstlrpZuáxZlBuwxZu´����x�nI��pwxZ�Tuw�jpá�0{¬�rxw�5zjl
zjlBuQn]lrp�ÐÆ��pwq©�<�5�BlBuozjl��B��pwpZlB�rxwst���­zjl�ªS~¨|o¤�lrxQ�5��x��<qMqKlr��x�uw�jpT�7�å�B��qMnV�<p��<stuZ���­zjl��BlBuSpZ�Buw�j��x��<xZu
�@�2lB�
�Blr��æ[uws�q
�j�t�Bu¨nV�<p��tlQ�t��Êast�rstlr�c��¤Ií
È´lrxwxZl©uZ�rpwstl°zjlKxZlBuwxZu�zj�r�I���5��ð5la�clr�bÒÉ�js����tlrx�Ü������a�)uw�jp��7�[njðV��uZl°z.{����B�Blrnjx��<�5�Bl°lr�jpZ��n]�Blr�j�5l°z�sW�

pws�Ê2�Bl°nV�<p��0{¬¯´¤j|:íc¯����tl°n]lrpwqKlrx�zjl°���<��stzjlrp��0{¬lr���2��s�zjl©ªS~¨È�|Ù�<��È�ðjs���s0íckc��njpZlrqMstyrpZl°���jqMstyrpZl°zjl
�0{ s��5uwxwpw�jqKlr�exS�@v��<��x���stlr��lr�[�5�`�2lrq
�jpZl�Ü������a�ju�lSuZ�5�B�ByBzjlr��xT�<�t��pZu�xwpZ��stu�njðV��uZlBu�zjl����d×[×��X�o�4�M�����!���
zjl©�0{ s��5uwxwpw�jqKlr��xMuw�jp��tl©�rstlr�0í'È´��qMnj�tyrxZlrqKlr�exMs����2lBuwxwsÑz5�<�5u��7�[xwpZ��stuwstyrqKl°njðV��uZla�jÒwlMqKl°uw�jstu
nV�<pwxwsW�
�r�j��styrpZlrqKlr�exQ�B���5u¸���rpZ�
���0{¬lBuwxws�q©�<xwst����zjlBu�n]lrp�ÐÆ��pwq©�<�5�BlBuTÊa�t���V�<�tlBu¨zjlOªS~¨È�|Ýz5�<�5uTzjlBu¨�B���5z�s�xwst���5u
pZ�Blr���tlBuTzjloxw�jpw�j�j�tlr�5�Bl��<xwqK�auwnjð5�rpwstÏe�5lOlrx@�j�jstlr�¡�r�estzjlrqMqKlr�ex@�E�<��æ±��s�qMs�x��<xwst���5u¨��st�BlBu@í
ÕQ�<�5uå�Blb��ðV�<njs�xwpZla�cÒ�l¡zj�B�rpwstu°zj���5�a��njpZlrqMstyrpZlrqKlr��x@�Ñ�tlBuå�@�<p����rxZ�rpwstuwxwstÏe�5lBu±���rxw�5lr���tlBu±zjlBuåzjlr��æ

uZ���5uw� uwv�uZxZyrqKlBu
ªS~¨|o¤¦lrx�È�|SªSÍwÈ´~�ícÕQ�<�5u��j��u�lB�B���5z­xZlrqMn5u@�5Ò�l©njpZ�BuZlr��xZl°qK���Ìxwp��@���<s��Ñz5�<�5u
�tlBu
xZlBuwxZu�zjlSnjpZ�>� �rxw�5zjloz��[zj�rxZlB�rxZlr�jp�~Skm~TÕQÕQÍÉªSÜ�zjlOÈ�|SªTÍwÈ´~���lr�[�B�����7�<�I��p��<xwst�����B�2lB�Q���<pwé��5u�ËQ�<p��
xw�j�jÊ5�Inj�jstuQz5�<�5uS�tl:zj�r�2lr�t��njn]lrqKlr��xOz.{ �j�ÎqK��zjyr�tl�zjl��B��qMn]lr�5u��<xwst���¦zjlBuK�Vl>æ�st���5uQzjl:ªT~¨È�| �B�2lB�
�jp��<�5óB��stu�kc���B��q
�]lTlrxÑ��ðjs���s�njn]l ì p��<�jstlrp@í�¯���ñ5�m�`Ò�lTzj�B�rpwstu´qK���°p����tlTz5�<�5u��7�OnjðV��uZl¨zjlTxZlBuwxZu´uw�jpá�tlBu
n]lrp�ÐÆ��pwq©�<�5�BlBu
zjl��7�©�]���5�r�tlMz.{}|�~ qKlr�5�BlBuO�@�2lB� ì �rp��<pZzÎî¨���5uZu�lrx@�IÔÑðjstlrpwpwv��j�5uZ�B�j�]¯�pwst� ì lr�5z�pZ���
lrxSÕQ�@�estz������js����tlrxS�K£Ñlr���tlr���5la�Vnj�jstu¨�t��pZuTzjl
�7� ÖM�!�(� njðV��uZl
zjl�rZ¶-zQzQu Â¸Â uä¶�»5»�u¿»��±zjl
�0{ s��5uwxwpw�jqKlr��x@�
�<�b���<p��<�V�<�0�E�@�2lB�
Õo�B��stz������js����tlrx@�5�jp��<�5óB��stuTk)���B��q
�]l
lrx�~T�j�5l>� ���<pwstl�k)�<Êap��<�jÊ2laí
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kmlÑnjpws��5�rs�n]l�zjl´ÐÆ���5�rxwst���j�5lrqKlr�exáz.{ �j�Kuwv�uwxZyrqKlÑz.{}|�~:���7�QzjlBuZ�rpws�njxwst���Kzjl�uZlBu�z�sWâ]�rpZlr�exZlBuá�B��qMn]�<�

u��<��xZlBu@�a~o¤j|:�a��Õ:�a��£Q��zj�B�B��qMnI�auws�xwst���©qK�ez5�<�tl�lrx��B��qMq©�<�5zjla���rx��<��x��<�]��pZzj�Bu�z5�<�5u��tl���ðV�<njs�xwpZlO�a�
Ò�lSq�{��<xwx����Zð5lOst�rs)�
njpZ�Bu�lr��xZlrp¨uZ��qMq©�<s�pZlrqKlr�ex��tlBu��@�<p����rxZ�rpwstuwxwstÏe�5lBu�z��[uwv�uwxZyrqKlQz.{}|�~öªT~¨|o¤Iíj�����5u
zjl
zj�rx��<s��tuQuZ����xT�jstlr�¡uwãjpSz�stuwn]���js��j�tlBuTz5�<�5uT�tlBu¨q©�<�e�5lr�tuS�jxws���stu��<xZlr�jpZuQzjlO�0{ s��5uwxwpw�jqKlr�ex@íIk)l
uZ��ð5�rq©�
zjl
�7�©uwxwpw�5�rxw�jpZl
qK�B�@�<�jstÏe�5l:zjl�ªS~¨|o¤�lrxT�tl
uZ��ð5�rq©�å��njxwstÏ��5l�z���uwv�uwxZyrqKl�uZ����xSnjpZ�BuZlr��xZ�BuQz5�<�5uT�7�
ñ5Êa�jpZl
Ü�í�Ü��5lrqMnjpw�j��xZ�Bl�lrxT��z5�<njxZ�BlOz���Êa�jstzjlO�jxws���stu��<xZlr�jpTzjloªS~¨È�|:í
¤e�js��2���5u¨�:njpZ�BuZlr�ex��tlS��ð5lrqMs��blrqMnjpw�j��xZ�OnV�<p��tlBuÑnjð5��xZ���5u¨�<�[xwp��B�2lrpZu�zjloªS~¨|o¤Ií } �0{¬lr�exwpZ�BlOz��

uwv�uZxZyrqKla�E�tl
Ð0�<stuZ�Bl@�<�¦lBuwxQxZ���jxQz.{��<�]��pZz¦lr���2�`v2�a�]nV�<pQ�j��njpZlrqMstlrpoqMs�pZ��s�pOzjl:pZlr�e�2��s0�m�©�7�°nV�<p��<�]���tl
z.{¬lr��xwpZ�Bla�enI���jp�s�q©�<Ê2lrp��7�Qnj�jnjs����tl¨uZ�jp��tlBuá�r�t�rqKlr��xZu´zjl��B��pwpZlB�rxwst���±zjl�uw�jp�Ð0���Bl�z.{¬���5zjlaí�È´lrxwxZl¨�B��pwpZlB�>�
xwst���°uZlÑÐ0�<s�x��Q�0{��<stzjlTzjl�zjlr��æM�j�js�xZ�Bu��B��qMnj�t�rqKlr�ex��<s�pZlBuoça�tl���£�lrx��tl���Õ�í2kml¨��£Q�aqK����xZ�Tuw�jpázjlr��æ
�dæ�lBu´�BÏ��js�n]�Buá��ðV���r�j�[zjl¨zjlr��æå���rxwst���j�5lr�jpZu@���B��pwpws�Ê2lT�j�jstÏ��5lrqKlr�ex´�tlBuÑ�<�]lrpwp��<xwst���5u´zjl¨�V��uZ�r�j�tlrqKlr��x@í
} u��Muw�js�xZla�V�tl
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Adapteur

TADC

Pompe Turbo−Moleculaire

Valve centrale

Cycle LN2

de refroidissement
CycleDetecteur

Grismes, Woll.

Filtres

Objectifs

Masque de Pupille

Coll.

FP

Lampe Calib.

Bouclier radiation
Systeme controle du vide
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zjlVS;_?<.-2�E�Bl:njð5�r�5��qKyr�5lMuZl:xwp���z��jstu��<s�xQnV�<pQ�tl�Ðä�<s�xoÏe�5l
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z���njð5�r�5��qKyr�5l
zjlozj�rpws��2laí

+-,b+-,#* + ��;a-Û(,+�;2- & � ?á1��-,�15/�.É&)/�(,+ �-B�1��
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£´lr���tlr���5lSÏ��jsE���<�I���jxws.�o�7�OnjðV��uZl¨z.{����B�Blrnjx��<�5�Bl
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Sans turbulence
Boucle fermee (10.5 mag)
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Boucle fermee (18.5 mag)
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Mode Gauffre NACO

0.5"@1.6 microns
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zjlBu¨z�stuZÏe�5lBuTzjlOnI���5uZuZstyrpZlBu¨lrxTzjlBuT�B��qMnV�<Êa�5���5uTÐä�<s��j�tlBuQ�<�jxZ���jpTzjl�uZ���jpZ�BlBu¨�jpws����7�<�exZlBu@íI���7��ó@�<��xS�j�
uws�qMnj�tlMq©��uZÏe�5lMz.{¬�e�B�r�j��x��<xwst����zjl 6 8$Z M M �.z5�<�5uo�tl�nj�7�<�¦Ðä�e�@�<�0�]n]���jpo�V�<stuZuZlrpo�tl�p��<njn]��pwx
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�B��pZ���5��Êap��<njðjstlQuwxZlr���7�<s�pZlT�Onjpwstu
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�7�[ñ5Êa�jpZlb�aí��a�'Í �exwpZ�ez��5�rxwst���E¥>í'�'�<p��<���tyr�tl>�
qKlr��xo�<�bzj�r�2lr�t��njnIlrqKlr�exozjl
�BlrxwxZlOxZlB��ðj�jstÏ��5l:�B���jnj�t�Bl��K�0{}|�~Rn]���jp��tlBu�Êap��<�5zjuTxZ�r�tlBuZ�B��n]lBuS�<�¡uZ���0�
�tl�xZ�r�tlBuZ�B��n]l�uwnV�<xws7�<� �Q³ Á@Á qt¹T¼a·jº r�¹,HI¹aq�¹ Â rZ¶¸·5¹M¢ÆËQ¤�Ô¨¥��O�rxZ���<�5uZuws5�BÏe�js�nI��z.{ s��5uZxwpw�jqKlr��xZu´�B��pZ���5��Êap��d�
njðjstÏ��5lBu@�5xZlr�)ªTÍwÈ´�¦|o¤©ÐÆ���5�rxwst���j�V�<�exTlr�bÍÉî
�jlrx�zjlrpw�jstyrpZlrqKlr�ex@�E~¨È�¤±lrxQ¤�Ô�Í�¤±z5�<�5u��tlo�estuZs��j�tlaíVÈ´lBu
s��5uwxwpw�jqKlr��xZu����exÑnIlrpwqMstu´�7��zj�rxZlB�rxwst����zjl¨nj���5uwstlr�jpZu�z�stu�Ï��5lBuÑzjlTnI���5uZuZstyrpZlBuIF¦��st�rxZ��pwstuO¢Æ�����js����tlrx�lrx
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temps d’integration minimum

taille pixel

Detecteur
linearite, RON

Observation
bande
magnitude de l’etoile
mode d’observation 

diametre, obstruction centrale
Telescope + AO system

conditions de turbulence atmospherique
correction OA (FEP)

emission thermique et RON

Comportement des bruits
Speckles, photons

Prediction du contraste
sources ponctuelles et etendues

Configuration observationnelle et estimation du contraste

temps de lecture
rendement quantique
transmissions optiques, filtres

transmissions optiques
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º3ËQ¦U ½¼I���� ²��¼�¨G¦U£½¦¬¡o¢i ½«
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Fig. 1. RASS XLDF for stars from Zuckerman & Webb (2000): (a)

probable members with any spectral type, (b) probable members with

late spectral type. See text for a description of the samples.

have spectral type A. For A type stars no mechanism producing

X-rays is known, consistent with our finding that all A stars in

Tucanae are undetected in the RASS. O and B stars can generate

X-rays in shocks associated with their strong winds. None of

the B stars from our sample is detected in the RASS, but one

B star is detected in a PSPC pointing. For late-type stars with

convective envelopes of substantial depth (starting from ∼ F5;

Walter 1983) the X-ray emission is thought to be related to mag-

netic dynamo activity. All stars in Taurus-Auriga are TTS, i.e.

late-type PMS stars. Therefore, to obtain homogeneous samples

for the comparison of XLDFs with other star-forming regions

only the G, K, and M stars among the Tucanae members should

be retained. Due to the non-detection of stars earlier than spec-

tral type F in the Tucanae sample, reducing the sample to G, K,

and M stars mainly effects the number of upper limits involved

in the XLDF.

We have reduced the other samples in the same way to G,

K, and M members. In TW Hydrae most stars have very late

spectral types. Only one star, HR 4796A (spectral type A0),

had to be excluded. All TTS in Taurus have spectral types G

and later. The sample of IC 2602 is composed of all stars from

Table 4 in Randich et al. (1995) which are labeled ‘photomet-

ric members’ (flags ‘Y’ or ‘Y?’) and have B − V > 0.6. In

this table the authors give lg Lx for all ROSAT PSPC X-ray

sources in the cluster with optical counterparts. To treat the

multiples among these stars consistently with the other stel-

lar groups we have made use of the Open Cluster Data Base

compiled by C. Prosser and colleagues (available at ftp://cfa-

ftp.harvard.edu/pub/stauffer/clusters). The multiplicities given

in the Open Cluster Data Base are used to derive Lx of the

individual components as described in Sect. 2.1. The member-

ship list in the Pleiades is based on the entries of the Open

Cluster Data Base. For the XLDF computed for comparison

with Tucanae we restrict this sample to G, K, and M type stars
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Fig. 2. Comparison between XLDFs of late-type stars (spectral types

G, K, and M) for different star forming regions as observed by ROSAT:

filled circles - Tucanae, open circles - TW Hydrae, crosses - Taurus-

Auriga, squares - IC 2602, and triangles - Pleiades. See text for a de-

scription of the samples.

which have been observed in any pointed PSPC observation (see

Stelzer et al., in prep. for more details).

The Kaplan-Meier Estimator for the late-type stars of all

stellar groups introduced in the previous subsections is shown

in Fig. 2. All distributions except that of the Pleiades are remark-

ably similar. Particularly, the XLDF of the 30 Myr old IC 2602

cluster and the PMS regions occupy the same region in the dia-

gram. The distribution for TW Hydrae shows the steepest slope,

i.e. smallest spread of luminosities. The narrow luminosity dis-

tribution of the TW Hydrae sample might be explained by two

effects: (i) Since only for four systems the parallax has been

measured, we have adopted a mean distance of 55 pc for the re-

maining stars. Therefore the real spread in distance is probably

underestimated. And (ii) the spectral type distribution is very

homogeneous in TW Hydra. Most stars have spectral types late

K or M, while for the other samples the spread in spectral types

is larger (a substantial number of G and early K stars enter the

distributions). We note, that the distribution of the Pleiades and

IC 2602 have been derived from pointed data, while the XLDF

of Tucanae, TW Hydrae and Taurus-Auriga are obtained from

RASS observations. However, in the displayed luminosity range

the lower sensitivity limit of the RASS should not play a role,

and all distributions should be complete.

The general coincidence of the shape and location of the

XLDF of Tucanae, TW Hydrae, Taurus-Auriga, and IC 2602

suggests that the stars in the Tucanae association are young (10
to 30 Myr). Certainly, their age is well below that of the Pleiades

(108 yrs) whose XLDF is clearly shifted to lower luminosities.

This is also manifest in Table 5 where we give the mean and

median of the X-ray luminosity for all examined samples. The

values presented in Table 5 have been derived with ASURV,

i.e. upper limits have been taken account of. The weakly X-ray

emitting stars of early spectral type in Tucanae reduce 〈lg Lx〉
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CANDIDATE SUBSTELLAR COMPANION TO HR 7329 391

FIG. 1.ÈNICMOS H-band image of HR 7329B. Observations at two di†erent roll orientations (a, b) have been subtracted with HR 7329A behind the
coronagraph (c). The di†raction spikes were masked, and the images were rolled about the primary center and co-added (d), leaving a subsampled image (e) of
HR 7329B.

orientation. A correction factor of 9.66%, determined from
coronagraphic photometric aperture corrections developed
by the NICMOS IDT, was applied to compensate for the
Ñux that fell out of this aperture. The [F160W] magnitude
of HR 7329B is then 11.90 ^ 0.06 mag using a conversion
factor for the F160W Ðlter of 2.19 ] 10~6 Jy ADU~1 s, and
1083 Jy corresponding to an H magnitude of zero in the
Vega system (M. Rieke 1999, private communication) where
the majority of the uncertainty is dominated in NICMOSÏs
calibration in relation to standard stars. The F160W Ðlter is
D30% wider than the ground-based Johnson H-band
Ðlters, which necessitates a careful conversion from F160W
to H band for cool temperature objects. For six M dwarfs
between spectral types M6 and M9 with measured F160W
and ground-based H-band magnitudes, we Ðnd a mean dif-
ference of 0.03 ^ 0.02 mag. For HR 7329B (M7.5) we thus
expect the H-[F160W] color to be about 0.03 mag. Making
this color correction, we estimate an H magnitude of
11.93 ^ 0.06 mag.

The [F187N] magnitude of HR 7329A was determined
using the aperture photometry of the two calibrated target
acquisition images (at each of the two spacecraft
orientations) processed as described in Lowrance et al.
(1999). Within the uncertainties, the two measurements

agreed and were averaged to yield [F187N] \ 5.0 ^ 0.1
mag.

3. STIS

3.1. Observations

HR 7329 was acquired in the STIS slit on 199952@@ ] 0A.2
May 20 and then o†set by in right ascension and0A.95

in declination (based on the NICMOS astrometric[4A.06
results) to place the secondary into the slit. To keep the
primary as far out of the slit as possible, we employed a slit
position angle of so that the line joining the primary252¡.06
and secondary was approximately perpendicular to the slit,
thereby minimizing contamination from scattered primary
light. Spectral imaging sequences were completed in one
orbit with the G750M grating in three tilt settings with
central wavelengths of 8311, 8825, and 9336 with aA�
resolution of D0.55 for total integration times of 340, 172,A�
and 150 s, respectively. At each tilt setting, we executed a
two-position dither of along the slit to allow for the0A.35
replacement of bad or hot pixels, and the exposures were
split for cosmic-ray removal. Thus, we obtained four spectra
at each tilt setting. After each set of four spectral images, we
obtained the Ñat Ðelds required to calibrate the known

4" HR 7329 B
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Fig. 1.—Left: NICMOS H-band image of TWA 5B. Observations at two different orientations have been subtracted with TWA 5A behind the coronagraph.
The inset shows positive and negative images of TWA 5B rotated 297.9 about the primary’s center. Combining the two conjugate images of the secondary by
image translation, the diffraction-limited profile of the companion is seen. The residual light not rejected by the coronagraph appears in two positions from the
translation centered on the hole locations. Pixels inside the hole have been set to gray. The orientation of the image corresponds to the primary on the left, marked
with a star. Right: LRIS image of TWA 5A which has been rotated by 1807 and subtracted from itself. The companion is seen to the north and its conjugate
negative to the south (inset). There is residual light from incomplete subtraction of the diffraction spikes to the east of the secondary. The primary is saturated
(see inset); the saturated pixels have been set to gray.

to the pipeline reduction software CALNICA (Bushouse 1997),
which performs a dark subtraction, fits the multiaccum data
using linear regression, and flat-fields the images. No explicit
background correction was made at this step because the dif-
ferencing of the two coronagraphic images removed scattered
light and any background light. Two additional steps were per-
formed before flat-fielding: one that used the first reads in the
multiaccum sets to estimate the signals in pixels which satu-
rated in later reads, and another that removed an estimate of
the residual DC offsets left after subtracting the dark current.
Following initial calibration, bad pixel values were replaced
by a weighted interpolation with a radius of 5 pixels. The three
multiaccums at each orientation were then averaged to create
final calibrated images. The images from each of the two space-
craft orientations were then aligned and subtracted from each
other, leaving lower amplitude residual noise near the coron-
agraphic hole edge as well as positive and negative conjugates
of any objects in the field of view. The raw data were reduced
independently in a similar manner using the NICRED program
(McLeod 1997).

2.2. Keck

We obtained an I-band ( –0.92 mm) image of TWAl 5 0.73
5 on 1998 February 6 UT on the Keck II 10 m telescope using
the LRIS (Oke et al. 1995) in imaging mode. A short (1 s),
direct image was taken, but even in this minimal integration
time, the primary star saturated, causing some bleeding. Under
the assumption that the LRIS PSF is azimuthally symmetric,
the image was rotated by 1807 and subtracted from itself to
search for possible bright, close secondaries.

TWA 5 was observed on 1997 January 18 UT using the
NIRC (Matthews & Soifer 1994) on the Keck I 10 m telescope.
Two short exposure (0.43 s), direct images using both J
( –1.4 mm) and K ( –2.4 mm) filters were taken,l 5 1.1 l 5 2.0
bias subtracted, and flat-field corrected. Sky subtraction was
accomplished via the standard technique of dithering a few
arcseconds and differencing the two frames.

3. RESULTS

Subtraction and analysis of the NICMOS coronagraphic im-
ages reveal a stellar-like object (TWA 5B) at a separation of

and a position angle of from TWA10.96 5 00.01 17.79 5 07.36
5 (TWA 5A) (Fig. 1, left). This secondary is pointlike with an
FWHM of 00.14 derived from the coronagraphic images, similar
to the primary’s FWHM of 00.15 derived from the acquisition
images. The secondary is also seen in the LRIS (Fig. 1, right)
and NIRC (not shown) direct images at the same position angle
and separation. The positions of the primary and secondary in
the NICMOS images were found by a least-squares isophotal
ellipse fitting process around the PSF core with a radius of 7
pixels to exclude flux from any close objects. Since the target
star is occulted in the NICMOS coronagraphic images, its po-
sition is ascertained from the target acquisition image, which
resulted in independent measurements of each offset and po-
sition from both orientations.

3.1. NICMOS

In order to measure the flux of the secondary in the NICMOS
images, the image conjugates (positive and negative) were sep-
arated after subtraction, then shifted (translated, not rotated)
with bicubic interpolation/resampling to null-out/align the PSF
of the companion. The positive and negative images were com-
bined to produce a reconstructed image of the companion with
the background suppressed except for residual photon noise
(Fig. 1, left).

The magnitude of TWA 5B was measured using a 15 #

pixel square aperture centered on the companion. A cor-15
rection factor of 14%, determined from coronagraphic photo-
metric curves of growth developed by the NICMOS IDT, was
applied to the measured flux to compensate for the flux that
fell out of this aperture. With a conversion factor for the F160W
filter of Jy ADU21 s21 and 1087 Jy corresponding262.20 # 10
to an H magnitude of zero (M. Rieke 1998, private commu-
nication), the H magnitude of TWA 5B is mag.12.13 5 0.05
The photometry of the NICRED reduced images is consistent
with these results with a measured H magnitude of 12.16 5
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FIG. 2.ÈL eft : PSF-subtracted, roll-combined image of TW Hya at F110W; Right : PSF-subtracted, roll-combined image of TW Hya at F160W, both
shown with a natural logarithmic stretch and on the same spatial scale and orientation. This stretch is employed since the disk falls o† as a power law and so
it highlights the outer disk. The size (radius and location of the coronagraph are shown with the central gray circle. The di†raction spikes have been0A.3)
masked in regions where their noise is greater than the disk signal. They have a tapered shape because pixels obscured at one telescope orientation were
replaced with those not obscured at the other orientation.

natural logarithmic stretch in Figure 2. The disk becomes
visible just outside the coronagraph and continues out to a
radius of 4A (D230 AU). The noise computed in the back-
ground of the images is 21.1 and 21.2 mag arcsec~2 at
F160W and F110W, respectively. In the disk, the noise is
dominated by subtraction residuals. The spatial resolution
of these images is at F160W and at F110W.0A.15 0A.12

The di†raction spikes from the stellar cores are particu-
larly sensitive to time-dependent instrument and telescope
variations and never subtract out perfectly. Where possible,
the pixels corrupted by the spikes in images from one tele-
scope orientation were replaced by uncorrupted pixels from
the other orientation. This results in the tapered appearance
of the spikes in the Ðnal images. The spikes were not
masked in the central because, even though they are0A.9
quite noisy, the very bright inner disk of TW Hya can still
be signiÐcantly detected above them in the region from 0A.38
(just outside the edge of the coronagraphic hole) to 0A.9.

The total disk Ñux densities were measured in an annulus
between radii of and 4A (22È228 AU) to be 17.4 ^ 1.80A.38
mJy (12.5 ^ 0.1 mag) at F110W and 21.6 ^ 2.2 mJy
(11.7 ^ 0.1 mag) at F160W. At both wavelengths, the pixels
masked by the di†raction spikes were replaced by the
average value of the Ñux density at their radii and included
in the photometry reported above. The quoted uncer-
tainties are not dominated by photon-counting statistics
but rather by the systematic uncertainty in how to scale the
PSF stars to TW Hya. The measured ratios of scattered to
stellar light are 0.024 and 0.021 at F110W and F160W,
respectively. The surface brightness peaks at a radius of 0A.5
(29 AU) at 4.5 ^ 1.2 mJy arcsec~2 at F110W and 5.7 ^ 1.4
mJy arcsec~2 at F160W and declines smoothly with radius.

To measure any ellipticity in the disk, the radii of seven
independent isophotal contours were calculated as a func-
tion of azimuthal angle in the F160W image. For a more
signiÐcant result, the contours were normalized to a radius
of 1 and averaged in 16 azimuthal bins. The average iso-
phote was Ðt with an ellipse using eccentricity (i.e.,
inclination) and position angle as two free parameters. The
resulting best Ðt had e \ 0.025 ^ 0.014. If this ellipticity is
interpreted as the result of the inclination of an intrinsically
circular disk, the measured inclination is of marginal signiÐ-
cance, but a robust 3 p upper limit to the inclination is 4¡
from face-on.

The azimuthally averaged disk surface brightnesses at
both wavelengths are shown in Figure 3. Between radii of
40 and 150 AU, the disk at both wavelengths is well Ðt by a
single power law, r~2.6B0.1 (the solid lines in Fig. 3). Also
seen at F160W, however, is a ““ wiggle ÏÏ in the surface bright-
ness centered at (85 AU). Beyond 150 AU, the disk falls1A.5
o† more sharply. Within 40 AU, it appears to Ñatten.

To obtain the color of the disk, the images at F110W and
F160W were ratioed. Since the images in the two Ðlters were
taken at quite di†erent telescope orientations, the di†rac-
tion spikes corrupt 50% of the ratioed image. There are no
signiÐcant gradients in the color as a function of radius. The
F110W[F160W color averaged over the pixels free from
di†raction spike contamination is 0.77 ^ 0.10 mag.

Since TW Hya was never observed with the NICMOS
F110W and F160W Ðlters without the coronagraph, the
color of the star at these two NICMOS bands was esti-
mated based on a stellar photosphere model by Kurucz
(1993). The F171M magnitude of the star was measured
from the acquisition images to be 7.39 ^ 0.04 mag from

a) b)

c)
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Fig. 4. IUE Short wavelength spectrum of HD 199143 (top) identifying

the emission lines. For comparison we also show the shifted spectrum

of the bright F8V star HR 963 (bottom), which is clearly devoid of

emission lines.

trum corresponding to the well-exposed (80 min.) image SWP

55183. This spectrum is compared with the spectrum of HR 963

(SWP 52921), which is a typical F8V, high-proper motion star.

In the long-wavelength spectrum the most conspicuous

emission is the Mg ii doublet at 2798.0 and 2802.7 Å, which

is only detectable in high-dispersion exposures. This normally

P-Cygni emission has been shown to be typical of chromospher-

ically active stars and other pre-main sequence (PMS) stars

such as T Tauri and HAeBe objects. The Mg ii doublet from

the well-exposed (110 min.) image LWP 30968 is presented in

Fig. 5 along with the comparison spectrum of HR 963. Note

the self-absorption feature on top of the h & k emissions. The

Mg ii spectrum of HD 199143 resembles that of the T Tauri star

GW Ori (Imhoff & Appenzeller 1987), or that of the “double

emission peak” HAeBe stars classification described by Imhoff

(1994).

4. Analysis

The ultraviolet emission spectrum of HD 199143 is somewhat

peculiar because emission lines such as N v, which corresponds

to a temperature regime of about 2 × 105 K, is rarely present in

PMS stars. Furthermore, lines such as He ii, which has a com-

plex origin, are commonly present in planetary nebulae and in

only a handful young objects. The ratio of the emission fluxes for

C iv to Si iv in T Tauri stars ranges from 2–3 (typical of chro-

mospheric activity) to less than unity (Imhoff & Appenzeller

1987). In HD 199143 this range is from 1.2 to 1.4, compatible

with an origin in a T Tauri star.

Repeated observations with IUE allow us to address the issue

of ultraviolet variability, beyond the instrument flux repeatabil-

ity (3%). Comparisons of the well-exposed section of the IUE

images indicate a variability of 10–20% in the continuum and

20-50% in the emission lines of C ii, C iv, N v and He ii. From

the repeated SWP images taken closely in time, we detected that

flux variability (continuum and lines) was found to be random

and not associated with the period of 1.6 days recently suggested

Fig. 5. IUE Long wavelength high-resolution spectrum of HD 199143

(top) and HR 963 (bottom) centered around the 2800 Å Mg ii doublet

(h & k). The broad photospheric absorption at these wavelengths is

also clearly identifiable. Broad circumstellar emission can be seen in

the case of HD 199143, whereas incipient Mg ii emission lines are

detected in HR 963, typical of late-type main sequence stars showing

an onset of chromospheric activity.

Fig. 6. Observed spectral energy distribution of HD 199143 (circles)

compared to a Kurucz (1991) model for Teff = 6,200 K and log g = 4.3

(solid line).

by Handler (1999), whom classified HD 199143 as a γ Doradus

candidate.

We have searched for infrared emission by checking the raw

IRAS scans at the position of HD 199143 using routines from the

Groningen Image Processing System (GIPSY). In the 12 µm

band, a point-like source is clearly present at the position of

HD 199143. No source was detected at longer wavelengths.

From these data we derive a flux of 0.24 ± 0.04 Jy in the IRAS

12 µm band, and upper limits of 0.12, 0.12 and 0.30 Jy for the

fluxes at 25, 60 and 100 µm, respectively.

Using the newly determined IRAS fluxes and the optical

photometry of HD 199143 by Olsen (1983) and Cutispoto et al.

(1999), we constructed a Spectral Energy Distribution (SED)

of HD 199143, shown in Fig. 6. In this plot we also show UV

fluxes of HD 199143 from archive IUE data. Also plotted is a

Kurucz (1991) model for the photosphere of a F8V star, fitted to

extinction-corrected optical photometry of HD 199143. In the
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Fig. 1. Red spectrum of HD 199143 obtained at the INT. For compar-

ison we also show the spectrum of HD 6111 (F8V) from the spectral

database by Jacoby et al. (1984).

Apart from a multiplicative factor, due to the fact that the nights

in which the spectra were taken were not of photometric qual-

ity, the spectra taken in the different nights were identical. In

Fig. 1 we show the spectrum of Aug. 30, 1998. For comparison

we also show the spectrum of HD 6111 (F8V), obtained from

the spectral database by Jacoby et al. (1984). The resolution of

this spectrum is about three times lower than that of the INT

spectrum. Apart from the differences expected because of the

differences in spectral resolution, the two spectra are identical,

confirming the F8V spectral classification of HD 199143.

High-resolution (0.05 Å pix−1) spectra of HD 199143 in

the Hα (6536–6591 Å) and Na i D (5858–5910 Å) wavelength

ranges were obtained with the Coudé Auxiliary Telescope

(CAT) at La Silla, Chile, on Dec. 16 (at JD 2450432.016) and

Dec. 15 (JD 2450431.016), 1996. The spectra were reduced in

a standard fashion, after which the continuum was normalized

to unity. They are shown in Figs. 2 and 3, together with the

spectra of HR 963 (F8V), obtained during the same night as

the HD 199143 spectra. Apart from a number of very sharp ab-

sorption features due to water vapour in the earth’s atmosphere,

a number of highly broadened (FWHM ≈ 250 km s−1) pho-

tospheric absorption lines (most prominently Hα and the Na i

doublet) are visible in the HD 199143 spectra. The same lines

are present in HR 963, but much narrower, again confirming the

spectral classification of F8. From the photospheric lines we

measure a radial velocity of −9 ± 16 km s−1 for HD 199143.

The wings of the Hα profile appear identical in HD 199143

and HR 963, demonstrating that the broadening of the lines in

HD 199143 is not due to a luminosity classification smaller than

V, but must be caused by a high (a few hundred km s−1) value

of v sin i.

3. Ultraviolet observations

HD 199143 was observed with IUE on several occasions in

1995, under a discretionary program (OD89Z), and the obser-

vatory program (USSBS). Archival data taken by the NC119

program, in November 1992, are also included in our analy-

Fig. 2. High-resolution spectrum of HD 199143 in the Hα wavelength

region. For comparison we also show the spectrum of HR 963 (F8V),

shifted for clarity, obtained during the same night.

Fig. 3. High-resolution spectrum of HD 199143 in the Na i D wave-

length region. We again show the spectrum of HR 963 (F8V) for com-

parison.

sis. A total of 19 archived images are available, both in low-

(1.68 Å pix−1 for SWP, 2.66 Å pix−1 for LWP) and high-

dispersion (25 km s−1, λ ∼ 0.2 Å resolution), which were

secured through the large aperture (oval-shaped: 10′′
× 20′′).

There are 11 SWP camera (1150–2000 Å) exposures all in low-

dispersion, and eight LWP (1800–3200 Å) exposures, of which

six are in high-dispersion.

A preliminary inspection of the short-wavelength data re-

veals an emission spectrum typical of T Tauri, Herbig Ae/Be

(HAeBe) stars and planetary nebulae. The SWP low-dispersion

images present clear emissions in N v (1240 Å), C ii (1335 Å),

Si iv (1394 Å), C iv (1550 Å), C iii (1577 Å), He ii (1640 Å)

and C i (1657 Å). With the exception of a few lines such as N v

and He ii, the emission spectrum of HD 199143 resembles the

spectra of T Tauri stars such as RW Aur and GW Ori (Imhoff

& Appenzeller 1987). In Fig. 4 we present the emission spec-

L
E

T
T

E
R

.0/2143�� H 5 7 : Q_Y���� P < c$IyJ|Lw=?>@Jd�yORCE=?J�>@V|;2F�QGCD=@:BFYH)SEJ C09 t|uYuDt (9'�SDORHy;�Q<O�>@VMXY:BFYH)SEJ�Q<O >POR:BJdC10�r�Q�J
;@IyJ|Lw=?>@J�J|;#=6LNF�k IyOR>?V���LNJMQGCD:�SEJ\QZT VN=@F�:GQBJ\SEJ\>@VWhjVW>?JWHcLWJ Cn� u | ' o�� ,Y~+vNr�x T VMQBOY>@X�:B;?;2JMk6JWHa= SEJ�LWJN=2=?J�>POR:BJ�JN=
SEJeHcFYk�Ac>@JMCc;2J|;iOYCE=@>?JM; >POR:BJM; I)�DFY=@Fa;2I)�cVW>?:B`aCDJ|;iJMH�LWFYk6IcOY>?OY:B;@FYH�SDJM; >?OY:GJ|; IDQGCy;6VN=@>?FY:G=@J|;�SEJpCn� u`|9'gJ|;#=
OR=2=@>?:BADCDVWJ IcOY>�~ ORH�SEJWH�l�HcL/��JW>iJN=�ORQZr�o Jx_`_ct|vd�gQBOg>@FY=?OR=@:BFYH�SEJ�QsT VN=?FY:BQGJ8;@CD>�JMQGQBJNfmk9lWk6J�IcQGCE=��R=�`aC^T �gCDHDJ
JM>@>?JWCD>iSEJ\LNQ<OY;?;@: GyLMO
=?:GF�H�SEJ\QGCDk6:BHDF�;@:G=@VgoqJN= SDFYHcL�SEJ\XY>POm@a:G=@V�;2=@JMQGQ<OR:B>?J|vwr�e TWM�e]\^P=< 90:B;2=@>?:GAcCE=@:BFYH�;@IKJMLw=?>?OYQGJ
SUT VWHcJW>?XY:BJ�SEJFCn9 tMu�uDt (9'0FYAc;@JW>�@YVMJ�JMH�}�~�JW= �#��o�u��Ot]u����
v'LNFYk6IcOY>@VMJ�ORC6k6FESE{WQBJnSEJ �4Cc>@CcL�k�IyF�CD> CDHcJ�VN=?FY:BQGJ
SEJ [ �"!#!;3 5%$xN`N � JW=�QGF�X X 3'&�� 88o)(#t]X2o*(�q	�+�6o*,_vwr

½��Z�­�4�W��¨��\�W�)�W�¡�W�.�Z�'²7Ì ÕEªEªkj]Îk�V�>�³�|�4£^£)�W���N�>�\�����B�³���Z�;�V�W���W�|���|�|���>�\�B�v�Z�©·+�4���M�\�B�¡�4��âNé�j�Ó^ÓkjWÔc�
�W�;�Z���W�>�­���Z�\���B�B�D� �Z�Y�@�¹���M�4���Á�4�ß�Y�Z�|��¯W���K�|�4�D�'´µ�W���V�����^�k�V�B�W���W���B���%´ �4� �~�^���|��º4���ß�B�V�D� �Z£^�\�V� §.§
�4���+���\�^²�«¤´ ���4�W�>�|�Rç ���Z�|���V� �4�­�'´µ�W���V����� §.§¼��âNé �^±E�^ã^ÕE�g���|���|�\�B��®Á±¾�Z���W�D���M�4���B�l�W�Ê� �Z�|�;�Z£)���Z�M�D�4�
�lÅW�l�T�l�V�4¿)�W�l�W�M�N�4���V�4���T�>�\�¦âOé�j�Ó^ÓkjWÔc�g� ���B�O�1�~�V�\�����B��®l�|�4�4�I�^�;�W�v�M�\�¦�B�W�|���x�W���V�����¦���V���v�'´ �>·MÇ
�~�V�|�\�W�|���M�\�T�B�V�D� �Z£^�\�V�����B�|�~�V�\�;�Zº4���¦�4�¼�@�Ê¿^�Z�|�@�Zº4���������T»O½è�W�O�4�[�'´µ�=¢g�B¯B�vä æT²

�9	/� - �/.��10�2/.��w�
�Y�435. ���S�����76�683����53��

«��B�­���Z�;�V�W���W�|�����|���M�\�B��� �Z�|�|���W�4����¯W���B�K�4�ÁâOé�j�Ó^ÓkjWÔc���W� âNé �^±E�^ã^ÕE���W�­��� � �Z�����>�\�Á�B�B� �4�W�g¢
���V�4���B�B�¡�4�4���;���W�M�.ÅW�|���N���B�³�4���W�D���W���¡�l�W�Tº4���B�v�%´ �4�\�N�4���\�¡�@�Z�|£)�¼�V�����+�W�@�Z�|���V�­�K´µ�V�>�.���\�W�����¼®T���Y�Z£)�W�
�'´µ�W�>¿>�����V�4�\�W�l�W�>� ¬.Ä��4� �B�B�1�4�W�g¢Æ�W���V�����B�l®ß�'´Ã�Z���4���%´ ���\�|�|�|�4�l�W�>���l®�â¼¬Ë�W�ÊâOæO¨x²�Ð\´Ã�Z�¡�4�V�\� �;�=Ç
���B�W�|���V�4�\�T�4�|���V�|���;�Z�����W�l�W�M�¼�B�B�v���V�4���B�B�v�\�Z�\�����¦���V�g���¦�%´ �4�\�¦�4�W�Y�Z�\�4�x�4�¼���W�D�\�v�|�4���'´ ���\�|�|�|�4�l�W�M�
¨Né¦ª �Oä|Ä !^Ä+âO¨Næ� �ä�ä��g�����W���B���B�V�I�N�4���g²Ãã�� �4���'´ �kÄ4ª�®x«!�DÄ>�����@�g² �O�V�\�³���B�.�B¿)�V�\���Vº\���W�|¿)�B�B�³���B�vÕ
�W�i�OÂÒ�4���ÁÕEªEªkj[�4�4�������B��ÕE�1�W�OÕ^Ó1�+�W���Vº4���TÕEªEªkj^²

é[�Z�\�����¡���V�g���¡�%´ �4�\�.�4�W�Y�Z�\�4�.�4�³���W�D�\�����\�4�W�I�W�\�\�Z�>���^�)ÐM�B·M� � �Z���g� �Z� �:9 
³�;�Z�\�4� �)�W��Ì ÕEªEªkjWº7Î
�V�>�¡�Vº\�;�W�|¿)�N�B�B�¡�4�W�g¢­�;�V�4���B�B�¡��¿)�B�N�����lÅW�l�N���\�|�|�|�4�l�W�>�v�M�\�W���>�\�B��ÂÒ�V�4���³�4���\�³���V���M���6�kjN�Y�Z�~ÕEªEªkj
�W�l���)¦�;"<�ÂÒ�4��� ÕEªEªkj^²¤äÝ���D���V�M�Y�4�V�\�K���B�D�4���W�D���W���­®Ñ��¿)�V���Y���W¿)�W���ß�@�¾�4���B���W�\�B���4�K�4�W�g¢��~�^���|��º4���B�
�B�V�D� �Z£^�\�V�\���Z�4���V�4�v�4�[�;� �V�W�4�\�¼�4�B�³�W���V�����B�]²+å�� �Z�|�|���v�4���@�x�4�\�V���V�l�W�|�|���¦�4�NâOé j�Ó^ÓkjWÔc�1¨��W� 
[�
ÐM��·M� � �Z���g� �Z� �=9 
³�;�Z�\�4� �)�W�ÊÌ ÕEªEªkjWº7Î.�l�W�|���W�M�[�W�Á�W¿+���4�W�\�B�¼�4�\�T�B�V�4���W�4�1Ì �?> � 	 ¦gn �%$A@ ¨kn¤¨%
)Î
�|��¯B�O���D�I�V�|�;�Z�>���T�~�V�4�v���x���Z�\�g���\�Z�O�B�V�D� �Z£^�\�V� Ì'¬.¬.Î.âNé j�Ó^ÓkjWÔc� 
[²\é1´Ã�Z�4��¯B�O���¼�l�>�4¯W���x�W¿)�V���4�|� �

v¬³¨NâNÓE�g�.�B�W�|���Ñ�B�V�4���W�4�K���¹�4�@�V�B�W�;�Z���Á�\�Z�\�����¹���W£^���l�Ñ�4�¹�Y�V�����Ñ�4�B���4�@�Z�\¯W���B��²vÐ>�B·M� � �Z���g� �Z� �
9 
³�;�Z�\�4� �)�W�ÑÌ ÕEªEªkjWº7ÎY�|�4£^£)¯W���W�>�ß�Z���V�����>�\�K�@�Æ�4���B���W�\�B�¾�4���~�V�\���|��¯W���B���k�W�­�4���\� �=¢g�4�����W�����W�l�W�M�



� � � � ���'� !#� � � ���+��� �K�n"������0!#"E%�&�����&0��(�&0� ��� �W��

����
�� ��� �K���

KJ

E

N

HD 199143

KJ

E

N

HD 356823

1"

1"

.0/2143 � H � 7��-k�ORX�JM;�ln9 I (��yc \`c[Cnl0� > �2��JWH�AcORHySEJM;K}�JN=��	��SEJ~Cn9�t|uYuDt (9'4JW=�SDJWC09 ' T7, | J '4FYAE=?JWH$CDJM;
QGJSJn�#CD:BHdJx_`_ct+OYC\=?VWQBJM;?LNF�IyJdSEJ 'cr |Yk SEJdQZT 
�c I �6x_O�c$:BQBQBOcr

�%´ �4���g�����M�\�¹�W�����W�4�1Ç©���B�B�V�\�\�Z�����^���B�V�M�|�|��º4�\�W�;�Z���¾�Z�"���V�4£^�����;�W�l�W�M���4�¹�B�W�K�VºgÂ|�W��²³§��V�4��� � �V���]�¡�\�^�
�Vº\���W�|¿V�Z�|���V�\����´µ�V�M�v� �V�O�B�V�gç\�|�l�¦�B�¼���B�|�4���;�Z��²

�9	�
 � 6�.��w�
��3 ����� ��� 2S����3��Y�w�����:3 2�� .����76���3���� �� � !� � 
#"

å%$�&('*)*+,'.-0/213+,43&(56/217-0/¾âOé j98:8kj<;c�>=?/<) 
�@�ACB0)D/<EGFH/217IJ/217KL/<)��.MNF0+,EOKEªEªkjP$0F0+J1QIJ/217KE�
/<)RK:8SAUT<)DACB0'D/>KEªEªkj:@VIJ/21R-0ACE0EHW2/21R$0XHAC)DAC4YW<)*'*+JZGFH/21[-0/L\Oé j98:8kj<;c� 
]1D/L1DACEG)^'DW<_6W<IJW2/21`1*+,5:E0+ba
c T9&()*+,_6/<4Y/<EG).-d+befW<'D/<EU)D/217-0/^T2/<I,IJ/21Q-0/PgG&9hG& � &('D-dX�&(E�& 9 
i'j&(EH-0/ �6/<'[klKEªEªkj<Bnm3&9_6/2TPF0EH/^T2ACF0IJ/<F0'
k � > � 	 ¨kn � ¦ @ ¨kn¤¨��6mpoqgHrs&(+t-0ACEHTY/puv$0IJAC'DWY$0I,FH1*+J/<F0'D1!$0+J1*)D/21w1*FH1DT2/<$0)*+,B0IJ/21w-	rx/puv$0I,+JZUFH/<'yT2/<)*)D/Y-d+bz{a
z|W<'D/<EHT2/:o~}qACF0)w-	rs&(BfAC'D-	@	I�r F0EH/Y-0/21!1jACF0'DT2/219@~\��)j98:8kj<;c�P=�ACF 
�@	$f/<F0)!�<)*'D/�$0XHAC)DAC4YW<)*'*+JZUFH/<4Y/<EG)
_C&('*+�&(B0IJ/:o0}qACF0)D/pz|AC+J19@HF0EH/�_C&('*+�&()*+JACE�-0/\¥�¨kn 
%$w43&(5:E0+,)*FH-0/w1D/<4yB0IJ/�-d+r53T<+,IJ/<4Y/<EU)V+,43&(5:+,E�&(B0IJ/y&(F._vF
-0/21�ACBH1D/<'*_C&()*+JACEH1�-0/�_:&('*+�&(B0+,I,+,)DW�$0XHAC)DAC4YW<)*'*+JZGFH/3T2ACE0EGFH/21y&CT<)*FH/<I,IJ/<4Y/<EU)Qk���&('*$f/<EG)D/<'!/<)!&(I�o	KEªEªkj�mpo
g6/Y4Y/Y1DF0+J1y-0ACEHT3/<EH1DF0+,)D/3AC'*+J/<EG)DW�1*F0'yF0EH/3/<'*'D/<F0'wT9&(FH1DW2/�1DAC+,)!$�&('yF0EH/�-d+befW<'D/<EHT2/�-0/�)*'j&(+,)D/<4Y/<EG)
-0/21!&(I,56AC'*+,)*X04Y/21y-0/�-0W2T2ACEG_6ACI,F0)*+JACE~@ �*� � "�k|gG&9hG& � &('D-dX�&(E�& 9�
i'j&(EH-0/ �6/<'wKEªEªkj<Bnm�/<) � � � ��
 � �
k{EHAC)*'D/!W2ZGF0+,$f/�mp@H1DAC+,)�$�&('VF0EH/!T2AC'*'D/2T<)*+JACE^-	r���=�-d+be	W<'D/<EG)D/y/<EG)*'D/!IJ/21V-0/<FduwM*/<Fdu7-	rxACBH1j/<'*_C&()*+JACEH19o

��������� �����d�~�6�G�_�v�6���?! ���|�Q�¡ �¢�£�¢�¤¥��!q���d�G�l�6� �
¦�� ���§£�� ��¢�¨d��! �q�©£�¦��:���?!
gHrs&(+�-0ACEHT�4Y/<EHW�+JT<+
F0EH/�&(E�&(I,hd1D/�1*F0'�I�&�ZUF�&(I,+,)DW�-0/21�+,43&(56/21�-0/wEHA:1�ACBH1j/<'*_C&()*+JACEH1�/<)�-0/�T2/<I,IJ/21

-0/PgG&9hG& � &('D-dX�&(E�& 9 
i'j&(EH-0/ �6/<'`klKEªEªkj<Bnmpoiª©& c 5:F0'D/^Kdo¤�[+,I,I,FH1D)*'D/PI�&«T2AC4�$�&('j&(+J1DACE¥-0/^T2/213-0/<Fdu
ACBH1D/<'*_C&()*+JACEH1¬-H&(EH1�IJ/!T9&C1V-0/21�B�&(EH-0/21 ��@ �­/<)�® �>o0¯°I©&($0$�&('j&9 J)¬T<I�&(+,'D/<4Y/<EU)�ZUFH/�I�&�T2AC'*'D/2T<)*+JACE`/21*)
B0+J/<EP$0I,FH1�$�&('*)*+J/<I,IJ/�-H&(EH1�IJ/21¬ACBH1D/<'*_:&()*+JACEH1¬-0/!gU&2hG& � &('D-dX�&(E�& 9 
i'j&(EH-0/ �6/<'�klKEªEªkj<Bnmp@HEHAC)j&(4�4Y/<EG)
-H&(EH1�I�&�B�&(EH-0/ �±A��P/<I,IJ/!/21D)�1*FH1DT2/<$0)*+,B0IJ/!-	rx�<)*'D/�I�&�$0I,FH1�43&(F0_C&(+J1j/:o



��� � �����	��

������
�
���� ����� ��������������� ��� �����! "���� "#��%$&� � �	��' �����)(���*+(�

����

���

(Chauvin et al. 2002)(Jawardhana & brandeker 2001)
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2 ONERA, Département d’Optique Théorique et Appliquée, BP 72, 92322 Châtillon Cedex, France
3 Laboratoire d’Astrophysique, Observatoire Midi-Pyrénées, BP 826, 65008 Tarbes, France
4 Imperial College of Science, Technology and Medecine, Exhibition Road, London SW7 2AZ, England, UK
5 DSM/DAPNIA/Service d’Astrophysique, CEA/Saclay, 91191 Gif-sur-Yvette, France
6 University of California Berkeley/Center for Adaptive Optics, 601 Campbell Hall, Berkeley, CA 94720, USA
7 Jet Propulsion Laboratory, Mail Stop 183-501, California Institute of Technology, 4800 Oak Grove Drive, Pasadena,

CA 91109, USA

Received 26 February 2002 / Accepted 30 July 2002

Abstract. We present new, high angular resolution images of HD 199143 in the Capricornus association, obtained with the

adaptive optics system ADONIS+SHARPII at the ESO 3.6 m Telescope of La Silla Observatory. HD 199143 and its neighbour

star HD 358623 (separation ∼5′ away) have previously been imaged with adaptive optics. For each star, a companion has been

detected in the J and K bands at respective separations of 1.1′′ and 2.2′′ (Jayawardhana & Brandeker 2001). Our new photometry

of HD 199143 B suggests that it is a M2 star and that the presence of circumstellar dust proposed by van den Ancker et al. (2000)

is no longer necessary. We show that the 12 µm flux detected by IRAS previously interpreted as an IR excess, can be explained

by the presence of the late-type companion.

Key words. stars: imaging – binaries: general – stars: low-mass, brown dwarfs – stars: pre-main sequence

1. Introduction

During the last few years, the nearby young stellar associa-

tions have become important targets for studying disk evolution

and planet formation (Jayawardhana & Greene 2001). Indeed,

their proximity (typically closer than 100 pc) makes them ideal

to observe the close circumstellar environment. Their youth

(around 10 Myr) implies that planets may have already formed

and that circumstellar disks may be optically thin and show

evidence of spatial structure such as rings and gaps. The re-

cent observations of the TW Hydrae Association (Kastner et al.

1997; Webb et al. 1999) or the Tucana Association (Zuckerman

et al. 2000; Zuckerman et al. 2001a) have revealed the exis-

tence of low-mass companions or circumstellar disks in these

young and nearby open clusters. These detections are cru-

cial to constrain the current models of proto-planetary sys-

tems formation and evolution. Searching more deeply into the

close circumstellar environments of known associations and

prospecting for new open clusters is clearly needed. The two

physically bound stars HD 199143 and HD 358623 have re-

cently been presented as a new possible young association

(the Capricornus Association), located at ∼48 pc and aged at

∼10 Myr (van den Ancker et al. 2000). They also have been

Send offprint requests to: G. Chauvin,

e-mail: gchauvin@obs.ujf-grenoble.fr

associated recently to the Beta Pictoris Group by Zuckerman

et al. (2001b). Spectroscopic observations have revealed the

presence of ultraviolet and IR excess for HD 199143 which

were attributed to the presence of an accretion disk around an

hypothetical T Tauri-like companion.

To test these interpretations, high resolution imaging was

needed. The first adaptive optics (AO) observations of the

Capricornus association were carried out on 2001, May 31th

and June 1st. Two companions were resolved around both

HD 199143 and HD 358623 (Jayawardhana & Brandeker

2001). In the case of the binary system HD 199143, the (J−K =

1.37) color observed for HD 199143 B was attributed to the

likely presence of a circumstellar disk. We present in this pa-

per new results in J, H and SK (short K) bands for this source,

which lead to a different interpretation of the spectral type of

HD 199143 B and the possible existence of a circumstellar disk

around this companion.

2. Observation and data reduction

The observations were conducted at the La Silla Observatory

on the 3.6 m telescope on 2001, June 2nd and 3thd and October

28th and 29th. The AO system ADONIS combined with the

SHARPII camera was used to observe HD 199143 in the near

infrared broad bands J, H and SK. A plate scale of 0.05′′/pixel

(field of view of 12.8′′ × 12.8′′) was chosen. In June, about
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100 frames were taken with individual integration times of 0.4 s

in J, 0.3 s in H and 0.3 s in SK with a seeing ranging from 0.85′′

to 1.5 ′′ in V band. In October, we obtained 100 frames of 0.2 s

in H and SK and 100 frames of 0.3 s in J under good seeing

conditions (stable at 0.9′′).

The reference star HD 198420 was observed to estimate

the PSF in each band during both periods. We also observed

the stars S055D, S294D and S209D, taken from the HST pho-

tometric standards catalog, to estimate the PSF and obtain

the near IR photometry of HD 199143 A and its companion

HD 199143 B.

The data were corrected from detector and sky background

effects (bias, flat-fielding and badpixels correction). Then, the

myopic deconvolution algorithm MISTRAL (Fusco et al. 1999;

Conan et al. 2000) was used to obtain the flux ratio and the

separation of the system HD 199143. MISTRAL allows the

restoration of both the object and the Point Spread Function

(PSF). This technique is called “myopic” deconvolution be-

cause it accounts for the uncertainties and variability of the

PSF through the use of several images of a reference star. The

a priori knowledge of the object structure (multiple star) is

also used. Figure 1 presents the result of the deconvolution on

J band images.

3. Results and comparison to previous data

Based on the observations obtained in October 2001 (under the

best photometric and seeing conditions), we derived the pho-

tometry of HD 199143 A and its companion HD 199143 B in J,

H and K bands. To obtain the photometry in K band, we had to

consider a correction factor to convert the flux from SK to K for

both stars. We took into account the spectral transmissions of

both filters and the difference of spectral type between the sci-

ence object (F8V star HD 199143 A and M2 star HD 199143 B)

and an A0V star. In both cases, this factor was smaller than

0.004 mag and therefore neglected. The separation between the

two components was estimated by MISTRAL at 1.074±0.004′′

(consistent in J, H and K for observations of June and October

2001). The new photometric results are reported in Table 1.

The contrasts between HD 199143 A and B during the three

AO observations are also compared in Table 2. Jayawardhana

& Brandeker (2001) used the myopic deconvolution algorithm

IDAC for their data set. For HD 199143 A, our results are con-

1’’

N

E

Fig. 1. Left: ADONIS image in J band of HD 199143 A and B

(the pixel scale is 50 mas). Right: resulting image obtained with the

MISTRAL myopic deconvolution algorithm.

Table 1. Photometry of HD 199143 A and B (October 2001).

Sources J H K

(mag) (mag) (mag)

HD 199143 A + B 6.19 5.90 5.82

HD 199143 A 6.27 6.02 5.95

HD 199143 B 8.95 8.35 8.14

Table 2. Comparaison of actual contrast observations between

HD 199143 A and B.

Epoch ∆J ∆H ∆K Dec Algo.

01/06 a 3.25 ± 0.04 − 2.21 ± 0.03 IDAC

02/06 b 2.67 ± 0.05 − 2.16 ± 0.02 MISTRAL

29/10 c 2.68 ± 0.03 2.33 ± 0.01 2.19 ± 0.02 MISTRAL

a (Jayawardhana & Brandeker 2001).
b (this paper).
c (this paper).

sistent with the values obtained by Jayawardhana & Brandeker

(2001) respectively J = 6.23 ± 0.04 and K = 5.90 ± 0.03 if

we consider our photometric uncertainties of 0.04 mag. These

results are also consistent with the photometric values de-

rived for unresolved observations of HD 199143 presented by

Oudmaijer et al. (2001).

But, interestingly, the contrasts we measured between

HD 199143 A and B at J band are significantly different from

those measured by Jayawardhana & Brandeker (2001) as we

will discuss in the next section.

4. Discussion of contrast estimation

In the case of HD 199143 B, our photometry presented in

Table 1 is different from the one presented by Jayawardhana

& Brandeker (2001) as we found a significant difference of

contrast in J band. This difference is supported by the results

obtained in June and October 2001. Instrumental effects can

be dismissed because the observations were taken with the

same instrumental configuration (ADONIS+SHARPII) on the

ESO 3.6 m telescope. Uncertainties in our photometric mea-

surements cannot be the source of this 0.57 mag difference

since our K-band measurements are in perfect agreement be-

tween the two observation dates (02/06 and 29/10). Moreover,

the J and K band contrast measurements that we obtained be-

tween HD 358623 A and HD 358623 B are consistent with the

results of Jayawardhana & Brandeker (2001) as presented in

Table 3. In this case, the separation between the two compo-

nents is estimated at ∼2.2′′ and is more favorable for the de-

convolution. We propose to investigate the two causes which

may be responsible for this discrepancy: the variability of the

stars and the two myopic deconvolution algorithms used IDAC

and MISTRAL.



������� ' � � �  ���)' � ' ��� ' $�( � (�� $
	�# �º' #��Í��#�� ( � *+(�

����
�� ��� � �¢�

G. Chauvin et al.: No disk needed around HD 199143 B 221

Table 3. Comparaison of actual contrast observations between

HD 358623 A and B.

Epoch ∆J ∆K Dec Algo.

01/06 a 1.81 ± 0.08 1.67 ± 0.06 IDAC

02/06 b 1.75 ± 0.06 1.67 ± 0.05 MISTRAL

a (Jayawardhana & Brandeker 2001).
b (this paper).

4.1. Variability or flaring

A first explanation might be the photometric variability of

one or both stars in this sytem; this phenomenon is relatively

frequent for young T Tauri stars. However, Carpenter et al.

(2001) have observed near-infrared photometric variability of

Classical and Weak T Tauri stars toward the Orion A molecular

cloud. The mean peak to peak amplitudes they detected were

∼0.2 mag, less than the present difference of 0.57 mag. In addi-

tion, even if the case of a flaring star is considered, a variability

observed in J band would also be expected in K band which

is not the case. Consequently, it is unlikely that this difference

originates from stellar processes.

4.2. Deconvolution algorithms

The discrepancy of the J band photometry is present between

two distinct data sets deconvolved with two different deconvo-

lution algorithms MISTRAL (that we used) and IDAC (used

by Jayawardhana & Brandeker 2001). We first investigated the

difference in the image quality of both observations as shown in

Fig. 2. Jayawardhana & Brandeker (2001) kindly shared their

data to conduct this analysis. The AO correction in their ob-

servations is low compared to our data (due probably to worse

weather conditions). Our observations are then more favorable

to perform myopic deconvolution and deduce the photometry

of HD 199143 B (see Table 1). If we perform deconvolution

with IDAC on our observation, the results are consistent with

MISTRAL deconvolution results (see Table 4).

In the unfavorable case of a low AO correction, we can still

perform deconvolution but the regularisation on the PSF and

the object needs to be done cautiously. The results obtained

with MISTRAL and IDAC on Jayawardhana & Brandeker

(2001) observations are also presented in Table 4 and show that

this regularisation seems to be responsible for the discrepancy

in J band.

5. Astrophysical results

5.1. HD 199143 A

With our new photometric measurements, we have investigated

the evolutionary status of HD 199143 A. Figure 3 shows the

colors of HD 199143 A overplotted on the isochrones provided

by Baraffe et al. (2002). We thus derive the two possible stellar

parameters of this star. The results are presented in Table 5.

These parameters are consistent with an expected F8V

spectral type (Schmidt-Kaler et al. 1982; van den Ancker et al.

2000). The age found for HD 199143 A is older than 18±2 Myr

Fig. 2. Left: ADONIS images in J and K band of HD 199143 AB ob-

tained by Jayawardhana & Brandeker (2001). Right: ADONIS images

we have obtained in J and SK. The images are scaled to the same pixel

scale (35 mas) and the same integration time (1 s).

Table 4. MISTRAL and IDAC results compared for the observations

obtained by Jayawardhana & Brandeker (2001) in (01/06) and our ob-

servations in (29/10) in the case of HD 199143.

Epoch ∆J ∆K Dec Algo.

01/06 a 3.25 ± 0.04 2.21 ± 0.03 IDAC

01/06 a 2.73 ± 0.1 2.14 ± 0.1 MISTRAL

29/10 c 2.72 ± 0.05 2.25 ± 0.05 IDAC

29/10 c 2.68 ± 0.03 2.19 ± 0.02 MISTRAL

a (Jayawardhana & Brandeker 2001).
c (this paper).

when compared to the estimation reported by Jayawardhana &

Brandeker (2001), but in reasonable agreement if we consider

the uncertainty of the color measurements and of the stellar

model we used. If we consider the evolutionary tracks MK ver-

sus J − K and MH versus J − H which most constrain the age

of HD 199143 A, we see that this object is likely to be aged of

25 Myr. However, an age of 31 Myr is still possible according

to the uncertainties. We then considered both ages to derive the

stellar parameters presented Table 5.

5.2. HD 199143 B

From the color analysis proposed by Jayawardhana &

Brandeker (2001), HD 199143 B appeared to be extremely red.

They attributed the strong J −K color of 1.37 mag to an IR ex-

cess caused by a circum-secondary disk around HD 199143 B,

as first suggested by van den Ancker et al. (2000) based on

12 µm IRAS excess. Our more recent observations (Table 1)
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Fig. 3. Comparison of evolutionnary tracks given by Baraffe et al.

(2002) representing absolute Magnitudes versus colors with the mea-

surements of HD 199143 A (circle) and HD 199143 B (triangle).

Uncertainties on the colors measurements are also overplotted. We

supposed that the system was located at 48 pc with no extinction

(van den Ancker et al. 2000; Jayawardhana & Brandeker 2001).

fail to support the need for this interpretation as HD 199143 B

is significantly less red (J − K = 0.81). As we suppose

that the components HD 199143 A and B are coeval, the

HD 199143 B age is 25 or 31 Myr. Using the evolutionary

Table 5. Stellar parameters derived from the isochrones provided by

Baraffe et al. (2002) for an age of 25 Myr and 31 Myr.

Age of 25 Myr

Source M Teff log(g) L

(M�) (K) (L�)

HD 199143 A [1.2, 1.3] [5770, 5990] [4.17, 4.29] [2.18, 2.23]

HD 199143 B [0.57, 0.6] [3622, 3651] [4.46, 4.45] [0.08, 0.09]

Age of 31 Myr

Source M Teff log(g) L

(M�) (K) (L�)

HD 199143 A 1.3 6046 4.28 2.24

HD 199143 B [0.6, 0.62] [3661, 3683] [4.51, 4.50] [0.08, 0.09]

model of Baraffe et al. (2002), we derived the stellar parame-

ters for HD 199143 B as for HD 199143 A. The results are pre-

sented in Table 5. These values are consistent with the IR col-

ors of a M2 star according to the color table given by Kenyon

et al. (1995). The presence of circumstellar matter is no longer

needed to explain the color measurements of this object.

6. Origin of the 12 µm excess

If a circumsecondary disk is no longer needed to explain the

near-IR observations of HD 199143 B, one question is still

unsolved: what is the source of the 12 µm excess detected by

van den Ancker et al. (2000) from IRAS data? In their spectral

analysis, van den Ancker et al. (2000) fitted the optical mea-

surements of the HD 199143 A+B by a single Kurucz spectra

(Teff = 6200 K and logg = 4.3). Extrapolating this spectrum

to IR wavelengths, they deduced the existence of an IR excess

only at 12 µm of 0.24 ± 0.04 Jy. At 25, 60 and 100 µm, re-

spective upper limits of 0.12, 0.12 and 0.3 Jy were obtained

from IRAS data.

If we now consider that HD 199143 is a binary system

with a F8 primary star and a M2 companion, the spectral con-

tribution of the two stars can be adjusted using optical and

near-IR measurements. Figure 4 shows Kurucz (1991) spec-

tra of a 5900 K star for HD 199143 A and of a 3600 K star

for HD 199143 B. Their sum and observed measurements (cir-

cles) are also plotted. If we compare the sum of the two spectral

contributions of HD 199143 A and HD 199143 B to the IRAS

measurement at 12 µm, the IR excess is no longer obvious.

Indeed, considering the uncertainty on the IRAS flux, the spec-

tral sum of the two components is consistent with the value of

0.24 ± 0.04 Jy. Therefore, the IRAS 12 µm observation can be

explained by a late spectral type for HD 199143 B. Hence, the

presence of dust in this system is no longer necessary to explain

near-IR and mid-IR measurements.
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Fig. 4. Observed fluxes of HD 199143 A and B in optical, near-IR and

mid-IR (circles) compared to Kurucz spectra of a 5900 K star, of a

3600 K star and of their sum.

7. Conclusions

We have presented new adaptive optics images of the binary

system HD 199143 AB from the Capricornus Association.

They confirm the two components of this source, as resolved

by Jayawardhana & Brandeker (2001), but return a different

contrast in J band. We discussed the possible causes of this dif-

ference (photometric variability, AO correction, deconvolution

algorithms). By comparing the results obtained with IDAC and

MISTRAL deconvolution techniques, we found that the data

are consistent with observations obtained under good AO cor-

rection. For less favorable conditions, the regularisation of the

PSF and/or the object in the deconvolution process is critical

and may be responsible for the discrepancy between the two

algorithms on the observations of Jayawardhana & Brandeker

(2001).

Our new results confirm the F8 spectral type of

HD 199143 A but derive different characteristics for its

companion HD 199143 B. From our observations, we have

deduced that HD 199143 B is more likely to be a M2 star.

From the evolutionnary model of Baraffe et al. (2002), we have

derived the stellar parameters for the two stars and found an es-

timation for the age of the system between 25 Myr and 31 Myr,

slightly higher than Jayawardhana & Brandeker (2001). We

have also found that the IR excess at 12 µm is no longer needed

because the spectral sum of the components HD 199143 A

and HD 199143 B was consistent with the IRAS flux of

0.24±0.04 Jy. Consequently, we conclude that the existence of

the late-type companion HD 199143 B can explain the present

near-IR and mid-IR observations.
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Table 6. X-ray parameters in the 0.08–2.0 keV band for the TTS in MBM12

Star RASS Pointed Obs.

Counts Rate Counts Rate NH/1021 kThigh kTlow χ2/dof fx/10−13 logLx

[cts s−1] [cts s−1] [cm−2] [keV] [keV] [erg s−1 cm−2] [erg s−1]

RXJ0255.4+2005

“ ” total 17 ± 5 0.04 ± 0.01 1719 ± 52 0.067 ± 0.002 0.86 0.89 0.08 39.7/34 7.81 29.60

“ ” pre-flare · · · · · · 524 ± 29 0.043 ± 0.002 0.49 0.88 0.11 9.2/9 4.12 29.32

“ ” flare · · · · · · 368 ± 22 0.22 ± 0.01 0.18 1.69 0.30 9.5/6 20.1 30.01

“ ” post-flare · · · · · · 781 ± 35 0.071 ± 0.003 0.27 1.14 0.24 10.7/15 6.96 29.55

LkHα262/263 · · · · · · 340 ± 21 0.016 ± 0.001 2.65 0.97 0.16 6.29/8 2.01 29.01

LkHα264 · · · · · · 89 ± 12 0.0043 ± 0.0006 · · · · · · · · · · · · 0.47 28.39

E02553+2018 9 ± 4 0.04 ± 0.02 575 ± 34 0.036 ± 0.002 8.21 1.05 0.10 16.5/16 5.03 29.41

RXJ0258.3+1947 · · · · · · 182 ± 16 0.0079 ± 0.0007 8.42 1.14 0.13 2.63/2 0.86 28.64

S18 6 ± 3 0.03 ± 0.01 · · · · · · · · · · · · · · · · · · 3.30 29.22

RXJ0306.5+1921 12 ± 4 0.03 ± 0.01 · · · · · · · · · · · · · · · · · · 3.30 29.22

Fig. 8. The X-ray luminosity function for the TTS in MBM12 is dis-

played with a similar X-ray luminosity function for the TTS in the

L1495E cloud in Taurus. Distances of 65 pc and 140 pc are assumed

for the X-ray luminosity functions of MBM12 and L1495E, respec-

tively. The error bars shown are the largest for each data set.

known TTS in the cloud, we believe the list of 5 CTTS and 3

WTTS presented in Table 5 to be a nearly complete census of the

TTS in MBM12 for spectral types earlier than ∼ M2. Assuming

a mean mass of ∼ 0.6 M� for the 8 currently known TTS in

MBM12 and a cloud mass of 30–200 M� (Pound et al. 1990;

Zimmermann & Ungerechts 1990) the star-formation efficiency

of MBM12 is ∼ 2–24%. Since the currently known TTS popu-

lation in MBM12 is incomplete only for the lower mass objects,

unless there are a huge number of these objects yet to be discov-

ered in the cloud, this estimate of the star-formation efficiency

will not change significantly. Although there is still a large un-

certainty in the mass of the cloud the estimated star-formation

efficiencies are consistent with that expected from clouds with

masses on the order of 100 M� (Elmegreen & Efremov 1997).

By comparing the strengths of the Hα emission and Li Iλ6708 Å

absorption lines of the TTS in MBM12 with those found in other

young clusters, we place an upper limit on the age of the stars

in MBM12 ∼ 10 Myr.

By comparing the X-ray luminosity function of the TTS in

MBM12 with that of the TTS in L1495E we predict that there

are more young, low-mass, stars to be discovered in MBM12

and the assumed distance to the cloud may have to be increased.

Although this prediction agrees with the recently revised dis-

tance estimate to the cloud (∼ 65 ± 35 pc) based on results

of the Hipparcos satellite, it should be confirmed with future

observations.

We have also identified a reddened G9 star behind the cloud

with Av ∼ 8.4–8.9 mag. Therefore, there are at least two lines

of sight through the cloud that show larger extinctions (Av

> 5 mag) than previously thought for this cloud. This higher

extinction explains why MBM12 is capable of star-formation

while most other high-latitude clouds are not.

Acknowledgements. We wish to thank Patrick Guillout for helpful dis-

cussions about the expected population of young X-ray active stars

located at high galactic latitude and Loris Magnani for insightful com-

ments concerning this paper. We also thank an anonymous referee for

suggestions which enable us to put firmer constraints on the age of the

TTS in MBM12. The ROSAT project is supported by the Max-Planck-

Gesellschaft and Germany’s federal government (BMBF/DLR). TH is

grateful for a stipendium from the Max-Planck-Gesellschaft for sup-

port of this research. RN acknowledges a grant from the Deutsche

Forschungsgemeinschaft (DFG Schwerpunktprogramm “Physics of

star formation”)

References

Ballesteros-Paredes J., Hartmann L., Vázquez-Semadeni E., 1999,

ApJ, in press

Basri G., Martı́n E.L., Bertout C., 1991, A&A 252, 625

Bhatt H. C., Jain S. K., 1992, A&A 257, 57

Briel U.G., Pfeffermann E., 1995, in Proc. SPIE Vol. 2518, EUV, X-

ray, & Gamma-Ray Instrumentation for Astronomy VI, eds. O.H.

Siegmund, J.V. Vallerga, 120

Caillault J.-P., Magnani L., Fryer C., 1995, ApJ 441, 261
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Abstract. We report adaptive optics (AO) observations of the young and nearby association MBM 12 obtained with the Canada-

France-Hawaii Telescope. Our main observational result is the discovery of six new binary systems, LkHα264, E 0255+2018,

RX J0255.4+2005, S18, MBM 12-10, RX J0255.3+1915, and the confirmation of HD 17332, already known as a binary.

We also detected a possible quadruple system. It is composed of the close binary LkHα 263 AB (separation of ∼0.41′′), of

LkHα 262 located ∼15.25′′ from LkHα 263 A, and of LkHα 263 C, located ∼4.1′′ from LkHα 263 A. A preliminary study of

the binary fraction suggests a binary excess in the MBM 12 association as compared to the field and IC 348. Because of the

high binarity rate, previous estimations of spectral types and measurements of IR excesses for several candidate members of

MBM 12 have to be revised. LkHα 263 C is a nebulous object that we interpret as a disk oriented almost perfectly edge-on

and seen in scattered light. This object has already been reported by Jayawardhana et al. (2002). Scattered light models allow

us to estimate some of the structural parameters (i.e. inclination, diameter and to a lesser extent dust mass) of the circumstellar

disk. We find an inclination of 89o and a outer radius for the disk, ∼165 AU if the distance to MBM 12 is 275 pc. With the

present data set, we do not attempt to re-assess the distance to MBM 12. We estimate however that the distance to the candidate

member RX J0255.3+1915 is d > 175 pc.

Key words. stars: pre-main sequence – stars: binaries: general – stars: planetary systems: protoplanetary disks –

stars: circumstellar matter – stars: low-mass, brown dwarfs

1. Introduction

Young and nearby open clusters are ideal laboratories to study

the formation and evolution of solar-like stars. Due to their

proximity, circumstellar disks are examined with finer reso-

lution and lower mass objects can be detected. In the best

case, one can also hope to find giant planets orbiting clus-

ter members, using current instruments. It is therefore no sur-

prise that vast efforts were made to discover new nearby as-

sociations in recent years. Today, seven nearby associations,

open clusters, or so-called “groups” are known that are closer

than 100 pc from the Sun. They are the TW Hydrae and

η Chamaeleontis associations (Kastner et al. 1997; Mamajek

et al. 1999, respectively), Horologium A and Tucana associa-

tions (Torres et al. 2000; Zuckerman et al. 2000, respectively).

Send offprint requests to: G. Chauvin,

e-mail: gchauvin@obs.ujf-grenoble.fr
? Based on data collected at the Canada-France-Hawaii Telescope.

The CFHT corporation is funded by the Governments of Canada and

France, and by the University of Hawaii.

Zuckerman et al. (2001a) recently proposed that they are part

of the same stream. The Capricornus association has been de-

scribed by van den Ancker et al. (2000). A loose group was

also identified by Zuckerman et al. (2001b) around the nearby

and well-known star β Pictoris.

The seventh nearby association is found in the high lati-

tude molecular cloud complex made of clouds number 11, 12

and 13 in the list of Magnani et al. (1985). This complex was

identified earlier by Lynds (1962) and is comprised of the dark

nebulae L1453, L1454, L1457 and L1458. Clumpy 100 µm in-

frared emission is detected by IRAS at the position of the dark

nebulae. The molecular clouds also cast a deep shadow on the

X-ray background detected by ROSAT (Snowden et al. 1993).

The total mass of the entire complex is estimated to be 30–

200 M� based on 12CO, 13CO and C18O maps (Pound et al.

1990; Zimmermann & Ungerechts 1990). This association of

young stars, which we call MBM 12 from now on, is partic-

ularly interesting because it is more compact than the others,

with all the stars located within the boundaries of the small

molecular cloud complex. Although it is not clear whether the
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cloud is bound by gravity or not, it was rapidly shown to con-

tain many IRAS sources and optically revealed T Tauri stars

(Magnani et al. 1990) proving its capacity to form solar-like

stars. The list of members of MBM 12 now extends to 14

(Hearty et al. 2000a; Luhman 2001). MBM 12 is also inter-

esting because, among the seven young nearby associations

known, it appears to be the youngest with an estimated age of

2+3
−1

Myr (Luhman 2001).

First estimations of its distance placed it at 65 pc from the

Sun (Hobbs et al. 1986; Hobbs et al. 1988), a result later con-

firmed by Hearty et al. (2000b) with Hipparcos trigonometric

parallaxes of fore- and background stars. Luhman (2001) re-

vised this distance, suggesting 275 pc based on 2MASS pho-

tometry and optical spectroscopy. Although the exact distance

to the association is still being debated, at the distance of 65 pc,

MBM 12 would be the nearest star forming molecular cloud

known to date.

In MBM 12, the first investigation for protoplanetary disks

was done by Jayawardhana et al. (2001). Significant mid-

IR excess of six candidate members (LkHα 263, LkHα 262,

LkHα 264, E 0255+2018, RX J0258.3+1947 and S18) are re-

ported and attributed to the presence of circumstellar disks. To

test this interpretation and detect the possible existence of cir-

cumstellar matter around these stars, high resolution imaging is

needed. In this paper we present the results of near-infrared AO

observations carried out at the 3.6 m Canada-France-Hawaii

Telescope. Four mid-IR excess members are resolved as binary

systems and a protoplanetary disk is detected around the bi-

nary system LkHα 263 AB. We report also AO observations

of four other candidate members (RX J0255+2005, MBM 12-

10, RX J0255.3+1915 and HD 17332) which are resolved as

binary systems. All companion candidates presently detected

need to be confirmed or rejected later by proper motion or spec-

troscopy. The observations are described in the next section.

Section 3 presents the results. The binary fraction studied for

observed MBM 12 members, the implication of the high rate

we found, the distance and a scattered light model for the edge-

on disk LkHα 263 C are respectively discussed in Sects. 4–7.

2. Adaptive optics imaging

The AO observations were carried out on 2001 November 29th

and 30th and on December 2nd at the Canada-France-Hawaii

telescope. KIR, the facility 1024 × 1024 near-infrared camera

dedicated to AO, was used. The pixel scale on the detector is

0.0348′′/px, giving a total field of view of 35.6′′ × 35.6′′. The

observations were obtained in the J, H and Ks standard near-

infrared bands for eight fields centered on the eight brightest

members of MBM 12 and consisted of nine previously known

targets. The field centers are listed in Table 1. The ninth target

is LkHα 262, in the field of LkHα 263.

LkHα 264 was observed with the coronographic mode

of GRIF1 to improve the dynamic range, hence better

the detectability of the faint circumstellar environments.

The diameter of the occulting mask was 0.9′′. The photometric

1 http://www.cfht.hawaii.edu/Instruments/

Spectroscopy/GriF/

standards FS 121 and FS 129 from the UKIRT faint standard

list were observed as photometric and PSF standards. They

complement, at low level in the seeing halo, the PSF estima-

tion reconstructed analytically from the wavefront sensor resid-

ual errors (Véran 1997). The usual sky background subtraction,

cosmic ray hits correction, and removal of detector signatures

(i.e., flat field, bias, deviant pixels) were performed. The de-

convolution algorithms of Véran et al. (1998) and the myopic

deconvolution algorithm MISTRAL (Conan et al. 2000) were

then used to obtain the flux ratios and the separations of the bi-

naries and high angular resolution images of the protoplanetary

disk LkHα 263 C in JHKs.

3. Results

3.1. New binary systems in MBM 12

We resolved six new binary systems out of the nine

MBM 12 members covered by our observations. They are

LkHα 264, E 0255+2018, RX J0255.4+2005, S18, MBM 12-

10, RX J0255.3+1915. We also confirm that HD 17332 is

a 3.6′′ binary. Figures 1 and 2, left panel, show Ks-band

images of these binaries. E 0255+2018, RX J0255.4+2005,

S18, MBM 12-10 and HD 17332 were deconvolved using

the algorithm written by Véran et al. (1998). In the case of

RX J0255.3+1915, flux ratio and separation were obtained

with the myopic deconvolution algorithm MISTRAL. The

companion of LkHα 264 was detected by coronography only.

The contrast was estimated a posteriori by aperture photometry

on normal images obtained without a coronographic mask us-

ing an aperture of Rap = 0.7′′ (see Fig. 2, left panel). We present

our photometric results in Table 1. The first three columns give

the name and the coordinates, in the equatorial system, of the

photocenter of the unresolved system given by Luhman (2001).

Columns 4–6 give the relative brightness of the companion can-

didate with respect to the primary in J, H, and Ks respectively.

The last two columns give the position angle and separation at

which the companion was detected.

1’’

MBM 12-10 AB S18 AB

RX J0255+2005 AB E 0255+2018 AB

1’’

HD17332 AB

1’’ 1’’

1’’

RX J0255.3+1915 AB

1’’

Fig. 1. AO observations in Ks-band of the six close bina-

ries: E 0255+2018, RX J0255.4+2005, S18, MBM 12-10,

RX J0255.3+1915 and HD 17332. North is up and east is left.

Each image is presented in linear stretch.
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Table 1. Contrasts and separations of the binary systems observed in the MBM 12 Association.

Name α(2000) δ(2000) ∆J ∆H ∆Ks PA separations

(mag) (mag) (mag) (o) (′′)

RX J0255+2005 AB 02 55 25.78 20 04 51.7 0.13 ± 0.04 104 ± 1 0.503 ± 0.002

LkHα 263 AB 02 56 07.99 20 03 24.3 −0.06 ± 0.01 −0.21 ± 0.01 0.18 ± 0.01 54 ± 1 0.410 ± 0.002

LkHα 264 AB 02 56 37.5 20 05 38 6.75 ± 0.2 223 ± 1 9.160 ± 0.034

E 0255+2018 AB 02 58 11.2 20 30 04 0.50 ± 0.02 165 ± 1 1.108 ± 0.009

MBM 12-10 AB 02 58 21.10 20 32 52.7 0.03 ± 0.03 61 ± 1 0.390 ± 0.007

S18 AB 03 02 21.1 17 10 35 0.56 ± 0.02 0.42 ± 0.02 0.69 ± 0.01 130 ± 1 0.753 ± 0.001

RX J0255.3+1915 AB (b) 02 55 16.5 19 15 02 3.61 ± 0.05 4.2± 0.03 3.64 ± 0.03 161 ± 1 1.014 ± 0.002

HD17332 AB (a) 02 47 27.3 19 22 24 0.42 ± 0.01 311 ± 1 3.63 ± 0.006

a Narrow Band Filter H2 used.
b Deconvolved by MISTRAL.

B

A
LkHa263

E

N LkHa262

A

E
B N

LkHa263

E

N

1"

LkHa264

1" 1"C

B

C

A

Fig. 2. Left: coronographic AO observation of LkHα 264 A in Ks-band. A faint companion candidate LkHα 264 B appears at 9.16′′ with a

position angle of 223o±1. Middle: AO observation in H-band of the quadruple system composed of LkHα 262, LkHα 263 AB and LkHα 263 C.

Right: zoom of the close binary LkHα 263 AB and the young protoplanetary disk LkHα 263 C. Images are presented in linear stretch.

3.2. LkHα 263–262, a quadruple system?

In the field centered on LkHα 263, we detected four stars that

may form a physical system.

3.2.1. LkHα 263 AB and LkHα 262

Similarly to Jayawardhana et al. (2002) we resolve LkHα 263

into a close binary, with a projected separation of 0.41′′ and

position angle of 54o ± 1, measured East of North. Further out

to the North-East, another fainter and very nebulous object ap-

pears. We call it LkHα 263 C. It lies at 4.1′′ ± 0.05 and at posi-

tion angle 61o ± 1 from LkHα 263 A. Still further out, and pos-

sibly not bound to the system, LkHα 262 lies at 15.25′′ ± 0.05

and position angle 205o ± 1 degrees from LkHα 263 A.

Figure 2 shows two H-band images of this system. The

right panel is a zoom on the close binary LkHα 263 AB and

the nebulous LkHα 263 C. The middle panel presents the whole

system, with LkHα 262 at the bottom right and LkHα 263 C on

the edge of the frame, at top left.

Flux ratio and separation of LkHα 263 AB were ob-

tained using the deconvolution algorithm of Véran et al. (1998)

previously discussed. The relative photometry of the pair

LkHα 263 AB is also reported in Table 1. LkHα 263 B is

brighter than LkHα 263 A in J and H, but not in Ks.

3.2.2. The nebulous object LkHα 263 C

The appearance of LkHα 263 C is reminiscent of that of other

young stars with a circumstellar disk seen close to edge-on.

It appears very similar to HK Tau/c (Stapelfeldt et al. 1998),

HV Tau C (Monin & Bouvier 2000; Stapelfeldt et al. 2002)

and IRAS 04158+2805 (Ménard et al. 2002).

The angular dimensions of the nebulosity associated with

LkHα 263 C are presented in Table 2. The discovery, and

first interpretation of LkHα 263 C as an edge-on disk was

made by Jayawardhana et al. (2002) from H-band AO im-

ages. Our diffraction-limited JHKs images are presented in

Fig. 3, top panel. They are compatible with the images made by

Jayawardhana et al. (2002). The angular resolution of our im-

ages is lower however, 0.15′′ on the raw frames. Nevertheless,

the dark lane typical of optically thick edge-on disks, is present.

The advanced deconvolution algorithm MISTRAL was ap-

plied to the image to try and recover the maximum spatial
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Fig. 3. Top row: raw images of the circumstellar disk surrounding

LkHα 263 C in J, H and Ks (from left to right). Bottom row: de-

convolved images. MISTRAL, a myopic deconvolution algorithm was

used to produce these J, H and Ks images (also from left to right). On

all images the field-of-view is 2.2′′, with North up and East to the left.

information possible. The signal-to-noise in the images is low

and the efficiency limit of MISTRAL is reached. The results

are presented in Fig. 3, bottom panel. The parameters given in

Table 2 are measured on the deconvolved images.

Table 2. LkHα 263 C: parameters of the reflection nebula.

Filter Diameter Brightness Separation

arcsec ratio arcsec

J 0.69 ± 0.07 1.56 ± 0.1 0.126

H 0.87 ± 0.07 1.32 ± 0.1 0.148

Ks 0.72 ± 0.07 1.13 ± 0.1 0.156

Gemini H 0.90 ± 0.06 1.2 0.141

The general appearance of all the images is the same, two

elongated reflection nebulae, parallel to each other and sepa-

rated, more or less depending on angular resolution, by a dark

lane. The dark lane is conspicuous on the Gemini images of

Jayawardhana et al. (2002) but is at the resolution limit on our

images, although still detectable.

In all three images the dark lane runs at position angle

128o ± 1 with the brighter nebula located to the South-West.

The diameter of the disk can be measured in all three images

as the maximum distance over which the reflection nebula can

be detected. The values are quoted in the second column of

Table 2. The diameters differ slightly from filter to filter. This

variation is mostly due to variations in the signal-to-noise ra-

tio and resolution in the various frames. Our best data set was

obtained at H-band and, as expected, we find the maximum di-

ameter, at about 0.9′′, or Rout = 0.45′′ (i.e., an observed outer

radius of 124 AU, assuming a distance of 275 pc, or 30 AU

for 65 pc). This value should be regarded as a lower limit to

the disk size since deeper images may reveal the disk farther

out. This value is similar to the one extracted from images of

Jayawardhana et al. (2002).

In Table 2, the brightness ratio given in the third column

is the ratio of the peak pixel value in the South-West brighter

nebula to the peak pixel value in the North-East fainter nebula.

Those are the two maxima measured along the minor axis of

the disk. The separation given in the fourth column is the dis-

tance, in arcsec, measured between these two peaks. Typical

error bars on the angular measurements are two pixels (i.e.,

70 mas). All measurements are made on the deconvolved

images.

4. Binary star fraction in observed

MBM 12 members

From the 14 members of the MBM 12 association discovered

by Hearty et al. (2000a) and Luhman (2001), we observed 9

during our AO imaging campaign. We were sensitive to sepa-

rations ranging from 0.13′′ (diffraction limit in Ks) to 18′′ (half

field of view). As we previously mentioned, a quadruple

system composed of the two members LkHα 262–263 and

six binaries were detected in classical imaging. In addition,

coronographic imaging allowed us to detect another companion

candidate around LkHα 264.

To conduct our analysis on the binary star fraction (bf ) for

the small sample of MBM 12 members observed, we consider

only AO classical imaging observations. The averaged detec-

tion limit achieved in Ks-band as a function of the distance

to the star is presented in Fig. 4 with the different companion

candidates overplotted (except LkHα 262 as discussed next).

To compare the bf of our sample with the one obtained by

Duchêne et al. (1999) for the young cluster IC 348 (located

at 320 pc and aged of 2 Myr), we limit our study to the same

separation range 32–2560 AU. This means an angular separa-

tion range of 0.13′′–9.3′′ if we assume the distance of 275 pc

to MBM 12. We also limit the dynamic range to detect bina-

ries with mass ratio q = 0.1 as Duchêne et al. (1999) did to

compare their results to that of the low-mass main sequence

(MS) stars, G- and M-dwarfs (Duquennoy & Mayor 1991;

Fischer & Marcy 1992). Based on mass-luminosity relation

at 2 Myr from Baraffe et al. (1998), this mass ratio is equiv-

alent to a ∆Ks = 2.9. Duchêne et al. (1999) conducted their

near-IR survey with the same instrument, PUEO/KIR, and the

same detection performance was achieved (∼6.5 mag for sep-

aration >1′′). In our sample, the 6 close binaries have separa-

tions between 0.39′′ and 3.63′′ and contrast in ∆Ks between

0.03 and 3.64. The three components LkHα 263 B, LkHα 263

C and LkHα 262 of the visual quadruple system have respec-

tively separation of 0.41′′, 4.1′′ and 15.25′′ and contrast of

0.18, 5.6 and −0.52 from LkHα 263 A. According to the sep-

aration range we fixed, we consider this system composed of a

triple system LkHα 263 ABC and a single star LkHα 262.

The source LkHα 264 with a faint companion detected in coro-

nagraphy is also considered as a single star.

For the young cluster IC 348, Duchêne et al. (1999) eval-

uate the bf ( =
B+T+Q

S+B+T+Q
; B, T and Q respectively for Binary,

Triple and Quadruple system) at 19± 5%. This is similar to the

values of G- and M- dwarfs in the solar neighbourhood (23%

and 18%, respectively) and shows that there is no binary excess

in IC 348. Based on the same separation range for a distance
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Fig. 4. Averaged detection limit obtained in our classical imaging

observations in Ks-band. Filled circles are detected binaries around

MBM 12 members. Open circles are companions LkHα 263 B and

LkHα 263 C detected around LkHα 263 A. LkHα 262, located at

15.25′′ from LkHα 263 A is considered as a single star.

of 275 pc to MBM 12 and the same dynamic range, we esti-

mate the bf of our sample to 66%. This suggests a large binary

excess. For a smaller distance of 65 pc, the separation range be-

comes 8–604 AU and we still find an excess compared to values

of G- and M- dwarfs for the same separation range (28% and

22%, respectively).

Therefore, this preliminary result suggests a large binary

excess in the MBM 12 association and points out the trend

presented by Duchêne (1999) and Duchêne et al. (1999) that

the binary fraction is inversely correlated with the stellar den-

sity. Dense clusters have a binary fraction similar to the field

dwarfs, whereas loose young open clusters exhibit binary ex-

cesses. Gravitational encounters in dense clusters or specific

initial conditions in the parent molecular clouds may lead to

these different binary fractions. To confirm this trend for a bi-

nary excess in the MBM 12 association, further AO imaging

observations of other candidate members are needed.

5. Impact of the high binarity rate

5.1. Relevance of previous spectral type estimations

Our discovery of frequent visual pairs in MBM 12 may call for

a revision of the estimated spectral types in cases where the bi-

narity was unknown before and the contrast between compan-

ions is not large enough for one star to dominate in the spectrum

used for classification.

The contribution of the companion candidates in the optical

spectra of LkHα 264, and RX J0255.3+1915 is small and the

spectral types given by Luhman (2001) should stand. Also, we

did not detect a companion candidate to LkHα 262, and the

spectral types given before also stand.

For all other cases, i.e., LkHα 263, S18, E 0255+2018,

RX J0255+2005, and MBM 12-10, the contrast between the

primary and the secondary is low enough, less than 0.7 mag

(i.e., less than a factor 2 in counts) that the estimated spectral

types may be affected if the two stars have different tempera-

tures. This is likely the case for LkHα 263. It is not as clear

for the others. A careful re-interpretation of individual spectral

types seems in order for this group of objects and the current

estimates should be considered as indicative only.

5.2. The origin of the near-infrared excess

The presence of an optically undetected companion may also

affect measurements of the infrared excess, possibly invalidat-

ing the attribution of its origin to the circumstellar medium, i.e.,

a disk. For MBM 12, Jayawardhana et al. (2001) presented L-

and N-band infrared photometry of 10 stars, including 8 from

the sample we observed.

In 6 cases these authors measured large (K−L) and (K−N)

color indices, and attributed the origin of the excess to warm

dust located in a protostellar disk following, e.g., Kenyon &

Hartmann (1990), and Skrutskie et al. (1990). Of those six

sources we observed five, and detected four binaries. Those

were unknown when Jayawardhana et al. (2001) performed

their analysis and they were all treated as single objects.

If those objects have significantly different spectral types,

or temperature, then the amplitude of the color excesses previ-

ously attributed the circumstellar environment of a single ob-

ject may not be valid anymore. The case of LkHα 263 AB is

interesting. Clearly, the fainter component at J and H becomes

the brighter one at Ks. It is difficult to extrapolate to longer

wavelengths, but most of the color excess may well come from

the companion, without the need for a massive protoplanetary

disk at all. The other cases are not as clear and a color ex-

cess may still be present, despite the presence of a compan-

ion. Obviously, new spectroscopic observations combined with

high angular resolution are needed to determine the colors and

the stellar parameters of each component in the binaries.

6. The distance to RX J0255.3+1915

It is beyond the scope of this paper to measure the distance to

MBM 12. The molecular cloud appears clumpy and adjacent

lines-of-sight projected on the cloud can have very different

extinction values, e.g., Bhatt et al. (1994), making it difficult to

estimate the distance reliably. In a recent paper, Luhman (2001)

revised the distance to the assocation to 275 pc. This is sig-

nificantly farther then the value of 65 pc estimated before by

Hobbs et al. (1986) for example.

Without attempting to re-assess this distance, we note

that the distance to one of the stars in our sample,

RX J0255.3+1915, can be estimated reliably. In that case,

the companion is much fainter than the primary (3.4 mag

at Ks) and its contribution to the spectral type and the un-

resolved aperture photometry can be neglected. The spectral

type of the unresolved system is F9V, as derived from opti-

cal spectroscopy by Hearty et al. (2000a). We attribute it to

the primary. Furthermore, no infrared excess was observed by

Jayawardhana et al. (2001) for this source. Therefore, assum-

ing no reddening and no near-infrared excess, we estimate

the distance to RX J0255.3+1915 from the expected abso-

lute magnitude of an F9V star. With an apparent magnitude
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Ks = 9.02 (Jayawardhana et al. 2001) and an absolute mag-

nitude MKs = 2.8 based on the stellar models of Siess et al.

(2000) and the conversion table of Kenyon & Hartmann (1995),

we find a distance modulus of 6.22, i.e., a distance of ∼175 pc.

This distance is likely to be a lower limit because we used

the absolute magnitude of a F9V dwarf (RX J0255.3+1915

is likely younger and brighter) and no extinction. Should this

object be younger, it would likely be more luminous. This

would increase the distance modulus and place the object fur-

ther away.

7. Disk models for LkHα 263 C

Models of the scattered light are useful to extract the structural

parameters of disks around T Tauri stars. See, e.g., Ménard

& Bertout (1999) and references therein. In this section we

present synthetic intensity images of dust disks in H-band

and we compare them to the observed intensity images of

LkHα 263 C obtained at CFHT in an attempt to estimate a few

of its structural parameters. We also compare the same models

to the Gemini H-band image presented by Jayawardhana et al.

(2002).

The synthetic images were produced with a code that treats

Mie scattering on dust particles located in a disk whose shape is

described by power-laws. The density distribution is defined by

the total mass as well as five geometric parameters: inner and

outer radii, surface density distribution (Σ(r) ∝ rp), and scale

height law (H(r) = H0(r/r0)β). All models presented below

have fixed values of β = 1.125, p = −1.0, and H0 = 4 AU

(at a reference radius of 50 AU). These values are typical of

other disks (e.g., Stapelfeldt et al. 1998; Stapelfeldt et al. 2002).

Other models with different parameters were run but are not

presented. Due to the limited angular resolution and low signal-

to-noise ratio in our images, model intensity maps produced

with different parameters in a (small) range around these values

would be also acceptable: 1.0 ≤ β ≤ 1.25; −0.8 ≤ p ≤ −1.25;

3 ≤ H0 ≤ 8 AU at 50 AU. Our fit to a single wavelength data set

do not allow us to constrain more precisely the range of these

geometrical parameters.

Dust is responsible for the scattered light. Our models in-

clude a dust size distribution where grain radii are randomly

picked from a continuous size distribution. The range of radii,

a, extend from amin = 0.03 µm to amax = 0.9 µm (or 0.5 µm

depending on the models) with a size distribution N(a) ∝ a−3.7,

as derived by Mathis & Whiffen (1989) for porous interstel-

lar grains. The so-called “A model” from Mathis & Whiffen

(1989) was assumed to obtain the grains optical properties (i.e.,

refraction indices), which we set independent of grain size. The

random selection of scattering particle size is weighted by the

product of the number density and the scattering cross-section

of all grains in the disk. Therefore, the largest grains are the

most frequent scatterers although they are the less numerous.

With the parameters adopted here, the median radius of the

scattering particles at a wavelength of 1.65 µm (H-band) is

about 0.62 µm when amax = 0.9 µm. The asymmetry param-

eter for this “median grain” is g = 0.73, i.e., heavily forward-

throwing. We find that these grains are too forward-throwing to

fit the image. They produce images that are peaked too much

Table 3. Parameters of the disk models.

Panel Mdust i β p H0 amin amax

10−6 M� deg AU µm µm

a 0.8 89.0 9/8 −1 4 0.03 0.9

b 4.0 89.0 9/8 −1 4 0.03 0.9

c 2.4 88.5 9/8 −1 4 0.03 0.9

d 2.4 89.5 9/8 −1 4 0.03 0.9

e 2.4 89.0 9/8 −1 4 0.03 0.9

f 2.4 89.0 9/8 −1 4 0.03 0.5

Note: In all models Rout = 165 AU, valid if the distance to

MBM 12 is 275 pc. For different distances, Rout and Mdust must

to be modified.

at the center and are not bright enough at the edge of the

disk. Consequently, we ran models with smaller grains, with

the maximum radius cut-off in the distribution decreased from

amax = 0.9 µm to amax = 0.5 µm. In that case the “median

radius” of the scattering particles is 0.37 µm, with g = 0.36.

These models provide a better fit to the data (see Figs. 5 and 6).

In the rest of this section, we have assumed a distance of

275 pc to MBM 12. Should the distance to the association be

smaller, the radius of the disk would be smaller. Our synthetic

models can be scaled by their optical depth to yield the same

intensity distribution. A small disk would have to be less mas-

sive to yield the same intensity map. Neglecting the effect of

the inner radius, the extinction optical thickness in the equato-

rial plane of the disk scales like

τext ∝
Mdust

H0R
1+β
out

·

Accordingly, should the distance to MBM 12 be 65 pc instead

of 275 pc and since we kept β = 9/8 and H0 fixed, the dust

mass in the disk would need to be decreased by a factor ∼20 to

account for the smaller disk radius.

The outer radius we measured in our H-band images was

0.45′′ (i.e., 124 AU at 275 pc), as presented in Table 2. In all

models, we considered a slightly larger outer radius Rout set at

0.6′′ (165 AU) but which is consistent with an apparent radius

of 0.45′′ once noise is added. The inner radius of the disk is

arbitrarily set to 0.1 AU. With these parameters set, the dust

mass, the inclination and the grains properties have the largest

influence on the aspect of the reflection nebulosity. Typical re-

sults are presented in Fig. 5.

With a disk radius of 165 AU, models spanning a range of

dust mass between 10−7 and 10−4 M� were calculated. Clearly

the lighter model with Mdust = 0.8 × 10−6 M� does not have

enough dust to produce enough extinction in the equatorial

plane, hence to produce a dark lane that is wide enough with

respect to the observations. See Fig. 5, panel a. We consider

it a lower limit to the disk dust mass. Similarly, a model with

Mdust = 4 × 10−6 M� produces a dark lane that is too wide and

too deep. See Fig. 5, panel b.

The models presented in the middle and bottom rows of

Fig. 5 were calculated with an intermediate mass, i.e., Mdust =

2.4 × 10−6 M�, in order to study the impact of the other two

parameters, the inclination and the grain properties.
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d)

a) b)

c)

f)e)

Fig. 5. Image of LkHα 263 C obtained with PUEO at 1.65 microns and

deconvolved with  compared with scattered light models. Each

model has been convolved to match the resolution of the observation.

The correct read-out noise has been added to the models. Each image

is presented in linear stretch. Panel a) Model with a dust mass of 8 ×

10−7 M� of dust seen at i = 89o. Panel b) Model with a dust mass of

4 × 10−6 M� of dust seen at i = 89o. Panel c) Model with a dust mass

of 2.4× 10−6 M� of dust seen at i = 88.5o. Panel d) Model with a dust

mass of 2.4 × 10−6 M� of dust seen at i = 89.5o. Panel e) Model with

a dust mass of 2.4 × 10−6 M� of dust seen at i = 89o with the nominal

grain size distribution, where amax = 0.9 µm (see text). Panel f) Model

with a dust mass of 2.4 × 10−6 M� of dust seen at i = 89o with the

truncated grain size distribution, where amax = 0.5 µm (see text). In

each row, the middle panel is the observed and deconvolved intensity

image obtained at CFHT. The parameters of the model presented in

each panel are summarized in Table 3.

The brightness ratio between the two nebulae on both sides

of the dark lane allows to estimate the inclination of the system.

Should LkHα 263 C be axisymmetric and seen dead edge-on,

i.e., i = 90.0o, both nebulae would have the same brightness

and the ratio would be unity. Estimations from the H-band

PUEO image yields a ratio of the order of 1.3, similar to the

ratio of ∼1.2 found by Jayawardhana et al. (2002) at the same

wavelength.

In the middle row of Fig. 5 we compare the data with mod-

els seen at an inclination of 88.5o and 89.5o, respectively (see

Fig. 5, panels c and d). Because we model disks that are only

lightly flared and geometrically thin, i.e., β and H0 are small,

the central star rapidly becomes directly visible as the inclina-

tion decreases and the contrast between the two model nebulae

do not match the observations anymore. We derive an inclina-

tion of i = 89.0o +0.5
−1.0

for a model that has 2.4×10−6 M� of dust.

This model yields the proper brightness ratio and the correct

separation (i.e., dark lane thickness) between the two maxima.

a) b)

d)c)

e) f)

Fig. 6. Image of LkHα 263 C obtained with Gemini/Hokupa’a at

1.65 microns compared with scattered light models. The image is from

Jayawardhana et al. (2002). All images are presented in linear stretch.

The middle panel of each row is the data. All models have been con-

volved to match the resolution of the data. Panels a)–f) present the

same models as in Fig. 5.

In the bottom row of Fig. 5 we probe the effect of the

particle size on the brightness profile of the reflection nebu-

losities. Again, the models are calculated for a disk that has

Mdust = 2.4 × 10−6 M�. The inclination is set at i = 89.0o.

Figure 5, panel e, shows the result when the grain distribution

has a maximum cut-off radius of 0.9 µm. Figure 5, panel f, is

for a distribution with a maximum cut-off radius of 0.5 µm. The

effect is important. Given our grain size distribution, the maxi-

mum cut-off seems to be intermediate between 0.5 and 0.9 µm.

Models with amax = 0.9 µm produce images that are peaked too

much at the center and do not extend far enough in the disk.

Bigger grains may be present, but they are not contributing

to the scattered light significantly. Given our results, a single

continuous distribution in size, extending well above micron-

sized particles, seems improbable because the apparent size of

the disk would be too small. On the other hand, a cut-offmuch

smaller than 0.5 µm also seems ruled out because the disk sur-

face brightness profile becomes too shallow compared to the

observations and the dark lane too pronounced at the periph-

ery, away from the center.

These affirmations do not rule out the presence of much

larger grains that may have settled to the disk mid-plane. They

do not rule out either well-mixed distributions where the size

distribution of small grains is different than the one for the

larger grains (i.e., distinct distributions).

For comparison we present the Gemini H-band image com-

pared to the same models in Fig. 6. The models match these

data also reasonably well.
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8. Conclusions

We reported the results of CFHT AO observations of the

young MBM 12 association. Six binary systems were resolved,

LkHα 264, E 0255+2018, RX J0255.4+2005, S18, MBM 12-

10 and RX J0255.3+1915, and one confirmed, HD 17332.

A possible quadruple system composed of a close binary

LkHα263 AB, a protoplanetary disk seen edge-on LkHα263 C

and a more distant star LkHα 262 was also detected. These

results suggest a possible binary excess in the MBM 12 associ-

ation. This may call for a revision of the spectral characteriza-

tion and the IR color excess in cases where the binarity was un-

known and when the contrast between companions is not large

enough for one star to dominate the signal in the spectrum.

New spectroscopic observations with high angular resolution

are needed to obtain the spectral type. We estimate the dis-

tance to the MBM 12 candidate member RX J+0255.3+1915

at d > 175 pc.

We presented a scattered-light model of the young disk

LkHα 263 C in order to extract the disk structural parameters.

Our scattered light model is described by power-laws for the

density distribution, the scale height and the grains size distri-

bution. By comparing synthetic images to obervations obtained

at CFHT, we derived for the disk an outer radius of 165 AU, a

mass of 2.4 × 10−6 M�, an inclination of i = 89.0o +0.5
−1.0

, and

a grain distribution with a maximum cut-off radius between

0.5 and 0.9 µm, assuming a distance of 275 pc. If the dis-

tance is smaller, e.g. 65 pc, the outer radius is ∼40 AU and

Mdust = 1.2 × 10−7 M�.
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Abstract. We present the results of an adaptive optics (AO) imaging survey of the common associations of Tucana and
Horologium, carried out at the ESO 3.6 m telescope with the ADONIS/SHARPII system. Based on our observations of two
dozen probable association members, HIP 1910 and HIP 108422 appear to have low-mass stellar companions, while HIP 6856
and GSC 8047-0232 have possible sub-stellar candidate companions. Astrometric measurements, performed in November 2000
and October 2001, indicate that HIP 1910 B likely is bound to its primary, but are inconclusive in the case of the candidate
companion to HIP 6856. Additional observations are needed to confirm the HIP 6856 companionship as well as for HIP 108422
and GSC 8047-0232.
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1. Introduction

Young, nearby stellar associations are ideal targets for the di-
rect imaging of sub-stellar companions: (i) their proximity
(<100 pc) allows the exploration of the faint circumstellar envi-
ronment at relatively small distances from the star, and (ii) sub-
stellar objects are hotter and brighter when young (∼10 Myr)
and therefore can be more easily detected than more evolved
counterparts.

Based on data in the IRAS and Hipparcos catalogs,
Zuckerman & Webb (2000) identified comoving stars of the
Tucana association within 50 pc from earth. They tentatively
assigned an age of ∼40 Myr for this comoving group based on
the Hα emission lines of three members. A consistent estima-
tion of 10–30 Myr was found by Stelzer & Neuhäuser (2001)
based on ROSAT data and comparison of the X-ray luminos-
ity functions of Tucana and star forming regions. Zuckerman
et al. (2001a) extended the number of probable members to
36 and argue that the Tucana association and the Horologium
association, identified from ROSAT measurements by Torres
et al. (2000), should be considered as part of the same stream.

Send offprint requests to: G. Chauvin,
e-mail: gchauvin@obs.ujf-grenoble.fr

They may form a large, gravitationally unbound, association
composed of ∼50 stars.

Lowrance et al. (2000) reported the HST/NICMOS detec-
tion of a possible sub-stellar companion to the proposed Tucana
member HR 7329, with a mass less than 50 MJup (Burrows
et al. 1997). This exciting result, confirmed by spectroscopy
and astrometry (Guenther et al. 2001), encouraged us to per-
form an AO imaging survey of this large association, searching
for sub-stellar companions close to member stars. Ironically,
HR 7329 appears not to be a member of the Tucana associ-
ation, but rather of the substantially younger β Pictoris mov-
ing group (Zuckerman et al. 2001b). In addition, HIP 92680
and HIP 95270 attributed initially to Tucana by Zuckerman
& Webb (2000) also appear to be β Pictoris group members
(Zuckerman et al. 2001b). But before this was understood, we
observed HIP 95270 with the ADONIS/SHARPII AO system
on the ESO 3.6 m telescope.

In Sect. 2, we present the instrumental configuration and
the observational strategy we adopted in both classical and
coronagraphic imaging. We also give the detection perfor-
mances commonly achieved during the survey. In Sect. 3, we
present our photometric results for the three visual systems
HIP 108422, GSC 8047-0232 and HIP 6856 and the confirmed
binary HIP 1910 AB. We also report astrometric measurements
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obtained on November 2000 and October 2001 for the stars
HIP 6856 and HIP 1910. The probability that four detected
possible secondaries are associated is discussed. In Sects. 4–7,
we discuss the photometry of the three companion candidates
(CCs) and HIP 1910 AB based on evolutionnary models of
Baraffe et al. (2002, 1998) and Chabrier et al. (2000). Our pur-
pose is to test if the photometric results are consistent with
physically bound objects and, if so, to determine the corre-
sponding stellar parameters. These evolutionary models pro-
vide the most accurate comparison with present observations
of young objects but are not as reliable for ages of a few tens
of Myr because of unknown initial conditions.

2. Observation strategy and performances

High contrast observations were performed with the AO
ADONIS/SHARPII system over two distinct periods: 10–
13 November 2000 and 28–29 October 2001. Of suggested
members of the Tucana-Horologium association, 24 were ob-
served in J, H and K bands, with and without coronag-
raphy, to explore the domain between 0.5′′ and 6.0′′ from
the central star (i.e., 25 AU to 300 AU for a distance of
50 pc). In both runs, the pixel scale on the detector is esti-
mated to be 0.0496 ± 0.0003′′/px. The corresponding field of
view is 12.7′′ × 12.7′′. The orientation direction of true north
was found to lie to the west of vertical by 0.47◦ ± 0.5 on
November 2000 and 0.56◦ ± 0.5 on October 2001. The plate
scale and field rotation are based on astrometric calibrations of
ADONIS/SHARPII+/NICMOS31 obtained from observations
of the astrometric reference field (θ Ori).

For each coronagraphic observation, a reference star was
observed for PSF subtraction after scaling to the brightness of
the science object. The coronagraphic masks were 1.0′′ in di-
ameter on November 2000 and 0.84′′ on October 2001.

Seeing conditions were relatively good during both observ-
ing runs, ranging between 0.6′′ and 1′′, except on 28 October
2001 where the average seeing was 1.3′′. The correspond-
ing H-band strehl and FWHM were ∼45% and ∼0.1′′ under
good seeing conditions and reduced to ∼30% and ∼0.11′′ on
28 October 2001. The (pixel to pixel) detection limits at 5σ
were estimated from observations with and without coronagra-
phy for each object. The case of HIP 1113 is treated as an ex-
ample in Fig. 1 and presents the typical detection performances
achieved on 29 October 2001, in terms of separation and con-
trast with the primary star. The CC detected near HIP 108422
and GSC 8047-0232, as well as the companion HIP 1910 B,
are overplotted.

3. Results

Twenty four suggested members of the Tucana and
Horologium associations were observed; no CCs were
detected around the following stars: HIP 1113, HIP 1481,
HIP 1993, HIP 2729, HIP 3556, HIP 6485, HIP 9902,
HIP 93815, HIP 95270, HIP 105388, HIP 107345, HIP 107649,
HIP 107947, GSC 8497-0995, GSC 8056-0482, HD 13183,

1 http://www.bdl.fr/priam/adonis/

Fig. 1. H band (pixel to pixel) detection limits during the observations
of HIP 1113 (G6V; V = 8.8) in classical mode during 30 × 2 s (solid
line) and in coronagraphic mode during 15 × 20 s (dashed line). Filled
circles are HIP 1910 B and the CC to HIP 108422 detected in classi-
cal mode. The open circle is the CC to GSC 80047-0232 detected in
coronagraphy.
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Fig. 2. ADONIS/SHARPII AO classical imaging of HIP 108422 and
HIP 1910 AB obtained in H-band (linear stretch) and coronagraphic
imaging of GSC 8047-0232 and HIP 6856, respectively in K band
(linear stretch).

CoD-60416, CoD-53544 and CoD-65149. We confirmed the
known binary system HR 7329 AB. Figure 2 shows images
of the HIP 1910, HIP 108422, GSC 8047-0232 and HIP 6856
systems. The binary system HIP 1910 AB and the CC detected
around HIP 108422 were observed without coronagraphy.
HIP 1910 AB and HIP 108422 are members of the Tucana as-
sociation (Zuckerman & Webb 2000; Zuckerman et al. 2001).
Two fainter CCs were detected with coronagraphy around
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Table 1. Photometry and relative positions of HIP 108422, GSC 8047-0232 and their CCs, of the CC to HIP 6856 and of HIP 1910 A and B.
Distances of HIP 108422, HIP 1910 AB and HIP 6856 are obtained from the Tycho catalog (Høg et al. 2000).

Source UT Date J H K separation PA distance
(mag) (mag) (mag) (′′) (◦) (pc)

HIP 108422 2001 Oct. 28 7.35 ± 0.07 6.90 ± 0.06 6.83 ± 0.06 54.9 +3.8
−3.3

HIP 108422 CC 2001 Oct. 28 10.67 ± 0.16 10.02 ± 0.15 9.78 ± 0.12 1.979 ± 0.035 192.1 ± 0.9

HIP 1910 A 2000 Nov. 12 – 7.86 ± 0.09 7.69 ± 0.07 46.3 +5.3
−4.3

HIP 1910 B 2000 Nov. 12 – 9.55 ± 0.16 9.22 ± 0.1 0.698 ± 0.029 49.6 ±2.5
HIP 1910 B 2001 Oct. 28 – – – 0.699 ± 0.030 50.2 ±2.5

GSC 8047-0232 2001 Oct. 29 9.06 ± 0.09 8.54 ± 0.05 8.45 ± 0.07 (60 ± 25)
GSC 8047-0232 CC 2001 Oct. 29 16.25 ± 0.25 15.2 ± 0.18 14.9 ± 0.2 3.210 ± 0.118 359.2 ±2.3

HIP 6856 2000 Nov. 12 – – – 37.1+1.8
−1.6

HIP 6856 CC 2000 Nov. 12 – – – 4.865 ± 0.129 106.5 ±1.7
HIP 6856 CC 2001 Oct. 29 17.97 ± 0.2 – 17.4 ± 0.15 4.785 ± 0.129 106.6 ±1.7

GSC 8047-0232 and HIP 6856, members of the Horologium
association (Torres et al. 2000).

3.1. Photometry

The photometry of HIP 1910 AB and of the visual systems
HIP 108422, GSC 8047-0232 and HIP 6856 was calibrated
with photometric standards from the Hubble Space Telescope
near-infrared standards: S055D (04:18:18.9 −69:27:35),
S294D (00:33:15.2 −39:24:10), S209D (08:01:15.4
−50:19:33) and S301D (03:26:53.9 −39:50:38). The re-
sults are reported in Table 1. To estimate the flux and the
position of each component in the visual binary HIP 108422,
the deconvolution algorithm of V éran & Rigaut (1998) was
used. In the closest system HIP 1910 AB, we used the myopic
deconvolution algorithm MISTRAL (Fusco et al. 1999; Conan
et al. 2000). For the two fainter CCs around GSC 8047-0232
and HIP 6856, detected with coronagraphy, aperture pho-
tometry was performed. A small aperture of radius 1.0′′ was
used to avoid subtraction residuals. In the case of the CC to
GSC 8047-0232, the photometric estimation was more difficult
because this object was contaminated by a diffraction spike of
the secondary mirror. Despite several attempts to correct our
image for the spike contribution, we could not avoid increased
photometric uncertainty.

3.2. Astrometry

The systems HIP 1910 AB and HIP 6856 were observed on
November 2000 and October 2001. The corresponding astrom-
etry could be determined for both systems. We took into ac-
count errors coming from the relative position estimation of
both components in each system, the instrumental uncertain-
ties (pixel scale and orientation error; see Sect. 2), as well as
the proper motions errors given by the Tycho catalog (Høg et al.
2000).

In the case of HIP 6856, the CC was detected on
12 November 2000 and re-observed on 29 October 2001.
The corresponding astrometric results are reported in Table 1.

The proper motion of HIP 6856 reported in the Tycho cata-
log (Høg et al. 2000) is µα = 104.8 ± 1.2 mas/yr and µδ =
−43.4± 1.4 mas/yr. Taking the movement of HIP 6856 into ac-
count, we show positions of both visual components in Fig. 3,
left panel. Because the primary was under the occulting mask
the positional error ellipses are rather large. Therefore, these
measurements do not conclusively determine the nature of the
HIP 6856 CC as a background object or gravitationaly bound
companion.

The system HIP 1910 AB was also observed at two dif-
ferent epochs, 12 November 2000 and 28 October 2001. The
astrometric measurements are presented in Table 1 and Fig. 3.
Considering the proper motion of the star HIP 1910 A derived
from the Tycho catalog (Høg et al. 2000), µα = 84.1± 7 mas/yr
and µδ = −55.3 ± 6.4 mas/yr, we find that the proper mo-
tions of HIP 1910 A and B are significantly similar. The ob-
served separations and PA are in total similar to 0.12σ in the
case of a co-moving pair and 1.5σ discrepant from being a
background object. Further spectroscopic measurements will
allow us to confirm the nature of this companion. For the rest
of this paper, we will regard HIP 1910 B as a companion to
HIP 1910 A.

For HIP 6856 and HIP 1910, any possible orbital motion
between the two epochs is negligible relative to the measure-
ment errors.

3.3. Background object probability

To help distinguish between background objects or gravitation-
aly bound companions one may estimate the probability for
these CCs to be background objects. Based on the so-called
“Besançon galactic model” which is a synthetic model of the
galaxy, the star density at a given galactic longitude and latitude
can be obtained as a function of magnitude in a given band. If
we assume that the position of stars follow Poisson statistics,
we can determine the probability ηF to find at least one star
with a magnitude in the K-band similar to a given CC within
the field of view of the SHARPII camera (12.7′′ × 12.7′′). The
probability ηC to find that star within a circle with a radius as
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Fig. 3. Left: We show the 1σ error ellipses of the positions of the companion candidate to HIP 6856 relative to HIP 6856 on 12 November
2000 and 29 October 2001. We took into account the proper motion of HIP 6856, starting at (α, δ) = (0, 0) and then moving south-east to
(α, δ) = (0.100,−0.042). Regarding the ellipse errors, it is not possible to discriminate between bound or background objects for the HIP 6856
CC. Right: We show the 1σ error ellipses of the position of the companion HIP 1910 B relative to HIP 1910 A on 12 November and 28 October
2001. We took into account proper motions of HIP 1910 A, starting at (α, δ) = (0, 0) which then moves south-east to (α, δ) = (0.081,−0.053).
The proper motions of HIP 1910 A and HIP 1910 B are significantly similar. The observed separations and PA are in total similar to 0.12σ in
the case of a co-moving pair and 1.5σ discrepant from being a background object.

large as the CC separation can also be estimated. The corre-
sponding results for the four visual companions detected are
presented in Table 2.

Table 2. Probabilities ηF and ηC for the stars to have respectively a
background object with a magnitude in K-band similar to the one of
their CC in the SHARPII camera field of view (12.7′′ × 12.7′′) and
within a circle with a radius as large as the CC separation.

Source l. b ηF ηC

(◦) (◦) (%) (%)

HIP 108422 322.86 −41.56 <1 <0.1
HIP 1910 308.43 −54.65 <1 <0.1
GSC 8047-0232 282.73 −62.35 ∼2 ∼0.4
HIP 6856 290.37 −63.58 ∼5 ∼2

4. HIP 108422

When astrometry or spectroscopy is not available, a test to see
if the CCs may be bound is to compare their photometry to evo-
lutionary model predictions. We used the evolutionary tracks
of Baraffe et al. (2002, 1998) based on a dust-free and non-
gray atmosphere model (BCAH98). This model is an appro-
priate description for stellar objects with effective temperature
Teff > 2300 K. The near-IR photometry of HIP 108422 (G8,
54.9+3.8

−3.3 pc) and its CC is compared to the color-magnitude
diagram (CMD) for the near-IR color (J − K) based on an
age of 40 Myr (see Fig. 4). The resulting stellar parameters
of both objects are reported in Table 3. The model predictions

for HIP 108422 are consistent with the G8 spectral type of
the unresolved system HIP 108422 (Zuckerman et al. 2001)
which can be attributed to the primary star. The CC, detected at
∼1.98′′, has colors similar to an M3–M5 dwarf.

5. GSC 8047-0232

No trigonometric parallaxes have been measured for the system
GSC 8047-0232. Torres et al. (2000) initially supposed this star
to be part of the Horologium association located at 60 ± 25 pc.
Zuckerman et al. (2001a) suggest this system to be significantly
further away from the large common Tucana-Horologium asso-
ciation, located within 50 pc from earth. To compare our data
to model isochrones, we then consider two different distances:
60 pc and 85 pc. Figure 4 shows that BCAH98 and DUSTY
CBAH00 models give a better fit for 85 pc than for 60 pc. We
therefore adopt a distance of 85 pc to derive physical parame-
ters of this possible binary.

The measured spectral type of the unresolved system
GSC 8047-0232 is K3V (Torres et al. 2000) and can be at-
tributed to the primary star. The color measurements (J − K ∼
0.61) and the stellar parameters deduced from the BCAH98
model isochrones (see Table 3) are in good agreement with the
Kenyon & Hartman (1995) color table. If we consider the case
of the CC to GSC 8047-0232, we see in Fig. 4, that this ob-
ject falls into the brown dwarf regime with a near-IR color
(J − K ∼ 1.35). As mentioned by Baraffe et al. (2002), the
BCAH98 model is dust-free and not really appropriate to ex-
plain the near-IR colors of late M-dwarfs and L-dwarfs. As dust
must be taken into account, we have used the CBAH00 DUSTY
model to derive the physical parameters of the GSC 8047-0232
CC (see Table 3), based on the CMD for the near-IR color
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Fig. 4. Left: CMD for the near-IR color (J−K) from the BCAH98 model and the CBAH00 DUSTY and COND models. The data of HIP 108422
and its CC, GSC 8047-0232 and its CC and the CC to HIP 6856 are overplotted with their uncertainties and also the sub-stellar companion
HR 7329 B detected by Lowrance et al. (2000). In the case of GSC 8047-0232 and its CC, two distances are considered, 60 pc (lower) and
85 pc (upper). Right: CMD for the near-IR color (H − K) from the BCAH98 model. The data of HIP 108422 and its CC, and HIP 1910 A and
B are overplotted.

(J −K) and an age of 50 Myr (Fig. 4). The physical parameters
of the GSC 8047-0232 CC are consistent with a sub-stellar ob-
ject of 20 to 40 MJup and effective temperature between 1760 K
and 2475 K.

The link between near-IR colors, effective temperature and
spectral type is well constrained by the model predictions for
late M dwarfs, but this is not really the case for the L dwarfs.
The treatment of dust, particularly the grain condensation in
the photosphere, is challenging and the J − K color can vary
∼0.5 mag for L dwarfs of the same type (Leggett et al. 2002;
Reid et al. 2001; Kirkpatrick et al. 2000). Leggett et al. (2002)
have recently compared the infrared photometry of 58 late M, L
and T dwarfs to the corresponding spectral classification done
by Geballe et al. (2002). Based on these results, our photom-
etry of the CC to GSC 8047-0232 is consistent with M7–L9
dwarfs. Clearly, new observations (without spike contamina-
tion) in photometry and spectroscopy are needed to determine
precisely the stellar parameters and spectral type of this CC. If
the sub-stellar nature of the object is confirmed, this would be
the third brown dwarf companion known among young, nearby
associations with TWA 5 B in the TW Hydrae association
(Lowrance et al. 1999; Neuhäuser et al. 2000) and HR 7329 B
in the β Pictoris group (Lowrance et al. 2000; Guenther et al.
2001; Zuckerman et al. 2001b) being the other two.

6. HIP 6856

In the close vicinity of HIP 6856 (K1V, 37.1+1.8
−1.6 pc), the

very faint CC detected with the coronagraphic mode of
ADONIS/SHARPII has a color (J−K ∼ 0.57) (see Table 1 and
Fig. 4). It would have an absolute magnitude MK = 14.56 if
it was a companion. The photometry is not consistent with the
CBAH00 DUSTY model predictions, demonstrating that this

Table 3. Stellar parameters of HIP 108422 and its CC are derived from
the BCAH98 model for an age of 40 Myr. This model is also used for
the star GSC 8047-0232, but the CBAH00 DUSTY model is used for
its CC for an age of 50 Myr.

Source M Teff L
(M�) (K) (L�)

HIP 108422 [0.9, 1.15] [4760,5638] [0.5,0.8]
HIP 108422 CC [0.2, 0.35] [3301,3455] [0.013,0.03]

GSC 8047-0232 [0.8, 0.9] [4203,4764] [0.02,0.45]

GSC 8047-0232 CC [0.02, 0.04] [1760, 2475] [2e-4,8e-4]

object is unlikely to be a late M dwarf or L dwarf. However, the
photometry is consistent with cooler objects such as T dwarfs,
typically with Teff < 1300 K and where the CO bands are
replaced by strong methane absorption in H and K bands re-
sponsible for the weakening of the J − K color (Geballe et al.
2002). This is poorly modelled in both the extreme CBAH00
COND and DUSTY models. Dahn et al. (2002) and Leggett
et al. (2002) have presented near-IR measurements of T dwarfs
that are consistent with the photometry found for the CC to
HIP 6856. Our present astrometric results do not distinguish
whether the object is bound or not to HIP 6856 and future as-
trometric or spectroscopic observations are necessary to con-
firm its nature. If the CC is a T-type companion, its mass is
∼6–8 MJup and at 37.1 pc its angular separation corresponds to
a projected physical separation of ∼180 AU.
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7. HIP 1910 A and B

AO imaging allows us to resolve the source HIP 1910 (M0V,
46.3+5.3

−4.3 pc) as a close binary, and photometry was obtained
in H and K. Based on the BCAH98 CMD for the color (H−K)
for an age of 40 Myr (see Fig. 4, right panel), we find that the
stellar parameters of HIP 1910 A are consistent with a M0V
star (contribution of HIP 1910 B negligible). HIP 1910 B, de-
tected within the errors at the same separation and position an-
gle from HIP 1910 A, is consistent with being a companion. It
has photometry consistent with an M3–M5 star. Derived stellar
parameters of both components are reported in Table 4.

Table 4. Stellar parameters of HIP 1910 A and B derived from the
BCAH98 model for an age of 40 Myr.

Source M Teff L
(M�) (K) (L�)

HIP 1910 A [0.62, 0.8] [3710, 4203] [0.08, 0.2]
HIP 1910 B [0.2, 0.4] [3360, 3495] [0.02, 0.04]

8. Conclusion

We present results of an AO imaging survey of the common
associations of Tucana and Horologium. Four candidate com-
panions (CCs) were detected in a sample of 24 stars. We first
estimated the probability for these objects to be background
objects. We then compare predictions of low-mass stellar and
sub-stellar evolutionary models to our photometry to test if the
CCs might be physically bound objects. As already mentioned,
these models provide an accurate comparison with observa-
tions of such young objects but are still not as reliable at an
age of a few tens Myr as they depend on the initial conditions.
We find that the HIP 108422 CC is likely to be an M3–M5
dwarf, to be confirmed by spectroscopy. Based on the Chabrier
et al. (2000) DUSTY model, the CC to GSC 8047-0232 falls
into the brown dwarf regime with a deduced mass of 20 to
40 MJup. In comparison to late-M, L and T dwarf observations
(Leggett et al. 2002; Geballe et al. 2002), this object could be
an M7–L9 dwarf. If confirmed, this object would be the third
brown dwarf companion detected among young, nearby asso-
ciations along with TWA 5 B in the TW Hydrae association
(Lowrance et al. 1999; Neuhäuser et al. 2000) and HR 7329 B
in the β Pictoris moving group (Lowrance et al. 2000; Guenther
et al. 2001; Zuckerman et al. 2001b).

The photometry of the CC detected in the close vicinity of
HIP 6856 is consistent with cooler objects like T dwarfs. Our
astrometry did not enable us to conclude whether the CC object

is a true companion of HIP 6856. Finally, we demonstrate that
HIP 1910 B has a common proper motion with HIP 1910 A and
that further spectroscopic measurements are needed to confirm
this companionship. Based on comparison of the photometry
with model predictions, we also show that HIP 1910 B may be
an M3–M5 dwarf.
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��{Å­?tw��~�{�tw}�}�tw~�t_ò|��~�{¬��{Xxu��{ivD�DtwvD�X{XxZ�¹}¹{i���·�¥Çi��~�{P��{Xx´��vD�r�|�X{Xx»x���~´yFtU�
��y�����}�y��|�i�����¬��{Xx
�P{i�
��~�{Xxj��{Xx�tgx�x����i�Ftw���|�gvDx���{i��vD{Xx¯{i�¯}�~������D{XxZ¦
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N ÒDvÔ��{R�Ztwy|�i��y|{i~»y|{Xx¯ÀiÂ\ÃP��{Xx
tgx�x��a�i�Ftw���|�gvDx��·{i��vD{Xx»{i�u}�~������D{Xx©{i�»��{�y|{Xx»�X�g�R}�tw~�{i~Z�=y?�×�i���D��{P��{

�©��y�����}�y��|�i�����
��{Xx��i���g��y|{Xx���{´yFtRÈ�¶��P{Xx���~��X{j}�tw~¯sj�D���D{iv�vD��²PO.�#tX²A�g~
¾·¡ZÏqÏr¡�Ä´¾®s´�#Ïr¡�ÄI�P{jx�{i~����|�i�
��{�~��\­Ð�i~�{ivD�X{q¦A½8t´�r�|x���~����������|�gvÌ��{Xx(}M�i~��|����{Xx��g~�������twy|{Xx���{Xx�¡RQTS»�i���g��y|{Xx���{�yFt»È�¶Ô��{��¥²�}¹{�x�}M{X�i��~�twyVUR�
�P{Xx���~��X{�}�tw~zs´�ÉÏr¡q�q{Xx���~�{i}M�g~����X{��DtwvDx�yFtjÒD�q��~�{XWr¦�¡q¦�¶Ê�g��~I�P{�}�yFtg�X{i~z�DtwvDx�y|{Xx��PÇi�P{Xxz�X�gvD�r�����|�gvDxZ�
��{�vD{I�X�gvDx��|��Ëi~�{z�|�i�r�a�D{�y|{Xx6�i���g��y|{XxÊ��{I�¥²�}M{Ix�}¹{X�i��~�twyax���}¹�i~��|{i��~�{Xx(ºZY�[»¾®x�{z~��\­®�i~�{i~�tw�rª»���|x����g�q~�tw�R�P{Xx
��{´yFt©ÒD�q��~�{�Wr¦�¢AÄ\¦�¶6�g��~���{iv���~¯�X�g�R}���{
{ivDx�������{u��{´yFtÅ�PÇi�P{»�r²�v�tw�R�|���D{u��{´�¬tgx�x�{q�w�·{´vD{u�X�gvDx��|��Ëi~�{
�a�D{Py|{XxR����xÅtZ²�twv�����v2~�tw}�}¹�g~�����{P�¬tgx�x�{�\^]`_badcq¦ N ÒDv+��{¬�X�gvaÆA{i~�����~R�X{¬~�tw}�}¹�g~��©��{Ì�¬tgx�x�{P{iv
��{i~��P{Xx´��{u~�tw}�}¹�g~��j��{
y����R��vD�qx������©ºP��v5ew�A{©���gv�vD�q�A�X� ������y��|x�{uy|{
�P�a��Ëiy|{©�iÆA�gy������n­I��{
�¯� N ¤jÏ,fr¦O��{
�P����Ëiy|{
���gv�vD{q��}�tw~�{\ªr{i�R}�y|{q����vÍ�X�gv���~�tgx���{�gihkjml"aonP}M�g��~���vc~�tw}�}M�g~��j��{u�¬tgx�x�{�\i]m_badcq��º���v
ew�A{»��{©¢Å�R��y�y��|�gvDx��=��twv�vD�X{XxZ¦
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prq=s%t B�ChEvu�wrxzy2{}|<x�~��,{}x������,��y��"��|}x��,�,��y���|}~�x�{}������y��"����|�����y���{<��x�����y��,���z�I�����,��{2���"������{<����x�����y����R|
wr���T����������������������|¡ =¢�£�£�¢�¤¦¥b§V�©¨¦��|}|}��y<�ª�������R�ª¨¦�X�"��|}x������«��|}~�xo{¬�R���M��{Xy=�����R|¬��{}x�������­��,y<x��T���®��y={Z�,���������
y<��|(�°¯ ��¨¬­��������Z����­ª�R�,{(�"����|��T�������T����y(±��R������|¬y�¥

½¸{XxÉ����xcx���{iy�yFtw��~�{Xx �a�D{¿�X��tw�»���i��{X�i���Xx �DtwvDxÍy|{Xx tgx�x����i�Ftw���|�gvDxR��{i��vD{Xxc�É��� ¡Z¢ {i�Í£¸�D�Ztwv�t_�
¤j�g~��gy|�g�q�����c�I{i�U�����f~�{Xx�}¹{X�i��{iv��¿�X{XxP}�~��X�X�X��{iv���x¿�i~�����Ëi~�{Xx¿��{cx��iy|{X�i���|�gv¸��x��gva�¬��~�ËXxÌ}�~��g��tw��y|{i�P{iv��
��{Xx��g�r��{i��x©y��|�Xx�¦8ð y|x©x��gva�R{iv+{�²={i�©��~���y�yFtwva��xR{i�Åx������D�XxRºÍ��{XxÅx��i}�tw~�tw���|�gvDx�}���²rx��|���D{Xx©��vr­Ð�i~��|{i��~�{XxPº
g³j´l�_,_Pµ N }M�g��~j��vD{Å�i���g��y|{�º�W,¶¬}M�q¦M½8tÌ�X�gv���tw�R��v�tw���|�gv"}�tw~´��vÉ�g�r��{i�´��{»­Ð�gvD��x´{Xx��f���gvD�Å}¹{i�
}�~��g��tw��y|{q¦MsutwvDx�y|{»�Ztgx���{Xxftgx�x����i�Ftw���|�gvDx�£�° ¤�²r�r~�tg{»{i�¯³Í�I��tw�¬tg{iy|{X�gva���|xZ�����g�Dx�y|{Xx¯�X�g�R}�tw�qvD�gvDx
x���{iy�yFtw��~�{Xx©x��gv��Å�X�gvrÒD~��P�XxZ¦6���g�R�P{P��y�v¸�×{\ª��|x���{R}�tgx
�=�×�i���D��{Ì�iyFtw��~�{Px���~»y|{Xx»�X�g�R}�tw�qvD�gvDxÅx���{iy�yFtw��~�{Xx
�r�c�q~��g��}¹{uµ2¶��|�i���g~��|xZ�g��{´vD{uy|{´}�~�{ivD��x¯}�tgx¯{iv �X�g�R}���{»�DtwvDx��X{i����{»�i���D��{q¦
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½�� ��v���{i~�Æqtwy�y|{¬��{Px��i}�tw~�tw���|�gvDx
}��a²�x��|�a�D{Xx»x��gvD���X{Xx©�DtwvDx»y|{Xx
tgx�x��a�i�Ftw���|�gvDx¯�·{i��vD{Xx©{i�u}�~��a���D{Xx©{Xx��

� ²a}��|�a�D{i�P{iv��¬��{É¡R¶#ºIQ,¶,¶Iµ N ��ºcy?�×{\ª��X{i}����|�gv ��{U� ��� ¡Z¢ �DtwvDx�y|{Ì�Ztgx���¿�{iy�y|{Ux�{i~�tw���Rx������D�X{«º
¢�[�WU}¹�q¦¹ð¥y�{Xx��u���gvD��}M�qx�x�����y|{���{Å�X�g�R}�tw~�{i~
y|{XxIÀXÂ\ÃP��{Xx»tgx�x����i�Ftw���|�gvDx���{i��vD{Xx»ºÌ�X{iy�y|{���{Xxu�i���g��y|{Xx�U
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��{PyFt È�¶.x���~Å�X{R�PÇi�P{¬��va��{i~�Ægtwy�y|{U��{¬x��i}�tw~�tw���|�gvDx
}��a²�x��|�a�D{XxZ�8}����|x©��{¬y|{Xx
�X�g�R}�tw~�{i~�{iv���~�{U{iy�y|{XxZ¦
µ�vÔ��va��{i~�Ægtwy�y|{Ì��{¬x��i}�tw~�tw���|�gvDx��8{iv���~�{ ¡R¶cºDQ,¶,¶
µ N �=�X�g~�~�{Xx�}¹�gvD�+tw�2x��g�R�P{i�Å��{RyFt¿­®~��X�a�D{ivD�X{P��{
�
��y�����}�y��|�i�����Å��{Xx¯�i���g��y|{Xx¡U ��{
È�¶6¦
s´twvDxz��vD{����i�¬tw~����D{j�X�g�R}�tw~�tw��y|{¯}¹�g��~���v���{i~�}�~��i��{i~��X{Xx(~��Xx���y���tw��xI{ivR��{i~��P{Xxz��{(ÀXÂ\Ã�{iva��~�{¯y|{Xx�{\ªr��~��\�
�R�����Xx���{XxI��v���{i~�Æqtwy�y|{Xx���{fx��i}�tw~�tw���|�gvDxI}��a²�x��|���D{Xx�x��gvD���X{Xx´¾®{i�IvD�gvÌ}�y��Dx���{�y?� ��v���{i~�Æqtwy�y|{´�X�g�R�
��vOÄ\����y
{Xx��zvD�X�X{Xx�xKtw��~�{���{�x���}�}M�qx�{i~����D{�������������������� �!�#" $&%'��" (#)
%*" �,+-���.$0/21.�3" �4�#�5$6�,�7(8"�%'�9���.$0�.$&%:� �
��;.�-�-�#�9+
$�<3=��?>@)
�A�?$'$'�4<."��B%*" �C+D/2�C)
�E<F�F%G" +C%'�.�*H?�9�I� � �Z� �I���J�5$&%E$*)
/#/2�,$'15�JK��9)�$'$*" �.+#+
�
<F�,�J���L<F�.�I� �M�#�5$�1F%'�C" � �.$N�#�M� �PO � �-�5$*)��315�5$�/#�?�!Q!R ��� ¦¹��{i����{Å�r�|x���~����������|�gvÉ��tw�Dx�x��|{iv�vD{
{Xx���tw�Dx�x��8�X{iy�y|{
�g����{iv��D{»}�tw~MYÊ�|x����D{i~MO �#tw~��i²Ô¾·¡ZÏqÏ,WAÄu¾ Y��ÉÏ,WAÄ¯ºÅ}�tw~�����~f��{�[g¢��i���g��y|{Xx´È�¶ ��{u� ²a}¹{
x�}M{X�i��~�twy6�+¦Os´{
y|{i��~j�X����twv�����y�y|�gv¸�=s´�#Ïr¡©{Xx������P{»yFt�­®~��X�a�D{ivD�X{©��{
����v�tw��~�{©���g��twy|{¿¾ÐºR���g����{Xxjy|{Xxjx��\�
}�tw~�tw���|�gvDxKÄj�i��twy|{Rº�W�[TS�tw�����g��~u��{Xxu�i���g��y|{Xx�Uá��{ÅyFt¿È�¶6¦¹Ñ(y�y|{R{Xx��´��{�S�¢FSk}¹�g��~´y|{Xx´�i���g��y|{Xxu� ��{
Y6�#Ï,Wr�r{i�I}�y��Dx�~��X�X{i�R�P{iva�¯{Xx������P�X{uºVUbc#W�XFY�}�tw~��#tw~�����twy¸{i��twy?¦¹¾Ð¢,¶,¶TZAÄ\¦DÈ��g�Dx��X{i����{j��²�}¹�g���DËXx�{q�
sf�D���DÇivD{ ¾·¡ZÏqÏqÏAÄu}M{i���©tw��vDx��z�X�g�R}�tw~�{i~©y|{Xx¯ÀiÂ\Ã¬�=��tgx�x��a�i�Ftw���|�gvDx���{i��vD{Xx»x��gvD���X{Xx©ºc�r�z²¹�i~�{iva��x
��va��{i~·�
Ægtwy�y|{Xxj��{
x��i}�tw~�tw���|�gvDxf}���²rx��|�a�D{XxZ¦AµfvD{©tw}�}�~������D{©}�y��Dx´tw�
�������|{i�Dx�{�x�{i~�tw���j��{
�X�gvDx��|���i~�{i~´���D{©�X{i����{
�r�|x���~����������|�gv"��{
}¹�i~��|�a��{Xxj�g~�������twy|{Xx´{Xx���yFt¬�PÇi�P{©}M�g��~j���g����{Xxjy|{Xxfx��i}�tw~�tw���|�gvDxj}��a²�x��|�a�D{XxZ¦M½¸{XxIÀiÂ\Ã
���g��twy|{Xx�x�{i~�tw�|{iva�ftw��vDx��8���i��{i~��R��vD�X{XxZ¦
½8t��P�i���D����{»�X�gvDx��|x���{©twy|�g~�x�º�[
\ �Ztwy|�i��y|{i~Z�qx���~���v���v���{i~�Æqtwy�y|{���{�x��i}�tw~�tw���|�gvDx�}���²rx��|�a�D{Xx(���gv�vD�X{XxZ�gyFtIÀiÂ\Ã���{�y?��tgx�x����i�Ftw���|�gvR�X�gvDx��n�
���i~��X{q�

\ ���i��{i~��R��vD{i~�$*)��]� �E�-;.�-��"I+C%'�5�7HB�9�I� ���#��$*15/#�?�7�B%*" �,+�$^/8=C_@$*" >@)
�.$A��yFtjÀiÂ\Ã*`5a ��{Xx��i���g��y|{Xx
��{»yFtUÈ�¶ ��{
�¥²�}M{»x�}M{X�i��~�twy(U ºR}�tw~�����~j��{»yFt¬�r�|x���~����������|�gvÉ��{
}M�i~��|����{Xx��g~�������twy|{Xxj��{
s´�#Ïr¡q�
x�tg����twva�f�a�D{uyFt©­®~��X���D{ivD�X{»��{´����v�tw��~�{
���g��twy|{»{Xx��¯��{�W�[TSU�

\ {Xx������P{i~�y|{´~�tw}�}¹�g~��cbedgfbedgfih'j ¦���{´~�tw}�}¹�g~��¯���gv�vD{»tg�X�XËXx¯ºÅy?�×{\ª��XËXx��g�Ítw�¿���\Ò��i���¯��{u�X�g�R}�tw�qvD�gvDxx���{iy�yFtw��~�{Xxj��{Xxftgx�x����i�Ftw���|�gvDxz�·{i��vD{Xxf{i�¯}�~��a���D{Xxf{ivÉ�X�g�R}�tw~�tw�|x��gv#��{Xx��i���g��y|{Xx«U ��{uyFtUÈ�¶Ê�Ox���~
y?� ��v���{i~�Æqtwy�y|{
��{»x��i}�tw~�tw���|�gvDx���{P¡R¶RºiQ,¶,¶iµ N ¦
Ñ(vrÒDv¸�Êy|{P�Ztwy|�i��yI��{¬yFtU­W~�tg�i���|�gv ��{¬�X�g�R}�tw�qvD�gvDx�x���{iy�yFtw��~�{XxZ�8x���~
��vÔ��va��{i~�Ægtwy�y|{U��{¬x��i}�tw~�tw���|�gvDx

}���²rx��|���D{Xx����gv�vD�X{XxZ��x�{u���\ÒDv����fx�{iy|�gv«y?�×{\ª�}�~�{Xx�x��|�gvÍx�����Æqtwv���{k[

ÀiÂ\Ã2l mon l7p n UFq
r n	mon p n q ¾.Wr¦�¡�Ä

tXÆA{X� r � m �Bp.{i�sq �X�g~�~�{Xx�}M�gvD�Dtwva�f~�{Xx�}¹{X�i����ÆA{i�P{iv��utw�rªcvD�g�
��~�{Xxj��{
x�²�x���Ëi�P{Xxfx����R}�y|{XxZ�O���g����y|{XxZ�
��~���}�y|{Xx¯{i�¯����tg�r~���}�y|{Xxf���i��{X�i���XxZ¦?tA{u~�tw}�}¹{iy�y|{u�a�D{´yFt©­W~�tg�i���|�gvc��{´����v�tw��~�{¬¾ÁÀZÖ�Ä����\ÒDv��|{u�DtwvDx¯y?��tw~����|�iy|{
x���~�y?��tgx�x����i�Ftw���|�gvÍ�É���ê¡Z¢«¾®����tw}�����~�{VZr��¶�tw~����|{
ð�ð�ð�Äz{Xx��¯�i��twy|{
º![

ÀZÖ2l mon p n q
r numvn p n q ¾.Wr¦�¢AÄ

Èa����Ægtwva�»y?��tw}�}�~������D{¬x���tw���|x����|���D{R��{Rsj�D���DÇivD{ ¾·¡ZÏqÏqÏAÄ\���X��tw��{ivDx�������{P���i��{i~��R��vD�Ry|{Xxu��vD�X{i~��������D��{Xx
x���tw���|x����|�a�D{XxItgx�x����i�|�X{XxItw�P­Ðtw����y|{�vD�g�
��~�{���{f�X�g�R}�tw�qvD�gvDxI���i��{X�i���Xx�{ivÌ�X�gvDx��|���i~�twv�����vD{¯x���tw���|x����|�a�D{
��{�¶Ê�g�|x�x��gv¸¦a��{i����{���²�}M�g���DËXx�{����R}�y��|���D{¯�a�D{�y?� ��vD�X{i~��������D��{�{Xx����i��twy|{¯º6w xzy|{~}Ra ÀXÂ\Ã6tZÆA{X��xzy�{~}�yFtj��tw��y�y|{
��{Ry?�×�X����twva����y�y|�gvÎ�i���D�r�|�q¦ºµ�vD{¬�X�g~�~�{X�i���|�gv+��{P�X�g�R}�y|�i���D��{q�Êy��|�X{¬tw�"­?tw���
�a�D{����g�Dx»y|{Xx
�X�g�R}�tw�qvD�gvDx
tXÆA{X����vD{��r²av�tw�R�|�a�D{���{��¬tgx�x�{%\©] _badc�vD{�x��gv���}�tgx6­Ð�g~��X�i�P{iv������i��{X�i���Xx(x���~�y|{Xx6}�~�{i�R�|{i~�x��r�nªr�|Ëi�P{Xx
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�=��tw~��Xx�{X�X�gvD��{q��v¸�×{Xx���}�tgx��X�gvDx��|���i~��X{q¦���{i����{¯�X�g~�~�{X�i���|�gvU{Xx���{iv¬{�²={i�(vD�i�q��y��A{Ztw��y|{ftw�PÆ��P��{Xx(~��Xx���y���tw��x
��{usj�D���DÇivD{U¾Ð¢,¶,¶,¶AÄ\¦D½¸{Xx���vD�X{i~��������D��{Xxfx��gv���tw��vDx��¸�Ztwy|�i��y|�X{Xx¯}¹�g��~�y|{Xx�ÀiÂ\Ã
{i�(ÀZÖj}�~��Xx�{iva���X{Xx��DtwvDx�y|{Xx
£6tw��y|{Xxfx�����Æqtwv���{Xx�¦
£¸~�tw�����gvDx«º"}�~��Xx�{iva�«����tg�i��vD{#��{XxUtgx�x��a�i�Ftw���|�gvDxU�a�D{R�X��tw�f�g�Dx�{i~�ÆA�X{XxZ���q�×{Xx��·� º_�¥�r��~�{Éy|{Xx¿tgx�x����i�Ft_�

���|�gvDx©� ��� ¡Z¢c{i�»£¸�D�Ztwv�t_�¥¤j�g~��gy|�g�q�����c¦�tA{¬�X�gvDx��|��Ëi~�{Ry|{Xxu~��Xx���y���tw��x»}�����y��|�Xx
x���~uy|{Xx
tgx�x��a�i�Ftw���|�gvDx
£�° ¤�²r�r~�tg{©{i�´³É�I��tw�¬tg{iy|{X�gva���|xZ¦¸½��×�i���D��{R��{Å�©��y�����}�y��|�i�����P��{Xxutgx�x����i�Ftw���|�gvDxj�É����¡Z¢r�¹£¸�D�Ztwv�t_�
¤j�g~��gy|�g�q�����c�r£�°�¤�²r�r~�tg{�{i�I³Ì�I��tw�¬tg{iy|{X�gv����|x¯{Xx��I}�~��Xx�{iv����X{j�DtwvDxIy|{���������{����i��{i~��R��vD{i~�y|{i��~ÊÀXÂ\Ãi¦
��{Xx�~��Xx���y���tw��x¯x��gva��{ivDx�������{»�X�g�R}�tw~��Xxjtw�rª¿Æqtwy|{i��~�x¯��{Xx¯�i���g��y|{Xx®U ��{´yFt¬È�¶6�D{i��{iva��~�{»{i�rª¹¦

prq=s%t BDCnmMu��(������|={}xo{}x�����y1����{2���ª��y1y<�ª��¨ {}|}�����®���R��y1����yº��y<y<�,¨¦xz��{<x����ªy	�2��������y1��{º��|}�,¨¬­���yº��
$��¢
�����V��¨��������
� ��|}��������x���������� � �,�,|}�����¦{����º­����«�R���������T{<xzy�¥A§A�i|}���ª�R|<{<x�{<x����D�,�I�)|}�����ª�! ^��xz¨ {<��|<xzyZ��y2{¡���R|¡�Rx���������|}y
�,����������¥$�0����|i¨¬­�����������y}y<��¨�x��R{<x����"�$y<���T{�|}���"��|<{<��y�����y#�®�$�M~�|}��y���~�y<��|}±���y���� x%�®������|<x��'& � � ��{ � �)(
¨�����y<y<x��T���) +*-,/.10	24365�7�895�:�;<3�¤V�¦{7���¡¨¦��|}��������|¬�R��­�x��� 9=�>�:@?A243�5�7�895�:�;<3B>�:DCA:@7�=�;-,/2/247FE�3�¤¦¥�w)�R��y�����¨���y0�,�¡�)|}�����ª�
 P��xz¨ {}��|}x�yF��G®�¦{}��x�����y$���T{(�¦{<� ��~�y<��|}±�����yº��±���¨B(+wIHBJ)K=�@L�� � (M�(�NK<K(�¦{��,��������±���¨ � ���1L�J1K<���OH%�b¥
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prq=s%t B�C��%u��ÅSAJMY��ON��	�7{<�ª�,�(�,�º�z��
A8A*(���R��y��°¯ ��y<y<�,¨¦xz��{}x����Z��
$� ¢
��¥�§A��y68 3A;98A243A* 0	243$,
��*(¨¦��|<|}��y<�ª�����,����{��R���
~�x��ª�Rx�|<��y��������	��������� �������¡ =¢�¤-�,§�� ��� ������  ��¤-�! "��������� ����¢$#¡ %��¤-����
$� ¢
� �¬¢$�� &��¤A���b¢$#� ('�¤���{ � wX¢)')��� �
  £�¤¦¥�§A��yM8 3$;<8$243-*�*F, =�3-*r¨���|}|<��y=�"���ª�,���T{��R���®¨¦���¡�"��y}�R�T{}��yN���+��� ������¥ �,�M¢�£�¢-�  %#�¤-�T§.� ��� ����� �� %��¤0��{º���B�6�
�,�¦{}��¨ {}�Z�R�,{}����|(�,�Z§�� ��� ����G©  GT¤¦¥�§A�¡��x4�®x�{<�Z�,� �,��{<��¨¦{<x����©��y={(x�¨�xA¨¦������� �,�%��/0 �HIL)1 K ���%�)|}x32����©x%�®������|<x��
¨¦�z��y}y=xz�T����  2 , E���3�*$>�2 , =�3�¤ ¥A§A�¡¨����T{<|¬��y={<�547698;:=<!> ?�¨¦��|<|}��y<�"���������T{M&�����|}�����"��|<{)�,���«��y}y=�7@�:BAC>EDX�"����|
���GF����Z�,��� �¡x�����x�����yr��¯ �R��������y+��y={)�R�ªy<y<x�|}���"��|<{<��¥IH
VX]�[|H\NJ�.��{<���,�¡�,�X�z�K
A8A*M������y��°¯ ��y<y<�,¨¦xz��{}x������V��¨��R�����
� ��|}��������x��@��¥7§V�P��x%�®xo{}���,���,�¦{}��¨¦{<x����¾¨¦�z��y}y=xz�T���i��¯ (+wIHBJ)K=�@L�� � (M�(�NK K«|}��y={<|}��x��T{«x�¨�x����R{}|<�©��{<���,�I  2 , E��	3
*A>�2 , =�3�¤¦¥�������|r¨����®����|}��x�y<���"��y<���T{r����y}y=xV|<���ª��|={}����y�����y+��x4�®x�{<��yr�,�M�,�¦{}��¨ {}x���������x4�«������|}x��Z¨���|}��������|¬�R��­�x��T���
��¯ (rw HBJ1K=�@LR� � (1���NK K�  2 , E���3ML ,/;ON-* 0@>�,
�PL ,/2/2QNA*�¤��¦{ JM(1�6H   2 , E���3ML ,/;ON-*)24>�� E�*�¤ ¥T§��(|¬�R���"��|<{1�,�6�«��y}y<�0@R:SAC>ED
¨¦��|}|}��y<�ª����� &¡���i¨¦���T{<|¬��y={<�;456T:VUW> X¡�ª����|(���YF����%���R����& G	���¡x�����x�����y(��¯ ����������y�¥

9$:=;7:%Z ½\[v½ ;A·

½¸{XxP�g�Dx�{i~�Æqtw���|�gvDxR��{«�É��� ¡Z¢#{i�Åy?�×�i���D��{«��{«xKt¬ÀZÖ¿�gva�P�i���Ì}�~��Xx�{iv����X{Xx¬�DtwvDx�y|{¿����tw}�����~�{�Zr�
¶6tw~����|{Ìð�ð�ð\¦Os���tw}�~�ËXxuyFtÌÒD�q��~�{�Wr¦�¢r�¹���g�Dx»y|{Xxu�P{i�
��~�{XxÅ�gv��u��vÔ� ²a}¹{Rx�}¹{X�i��~�twyZ] Y([�¦=ð y|xux��gva�
���gvD�
���g�Dx�}�~��|xÅ{iv��X�g�R}���{¿�DtwvDxR�X{i����{¿�i���D��{q¦�½�� ��v���{i~�Æqtwy�y|{c��{Xx�x��i}�tw~�tw���|�gvDx¬twv��q��yFtw��~�{XxR{\ªr}�y|�g~��X{Xx�}�tw~
¶�µfÑM]_^	`uðba�c«Uj~��n­6{Xx�����{«¶r¦�¡'Z�ºÅÏr¦ Z�d dO�X{´�a���M�X�g~�~�{Xx�}¹�gvD�«ºÅ��{Xx�x��i}�tw~�tw���|�gvDx�}���²rx��|���D{Xx��X�g�R}�~��|x�{Xx
{iv���~�{�f©{i� Q,¶TSiµ N º©Q,W
}¹�j�g��Z,QÅ{i�¯¢,W,Q,¶�µ N ºÅ¢�[�W©}M�q¦�½8t©y����R����{´x���~�y|{�~�tw}�}¹�g~�����{j�¬tgx�x�{fvD�g�Dx
tw�PËivD{PºPvD{��X�gvDx��|���i~�{i~»�a�D{
y|{Xxj����v�tw��~�{Xx
tZ²�twv��u��v"�X�gv���~�tgx���{�gih j l"aonr�=�Ztw~u� ����¡Z¢Ì{Xx���ew�A�X{
��{Ye`lÌ�R��y�y��|�gvDx»�=��twv�vD�X{XxZ¦=Ñ(v#��vD�iy���twv��
y|{Xxu��{i�rª �P{i�
��~�{Xx
x���}�}�y|�i�P{iv���tw��~�{XxfaKg t�¶q¢,W,fr¦ ZCcÅ¡ZÏTSª[
{i�7ahg t�¶q¢,W,Qr¦ ZCc´¢,¶,¶,W¿�g�Dx�{i~�ÆA�Xx´��{i~�v��|Ëi~�{i�P{iv��Z�1QÌx�²rx���Ëi�P{Xxjx�tw���|x·­Ð�gv��jy|{Xxj�X�gvD�r�����|�gvDxu��{Å�X�gv���~�tgx���{
{i�¯��{ux��i}�tw~�tw���|�gv-[iaKg t�¶q¢,W,WCc´¢,¶,¶,Wr�M½kj�¤�l ¢,QTZr��Ñm¶q¢,W,WCc´¢,¶r¡Rfr���É��� ¡Z¢_��¡R¶r��ÈM¡RfR{i�¯¤jsë¡�[�ZTZq¢r¦
tA{»�X�gvDx��|��Ëi~�{»���gvD�u�DtwvDxf�X{i����{
tgx�x����i�Ftw���|�gvcx��nªU����v�tw��~�{Xx�x���~�y|{Xx¯�gv�ñZ{»�P{i�
��~�{Xx��g�Dx�{i~�ÆA�XxZ¦D£8�g�Dx�y|{Xx
�g�r�·{i��x�­?tw����y|{Xx����i��{X�i���Xx�x��gv���~�{i}¹�g~����Xx��DtwvDx�yFt
ÒD�q��~�{«Wr¦ Z©{i���X�g�R}�tw~��Xx�º©yFt©y����R����{u��{´���i��{X�i���|�gvc��{
¶�µfÑM]_^	`uðba�c«Uj~��n­·¦ N �¿ÒDv�twy?��yFtuÀiÂ\Ã»��{»�É��� ¡Z¢�{Xx��¯�i��twy|{
ºRx�tjÀZÖ»tZÆA{X�u��vD{uÆqtwy|{i��~¯��{0XTXFY¿¦

9$:=;7:nm o®? Cr:7H�:qp)r25¸>�51@?5�GÊ< ? 7
sutwvDx�y?��tgx�x����i�Ftw���|�gvÎ£8�D�Ztwv�t_�¥¤f�g~��gy|�g�q�����c�IvD�g�DxPtXÆA�gvDx����¬tw�A�c¢TS#�P{i�©��~�{Xx¬x���~Åy|{XxGets�_Ôtg�\�

���D{iy�y|{i�P{iv��¯�X�gv�v��Dx�{ivÌvD�ZÆA{i�
��~�{»¢,¶,¶,¶©{i�I���i���g��~�{´¢,¶,¶r¡q¦a½�� ��va��{i~�Ægtwy�y|{u��{fx��i}�tw~�tw���|�gvDxZ�rx��gvD���X{XxI}�tw~
N su]7vjð·Èi^qÈ�¤ N af¶�ð�ð\���a���Êy����R����{iva�u�|�i�ÊvD�g��~�{R�i���D��{�{iv#�X�g�R}�tw~�tw�|x��gvÔ��{Xxj}M{i~·­Ð�g~��¬twvD�X{Xxu�g����{iv��D{Xx
tXÆA{X�wv N �;]Å�¸{Xx��
��{�_badc'Uhd d(ºyx"a _Kd d®¦6��{i�»��va��{i~�Ægtwy�y|{U�X�g~�~�{Xx�}¹�gvD�+º«��{XxÅx��i}�tw~�tw���|�gvDx©}���²rx��|���D{Xx©��{
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prq=s%t B�C��%u7�ÅSAJMY��ON9���7{}���,�º���1�z��
A8A*º�,�1�°¯ ��y}y=�,¨¦xz��{}x����I��� � �,�,|¬�R��¥�§���y���x4�®x�{<��y��,���,�¦{}��¨ {}x����%{2����x��T����y$���,�
JM(1�6HI��� x%�®������|<x���y�¨�����y<y<xz�����+  2 , E��	3�*A>�2 , =�3�¤V�¦{0¨¦��|<��������|}����­�xz������  2 , E���3 L ,/;bN-* 24>)� E�*�¤A���¦{V�,� � ���1L�J)K<���OH%�
����¨¦��|}��������|¬�R��­�x��¡  2 , E��	37L ,/;bNA* 0�>�,
�WL ,/2/2QN-*�¤-��y=���T{$|}���"��|<{<����y�¥�§��Z¨����T{<|¬��y={<����¨¦��|<|}��y<�ª����������{6&«���©|¬�R���"��|<{+�,�
�«��y}y<�u@�: AW>QD�����y={X�R��y}y<x�|<���ª��|={}�®�ª����|Z��� F����«�,��¢$�#�®x�����x�����yZ��¯ �R��������y�¥.H©VX]a[FHKNS�k��{<���,���,�«���_
A8A*��,�
�°¯ ��y<y<�,¨¦xz��{}x���� � �º­����®������������{}x�y�¥�§A�P��x%�¡x�{<���,���,��{<��¨¦{<x�����{2����xz�T�������¾x%�«������|}x��i¨¦�z��y}y<x��T���D  2 , E���3'*A>�2 , =�3�¤A�
��~,{<���T���Z��±���¨ (rw HBJ1K=�@LR� � (1�(� K K(�"����|������ �¦{}��x����K6T:��,>���  � K.�S��#�����¤A�,��y={�|<���ª��|={}���%�ª����|+�,��������|������
xz�,���Z����y(¨�������¨�xo{}��y(�,�Z���¦{<��¨ {}x�������~,{<���T����y$����|01	��­�����|(� �0�¦{}| �2�)�R{�
����ªy   ��������¤ ¥

fUº�S�f,¶�µ N ��}M�g��~jy?��tgx�x����i�Ftw���|�gvÉ£8�D�Ztwv�t_�¥¤f�g~��gy|�g�q����� x������D�X{Åº e s�_Ì}M�q¦M½¸{Å�X�gv���~�tgx���{q�=tgx�x����i�|��º
��vD{R�r²�v�tw�R�|���D{���{Å�¬tgx�x�{©\v]´_badcq�={Xx��«g�h j
��a Ur�¹}M�g��~´��v^ew�A{���{^Z,¶Uº�S�¶Ì�R��y�y��|�gvDx»�=��twv�vD�X{XxZ¦
½¸{Xx���{i�rª«x�²rx���Ëi�P{Xx����i��{X�i���Xx�tXÆA{X� N su]7vfð�Èi^qÈ�¤ N af¶�ð�ð\��¤jð ¶9¡ZÏr¡R¶�{i��¤fð ¶/¡R¶,fTS�¢q¢r��{i��y|{´x�²�x���Ëi�P{
���qsf�<WTZ�Z,f,Qc�g�Dx�{i~�ÆA�PtXÆA{X� v N �;]Å�=x��gv��»�X�gvDx��|���i~��Xx»�X�g�R�P{P��{Xxu����v�tw��~�{Xx¬¾WÆA�g��~´ÒD�q��~�{�Wr¦ ZAÄ\¦=¶Ê�g��~
�X{i����{»�i���D��{q�r��~��g�|x¯�P{i�
��~�{Xx���{j� ²a}¹{ux�}¹{X�i��~�twy�� Y������gv��¯�i���u{\ª��iy��DxZ�r}M�g~���twva��yFtÅ��tw��y�y|{u��{´y?�×�X����twvr�
����y�y|�gv ºÉ¢TZÍx��g��~��X{Xx�¦Ê½8tÌÀXÂ\ÃU��{U�X{i����{UyFtw~��A{Utgx�x��a�i�Ftw���|�gv¸�Ê�¹�ivD�\Ò��i�Ftwv��P�r� }�y��Dx©�q~�twvD�Î�X����twv�����y�y|�gv
}�tw~��R�6�X{iy�y|{Xx¯�i���D�r�|�X{Xx¯�|�i�?�D{Xx���twy|�g~�x¯��{�c'UFY ¾®�i��twy|{©ºÅyFt´ÀXÖ_Ä\¦

9$:<;7:¸9 ����� :=7;:¹@A@?@D5ºH1¹A<<B¿@�¹ o�� r���J�>A:¹@
s´twvDx»y|{R�Ztgx
��{Xx
tgx�x��a�i�Ftw���|�gvDx
³"�I��tw�¬tg{iy|{X�gva���|xÅ{i�©£�° ¤f²��r~�tg{q���i��tw��{�²={X�i���D�R��vÔ��~�tZÆgtw��y����n�

��y��|�g�q~�tw}����|�a�D{»}¹�g��~��X�gy�y|{X�i��{i~¯y|{Xx�~��Xx���y���tw��x¯��{Xx¯�i���D��{Xxf{ivc���¬tw�A{i~��|{
ºR¤u�;{i�¯¤5a N ¦
¶Ê�g��~Ìy?��tgx�x����i�Ftw���|�gv ³ �I��tw�¬tg{iy|{X�gv����|xZ��yFt#}�~���vD�i��}�twy|{Í~��\­®�i~�{ivD�X{ {Xx��¬�X{iy�y|{Í��{J`��g��y|{i~�O ¶Ê{i��~·�

U´�g��ñZ{ivDxÅ¾Ð¢,¶,¶q¢AÄ\¦�ð y|x¯�gv��j{ivÍ{�²={i���g�Dx�{i~�ÆA�uy|{Xx©¡'Z��P{i�
��~�{XxZ���|��{iv����nÒ��Xxf}�tw~��#tw�¬t_�·{�j«{i�ftwy?¦8¾·¡ZÏqÏqÏAÄ
{i��½8t��¯x��gvÅ{i��twy?¦a¾Ð¢,¶,¶q¢AÄ\�gtXÆA{X�Iy?� ��vDx���~����P{iv��(�=�3] NmN su]7vjð·Èi^qÈ�¤ N af¶�ð�ðM{iv¯��twv�Æ��|{i~�¡ZÏqÏqÏr���¬tw�r¢,¶,¶,¶r�
�·����vU¢,¶,¶,¶©{i�I���X�X{i�©��~�{j¢,¶,¶r¡q¦���{XxI�g�Dx�{i~�Ægtw���|�gvDx��gv���}M{i~��R�|xI��{f���i��{X�i��{i~ Zu�X�g�R}�tw�qvD�gvDx�}�~��g��tw��y|{Xx
x���~���vU��v���{i~�Æqtwy�y|{j��{jx��i}�tw~�tw���|�gvDx�twv��q��yFtw��~�{Xx���{X_badc'U d d º�n d d �atZÆA{X�f��v¿�X�gv���~�tgx���{®g�h�� U"a U
�X�g~�~�{Xx·�
}¹�gvD�Dtwv���ºj��vP~�tw}�}M�g~��I��{��¬tgx�x�{ \©] _badc�}¹�g��~���v�ew�A{���{Mfj�R��y�y��|�gvDxI�=��twv�vD�X{XxZ¦�sj{i�rªR�X�g�R}�tw�qvD�gvDx
}¹�g��{iv����|{iy|xIx��gv��ztw�����g��~z��{RafÑI��g.¡�{i�(y|{���~��g�|x��|Ëi�P{¯tw�����g��~I��{MafÑI��g/ÏÅ¾WÆA�g��~�ÒD�q��~�{MWr¦ SD� �"!$#&%$')(+*_Ä\¦
��{i�j��v���{i~�Æqtwy�y|{©��{©x��i}�tw~�tw���|�gvDxutwv��q��yFtw��~�{Xx´�X�g~�~�{Xx�}M�gvD�ÉºP��{Xxjx��i}�tw~�tw���|�gvDxf}���²rx��|���D{Xxj{iv���~�{U¡'Z�µ N
{i�M[�f,¶©µ N �r}¹�g��~���vD{»�r�|x���twvD�X{u��{»Ï�[©}¹�q¦DÈa��~¯y|{Xxu¡'ZÅ�P{i�
��~�{Xxf��{u�X{i����{»tgx�x����i�Ftw���|�gv¸�w�·{u�X�gvDx��|��Ëi~�{
���gvD�u��v x�²�x���Ëi�P{´��~���}�y|{»{i����vD{u����v�tw��~�{q�D}¹�g~���twv���yFt´ÀiÂiÃ»º�l,�TY*{i�¯yFtjÀZÖ»ºvc�xFY¿¦
s´twvDx8y|{z�Ztgx6��{z£�°%¤f²��r~�tg{q�Tew�A�X{z��{�¡R¶¯�R��y�y��|�gvDx��=��twv�vD�X{XxZ����{�v¸��tw���X�gvDx��|���i~��z�a�D{�y|{Xx�¡ZÏ¯x��g��~��X{Xx
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����� t BDCFEMu���|¬��¨ {}x�����y$�,� ¨¦���¡�ª����������y$y={<�����z�Rx�|<��yº������y$����y(��y}y<��¨�x��R{<x�����y��2��������y$��{$��|<�,¨¬­���y�¥�������{(|}���"��|<{<��y
����y 
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�X�g�R}�tw~�tw��y|{
ºÅ�X{iy�y|{u��{Xx��i���g��y|{Xx���{´yFtÅx��X�a�D{ivD�X{j}�~���vD�i��}�twy|{»��{�ÀiÂ\Ã�����l�lTXFY«¦�½Êº�{ivD�X�g~�{q�ry?�×�g�Dx�{i~�Ægt_�
���|�gvÍ��{»}�y��Dx��q~�twvD��x��X����twv�����y�y|�gvDx´��{iÆa~�tw�|{iva�¯}¹{i~��P{i����~�{
��{jÒ�ª�{i~��X{Xx���{ivD�DtwvD�X{XxZ¦
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tD� �|��{iv����nÒ�{©�|�i�¸y|{Xx�}�~��g��y|Ëi�P{Xx�~�{ivD�X�gva��~��Xx�}¹�g��~��i���D�r�|{i~f��{¯ÀiÂiÕ¹Öi��º����g����{Xxfy|{Xx¯x��i}�tw~�tw���|�gvDxf}���²a�
x��|���D{Xx��DtwvDx�y|{Xx�tgx�x����i�Ftw���|�gvDx(��{i��vD{Xx¯{i��}�~������D{Xx:[

\ Ñ(v �X�g�R}�tw~�tw�|x��gv ��{Uy?�×�i���D��{U}�~��X�X�X��{iv���{cx���~ÅyFtÌÀXÂ\Ã\�ÊyFtÉ�X�gv���tw�R��v�tw���|�gv }�tw~���{XxR�g�r��{i��x���{
­®�gvD��x�{Xx���­Ð�g~���{i�P{iv��¯}�y��Dx�}�~��g��tw��y|{uy|�g~�x���{´yFt�~�{X���D{i~����D{©�=�×�g�r�·{i��x���~�ËXx�­Ðtw����y|{Xx�¦

\ ��{i����{R��vD�X{i~��������D��{q�6x���~uyFtUv�tw����~�{P��{Xx
�g�r��{i��xu��~�ËXx´­?tw����y|{Xx»�DtwvDx
y?�×{iv�Æ���~��gv�vD{i�P{iv��P��ÈM�=~�{ivD�
vD�X�X{Xx�x�tw��~�{z��v»vD�g�
��~�{��=�×�g�Dx�{i~�Æqtw���|�gvDx¸}�y��Dx¸���R}¹�g~���twv��Z�_}¹�g��~8�Ztw~�tg�i���i~��|x�{i~8y|{i��~�x8�P�g��ÆA{i�P{iv���x
}�~��g}�~�{Xx�{i���X�gvrÒD~��P{i~j�X�g�R}�y|Ëi��{i�P{iv��jy|{i��~�v�tw����~�{»}�tw~¯��{Xx��P{Xx���~�{Xx¯x�}¹{X�i��~��qx��X�g}��|�a�D{XxZ¦

\ µ�vÎ}�y��DxÅ�q~�twvD� vD�g�
��~�{c�=�×�g�Dx�{i~�Ægtw���|�gvDxRx�{Ì~��i}¹{i~��i����{Ì��~�~��i�P�X�r�Ftw��y|{i�P{iva�Ìx���~�yFtÍ��tw��y�y|{¿��{Xx
�X����twva����y�y|�gvDxj�g�Dx�{i~�ÆA�XxZ�D{i�¯���gvD�»x���~�yFtR}M{i~�����vD{ivD�X{»��{Xx¯~��Xx���y���tw��x�x���tw���|x����|���D{XxZ¦

\ Ñ(vrÒDv¸�ayFtu��{i~�v��|Ëi~�{f�r�
	¬�i��y����f{Xx��zy��|�X{ftw�P­?tw���z���¸� ��y�v¸�×{Xx��z}�tgxz}M�qx�x�����y|{q��tw�g�·�g��~��=� �a���?�a�=� ������y��|x�{i~
��v��i~�����Ëi~�{U��{U~��\­Ð�i~�{ivD�X{q���X�g�R�P{¿y|{XxÅ�i���g��y|{Xx���{UyFt#È�¶Ê��}¹�g��~Å�i���D�r�|{i~RyFt¬ÀXÂiÕMÖ¿º ���g����{Xx�y|{Xx
x��i}�tw~�tw���|�gvDx¯}��a²�x��|���D{XxZ¦
¶6tw~©�X�gvDx��X���D{iva�Z�8ºÌ}�tw~�����~»��{Xx´~��Xx���y���tw��x»{iv"���¬tw�A{i~��|{Pº¿¤u�¨{i�»¤5a N ���D{f�X��tw��}��Ô�g����{iv���~»x���~

y|{XxPtgx�x����i�Ftw���|�gvDxP£¸�D�Ztwv�t_�¥¤j�g~��gy|�g�q����� {i�P£�° ¤�²r�r~�tg{q�({i�R��{«�X{i�rª+}�����y��|�XxPx���~R£�° ¤�²r�r~�tg{¿{i�
µ.¶(�|�i���g~��|x��¸��{c�P{Íy����R����{ÉºÔ}�~��Xx�{iv���{i~Uy|{XxÌ�Ztw}�tg�i�����Xx¿��{ ���i��{X�i���|�gv9tw����{i��va��{Xx¿}M�g��~U{\ª�}�y|�g~�{i~U��{Xx
x��i}�tw~�tw���|�gvDx¿}���²rx��|�a�D{Xx«��{Íy?�×�g~��r~�{"��{ ¡R¶Îº2�a�D{iy|���D{Xx¿�X{iva��tw��vD{Xxc�=� µ N ¦�� �gv/�g�r��{X�i���n­©{Xx��«twy|�g~�x
�=��tw}�}M�g~���{i~P��{Xx�~��i}¹�gvDx�{Xx�x����R}�y|{XxPtw�rª �a�D{Xx����|�gvDx![�Ñ�x��·�?��y�}¹�qx�x�����y|{¿��{¿���i��{X�i��{i~P��{Xx vf��x�{i�R��{Xx
}�yFtwvDËi��{Xx�tw�����g��~���{��X{Xxz�i���g��y|{Xx8��{i��vD{Xx�y|�g~�xz��{f�Ztw�R}�tw�qvD{XxI�=� ���¬tw�A{i~��|{j�X�g~��gvD�g�q~�tw}����|�a�D{8¼u§;}�tw~�����~
��{R���D{iy�y|{�x��i}�tw~�tw���|�gvÔ}��a²�x��|���D{8¼Ì���g�R�P{iv��
y|{Xxu�Ztw}�tg�i�����Xx
��{R���i��{X�i���|�gvÔ�iÆA�gy��D{iv��
{iv#­Ð�gvD�i���|�gvÔ��{
yFt©�r�|x���twvD�X{u{i�¯��{fyFt©y����R��vD�qx������
��{Xx��P{i�
��~�{Xx¯��{Xx¯tgx�x��a�i�Ftw���|�gvDx6��{i��vD{Xx�{i��}�~��a���D{XxO¼st�{u���i��{i~��R��vD{
{ivDx�������{q�q�DtwvDx�����tg�a�D{¯tgx�x����i�Ftw���|�gv´��{i��vD{�{i�6}�~������D{q�AyFt�ÀiÂiÕ¹Öi¦A��{Xx(~��Xx���y���tw��x�­Ð�g��~�v��|x�x�{iva����{�}�~�{i�R�|{i~�x
��vD�r�|�X{XxZ¦.t�{f�r�|x��i����{q��{ivrÒDv¸�ay|{Xxzy����R����{Xx���{j�X{Xxz~��Xx���y���tw��x�{i�Iy|{Xxz}¹{i~�x�}¹{X�i����ÆA{Xx���{Xx��i���D��{Xx�x���tw���|x����|�a�D{Xx
º¯ÆA{iv���~�}¹�g��~��i���D�r�|{i~�yFtzÀiÂXÕMÖi�qº��r�z²=�i~�{iv���{Xxzx��i}�tw~�tw���|�gvDx�}���²rx��|�a�D{XxZ�_{i��{\ªr}�y|�g~�{i~6y?�×�i��{ivD�r�D{��r� ! �\Ã�* # (
! *
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½¸{Xx���vDx���~����P{iva��xf�=�3] N ���D{��X��tw�¹������y��|x��XxftZÆA{X�uy|{´�P�a��{u�X�g~��gvD�g�q~�tw}����|�a�D{
x��gv���{Xx�x�{iv����|{iy�y|{i�P{iv��

N su]7vjð·Èi^qÈ�¤ N af¶�ð�ð´{i� v N �;]Å¦6¶Ê�g��~�}�~��Xx�{iva��{i~�y|{XxÅ�Ztw}�tg�i�����Xx���{U���i��{X�i���|�gvÎ�¥²�}��|���D{Xx��g����{iv��D{Xx
tXÆA{X�P�X{Xx´��vDx���~����P{iva��xZ�r��{Å�c��tw����tg���D{Ìtw�"�Ztgx»��{Åy?�×�i���g��y|{P¤jð ¶´Q,f,W,Q"¾ `6ZA«Å��� l n"a��Í{i�«h l �ªa��aÄ\�
�����¹tw}�}�tw~����|{iv��¯º´y?��tgx�x����i�Ftw���|�gv»��{i��vD{�{i�I}�~��a���D{f£8�D�Ztwv�t_�¥¤f�g~��gy|�g�q�����c¦�½8{Xxzy����R����{Xx���{����i��{X�i���|�gv¿{iv
���¬tw�A{i~��|{f�X�g~��gvD�g�q~�tw}����|�a�D{fx��gv��z~�{i}¹�g~����X{Xx��DtwvDxzyFtuÒD�q��~�{MWr¦ Wr¦�Èa��}�}¹�qx�twva�zyFt»�r�|x���twvD�X{���{¯y?�×�i���g��y|{jº
W,¶R}¹�q�g�i��tw�8~�{i}M�g~����©y|{Xx¯}�~��X�r�|�i���|�gvDx´��{Xx¯�P����Ëiy|{Xxj�iÆA�gy������n­®xZ�M��� N ¤®¶,¶Ps®µ´È�£�
�¾�#&%�©U§ *_Äf{i�j�;]7vjs
¾�Ö�� *�©OÄ\�D}¹�g��~¯��{XxMew�A{Xx¯��{P¡R¶�{i�¡W,¶Å�R��y�y��|�gvDx��=��twv�vD�X{Xx��DtwvDx�y|{´~��i�q���P{»��{Xx¯�¬tgx�x�{Xx�x����Dx���{iy�yFtw��~�{XxZ¦
§ }�tw~�����~»��{ÅyFtRÒD�q��~�{�Wr¦ Wr�M��va���i~�{Xx�x��gvDx·�?vD�g�Dx»x�{i��y|{i�P{iv��
º¬yFtÌ���i��{X�i���|�gvÔ��{��X�g�R}�tw�qvD�gvDxuvj��xZ�

�q�×{Xx��·� º_�¥�r��~�{"tXÆA{X�É��vD{É�¬tgx�x�{Í� ] c�_+���Î¾®���\ÒDv������|�gv'���gv�vD�X{É{iv9ð v���~����r�D�i���|�gvOÄ\¦�s´twvDxÌy|{É�Ztgx
��{¿y?��tgx�x����i�Ftw���|�gvÎ£8�D�Ztwv�t_�¥¤f�g~��gy|�g�q�����c�%ew�A�X{¿��{PS�¶ �R��y�y��|�gvDxP�=��twv�vD�X{XxP{i�P�X�g�R}¹�qx��X{¿�=�×�i���g��y|{XxP��{
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�¬tw�qv������D��{5h e �ªa X ��c�_������g�Dx¬y|{XxP�X�g�R}�tw�qvD�gvDxwvf��xÌº#��{XxÌx��i}�tw~�tw���|�gvDxÌ}���²rx��|���D{Xx¬{iv���~�{If,¶
{i�]Z,¶,¶�µ N �i��tw�|{iv��Ì���i��{X�i��tw��y|{XxÌtXÆA{X� N su]7vfð�Èi^qÈ�¤ N af¶�ð�ð¬¾WÆA�g��~RyFtÍÒD�q��~�{
Wr¦ Wr� ��! # %$')(+*wÄ\¦(¶Ê�g��~
y?��tgx�x��a�i�Ftw���|�gv £�° ¤�²r�r~�tg{q�ºew�A�X{Ì��{Í¡R¶¿�R��y�y��|�gvDx��=��twv�vD�X{XxÅ{i�©�X�g�R}¹�qx��X{¬�=�×�i���g��y|{XxÅ��{P�¬tw�qv������D��{
h e s"a X ��nr���X{XxI�g�r�·{i��x��i��tw�|{iva�I���i��{X�i��tw��y|{Xx�{iv���~�{XS�¶u{i�rQ,¶,¶«µ N tZÆA{X�hv N �;]9�g�¬��{Xx(��vDx���~����P{iv���x
tZ²�twv��«��{XxÌ�Ztw}�tg�i�����XxU��{Í���i��{X�i���|�gv9~�{iyFtw����ÆA{i�P{iva�¿x����R��yFtw��~�{XxÉ¾ `u{X� j {i�Ì¤uÈ�£h^	vfð����V]uÈ�Äc¾WÆA�g��~¬yFt
ÒD�q��~�{ Wr¦ Wr� � §�¨�©�Â'ª *wÄ\¦qsutwvDx6��v©~��i�q���P{���{I�¬tgx�x�{Xx6}�y��DxÊ­Ðtw����y|{XxZ�_y|{Xx6�Ztw}�tg�i�����Xx(��{����i��{X�i���|�gv¸�qtg�X�i~��D{Xx
x���~�y|{XxÅ�q~�twvD��x����iy|{Xx��X�g}¹{XxZ�6}M{i~��P{i����{iva�P�PÇi�P{¿��{¿x��gvD��{i~�yFtÍ}�~��Xx�{ivD�X{U�=�×�g�r��{i��xRx����Dx���{iy�yFtw��~�{XxR��{
�¬tgx�x�{»� ] l�� �q�D{iva��~�{P¡R¶,¶R{i�XQ,¶,¶iµ N ¦
��{Xx«�Ztw}�tg�i�����Xxc��{"���i��{X�i���|�gvÓ�=� ���¬tw�A{i~��|{"}�~��w­Ð�gvD��{q����y�y��Dx���~��X{Xxc�DtwvDx«y|{#�Ztgx«��{XxÍtgx�x��a�i�Ftw���|�gvDx

£8�D�Ztwv�t_�¥¤f�g~��gy|�g�q����� {i��£�° ¤f²��r~�tg{q�6�iÆA�gy��D{iv��P{iv+­Ð�gvD�i���|�gv ��{ÌyFtÍ�r�|x���twvD�X{U��{Ìy?�×�g�r��{i�Å{i����{ÌxKt
�¬tw�qv������D��{+{iv hÎ¦���{Xxc��{i�rªÓtgx�x����i�Ftw���|�gvDxcx��gv��Z�ftg�i���D{iy�y|{i�P{iv��Z�fy|{XxÍ��{i�rª/x�{i��y|{Xxc�a���©tw�|{iv��Í�i���
�g�Dx�{i~�ÆA�X{Xxj{ivc���¬tw�A{i~��|{©�X�g~��gvD�g�q~�tw}����|���D{Å�g� ºRx�tw����~�tw���|�gv¸��}M�g��~fx��gvD��{i~��X�g�R}�y|Ëi��{i�P{iv��´y|{u~��i�q���P{
��{j�¬tgx�x�{jx����Dx���{iy�yFtw��~�{q¦bµfvD{´�i���D��{f~��X�X{iva��{u�=� ���¬tw�A{i~��|{ut©�i���f�P{ivD�X{ux���~�y|{��q~��g��}¹{jµ"¶(�|�i���g~��|x�tXÆA{X�
��v#��vDx���~����P{iva�u�P�g��vDx´}M{i~·­Ð�g~��¬twv��»�a�D{ N su]7vfð�Èi^qÈ�¤ N af¶�ð�ð�{i�_v N �;]Å�¹{ivÉ��{i~��P{Xxu��{��X�gv���~�tgx���{
{i�
��{P~��Xx��gy������|�gv¸¦8ð y�xZ��tw�q���
��{ÌÈ��w­Ðð´x���~uy|{R���iy|{Xx��X�g}¹{P��{]Zr¦ Ww� vf£�£ ��{Py?�×ÑIÈi]*}�tw~9vj{i�����w�Dx�{i~
{i�
twy?¦8¾Ð¢,¶,¶TZAÄ\¦�½8t��Ztw�P�i~�tRx�}¹{X� j�y|{
È�¤ N a�¶zð�t��i���´������y��|x��X{»}M�g��~���tw�qvD{i~�{iv«~��Xx��gy������|�gv¸¦O��{Xx�~��Xx���y���tw��x
}¹{i~��P{i����{iv��j�=�×{Xx������P{i~���vD{�ÀXÂiÕMÖ»}�~��iy����R��v�tw��~�{
�DtwvDx¯�X{i����{©tgx�x����i�Ftw���|�gv¸¦
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§�}�tw~�����~U��{Xx¿�Ztw}�tg�i�����Xx«��{É���i��{X�i���|�gv9�iÆA���a�D�X{Xx¬}�~��X�X�X��{i�R�P{iva�Z���i��tw�´�Ztwy|�i��y|�ÌÀiÂiÕ¹ÖÉ�DtwvDxÌy|{Xx

tgx�x��a�i�Ftw���|�gvDxu£8�D�Ztwv�t_�¥¤f�g~��gy|�g�q�����c�Ê£�° ¤�²r�r~�tg{�{i�´µÎ¶��|�i���g~��|xZ¦8��{Xx´Ægtwy|{i��~�x´x��gva�´~�{i}M�g~����X{Xx»�DtwvDx
yFt�£6tw��y|{)Wr¦�¢r¦�ð¥y�{iv
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�3 Å�\¡C¡P�W�W�{¿��]�c�§ÆÇ¹[�A�C¢c���W�È�`Æ§�C�¤��ÉA�P�c¡^�q�\�GÊ��G�C���3  Ë^�C���:�ÁÌL�G��¹´�\�����G¡Í�C�¬�C�:�\¡P¢c���W�È©7�{�\¡A���W�È�P�\¡P�Î�C¡
�§����É^�P���C���G���\»5�C�:�\¡P�c�U�\�¤���¬Ï_���=¹[���C¢c���=�3 Å�G�W�c���c�����G¡��C�=©^�\²[���C���C¡Ð�WÑ]�C�
���G�¤���C�=�c�
�W�c�¤�C�Ò�3  �¤¡P���U�\ÓC�R»
�¤�¤����Ë^­§�§���A�§­�¡ª�\¹=��ÉA�P�º�P�\¡P�¯�C¡q�§����ÉA�P���C��©^�\²
�c�?�C���v�G�P�U����¢c���W�{¿ªÔÕ�W�¯�C�c�§Æp¹[���C¢c���W�|�_�c�C�7�c¡^�?Öc�����
�W�G�C�C���W�]Ã´�C�W�¯¹[�W�{�\¡C����¹[�W�?�C�º¹=�¤©X�U�\�����G¡Ä�C�W�¯�C�:�\¡P¢c���W�]�c�]�3  �¤¡^���c�U�G�c�����G¡P���c¡^�����º�:�´�C�:�\¡P¢c���º�c�?���G¡
�c¡^���¤���G¡C¡P�c¹[�c¡^�{¸C�X £�W���µ»×Ãa»Ø�§�¤���?�W�7�W�M�5 £�c���G�¤���X¸A�3 Å�\�C�����W�Ù�C�:�\¡P¢c���W�Ù�c¡´ÌL�G��¹´�\�����G¡�¸A���W�Ò�C�:�\¡P¢c���W���¤¹´�\�§Æ¼�§�
�§����É^�P�¯Ô�Úº�c�����W���W�G¹=�ª�\©X¡P�G¡P�Ù���CÓP�����c�¤�:�\�¤���W�Ò�c�Ò�����c�¤�:�\�¤���W�Û�C���W�U�c¡^���M³Ü�_�G�C�Û�C�¤�P�Ò�C���C�c�U�\�¤���{¸X���Õ���`ÌÝ�c���c�
Ãu�5 £ÞØ¡A�����A�§�P�c�����G¡e·`¿

���\¡P�=�W�È�W�G¡^���`Æ§���X¸�¡P�G�P�[�W�7�G¡P�[�C�W�c���C�È�3 £�c¡A�����c�C���c¡P�§���p�C¡P�È�{�\¹=�ª�\©X¡P�p�3  �¤¹´�\©7�c�����ßÃßà�Ô��c�
àMáMâã�C���5 £�c¡A�A�¤���G¡C¡P�c¹[�c¡A��Ô�ÚÎ�C�W�¯�c���G�¤���W�MÃu�C�:�\¡P¢c���7³L�E·|�P�\¡P�����W��ÓC�C����Ï

ä �C�¯���W�UËP�c����ËP�c�|�C�W�Õ�§����ÉA�P�W�Ù�C�?�C�cÓC�����Õ�\�C���G�C���C�W�Õ�c���G�¤���W��Ã��C�:�\¡P¢c���7³L�E·`¿§«Ä�\�¤©X���¯���W�Ù�C���A�W�W�U���P�
�G�c���RÌL�?�C�
�§���U���¤�ª�\�����G¡¬�P�\¡P�M���W�¯�§���UÉ^�P�W�{¸ª�:�=�C���W���c¡P�W�u�C���_�G�P������¢c���W�M�W���M�c¡P�W�G���u�C�c���W�c���W�X¿vÀ.�
�C�c���W�c�����G¡Ð�c�����W�]�¤�¤¹=�¤���W���C���C�c���W�c�����G¡Ð�GÓC���c¡A�P�W�����G�����C�W���GÓP���c���X�\�����G¡P���_�c�C�7�c¡^���_�c��¹[�c�������
�C�¯�W�G¡A���U�\�¤¡P�§���M�:�
�������P�c���C���?�c�Ò�:��¹´�G���U�¯�C�|�W�W�Õ�§����ÉA�P�W�y�c�Ù�C�¯¡P�G�P�y�¤¡§ÌÝ�G��¹[�c�Ù���C�y������åG���M�C�W�
�¤¡^���c�U�G�c�����G¡P�]�c¡^�����
�§����É^�P���c�¯�C�:�\¡P¢c�����P�\¡P�|���W���C�����W�W�����P���C��ÌL�G��¹´�\�����G¡p�C�:�\¡P�c�U�\�¤���X¸
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8#9;:=< 8A9n8?>A@CBED�F�G=BEHJIKIKHJBELNMPOQHSRUTVGXW+TYW+HSZPR�T[G=WVGXW+L]\VOPHSZ�W+GX^$_`OPHbaVc�\+MPG]deTVGgf[D�O'h7OQGiD�j�GiZ�G]M'DkIbl�m)nio�o�p�q�D�j�Gsr
Ibt HKd[Z;MQOPTVBEG]dUM#u[v"w#x"yzl[{`t L]BEHSZQZQHKc�d|W+Ggf4c�T[ZPZ;HK}]OPGsZ"GsZ;M�fVHSRUTVL]Gg~E���Ew'y�~EpU�k������l

ä �c�M�3  �¤¹´�\©7�c�]�c¡q�C���\ÌÝ�G¡P�C�c�C�M�5 £�c¡A�A�¤���G¡C¡P�c¹[�c¡A��Ô�Úq�C�W�¯�c���G�¤���W�]Ã=�C�:�\¡P¢c���7³L�`·��_�G�C�¯���W�UËP�c����ËP�c�
�C�W�Ù�W�G¹=�ª�\©X¡P�G¡P�|�����c�¤�:�\�¤���W�Õ�c�m���CÓP�����c�¤�:�\�¤���W�I¿��M¡½�v�c�C�m�W���_�c���c�mÃ
���c��¹[�]�C�c���c��¹=�¤¡P�c�m�:�X���i�?�c�
�:�?����� ���C���W�W�|�c���G�¤���W�I¿

ÔÕ�c�����¼���W�UËP�c����ËP�p�C�½�§����ÉA�P�Î�C�¼�C�cÓC�����=�c�=�C�Î�W�G¹=�ª�\©X¡P�G¡P�=�W�����C�¤�P�=�\¹
ÓC�¤�����c�P���ÈÉA�P�½���W�º�C���`»
�W�W�C�c¡A���W�u�GÓP�U�c���G�\�����G¡P�º�c¡Á�¤¹´�\©7�c�����¼�W�G���G¡P�G©X�U�\�CËC��ÉA�P�½���C�����W���c���G�¤���W�u�C�W�º�G���U�A�c�:�\�����G¡P�|Êµ�c�C¡P�W���c�
�C������ËP�W�{¿ � �C¡Ä���U�G�C���C�¤�P�]�c�7�G�¤�P�X¸v���W�?�§����É^�P�W�?�C�u�C�cÓC�����?�U�G¡^�?¹[�G�¤¡P�M¹´�G�U���RÌL�M�c�M���W�?�W�G¹=�ª�\©X¡P�G¡P�
�����c�¤�:�\�¤���W���c�]���CÓP�����c�¤�:�\�¤���W�?�C�¤�P�MÌL���G���C�M�C�G¡P�u�C�¤�P�]�§�S�´�c�¤���c¹[�c¡^���C�c���W�c�U�\ÓC���W�{¿�ÔÕ�c�������c���P�C�u�W���M���G�§»
���`ÌÝ�G�����¤¡P�§�����_�c¡P�U�\ÓC�����_�G�C�|�{�\�U�G�c���c�������c�¯���W�|�C���G�C�����c���W�¯�C�W�|�c���G�¤���W�?Ãu�C�:�\¡P¢c���7³L�E·`¸C�_�G�C�|�W�G¡^���U�\�¤¡P�§���
�:�u�������P�c���C�����C�W�m�§����ÉA�P�W�m�C�?�C�cÓC�����|�\�C���G�C�|�C�]�W�W�m�c���G�¤���W���c�m�v�G�C�m�C���c�ª�\���c�����W�ÙÌL�C���C���m�¤¡P�������C¹[�c¡^�
ÉA�C���_�c��¹[�c�������G¡^�M�3  �¤¹´�\©7�c�M�C�W�¯�`ÆC�G�C�:�\¡P¢c���W�{¿

���Q���;� � 6��[�y6P4[�[�y6��y6��Ù2;�e�0�Ò6����Ò6������y4^2Q�
ÀÒ £�`Æ��������c¡P�W�È�C�p�§����ÉA�P�W���C���G���\»5�C�:�\¡P�c�U�\�¤���W�½Â\©7�W�[�C��¦k�ÐÃ ¦k�+�¬¹=�¤�¤�¤���G¡P�[�3 Å�\¡C¡P�W�W�¼�Ä�c���Î�¤�¤�¤�P�µ»

�����W�Î�ª�\�=���W�=�C�c���W�c�����G¡P�[�C�W�=�§���UÉ^�P�W�´Ô�Ú �\�C���G�C�[�C�W�=�c���G�¤���W� �Í¨Ò���c���G�����ß³L«¬�G�C�¤�¤���c�[�c�=�\�5¿�¦{¶X¶V¡X·`¸
à?á£¢4¡G¶+¤¼³5Ú���ËC¡P�c���C�c�m�c�Ù�\�5¿P¦{¶X¶X¶�¥7âM�C©7�c���{�\�¼�c�Ù�\�5¿ª¦{¶X¶X¶X�7·��G�´à?� ¦�¢P¦{¥+¤X¶´³LâM�C©7�c���{�\�¼�c�Ù�\�5¿P¦{¶X¶X¶\Ó`¥
¦Á�c�¤¡AÓv�c��©7�c�]�c�?�\�5¿�¦{¶X¶X¶�¥e«ß�G�C�¤�¤���c�?�c�M�\�5¿�§+�+�§¦I·`¿eÀ.���C���W���c¡P�W�º�C���C�:�\¡P¢c���W�¯©7�{�\¡^���W�]�c�s¨\�G�ß�C���W�G¹�»
�ª�\©X¡P�G¡P�[�����c�¤�:�\�¤���W�{¸Û���CÓP�����c�¤�:�\�¤���W�{¸Û�C�c���W�c���W�[�G� ¡P�G¡�¸Û�W���=�c�7�AÉA�P�W�½�v�G�C���`Æ§�C�¤��É^�P�c�=���W���������P�c���C���W�
���ª�\���:�\���W�Ù�ª�\�������c�C�¤��¢c���W��³Ý�G��­�¹[�c�������W�{¸7�����G�P�{¸A�\¡C¡P�{�\�§ÆP·`¿A�]�\¡P�Õ�W�W�y��­�����¢c¹[�W�I¸X���W�Ò�_�G�P������¢c���W�ÙÔ�Ú[���G¡^�
�C���W���c¡A���W�Ò�c¡[ÉA�ª�\¡^���¤���m�¤¹=�_�G���U�\¡^�������c�C���W���c¡A�U�\¡^�Ù�C¡P�m¹´�G�����m«ª©�«­¬i®b®b¯±°)²´³)®�µ·¶�¸º¹�»m«.¼Ù¿GÀ��W����­�����¢c¹[�W�
�c�7�G�¤�ª�\¡A�{¸_���W�¯�C�����W�W�����P�]�§�������¤�ª�\���RÌÝ�?�c���A�C�c¡A�?���W�?�§����ÉA�P�W�M�C�u�C�cÓC�����{¸v�c�M�:�¼ÉA�ª�\¡^���¤�����C�
�_�G�P������¢c���W�I¸
���U�G�W�W���ª�\�m�5 £�`ÆC�W¢W�|Þ á��c�Õ¹=�¤�¤�¤�¤¹[�c������ÉA�P�X¸P�§�¤¹=�¤¡A�P�
�W�7�W���5 ÅÂ\©7�X¿ªÔÕ�c�������§�¤¹=�¤¡A�C�����G¡q�W���m�¤�¤�¤�P�������W���P�\¡P�
�:��½P©X�C���È¦X¿¿¾Ä³L��Ëª�\�C�¤�����p¦X¸_¨Û�\�������=Þ�Þ�·`¿e«Ä�\�¤©X�����W�W�M�C�����W�W�����P�I¸vÀ �\©X�U�\¡C©7�=�c���\�5¿�³C§+�+�+�7·M�U�\�C�_�G�����c¡^�
���G�GÊ��G�C�����:�½�C���W���c¡P�W�=�C�[�v�G�P������¢c���W���\�C���G�C�
�3 £�c���G�¤���W�uÚ�¨Í�C���§¿Å¥ÈÃÈ¥½¹=�¤�¤�¤�:�\���C�
�3 Å�\¡C¡P�W�W�{¸3���c�7�c���W�
�ª�\�����W�
�`Æ§�W¢W���P�\¡P���5 £Þ×á±Þ á¯â�Úß�c��ÞµÚ��u¿3À.�W�����W�W�c¡^���W�º�C�c���W�c�����G¡P��¹=�¤�¤�¤�¤¹[�c������ÉA�P�W�º�C���_�G�P������¢c���W�ºÃ
¤+�ÁÀ?â�ÃÁÂX¥+�ÄÃ�Å �\�C���G�C�
�C�u�5 £�c���G�¤���´Ã¼�C�:�\¡P¢c����ÆÈÇ����5¸_�ª�\��É]���{�W�7�W���c�
�\�5¿Ò³µ¦{¶X¶+Â7·`¸_�C���G�C�7�c¡A�ºÉA�P�
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8#9;:=< 8�9RQA>	�#LNMQGir­M Dk\VHKIJHJMQL�W+T W+HKZPRUTVGgfVOPckMPc�
bM
�Uf[HKRUTVG=W+GX^�_ OQH�W[Dkd[Z0IKGXr]D�Z0c�� rNG]M;MQGXZQc�T[OPr]G7d[GXZ;GsOPD�H M$f[D�Z$~
� l��?fºrzBED�HKZ'~ ni�?f�rkl�{ GXf[OQc��[I�W+GX\[OQHKIJISDkd4rNGXW+T�WVHKZPRUTVGzDkd[dUT[IKD�HJOPG=fVHKRUTVL?~	���Èw#y£GsZ;M#rsDkISrNTVIKLz~Ef[D�O;MPHJO'WVT
B?c+W+}sIJG�WVG'y�TVF�G]OPGsD�T�G]M DkIbl[m��������Uq­lk{�GsZ IKHJBEHJMQGsZ�W+G�W+L]MQGsrNMQHKc�dÈrNc�OQc�dVc�F�OPD�f��VHSRUTVGsZ�W+G�� w'_������=@
 GNM�!'y'v��
Z;c�d�MgGiZ)MPHJBEL]GiZg~|f[DkOQMQHKOgW+TÁBEceWV}]IKGAW+GÈrNc�dUMPOPD�Z)MPG�fºc�TVOgT[d�MPG]BEf[ZXW t c�\[Z;GsOQj�DkMQHKc�d�WVGA��� BEdÁZQTVOgISD|Z;c�TVOPr]G
m´rNHKG]I�HJd[r]IJT4ZPq"G]M'WVDkd[Z0ISDE\[D�d[W+G�"	l��7Dkd[Z�IJGXrsD�Z0W+G#!'y'v���a[IJGgBÈD�ZPRUTVG=rNc�OPc�d[c�F�O Dkf$�VHKRUTVG#GsZ;M'W+G&%('*)�+ ,.-Va
IKD rNc�OQOPGsrNMQHKc�d�W+G0/21	'*,4365Al7� c�T[O8��w�_������=@
 :9=h7OQH<;)a�IJG?BÈD�ZPRUTVG�GiZ)MgW+G	%='?>$+ @A-�GNM=IKD rNc�OQOPGsrNMQHKc�d�WVG
/21�'CB�>45Al

�W�W�?�§���UÉ^�P�W�?�C�º�C�cÓC�����]�`Æ§�������c¡^�[³Ü�7�G�¤��½P©X�C���Î¦X¿¤¦I·`¿ED �G�C���`ÌL�G���{¸v���W�]�C�c���W�c�����G¡P���C�u�§����É^�P�W�?�C�u�C�cÓC�����
�\�C���G�C�¯�C�W�|�c���G�¤���W�¯¥X¥´ÔÙ¡P���c�����G�U�[àM�G�����G©X�¤�5¸C���c�_�G�����W�W���ª�\�#D.���¤�¤�¤�¤¡C©¼�c�¯�\�5¿.³C§+�+�+�7·m�c�|¨Û�\¡^���¤¡¬�c�¯�\�5¿
³C§+�+�+�7·m¹´�\���¯ÉA�C��¡P���U�G¡^�|�ª�G�M�W�G¡�½P��¹[�W�W�{¸P�¤�¤�¤�P�������c¡A�¯���W�M�§�S�´�c�C�¤���W�¯���c¡P�W�G¡A�����W�W�M�P�\¡P�¯���W�¯�GÓP���c���X�a»
�����G¡P�¯�c�����W�|�C�����W�W�§�C���W�¯�C�����W�§�P�c�����G¡�¸P�_�G�C�|�W�G�����W�c���c¹[�c¡^�����G�P�����U�\�¤�����:���W�G¡A�����¤ÓC�C�����G¡¬�§�qËª�\���[�C�
�:�GFAHJIm¸P�G�������c���W��Ãu�5 £�c���G�¤���X¿

âX½P¡p�C�]���W�����c���:�=�C�c���W�c�U�\ÓC�¤�¤�¤�����C�W�|�§����ÉA�P�W�|�C���C�cÓC�����¯�\�C���G�C�M�C�W�|�c���G�¤���W�¯Ãu�C�:�\¡P¢c���X¸GÊW Å�\���C�G¡P�
�c¡^�����c�C�����m�C¡´���U�{�G�\�¤�3�C�M���¤¹
�C�:�\�����G¡pÃ��ª�\�����¤�{¸§�3  �C¡P�M�ª�\���{¸A�§�¼¹[�A�C¢c���?�C�?�§����É^�P�M�c�¤���c�C¹[�����c�¤�:�\�¤���]�C�
â¯�C©7�c���{�\�Á�c���\�5¿�³C§+�+�+�7·M�c�{¸v�3 Å�\�C�������ª�\���{¸3�§�Ä¹[���C¢c�����C�u�W�G¡A���U�G�������C���W���c¡A���=�P�\¡P�]���u�UËª�\�C�¤�����|¢P¸
¨,�\�������ÎÞ�Þ`¿.K7�¼¹[�´�C�:�G�W�¼���c�Ù�P�\¡P�u�C¡P�½�\�C�C���A�UËP�½���¤¹=�¤�:�\�¤���½Ãß�W�c�¤���¼�\Ó_�G���C�W�´�_�G�C�u�:�p�C�c���W�c�����G¡��C�
�§����É^�P�W�|Ô�Ú¼�\�C���G�C���C�W�Ù�c���G�¤���W�m�C���`» Ú�¨Í³L�c©^�\���c¹[�c¡A�|�P�\¡P�Ù���?��Ëª�\�C�¤�����?¢P¸�¨,�\��������ÞUÞµ·`¿LKP Å�\�v�GÓC���c¡A�È���W�
�C���U½P���,�C�yÓC���¤�¤�:�\¡P�W�m�C�Ù�§����ÉA�P�W� �C���G���\»5�Ø­��C��É^�P�W���\�C���G�C���C�W� �c���G�¤���W��Ã|�C�:�\¡P¢c���7³L�E· �C�G¡^�,�:�¯ÉA�ª�\¡^���¤���Õ�C�
�v�G�P������¢c���W� �c�U�\�¤�Û�W�G¡^���U�\�¤¡A���m�ª�\�.���W�Û��ÚºÇ|¸I�GÓP���c���7�W�W�,�ª�\�ÛÞ×áMâ]Ú�Ã�¦k§§¸e§U¢P¸U¤+�¯�c�Õ¦k�+�XÃ�ÅÁ¿\ÔÕ�G¹=�ª�\�U�\¡^�
�W�W���C���U½P���¯�C�]ÓC���¤�¤�:�\¡P�W�u�\�§Æ½�¤�¤¹=�¤���W�M�C���C�c���W�c�����G¡�¸§ÌÝ�G�C��¡C���W�|�ª�\�|���]¹[���C¢c�����C���W�G¡^���U�G�������_�G�C�|�C�W�
�GÓP���c���G�\�����G¡P�½���¤¹º�C���W�W�½�{�7�W�p���W�[�¤¡P�������C¹[�c¡^���½¨�À�Ç7�È¨NM�Þ×áPOÈÉ?���RÌ
�c�GQ?â¯Ôg�u¸3ÊW Å�\�|�C��½P¡ª�\���c¹[�c¡^�
���W�����c�Ò���C�W�Õ�Ø­��v�m�C���§����ÉA�P�W���c�U�\�¤���C�c���W�c�U�\ÓC���X¿�KP Å�\�P�W�G¡P�����C�c���X¸X�ª�\���`ÆC�c¹=�C���X¸G�C¡[��­§����¢c¹[�Õ�C�:�\¡P�c�U�\�¤���
�W­^�\¡^�Î�C�W�=�C���G�C�����c���W�½���c¹
ÓC�:�\ÓC���W�ÎÃ��W�c�¤���W�¼�C�È�5 £�c���G�¤���ªÆ�Ç����¯�c�´�C�p�U�G¡Ç�§����ÉA�P�Î�C��É^�P�qÃ ¡e� ÀMâu¸
���¤���P�X¸ª�ª�\�?�W�G¡^�����X¸3Ãp¦{¥´�_�º�\�q�¤���c�Ä�C�|¾§¿¿§=�_�¼³Ü�7�G�¤��½P©X�C���¼¦X¿¿§7·`¿SRÕ���c¡¬�UTC�{¸ª���W�¯�C���U½P���]�C�
ÓC���¤�¤�:�\¡P�W�
�v�c�C�7�c¡A�½�UËª�\¡C©7�c�½�c¡ÇÌL�G¡P�c�����G¡/�C�p�:���W�G¡�½P©X�C�U�\�����G¡��c�½�C�p�:�Á�������P�c���C���q�§� �§���UÉ^�P�ß�c�´�C���W���c¡A���c�
�C�W�p�W�G¡�½P©X�C�U�\�����G¡P�q�C�¤�P�q�G��¹[�G�¤¡P�ÈÌ5�W�7�G�U�\ÓC���W�{¿|�� Å�\�C�������ª�\���{¸MÃ �C¡Í�`Æ§�W¢W�pÞ á Þ á¯â�Úv¸Õ�v�c�C�7�c¡A�
�W�G�����W���v�G¡P�§�����C�¤�P�����c�C���|¹[�G���CËP�G���G©X���W�?�C���§����ÉA�P�[³Ü©7�W�G¹[�c�������X¸ª�§���������¤ÓC�C�����G¡¬�C�W���U�\�¤�¤���W�¯�C�W�|©X�U�\�¤¡P�{¸
�C���G�C�����c���W�
�G�C����ÉA�P�W�E·`¿ �M¡�¡P�u�v�c�C���C�G¡P���ª�G���`ÆC�c�¤�C���=É^��  �¤�Ò�`Æ§�������u�C¡P���_�G�C�C�:�\�����G¡Ð�C���v�G�P�U����¢c���W�
�C�c���W�c�U�\ÓC���W�M�c¡È�¤�C¹=��¢c���º�§�WVv�P���W�X¸§¹´�\���¯¡P���W�G¡^�����¤ÓC�ª�\¡A�?ÉA�P�]Ì5�\�¤ÓC���c¹[�c¡^�?Ãu�5 £�`ÆC�W¢W�|Þ á
¿



����� ���	��

���
������������������� �"!#���$�"!#�	%#�	%'&)(+*�,'� (���-.%'�	�0/$1�243$5767/�67(

���Q����� � +.-��y0��
	y+
	'�����G6�
�
5032Ø476����'�e���7���X6�
�
503254^6��Î6����µ+�4^-10��725+
	���
Ø0�	����X0325476
�����
 "!#�%$&��')(+*�,���-.-&(�/#(0 )132#��*��4'�$&5��
 62#7�89 �$&:9!;(3 "< =?>A@ � ¸]¦X¦�¡��C�:�\¡P¢c���W�p�G¡^�p�c���

�C�c���W�c���W�W�È�ª�\�Î���W�½���c���c�7�W�È�C�Ä���_�W�c�����X���W�G�C����ÃÁ���¤���W�����¬�U�G�§�:�\���X¿mÞØ�]�W���p�G�c���P�c�¤���c¹[�c¡^�ß�§�S�´�c�¤���¬�C�
�C�G¡C¡P�c�?�C¡P�
�W�����¤¹´�\�����G¡¬���U�\����������ÉA�P�
���C�¯�:��ÌL�U�G�c�����G¡ß�C���C�:�\¡P¢c���W�?�c�M�C� Q Rm�¯�\�C���G�C�]�C�W�¯�c���G�¤���W�CBm¸
ÉÍ�c�:Mã�§�´�7�G�����¤¡ª�\©7�¯���G�:�\�¤���X¿AÞØ�e���c�U�\�¤�Ù�c¡½� V_�c�Ò¡P�W�W�W�U�U�\�¤���¯�3 Å�\�����c¡P�§���?É^�P�|���W�Ù�W�UËª�\¡^���¤�¤���G¡P�Õ���W�y�C�¤�P�
�¤¹=�_�G���U�\¡^���m�§�ÁÉ]���G�C�v�M�C��É]�c¡P¢c�7�X¸§�W�7�W�|���W�y�¤¡P�������C¹[�c¡^���=ÇÒÀ"�?�?ÞPÇ ���C�Ò���¯���c���W���W�G�v�M�C��¦X¿Å¶+¾"Å �C�
�5  �?à?¨±³b¢[�+�½���G�C���W�W�E·¯�c��Ôg�?áMâMÀ�ÞPÇ����C�?���
���c���W�U�W�G�v�����C�����U�
�C��Ã´À.�ÈÚA�¤�¤�:�Ä³µ¦k¤+�+�½���G�C���W�W�E·¯�G�¬�§�
É?���G�C�_�]�C� Rm�c�ED7�c���c­Î�W�7�W�]�5  �¤¡P�������C¹[�c¡A�|àMÞ ázÇÙÚ´���C�Õ��� M��W�FD¬³C¤X¥+�u���G�C���W�W�E·`¸§���G���c¡A���W�G¹=�C��¢c���c¹[�c¡^�
�GÓP���c���7�W�I¿vÞ×� �W���M¡P�W�W�W���E�\�¤���º�_�G�C�?¡P�
�ª�G�?ÓC�:�\�����c�]�5 £�c���P�C�����U�\����������ÉA�P�X¸e�3 £Öc�������UTC�]ÉA�P�
�5 £�W�UËª�\¡^���¤�¤���G¡
�W����ËP�G¹[�G©7¢c¡P�ß³L���c���W�c�����G¡Ð���c���G¡��C�W���c���¤��¢c���W���C�=�§�����U�\¡P�W�[�c���C���Ø­��v�=���_�W�c���U�\�5¸_�¤¡P�C�c�_�c¡P�P�\¹=¹[�c¡^�
�C���:�u¹[�c�U�\�¤�¤���c�¤���º�C�W�|�c���G�¤���W�E·`¸P�C��¹[�W���C���c�|���W���X�\���:�\�����G¡P�¯�C�]���¤���W�����]�U�G�§�:�\�������C���C�¤�P�����c�C���M�\¡C¡P�W�W�
�_�G�C���W�G�C�A���¤�m�C¡P�M�C�:�\©7�?�C�?�_�c�����A�C�W�m�����´�E�\¹[�c¡^�m©X�U�\¡P�C�X¸P��½P¡È�C�M�{ Å�G�U���C���c�Õ�C�?�:�º�C�c���W�c�����G¡p�G�½�C�
�:��¡P�G¡ß�C�c���W�c�����G¡q�C���C�:�\¡P¢c���W�º³L�W�
É^�C���W�����C�¤�P�¯�§�S�´�c�¤���I·`¿

�±�ª�\�����¤���C�W�]���W���C�¤�U�\�����C���5 £�c���P�C�´Ôg�?áMâ
GEÇÒÀ��_�G�C���C�W�����c�ª�\�U�\�����G¡P���CËA­�����É^�P�W�H<I=J>	À?âu¸
à]�\�¤Ó3Km�G��ËP�u�c�
�\�5¿Ò³C§+�+�+¾7·��W�X�\¡P�W�=�C¡P�uÌL�U�G�c�����G¡Ð�C�=��­§����¢c¹[�u�C�:�\¡P�c�U�\�¤���´�P�\¡P�]���c�C�
�W�UËª�\¡^���¤�¤�¤���G¡��C�
¢[�+�º�c���G�¤���W�m�C�CLNM�OM�P�Q Ã��W�G¹=�ª�\���c�|Ã��:��ÌÜ�U�G�c�����G¡Î�C� ¶R> Q �3 £�c���G�¤���W�|Ã��C�:�\¡P¢c���W�Õ�c�Õ�C�TS ¸4UWV Q �_�G�C�y�:�
ÌL�U�G�c�����G¡ß�C��¡ª�\�¤¡P�W�¯ÓC���C¡P�W�{¿vÔÕ�W�|���W���C�¤�U�\���M�W�G¡�½P��¹[�c¡A�?�c�:�\�¤���c¹[�c¡A�M�:�u¡P�G�����G¡¬�C�YX3Zs�)[]\R^_X+[s�A��`Nab��[s�
�]\]bº��[s�ºÃ��W�G�C�����W�|���c�ª�\�U�\�����G¡P�¯¹=�������c¡p�c�����C�c¡P�W�]�ª�\���5 £�c���P�C��¹[�c¡P�W���ª�\�|à]�\�¤Ó3KÕ�G�UËP�M�c�¯�\�5¿�³C§+�+�+�7·
�C�W���c���c¹[�c¡A���|�G��ÓC�¤�U�\�§Æ½�C�?�C�¤�P�����c�C�����{�\¡P�§���P�\���|���CÓP�����c�¤�:�\�¤���W�|Ãº�ª�\�����¤�m�C�?¹[�W���C���W�|�G�������G¹[�c������É^�P�W�
�3 Wcdafege�`N\ �FhU�`¿8D.�G�C���`ÌÝ�G���{¸��C¡Ç�W�c���U�\�¤¡Ç¡P�G¹
ÓC���q�C�È�W�G¹=�ª�\©X¡P�G¡P�¼�_�G���c¡^�����c���ÎÃÄ�W�G�C�����W�´���c�ª�\�U�\�����G¡P�
�G¡A�M�c�����C�c���W�c���
�W�W�|�����G���|�C�c��¡C��¢c���W�M�\¡C¡P�W�W�u³Ü�7�G�¤�&D �\ÓC���¼¦X¿¤¦I·Õ�c�|���W�����c¡^�?Ãu�¤¡P�c�¤�C���
�P�\¡P���C¡P���c���P�C�
���U�\����������É^�P�M�v�G�C�ÕÉ^�ª�\¡A���S½ª�c�Ù�:��ÌÜ�U�G�c�����G¡Î�C�¯�W�G¹=�ª�\©X¡P�G¡P�Õ¡ª�\�¤¡P�W�ÕÓC���C¡P�W�m�\�C���G�C�Õ�C�W�Õ�c���G�¤���W��B"ÉPM�«
�C���:���U�WÉ^�P�c¡P�W���C���¤¡P�c�¤�ª�\���X¿

�]�\¡P�º���½��Ëª�\¹=��¸,���W�u©X�U�\¡P�C�º���c���c�7�W��Þ á �G¡^���v�c��¹=���º�:�ß�C�c���W�c�����G¡ �C� µ%ijVe¸ Q Rm�u�C�´�×­A�_�´À
�c� µkVe¸ Q Rm�
�C�´�Ø­��v� D�¿.¨Û�\��¹=�m�W�W�º���G�C���W�W�{¸.¡P�c�§Ì¯���G¡^�u�C�W�º�W�G¹=�ª�\©X¡P�G¡P�=ÃÈ�:�\��©7�W�u���c�ª�\�U�\�����G¡P�
<ml ¶�¸+¸ÁÀ?âN³Ü�7�G�¤�0D �\ÓC���Î¦X¿¤¦I·`¿�ÔÕ�G¹=¹[�¯Ê����5 Å�\�Û�C���W�c�����º�C���W�W�W�C�c¹=¹[�c¡^�{¸��¤�,�W�����G�c���P�c�¤���c¹[�c¡^�������G�
��åG�¼�v�G�C�Î�W�7�G�¤�½�C¡P�q�W�����¤¹´�\�����G¡1���¤©X¡C�S½ª�{�\���¤�7�ß�C�q�:� �������q���C�[�C¡1�W��Ëª�\¡^���¤�¤���G¡��C�q¡ª�\�¤¡P�W�´ÓC���C¡P�W�
ËP�G¹[�G©7¢c¡P�W�C��! � /#(+-&no/#(p<ql ¶�¸+¸+¸r@ �

sutv$.��')(3*�,4��-.-&(�/#(r )1+2;��*w�4'�$&5��; x2y7�89 �$&:9!
(+ z/#( � n ��{�{�{ @ � ¡� £�W���|É^�P�]����¢W�|�ª�\�������c�¤���c¹[�c¡^�
�`Æ§�C���G���È�ª�\�[���W�=©X�U�\¡P�C�´���c���c�7�W�´Þ á
¿ÛÀÒ  �¤¹´�\©7�c�����¬Ã�à]Ô �c�[à?á¯â �{ Å�W�7¢c���q���c������¢W�[�C���W�c���c�P���X¿y�?�W�
�C���c¹=��¢c���W���C�c���W�c�����G¡P���C�?�W�G¹=�ª�\©X¡P�G¡P��Q Rm�Õ�G¡^�m�c���M�GÓC���c¡A�P�W���c¡ �|âº¸§�\�C���G�C���C�EÉ]��§+§X¶
ÓC���c¡Î� TC�{¸
�C�º�5 £�c���G�¤���uÃ[�C�:�\¡P¢c���|É]�"Â+¤¼�C�G¡^�ÙÊµ���ª�\�����u�c�R»×�\�C��¢W�{¸v�C�ºà?á ¡e¤V¡e§ß³LÀ3�¤�¬�c�]�\�5¿�§+�+�+§7·
³L�GÓP�U�c���G�\�����G¡P�
�C�c�U�\�¤�¤���W�W�[�\� ��Ëª�\�C�¤����� §ß�C�¼�W�c�����½¨,�\�������I·u�G� �\�C���G�C�=�C�¼à?� ¦k¾+�+¾U¢^¶ ³L¨ �G�����c�=�c�=�\�5¿"§+�+�+§7·`¿,À��W�
�C���c¹=��¢c���W�u�c���P�C�W�º��­������c¹´�\����ÉA�P�W���c¡Á�¤¹´�\©7�c�����¼à]Ô �c�
àMáMâ����C�����W��©X�U�\¡P�C�º���c���W���W�G�v�W�º�C�cÓC�C���c¡^�
���G�C���`ÌÝ�G���M�C�c�C�C���¯�v�c�ß�c�|�v�c��¹[�c�����c¡A�?�§�S�´�c�¤���c¹[�c¡A�{¸ª���c�,�\�P�����5¸P�C���C�c©^�\©7�c�?�C�W�¯�UËC�WVv���W�M���C�|�:�E�������c¿
°M�P�c�¤���W�M���G¡^�¯�W�W�|�C���c¹=��¢c���W�M�c���P�C�W��|

ä À¯¡P���{�\¹=�ª�\©X¡P�M�3  �¤¹´�\©7�c�����¯�W�G���G¡P�G©X�U�\�CËC��ÉA�P�M�C��¦k¤+¾��c���G�¤���W�Ù�P�\¡P���C¡[�7�G�¤�C¹[�¯�¤�¤¹=�¤���|�C�XÂ]�_�
�\�C���G�C�?�§�ÁÚ��G���c�¤�Û�´�c���
¹[�c¡P�W�º�ª�\�A�M�C�v�c¡CËP�c�¤¹[�c���c���\�5¿,³C§+�+�§¦I·`¸_�W�7�W�u���
��­�����¢c¹[�º�3  ��â±�§�
���c���W���W�G�v�´�§��¨Û�\���G¹´�\�{¿ D �G�C���W�
���W� Q Rm���C��¢[�È«p}´���G¡^�u�C�c���W�c�U�\ÓC���W�º���C�
�C¡Ð�¤¡^���c���X�\�¤���´�C�
¢[�[ÃÈ¦k§+� À?âº¿ªÚA�RÆp�W�G¹=�ª�\©X¡P�G¡P�?�����c�¤�:�\�¤���W�¯�G¡A�M�c�����C�c���W�c���W�?�c�|�����W�G¹=�ª�\©X¡P�G¡ É?�¤���W����§+§X¶ R



��� ��� 67/'(�/ ��� � �"- &���( � ���

����� < 8A9n8|> v�c�B?f4DkF�d[c�d[Z=d[D�HJd[GsZX\[OQTVd[GsZsa�rNc�d �[OPB?LiZ]a�W+GsZzLNMPc�HKIJGiZXW+GAISD�u4�£G]M�W+GiZzD�ZPZQcer]HKDkMQHKc�d[Z��)GsTVdVGiZ]a
W+LNMPGsr­MPLsZ$f4DkO�W+GiZ"MQGsr �[dVHKRUTVGiZ$W+GXZQf4Gir­MQOPc�ZPrNc�fVHKG7~?jeH MPGsZPZ;G=O D�W+HSDkIKG�aVW t��'y�GNM'W�t HJBÈD�F�G]OPHKG#@
 �F�O Dkd4W
r �[D�B?f�l
�
	���
���� ����������� �����������   ! �#"%$�&�	
'�� ()"%*+"%
���,��%�

�-��./� �-��01� �3254�� �76 6+� �389�:�

;��=< $�	�>@?@��ACBED�F��G'H��?JI��HKEL9M=	7NO8PIRQ�,�	7,�A)'H�TS ��UOV!� � 0

WCX S1Y V1��V1� � L Z#�3F VR[ � \^]1_
` a � L � Z V � L �1�bV c S�L V [ ( �32�'�
edf�%$)IR?�L V1�1�bV �
WCX S c Y�S7S � S�L V ��B � � \^]�]7` g V L c7c � L �Rh�h ��V L c [ ( ��BE>@Ae�i&��%
)�%$CIR?�L V1�1�bV �
WCX S�S h ZRY V Bkj [ \^]�]7` l � L c � L �1� Z h�� L � [ ( ��mnIR$e$�&�I7No�%$)IR?�LnS1j � jb�
WCXpV1��V�V!� Y D5Y [ \^]:qr` s � L �7c � L � S � h Y�L c [ ( �32�'�
edf�%$)IR?�L V1�1�bV �
WCXtc j � j
S S�L@Su�-DTS [ � \^]1l
` v c L c � LwS � S � L V [ ( ��x7	�,��%AC�%$)IR?3L V1�1� S1�
WCXtc'�'��V j S�L h �-D h�[ � \^]:yr` q c L Z � L �1� Z hrV L h [ ( ��BE>@Ae�i&��%
)�%$CIR?�L V1�1� S:�
WCX S1Y �7h7hbc S�L � �-D � � \^]:qr` l V L �'� � L � Z7Y c Z
L j [ ( �32�'�
edf�%$)IR?�L V1�1�'� �
WCXtc�c Y c Y S�L � �-D � � \^]1l
` z h L@S � LwS hbc V1� L Z [ ( ��KE�{
e
�>w�{
��%$)IR?3L V1�1��c �
WCX|h S �'�Rhb} � h�[ \^]1z � L � S:Z � L �1�'�Rh hbc [ ( �-��I7,r$�	�A��%$)IR?3L V1�1�bV �

;e;��=< $�	�>@?@��ACBED�F��G'H��?JI��HKEL9M=	7NO8PIRQ�,�	7,�A)'H� V1��U;�1� ��0

D5x � j � � L V1� �-� c � Y � � L V7V � L ��V Z � L V S [ ( �3~C>w'H���b�{
��%$CI7?3L V!�'��V �
WCX S1Y h�hbV Z S�L ��� �-D �R[ � h Y
L h � L h Y � L � S V c j�L@S [ ( ����>@,H,��%d��%$)I7?3L V1�'� S:�
WCX S h'� j
S c � L j � �-D �R[ � \�vb_
` y � L �1� � L � S�S h�� L � [ ( �3~C>w'H���b�{
��%$CI7?3L V!�'��V �
WCX S1Y7j ��V�V � L j�Su�-D�Z [ � \�y�qr` y � L �Rh � L �7c S V Z
L � [ ( � [ 	�QR$)�%$)I7?3L V!�'��V �
WCX S �Rh�� Y � � L �'� �3F V:[ � \�_byr` l S�L h � L �Rh Y c'� L c [ ( � [ 	�QR$)�%$)I7?3L V!�'��V �
D5xOY V7c � L c Su�-� V L � � \�vryr` l S�L Z � L V S�S � L �7h [ ( �3~C>w'H���b�{
��%$CI7?3L V!�'��V �
WCX S:Z h�h�� Z S�L@S1j���B � � \�zbsr` a S�L j � L �7c�� �Rh L � [ ( �3~�I7�%*E�%$CI7?3L V!�'�'� �
WCX S � Y�j�Z S�L@S � �-D �:;�[ � c'� V � L � Y�S cbV L Y [ ( �-�9���i�b�%
)�p��IR����& V!�'�1� �
WCX Y �:hbc1� � L Z � �3F �R[ � \�zbqr` a h L � � LwS1Z h V7c L@S [ ( �3~C>w'H���b�{
��%$CI7?3L V!�'��V �
WCX|h Z h Z � L ��c �-D ��� F �R[ � \�vryr` _ Y�L Z � L c'� Y S � L � [ ( �3~C>w'H���b�{
��%$CI7?3L V!�'��V �
WCXpV j �1� Z D VR[ \�_�g V L Y � L � j V1� L h [ ( �-��I�dr	R
)�%$CI7?�S1j�j�Z��
WCX � j�Z � Z DTS [ \�s�s � L j � L ��V Y c7h L j [ ( � X �P�r����,H,�	1du����I�dr	7
�S�j�j�S1�

W (|ZRYbZ V S�L � �-DTS [ � �'�Y� Z � S h � L ZRj S:Z
L Z F����i� � 4)� ��m�>@���%$)I7?3L V1�'��V �
D�? � Y F�S [ h��V� Z � S � L Z � S7L Z V S � L j 4 X ��~ ; � � 4)� ����?@AC�{$)I7?3L V!�'� S1�
D�? V�V j � L � �-��S [ � V'�Y��c�� ����� h�h L j ZrL Z � � L Z V KkI7?@	�NuI:
 � 4)� �3~�I7�7I:��>@NuI��%$)I7?3LnS1j�j � �
WCX S c1� j h�� DTS [ Z � h�� V L Y h S:Z
L j D���NO>@,�> � 4)� ��KE	R$e$��%
)�%$CI7?3L V1�'��V �

Z � h�� V L Y h S:Z
L j D���NO>@,�> � 4)� ��KE	R$e$��%
)�%$CI7?3L V1�'��V �
D5x#S �'� S � L h �-� c L � � Z � S �1� S � L Y j �7������� �-D�	7?w'HNuI7,��%$CI7?3L�S�j�j7jb�
D�?�S �Rh�� � L Z�Z#�3F cR[ � Z � V'�!� S7S�L j V S�L c �7������� �3F�>�
��
8PI:$e
�>@�{�u�%$CI7?3L V1�1� S:�
D�S�j�Y ��c � L � �-� c7[ � c�� c7h'� S�Y�L V y7l)��z �7������� �3()���9	7?w	��%$CI7?3L�S�j�j � �
D�? c�c Z D5j [ Y � �'� S � � �7������� ��� >w?@Ae	7,��%$)I7?3L V!�'� S:�
¡ ; ,�'H> F �R[ �1� ��� V L � � S h Y � h'��� L � c L Y ���H� � �7������� �-�
�{&H	�?@���%$CI7?3L V1�1��c �
D�? � Z � F h�[ �1� ����� S1Y �'� V S c L Z
L � �7������� � } �H
�QbIRAeAe�%
C�%$CI7?3L V!�'�'� �
D�? h S1Z S�L � �-D �7[ � c�� V1�1�'� j V L V V S�L Z �7������� �3F�>�
��
8PI:$e
�>@�{�u�%$CI7?3L V1�1� S:�
D�? �1�Rh D �7[ Y � c Y �'� V:h�� L S � L � �7������� �3F�>�
��
8PI:$e
�>@�{�u�%$CI7?3L V1�1� S:�

;e;e;
�/< $�	7>@?w�%A�x��%��,��%A�L9M=	7NO8PI7Q7,�	7,�A)'H��S ��U;�'� ��0

�=�¢4 ��} � c7[ V1� S �1� V L � £ sRl W ��� � ~ ; M¤����� ��m�	1¥¤
iI7,��%���{$)I7?3L�S�j�j�j��
W (|Z cbV j � ��4 �R[ � c'� S1j7j h LwS1Z h Z
L Z W ��� � ~ ; M¤����� ��m�	1¥¤
iI7,��%���{$)I7?3L V!�'�'� �



����� ���	��

���
������������������� �"!#���$�"!#�	%#�	%'&)(+*�,'� (���-.%'�	�0/$1�243$5767/�67(

8#9;:=< 8A9RgA>|v�c�BEf[DkF�dVc�d4Z�d4DkHKdVGsZ0\VOPTVdVGiZ0G]d6; c�d4r­MQHKc�d W+GgIKG]T[OPZ$ZQL]f[D�OPDkMQHKc�d[Zsl �'L]MQGir­MQHKc�d4Z$OQGsf4c�O;MPL]GiZ�f4DkO$IKGsZ
OPG]IKG]j�LsZ"W+G#ZQf4Gir­MPOQcUZQr]c�fVHKG#~zjUHJMQGiZQZQG'O D�WVHKD�IJGzm������	��

����
��������	����
���q­aVW�t HJBÈD�F�G]OPHKG#~��=v GNM��  'y m���
�������

������

�! "�iq
G]MÈWVT�F�OPD�d[W	OPG]IKG]j�L
@
 $#�%'&)(*( m+�������� -,.��

������

�! "�iq­l�{ GsZ/�	
����
�0
��1�2��34
��YZQc�dUM?IKGsZ
v$v"Zsa�W+LNMPGsrNMQLsZÈW[Dkd[Z?IKGsZ
D�ZQZQc+rNHSD�MQHKc�d4Z �)GsTVdVGiZ65�T4r]Dkd4D�
7��c�OPc�IKc�F�HJT[B G]M85:9;� �eWVOPD�G�l

���c���
�W�G¡�½P��¹[�X¿ªâM�P�c�C¡p¡P�G�C�7�{�\�¬�W�G¹=�ª�\©X¡P�G¡ Q R/¡� Å�=�c�������c�7�c���X¿vÔÕ�c�����
�c���P�C��¡� Å�W­^�\¡A�M�ª�G�
�`Æ��C���G���]�:�����G�U�\�¤�¤���
�§�p���c©X�¤¹[���C��¹´�G���U�W�|�C�W�#Q RÕ�I¸A�¤� �W���|�§�S�´�c�¤�����C���C�c���c��¹=�¤¡P�c�M�:�?����� �c¿

ä â.�7�W�AÉ]�c¹=�¤¡C� ¨NQ?�G��� O?àM�ND��C�ª�§ Å�§¸ª¨,�G�����c�M�c�|�\�5¿�³C§+�+�+§7·m�G¡A��¹[�c¡P���C¡P���{�\¹=�ª�\©X¡P���3  �¤¹´�\©7�c�����
�W�G���G¡P�G©X�U�\�CËC��É^�P�ß���C�=�C¡¾�W��Ëª�\¡A���¤�¤���G¡ �C�ª¾§¦È�c���G�¤���W�[�C�Î�×­A�_�p���_�W�c���U�\��É"�C�È�:�ÁÚ�¨�Ã¬�C¡P�
�§�����U�\¡P�W�|�×­A�C��ÉA�P�M�C�?§X¥��_�X¿�ÔÕ�c�����M�c���P�C�¯���c�C�m���_�c��¹=���Ù�C�M�C�c���W�c���c�Õ�C�c�§Æ´�W�G¹=�ª�\©X¡P�G¡P� Q RÕ�
�\�C���G�C�]�C�uà?�N¦k¾+�+¾U¢^¶§¿_ÞØ���]�W�����¤¹[�c¡A��Ã´�ª�\�����¤���C�º�W�º�_�c���¤�?�W�UËª�\¡^���¤�¤���G¡Ð�3 £�c���G�¤���W���`Æ§�C���G���º�C�
¦k�|ÀMâ ÃY¡G¥ À?âº¸��C¡P�g���������C�=<?>+@ ¹BA	CEDGFH-I JLK U > Q �\�C���G�C�¯�C�W�|�c���G�¤���W�?É �C�]�:�´Ú�¨ ¿

ä â.�7�W� QMâ¯Ôg�È¨�G]À D�¸§�¤�_�`Æ§�������]�G�c���P�c�¤���c¹[�c¡^�|�C¡½�C���G©X�U�\¹=¹[���3 £�GÓP���c���X�\�����G¡P���_�G�C�Ù���W�UËP�c����ËP�c�
�:���C���W���c¡P�W�
�C�
�W�G¹=�ª�\©X¡P�G¡P�?�����c�¤�:�\�¤���W�¯�c�M���CÓP�����c�¤�:�\�¤���W�M�P�\¡P�¯�C¡q�W��Ëª�\¡A���¤�¤���G¡��C��§X¥+��¡ª�\�¤¡P�W�
« �¤�¤¹=�¤����Ãº�C¡È�7�G�¤�C¹[���C�u¦k§º�_�X¿�Ç�¡È�C�¤�P���3  �C¡P���c���P�C���C�?�:�
¹º�C�¤���¤�C�¤���c�¤���
�����c�¤�:�\�¤���]�W�G¹=�C���`»
¹[�c¡^�U�\�¤���¯�C�W�Ò���W���C�¤�U�\���Ò�C��«Ä�\����Ëª�\�e�c�y�\�5¿P³C§+�+�+¾7·`¸7���W���v�c�µÌÝ�G��¹´�\¡P�W�W�y�C���C�c���W�c�����G¡½�C��QMâ¯Ôg�
�C�c�A�U�\���c¡A�|�v�c��¹[�c�������º�3 £�GÓC���c¡C�¤�¯�C�W�|���W���C�¤�U�\���|�P�\¡P�|�����C�G¹´�\�¤¡P�º���CÓP�����c�¤�:�\�¤���X¿

ä �]�\¡P�����=�{�G�§���[�C�=�5 £�c���P�C�[�C�W�º�c���G�¤���W�
ÃÎ�C�:�\¡P¢c���7³L�E·`¸��X £�W���µ»×Ãa»Ø�§�¤���´�C�W���c���G�¤���W�u�W�7�W�=�C¡Ð�W�G¹�»
�ª�\©X¡P�G¡ß�W­^�\¡A�M�C¡P��¹´�G�U���]¹=�¤¡C�¤¹
�C¹)« P ���¤¡NM =6ie¸[« }X¸PÀ3�CËC¹´�\¡¬�c�M�\�5¿.³C§+�+�+§7·m�G¡A�M�GÓP���c���7��c¡Ð�¤¹´�\©7�c�����Î�U�\���C���W�È�W�7�W�¼��� M��W�FD §X¥ß�c���G�¤���W�u���¤���P�W�W��Ãq�C¡P�½�§�����U�\¡P�W�PO =RQe¸¬�v�X¿ â¯�P�c�C¡
�W�G¹=�ª�\©X¡P�G¡¬�����c�¤�:�\�¤���
�G�ß���CÓP�����c�¤�:�\�¤���
¡P�G�C�7�{�\�q¡� Å�´�c�����C�c���W�c���X¸ª¹´�\���M�C�]ÌÝ�G�����W�¯�W�G¡^���U�\�¤¡A���W�
�G¡^�
�c���[�\�C�_�G�����W�W�����C���:�Î�C���W�U�c¡P�W�=�3  Ë^­��v�G��ËP�c����ÉA�P�W�º�W�G¹=�ª�\©X¡P�G¡P�uÃ½�ª�\�����¤�
�C�W���¤�¤¹=�¤���W���C�
�C�c���W�c�����G¡�¿

ä �]�\¡P�|�C¡p�C���G©X�U�\¹=¹[�
���c�:�\���¤�7�c¹[�c¡A�?�U�c¹
ÓC�:�\ÓC���X¸v¨,�\�����c¡P�W�u�c�M�\�5¿.³C§+�+�+§7·m�G¡A�M�GÓP���c���7�u�W�7�W�����
M��W� D´�G¡C²{�]�c���G�¤���W�|Ã
�C�:�\¡P¢c���7³L�E·Ù�C�G¡^�m�C�¤�P�����c�C�����W�G¹=¹
�C¡P�W�|�{�7�W�]���¯�C���G©X�U�\¹=¹[���C�?À3�CËC¹´�\¡
�c�=�\�5¿�³C§+�+�+§7·Î³TS â¯¡P�3¸�¥X¥�ÔÙ¡P�X¸0¢4¡ À¯¹´�§¸m¦k¤�ÔÙ­�© R]¸VU ÔÙ� R]¸'É?�XÂV¡e¤¬�G�Ç¥§¦Î¨ �c©A·`¿ÙÔÕ�c�����
�c���P�C�
���_�c��¹=���¯�C���C�c���W�c���c�M�C¡q�W�G¹=�ª�\©X¡P�G¡ß�����c�¤�:�\�¤���
�C���GÓª�\ÓC���c¹[�c¡^�]�C���Ø­��_�����_�W�c���U�\�.« Ã
¦k¾+�|ÀMâ��C���5 £�c���G�¤����à?� ¦X¦�¢4¡e¤+§§¿Pâ¯�P�c�C¡ß�W�G¹=�ª�\©X¡P�G¡ß���CÓP�����c�¤�:�\�¤����¡� Å�=�c�����GÓP���c���7�X¿



��� ��� 67/'(�/ ��� � �"- &���( � ���

À.�z½P©X�C���?¦X¿¿¾M���c�_�c�����G�����m�:�M���G�U�\�¤�¤���Õ�C�W���W�G¹=�ª�\©X¡P�G¡P� Q Rm�,�W�G¡C¡^�P�y�G�c���P�c�¤���c¹[�c¡A�Ù�\�C���G�C���C�W���c���G�¤���W�
Ã´�C�:�\¡P¢c���7³L�`·`¸_¹´�\�����\�P�����Ò�\�C���G�C���3 Å�\�C�����W���c���G�¤���W���§�Ä�7�G�����¤¡ª�\©7�=���G�:�\�¤���X¸3�C�c���W�c���W�W�����G�¤�]�ª�\�����_�W�`»
�����X���W�G�C���´Ã½���¤���W�������U�G�§�:�\���X¸����G�¤���ª�\�
�¤¹´�\©7�c�����[�c¡ ��â �G�Ð�W�7�W�[���W�����c���c�7�W��©X�U�\¡P���UËª�\¹=���c¡ÁÞ á
¿
�]�\¡P�]�����{�G���C���:�¼���W��ËP�c���UËP�[�C�=�W�G¹=�ª�\©X¡P�G¡P�����CÓP�����c�¤�:�\�¤���W�
�\�C���G�C���C�W���c���G�¤���W��Ã¼�C�:�\¡P¢c���W�{¸_�¤�Ò�W���
�¤¹=�v�G���U�\¡A���C�u�W�G¡C¡ª�������������u��åG���MÊ��G�P�
�ª�\�]�:�¼�C���W���c¡P�W���C���W�G¹=�ª�\©X¡P�G¡P�������c�¤�:�\�¤���X¿�Bª�W�7�G�����U�`»5�µ»5�¤�y�G�
�C�`ÌÝ�{�7�G�������`»5�µ»5�¤�M�:�ÄÌL�G��¹´�\�����G¡¾�C�:�\¡P�c�U�\�¤���¬�c�s¨\�G�Ç�C�È�_�X�����¤ÓC���W�´�W�G¹=�ª�\©X¡P�G¡P�¼¡ª�\�¤¡P�W�´ÓC���C¡P�W��|ÄÔÕ�c�:�
�v�G�C���U�\�¤�=�\�¤¡P���m�W�G¡P�����¤���P�c�º�C¡ ÓC�:�\���u�P�\¡P�º���¼�{�G�º�3  �C¡P�½�c���P�C�½���U�\����������ÉA�P�¼�C�¼�:� �������½�\�C���G�C���C�W�
�c���G�¤���W�¯�C�]�Ø­��_�����G�:�\�¤���X¿

âX½P¡p�C���U�G¡P�C�c�¯�\�p�C�¤�P�m�C���\ÌL�G¡P�p�5 £�c¡^���¤���G¡C¡P�c¹[�c¡^��Ô�Ú½�C�W�|�c���G�¤���W�¯Ãu�C�:�\¡P¢c���7³L�E·`¸C¡P�G�P�|¹[�c¡P�G¡P�
�C�c�C�C���|�C�c�§ÆÎ�\¡P�m�C¡P���{�\¹=�ª�\©X¡P���3  �¤¹´�\©7�c�����
�W�G���G¡P�G©X�U�\�CËC��É^�P�
�{�7�W�]���W�m�¤¡P�������C¹[�c¡^���M¨�À?Ç#�È¨NM�Þ×á
�P�\¡P�m�5  ËP�c¹=�����CËP¢c���]¡P�G���È�c��QMâ¯Ôg� �P�\¡P�m�5  ËP�c¹=�����CËP¢c�������P�3¿7Q?�G�P�m�U�W�7�G¡P��ÉA��  �C¡P�MÌÜ�U�G�c�����G¡È�¤¹=�_�G�µ»
�U�\¡^�����C�]�W�W�m�c���G�¤���W�m�C���W���c¡^���]�C¡Î�CËP�c¡P�G¹[¢c¡P���C�]�C�c���¤�7�]���W�����§�P�c�¤���]�c��É^��  �¤�_�_�c�C�ÕÖc�����]�{�\�P���?�ª�\�m�:�
�C���W���c¡P�W���C�u�W�G¹=�ª�\©X¡P�G¡P�
���CÓP�����c�¤�:�\�¤���W�]�c�������c�¤�:�\�¤���W���\�§»Ø�C�c�:Ã½�C��¢ÁÀ?âº¿SKP Å�\�Û�C���¤�¤�����u���
¹[���C¢c�����C�
�W�G¡^���U�G�������_�G�C���C�c���c��¹=�¤¡P�c�¯ÉA�P�c�¤���W�m©^�\¹=¹[�W�|�C�?¹´�G�����W���c���C�]���c�ª�\�U�\�����G¡P�|�c�U�\���c¡^�M�`Æ��C���G���W�W�|�{�7�W�
¨�À�Ç7�È¨NM�Þ×áPOÈÉ?���RÌM�c� QMâ¯Ôg�u¿�KP Å�\�Õ¹[�G¡^�����ÎÉ^�P�´���W�º�{�\�ª�G�c�¤���W�=�C�¼�C�c���W�c�����G¡��C�¼�W�W�º�¤¡P�������C¹[�c¡^���
�v�c��¹[�c�����c¡A�[�C�¼���G¡P�C�c���5 £�c¡A�A�¤���G¡C¡P�c¹[�c¡A�½Ô�ÚÎÊµ�P��ÉA�� ÅÃp�×­A�C��ÉA�P�c¹[�c¡^�[ÉA�P�c��ÉA�P�W��À?âN�c���C�W�º¹´�G�U���W�
�C���W�G¹=�ª�\©X¡P�G¡P�M�C�
¡e�=ÃÎ¦k�+��« }��c¡È�¤¹´�\©7�c�����
�c�:�G������É^�P�X¿§���\¡P�������{�G�§�����C�]�5  �¤¹´�\©7�c�����º�W�G���G¡P�G©X�U�a»
�CËC��É^�P�X¸^���W�Ò���c�ª�\�U�\�����G¡P�Ù�CË^­§����É^�P�W�Õ�\�����c�¤¡^���W�Õ���G¡^�Õ�C���C�¤�P�����c�C���Ù�§�¤²I�\�¤¡P�W�Ù�3 ±À?â�Ê �P��ÉA�� ÅÃ]�C�W�Ò¹´�G�U���W�
�C�º¦k�uÃ�¾+�º« }X¿AÀ.�
½P©X�C����¢P¿¿¤
�§�È�UËª�\�C�¤������¢P¸�¨Û�\��������Þ�ÞE¸7�¤�¤�¤�P�������?���W�y�_�c�µÌL�G��¹´�\¡P�W�W���C�?�C�c���W�c�����G¡È�C�
QMâ¯Ôg�u¸7�c¡´�¤¹´�\©7�c�����|�c�:�G������ÉA�P�|�c�Ò�c¡[�¤¹´�\©7�c�����|�W�G���G¡P�G©X�U�\�CËC��ÉA�P�X¸§�\�C���G�C�Ù�3  �C¡P�|�c���G�¤���¯Ã?�C�:�\¡P¢c���7³L�`·
�Ø­��C��É^�P�Ä³)ÉÈ§wG�¸�� J LX·`¸,���¤���P�W�¼ÃÐ¦k�È�_�X¿ ÔÕ�W�
�C���W�§���c�����G¡P�����´���G¡^���W�G¡�½P��¹[�W�W�=�W�7�W�¼���W�����W�W�c¡^���W�
�C�c���W�c�����G¡P�[�c¡ ��â �§� �W�G¹=�ª�\©X¡P�G¡ ���CÓP�����c�¤�:�\�¤���Á³L« S LU¸�« } ¸�� J ¶�L�ÀMâ�·u�\�C���G�C�[�C�½�5 £�c���G�¤���
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ä �3  �C¡��C���c¹=���c�¼�c���¤��¢c���p�C�È�§�����U�\¡P�W�X¸Ò�v�G�C�[�_�c��¹[�c�������p�C�Î���W�UËP�c����ËP�c�Î�C�W�[�W�G¹=�ª�\©X¡P�G¡P�´����¢W�
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�GÓC���c¡A�P�W�º�W�7�W�[���´Ô B,à D �c� Q?â¯Ôg�u¿ KP Å�\�y�c¡P���C�¤���[�W�G¡A�7�c�����y�W�W���¤�¤¹=�¤���W���C�
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( �C�=�_�G�C�����C�¤�����=���W�
�GÓP���c���X�\�����G¡P�TG?À D±�_�G�C�
�c���P�§���c�
���G�C���W�º���W�����G�C���W�W�u�P�\¡P���5  ËP�c¹=�����CËP¢c���
���P�3¸C�U�G�UËª�\¡^�?É^�P�]���W�M���G�C���W�W�|�P�\¡P���5  ËP�c¹=�����CËP¢c���
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HD 130322 (PUEO/KIR+Grif) HD 187123 (PUEO/KIR+Grif)

HD 160691 (NACO) HD 192263 (NACO)

1" 1"

3" 2.8"
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( �3 Å�\¡ª�\�¤­����c�´�C���G�C���c¹[�c¡^�½���W�=�¤¹´�\©7�W�[�_�G�C�=���W��ËP�c���UËP�c�½�C�W�¼�§����É^�P�W�´�C�È�C�cÓC�����¼��½P¡�¸Ò���G�¤�[�C�
�C�c���c��¹=�¤¡P�c�?���W�M�ª�\�U�\¹[¢c�����W�]�CË^­§����ÉA�P�W�M�C�W�?�§����ÉA�P�W�{¸ª�U�G�¤�M�C���C�:�G�W�c���C�W�M�¤�¤¹=�¤���W�M���C�v�c�����c�C���W�
���C�|�W�W�|�ª�\�U�\¹[¢c�����W�{¸ª�P�\¡P�|�����{�G�|�3  �C¡P���C�c���W�c�����G¡¬�G�q�3  �C¡P��¡P�G¡p�C�c���W�c�����G¡�¸

( �3 £�c���P�§���c�´�:�¬�CËP�G���G¹[�c�������q�c�=���W�[¹[�G�C�7�c¹[�c¡^���¼�C���G�C���W�[�C�W�=�_�G���c¡^�����c���´�W�G¹=�ª�\©X¡P�G¡P�´�v�G�C�
���W�����c�¯�{  �¤���|�U�G¡^�|�¤���W�|�G�È¡P�G¡�¸

( �C���{�\�U�G�c���c�������c�¯���_�W�c�����X���W�G�C��ÉA�P�c¹[�c¡^�?���W�|�{�\¡P�§���P�\���¯�U�c�����c�§Æ½�_�G�C�|���c�C�|¡ª�\���C���X¿
( �c�¯�C�]�v�c¡P�U�c�¯Ã=�c���c¡P�§�����5 £�W��Ëª�\¡A���¤�¤���G¡¬�3 £�c���P�C�X¿
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�W�UËª�\¡^���¤�¤���G¡ß�C�]¥+�u�c���G�¤���W�|Ã��C�:�\¡P¢c���7³L�`·Õ�c�m�C�]¥+�u�c���G�¤���W���C�?���`ÌL�c���c¡P�W�]�U�\¡P�Õ�C�:�\¡P¢c���W�{¿CÀÒ £�GÓ§Ê��W�c���RÌ,�W���
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�C�c�§Æ¬�W��Ëª�\¡A���¤�¤���G¡P�{¿`ÀM¡ß�U�\�§ÆÄ�C�
¹º�C�¤���¤�C�¤���c�¤���[���C�_�c�����c�C���P�\¡P�]�5 £�W��Ëª�\¡^���¤�¤���G¡��3 £�c���G�¤���W�
Ã[�C�:�\¡P¢c���7³L�`·
�\¹[¢c¡P�c�U�\�¤�Ù�:�]�C���c�C�7�?ÉA�P���:���C���W���c¡P�W�M�C�|�W�G¹=�ª�\©X¡P�G¡P�m�����c�¤�:�\�¤���W�yÌÝ�{�7�G�������|�:�?ÌÝ�G��¹´�\�����G¡½�C�:�\¡P�c�U�\�¤���X¿
À¯¡P�Î�c���P�C�Î���U�\����������ÉA�P�Î�C�W���C���G�C�����c���W�[�C�W���c���G�¤���W�[Ãq�C�:�\¡P¢c���7³L�`·Î³Ü¹´�G�����W�{¸ �ª�\�U�\¹[¢c�����W�[�G��ÓC�¤�U�\�§Æ3¸
�`Æ§�W�c¡A�������c�¤���X¸7¹[�c�U�\�¤�¤���c�¤���I·`¸��P�\¡P�������{�G�y�C����­§����¢c¹[�W�Ò���¤¹=�C���W�Ò�c�Ò¹
�C�¤���¤�C���W�I¸7�C�c�A�U�\�¤�y�v�c��¹[�c�������?�\�P�����
�3 Å�\�C�v�G�����c�?�C�W�|�W�G¡^���U�\�¤¡A���W�M���C�¯���W�|���W�c¡ª�\�����X�|�C�]ÌÝ�G��¹´�\�����G¡�¿

���\¡P�Ù���M�{�G�§���]�C�¯�W�c�����]�W�G�¤�:�\Óv�G�U�\�����G¡�¸aÊW Å�\�ª�ª�\�������c�¤�_��Ã��:�
�CËª�G���M�3 £�c���P�C�]�C�W�Ù�v�c�µÌÝ�G��¹´�\¡P�W�W�m�C�
�C�c���W�c�����G¡´�C�Õ�5  �¤¡P�������C¹[�c¡^� Q?â¯Ôg�1���C���C�W���c���G�¤���W�ÒÃ?�C�:�\¡P¢c���7³L�E· �×­A�C��ÉA�P�W�'ÉÈ§wG �c��MA§wG/�c¡��¤¹´�\©7�c�����
�c�:�G������ÉA�P�X¸G�v�G�C�Ò�W�����¤¹[�c�ÙÉ^�P�c�������c�U�\���c¡A�y���W���W�G¹=�ª�\©X¡P�G¡P�Ù���W�Û�C�¤�P�ÛÌ5�\�¤ÓC���W�Ò�C�c���W�c�U�\ÓC���W�{¿^À ��½P©X�C����¦X¿¿Â
¹[�G¡^�������5 £�`ÆC�c¹=�C���º�C�u�5 £�W�����¤¹´�\�����G¡��C�W�]�{�\�ª�G�c�¤���W�]�C�º�C�c���W�c�����G¡Á�C�6QMâ¯Ôg�±�_�G�C�M�C¡P���GÓP���c���X�\�����G¡
���¤¹
�C���W�q�{�7�W�Î���½¹[�A�C¢c���È�C�È�W�G¡A���U�G�����È�C��¦k�ß¹=¡�¿yÔÕ�c�����È�c���P�C�X¸��W�G¡�½P��¹[�W�È�ª�\�=�:�¬���C�¤���Î�ª�\�=���W�
�C���c¹=��¢c���W�?�GÓP�U�c���G�\�����G¡P� QMâ¯Ôg�u¸e¹[�G¡^�����uÉA�P�
�C�W�?�W�G¹=�ª�\©X¡P�G¡P��³L���CÓe· �����c�¤�:�\�¤���W�{¸_�W­^�\¡^�?�C¡P�º¹´�G�����
�C� ¡e�ÎÃß¦k�+�½«p}u�_�G�C�?�C¡�Â\©7���C�Î¦�Ã½¥¼¹=�¤�¤�¤�:�\���C���3 Å�\¡C¡P�W�W�{¸_�_�G�C���U�\���c¡^��Öc�������C�c���W�c���W�
�\�C���G�C���C�
�W�W�|�c���G�¤���W�{¿
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HD 30344 en Brg (NACO) HD 31412 en Brg (NACO)
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E
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�;[s�_e�\ [ � a []\s��� h � e4`��e��he�����
�?���C���c¹=���c���º���W���C�¤�U�\���
�¤¡^���c���W���U�\¡A���
¹[�c¡ª�\¡A�uÃÎ�:�p�C�c���W�c�����G¡��C�=�C���GÓª�\ÓC���W�º�W�G¹=�ª�\©X¡P�G¡P�u�����c�R»

�:�\�¤���W� �¤¡P�W�G¡C¡^�P�eÊµ�P��É^�� Å�\���G��� �G¡^�Û�c���y�GÓC���c¡A�P�m³Ü�7�G�¤� �¤¹´�\©7�W� �C�y�:�=½P©X�C���M¦X¿Å¶7·`¿\ÚA�C�¤���m�\�§Æ��GÓP�U�c���G�\�����G¡P�
�C�]�C�W�W�c¹
ÓC����§+�+�+§§¸§�C¡P�?�U�W�W�G¡P�C���{�\¹=�ª�\©X¡P���3 £�GÓP���c���G�\�����G¡P�M�º�c�Î�¤���c�È�c¡uÊ �C�¤¡	§+�+�+¾§¿CÀ.�º���W�§�P�c�����G¡
�c�¼�5 Å�\¡ª�\�¤­����ß�C�W�[�C���c¹=���c���¼���W���C�¤�U�\���½�W�G¡P�����¤���P�c¡^�½���È���U�W�X�\�¤�]�C�È��ËP¢W���q�C�qâ¯¡C¡P��Ç�©X©7�c¡^Ó_�c��©7�c�½�c�
�C�c���U�\���c¡^���_�c��¹[�c�������X¸C�3  ���c��Ê �C�¤¡pÃº�C�W�W�c¹
ÓC���
§+�+�U¢P¸§�3 £�GÓC���c¡C�¤���C¡P�]�c���P�C�]�W�G¹=�C��¢c�����C�W�?¦k�+�u�c���G�¤���W�
�§�p�C���G©X�U�\¹=¹[�X¿
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�§� Ú��G���c�¤�5¸��c���P�§���W�W�
�P�\¡P�����=�{�G�§���[�3 £�GÓP���c���X�\�����G¡P�
�c¡Ð���_�W�c�����X���W�G�C���´Ã½���¤���W�������U�G�§�:�\���[�ª�\�uÔÙ�C¹�»
¹=�¤¡C©ß�c�u�\�5¿Ù³µ¦{¶X¶X¶7·`¿ ���\¡P�����´ÓC�C�
�C�[���W�UËP�c����ËP�c�=�C�W�
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Ãp�C�:�\¡P¢c���7³L�E·u���¤¹=�¤�:�\�¤��� É]�¤���W���ÄÂ+¤ ³5°M�P�c���G²È�c�[�\�5¿$§+�+�+�7·`¸,ÉA�C�Õ¹[�G¡^���U�\�¤�=�C¡P�Î�C�c���¤�7�X¸��q¹[�c¡P�ÈÃq�:�
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Abstract. This article presents coronagraphic images of the low-mass companion to the star HR7672 observed
at the Palomar 200 inch telescope and first detected at Gemini and Keck in the K band by Liu et al. (2002).
We obtained additional photometry in J(1.2µm), H(1.6µm) and Ks (2.2µm) bands to cover the full near-IR
domain and hence to further constrain the nature of the companion. A mass estimate of 58-71 MJ is derived from
evolutionary models of very low-mass objects.

Key words. Stars: individual: HR7672 – Stars: low-mass, brown dwarfs – Instrumentation: adaptive optics –
Techniques: high angular resolution – Techniques: image processing

1. Introduction

Since the discovery of the first bona fide substellar ob-
jects: GD165 B (Becklin & Zuckerman 1988) and Gl229 B
(Nakajima et al. 1995), an ever growing number of low-
mass objects are routinely detected. Large IR surveys like
2MASS (Skrutskie et al. 19997), DENIS (Epchtein 1997)
and SLOAN (York et al. 2000) or dedicated surveys in
star-forming regions were initiated to explore the bot-
tom of the main-sequence and have provided a consistent
sample of more than 200 isolated low-mass stars. In the
Trapezium young cluster, the presence of planetary mass
candidates has been announced independently by Lucas
& Roche (2000) and Zapatero-Osorio et al. (2000) but re-
mains doubtful since the distances of these candidates are
uncertain (Tinney et al. 2003).

Two distinct classes of stars later than M have been
identified: the so-called L types and T types. The L
class, proposed by Kirkpatrick et al. (1999), gathers ob-
jects with effective temperatures lower than M dwarfs
(Teff < 2000 K) and featuring strong lines of neutral alkali
elements, absence of TiO and VO absorption and stronger
H2O absorption in the visible. As a consequence, the near-
IR colors are becoming very red with 0.5 < H − Ks < 1
(Kirkpatrick et al. 2000). According to their age, some
L dwarfs can also be Brown Dwarfs (BDs) since their
mass is often below the stellar boundary (0.075 M�).

Send offprint requests to: A. Boccaletti
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Independently of the definition of the L class given by
Kirkpatrick et al. (1999), Martin et al. (1999) have pro-
posed a different classification using a temperature scale
derived by Basri et al. (2000). The two approaches yield
different classifications for later types (beyond L2) and
this discrepancy demonstrates the difficulty to tackle this
new subject in astrophysics. Kirkpatrick et al. (1999) also
proposed to designate Gl229 B-like objects as T dwarfs.
These objects, also called ”methane dwarfs”, are cooler
than the L type (Teff < 1300 K) and exhibit very strong
H20 and CH4 absorption in the H and K bands. As a
result, their color index J − K and H − K are very close
to 0. It is now well admitted that these 2 classes of stars
correspond to the missing part at the bottom of the main
sequence between M stars and giant planets. The study
of low-mass objects either isolated or orbiting stars is of
course very exciting and is definitely mandatory to further
understand both the brown dwarf and planetary formation
process.

Low-mass stars as well as brown dwarfs have also been
studied from a theoretical point of view. However, the pro-
cesses occurring in these objects appear quite complex
(especially regarding the presence of dust below Teff <
2800 K) and require new type of models. Non grey at-
mosphere models have been developed by Burrows et al.
(1997) and Chabrier & Baraffe (1997). Dust-free atmo-
sphere models agree well with stellar objects down to M
stars, but the dust needs to be taken into account for lower
masses. A productive group (Baraffe et al. 1998, 2002;
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Fig. 1. Coronagraphic images of HR7672 subtracted with the calibration star HD 194012 for respectively J (a/), H (b/) and
Ks (c/) filters. The field of view is 5” × 5”. North is up, East is left.

Chabrier et al. 2000) has calculated evolutionary mod-
els including dust in the atmosphere in order to provide
the magnitudes of sub-stellar objects at different ages that
could be compared directly to observations. The treatment
of dust is somewhat difficult and different models are not
clearly distinguishable when compared to data points. In
addition, the optical part of the T dwarfs spectrum is com-
plementary to the near-IR regarding spectral typing and
models were proposed by Burrows et al. (2002).

Radial velocity surveys have evidenced the so-called
”Brown Dwarf desert” at small separations < 4 AU
(Halbwachs et al. 2000). At very wide separations larger
than 1000 AU, a few BD companions were discovered
(Kirkpatrick et al. 2001) by the 2MASS Survey suggesting
that this brown dwarf desert may not exist (Gizis et al.
2001). Intermediate separations can be probed by AO di-
rect imaging as demonstrated by the case of Gl 86B, a
possible BD orbiting a planetary system at 18.75 AU (Els
et al. 2001). The problem is to know whether or not this
desert is caused by a detection bias or is a direct conse-
quence of BD formation. The gravitational influence of a
BD close to the star may markedly impact on the history
of a circumstellar disk and hence on the planetary forma-
tion (Artymowicz 1998). Increasing the sample of bounded
BDs is therefore crucial for the understanding of substellar
formation. Although substantial progress are still needed,
high-contrast technics are efficient tools to address these
basic questions.

In 2002, Liu et al. have reported the discovery of a
cool low mass object as a companion candidate to the
star HR 7672 using Adaptive Optics (AO) imaging. Two
epochs were obtained in 2001 at Gemini-North and KeckII
telescopes and the proper motion of the companion was
found correlated with that of the star. Images and spectra
were obtained in the K band from which they derived
a spectral type L4.5 ± 1.5. Using the theoretical models
of Burrows et al. (1997) and Chabrier et al. (2000) they
determined a mass of 55 − 78 MJ.

We obtained multi-wavelength high-contrast images of
the companion to HR7672 in order to confirm and further
constrain its spectral type and mass. The results are pre-
sented in this paper. Section 2 describes the coronagraphic

observations and photometric measurements are given in
section 3. Finally, a mass estimate is given in section 4.

2. Observations and Standard Reductions

The nearby star HR7672 (G0 V, V = 5.80, Gray et al.
(2001)) was observed on July 17, 2002 at the Palomar
200 inch telescope. The data were obtained with PALAO
the 241-actuators AO system (Troy et al. 2000) installed
at the Cassegrain focus and PHARO the near-IR cam-
era (Hayward. et al. 2001). A Lyot coronagraph including
2 opaque masks (∅ 0.91” and 0.41”) with corresponding
stops is located inside the cryostat of the camera and is
dedicated to high-contrast imaging. The detector has a
pixel sampling of 0.025 mas.

First of all, the star was observed with the J , H and Ks

filters without the coronagraph to provide a photometric
calibration. In that case, a neutral density was necessary
to avoid saturation. The Strehl ratio delivered by the AO
system on that night was about 15%, 32% and 44% with
FWHM of 51, 61 and 82 mas for respectively J , H and
Ks bands. Coronagraphic images of HR7672 were then
obtained with the 0.91” mask. Both coronagraphic and
non-coronagraphic images were obtained with the same
pupil stop (the so-called medium cross) to allow quanti-
tative comparison. A calibration star (HD 194012, F8V,
V = 6.17) was also observed for each filter to allow sub-
traction of the residual static speckles. This calibration
star is chosen angularly close and of similar magnitude
and spectral type to ensure identical compensation by the
AO system. The subtraction process is very efficient to re-
move the residual diffraction and the quasi-static speckles
but critically depends on the precise centering of the star
behind the coronagraphic mask. Images of the target and
the calibration star were then corrected from the bad pix-
els, the flat field and were subtracted with a median sky
frame. To properly perform the subtraction process, the
calibration star was first recentered and then scaled to the
intensity of the target. This scaling factor is derived from
the coronagraphic images. The coronagraphic images of
HR 7672 reduced with the above procedure are displayed
on Fig. 1. The angular separation and position angle of the
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Fig. 2. Detectability of a companion in the field around the
primary star. Each curve gives the contrast at 3σ in difference
of magnitudes (J and Ks) and as a function of the angular ra-
dius. The magnitude differences (∆J , ∆Ks) of the companion
to HR7672 are overplotted.

companion derived from the JHKs images are ρ = 788±6
mas and PA = 156.6 ± 0.9◦ which is consistent with the
astrometric measurements of Liu et al. (2002). Using the
coronagraphic images of Fig. 1, we compared the noise
level in a ring of λ/D at each angular radius ρ with the
maximum intensity of the star (no mask) to provide the
companion detectability displayed of Fig. 2.

3. Near-IR photometry of HR 7672B

First of all, we measured the flux of the primary star on
non-coronagraphic images. We used Gl 777 A, a star ob-
served the same night, as a photometric calibrator. Its
near IR magnitudes according to the Catalogue of IR
Observations (Gezari et al. 1999) are J = 4.45, H = 4.11
and K = 4.05 (with ∼ 0.02 mag uncertainty). The fluxes
of the stellar PSFs are calculated in a circular integrating
window with a size ranging from 4.4 λ/D (16 pixels) to
8.8 λ/D (32 pixels) thus providing a photometric uncer-
tainty of about 0.01 magnitude. Then, the corresponding
photometry for HR 7672 is J = 4.59±0.04, H = 4.40±0.02
and Ks = 4.32± 0.02. For the J band no PSF of Gl 777 A
was available. So, we derived the photometry of HR 7672 A
using the coronagraphic data alone leading to a larger un-
certainty. That probably explains the discrepancy of the
color index J − H = 0.19 ± 0.04 with that of a standard
star (J − H = 0.305, Bessell & Brett (1988)).

To compute the intensity of HR 7672 B we compared
the flux of the primary on direct images with that of the
companion detected on the coronagraphic images. The in-
tegrating window varies from 2.44 λ/D to 4.88 λ/D to
derive the error bars of the HR7672 B flux ratio. Such a

J(∗) H Ks

∆m 9.80 ± 0.20 9.64 ± 0.14 8.72 ± 0.10

m 14.39 ± 0.20 14.04 ± 0.14 13.04 ± 0.10

M 13.16 ± 0.20 12.81 ± 0.14 11.81 ± 0.10

Table 1. Brightness ratio (∆m), visual magnitude (m) and
absolute magnitude (M) of the companion to HR7672. (∗) J

band photometry appears to be corrupted by the huge speckle
background and is not used in this paper to derive spectral
type and mass of the companion.

small integrating window is necessary to avoid the pollu-
tion originating from coronagraphic residuals of the pri-
mary star. The measurement in the J band is more crit-
ical since the peak of the companion has about the same
brightness than speckle residuals from the primary and
its detection was actually made possible owing to the H
and Ks images. In that case the integrating window was
narrowed down to 1-5 pixels in diameter. However, we
are still expecting the flux measurement in the J band
to be overestimated. The results are summarized in Tab.
1. We obtained a brightness ratio of ∆J = 9.80 ± 0.20,
∆H = 9.64±0.14 and ∆Ks = 8.72±0.10. The photometric
uncertainty is of course much larger than for the primary
star owing to the residual flux in the coronagraphic image.
The corresponding color indexes are: J−Ks = 1.35±0.22,
H − Ks = 1.00 ± 0.17 and J − H = 0.35 ± 0.24.

We used the data from Dahn et al. (2002) to derive
a linear relationship between the absolute JHKs magni-
tudes and the spectral type of an M and L dwarfs sample.
These relations are expected to be more accurate than the
ones provided by Kirkpatrick et al. (2000) since they were
using a smaller sample and preliminary astrometry. The
fitting of this sample (40 M and L stars, T stars removed)
leads to the following relations:

MJ = 8.472 + 0.327 × Sp (1)

MH = 8.212 + 0.279 × Sp (2)

MKs
= 8.010 + 0.247 × Sp (3)

where Sp is 6.5 for M6.5 V up to 18 for L8 V. The fit dis-
persion is about 1.2 subclass on X-axis and 0.33 magnitude
on Y-axis. This gives a spectral type of L3.5 to L5 for the
J band (Eq. 1), L6 to L7 for the H band (Eq. 2) and L5 to
L6 for the Ks band (Eq. 3). If we consider that the J band
photometry is corrupted by the speckle residue, the H and
Ks data lead to L6±1.5 including uncertainties and the fit
scattering. Given the error bars, this result is in agreement
with L4.5±1.5 announced by Liu et al. (2002).

4. Mass estimate

A mass estimate can be obtained from photometric mea-
surements assuming an evolutionary model of low-mass
stars. Baraffe et al. (1998) and Chabrier et al. (2000) have
developed 2 types of models to describe the atmosphere
of very low-mass stars. The so-called COND and DUSTY
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Fig. 3. Color-magnitude diagrams showing the difference between the COND and the DUSTY models of Chabrier et al. (2000).
Based on the H and Ks photometry we conclude that HR 7672B was definitely in better agreement with the DUSTY one.

models both account for the presence of grains in the
atmosphere. The DUSTY model also includes the grain
opacity and is more suited for objects with Teff . 2800 K
while the COND model is more appropriate to describe
cooler methane objects (Teff . 1300 − 1400 K) as ex-
plained in Baraffe et al. (2002). Then, special care is
needed since HR7672 B probably lies in between these
temperature boundaries. Assuming an age of 1 to 3 Gyr
(Liu et al. 2002) for both the primary and the companion,
we plotted the magnitude-color diagram displayed on Fig.
3. The DUSTY model appears definitely more consistent
with the photometry of HR7672 B at least in H and Ks

bands. However, the data obtained in the J band are still
conflicting with the models for the same reason as above.

We therefore used the isochrones of the DUSTY model
(Chabrier et al. 2000) to plot the evolutionary diagrams
in J , H and Ks bands for masses ranges between 50 MJ

and 80 MJ (Fig. 4,5). The Ks and H bands absolute mag-
nitudes yield consistent values ranging between 58 and
71 MJ. This slightly improves the result found by Liu et al.
(2002) using Ks photometry alone (55-72 MJ), thus revis-
ing the mass towards larger values. The J band photom-
etry is unfortunately not accurate enough and obviously
leads to higher masses between 64 and 73 MJ. However,
although we are expecting an overestimated flux in the
J band, the plot of Fig. 5 shows that in this range of
mass, the absolute magnitude increases very rapidly with
the age. Therefore, a large photometric error does not
imply systematically a large mass error. We can tenta-
tively assess the actual J band photometry assuming that
HR 7672 B follows the same photometric relationships as
field L dwarfs. Reversing Eq. 3, the L6±1.5 spectral type
should correspond to an absolute J magnitude of 13.2 to
14.2. These new values are overplotted on Fig. 5 and give a

rough estimate of the mass : 60-72 MJ in better agreement
with the mass derived from H and Ks.

5. Conclusions

Despite a lower angular resolution and a lower sensitiv-
ity than Gemini and the Keck, the high-order AO system
of the Palomar 200 inch owing to the Lyot coronagraph
has enable the detection of the low-mass companion to
HR 7672 in the J , H and Ks bands. This multi-wavelength
photometric analysis was performed to further constrain
the characteristics of the companion with respect to the
previous work (Liu et al. 2002). By comparison with L field
stars we derive a spectral type of L6±1.5, although similar
accuracy was obtained by Liu et al. (2002) with both K-
band photometry and spectra. However, the 3-colors infor-
mation is required to check the consistency with the mod-
els. The color-magnitude diagrams suggest that HR7672 B
is better consistent with the DUSTY model of Chabrier
et al. (2000) and hence, should contain dust grains in the
upper atmosphere. Then, using the state-of-the-art evolu-
tionary model we obtained a mass estimate of 58-71 MJ

based on J , H and Ks photometry. This places HR7672 B
right below the hydrogen-burning limit. Nevertheless, as
we discussed in section 3, the J band photometry may
be questioned since the companion has an intensity very
similar to that of the local speckles. A non negligible part
of the stellar flux therefore contributes to the flux mea-
surement of the companion. Additional observations, with
NAOS (Lagrange et al. 2003) on the VLT for instance,
would definitely provide a more accurate photometry at
the shorter IR wavelengths which is mandatory to limit
the possible range of mass. However, the mass derived
from photometry is highly model-dependent. First, the
model should be compared with a large sample of field
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Fig. 4. Absolute magnitude in H (left) and Ks (right) filters as a function of the age (in Gyr) assuming the DUSTY model of
Chabrier et al. (2000). The error box for HR7672 B is overplotted assuming an age of 1 to 3 Gyr.

L stars to check its consistency. Second, the case of the 2-
body system HR 7672 is very interesting since it may allow
to derive the dynamical mass in a few years (r = 14AU).
Coronagraphic searches of faint companions to nearby
stars are therefore very important to improve the sam-
ple of binary objects. If L and T dwarfs have been inten-
sively observed in the near IR, very few data are available
on their visible spectrum except in some particular cases
(Gl 229 B for instance). Dahn et al. (2002) have carried
out a photometric study in the visible and near-IR of L
and T dwarfs with known distances and found that the
combination of visible and IR (especially I−J) is more ac-
curate than JHKs alone to derive the absolute magnitude
of late M and L dwarfs. Therefore, visible observations of
HR 7672 B would be very desirable to better understand
the physics of this object. In particular, models are pre-
dicting a steep increase of the spectral energy distribution
at optical wavelengths. However, L dwarfs like HR 7672 B
are expected to be very faint in the visible (mI = 19.59
and mR = 22.00) according to evolutionary models. A
high-contrast imaging instrument will be required to study
the L dwarf sample in the visible.
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Fig. 2. Hertzsprung-Russell diagram showing the predicted positions

of the second and third components of TY CrA, depending on the

assumed age for the first component (see text). Obviously, the PMS

positions correspond to tPMS while at tMS, both stars are located on

their respective ZAMS

creasing the total mass at constant Z: total mass and metal-

licity conspire to the same changes concerning HRD location

and age. This metallicity effect is well illustrated in the case

of TY CrA. Indeed, Fig. 1 clearly indicates that if TY CrA is

of solar metallicity, its corresponding track hardly crosses the

observational box, while if its metallicity is twice as much, its

track bluntly crosses the box. We also note that the age deter-

mination is even more intricate as the tracks penetrates the box

two times (whateverZ), one before the zero-age main sequence

(ZAMS; see the fill dots) is reached and another during the main

sequence. This inevitably leads to two very different age predic-

tions for the TY CrA system: one very small (tPMS ' 3 106 yr or

3.5 106 yr forZ = 0.02 or 0.04), and another considerably larger

(tMS ' 1.5 108 yr or ' 108 yr for the same Z, respectively). We

however observe that if Z ' 0.02, tMS is only marginally pos-

sible. Note also that tPMS is compatible with the predictions of

Bibo et al. (1992).

Let us finally emphasize that both the secondary and tertiary

components have very different internal structure depending on

their age: at tPMS, they are still partially convective and con-

sequently less condensed than if they were mostly in radiative

equilibrium like at tMS.

Figure 2 shows the corresponding HRD locations of the sec-

ond and third TY CrA components by assuming tPMS or tMS. Ta-

ble 2 summarizes the stellar evolution predictions concerning

the surfaces of the second and third components.

Table 2. Summary of the stellar evolution predictions concerning the

TY CrA system

tPMS
a tMS

b

︷ ︸︸ ︷ ︷ ︸︸ ︷

TY CrA L Teff R L Teff R
component (L�) (K) (R�) (L�) (K) (R�)

Second (Z = 0.02) 2.6 4880 2.3 6.9 7680 1.5

Third (Z = 0.02) 1.6 4670 1.9 2.2 6380 1.2

Second (Z = 0.04) 2.3 4720 2.3 6.7 7350 1.6

Third (Z = 0.04 ) 1.5 4510 2.0 1.8 6040 1.2

a tPMS = 3.0 106 yr for Z = 0.02 ; tPMS = 3.5 106 yr for Z = 0.04
b tMS = 1.5 108 yr for Z = 0.02 ; tMS = 1.0 108 yr for Z = 0.04

3. Three body dynamics

Although several non-planar triple stellar systems have been

identified, it appears interesting to investigate the dynamics

of such an unusual stellar system. Due to three body motion,

the two considered orbits (binary system and tertiary) interact

and may evolve slowly. In particular, the today eclipsing binary

might not remain eclipsing permanently, thanks to the evolution

of its orbital plane. Also the question of the stability of such a

system might be addressed. Finally, this could give clues for un-

derstanding the still puzzling problem of the non-synchronism

of the binary.

The interaction between the three components of the

TY CrA system can be separated into two classes: three body

interactions and tidal effects, mainly arising between the two

components of the close binary. We will see below that tidal ef-

fects have a crucial role for ensuring the stability of the system.

However, to make this appear clearly, we develop in this section

a purely three body model, ignoring thus tidal effect which will

be reintroduced afterwards.

3.1. Basic equations of motion

Referring the positions of the three components of the system

with respect to the center of mass of the whole system by the

radius vectors ri, i = 1, 2, 3, we start with the classical Newton

equations

d2ri

dt2
= G

∑

j=1,2,3,j/=i

mj
rj − ri

|rj − ri|3
(1)

where G is the gravitational constant. We reduce the order of

the system introducing the relative positions of i) the secondary

with respect to the primary; ii) the tertiary with respect to the

center of mass of the binary system:

r = r2 − r1 ; (2)

r′ = r3 − rc = r3 −
m1r1 +m2r2

m1 +m2

. (3)

r and r′ are in fact the classical Jacobi coordinates introduced

to reduce the order of the N -body problem (see e.g. Laskar
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M

M
M
M

A

B

C

D

= 2.8 M
= 1.5 M
= 1.3 M
= 0.4 M

C

D (?)

B
A

i=70

0.065 UA

1−1.5 UA

41 UA

Le Systeme Multiple TY CrA
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HST/NICMOS (F160W)

E

N

10"

NACO/VLT (H)

1"

N

E

Orion n

BN

Orion n

HST/NICMOS (2.12 microns)
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