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1. INTRODUCTION

pVqHr7sbtlu:vq%wKxKy<zjr{q,|Cv�}1p�~bq%�KyHu:t u:�WvxDs�}"vzbwK�lqH}W��xD�1}r�u:tlt/��� }"�l�jtlq`qH|jq,�J�M�{�l|]v~bq%wjq<vq	y0vJxM��u5v1v~jq%���l|jqHuM�)�WxDt8tl� wKq,��u:�Jq`r{x:�
v�l�5u5vJqHw{����q,tlqHy<v�Jx5�Wq	u:��}��r7r{q,v�J���l|�sbu:�v� y<tlq�sj~���}� y,}?uM|bw7�C��v~jqI|ou5vzb�q)xM�_wjuM���r{u:v"vJq,�cuM|bw7�bu:�J�MxD�Mq,|bqH}�l}f�8|]y,xD}r{xMtlxM�M�D�
p�~jqH���oxMv~Y}"zj�D�Mq	}�v+v~jq{q<�K� }�vJq,|by,qgxM�W|jqH��}�Cr{r{q<vJ��lqH}^�)�8v~j�l|�v~jq{�JqHuMy�~�x:�?vJ~jq{|jq<��v%�Mq,|bq,��u5v�lxM|�x:�1y,xMtlt8� wKqH�J}H���)qHy,q,|Cvtl�M�
wjuM��Rr�u5v"vJq,�7q,|jqH��D�Rwjq,|b}��v��YxM�)v~jqZzj|j�l�MqH�J}q]~buD}��/q,q,|�sj�JqHy<� }q,tl��r{qHuD}"zb�q	wY�C�RvJ~jq����ltl�C�l|b}xM|����ly,�x5��u��Mq��I|b�l}x:vJ�xDsC�
 ?�JxM�/q�¡��¢���+ W£<�f�l|my<xMrg�j�l|bu5vJ�8xD|R�)�8v~YvJ~jq¤��tlxDuM|Y¥+�l�M�8vJu:t���zj�J�MqH��¡��K¥%�j�j£¤¦�§<¨��;vx��/q�©�ªb«�¬%o®¤¯±°b²8§D§	³M´Mµ!¶H· ¶0¸"¹0¸º ¶H· ¶<¸�»0¸ u:vEv~jq
¼D½C¾ �+� �?�/¿Iq,�Jqg©�ªb«�¬Àwbu:�J�¤r�u5vvq,�`q,|jqH��D��wKqH|b}"�8v��Z|jxM�Jr�u:tl�8ÁHqHw�vx�vJ~jqgy,��8v� y,uMtVwKqH|b}"�8v��ku:|bwk~�� })vJ~jqg¿`zj�j�jtlq�sbuM�JuMr7q,vqH�
�l|�zj|j�8vJ}^xM�`§H°D°]��r¤Â5}0Â5��s_y:�Ep�~jq{}"zbsoqH�"��}"��r{r{q<vJ��Z�)��vJ~R��sbu:�J�8v��ky,xM|b}q,�J�5u5vJ�8xD|�sj�x5��� wKqH}^u¤}"vJuM�jtlqg|jqHzKv��u:t2wjuM��kr�u5vvq,�
y,uM|bwK� wju5vJqM�/�)~j� y�~��8|�v~jq7���j�K�Ã� }`v~jqg|jq,zKvJ�JuMt8�l|jxo�o�)�8v~�r�uD}}+u:|bw�y,�xC}}"�F}qHy<v�lxM|k�)�8v~j�l|�v~bq�q,tlqHy<v�Jx:�F�Wq	u:��q,|jqH��D�Z}Jy,uMt8qD�
p�~jq+|jq,zKvJ�JuMt8�l|jxM�F}"vxDs{y,x:��u:|j|b�8~j�lt u5v�lxM|��Jq,�D�8xD|��)��vJ~¤}r{uMt8t/r�uM}J}cwK�8Ä_q,�Jq,|by,q^ÅgÆÇ¯�¡'ÆYÈÉ ¸2Ê Æ ÈË ¶¸ £?¯Ì§ ½ ÊkÍ °CÎ^q,Ï��Msj�x5��� wKqH}cu
�Jq,tl�ly%wKqH|b}"�8v���y,xMr{sbu:v�l�jt8qE�)�8v~ZvJ~jq��¢���+ ÐxM�b}q,�J�5u5v�lxM|V�?Ñ`�2�l|DvJq,�JqH}"vI�l})v~jq�wKq	y,u��]xM�fvJ~jq�}"vxMsksbuM�8�)sb�xKwKzby,qHwZ�l|DvJx]³{}"xM�@v
y�~buM�rÓÒ�q,vJ}IuM|bw¤r{� }}�l|j�{q,|jqH��D�M�Gp�~jqE}�vJzbwK�]�l|��MxDt8�DqH}�u{wKq<v�u:�lt8q	w¤q,��s/q,�J�lr7qH|CvJu:t�uM|bu:tl�K}"� }1�)��vJ~�u��JqHuMt8� }�vJ�ly%wKq,vq	y0vxD�I}"�lr�zbtlu:�
v�lxM|��8|oy<tlzbwK�l|j�7u��)�1¥Ô�MqH�"vJq<�]wKq<vJqHy<vxM�1��xD�cÕou��DxM�cvJu:�D�M�l|j�b�C�)~j� y�~¤r�u��{�oqEu�soxC}}�8�bt8q^�oqH|by�~jr�u:�J�7��xM�1�MqH�"vJq<�]wKq<vJqHy<vxM�)uM|bw
ÖjxD���u:��w��1u:tlxM�J�8r{q<vJq,�	�;p�~bq`¥+uM��C����u5vvqH�c}�vJzbwK�7�l}?��zj�v~jqH�1wKqH�MqHt8xDsoq	wg�l|¤uEsb�q	}"qH|Dv�u5vJ�8xD|7�l|{v~bq%�WxD}r{xMtlxM�D��}"q	}}�lxM|{x:�!vJ~j�l}
y<xD|K��q,�Jq,|oy<qM�����]���KÖb�qH��v�uM}H�2p�~b�l}�~buD}c�/q,qH|�sbzj�jtl�l}~jqHw��l|�¦ ³�¨�u:|bw¤zjs_wju5vJqH})ugsj�q	}"qH|CvJu5vJ�8xD|]r�uMwKq%u5v1v~bqE³M°M° ½%× |Cvq,�J|bu:v�lxM|buMt
���l|jq	u:�`�WxMtlt8� wKqH�1�RxM�J�K}"~bxMsZ��vJu:|j��xM��w�¦ Í ¨F�2��xM�Jq+�JqHuMt8� }�vJ�ly^}��}"vqHr�u5v� y^q,�J�xD�J}Wu:�Jq`v�u:�Dq,|¤�l|Cvx�uMyHy<xDzj|Cv�}�8|oy<q�¦ Í ¨Vu:|bw�xM|jq%y,uM|
}~jx5�¢vJ~bu5v)vJ~jq�wK� }y,x5�Mq,�J�{�q	uMy�~�x:�;v~jqEtl�8�D~Cv)}"vxDs�y,u:|Z�/q�u5v"v�u:�l|jqHwZu5v)vJ~jq × �;���)��vJ~�u{t8zjr{�l|jxD}�8v��¤uM}�tlx5�ØuD}%§H°DÙ!Ú º ¸

2. EXPERIMENTAL SIMULATIONS

p�~j�l}W}�vJzbwK�7�l}Wy<qH|DvJq,�JqHw{xD|gvJ~jq`tl�l�M~CvW}"vxMs{�)�8v~¤u�}"r�u:tltjr�uM}J}cwj��Ä_q,�Jq,|by,qI�)�8v~{v~bq`tl�8�D~DvJqH}"v?|jq,zjv��u:tl�8|jxo� × v1sj�JqHwKxDr7�l|buM|DvJt8�
wKq	y,u��K}��l|CvxYu�y�~buM�rÜÛCzbu:�J�ZÒ�q<v�u:|bwYvJ~jqZt8�l�M~Cvq	}�v7|jq,zjv��u:tl�8|jxo�Rp�~bqZ}�8�D|bu5vJzj�Jq���xM�{u�}"vxDsdsbu:�l�7sj�xKwKzoy0v�lxM|��8|Ýu:|�Þ µ Þ º
r�uMy�~j�l|jq7�l}+v��1x�}x:�@vEy�~bu:�JrÀÒ�q<v�}^uM|bw�r{� }}�l|j��qH|jq,�J�M�D�Ep�~jq7}q,sou:��u5v�lxM|�x:�W}x:�@v1Ò�q<v�}`���JxMrßvJ~jq7�buMy����M�JxMzb|bwk�l}%y�~buMt8tlq,|b�M�l|j�
}�8|by,qEv~bq��buMy����D�xDzj|bwZy<�JxD}J}���}"q	y0vJ�8xD|b}�u:�JqEx:�@vqH|�}"qH�MqH�JuMt!xM��wKq,��}�x:�Gr�u:�D|j��vJzbwKq	}I~j�l�M~jqH�)v~ou:|kv~bq�}"�l�M|ou:t��b}"qHq�p;u:�jtlq × �)p�~j�l}
}"vzbwK���l}2s/q,���xM�Jr{qHwE��xD�Gu+tlzjr{�l|jxD}��v��ExM� ½ °M°DÙ!Ú º ¸ uM|bw7u5vGu^y,q,|CvqH�2x:�or�uD}};q,|bq,�J�M�Ex:� ½ °D°+Î^q,Ïg�:p�~jq)}"�l�M|ou:tKu:|bwg�buDy��C�D�xDzj|bw

�`�2�1 WÎ%° Í §�à

FERMILAB-FN-0781-E



2

á_âHãDä�å)æç�èfé�ê	ë�ëFì'ë�å�íJî�ï�ê	ðDëcñlêHé1ò;èGóõô�öH÷H÷�ø1å�ù+úDûJü	ý_þÿ�� ôm÷�� ö
�����
	���� �������������	���������� ��� �
!#"%$'& (*)+!#"%$-,.( ÷�/H÷1032	÷'45/�6�7	÷�486�2	÷�4#/9037H÷'4
þ��: þ�<; : =?>@%A ôCB�DH÷FE�$-G ÷9HIB+B<ö ÷�HJB<ö-K ÷9HIB�2'L

= >@%A ôCB�M�÷�ø1å�ù ÷9H ÷+N�K ÷�HJB�D�M ÷9HIB0ö9B
= >@%A ôCB�2	÷�ø1å�ù ÷9H ÷-M'N ÷�H ÷�7	ö ÷9H ÷�L+N
=?>@%A ôOD+DH÷�ø1å�ù ÷9H ÷9B<ö ÷�H ÷'DPB ÷9H ÷�D+7

QR,SQT& 2�H ö	ö D-MUH ö�M ÷9H L�L
V3V ÷�H M'N B�H ÷�D ÷9H M�M
QC$�W 7�HJB�M B0÷�H ö+L B+H 2'D
$�$-V L9H ö9B 2�H M�N 79H D+K
XZYX ú X\[ô � B�K�HJB�M D	ö9H K	ö B�MUH 2�ö
� Y� ÷�H ö	ö B�HJB�K ÷9H öH÷
D<ì^]U_CêHî�êHðoú+`ZacbRö%ø1å�ù N�K+7

q,�Dq,|CvJ}^u:�Jq��Dq,|jqH�Ju:vq	wk�)��vJ~� ed%p)¿ × �À´j�l§	³ ¼ ¦ fM¨��%zb}�l|j�k� × �I�hg�¦ ½ ¨2��xD�`vJ~jqji1q	u:r�}�vJ�JuM~jtlzj|j�¤uM|bw��)�8v~RuMwjwK�8v�lxM|ou:t;sj��l�5u5vJq
y<xKwKq+zb}qHw��l|¤�)q,���l¦ ´5¨F�G� �JqHuMt8� }�vJ�ly`wKq<vJqHy0vJxM�1}"�lr�zjt u5vJ�8xD|]�buD}"q	w{xM|�vJ~jqI�'uD}�v�}"�lr�zjt u5vJ�8xD|�� × ��¥5gcp�¦�à	¨_�l|by<tlzbwKq	}Wug�)�1¥Ô�Dq,�vq<�
wKq,vqHy<vxD�W��xD�1Õou��MxD�cv�u:�M�D�8|b�b�2p�~jqEy�~bu:�JrÀvJu:�D�M�l|j�7�l}1zb}qHw¤vx{}"qHsbu:��u5vJq^uMsbu:�vcvJ~jq%�buMy����D�xDzj|bw{���JxMr vJ~jqE}"�l�M|buMt��Gp�~jqEy,�xC}}"�
}qHy0vJ�8xD|b}GxM�ovJ~jq`}�8�D|bu:tjuM|bw7�qHt8qH��uM|Cv?�buMy����M�JxMzb|bw�uM�q)�D�8�Dq,|7�8|]p;u:�jtlq × �2p�~jq,�7~bu��Mq��/q,qH|]y<xMr{sjzjvqHw7zb}�l|j�%v~jq+��xM|Cvq,���1uM�tlx
�)q,���l¦ k5¨`uM|bw��)�8v~¢Î%�I�`�hg±³j� °R�)q<��� ¦ ¼ ¨+uM|bwÐ�WxDr{sb¿�gW lfo� fY�)q<��� ¦8§H°5¨I�)~bq,|Ðu:sjsjtl� y,u:�bt8qD�Ðp�~bqky,�xC}}"��}"q	y0v�lxM|o}�~bu��Dq��/q,qH|
y,uMtly,zjt u5vq	wk��xM�%u]r{�8�K�8|j�Zu:|j�Dt8qjm�n9o Èp É ¯Ì°j² ½ u:|owk��xM� Í �/qHuMrÇs/xMt u:�J�lÁHu5vJ�8xD|�y<xDr��j�l|bu5vJ�8xD|b}H�+p�~jq7|jq,�Cu5vJ�8�Dq�Â�s/xD}�8v�l�MqE�5u:tlzjqH}
�Jq<��q,�Wvxgt8q,�@v0Â5��l�M~CvWs/xMt u:�J�lÁHu5vJ�8xD|��q	}"s/qHy<v�l�MqHt8�D�;pfx7u��DxM� w7�8|K����u:�JqHw¤wK�8�Dq,�J�MqH|by<qD�Cugy<zKv)u5vcq
r3s ½ Î^qHÏ%Â:yI� }WuMsjsjtl�8q	w���xM�Wv~bq%³Pt
�buDy��C�D�xDzj|bw!�

2.1. Pre-selection and Selection Cuts

��q�s/q,���xM�Jrõu]³{}"vJuM�MqH})}q<vIxM�2y,zKvJ}I�8|�xD�JwKqH��vx]}q,sbuM�Ju:vq%}"�l�M|ou:t!���JxMr �ouMy����M�JxMzj|ow!� × |Zv~jqvuo�J}"v`}�vJq,s��jv~jq�sb�q,�F}q,tlqHy<v�lxM|
v~bq]�jzjtl��xM��v~jq]�ouMy����M�JxMzj|ow�� }��Jq,r{x5�Mq	w�vJx�u:tltlq,���lu:vq{vJ~jq¤}�8rgzjtlu:v�lxM|mtlxDuDw!�Zp�~bq¤y<zKv�}�uM�q�tl�l}"vq	wY�oqHt8x5�À�)�8v~mvJ~jq]r�u:�l|
�buDy��C�D�xDzj|bwj}Gv~jqH�7}zjsjsj�JqH}J}?|bq<��vcvJx�v~bq,rk�GÖjxM�Wr{xD}"vWx:�!vJ~jq`�ouMy����M�JxMzj|owj},�:v~jq+r7� }J}"�l|j��r{xMr{qH|DvJzjr±y<xDr7q	}G���JxMr sbuM�"vJ�ly,t8q	}
tlxD}"v+�l|�v~bqg�/qHuMrÇsb�8s/qM�!�)~jqH�q	uM}H�o�l|�vJ~jq7}�l�M|buMtVvJ~jqg|bq,zKvJ�JuMt8�l|jxD}+u:�Jq��JqH}soxD|b}"�l�jtlq���xD�`vJ~jqgt u:�J�Mq�r7� }J}"�l|j�¤qH|jq,�J�M�ku:|ow�tluM��Dq
r{�l}J}�8|j�{sKv	�

w fjxRyd¡{zE
|~}���Þ'�U��}P|Zm-��o�£hx ½ °Z¡�i)Îj�Kv"v	�jt@¯+qD� �e�<t!£��Pq É s ½�� ÞP���Pm7¡^i)Îj��³'t2� Û�ÛK£

w�� m�n9o p5�������P� r � xÝ°j² kZ¡�i)Îj�bu:tlt��buDy��C�D�xDzj|bwj}�£�� � q��^n'���
��q É n É � x�°�¡�i�Îj�ou:tlt £

w��v�U� o#xÐ°j²�à ½ ¡^i)Îj�buMt8t@£5�jÆ����� ¡xÐ³:°M°Z¡^i)Îj�buMt8t@£

p�~jq�}q,tlqHy<v�lxM|ky<zKv�}Iu:�Jq+�D�8�Dq,|Z�oqHt8x5�Ø�)��vJ~Zv~jqEr�u:�l|k�buMy����D�xDzj|bwj}cv~jqH��}zjsjsj�JqH}J}H�

w y£¢CÞ É o+¯ ³Z¡^i)Îj�j� u:|ow�Û�Û¤£�� �v�~� oFxÝ°b² f�� � m<ÆÜ¡�i)Îj� ¤ µ ¤ º ��¥¦¥���§S¨§Z� É ¨É £

w m�n9o p#©�ª*« s¢��°j� ¼ ¡�i)Îj�bÛ�Û�£¦� � m-n9o p5�������P� r � xÐ°j²�à�¡^i)Îj�¬¤ÓÞ'b£

w�® É sÔ§	³MÎ^qHÏ±¡^i)Îj� ³Pt�£��b´D° � ÞP�¯x�Æ°¢CÞ É ���9 ¡x ¼ ° � ÞP� ¡^i)Îj� ¤ÓÞPk£

�Óy�~bu:�Jr7��v�u:�D�M�l|j���lr7sbt8qHr7qH|CvqHw¤vx{�JqHwKzoy<q+v~jqEr�u:�l|¤�ouMy����M�JxMzj|ow�t8q,�@vH��¤ÓÞP_�K� }��buD}"q	w]xM|Zu7|jq,zj��u:t_|jq,v��WxD���uM|bu:tl�K}"� }%¦�§D§0¨��
p�~jq�}q,tlqHy<v�lxM|�y<zKv�}`uM�qEwKq	}y,��l�oq	w�vx]u{�M�JqHu:vqH�1q,��vq,|Cv`�)�8v~kvJ~jq,�l�Iq,Ä/q	y0v`�l|m¦ ³5¨�� u:|bwY¦ Í ¨F� × |�p;u:�jtlq ×"× v~bqE|Czbr��/q,�IxM�G}�l�M|buMt
u:|ow¤�buDy����M�JxMzj|bw¤q,�Dq,|CvJ}�� })}"~bx5�)|Zu:�@vq,�IuMt8t�v~jq�y,zKvJ})uM|bw���xM�Iu7t8zbr7�l|jxC}"�8v��¤xM� ½ °D°����j�J§

�`�2�1 WÎ%° Í §�à
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á/âHãCä�å)æ�æ"çU±�²~³+ãKåJéGêHñµ´;âHí<¶�·,é�ê�²DðZ¸7â,ðZ¸°¹:ïJ·	ð�â,ä/ò.º�å�ð5î�ë?â<ñlî�åJécî�_Cå�¹:å�ä�å�íJî�ï�ê	ð�èc²Dî�ëGñ ê,é)ö,÷	÷+ñlãDì�B�»�²U³Eï�ðCê	ë�ï�î�¼
½�¾Z	-¿
ÀZ����Á ��Â ÃÄ�~��¾ZÅc¾UÆ������jÇ
��ÅÈ��	����È��� Ç��ÈÀ���¾ZÅ ÃÄ�~��¾ZÅc¾UÆ������jÇ
��ÅÈ��	����È���

É �Z��ö,÷	÷�Ê~Ë+& : É �Z�gö,÷	÷'Ê~Ë-& :
QR,SQÌ& B�M5ö =?>@ ôÍB�M�÷�ø1å�ùÌÎ = ô�DH÷ N'L+DH÷
V3V DHö�L Î = ôhM�÷ MPL,÷	÷
QC$�W öH÷-M�M Î = ô�2	÷ M'2-M�÷
$�$-V K+7 =?>@ ôÍB�2	÷�ø1å�ùÌÎ = ô�DH÷ 7�N+7	÷
XZYX�ÏÐX\[ô � B�7	÷ Î = ôhM�÷ M'N�D	ö
� Y� K+2 Î = ô�2	÷ K�7�L	ö
D�Ñ Ï ` � bRö%ø1åJù ÒOB�7+M =?>@ ô�D+DH÷�ø1å�ùÌÎ = ô�DH÷ D+7H÷	÷

Î = ôhM�÷ B�29B<ö
Î = ô�2	÷ B�M�B0÷

á_âHãDä�å`æ�æ�æ"ç~¹MïJ·	ðCâHäoò.ÓEíJï�åJðCí�¼7â,ñ8î�åJé�ÔCð�â,äbå�º�å�ð5î�¹Må�ä�å�íî�ï�êHð7ñ ê,é�¸Mï¬ÕjåJé�å�ð5î = þ��: âHðZ¸~Î¦³
Î×Ö = >@%A�ØÚÙ�ÛUÜ�Ý �9Þ = >@%AFØÚÙPßZÜ�Ý �9Þ = >@%AFØÚÙ�àUÜ�Ý �9Þ = >@%AFØjÛZÛUÜ�Ý �9Þ
2	÷	ø1å�ù B0÷�4 B<ö+4 B�N�4
M�÷	ø1å�ù B0÷�4 DH÷�4 D-M'4
DH÷	ø1å�ù B�L+4 D9B�4 D+2�4 K�ö+4
B0÷	ø1å�ù B�N�4 DH÷�4 B�N�4 K�ö+4
ö	ø1åJù DPH ö+4 B�HJB�4 ÷�H K�4 ÷�HJB�4

2.2. The discovery reach for the light stop at the ILC

p�~jq¤q-á�y,�8qH|by<�lqH}7u:�Jq¤yHu:t y<zjt u5vJqHwR���JxMr v~jqk}�8rgzjtlu:v�lxM|b}��)��vJ~âgcy,r ¯ ½ °M°�Î^qHÏ��GuM}J}zjr{�8|j��§H°M° ¾ y,�xC}}"��}"q	y0v�lxM|RvJx�v~jq
sj�JxKy<qH}J}%}�vJzbwK�lqHw!�{p�~jq{q<�Ks/qHy<vqHwR|�zjrg�oqH�^xM�1}�8�D|bu:t2qH�Mq,|Cv�}%�l}%y,uMtly,zjt u5vq	w���xD�^v~jq��)~jxDt8q7sbuM�JuMr7q,vqH�^�Jq,�D�8xD|�xM�W�l|DvJq,�JqH}"v^���
�l|DvJq,�JsoxDtlu:v�l|j�+v~jq�sbuM�JuMr7q,vqH�fs/xM�l|CvJ}�¡�Æäãr A �:Æ ¶ ãå A £fx:�/pfuM�jt8q ×"×× vxD�Mq<vJ~jq,�G�)�8v~gv~bqWsj�JxKwKzby<v�lxM|{y<�JxD}J}���}"q	y0vJ�8xD|E�M�l�Mq,|g�8|7pfuM�jtlq × �
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æ ç ç

æ é ç

è ç ç

è é ç

ëÈì íî�ïëÈì íî�ï

ðòñó^ôðòñó^ô

õUö�÷�ø�ù

ú~ö�÷ ø�ù

õ<û~ö�÷ ø�ù

üÐû~ö+÷ ø�ù
ý<ûUö�÷ ø�ù
ý<û<ûUö�÷ ø�ù

þ_ïJ·�²Mé�å#B	çfáÄ_Cå�ÿ1ï�ë�íJê-º	åJé*¼�é�å0âHí<_7ñ ê,éWî�_Då�ä�ïJ·�_5îcëFî�ê�]�â<îcî�_Då�æÐ»/è
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þ_ïJ·�²Mé�å�D:ç »oïJ·+_:î?ëFî�ê+] ³�âHë�ë º:ë�H ³Eï$#Dï�ðU·%âHðU·	ä�å�H

p�~jq�}~buMwKq	wÐ�qH�M�lxM|Ð�l|Ðv~jqR}�vJxMsK�F|jq,zjv��u:tl�8|jxmr�uD}}�sbtluM|jq�}~jx5�)|��8|¢Ö;�l�Mzj�Jqm§�y,xM�J�q	}"s/xM|bwb}{vx�u ½&% wK� }y,x5�Mq,�J�M�W��xM��u
tlzjr{�8|jxC}"�8v��¤xM� ½ °M°CÙ!Ú º ¸ � ½ °DÙ!Ú º ¸ u:|bwZq,�Dq,|Y§H°CÙ!Ú º ¸ �Wp�~b�l})� }`}~jx5�)|���xM�`u{}�8�D|j��uoy,uM|by<q��bÂj¡��('5i)£�s ½ �b�)~jq,�Jq��b¯*),+ % +.-
�)�8v~/)Gv�u:�MqH|����JxMr pfuM�jt8q ××"× u:|bw % ���xDr�p;u:�jtlq × uD}2�WqHt8tbuD};v~jq)�ouMy����M�JxMzj|ow��l|K��xM�Jr�u5v�lxM| i^�:p�~jqI}~bu:�Js7y,zKvcu5v2vJ~jqI�/x:v"vJxMr
x:�;v~bq�}"~buDwKqHw��Jq,�M�lxM|ky<xDr{qH}1���JxMr ~jq	u����8qH��}"vxDsb}���xD�)�)~j�ly�~ZvJ~jq Í �F�oxKwK��wKqHyHu��?¤�Ú ÈË ¶¸ wKxDr7�l|bu:vqH}H� × |�v~jq�tlq<�@v`y,xM�J|jq,�	�Cv~jq
tl�8�D~DvE�D�Ju���� }"~��Jq,�D�8xD|�y,xM�J�q	}"s/xM|bwb}IvJxkuZ}"vxMsR�)~j� y�~�� }E}x�tl�8�D~Cv^vJ~bu5v%vJ~jq7vxMsYwKq	y,u��K}^�8|Cvx�}"vxDsRuM|bw�|bq,zKvJ�JuMt8�l|jxb�7p�~jxD}q�³
wKq	y,u���y�~bu:|b|jq,t }c�)~bq,�Jq`|jxMv�}"vzbwj�8q	w]~jqH�qD�2p�~bq^wKxMv"vJqHw¤wbu:�J�7�D�Ju��7�Jq,�M�lxM|�� }�y<xD|b}"� }"vq,|Cv1�)��vJ~¤�¢���+ �uM|bw]�buM��DxM�Dq,|jq	}"� },� × |
v~bq¡ub�Dzj�Jq�v~bq7wKxMv"vJqHw�tl�l|jqH}^y<xD��JqH}soxD|bwK�l|j��vJx¤vJ~jqgtl�l�M~Cv^}"vxDs��q	uMy�~����Zv~bq7pfq,�5u5vJ�xD|���xM�%wK�8Ä/qH�qH|Cv^tlzjr{�8|bxD}��vJ�8q	}g¦8§	³	¨?uM|bw
v~bqE�)~j��vJqEt8q,�@v`y<xD�|jqH�1vx{v~bqEq<�jy<tlzb}�8xD|����¤� gc 2�

3. STOP PARAMETERS DETERMINATION

��tl�l�M~Cv2}"vxDs��l|�vJ~jq�|jq,zjv��u:tl�8|jx%y<xM�FuM|j|j�l~j�ltlu:v�lxM|�r�uM}J};�JuM|j�Mq1u:|bwg�)�8v~{u+}r�u:tltCr{�8�K�8|j�%u:|b�MtlqW�)�lt8t��'u��DxM�;u+}zjs/q,��}"��r{r{q<v�J� y
wjuM���r�u5vvqH�I~��Cs/x:vJ~jqH}� }1v~bu:v��1q%�)�8tltVy�~jq	y��]u:�Cu:�l|b}�vIu{y<xD|b}�l}"vqH|Dv)}q<vIx:�2}"zbsoqH�J}��r7r{q,v�J�ly^sbuM�JuMr7q,vqH�J}H�;��}s/qHy<��uoy%���j�j�
s/xM�l|Dvf~buM}V�oqHq,|�y�~jxC}"qH|+vJxI�/qWy<xDr{sbu5vJ�8�jtlq?�)�8v~%vJ~jqcr{qHy�~ou:|j� }"rØx:�Kq,tlqHy<v�Jx:�F�Wq	u:�I�ou:�J�MxM�Dq,|jq	}"� }H�,uM}!�l|¤¦ ³�¨F�HÆ È0%®1 ¯ Ê ¼M¼ ® � ÞP�E®M�
Æ È2 1 ¯Rf�³:°M° � ÞP�7���1v<¯Y��§H° ½ °CÎ^q,Ï¡�43 ¸ ¯Ó§M§�³K² ´ � ÞP�7�53 ® ¯ ³D³ ½�� Þ'�7� � � � ¯ Í ³:°)Î^q,Ïg�7698E¯d°b� ³j� É |~�;:;¯ ½ u:|bwEy,xM�J�q	}"s/xM|owj}
vxRwju:�J�Rr{u:v"vJq,�7�)��vJ~j�8|dv~jqZ�¢���` ��JuM|j�Mq¤�)��vJ~�© ªj«�¬ o®Z¯Ç°b²8§D§	³:´b��u:|bwm��xM��vJ~bu5v7soxD�8|Cv{�)��vJ~mv~bqZ}"vxDsmr{uD}}gÆ ÈÉ ¸ ¯
§	³D³K² ½9� ÞP�Çu:|bw�vJ~jq¤|jqHzKv��u:tl�l|jx�r�uM}J}EÆ ÈË ¶¸ ¯ §H°�à�²�³ � ÞP� �)��vJ~du�}r{uMt8t1Å�Æ ¯ § ½ ²�³ � ÞP�ßu:|bwYu��J�l�M~Cv"��y�~j�l�JuMt2}"vxDs��;�)��vJ~
m�n9o Èp É ¯ °j² °j§	° ½ �mp�~jqkwjuM��Yr�u5vvq,�{�Jq,tl�lyZwKqH|b}"�8v��m� }7y,xMr{sjzKvJqHw��)��vJ~dvJ~jq�y<xKwKqZzb}"q	wd�l|Ô¦8§ Í ¨���p�~bq��/qHuMrÃsoxDtluM��lÁHu:v�lxM|
u:tltlx5�I}�vx]zo}"qEvJ~jq�r{qHuD}"zb�qHr7qH|CvIx:�Gv~bq�y<�JxD}J}���}qHy0vJ�8xD|�xM�2v~jq¤¡�}�vJxMs��_u:|CvJ����}�vJxMso£���xM�+³�wj��Ä_q,�Jq,|Cv+y,xMr��b�8|bu:v�lxM|b}Ix:�2v~jqg�oq	u:r
s/xMt u:�J�8Á	u5v�lxM|V�¢p�~jqkv��WxY|jxD|K�FÁ,q,�JxYsoxDtluM��lÁHu:v�lxM|Ýy<xMrg�j�l|bu5vJ�8xD|b}�u:|bwÐy,�xC}}"�F}qHy<v�lxM|b}����JxMr p;u:�bt8q × u:tlt8x5�1qHw�zb}{vJxmq<��v��uMy<v
�/x:v~�r�uM}J}+uM|bw�r{�8���l|j�Zu:|j�Dt8q	}`xM�?v~jq{}"vxMsV�%p�~bqg}��}"vqHr�u5v� ygq,�J�xD�J}IuDy,y,xMzj|Cvq	wk��xM�%u:�JqgwjqH}Jy<�J�8�/qHw��l|�wjq<vJuM�8t2�l|�¦ ³�¨F�Ep�~jq,�
�l|by<tlzbwKq�u{}��}"vqHr�u5v� y^q,�J�xD�WxM�VvJ~jqEr�uM}J}�r7q	uM}zj�Jq,r{q,|Cv�x:�;v~jq%|jqHzKv��u:tl�8|bx7xM�=< °j²l§ � ÞP�{�buM|�qH��JxM�1x:�><^°j� ½D¾ xM�VvJ~jq�wKq,�D�qHq
x:�Es/xMt u:�J�8Á	u5vJ�8xD|Ýr{q	uM}zj�q	wÐu:|bw�uM|ÝqH��JxM�¤x:�?< ½ +¢§H° ºA@ x:�%vJ~jq��l|DvJq,�D�Ju:vqHwÝtlzjr{�8|bxD}��v��D�Óp�~bq�v~bq,xM�Jq<vJ�lyHu:tIzb|by<qH�"v�u:�l|Dv��
x:���ouMy����M�JxMzj|ow�}"�lr�zjt u5vJ�8xD|b}]� }Zw�iIÂPi,<^°j� Í ¾ u:|bw }�vJxMs¢~buDwK�JxM|j�lÁHu:v�lxM|Ð����u:�Mr{qH|Dv�u5vJ�8xD|B<g§ ¾ � × |ÔÖf�l�Mzb�q�³j�IqHuDy�~¢�buM|bw
y<xD��JqH}s/xM|bwj}Ivx¤v~jq�y<�JxD}J}"�F}qHy<v�lxM|kr{qHuM}zj�Jq,r{q,|Cv^�)��vJ~�xM|bqgxM�Gv~jq{|jxD|K��ÁHq,�Jx]s/xMt u:�J�8Á	u5v�lxM|�y,xMrg�j�8|ou5v�lxM|o},�%p�~jq7q,�J�xD�`�buM|bw
�)� w�v~��l}W�M�l�MqH|��C�7vJ~jq+qH��JxM��}H�fp�~jq+�qH�M�lxM|]u5vWv~jq^x5�MqH�t u:s{xM�!v~jq`v��Wxg�bu:|bwb}c� }W}~jx5�)|��l|�Ö;�l�Mzj�Jq+³:uM|bw]uMt8tlx5�I}GvJxgwKq,vq,�Jr{�8|bq
v~bq�}"vxDs�r�uM}J};u:|bw�v~jq�r{���K�l|j�%u:|j�Dt8qcvx^�oq�ÆYÈÉ ¸ ¯Ì¡"§	³M³j² ½DC §D² °C£ � ÞP�g�9m�n9o p ÈÉ xÐ°j² °CàPfb�	�)~j�ly�~g��xM�;xMzb�2uDy,y,zj�JuDy<�^�l}2y,xM|b}�l}"vqH|Cv
�)�8v~kÁ,qH�x�u:|ow�y,xM�J�q	}"s/xM|bwb}cvJx�u ÈÉ �J�8�D~Dv)~buM|bwKq	w!�
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þ_ïJ·�²Mé�å�KMçYX�ó[Z�\RâHð~¸gæ{»_èRé�å�ä�ï�í�¸Då�ðDë�ï�î�¼¡º�åJé�ë*²Cë ³`î�B�H

4. CONCLUSION

p�~jqWwju:vJuI���xDrØvJ~jq1q<�KsoqH��lr{q,|CvJuMtD}"vxDs�u:|buMt8�K}�l}fu5vGu)tl�8|jq	u:�2y<xDt8tl�lwjq,�V�)�ltlt�uMt8tlx5�Yzb}Vvx+wj�l}Jy<x5�Dq,�fuM|bwEr{qHuD}"zb�qcu`t8�l�M~Cv2}�vJxMs�u:v
v~bq1tl�l|jqHuM�2y,xMtlt8� wKqH�;�l|gv~jq)y<xM�FuM|j|j�l~j�ltlu:v�lxM|��Jq,�D�8xD|��)�8v~gv~jq�|jqHzKv��u:tl�8|bxg� p�~j� }Gy<xMzbtlw��oq)u%wju:�J�%r�u5v"vJq,�?yHu:|bwK� wju:vq�y<xMr{sbu:v�l�jtlq
�)�8v~�vJ~jq��Jq,tl�ly�wKq,|b}�8v���r{qHuD}"zb�q	w����Z�¢���` Øu:|bw�}~jx5�)|��l|�Ö;�8�Dzj�q Í �Ip�~jq�}~buDwKqHwk~jxD��lÁ,xD|CvJu:tV�bu:|bwb}I�Jq,sj�JqH}q,|CvJ})v~jq�§ %
u:|ow�³ % y,xM|b}"v��u:�l|Cv�xM|du��qHt8� y¤wKqH|b}��v��Y°j²l§H°�fOxõ©�ªj«�¬Eo®äx °b²8§�³K§M�^]+}"�l|j��v~jq�sj�qH���8xDzb}�}"vxDsdsbu:��u:r{q,vq,��}H�VvJ~jqZy,xMtlt8� wKqH�
r{qHuD}"zj�Jq,r{qH|Dv�}]u:|owÐq,�J�xD�J}{u:|owÝv~jqR}�vJxMs�u:|bw �W~ou:�J�M�l|jx�Â5_Iq,zjv��u:tl�8|jxY¿I�l�M�C}¤ GuM�JuMr7q,vqH�J}{y<xD|b}"v��u:�l|Dv]xD|jq��Mq,vJ}]v~jq��Jq,tl� y
wKqH|b}"�8v��Yu5v�vJ~jqM§ % t8qH�MqHt?vx��oqZ°j² °�kD´ xõ©�ªb«�¬Eb®äx °b²8§+f Í �1¡�wju:�J��s/xM�l|CvJ}�£0�Gy<xDr{sbu5vJ�8�jtlq¤�)�8v~��¢���` 2�2p�~jq�y,q,|CvqH��s/xM�l|Cv
y<xD��JqH}s/xM|bwj}WvJxgvJ~jqE�/qH}"v�ujvH�
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