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>@?BADCFEHG�IKJMLONQP=R�S�?!TUG�V�W@X0IYJ/Z)R+[;?!\HX!]F]_^�`aX�bBJ�^�cdR�e
?!fgG�h�VjilkDm�R�e
?!n,GoV+pqp)X!]_rdS#kjG�W@^!sut=R
>@?-S	^�pvp�IFWaI0m�R�wx?lSykjXlzj^B]_]{I_X|J�Z�R/S}?-SDGokjX�~DLdR�\@?!\H^|V�zMX!J�bo~jX�Z�R�wx?|��^B]_]_^lzMI_X!J�Z)R�\�?
� ^Bi0�oVjX|��cOR�fU?!w�^|~MI_]!m�R � rdS�?!e'G�IFs-^��0Z)R/S�?!n,^���Z)R0E4?!n,Go�_kj^lJ�h�m�R�\�?o[Mi�k/W@^lV+p+LdR�wx?
� G�VM]_X!W@G�~+h/X m ?

L��O~�p��OIK��V���h�X�p'`a^l~jG�[jiBI_Xl~jiBX�p5h�X	e'^|J�I�pvR��<~MIFzMX!J)p�IY���	e�I_X|JdJ�X�X|�+w�^�J�I_X�SyV/J�I_XBr�e;^�J�I�p5��R
��w�n,���/���US�`�nU[+R"�| M¡�JdVjX�h�X,A¢G�V�J�W@X0]+����¡��0��e'^|J�I�pqR���J�^!~Mi0X�?
Z��O~+p���IK��V���h�X	e�k��+p�I���VjX�`£VjiB]_�0^BIKJ�X�h/X,A��jG�~�R��U~jIYzjXlJ�p)IK����h/X,A��jG�~�R��U~jIYzjX|J)p)IK���,A���G�~
�BR/S�`�nU[�¤���`6¥�e'¦MR� �J�VjX	§u~�J�I_i�G���X�J�W@I�R/�/¨���¥M¥a©�I_]{]_X!V�Jdª�^l~�~jX�R��+J�^!~Mi0X�?
c+�d~�p��OIK��V���h�X	e"k��+p)I���VjX#`UVMi0]_�B^BIFJ�X�h�C�«¬J)p�^��+R��U~MIFzjXlJ)p�IK�O�	e'^|J�I�p�r)[jVjh­���BR/S�`�nU[�¤���`®¥�e'¦�R
¨;�¯ M¡/�°«,J�p)^|�+R��+J�^!~Mi0X�?
m�S�X|~��{J�X�h/Xgn,XBi|kjXlJ�ilkjX�p�V�J�]_X�p���G�~+pqR�]_Xop�w�^|����J�I_^lV/±£X��²]_^ge"kjG���G�~MI_��VjXoR��<w�n&�/��¦��
Su`UnU[Mr=Sy§�>6R�J�VjX�S	]_^lVjh�X	f¬]�G�ilk+R"�| j¡� j¡°S	^0X|~�R��+J�^l~ji0Xj?
t�³,>g`6�dA5R�f	e´�/��¡�¥j��R"�¯ M¡��/�6SD^BXl~£SDXBh/X�±@��R��²J�^l~ji0Xj?

µ S	G�J=J�X�p�¶�G�~jh�IY~�b�^!V���GoJ|?q·�¸<¹+º{»M¹�¼j½v¾|¿q¿0À"^!]_^BIY~"?Á]Yk�G�IKJqÂ�IF~+p�¶'? ÃÄV+pqp)I_XlV"?ÁÅ�J ?!e"kMG�~jX�Æ-¦/¦
Ç ¡�È	�D � 6¥j�6¦"�¬�;��?!�"^!±�Æ-¦�¦ Ç ¡�È¯�	 � H¥M�U M�:�/��?

T}Xl��ÉHG�J�h;Æ-S#kj^l~/~MX0]{IF~+b+Ê�[�¶MV�����X|J�IY~�b�Ê���G�~£XlWaI=pvp�I_G�~²Ê�E}XB^!z��aI_G�~+p¯Ê�§
]_X0i���J�G�~MI_i�Xl~jX|J�bo�
h�X|¶+GMp�IK�OI�G�~²Ê/S#kj^�J�b�X�p���^|�OX�Ê � J�^!~�p�zjXlJ�p)X�X|~MX|J�bo�"?

ËÍÌ
Î�ÏvÐMÑ�Ò/ÏvÓ

> ��kMIF~Ôb�X�J�W@^l~jIYV/W ilJ��+p���^B],kj^�paª+X0Xl~ÕIKJ�J�^Bh�I�^���X0hÖ^|�U³,>,`6�dA�ªM�1e;ª�ª+X0^lW�p�G�ÅU¥+¨
w�X0©,¤_> Ç i!kM^!J�b�XÕp��O^|�OX�×�ØÚÙ­ÛÜ���x^|~jhx��¥/ÈÝ^�~jhxG�Å­��?Á�ÞwßXB©,¤�> Ç ×�ØàÙ­Û�¥��-Èv? � kjX
IF~+h�VjiBX0h�I_G�~ÝXlW£I�pqp)I_G�~áÅ�J�G�WÜ��kjXap)^!W6¶+]�X6Xl~��_J�^�~ji0X®p�V�J�Åâ^Bi0X}ÉH^�p�p���VMh�I_X0h�R²IYWH¶+^0il��¶�XlJ
I{WH¶+^0i��=R"^�p�^6Å�V/~jil�OI_G�~ÝG�ÅD×�ØÚÙ)R+zMX0]_G�iBIK���­z/ØÚÙ¬^|~jh­Xl~jXlJ�bo�Ý]_G�pqp

∆
§&IF~:��kMXai|J��+p��O^B]d? � k�X

e�ªãI�G�~+p´�{J�^l~+p�W£IY�_�OX0hä��k�J�G�V�bokå��kjX&i�J��+p��O^0]®ÉHX|J�X&^|~M^0]Y�/s-XBh°IF~ãilkj^�J�b�X Ç ×�æ�çdèÁÈ´^|~+h
X|~MX|J�bo�@V+p)IF~+b���kjX6[�e�§5³�p�¶+X0i��_J�G�W®Xl�OX|J|? � kMXUXlW£IY�_��XBhaI_G�~MI_s�X0h4p�¶+X0iBI_X�puÉHX|J�X�h/X���X0i���X�h
^|~Mh ^l~j^B]Y�/s-XBh IF~ W@^�pvpåªM� ^ � I{W£X G�Åé�"]_I�b�k��&W6VM]F�OI_^l~�G�h/X h�X|��XBi|�OG�J Ç A�>H³�Èv?
Sykj^l~/~jXB]{IF~+b�ÉH^�p4V+p�XBhß��GÞp�XB]_X0i���¶+X0ilVj]{I_^lJ

∆
§êIY~Þ³�X2^!~MhßkjXl~ji0Xë¶+X0ilVj]{I_^|Jae�ª&I�G�~

�_J�^=ÃvX0i���GoJ�I_X�p iB]_GMp)X ��G ��kMX XlW£IY�_�OIF~+b Xl~��{J�^l~jiBX p�V�J�Å=^0iBX�? � kjX X!±�¶�X�J�I_W@Xl~��åÉH^�p
¶+X|J�Å=GoJ�W@X0hÞIF~xp���^l~jh�^lJ�hìzj^0ilV�VMW­?�`aG&³�X�X|W@I�pvp�I_G�~ÕÉH^�p­ÅdG�V/~jh�? � kjX�h�G�W@IF~+^|�OIF~²b
XlW£IY�_�OX0h4p�¶+X0iBI_X�p�^|J�X�E�í#^l~+h6k��jh�J�G/iB^|Jdª�G�~�I_G�~+pyG�J�I�b�IY~j^|�OIY~�b®ÅOJ�G�W���kjX�i0G�~���^BWaIF~+^|�OI�G�~
]_^l�jXlJ®G�~ß��Go¶ÞG�Å���kjXÍi�J��+p���^B]d? � kjX2W@X0^l~�zM^0]YVjX´î�wðï°G�Å���kjXë~/VMW6ª�XlJ@G�ÅHh�X|��XBi|�OX0h
p�¶+X0ilI_X�p�¶�X�J�IF~jiBG�WaIF~+b:e²ª�I_G�~ Ç WHVM]F�OIY¶+]_I_iBIK���jÈ,zj^|J�I_Xop}^op Ç ×�ØÚÙd¤_z/ØàÙâÈ�ñ�R;ÉUIK��k9¶´zj^B]FVMX�pUIF~
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^0b-J�XBXBW£Xl~/�uÉHIF��k­¶MJ�XlzjI_G�V�p�J�X�p�VM]F�dp!?��&X®kj^lzjX�i!]_XB^!J�]Y� G�ª�p�X|J�zjXBhÝ^l~´IF~MÅ=]{V+Xl~ji0X4G�Å���kjX
X|~MX|J�bo�ëh�X|¶+GMp)IK�OI�G�~

∆
§åIF~ ³�X�G�~­��kjX@X-W£I�pqp�I�Go~ÍÅ�J�G�W ��kjX®��Go¶ëiBG�~/�O^!WaIF~+^|�OI�G�~ ]_^l�jXlJ|?

�ÖkjXl~´p�XB]_X0i���IY~�b:IF~Mi!J�X0^op�IF~+bázj^B]FVjXop,G�Å
∆
§�R�ÉHXaG�ª�p�X�J�zjX0h­^�J�^|��kjXlJ�p)]_GoÉ IY~�i�J�XB^�p�XaG�Å

î�w1ï
?'«,~´��kjX­i0G�~��_J�^!J���R'��kjX�¶/J�G�ª�^�ª+I_]{IK��I�X�pHG�Å¬kMI�bok�WaVj]Y��IK¶+]{I�iBIK���Ízj^B]YVjX�pqR�ÉUkMI_ilk�^|J�X
X�pvp�X|~��OI_^B]_]Y�£i0G�~�~jXBi|��XBh��OG6ÅOJ�^�b�W@Xl~���^��OI�G�~£^BÅ��OX|J5XlW£I�pvp�I_G�~+RMp��_J�G�~�b�]F�aIF~jilJ�X0^op�X	ÉUIK��k

∆
§¬?

� Ó ��� ÏvÐ��	��
5Ò/Ï
��� � ?

�ÖkjXl~á^®p�ÉHI{Å���kjX0^lz��­I_G�~@ª+X0^lWÜ¶�Xl~jX���J�^|�OX�p	IF~��=G�^Hi�J=��p���^B]�¶+^|J�^B]_]�XB]��OG�^�W£^=Ã|G�J
^|±MI�pqRuW®G�p���G�Å���kMX´I_G�~+paÅ�G�]_]_GoÉ �_J�^=ÃvX0i���G�J�I_X�p�p��OX0X�J�XBh´ªM�2��kjX:J�X�¶MVj]�p)IFzMX�¶²Go��Xl~��OI_^B]gG�Å
p��{J�IF~+b�p�^|~+h�R�Å=G�Ja~jGo����G�GÖ]_^lJ�b�XÍh�X|¶���k+pqR
��kjXBIFJ6�_J�^l~+p�zjX|J)p�XÍX�~jXlJ�b��ß§

⊥
Ç�� IF~jX���I_i ¶+]FV+p

¶+G��OX!~���I_^B]�Xl~jXlJ�b��/È¬^�pvp�G/ilI_^|�OX0há��Gá��kMXaI_G�~9W®Go�OI_G�~ IY~­��kjX�¶+]_^l~jX6¶+X|Jd¶�Xl~jh�I_ilVM]�^�JD�OG4��k�X
ª+X0^lWãh�IFJ�X0i��OI_G�~ Ç ��J�^l~+p�zMX|J)p�X	¶+]_^l~jXlÈ�I�p5i0Go~+p�X�J�zjX0h;Æ!¶+^|J��OI_iB]_X�p5^�J�X�i|kj^l~�~jXB]_X0h��â���Ä?

e'^|Jd��I_iB]_XopD¶+Xl~jXl�_J�^|�OIF~+b:IF~���G­^ailJ��+p��O^B]�zjXlJ��:iB]�GMp�X��OG­^4p���J�IF~+b Ç ^|�5^4h�I�p���^l~jiBX@GMÅ
�_kMXÝGoJ�h/X�JHG�Å¬��kjXá��kMX|J�W@^B]�zMIKª�J�^���I�G�~ð^lW6¶+]_IF��V+h/XlÈ�R
b�X|��^�zMX!J��2kjI�b�k�§

⊥
zj^B]FVjXj? � kMX!�

p�VMÅ=Å�X|J	p�VMi0i0Xopqp�IYzjXUi0GoJ�J�X0]_^���XBh@XB]_^�p��OI_iUiBG�]_]{I�p�I_G�~+p
É6IK��ka��kjX<��^lJ�b�X|��~�VjiB]_X0I"G�Å���kjX6p���J�IY~�bjR
�_kM^|�ðb�G�zjXlJ�~ê�{J�^dÃqXBi|�=G�J�I_Xop!? � kjXl� ^B]�p�G p�VMÅ=Å�XlJ�IF~MX0]_^op��OI_i�i0G�]{]_I�p)I�G�~+p&G�~Ü��kjX ��^�J�b�X|�
X!]_XBi|�{J�G�~+pqR�W£^BIY~j]Y�ði0G�J�X­Xl]_X0i|��J�G�~+pqR�]_XB^0h�IY~�b�RuIF~Í��kjX p�V/J�Åd^0i0X�J�X�b�I�G�~+R���G2^�zMX|J��ÍkMI�bok
X|~MX|J�bo��]_G�pqpyho§�¤�h�±aÛ1[�ØÚÙ Ç §

⊥
È�É�kjI_ilk@Wa^!�aª+X�^|�"]_X0^op��'G�~jX�G�J�h�X|J5G�Å¢W£^�b�~MIF��V+h/X�]_^lJ�b�XlJ

����r� ��u��kj^l~���kMX4p���Go¶/¶+IY~�b®¶+G�ÉHXlJ<[��@Å=GoJg^�J�^!~+h�G�W G�J�I_Xl~��O^|�OI�G�~ÝG�Åu��kjXai|J���p���^B] Ç G�J¬Å=G�J
^|~ÍX0��VMIFz+^B]_Xl~��D^!W@G�Jd¶MkjG�V+p���^�J�b�X|��Èq?�>��#^�zjXlJ���p�kjG�Jd�5�OI{W@X­p)i0^!]_X Ç ����¶+I_iB^0]{]F�&�!¡�������p�È�R
�_kMXÖp�VMi0i0Xopqp�IYzjX�^|�=G�W�p­G�Å6��kjXÖp��{J�IF~+bÕ^|J�X�kMI�bokM]F�ÔI_G�~MI_s�X0hÕ^l~jh�R�h/X�¶�Xl~jh�IY~�bÕG�~Õ��kjX
� IF~jXl�OI_i�pDG�Å���kjX6i|J��+p���^B]�~jXlV��_J�^0]{IFs-^���I�G�~+R���kjX�p�X}I_G�~+p	W®^l�aJ�X|¶+X0]�X0^0i�káGo��kjX|J)R+]_X0^Bh�IF~+b6�=G
^US	G�VM]�G�W6ªáXl±�¶+]_GMp)I_G�~�G�Å���kjX£p���J�IF~+bai0]�GMp)X���G®��kjX6p�V�J�Å=^Bi0X�? � kjI�pDi�G�VM]_h6¶²G�pqp�IKª+]F�­]_XB^0h
��G4^6p��{J�G�~+baI_G�~�XlWaIOpqp)I_G�~�Å�J�GjW���kjXUi�J��+p��O^0];Å=G�JDp�VMi!k4kjI�b�k4§

⊥
IF~Mi0I_h�Xl~/��I_G�~+p!?@«,~a��k�X

i0Go~���J�^|J��+Ru¶�^lJd�OI_i0]_Xop6¶�Xl~jX���J�^|�OIY~�bßIF~��OG���kjX´i�J��+p��O^0]¬Å�^|JaÅ�J�GjW ��kjX9J�G�Éap Ç G�ÅU]�G�É §
⊥
È�R

p�VMÅ=Å�X|J¬^4p�W£^B]{]�[/ØàÙ Ç §
⊥
Èyzj^B]FVjX Ç ���/¶+I_iB^0]{]F�Í[�ØÚÙ Ç §

⊥
È�Û1¡�?  

×
[����Y¦��OÈ	^|~jh:I_G�~ÝX!WaIOpvp�I_G�~ÝI�p

X|±�¶�XBi|��XBh9�OG9ª+X�W6V�ilk1p�W®^B]{]_X|J���kj^l~�ÅâGoJ�kjI�b�k´§
⊥
zM^0]YVjX�pHGoJUÅ=G�J�J�^l~jh�G�W IY~jiBI�h�Xl~ji0X

i0Go~jh�IY��I_G�~�p!?

>Hp�ÉHI_]{]�ª+X:p�kjGoÉU~ÍIF~9��kjI�p�¶�^�¶�X�J�R�^®¶/J�X0ilI�p�X®§
⊥
p�Xl]_X0i|�OI_G�~ÍI�pU^0i�kjI_Xlzj^�ª+]_X�IF~�^

�_J�^l~+p�W£I�pqp�I_G�~°���/¶+XxXl±�¶�X�J�I{W®Xl~���ÉHIY��k�^Þ��kjI{~�i!J���p���^B]aªM� p)X!]_X0i��OIF~+b ��kMXåG�V��=b�G�IF~²b
i|kM^|J�b�X}p���^���X�×}æ�ç=è�^|~jho¤�G�J���kjX	�OG��O^B]+X!~MX|J�bo�£]�GMp|p

∆
§ Ç ×�æ�çdèÁÈv?!E}GoÉ�XlzjXlJ)R/Å=GoJ
p���Vjh��jIY~�b6I_G�~

XlW£I�pvp�I_G�~ÝÅ�J�G�W ^ai�J��+p��O^0]�^�pg^®ÅOV�~ji���I�G�~áG�Åu��k²XHX�~jXlJ�b��­]�GMpqp¬i!]�GMp�X}��G®��kjX4p�V�J�Å=^Bi0X�R�^!~
� »��{½)¹! #"@º%$'& (M¹*)�+�+�¸ p��+p���XlW i�G�V�¶+]_X0hÔ��Gå^ìkjI�b�k�Xl~jX|J�bo�åkjXB^lz/��I�G�~�^0i0iBX!]_X�J�^���GoJ
ÉHG�VM]�hðª+X´~MX0i0Xopqp�^�J=�"?���~jh/XlJ�p�VMi!kÕi0G�~jh�IK�OI�G�~�pqR
��kjX9J�X�p)I_h�Vj^B]�i0G�~���^lWaIF~+^!~��=paÉHG�VM]�h
kj^lzjXgª�XBX!~�J�XBh�Vji0XBh��OGH^BhMp�GoJdª�^���X�b�^�p)X�p�]{I � XgE-,�G�J�SD«.,/�����Ä?

� kjX9ÅdIKJ)p��<p���^�b�X9X|±�¶�X�J�IFW@X!~��	¶/J�X�p�Xl~��OX0h�IY~Í��kMI�pU¶+^|¶+X|J�ÉH^�pU¶+X|J�ÅdG�J�W®XBh2V/~Mh/XlJ
¿0�Y¹�1M¼/¹M½)¼32!¹*)�+�+�¸êIY~���kMX�[�e;§5³°ª+X0^lW ]_IY~�X4�����
^|�5³�>¬`6�dA Ç SD^BXl~/Èq?��&X6V+p�XBh�^���kMIF~
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Ç ��¡�¡�Èab�XlJ�W@^!~MIFVMW i|J��+p��O^B]g^l~+h2��kjX:ª�XB^lW É£^�p@^l]_I�bo~jXBh1^B]_G�~�b2��kjX �����!¡ �Uh�IYJ�XBi|�OI_G�~
Ç ��Go��^B]�¶+^|��k­]_X!~+bB��ká¡�? ���

µ
WaÈv?�fgGo��k­Å=^Bi0XopgG�Å���kjX6i|J���p���^B]�ÉHX|J�X�V�~j^lzjG�I_h/^�ª+]F�­i0G�zjXlJ�X0h

ª��ß^:��kMIF~�h�I�p�G�J�h/X�J�XBh1]_^l�jX�J�R�i0G�~���^BIF~MIF~+b�X�pqpqX|~��OI_^B]_]Y��E6Ry«�R�S ^|~Mh1³�X´^|��G�W4p Ç p�XBX
ª+X!]_G�ÉUÈq? �d~å��kjXÕ]�^�p���h�X0iB^0h�X�pqR�~/VMW@X|J�G�V+p1p��_Vjh�I_Xop Ç �_�Mr�� �dÈ�ÉHX�J�Xéh/XlzjGo��XBhx�OGé��k�X
XlW£I�pvp�I_G�~ G�Å	G�J�b�^l~MI_i@iBG�WH¶+G�V/~+h�p,^op�^aÅ�V/~+i|�OI_G�~ G�Å
��kjX�ª+X0^-W ilkj^|J�b�X4p���^|�OX@×�ØÚÙ Ç Id?ÁX�?
^�p�^´Å�V/~ji��OI�G�~ìG�Å���kjXÍXl~jX�J�b��&]_G�pqpaJ�^|�OX!È�RDIF~Ö¶+^|Jd��I_ilVM]_^|JaÉUkMX!~Õ×�ØàÙ£I�p�Å=^lJ@Å�J�G�W ��k�X
X0�oVMI_]_IYª/J�IYVMW i!kM^!J�b�Xap��O^|�OXa× t�� IY~@��k+Xap�G�]{I_h�?M�d~���kjX6]_^|����X�JDi0^�p)X�R²^6Å=^op���zM^|J�I_^|�OI�G�~@ÉHIY��kh�X|¶���k1sÍG�ÅU× �OG�ÉH^lJ�hMp@× t�� ¶�X�J�W£IY�=p6��GßG�ª²p�X�J=zMX9��kjX2p�G1iB^!]{]_X-h��-h�X|¶��_k�XBÅdÅâXBi|��� �_�*�
i|kM^|J�^0i|�OXlJ�IFs-X0h ªM��^éW@X0^l~êh�X|¶���k�î"s m ï Ç ����¶jI_iB^B]_]F� �!rv���å~�W£ÈëÉHIK��kjIY~�ÉUkjI_ilk°��k�X
IF~���X�J�^Bi|�OI_G�~£G�Å�I�G�~+p¢É}IK��kU��kjX}p�G�]_I_h�kM^�p5^�~£IY~jÅd]{VjXl~ji0X�G�~U��kjX�p�V�J�Å=^Bi0X�h�X�p)G�Jd¶/�OI_G�~"?

�d~´��kjX4¶�J�Xop�X|~��¬X!±�¶�X�J�I_W@Xl~��=RuÅ=G�JU^Ýb�IFzMX!~�IF~jiBI_h�Xl~/�DI�G�~´ª�XB^lW Ç Id?ÁX�?'b�IFzjXl~�×�ØÚÙ)R
z/ØàÙ�R+i|kM^|J�b�XUilkj^l~+b�IY~�b4i|J�GMpvp¬p�X0i���I�G�~�p�È�R�ÉHX�V+pqXUi�kj^l~/~jXB]{IF~+b@IY~a�_J�^l~+p)W£I�pvp�I�G�~a��G�p)X0]_XBi|�
zj^�J�I�G�V+p­Xl~jX|J�bo�Ôh/X�¶�G�p)IK��I_G�~�p­IF~Õ��kjX2zjX�J��&~+X0^�J­p�V/J�Åd^0i0XëJ�X�b�I_G�~ÔG�Å���k�X�³�X�i|J��+p��O^B]
ª+X!]_G�É ��kjX�h�I�p�GoJ�h�XlJ�XBh´]_^l�jX�J!Æ;G�~MX�G�Å#��kjXáW£^BIF~Í^0I{W@pHG�Å¬G�V�J<X!±�¶�X�J�I_WaX!~��DI�p���kjXl~Ý�=G
p��{Vjh���I_G�~@XBWaIOpqp�I�G�~®^opy^}ÅOV�~�i��OI_G�~�G�Å���kMXUp���G�¶�¶+IF~+b�¶+G�ÉHX|Jg[�ØàÙ Ç §

⊥
È�IY~a��kMI�p
J�X-b�I_G�~"?�>Hp

^!]YJ�XB^0h��6V/~+h�X|J�]_IY~�XBhMRMi|kj^l~�~jXB]_IY~�b6^B]_]�GoÉap��OG4p�X!]_XBi|��[�ØÚÙ Ç §
⊥
È�zj^B]FV+X�puzj^|J��MIF~+baG�zjX�J�W@G�J�X

�_kM^!~´G�~jXah/XBi0^Bh/Xj?j�d~���kjX�¶MJ�X�p�X�~/�5Xl±�¶+X|J�I{W@X!~��=R"³�X6I_G�~ÝXBW£I�pqp�I�G�~ÝI�p¬~jGo�5Xl±/¶+X0i���X0h���G
ª+X¬�{kjX�h/GjW£IY~�^l~���¶�J�G/iBX�pqplÆoI_G�~@XlW@I�pqp)I_G�~@I�pyXl±�¶+X0i���X0h��OGaG�J�I�b�IF~j^l�OX�Å�J�G�W���kjX�X|~��_J�^l~ji0X
h�I�p�G�J�h�X|J�X0h��OG�¶�]_^l�jXlJ¯?!`£Go��X�^l]�p�G���kj^|�'I_G�~@XlW£Idpqp�I_G�~HJ�X|¶�J�Xop�Xl~��=p�G�~M]F�@^Up�W£^B]_]�Å�J�^Bi|�OI�G�~
G�Å¬��kjXëp�¶�V/�{��X�J�IF~+b´�MI�XB]_h�� Ç kMI�bok�¶�J�G�¶²GoJ=�OI�G�~ßG�Å�~jXlV/�{J�^B]¬p�¶�XBi0I_Xop�ÈU^|~+h2W@^!��~jGo�	ª�X
J�X|¶�J�Xop�Xl~���^���IYzjX�G�Å���kMX�G�zjX�J�^B]_]+XlW@I�pqp)I_G�~"?

� k�J�X0X�]_XB^0h�I�G�~Uª+X0^lW@p Ç
	 Ûë�-¥�È"ÉHX�J�XgV+p�X0h;Æ
º ��¥M¨�w�X0©,¤{>&e"ª*� , íy^�~jh6º_º ��¥M¨�w�X0©,¤�>&e�ª
����í0?B>�����kMI�p5X�~jXlJ�b��+R���kjX,W£XB^l~£X0��VMI_]{IFª�J�IFVMW
i|kM^|J�b�X:p��O^|��X4× t�� I�p�zjXlJ�� iB]_GMp�X£��G´��¥ Ç p)X0X6�O^|ªM]_X2�¯È)Ê�º_º_º � ��? �4w�X0©,¤�>Üe²ª ,�� í Ç × t�� Û���-Èv? � kjX4J�^l~jh�G�W p��OG�¶�¶+IF~+b:¶²G�ÉHX�J£[�� t�� G�Å�b�X�J�W@^!~MIFVMW ^��gilkj^|J�b�X­X0��VMI_]{IFª�J�IFVMW �_¨*�
Å�G�J­��? ��w�X0©,¤�> ^l~�hÖ¥M¨Öw�X0©,¤�> e�ªÔ^lJ�X�iB]_G�p�X2��GÕXB^0ilkÔGo��kMX|J Ç p�XBX´�O^|ª+]_Xx�|Èv?y¥M¨
w�X0©,¤_>(e�ª����Oí<^�~jh9��? �aw�XB©¬¤{>�e�ª ,�� í<I_G�~+p	ª²XlIF~+b�Åâ^�JgÅ�J�G�W ilkj^lJ�b�XaX0��VMI_]{IFª�J�IFVMW@R�[�ØÚÙ
h�I_ÅdÅâXlJ)p�W@^|J � XBh�]F�­ÅOJ�G�W [ � t�� R+X|zjXl~­IF~4J�^l~jh�G�W b/XBG�W®X���J��"?�n,G�V+b�kM]F�­G�~jXUiB^!~­^�pqp�VMW®X
�_kM^|�5[�ØÚÙ�zM^!J�I_Xop�]_I � X

ζ
ØÚÙq? Û Ç ×�ØàÙ=¤{z/ØÚÙ�È , ?o«,~jX�b�X|�dp¬p�IFWaI�]�^|Juzj^B]FVjXop�ÅâGoJ���kjX�e�ª
����íD^!~Mh�e²ª ,�� í

ª+X0^lW@p Ç p�XBX��O^|ª+]_Xß�!Èq? � kjX9i0GoJ=J�X�p�¶+G�~+h�IF~+b´z+^!]YVjX9I�p£^�ª�G�V��,�M¡�� kjI�b�k+X|JHÅ�GoJ<��kjX:¥+¨
w�X0©,¤_>ée�ª � , í ª�XB^lW­?

�d~ ^Bh/h�IK�OI�G�~ �=G ��kjX IY~jÅ�G�J�W@^|�OI�G�~ ªMJ�G�V+b�k��Üp�¶�XBi!I{Å=I�i0^B]_]Y� ªM� ilkj^l~/~jXB]{IF~²b
W@X0^�p�V�J�XBW@X!~��=pqR���kMX¬J�X�p�VM]K�=p�G�ª/�O^0IY~jX0h�É6IF��kH��k+X,�_k�J�XBX<h�I{Å=Å�X|J�Xl~/��I_G�~aª�XB^!W4pDIF~aJ�^l~jh�G�W
b�XBG�W£Xl�_J��6¶�J�G�zMI�h�X�R�]_I � X�IF~6¶/J�XlzjI�G�V+p�p���Vjh�I_Xop-������R/IF~MÅ�G�J�W@^|�OI�G�~@G�~U��kjX�h�X|¶+X!~Mh/Xl~jiBX<G�Å
I_G�~£XlW@I�pqp)I_G�~£G�~£×�ØÚÙ)R�z/ØàÙ�R/^�~jhHGo~U��kjXg�_J�X!~Mh��OG�É�^�J�h�p5i�kj^|J�b�X�X0��VMI_]{IFª�J�IFVMW9?

��� Ó���������Ð �� !� � ÏvÑ�"uÒ*� � � �dÏ
��� � ÎBÓ
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� kjX Ç ��¡�¡�È�³�XUilJ��+p��O^B]�R/¶�J�G�zMI_h/XBhaªM�4��kjX�>U^lJ�k/V+p#�U~MIFzjX�J�p)IF��� Ç \HXl~/W@^|J � È�R�ÉH^�p
Goª/�O^0IY~jX0hêªM� X�¶+IF�O^!±MI_^B]Íb�J�GoÉ<��k G�~ ^ [MI ilJ��+p���^B]´Å=G�]_]�G�ÉHXBh(ªM� XB]_X0i��_J�G/ilkjXBWaI�iB^B]
h�I�pqp�G�]FV���I�G�~®G�Å�[�Id?o�d~@G�J�h/X�J���G�J�XlW®G�z+X,��kjX�h/XBÅ=XBi|�=p�IY~�h�VMi0X0h�ªM�a��kjX}]_^|�_�OI�i0X�WaIOp�W®^���iBk
^|���{kjX�³<X�¤â[MI�IY~/�OX|J�Å=^Bi0X�R���kjX�p�^lWH¶+]_X,ÉH^�p�^|~�~jX�^!]_XBh6V�~jh/XlJ�p��O^|~jh�^lJ�h£zj^0ilV�V/Wê^��'¨/¡�¡6T
hoV/J�IY~�b9��k;? � kjX4³<Xáp�V�J�Å�^0iBX@i!]_XB^l~jIY~�b4ÉH^op�¶+X|J�Å=GoJ�W@X0h:V�p�IY~�báE��ð^|�
¥j¡�� h�V�J�IF~+b­¦
W@IF~�����¡�r|�/� ��Ã)V�p��+ª+XBÅ=G�J�Xg¶MV��_�OIY~�b���kjX}p�^lWH¶+]_X�IY~��=G��{kjX,zj^0ilV�VMWãilkj^lWHª²X�J¯?

� kjXãp�V/J�Åd^0i0X h�I�p�G�J�h�X|J�X0h(]_^l�jX|J2É�^op�i|kjX-W£IOi0^l]_]Y�ê^!~M^0]Y�/s-XBh°ªM��n¬V���kjX�J�ÅâGoJ�h
fg^Bi � p�i0^��_��X�J�IF~+b6>�~j^B]F��p�I�p Ç n¬fU[�È�^l~jhU`6VMi0]_XB^lJ�n,XB^0i|�OI_G�~a>�~j^B]F��p�I�p Ç `�n¬><È�^l����kMX�¥;? �
w�©�©�^|~áh�X6³�J�^B^BÅ=Å
^0i0iBXB]_X|J�^|��G�JDG�Å
��`�[je5?��&X�W£X0^op�V�J�X0h®��k+XH��Vj^B]{IK���ÝG�Å¢��kMXHi�J��+p���^o]
^|~Mh4��kjXH^�ª²p)G�]FV��OXH^BW@G�V�~��5G�Å5³�XaIY~@��kjX4p�V�J�Å=^�i0X6h�I�p�G�J�h�X|J�X0há]_^!�MX!J#V+p�IY~�b�ilkj^l~�~jXB]_IF~²b
^|~Mhan¬f�["? � kjX6^|ª�p�G�]FV���X6^!W@G�V�~��¢G�Å
Sx^|~jh�«°ÉH^opgGoª/�O^!IF~MX0h®V+p)IF~+b6��kjX6S-� , Ç h�R ¶jÈ�^l~jh
« � � Ç hMR ¶MÈ�~�VjiB]_X0^�JDJ�X0^Bi|�OI_G�~+p ���!¥!�Ä?!�&X®Å=G�V�~�h9^|ª+G�V����

×
�!¡ ��� ilW � , Så^l~�h:«�^|�OG�W@p�I_~

�_kMX�]_^l�jX|J|? � kjX@³�X:p�V�J�Å=^0iBXa¶+X0^ � Goª�p�X|J�zjXBh´IY~Ý��kjX£n¬f<[+rdi!kM^!~�~jXB]_IY~�b:W@X0^op�V�J�X!W@Xl~��=p
IF~+h�I_i0^���Xop­��kj^|�a��kjXÖ³�X�^���GjW�p´h�I�p�¶+]_^0iBX0hxÅ�J�G�W i|J��+p��O^B]_]�GMb-J�^�¶MkjI�iÕp)IK��Xop ^lW®G�V�~��H�=G
^|ª+GoV/�'¦

×
�!¡ ����ilW � , ? � kjX�p)X<^���G�W�p���k�V+p�]_I � XB]F�@Å�G�J�Wê^,��kMIF~�h�I�p�GoJ�h�XlJ�XBhaG�±jI_h�X�]_^l�jXlJ5GMÅ

³�X0«.,�p��OG�I_i!kMI_G�W@X|��J��"? � kjX�Sé^|��G�W�p�i0G�W@X�Å�J�G�Wê^�k���hoJ�G�i0^lJdª�G�~�]_^l�jX|J�G�~a��Go¶áG�Å���kjI�p
Go±jI�h/Xj? � kMX�WaIF~MI{WaVMW n	f}[Þ�jI�XB]_h

χ�
ØÚÙ�^B]_G�~+b �â���0¡���R¬IF~���X�b�J�^|�OX0héG�zjX|J4��kMX´É�kjG�]�X

i|Jd�+p��O^B]"��kMI_i � ~MX�pqp¬I�p�¡�?Á¡� M¦MR�ÉUIK��kÝ^6]_G�É ¡�?Á¡�¥+�®zj^B]FVjXaiB]_G�p�X���G4�{kjXaXl~��_J�^l~ji0X4p�V/J�Å=^Bi0XoR
IF~+h�I_i0^��OIF~+bU^�b�G/G�h6i|J��+p��O^B]_]_IY~jX���VM^0]{IF���£G�Å'G�V�J
p�^lWU¶+]_X�^BÅ��OX!J���kjX|J�W@^B]+^l~/~jXB^B]_IF~+b�?

#$#$% �������	� (�

����� , . 0 +�� ,������ . ,������ #��

� kjX Ç �0¡/¡�ÈD³�XHi�J��+p��O^0]�É�^op	W®G�V�~/�OX0h­G�~­^H¦Mr�^�±jI�p�b�G�~MI�G�W@X|�OXlJ Ç p�XBX6Å=I�b�V�J�X9�|È�R
i0Go~���J�G�]_]_X0hÞÉHIK��kÔ^1¡�?Á¡���W6J�^0hì¶/J�X0iBI�p)I_G�~"? � kjX1i|J���p���^B]UI�p��OI_]Y��XBh&^|�6 +���9Å=G�J ���/�0¡��
^!]{I�bo~MW®Xl~��'^l~jh®IK�=pu¶�Go��Xl~��OI_^B]�I�p! 2� � ©ÔJ�Xl]_^!�OIYz�X,��Gab-J�G�V�~�h�? � kjX�p�X0iBG�~Mh/^lJ��@X!]_X0i���J�G�~+p
X=ÃvX0i���X0hßÅ�J�G�W ��kjX´Xl±MIK�Up�V�J�Åâ^Bi0X´^|J�X´^0iBi0XB]_X|J�^l��XBh2��GoÉH^|J�hMp@^:w�I_i�J�G1S#kM^!~�~jXB]	e']_^���X�p
Ç wßSye�p�È<XB]_XBi|�_J�G�~�h�X!�OX0i���GoJ�R
p�X��g^|�" #�¯¥ � ©®?�>U]F��kjG�V+b�k´��kjX­^�ª²p)G�]FV���X­XB]_X0i��_J�G�~Í�MI_XB]�h
kj^op&ª+X0Xl~ V+p�XBh ¶MJ�XlzMI_G�V+p)]F� ªM� V+pé��G ilk+^|J�^0i|�OX|J�IFs�X���kjX ��J�^!~�p�zjXlJ�p)XêX�~jXlJ�b�� GMÅ
i|kM^!~�~jXB]_X0hßI_G�~+p�����¦*��R���kjI�p@h�X|�OX0i|�OG�J�É�^op6kjX|J�Xëp�I{WH¶+]Y�1V+p�XBhë��G2¶�J�G�zMI�h�X9^�[ � >�n �
p�I�b�~j^B]�Å=G�J¢XB^0i�k£I_G�~£Xl~��OXlJ�IF~+b���kjX�i�J��+p���^B]d?

� kjX �_J�^l~+p�WaIF���OX0h ª�XB^!W É�^opê^|~M^0]Y�/s-XBh ªM� ��kMX [�e"§5³ kMI�bok J�X�p�G�]YV/�OI_G�~
p�¶+X0i��_J�G�W®X���X|J Ç h�X�p)i|J�IFª+X0h IF~ �_�*�OÈv?��'G�JåX0^�i|k G�V��=b�G�IY~�b ilkj^lJ�b�X p��O^|�OX × æ�çdè R:�_kjX
¶�J�G)ÃqXBi|�OI_]_X6Xl~jX|J�bo�Ýp�¶+X0i��_J�VMW ³ Ç ×}æ�ç=èKRM§�æ�çdèÁÈuÉH^�p	W£XB^�p�V�J�XBhMR�É}IY��ká^�¥

×
�!¡��$#+J�X�p)G�]FV���I_G�~;?

� ��¶+I_i0^B]�J�XB]_^���IYz�X�X|~jXlJ�bo�£]_G�pqp�Xop
∆
§�¤_§´J�^l~�b�X�ÅOJ�G�W�¦

×
�!¡��&%���G�¥

×
�!¡�� , ?

> � I{W®X6«�Åu�"]_I�bok�� Ç � «��"È�wßVj]K�OI_^l~jGMh�Xap���p���XlW�R�iB^!]_]_XBh4A�>H³�R²]_G�i0^���X0h�^��� ������=G
�_kMXéª�XB^lW ^!~+h ������¡*�´h�IYJ�XBi|�OI_G�~+R£^l~j^B]Y�js�X�p��_kMXé¶�G�p)IK��IYzjX I_G�~+p�XlW£IY�_��X�h ÅOJ�G�W ��kjX
X|~���J�^l~ji0X®p�V�J�Å�^0iBXHG�Å¢��kjXH³�X6i|J��+p���^B]d?/����I�p#¶/J�G�zMI�h�X0h®ÉHIK��ká^l~­^0i0iBX!]_X�J�^l�OIF~+b�bBJ�I�h�i!]�GMp)X
��GÞ��kjXÖilJ��+p���^B]�RUp)X|�@^|��r�¥ � ©®? � kMI�p h�X|�OX0i|�=GoJÝI�p´W@^0h�X�G�Å­^Þp�X|��G�Å4��k�J�X0Xßw�Sye�p
Ç(' Û; /¥�WaW�R�b�X0GjW£Xl�_J�I_i0^B]
X0ÅdÅdI�iBI_Xl~jil�ë¡�?Á��È�^l~+h´G�Åg^��� 9¶+IF±jXB]�pU^l~jG/h�X�^|JdJ�^l�ÍG�Åa����¡M¡
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WaW , Ç w�Sye�p�h�X|��XBi|�OG�J)p5^lJ�X,V+p)X0h���G6h�X0]{IFz+X|JD[ � «,eÍp�I�bo~�^B]�p�Èv?0>�p�I{WaI_]�^�J5h/X���XBi|��G�J�ÉHIY��k
¥��o�4^!~MG/h�X�p	I�pgh�X�p�i�J�IKª�XBh�IF~4J�XBÅ=X�J�Xl~jiBX ���¯ ��Ä? �ÕIK��k@��kMI�pgh�X|�OX0i|�OG�J�]_G/iB^|��XBh�^|�' +¡�¡4WaW
Å�J�G�W ��kjXá��^|J�b�X|��G�~jX:W®XB^�p�V�J�X�pU��kjX:Wa^�pqpaG�Å��{kjX9I_G�~+paX!WaIF�{��XBh�Å�J�G�W ��kjX��O^|J�b�X��DªM�
W@X0^l~+pgG�Åu��kjXBIFJ
�OIFW@X6G�Å�Å=]{I�bok/�dRM��kjX�~�VMWHª+X|JDG�Å
I�G�~+p¬XlW£IY���OX0h:p)IFW6Vj]Y��^l~jX�G�V+p)]F�á^l~jh�R�I�Å
~jXBi0X�pvp�^|J��+R��_kjX�^l~+b�VM]_^lJ5h�I�p��_J�IKªMV��OI_G�~®G�Å;��kjX�p�X�I_G�~+pl?-�"G�J5XB^0ilk@IF~Mi0I_h�Xl~���¶/J�G)ÃqXBi|�OI_]_XoR���kjX
¶MIF±MI_]�^���XBh h�X|�OX0i���GoJêJ�X0iBG�J�h�p ��kjX ��Go��^B]x~�VMW6ª�XlJ G�ÅÜIFW6¶�^Bi|�=p G�~ ��kjX h/X���XBi|��GoJ
Ç W6Vj]Y��IY¶+]_I_iBIK���ÝwÖÈq? � kjX � «��ìh�X|�OX0i���I_G�~ÍXBÅ=ÅdI�iBI�X|~jil�ÍÅ�G�JUp�XBi0G�~jh�^|J��ÍI�G�~+p�IF~´��kjX4W@^�pqp
J�^|~+b/X�Å�J�G�W �6�=G´¦/¡M¡´^j? V"?"I�p

η
R"J�^l~�b�IF~+b9ª+X|��ÉHX0X�~�¡�?  � Í^l~jhÍ¡�?  j¨�? � kjI�pHXBÅdÅ=I�iBI_X!~Mi!�

^0iBi0GoV/~��=pÝÅ�GoJ@��kjX2w�Sye�p´b�X0G�W@Xl�_J�I_iB^0]UXBÅdÅ=I�i0I�X|~jil�Ô^l~jhì��kMX2¶+IF±+XB]Hp��_J�Vji���V�J�X1G�Åa��kjX
^|~MG/h�Xx^|J�J�^!� ���0���)? � kjXxXlWaIOpqp)I_G�~��jI_XB]_h�p�b�IYzjXl~���k�J�G�V+bok�G�V�����kMI�pÍ¶+^|¶+X|J�^�J�XÞ~+G��
i0GoJdJ�XBi|��XBh�Å=GoJ���kMXÝh�X|�OX0i|�OG�JHX!ÅdÅ=I�i0I_Xl~jil�1^!~Mh1p�kjG�Vj]�h2~jGo�Dª+X9i0Go~+p�I_h�XlJ�XBh�^�p£^�ª²p)G�]KV���X
zj^B]FVMX�p!?

� kjX � «��xW®XB^�p�V�J�XBW®Xl~��Ui0^�~/~+G��Hb�IFzjX ��kjXÍ^�±jI_^B]¬zMX0]_G�iBIF���ìG�Å���kjXðp�X0iBG�~Mh/^lJ��
I_G�~+p
ÉUkMX!~�XlWaIF����XBhMR�ª�V/�;��kMXU^|~+b�VM]�^�Jyh�I�p���J�IKªMV���I�G�~+pDG�Å���kjXUI_G�~�pD^0i0iBX!]_X�J�^���X�h4Å�J�GjW���k�X
��^�J�b�X|�5iB^l~�ª+X@h�X0h�VMi0X0h:Å�J�GjW ��kjXa¥�\�¶+GMp)IK�OI�G�~´p�¶+X0i���J�^ah�X0]{IFzjXlJ�X0h4ªM�:��kMXaW6VM]F�OIF¶+IY±jXB]
h�X|��XBi|�OG�J@IY~ÞiBG�IF~jiBI�h�Xl~ji0X ÉHIK��k�É6IF~jhMGoÉap­p�X|�UG�~1��kjX � «��x¶�XB^ � p ���B� �Ä? � kjXëA�>£³
W@^�pqp�J�Xop�G�]FV���I_G�~´zM^|J�I_X�pUÅ�J�G�W ¡�?_����G´¡�? ¥+�­^|�=G�WaI�i®W@^�pqp�V/~MIF� Ç ^lWHVMÈ�R�h/X�¶�Xl~jh�IY~�b9G�~
�_kMX¬W@^�pvp5^|~jh}��kjX�h�X|�OX0i���X0h®p�¶+X0ilI_X�p!?

� kjX2³�>g`6�dA�ª+X0^lW IF~���Xl~+p)IK���1ÉH^�p � X|¶���zjXlJ��ì]_G�ÉaRD^�ª�G�V�����¡ % I_G�~+p�¤dp�X0iBG�~jh�?
� kMI�pa¶+X|J�W@IY�=p�^�~ìI�G�~jr�ªM�+rdI_G�~ì^l~j^B]F��p�I�pBÆy×�æ�çdè R

∆
§�RDXlWaIF����XBhßW®^opqp�X�p Ç ^�~jh���kjXBIYJ£¥Mr�\

¶+GMp�IK�OI�G�~£G�~U��kjX,A�>}³�È�^|J�X�p�IFW6V+]F��^l~jXBG�V+p)]F�UJ�X�i0GoJ�h�X0h�?

� º%$ +/½v¾�����)��/»��/½	� 1@»_º 1+¾ ��À"¾�
��5¾B½qºF¸U¾01'�Y¹j»j¿�¾��  +��

��� � Ó�
 �MÎ�
 "=ÏvÎ

#$#$# % � � �	� (�� * 0��1+$+ ��� . + � ( � ����� ,/+ 

�����!� �

Ge crystal  
(0.85 µm) 

Multi-Anode Time of 
Flight Detector 
(LAG) 

SPEG Spectrometer 

PbQ+ 103/s 

Secondary  
Electrons 

Qout, ∆∆∆∆E 

+ 8 kV 
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§�~jX�J�b��­]�GMpqp�p�¶+X0i|�{J�^}ÉHX|J�X�J�X0iBG�J�h�X0h�IY~ë[�e"§�³°ÅâGoJDX0^Bi!k­×�æ�ç=è{? � ��¶+I_i0^B]'Xl~jX|J�b��
]_G�pqpUp�¶+X0i��_J�^@^|J�X@h�I�p�¶+]_^!�MX0h9IF~´ÅdI�boV/J�Xa¥´Å�G�J�^4¥j¨áw�X0©,¤_>(e"ª*� , í�ª+X0^lW­?�E}X|J�X@×}æ�ç=è�Û
× ØÚÙ Û���¥;?5��~��{kjI�p­ÅdI�boV/J�X�R#�_kjX�h�IYJ�XBi|��ª�XB^lW ^|~jhß��kjX�X|~MX|J�bo�&]�G�pqpÝp�¶�XBi|�_JdV�W Å=G�J�^
J�^|~+h/G�W ª+X0^lW G�J�I_Xl~���^|�OI_G�~å^|J�X�iBG�WH¶+^lJ�XBhÕ�=GÞ�_kMX ���M��¡���^B]_I�bo~jXBhÕª+X0^lW p�¶+X0i��_J�V+W
³ Ç ×�æ�çdè�Ûå��¥�R

∆
§�È�� ������� ? � kjX J�^l~jh�G�W G�J�I_Xl~��=^|��I_G�~�É�^op�p�X|�<^��<¡�?Á� �@Å�J�G�W ��kjX´^�±jI_^o]

h�IFJ�X0i|�OI_G�~+R�Id?ÁX�?-^���^	W6Vjilka]_^|J�b�XlJ�^!~+b�]_X	��kj^l~U��k�X�i|J�IK�OI_i0^B]+ilkj^l~/~jXB]{IF~+bH^l~+b�]_X Ç ¡�?_� �)Èv?!��G�J
���/�!¡ �u^B]_I�bo~MW@X!~��=R+×�æ�ç=è�ÛÍ��¥®J�X�¶/J�X�p�X�~��=pD��¡ � G�Å���kjXUGozjXlJ�^B]{]+ª+X0^lW Ç ^l~jh4¦/¡ � Å=G�J���kjX
J�^|~+h/G�W G�J�I_X!~���^|�OI_G�~MÈq? � kjX­^B]_I�b�~+X0h2X!~MX|J�bo��]�G�pqpap�¶+X0i��_JdV/W I�p�ª�J�G�^�hMR�J�XBÅ=]_XBi|�OIF~+b:��k�X
zj^�J�I�G�V+p	�_J�^=ÃvX0i���GoJ�I_X�p�IF~���kjXailJ��+p���^B]d?�EUI�bok

∆
§Õzj^B]YVjX�p�i0GoJ�J�X�p�¶+G�~jhákjI�b�k­§

⊥
I_G�~�pD��kj^l�

X|~���XlJa��kjX�i|J��+p��O^B]�zMX|J��&i0]�GMp)X´�OGß��kjX �â���0¡ �£J�GoÉap!? � kjX2kMI�bokjX�p��UW®XB^�p�V�J�X0hÕXl~jXlJ�b��
]_G�pqp�X�p¬i0GoJ=J�X�p�¶�G�~+h®��GáW®GoJ�X���kj^l~�¥��OIFW@X�p���kjX£W£X0^l~ÝXl~jX|J�bo�Ý]_G�pqp

∆
§ � Å�GoJ#^�J�^l~jh�G�W

GoJ�I_X!~���^|�OI�G�~"?��d~�Å�^0i|�dR
∆
§�i0GoJ�J�Xop�¶+G�~jhMp
�OG®��kMXHX�~jX|J�bo�­]_GMpqpDG�Å¢��kjXUI_G�~�pg^B]_]"^B]_G�~�b£��kjXBIFJ

G�p�i!I{]_]_^|�OIY~�bé�{J�^dÃqXBi|��G�J�I_Xop9ª�X��_ÉHX0Xl~x��kjX �â���!¡*��J�G�Éap!?	>��a��kjXÕi�J��+p��O^0]aX|~��_J�^l~ji0XÕ^�~�h�R
h�X|¶+X|~jh�IY~�b´G�~9��kjX�GMp�iBI{]_]_^|�OI�G�~+pqR'IY~ë^áÅ=X|É ¶+]�^0iBX�p�IK~Ý��k+X�i�J��+p��O^0]¢ªMVj] � R�I_G�~+pUIF~���X|J�^0il�
ÉUIF��k9��kMX ������¡��#J�G�ÉapU^|�DbBJ�^!s�IF~+b9IF~Mi0I_h�Xl~ji0Xj?²�d~9�_kMI�p�J�X�b�I�G�~+R"�{kjX:p���Go¶�¶+IF~+b�¶²GoÉHX|J<I�p
WaVjilk bBJ�X0^���XlJ
��kj^l~ë[ � ?�fDV��5Å=G�J�W@G�p��5G�Åu��kMX0IYJ
¶�^���k�RM��kjXaI_G�~+p#��J�^lzjXB];J�^���kMX|JDÅ�^|JDÅ�J�GMW
�_kMXÖJ�G�ÉapqR�ÉUkjXlJ�Xß��kMXxp��OG�¶�¶+IF~+bx¶+GoÉ�X�JÍI�p1p�W£^B]_]_XlJ­��kj^l~ [��M?¬EUX!~Mi0X�R��_J�^=ÃvX0i���G�J�I_X�p
]_X0^Bh�IF~+b��OGa^	�OG��O^0]�Xl~jX|J�bo�@]_GMpvp

∆
§Íï9¥

∆
§ �<i0G�JdJ�Xop�¶+G�~jh���G4[�ØÚÙd¤â[���WHV+ilk£]_^lJ�b�X�J���kM^!~a¥

i!]_G�p�X��=G4��kjXáp�V/J�Åd^0i0X�Æ"p�Xl]_X0i���IY~�b
∆
§&IY~­��kjXa³ Ç × æ�ç=è Û1��¥+R

∆
§�È � � ����� h�I�p��_J�IYªMV��OI�G�~ b�IFz+X�p^0iBi0XopqpÍ�OG zj^|J�I_^l�OI_G�~+pðG�Å�[�ØÚÙ�G�zjX�J�^ÞzjXlJ���É}I_h�XéJ�^l~�b�X Ç ����¶+I_i0^B]_]Y�êG�~jXxG�J�h�X!J�G�Å

W@^-bo~MIF��Vjh�X0Èv?
[MIFWaI_]�^lJ,X�~jXlJ�b��Íp�¶�XBi|�_J�^6ÉHX�J�X£J�XBi0GoJ�h/XBh9Å=G�J	��kjX6��k�J�XBX6e�ª´I�G�~­ª+X0^lW@p�V+p�XBh9I_~

GoV/J�Xl±�¶+X!J�IYW®Xl~��dR@�OGMb�X|��kjXlJ�ÉHIK��kÜ��kjX�ilkj^|J�b�X�p���^|�OX�h�I�p��_J�IFªMV���I_G�~�pÕ� Ç ×�æ�çdèÁÈ1G�Å2��k�X
�_J�^l~+p�W£IY�_��XBh�ª+X0^lW�R/IY~UJ�^l~jh�G�W�^!~MhH^B]_I�b�~MX-h6b�X0G�W£Xl�_J�I_Xop!?
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29 MeV/A Pb72+ in Ge
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1X9(�����)
!9 1X9(� I � ���#+�-C1\;�� ��������� µ = " 6<��� ; ��;B��.Y�B=��������2�!10;Y1������ � 6 1 9!� ���#+�-210;Y�T;B�Y. 6B�5�
1X9(�&�@=?�)�*

�X�<
 �29Y;��*

� -210;Y1��
	���
�����	�������� ��� �)�������2-7J'� ��.Y� ��
 -7J'�)��1����B= 6<��� 1X9(�&4��C;�=
;�����
!�(�C.�� ��1X9 1X9(���! " ��$# .��������)1������%�

&'&'&)(+*,&'-/.10325476'6849-/.12:0�;�6)<>=!0?2:0�.A@B6DCE47@BFHGJI,K
&'&'&)(+*�(�LNMDOP;/6'6Q6'RS03T!@U=V<>2

WYX?Z\[3]�^`_HaSbdceX/f:c�g�h%]�^`ijX/fkil_�[min]NZpo�[qir[Nf�isZt]qf�^�[vuBw"Z$x�]�^3[?ySX/f�[Egz[3]{u$w/Zt[{u}|,c+i9_
ie_~[��D����il_�[�f"w~g�b%[NZj� ��g,w~��i9c�h��sce^�c+i7�~�j]qf���il_�[�^�X/Z�Z$[?uBh�X/f��"c�f%o�gk]?u'up[{u =�X"x�]��e��il_�[
�"[`in[�^`i9[3�Huth%[�^!ce[?u\^�X/f�up[�^!w/inc���[minX�il_�[�[qgzc�u'u8ceX/f5X"xj]mh%X%upc+i9c���[�clX/f>����g�]{u'u�uBh�[3^NieZBw�g
]?u�gz[3]{uBw�Z$[3�1b~�1is_�[��D�,��clu�uB_�X{|�fdc�fdx�clo?w"Zp[v�Hx�X{Z�]v�����v��[3���e��aSb"�t n¡
c7X/fHb�[3]�g
c�f~^3cl��[qf�iDX/fvi7_~[���[�^`ZB��utin]���Zt]qf��"X"gv���:X?Z$ce[qf"i�[��S��¢�i>|,]?uQZ$[3^�X?Z$��[��vx�X/Z��{�

≤ £�¤l¥�¦ ≤
�{§

��c��¨["��gkX~uti©X"xªil_�[«ieZ$]!f�u$gvc�ilin[���b�[3]qg:¬vc�f­x�]�^`iHil_�[®gk]?u'u¯�"cluBilZ$c+b~w�i9ceX/f°clu�]���gkX%u$i
c�f��"[`h�[!f~��[qf�iYX"x £�¤l¥�¦ c�f,Z$]qf��~X/g±]qf��©²B³�³!´~µD]��ec7o{f~gk[!f/in�)�3��u¶[N·�h�[3^Nin[��©²�³!��¸`³�¹�µD]���[`ZB�
_~c7o{_»º
¡���ce[��l�ªclu¼X?bSup[NZB��[3���A½\X/f�upce�"[`Z$c�f%o5il_%[�clupX?i9X/h�ce^k^�X/g,h�X~u8c�i9ceX/f�X"x���[k]qf��5il_%[
^3X{Z�Zt[{uBh%X/f~�"c�f�o©g�]{u'up[?u���]NZtX/w"f��ª§�¾»]�g�w��UyYX/f�[¿x�c�f%�%u�il_�]Nijil_�[qZt[¿clu�f�Xª[!�~ce�"[!f~^3[¿x�X/Z
��[�ceX/f [qgvc9u'u8ceX/f>�1À�_�w�uÁi7_~[�gk]?u)uÂuBh�[3^`isZ�w~g X/Z$c7o/c�f�]qin[{u«[?u)up[`f�ilce]��e��� xnZpX/g il_�[
_"���/ZtX"^3]NZ�bAX/fEinX{hk�e]!�~[`Z`�
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[`i9^SÍ ]!f~�¿g�[�]qf1�~]3��w%[��S��� Ë
Σ � f�a � ��¢�f5X/w"Z\ceX/f�¸lb~��¸�clX/f5[q·�h�[qZ$c�gk[!f"i�ySx�X{Z�]vo/c���[�fb�X/g,b�]`Z$�"c�f�o�ceX/f�y�|,[ gk]q� �"[`in[NZ$gvc�f�[ il_�[ a � ]?u)upX�^qce]`i9[3�ÁinXÂo/c��~[!f £�¤l¥�¦ ]Nf�� ∆ ���]���w~[?u!� � ^3X{ZBZt[{uBh%X/f~�~u�_�[NZt[1inXªil_�[HX/��[qZ$]��e�}ceX/f [qgvc9u'u8ceX/f�y>|E_�]`i9[!�~[!Z�il_�[©[!gvc�ili9[3�

gk]?u'u!���P[©gz]q�Ì]��lupX gk[3]{u$w"Zt[5il_�[ª[!gvc9u)u$c7X/f �~ce[3�l� x�X{Zzo/c���[!f gk]?u'u8[?uzX{Zzo�Z$X/w�h�X~x
gk]?u'up[{uÊ���ec7o{_"i�y?_�[�]!�"�z[Nin^SÍ �
	�
 OÁ<�Èe@�49R�Èe47Tq4l@9Ék2:03;".
�A;�Èl<S03(

�P[�_�]q��[�gk[3]{u$w�Z$[3���S���ªc�f�Z$]qf%�"X/g ]qf���]��eclo?f�[��vo�[3X�g�[NieZ$ce[{uD|,c�il_���[`ZB��_~cno/_
uBi9]`i7clutince^{u!���P[�_~]!�~[�X/b�i9]�c�f�[��vil_�[Ex�X"�s�7X{|,c�f�o�Zt[{uBw���i�u\�tup[3[¼in]`b��e[5³!�D|,c�i7_¿f�X©up[!�e[�^`i9c7X/f
X{f

∆� y�]Nf%�m|�c�il_ £�¤l¥�¦ c�fv]�Z$]!f�o�[�^3X{Z�Z$[?uBh�X/f��"c�f�o�inXEgkX~uti�X"xSil_�[�ieZ$]!f�u8gzc�iein[���b�[3]qgª�

¢�X/f
£�� � y ��� �

£���� �����������[3���lf"gz� ζ � � ËY� £ � � �e� � � � ���]���w>� �
�S��� � �S������Î�Î����

�����
��[3���s�
aSb��$ l¡

�"� �%� ���¨´ ´S�¨�%¹ ´S��¹?¾
¾! m��[3���e�
aSb#"%$ ¡

§ ³/��� ¾~§ ¾ �¨§ ´S�¨§& ´S��¹��
¾! m��[3���e�
aSb!'���¡
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�P[¯X{bAup[NZB��[ il_�]NiC�S���°�"[`h�[qf��~udX/f®il_�[¯^qZB��uBi9]3��X{Z$c7[qf�i9]`i9ceX/fPb~w�i�il_�]`iEi7_~c9u
�"[`h�[`f��"[qf�^3[ cluv|,[3]D�Y�D��X{Zt[�X/��[`Z8yE�S����clu1�l]`Z$o�[qZkc�f¯il_�[ ]3�sc7o{f%[��Ço�[3X/gk[`ilZB�>�ÊÀ�_�clu
h�]`Z$]3�"X/·�ce^�]3��x�[3]`ilw"Zt[©|�ce�e��b�[»�"clup^Nw�u'up[��¯c�f u'[3^Ni7ceX/f�¢B���F���G�Â�"[`h�[`f��%ukX/f i7_�[»ceX/f
b�[3]qg [qf�[NZpo?� ��� � ����[��7X"^�c+il�d� � � ��]qf%�ª^q_�]`Zpo/[ªuBin]Nin[ £�� � �IH�f�[¿x�c�f��~u�i7_~]`iE�S���Çup^�]!�e[?u
]`h"h"ZtX/·~csgz]qin[����:]?u�� £�� � �e� � � �KJ ��¢BxÊX/f�[�]?u)uBw�gk[?u�is_�]`i il_�[vutinX{h~h�c�f�o�h�X?|,[qZ �L� � x�X{ZQi7_~[?up[ceX/f�u}u8^3]!�e[{uÊ]?u

ζ � � � Ëd� £�� � �s� � � ���pyM�S���:clujx�X/w"f��Eh"ZtX{h�X?ZBi9ceX/f�]��"inX �&� �
ÎON " �

WYX?Z}]�Zt]qf��"X/g X{Z$ce[qf�i9]`i9ceX/f1]qf���il_�[¼i7_/Zt[�[�ceX/f¿b%[�]!g¿u'y"|E[¼_�]q��[�]!�lu8Xvgk[3]{u$w/Zt[?�
ie_~[vgk[3]qf»ceX/f�[qgzc�u'u8ceX/fd�~ce[��e�d]{u¼]vx�w�f~^`i9ceX/f X"x¶ie_�[�gk]?u'u&= X/xQil_�[k[�P'[�^`in[��»uth%[�^!ce[?u
�S��� =¼���Q�LH�f�[Ex�c�f��~uQil_�]NiQ�S� � =��R� �"[`h�[qf%�%u�X{fkil_�[�utinX{h�h�c�f%ozhAX?|,[`Z}]`h"h~ZtX/·~csg�]Nin[����
]?u �&� �OS ��W>X?Z��~[!ZB� �sc7o{_�i}gk]?u'u8[?u =,yDX?f~[kx�c�f��%u
h Ë ¾:i9X»�~y |�_�[`Z$[3]{u¼x�X{Z
�~[`ZB�»_�[�]!�~�
gk]?u'up[{u'y h Ë�³/� � w~^!_ �"csx�xB[`Z$[qf�^3[{u�|,[`Z$[:]��+Zt[?]3�{�»h�X"c�f"in[3� X/w�i�c�f il_�[©�ec+i9[qZt]Ni7w/Zt[ ²7§"µty]!�+il_�X/w%o{_1�"[?upX/Z�h�i9ceX/f:X"xQu$w"Z$x�]3^�[�]3�%upX{Z�b�]`i9[?u\¸r|�_�ce^q_Hgk]!�vb�[EgkX?Z$[�|,[�]T�����vb�X/w"f%�¿¸
gk]!� f%X{ivb%[Ç^�X/g,h�]qZt]Nb��e[Çc�f ]®utieZ$]3clo?_"i9x�X{ZB|,]`Z$�®|,]q�«i9X�_~c7o{_�g�X"�e[�^!w~�e]qZ:|,[�c7o{_�i
X{Zpo�]qf�ce^¿�e]q�%[NZpuq�VUE[Nin]�ce�e[��©Zt[{u$w~�+i�u�X/fW�S�Ç� =��K� |,cs�e�rb%[zh~Zt[{up[`f"in[��ªc�f ]kxBX{ZBi7_~^3X/gvc�f�o
h"w�b��ecl^3]`i9ceX/f>�
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�,u¯]���Z$[3]3�/�°c�f%�"ce^�]`i9[3�%y�il_�[ g,w���inc+h��sce^�c�il�°g1[�]`f���]���w�[���[Nh%[qf��~u¯X/f~���°�~[`Z$�

u$�sc7o{_�i9���±X/f�il_�[Â^`ZB��uBin]��:X/Z$ce[qf�in]NinceX/f �,¢�f±x�]?^Ni�ykX?f~[ÂX"x»il_�[ g�]�c�f°Z$[?uBw~��i�u�c�f±X/w"Z
[`·/h%[qZ$c�gk[qf�ij^3X/f�^�[!ZBf�u}il_�[mh�Z$X?b�]`b�cs�ec�i7�Ha � ]?u'u8X�^qce]`in[���|,c�il_:�e]`Zpo�[zg,w~��i9c+h��sc7^�c+il�1�~]3��w%[{u���e]`Zpo/[�f��)�?W>c7o{w�Z$[7(1o/c���[?u il_�[�a � �"clutieZ$c+b~w"inceX/fHc�fvZ$]qf���X/g ]qf��¿c�fk]3�sc7o{f%[��Ho�[3X/gk[`ilZ$ce[?u
xBX?Zj�S������[3���l��aAb"�$ l¡}c�f~^3ce�"[qf�i>ceX/f�uq� À _�]qf&�Au inXmil_�[
^�X"c�f�^�c7�"[qf�^3[{uD|,c+il_ � a � ��y"c�fz]��s�^3]{up[?u�]�b%]�^T��o?Z$X/w"f�� ]NZ$clupc�f%o x9Z$X/g clX/f�u�csg,h�c�f%o/c�f�oªil_�[:o{Z$ce� ^�X/w��e��b%[©uUw�h"h~Zt[{u'up[3���
�,uQx�X{ZF���G�ry?ie_�[�Zt]qf��"X"g ]qf��H²B³"³N´~µ �"cluBieZ$c+b~w"i9ceX/f�uÊ]NZt[�Zt[��e]`i9c���[����z^��7X%up[�inX�[3]3^N_zX{i7_~[`Z
]`i u$gv]3�s��fv��]���w�[{u!�3º�X?|,[q��[qZpy"x�X/ZDf �d�~y/a � clu¶]Nb%X{w�i�ie|,XEi9csg�[{uÊ�e]NZpo�[qZjx�X{Z�²�³"³!´~µSil_�]!fxBX?Z i7_~[�Z$]qf���X/g X{Z$ce[qf�in]NinclX/f>�,À _~clu¯_�]{u��sc�iei9�e[Â^�X/f�up[��/w�[qf�^3[ÂX/f ���G� u8c�f~^3[®il_�[
^3X{Z�Zt[{uBh%X/f~�"c�f�oªa � ]NZt[ªuUgz]��e���	�vX{in[¿il_�]Ni�x�X/Z�is_�[:^q_�]qf�f~[3�e[��ªb�[3]qg ��x�ce�s�7[?� u
�?w�]qZ$[?u$�Uy
ie_~[!Z$[�cluJ_�[`Z$[�f~XHup[q�e[3^`i9ceX/f1X/f £�¤n¥�¦ X{Z ∆� ����g�X/f�ov]��e��il_�[�^q_�]qf"f�[��e[3�¿ceX/f�u'y"|,[�f�X{|up[q�e[3^`i�ie|,Xvo�Z$X/w�hSuÊX"xSh�]`ZBi9ce^��e[?u��
� "ªÀ _~[vceX/f�u�isZt]qf�uUgkc�isin[��¿|,c�il_:_~c7o{_

∆ � �
∆ � �

∆ ��� �\]qf��¿|,c+il_ª_�clo?_ £m¤l¥�¦ ��]���w�[{u
��cefie_~[ Z$]!f�o�[®�"�
≤ £m¤l¥�¦ ≤

�{§ ^3X{Z�Z$[?uBh�X/f��"c�f�o®inX®il_�[Ç^q_�]NZpo�[?u �"[`i9[3^`i9[3� c�fÂZ$]qf��"X~g
X{Z$ce[!f/in]`i9clX/f©^�X/f��"c+i9ceX/f�u8�'��À _�[{up[�ceX/f�u
]`Z$[EZ$[`h~Z$[?up[Nf�in]Ninc��%[vX"x il_�[
� ��� ceX/f�u�|,c+il_:il_�[
_~c7o{_%[{uBi � ⊥

c�fÇil_�[ ieZ$]qf�uU��[`Z8up[ h��e]qf�[?y�c��¨["� il_%]NiE[Nf�i9[`Zvil_�[¯^NZB��uBi9]3��^��7X%up[ inXÇ]`i9X"gvc7^
uBisZ$c�f�o"u!�
��� "�À _�[ clX/f�u:isZt]qf�uUgkc�isin[3�Á|,c�il_ �eX{|

∆� ]!f��®�eX/| £�¤l¥�¦ ���~¹ ≤ £�¤l¥�¦ ≤
(Y³`�'��À _�[��

Z$[`h"Zt[{up[qf�iQ(�� X"xDil_�[�isZt]qf�uUgkc�isin[3�zb%[�]qg ]qf��H^3X{Z�Z$[?uth%X/f��zinXzi7_~[�b%[{uBi�^q_�]qf"f�[��e[3�¿c7X/f�u
c�fEi7_~[�b�[3]qgd�

�Çc+il_ il_�[{up[©ie|,X¯[q·�isZt[qgk[ up[��e[3^NinceX/f�u'yjis_�[»^q_�]qf�f~[3�e[?�¯^Nw�ZB�~[»��x�cs�e�e[?� u��{w�]`Z$[?u8�
uBh~�ec+i�u
c�fHie|,X5��[`ZB�d�"csx�xB[qZt[qf�iÊ^Nw�ZB��[{u!�"W�c�ZputiÊX"x\]!�s�ly�is_�[�gk[3]qf:��]���w�[ �S��� clu�f�[3]NZ$���»�
i7csgk[?uJ_�clo?_�[`Z\x�X/ZÊil_�[m_~c7o{_

∆ � il_�]qf:x�X/ZQi7_~[��lX?|
∆� u8[3�e[�^`i9ceX/f>����X{Zt[�uBisZ$c ��c�f�o����AySx�X/Z

f � ��y/i7_~[�h�Z$X/b�]`b�ce�sc+i9c7[?u a � ]qZt[�f~[3]`Z$���vie|,XkX{Zp�"[`Z8u¶X"xrg�]?o{f�c�i7w~��[��e]qZpo�[NZ}x�X/ZDil_�[�_~c7o/_[`f~[`Zpo{� �7X%u'u�isZt]�P'[3^NinX{Z$ce[?u,��X?h�[qf¯u��/w�]NZt[{u$��il_�]qf x�X/Z
il_�[©�eX?| [qf�[`Zpo{� �eX%u'u,X/f�[:��X{h%[�f
^!c�Zt^��e[{u$�'�D��X{Zt[�X/��[`Z8y\]��lupX xBX?Zv_~c7o{_Çf�yQil_�[ a � ]?u'upX"^!ce]Nin[�� i9X _�clo?_P�lX~u'u8[?ukc�f ²B³�³!´~µ
]!�sc7o{f%[�� o/[3X/gk[`ieZB� ]qZ$[�X/f�[�X?Z$�"[`Z X"x gz]?o/f�c�ilw���[ �e]`Zpo�[NZ¯il_�]qf xBX?Z¯il_�[ Z$]qf%�"X/g
X{Z$ce[!f/in]`i9clX/f>���vX{in[�il_�]`iYxBX{ZÊ]3�s��i7_~[?up[�^`w"ZB��[{u'y�is_�[�[!f~[`Zpo{�1��[Nh%X%upc+i9[3��c�fvil_�[��"clupX/Z$��[NZt[?�
inX{hk�e]q��[`Zjcluri7_~[�up]qgk[��!il_�[�ceX/fz[ gzclu'u8c7X/f��~ce[3�l�,�"[`h�[`f~�~u ��[qZB�kuBisZtX/f�o�����X/fEi7_~[
[qf�[`Zpo/�
�eX%u'u�c�fªil_�[:��[H^`ZB��uBi9]��}uUw�bAutieZ$]`in[{yDc��¨["��]H�"[`h"il_ [�x�x�[�^`i\��X"[?u�[q·�clutiJ]qf��»[q·"in[qf��%umX/�~[`Z
�"[`h"i7_�u������e]NZpo�[`Z�il_�]qfªi7_~[k�"clupX/Z$��[NZt[��ª�7]q��[NZ�ie_~ce^.�~f~[?u'u!�~º�X?|,[q��[qZ8ySi7_~[vgk[3^q_�]qf~clu8g1u
c�f"��X"����[��v_~[!Z$[Ec�f1^q_�]qf�f~[3�sc�f�oHo�[3X�gz[qieZB��y~gk]q�vb%[zupX"gz[q|�_~]`i��"csx�xB[`Z$[qf�iDx9Z$X/g°il_�[�X/f�[
c�f"��X"����[��»c�f»il_�[©��[Nh�il_ [3x�xB[3^`i���[{up^`Z$c+b�[3� c�fÇ²7§"µ�x�X/Z¼]¿Z$]qf��"X"g o/[3X/gk[`ilZB� ]qf��»�e]NZpo�[
[qgzc�iei9[3�EgkX"�e[3^qw��e[{u!�
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Multiplicity n

6.5 MeV/u Pb28+

�	��

�������:�����������?���K���\�(��"!$HG	����4<;�4��7����1 +�G��/6��5�zÄ{��� N �TP2Q�R G	4��	��
Z�����5-Z�X�(�)�\.�� �(1 ���
1X9(�&I � �)�#+!-21\;��e� )B9!� .Y� -21�����45��1���� ��-	;���� �(����= ;Y���
�)�@. 1�� ���!��1 +S�
��� OÇ<�Èe@�49R�Ès47Tq47@�Ék2:03;".
�%;/Èl<�0�;". �H0�.A0{=��{ÉzÈ9-"6'6

À _�[mZ$[?uUw��+i�u�X/f ���G� o�c���[qf5]Nb%X/��[�c�f��!¢B¢�¢)� ¾ �¨¾ � ;_"�|,[`Z$[,X{b"in]�c�f�[���|,c+il_�X/w�ij]`f~�
up[q�e[3^`i9ceX/f X/f

∆� X?Z £����	� � �P[�_�]N��[ uBiew��"c7[���is_�[ ��]NZ$ce]`i9c7X/f�u �S���
∆ � �R� X"x»il_�[

gvw~��i9c+h��ecl^3c+il�ªg�[�]qf:��]���w�[¿]?u
]vx�w"f�^qinceX/f»X"xjil_A[Ei9X?i9]3�D[qf�[`Zpo{�»�eX~u'u
∆� X"xQil_�[vclX/f�u
c�f

ie_~[»^`ZB��uBi9]����Y¢�f h%]NZ�i9ce^qw��l]`Zz�tup[�[ªx�clo?w"Zt[ ���UyÊx�X/Z�il_�[ ²B³�³!´~µ�[qf�[`Zpo{���eX%u'ukuBh�[3^NieZBw~g X~x
x�c7o{w�Z$[ª¾���¾! ��[����l� aSb����	�p�Uy ���G�®��]NZ$ce[?uv�ec�f�[3]qZ$����xlZ$X"g ³/�¨� inX �S�¨§ b�[`is|,[3[`f is_%[
�eX{|E[{uBij��´��¨�

×∆ ��� �Ê]qf���_~c7o{_%[{uBi���¾>��� ×∆��� � ∆ � ��]���w~[?u!��À _~clu}�~]!Z$ce]Ni9c7X/f1X"x����G�ª|�c+i7_
∆� cluHuBin[�[`h�[`Z�il_�]qf�X{f�[»^3X/w~�7� _~]!�~[»[!·/h%[�^`i�[3� |�_�[qf�^3X/f�upce�"[`Z$c�f%o il_%[©�~[!ZB�ÇuUgz]��l�
c�f~x���w�[!f~^3[�X"x�^q_�]qf"f%[��sc�f�ov�Bup[�[�in]`b��e[¿³`� |�_�[qfvf�X¿up[��e[�^`i9ceX/f1X/f

∆ � clu¶]Nh�h��sce[ ��� H�f�il_%[
X{i7_~[`Z»_�]qf��%y,]?u �"clu8^!w�u'up[3��c�f �!¢B¢�¢'�e³�y�inX il_A[Ç�7X{|,[?uBi

∆ � � ∆ � � Ë ´S�¨� ��]���w�[®gk]!�
^3X{Z�Zt[{uBh%X/f~� �! #" � � � ^3�eX%up[minXH´��¨�1]NiYis_�[�^`Z���uBin]��Y[qf�isZt]qf�^�[?y~b~w/ijx�X?Z ∆� � ∆ � � Ë ¾ ���"yAX?f~[gk]!�d[q·"h%[�^`iÊ]�g�w�^!_©_�clo?_�[`Z �! $" � � � Zt]Ni9ceX~y>X"x i7_~[vX/Zt�"[`Z�X"xE³N´ �ªil_�[���]NZ$ce]qinceX/f©Zt]Nin[vX~x�S���H|�c+il_ �  #" cluDil_�w�uQ]`bAX/w�i>�Einc�g�[{u}uUg�]��e�l[`ZDis_�]qf,il_�[���]qZ$ce]`i9ceX/f�Zt]Nin[�X"x �S���»uU_�X{|,f
c�fvx�c7o{w�Z$[����
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Energy loss  ∆∆∆∆E/<∆∆∆∆E
Random

>

29 MeV/A Pb72+ in [110] Ge

< M
Random

>

�	��

�����¯� �7���5���5� ������� �!�#"!$ N8�5��17� J �������71 +,=?��;<�,^C;������:;<- ; 6B� �(�)1��7���b�#6 1X9(�O1���10;Y�
� �(�)� 
)+ ����-�- ∆%,�X��109(� I � �)�#+!-21\;�� 6B�5� ��M N �TPCQ\RLG 4�� ��
?�X�(�)�0.Y�2�!1H��� ��- ���@�!���*
�+/��� -�-
4��X��-	;Y�3� -2�����)��1��@. � � 1X9(���! " "�t#Z�2�!�C� 
)+ ����-�- .Y� -21�����45��1���� � �#6(6<� 
 ����� �_""�

�������
	���
��������������
�����
��������	�� �"!��
#%$'&�()#*�
(�+,(%����- ./()�0$1�32

À _�[»[N·�h�[`Z$c�g�[qf"in]��JZt[{u$w~�+i�u�h"Zt[{up[qf�in[��¯c�f¯W>c7o/w"Zt[ (�]Nf�� � ]NZt[©Z$[��e]`i9[3� i�X il_�[
�"[`h�[`f��"[qf�^3[ÇX"xHil_�[ÁceX/f g�w~��i9c�h��sce^3c�il�«� X"xd[qgzc�iei9[3� g�X"�e[�^!w~�7[{u xlZ$X"g il_�[ i9]`Zpo�[qi
uBw�Z$xB]3^�[ª|�c�il_¯il_�[ [`f�[qZpo{�

δ�  $" ��[Nh%X%u$c�i9[3�/4?^`�eX~up[�inXÌil_�[ uUw�Z$x�]�^3[65�b~�¯il_�[ c�f�^�ce�"[qf�iceX/f�u!��À _~[�h~Z$X?b�]`b�cs�ec�i7�ªx�X/ZQi7_~[v[!gvc�ili9[3��h%]qZ�i9ce^3�e[{u}i�X�b%[�clX/f�c �?[3�©clu��"[`h�[qf���[qf�iÊX/fHil_�[
uBh�[3^qce[?u!�:À _�[qZ$[3x�X?Z$[?y©� g�]q� b�[�f�X{i¯Zt[Nh~Zp[?up[Nf�in]Ni9c���[ X"x il_�[­X/��[qZ$]��e�¯[qgzc�u'upceX/f
�tuBh�w"iei9[`Z$c�f%om��cl[��e�87�X{ZYi9X?i9]3�%g�]{u'uÊ[qgvc+i7i9[3�mh%[NZ�c�f�^�c7�"[qf�i>ceX/fzc�g,h�]3^Nin�)�
�P[�_~]`��[���]NZ$ce[ �

δ �  $" w�u$c�f�o�il|,X��~[!ZB�v�"cex�x�[NZt[qf�i>]`h"h~ZtX"]3^q_�[{u �R("�b~�d^!_~]!f�o/c�f�ovil_�[�ceX/f©��[��eX�^�c+il�:�  #" ]Nf��Hc�i�u
^`_�]NZpo�[¿uBi9]`in[ £  $" �L�Çc+il_Hi7_~clu�]Nh�h"ZpX"]3^`_�y
|,[ �~]`ZB�Pil_�[/4��7X"^3]��95 ^3X{f�isZ$c+b~w�i9ceX/f

δ �0: �<; c�f ie_�[Áu$w/Z$x�]3^�[��"clupX/Z$�"[`Z$[3���e]q��[qZd��x9Z$X/g
|�_�[qZt[�il_�[HclX/f�u�]`Z$[1[qgvc�ilin[�����inX~o�[Nil_�[qZ�|,c+il_ ie_~[=4?�"cluBi9]qf�i>5H^3X/f/i7Z$c+b~w"i9ceX/f

δ �0?A@ xlZpX/gie_~[¼^NZB��uBi9]3� u$w/bAuBilZ$]`i9[?y
δ�  $" Ë δ�0: ��;CB δ �0?A@ ��]E§�´ � ��]`Z$ce]Ni9c7X/fkX"x

δ �  #" clu¶]�^`_~ce[!�~[3�%y�up[�[
ζ  " c+f�in]Nb��e[v³�y��'�65"vc�fz^q_�]qf�f�[��ec�f%ovo�[�X/g�[NilZB��y�xBX?Z}o�c���[qf £  #" ]Nf����  #" y?b~�¿up[��e[3^`i9c�f%o�uBh�[3^�ce]��"i7Z$]RP)[3^NinX/Z$ce[?uc�fÇil_�[ ^NZB��u$i9]���il_�Z$X/w�o?_«] up[��e[3^Ni9ceX/f«X"x

∆ � ]`f�� £ ��� � ��]���w�[{u!�Qºm[`Z$[?y δ�0: �D; clu �%[Nh�i^3X{f�uBi9]qf�iÊ]qf%�
δ � ?A@ clu���]`Z$ce[?�:�nil��h�ce^�]��e���Hb~��X/f~[vX/Zt�"[`Z�X"xJgk] o{f~c�ilw��"[!�)�AÀ _�[¿uBh�[3^�csx�ce^^3X{f�ilZ$c+b~w"inceX/fvX"x

δ �0: ��; i9X �S���©gz]q��b�[
[?utinc�g�]qi9[3�Ex9Z$X/g ^qw"ZB��[?uJuBw�^q_z]?uri7_~]`i�X"x x�c7o{w�Zp[
�"yvb�� [q·�ieZ$]`h�X"�e]qinc�f%o �S��� ]Ni �?[`Z$X utw�bAutieZp]`i9[�i9X?i9]!�d[qf�[NZpo?� �lX~u'uÇ��x�X{Z [q·�]qg�h��7[{y
�S���

δ � ?A@ Ëd´/�R�:cluQ^!�eX%up[�i9X:³�c�fvx�clo?w"Z$[��?�'�
���e�ÊX/w"Z
[!·/h%[qZ$c�gk[qf�i9]��DZ$[?uBw~��i�u�u$_~X?| ]�Zt]Nil_�[qZ�uBw�Z�h"Z$clupc�f%o/��� up�lX?| �"[`h�[qf%�"[qf�^3[

X"x��S����]{u¶]�x�w"f�^`i9ceX/f1X"x
δ �0?E@ |�_�[qfvw�u8c�f�oEh~ZtX"^3[��/w�Zt[265"~y~��c�fvh�]`Z�incl^qw��e]NZpy�up[3[�x�c7o{w"Zt[
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�"yÊ]`i�_�c7o{_
δ � ?A@ |�_�[qf ���G��cluv[?u'up[Nf�i9ce]��e����o�X/�~[!ZBf~[3� b~�

δ � ?A@ �)�FH�f il_�[d^�X?f"ieZ$]`ZB��y|�_�[qfHw�upc�f%oEh~Z$X"^3[3�/w/Zt[E��y�|,[Ex�c�f%�¿]�� £  $" �e�  #" ���¶�"[`h�[qf��"[!f~^3[Ex�X/Z �S��� c�f5]?o�Z$[3[qgk[qf�i
|�c�il_Hil_�[v�sc+in[qZt]Nilw�Zt[��:��f%X{il_�[`Z�uBilZ$c ��c�f�oHx�[�]`ilw�Zp[v�tup[3[Ei9]`b~�e[ª³V��clu�il_�]`i��S���¯c�f�^`Z$[3]{up[?u
|�_�[qf,il_�[mc�f�^�ce�"[!f/iAb�[3]qg°c�uÊ^q_�]qf�f�[��e[?���3W>c�f�]��s����y/|�_�[qfz^3X/f�upcl��[NZ$c�f�o�il_�[EuB_�]qh�[
X"x il_%[
�/cluBilZ$c+b~w�i9c7X/f5X"x �Çy~il_�[mh~ZtX{b�]`b�ce�sc�i9ce[?uJa " x�X{Z�_�clo?_:fd�nil��h�ce^3]��e���:f �r���$yA]NZt[�uUg�]��e�ly%b~w�i�tup[3[�x�clo?w"Zt[ (��Uy?ie_~[!�v[!·"_~c�b�c+i�Z$[qg�]qZ��%]Nb����kutieZ$X/f%o��"[`h�[qf��"[!f~^3[?ur|,c+il_

δ� ?A@ �ºmX{|,[!�~[!Z8yY]!�s�Dil_�[{up[�Z$[?uUw��+i�u�uUw%o"o�[?utijil_�]`i il_�[�h%]NZt]qgk[`in[NZ\�ÇyY]{u
gz[�]?uUw�Z$[3�5b��
ie_~[��D�,� �"[`in[�^`i9X/ZpyHZ$[`h"Zt[{up[qf�i�u�X/f���� X/f�[ h�]`Z�i9ce^!w~�e]`ZP]?uth%[�^`iÌX"x �~[`ZB� ^�X"g�h��e[!·
h"ZtX"^3[{u'up[?uq�~� clu�Zt[��e]`i9[3�©i9XHil_�[�inX{in]�� gk]`iei9[`Z¼[qgvc�iei9[3�5h%[qZ
c�g,h�]3^qijil_"ZtX/w�o{_�^3X�g,h��e[�·
h"_���u8ce^3]��%h�Z$X�^�[?u'u8[?u �!il_�[��tu$gk]��e��� h"ZtX{b%]Nb�ce�sc�il�zx$X{Zj]!fv[!gvc�isin[?�EgkX"�e[3^qw��e[�i�X�b�[�ceX/f�c �?[3�%y
ie_~[ h~ZtX{b%]Nb�ce�sc�il� x�X/Z¯il_�]Ni gkX"�7[�^!w~�e[ inX±b%[�[`·�^�c+in[�� ��[3�e[�^qieZ$X/f�ce^�]qf�� ��c�b�Z$]`i9clX/f�]��
[`·~^3c+i9]`i9c7X/f"�Ê]qf���i9X�b"Zt[�]T�:c�f/inX�is|,XkX/ZQg�X{Z$[�x�Zt]�o/g�[qf�i�u'y~ceX/f�c � [��kX{Zjf�X?i�y�is_�[��"cluBi9]qf�^3[
x�ZtX/g il_�[H]3^�^3[q�e[!Z$]`i9c�f%o»o�Z$cl�H|E_�[qZt[¿x�Zt]?o{g�[qf"i�]Ni7ceX/f X�^�^qw�Z8u¼��Z$[3�e]Nin[��©inX©_�[¿gk[3]qf»�ecsx�[
i7csgk[
X"xSil_�[�[`·�^�c�in[3�EgkX"�e[3^qw~�e[!�D[`i9^"�����

À _�[¼g�]{u'u\uth%[�^`ieZ$]mg�[�]?uBw"Zt[��Eb~�vil_�[��D�,� [q·"_�c�b�c+iY]¼^�X/f�i9c�f�w�X/w�u b%]�^T�Ao�ZpX/w"f��%y
|�_�ce^q_Pclu¿il_�[ u$c7o{f%]Nilw�Zt[ X"xvx�Zt]?o{g�[qf"in]NinceX/f«X"x��e]qZpo�[ gk]?u'uHgvX"�e[3^qw��e]qZHceX/f�u!� � _~[!f
x�Zt]?o{g�[qf"in]`i9ceX/f:X�^�^!w"Z8u}b�[`ie|,[�[!f¿il_�[�i9]`Zpo�[NiÊuUw"Z$x�]3^�[,]qf���il_�[vo�Z$cl�~y~il_�[�À�H�W ]qf�]���� � [?u
]E_"��hAX?il_�[Ni9ce^3]��Dgk]?u'u�|�_~ce^!_»clu�f�[�c+il_�[qZ}il_�]Ni¶X"x il_�[vx�Zt]?o{g�[qf�iQf�X{Z�i7_~]`iÊX"xQil_�[Eh�]`Z$[qf�i
gkX"�7[3^qw~�e]`Z
ceX/f>��¢�f~��[�[3�%ySi7_~[vgv]?u'u�uth%[�^`ieZBw"g |�_�[qf�^3X/f~�"c�i9ceX/f�[3�5b~�»�e]`Zpo�[z� �~]3��w�[?u
[`·"_~c�b�c+i�u gk]�c�f~���­il_�clu b�]3^T�Ao ZpX/w�f��­X"x w"f��~[!x�c�f�[3��gk]?u'u8[?u!����X{Zt[�X/��[`Z8yv|,[ _�]q��[
]?u)uBw�gk[3�5il_�]`iQil_�[��D�,�­[3x�x�c7^�ce[qf�^q�

η
clu¼^3X/fSuBin]Nf�i�yS|E_�ce^q_»gk]!�ªf�X/i b%[zi7_~[k^3]{up[¿x�X/Z

�eX{| �%[��eX"^�c+i7�Çx�Zt]?o/gz[qf"i�u1�tup[3[ �N¢�¢)� ¾~�'�ÊÀ�_�[ X/bSup[`Z���[��Ç�"cex�x�[qZt[qf�i9ce]��
[�x�xB[3^Nimc�f���X"���~c�fAo
[`f"_�]qf�^�[3��x�Zt]?o{g�[qf�i9]`i9c7X/f�h"Z$X?b�]`b�cs�ec�i9ce[{uÊ�Bu8[3[�x�clo���("� g�]q��_�[qf�^3[�b%[�w�f��"[qZt[{uBi9c�gk]`i9[3���

�m[�[`h�c�f�o c�f gvc�f�� il_�[ ]Nb%X/�~[ ^�X/f�u$c7�"[`Z$]qi7clX/f�u'y«X{f�[ gk]!� ]`f�]���� �?[ is_%[
[`·/h%[qZ$c�gk[qf�in]��"Z$[?uUw���i�uÊ]{ujx�X"�s�eX?|vu!�
;*" H�w/Z [q·�h�[`Z$csgk[!f/in]���Zt[{u$w~��i�u ^3X{f~x�c�Z$g il_�[«[N·�clutin[qf�^3[®X"xd] 4?�"[`h"ie_ [�x�x�[3^Ni>5��¼À _�[
Z$[3�e]Ni9c���[�c�f�x���w�[qf�^3[�X"x»il_~clu [�x�xB[3^Ni ]{u ^�X/g,h�]`Z$[3� inX il_�[ 4��eX�^�]3�ª[3x�x�[�^`i>5���[qf�[`Zpo/�
�"[`h�X~u$c+i9[?����[qZB�1^!�lX~u8[�inXzie_�[�[qgvc9u'uUc7X/f1�eX"^3]Ni9c7X{f��Q��[Nh%[qf��%u\X?fvil_�[E[!f~[`Zpo{�1�eX%u'uQb%[��eX{|
ie_~[�uBh~w�iei9[qZt[�� �e]q��[NZV�kÀ _~cluP��[Nh%[qf��"[qf�^3[�^�]`f­b%[�uti7w~�"ce[3� w�upc�f%o il_�[�^q_�]qf"f�[��ec�fAo
in[�^`_"f�c �/w�[�X/��[`Z\]m|,ce��[mZ$]!f�o�[v��x�ZtX/g ��]���w�[{u�X"x

δ �0?A@ ]Nb%X/w�i ie|�ce^3[�u$gk]��e�e[qZ}w�hHinX�i9[!fi7csgk[?uj�e]NZpo�[NZYil_�]qf�il_�[�[`f�[qZpo{�z�"[`h�X~u8c+i>c�f�Z$]qf��~X/g o/[3X"gk[`isZB���)�
4 "Ç¢�ivg�]q�Çb�[ÇuB_�X{|�fPw�u8c�f�o ��X/f�i9[3¸�½\]qZ$�eX u$c�g,w��l]`i9ceX/f�u'y�il_�]`ivxBX?ZHil_�[ÌaAbÂ]��ec7o{f�[?�
b�[3]qgku'ySil_�[�gk[3]qfd�~]3��w�[ �

δ� ?A@ �������	��
�X"x¶i7_~[1[Nf�[`Zpo{� ��[Nh%X%upc+i9[3�ª^��eX~up[zinX5il_�[k^NZB��uBin]{�
uBw�Z$xB]3^�[?y:]`��[NZt]?o�[�� X/�~[`Z ]��e�ªil_�[ ceX/f�uPX"x ie_~[ b%[�]�g ]qf�� X/��[NZ ]�xB[`| in[qf�uPX~x
f�]qf�X�g�[Nin[`Z8u'yjcluEil��h�c7^�]3�s���¯X"x�il_�[ªX/Zt�"[`Z,X"x¼´��  

×
�

δ �0?E@ � �
� "��	��� �DÀ _�[ªx�]3^Ni\il_�]Ni2���G�
c�f~^!Z$[3]{up[?u¿u$�eclo?_/in��� |�_�[qfÌ^q_�]qf�o�c�f%o x�Z$X"g Zt]qf��"X"g i9X®²�³"³!´~µ¼]��sc7o{f~g�[qf�i�u$_~X?|vu�il_�]qi
ie_~[»uUgz]��e��x9Z$]3^Ni9ceX/fÌ�)³3´ªinX ¾~´ �©�¼X"x�ceX/f�u�|�ceis_ _�clo?_ �  #" �Bo�Z$] �?c�f%o�i7Z$]RP)[3^NinX{Z$ce[?u�|,c�i7_Z$[?uBh�[3^Ni inX ²B³~³N´"µ ZtX{|vu$�P�"X g�X/Z$[�il_�]qf i�X ^3X/g�h�[!f�up]`i9[�il_�[��7X{|,[`Z$c�f�o X"x¯il_�[
gvw~��i9c+h��ecl^3c+il�z]{u'upX"^!ce]Nin[3�minXmil_�[�¹�´~¸� �´ � ceX/f�u¶[N·�h%[qZ$ce[qf�^�c�f�oE�eX?| �! $" �
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��" �P[�^�X?f�u8ce�"[`Zjf�X{|Âil_�[�� ��cluti7Z$c+b~w"i9ceX/f�u}X"xDx�clo?w"Zt[�(kX{b~in]�c�f~[3�vx�X/Z�²�³"³N´~µD]��sc7o{f~gz[qf�i
|�c�il_

∆� up[��e[3^`i9clX/f��BX?h�[qf�^�c+Zt^��e[{u¼]qf%�ªX?h�[qf u
�?w�]NZt[{u$�)��À _~[kc�f�^qZt[�]?up[zb~�df~[3]`Z$���dis|zX
X{Zt�"[`Z8u¶X"xrgz]?o?f~c�ilw��"[�X"x a " x�X/Z _�clo?_vfv��]���w%[{uj|�_�[qfk^!_~]!f�o/c�f�ovx�ZtX/g���[qZB�k�eX?| � ⊥

inX
_~c7o{_ � ⊥

cluQie_~[�u$c7o{f�]Ni7w"Z$[�X"x il_�[��"X/gzc�f%]qf�i>ZpX/�e[�X"x x9Z$]?o?gk[qf�in]qi9ceX/f1]`i>_~c7o{_v� ]!f~�kX~x
ie_~[E��[qZB�duBi9[3[`hd�"[`h�[qf���[qf�^�[,X"x}[q·�^�c+in]Ni9c7X/f5X"x¶h�Z$c�g�]qZB�5[qgvc�ilin[��¿gkX"�e[3^qw��l]`Z\ceX/f�u\|�c+i7_
�  $" �

¢�fÌX{Zt�"[qZ�inX¯o�[Ni�g�X/Z$[ªc�f�upclo?_�i
c�f�i9X i7_~[HZ$[��e]!i9ceX/f b�[`ie|,[�[!f¯ceX/f¯[!gkclu)upceX/f¯]!f��
[`f~[`Zpo{�z��[NhAX~u8c+i9ceX/f�y~up[N��[`Z$]��SuBilw��"ce[?u'y/f�X{i�h"Zt[{u [Nf�in[��E_�[`Z$[?y�]NZt[�c�f�h~Z$X~o�Z$[?u'u��
� " � ilw%�/�zX"x il_�[�ceX/fz[ gzclu'u8ceX/fv�~ce[3�e��x�X/ZÊo/c���[qf1[qgzc�iei9[3��uBh%[�^�ce[?uÊ��|,c+il_ko�c��%[qfvgz]{u'u =��Uy
c�f h�]qZ�i9ce^qw��e]qZ8yQg�]{u'u�h%[�]T�Su�ie_�]Ni�Zt[�^3[�c���[�f%X ^3X{f�ilZ$c+b~w"inceX/f x9Z$X/g x�Z$] o/gv[!f"in]Ni9ceX/f ��f�X
b�]3^T��o{ZtX/w"f��"�)�!aAZ$[��ecsgvc�f�]`ZB��Zt[{u$w~�+i�u}ut_%X{|vy�]?uÊ[)·�h�[3^Nin[��~y?il_�]Ni�xBX{ZY|,[��e��c7�"[!f/incsx�cl[3�Egk]?u'u
h�[3]T�Su'y?is_�[�c7X/fz[qgkclu'u8ceX/fv��ce[��l�E��]`Z$ce[{uQg�X{Zt[Eu8�7X{|�����|,c�il_

∆� il_�]qf,|E_�[qfz^3X/f�u8ce�"[!Z$c�f%oie_~[�|�_�X"�e[�[qgzc�u'upceX/f��~ce[3�l�S�
��� " � ilw%�/�dX"x il_�[vX/��[qZt]��s�>|,[��e�Dce�"[qf�i9cex�ce[?�:ceX/f�u¼[qgzc+ilin[��¿h�[`Z�ceX/fdcsg,h�]3^NiÊ��c��¨["�"|,c+il_:f�Xb�]3^T��o{ZtX/w"f���X"x>w"f�cl��[qf�i9csx�cl[3�Egk]?u'up[{u$�)�
����� "©��X/f�i9[ ¸�½�]`Z$�eX u8c�g�w��l]!i9ceX/f�u�X"xJi7_~[HceX/fdilZ$]KP'[3^NinX{Z$ce[?u�c�f ��[¿c�f X{Zt�"[`Z�i�X©Z$[��e]`in[�il_�[
[`f~[`Zpo{�

δ �0?A@ �"[`h�X~u8c+in[��»^��eX~up[�i9X©ie_�[H[qf�ilZt]qf�^?[©uBw�Z$x�]3^3[H��X/Z �! $" ��inX©ie_~[vi9X/in]��Ê[Nf�[qZpo?��eX%u'u
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