
���������	��
�����������������������������	��� �!��
"#���%$���&��(')$*� �+�,�%�	�.-0/21314/3561�131274131�1 8:9:;=<�>:?�@BAC;D>)EF A�G4HBI�JLKNMOHBA�?�P�I�K�?QCR2S�T�U�V	W�W X3Y[Z+W R�S�U�\%]_^a`b\+c	d(R�]4efhgaikj S�l�S�U�mCn�o�o4n

pOqsr�tvu_w x3ybt z={�|~}��vq:t �����+}L}��%y�� rb��� �����Ltvq:��q�{�� ��q:x3ybtL��qs�
p(w�rb��q�}�|�}��	����z=w�rbtv�#qs����r�t_�L�+u�{+q�pk��q�u:�_tvy#}_u�yb�(�

���=���L�4�� �¡.¢£��¤¦¥v§�¨�¨���©)§ª :¡¬«O�=«�©)C�L©v )¡!®��6¯#°©v±��4²C��³�´¶µ�©_·�¸a©) v¡¹���
��²ª©)º�º3©:�4²C©_¸a»:©) �¼ ½:¡�¾=�=¤¦©v§��¿²ª )¡À«O�Á���LÂs±C©L¸�� ³�»s�� �¡�¯��.�Ã¥)§s¸aº2´0±C :¡ÅÄÆ�
Ç ¥_¸4ÈL©v§sÉ   ¡ËÊÌ�ÎÍN©)©Ï¨   ¡(®��#ÐN¥)§s¸3¸4�LÂªÂ�´0±C�   ¡ËÑ��Î«�´ÓÒ:§C� ¸4©Ï¨   ¡�Ô���¤�¥)Õs´0±   ¡(Ö��
×�Ø ��©)�L© Ø ´0 :¡Ù��� × ±C©)§sÉª v¡ × ��Ú�© Ø0Û ©_¸a s¡Ã¯���¯:³ ´ Ø ±C� ¸a  ¼ Ü3¡ÙÄÆ��¯:º3��³�¥LÝ�¨2�:´0  ¼ Þ4¡
®Æ�Ù«�¸ªß��È:¥:¨2º3Þ4¡N¯���à~²�§ ÛáÛ � ¸a� ¸4â3¡�ãD�~È:¥)±�Ä�� ¸aº�³���±Câ�¡�®��ÃÍN©Ï�¿²C� Û6ä ¡ × �
¢�©L¸4º�´B± ä ¡Ã®��(Ê�©)² Ø ´0å�¡Ã®��(¢�¥_¸¿¨2©:Â�å�¡Ã®��Ã¯:³�©)±�º�¥æÂs�.à�¥ Ø �LÂs¥Ïçs¡�©v±�Â�¯��kÔ��
¯Ï©)±�Âs��¸�¨hèÏ�

é~ê�ëLì	í�î�í	ïLí(ð_ñ�ò�ñ�ó%ôLñhõ+ó%ôLñ�ìÃö�ïL÷_ø�í�ù ú~î�û�ïLñ�ì2üÏý�þ�ÿ��������Ãö í�õ+ø ì�÷)ù�ï�õ��Lü��Îñ�ðLñ�	�
�üvý õ+ø ëLó�ñ
� ê�ëLì�í î�í	ïLí(ðLñ�Cô���ì�î�û�ïLñ��(ï_ó����ñ�ø¿î�õ%ñ�ðLñ�����ù ë:üvý�þ ÿ���ÿ�
�
���î�����ñ�ï õ+÷Lø ëLëLñ4üªý õ+ø ëLó�ñ
���(ø ôLë�þ��Nñ%î�í	ëLñ%õ	þÓê�ëLì	í�î�í�ïLí� Îñ%õ!��î�ë�ü#"Ëþ�$�%&$'���( #ñ%õ!��î�ë:ü*)�ñ%õ%ú�ø�ë��
+�, ë�î.-�ñ%õ%ì�î�í��ñ�ðLñ/��î�ó�ñ%þ�ö�ù�0Lô î�ø4þ21(ë�í î30)ù4��î�ì�üªý�þ5� ÿ6$'��7��Ëî�ó�ñ¿ü�ý õ+ø ëLó�ñ
8 , ë�î3- ñ%õ+ì î�í��ñ9�(ø ì�ì	ø�ëNê�êbþ:�Nù ôLø�ú�ú�ø ð�î�ø_ü;�Îø ì�ø�÷;��ø�ë_ó�øLü��Nø4õ%ù�ó2ó�ù
< ê�ë_ì�í�î�í�ïLí	ù�ðLñ~ý:î�ì�î�ó�ø�ðLø , ë�î3- ñ%õ+ì î�ðLø ðLñ~ðLñ�ö&=ø ù>sø�ï;��ùLü:ö&=ø�ù?sø�ï���ùLü& �õ%ø�@%î��
A , ë�î.-�ñ%õ%ì�î�í2��ù4B*C�ø ëLì�ø ì�üD��ø4EÎõ+ñ�ë_ó�ñ4ü�C�ø�ëLì	ø�ì(ÿ�ÿ��4%�F�ü , ö�1
G �bø4õ�î�ø�÷���ñIHCëLñhõJ���K�L��ó���ù�í�õ%ù�ëK�Îñ�ë�í�õ%ñ4üM$'NO1OýP bî�ð_ôLø�ëQ�(ø���ø¿õ3ü6C�ù4�.R4ø�í�ø_üLê�ëLð�î�ø
S ê2�OýT�ÃüU��ø�÷)ù4õ+ø í�ù¿õ�î*�kø�@%î�ù�ëLøO��îCð�î*�:ñ�� ëLø4õ%ùLü)êBþ5��F���
����:ñV��ëLø¿õ+ùLü)ê�í�øO�3�
W?X ?�P�K4JvG¿P�Y[Z ôLñ�0)ù�ì	ì�î�÷;��ñ�ù�ó�ó�ï�õ%ñ�ëLó�ñ�ùOB�ô�î3� ô��3�NðLñ�BBù4õ+ú�ñ2ð�ó�ù�ë;\U��ï�õ%ø�í î�ù�ë_ì(î�ì�î�ë]- ñ�ì�þ
í�î3� ø�í	ñ�ð6î�ëÁí�ôLñQ�/^`_¬ë�ïLó���ñ%î`a�b'�Îø_üca�a Z î0ü�ø ëLðed!f��Ëî(ø�ì�B0ù4õ%ú�ñ�ð=î�ë í	ôLñKg!h3ö îji�k�gl�kü
kmfln`i/g!h4ö î0ü)ø�ëLðQg�h�ö îji/g!haö�î:õ+ñ�ø ó�í�î�ù�ëLìk÷]��ï_ì�î�ëo��í�ôLñ/0�õ%ù�0)ñ%õ+í î�ñ�ì�ù4B�í	ôLñ�ñ�ú~î�í	í�ñ�ðp��î3� ô�í
ó+ô_ø4õJ� ñ�ð�þ20Lø4õ%í�î�ó���ñ�ìrqm�T�sMt�u Z ôLñ�ñ�ëLñhõJ���¬ì�0)ñ�ó�í�õ%øLü�î�ë�þm0;��ø�ë_ñÆø ëLð.ù�ï_í�þ�ù4B,þ20���ø ëLñ�ø ë�þ
��ï���ø4õ�ó�ù¿õ�õ+ñv��ø�í î�ù ëLìNù4B(�T�sLw*ì�ø4õ%ñ ø ëLø4�.��ì�ñ�ðrB0ù¿õÌñ�ø ó%ô ùOBOí	ôLñ���ì�í�ï_ð�î�ñ�ð õ+ñ�ø ó�í�î�ù�ëLì
EÎî�í�ô î�ë=í�ô_ñ�B,õ%ø�ú�ñ�EÎù4õ�R�ùOB#í�ôLñ~ì�í	ø�í î�ì�í î�ó�øO� ú�ù�ðLñv�xu�ö�í õ+ù�ëo��ðLñ�BBù4õ+ú�ø í�î�ù�ë�ñ�y:ñ�ó�í	ìÃø4õ%ñ
ðLñ�ðLïLó2ñ�ðPB,õ%ù�úz�(ø�ï_ì�ñ%õ	þ ý_ñ�ì�ô�÷Lø ó%ô=ó�ø4��ó�ï���ø í�î�ù�ëLì?0)ñ%õ�BBù4õ+ú�ñ2ðPEÎî�í�ô=í	ôLñ{�Nù ë�í	ñ{�Îø4õ!��ù
ó�ù�ðLñ/|`}9|`}�~����M�.÷��ÃïLì î�ë6�Ùø(ó�ù ëLì�î�ì�í�ñ2ë�í�ì	ñ�í�ùOBU0Lø4õ%ø�ú�ñ�í	ñ%õ+ì�EÎî�í�ô�ì!0�î�ë þÓðLñV0vñ�ë_ðLñ�ë�í
��ñ�- ñ�� ð_ñ�ëLì�î�í�î�ñ�ì�u Z ôLñ~ø�ë_ø4�3��ì î�ì~ù4Bc��0_ø4õ+í î�ó���ñ�ì~î�ë�ó�ù¿î�ëLó%î�ðLñ�ëLó2ñKEÎî�í	ôP�vg2öQB,õ%ø�� ú�ñ�ë�í�ì
ñ�ú~î�í	í�ñ�ð�î�ë�g!h3ö�îji�k�g'�Àì	ôLù4E�ì�ø�ì	í�õ+ù ë6��ó�ù ë�í õ�î�÷LïLí�î�ù�ë�B,õ+ù ú ø?hl ÎñÃó���ï_ì�í�ñhõ�ñ�ú~î�ì	ì�î�ù�ë�u
Z ôLñÆ÷ î�ëLø¿õJ�ÁëLø�í	ï�õ+ñ�ù4BÃí	ô�î�ì�óv��ïLì	í�ñ%õÆñ2ú~î�ì�ì î�ù ë!ôLø ìN÷vñ�ñ2ë�- ñ%õ�î�\vñ�ð¬î�ëÀí�ô�õ%ñ�ñÆù í�ôLñhõ
õ+ñ�ø ó�í�î�ù�ëLìkî�ë�- ù4�3- î�ë6��øQk�g��.í	ø4õ���ñ�íV�cgJ�V1s��i�k5gl�kü6�lkJMi�k�g'�küLø ëLðQ��g�ö6i�k�g'��u
�I�V�4�c�O�J�4�'�&����ï_ì�í�ñhõ ñ2ú~î�ì�ì î�ù ë:ü:ì�ï60)ñ%õ+ð_ñ�B0ù4õ%ú�ø�í î�ù�ë�üD�kø�ïLì	ñ%õ�þ�ý_ñ�ì�ô�÷Lø ó+ô�ó�ø4��ó�ï���ø í�î�ù�ëLì
���9�[�D��
4%ou�ÿ���u�"Ëõ3ü�
�F�u�����u þm@




 ��u6 #ñ2óJRNñ�í�øO�xu

���������	��
�������	��
��

��î.��ô��.�=ðLñ�B0ù¿õ+ú�ñ�ð6ì�ôLø�0vñ2ì�ø�ëLð=ì	ï60vñhõ+ðLñ�BBù4õ+ú�ñ2ð qÓö6"/tkõ%ù�í	ø�í�î�ù�ëLøO� ÷_ø�ëLðLì~ôLø4- ñ�÷)ñ�ñ�ë=õ%ñ%þ
ó�ñ�ë�í5�3�.ð�î�ì�ó�ù4- ñ%õ+ñ2ð.î�ë.í�ôLñ��`^/_Àë�ïLó���ñhîI��f�1�õ��3$���üca�b'�Îø�� 
���üca�h'�bõ�� ��ü�%��Oø ëLð�d!f'�Ëî�� F��2u
Z ôLñ%õ%ñ�B0ù¿õ+ñÃí	ôLñ 1����! ����þ�ÿ���ú�ø ì�ìbõ+ñ��¿î�ù ë ÷)ñ�ó�ù ú�ñ�ì�ù4B[0Lø4õ%í�î�ó�ï���ø¿õ(î�ë�í	ñ%õ+ñ2ì�í(ì î�ëLó2ñ�û�ïLø ì�î�þ
ú�ù4��ñ�ó�ï���ø4õkõ+ñ�ì	ù�ëLø ëLó�ñ�ì�ôLø4- ñOøO��ì	ù�÷)ñ�ñ�ë�ù ÷Lì�ñ%õ�-�ñ�ðpB0ù4õ(í	ôLñ�ì�ñ9�sþx�[î3R ñOë�ïLóv��ñ%îBü:î�ëK0_ø4õ+í î�ó�ï;��ø4õ�ü
î�ëNí	ôLñIg!h3ö î�i`g!h4ö î�õ%ñ�ø�ó2í�î�ù ë"�*ÿ�ü����2u[1s��í�ôLù ï6��ôNí�ô_ñ%õ+ñ�î�ì(ëLù�ñv	;0)ñ%õ	î�ú�ñ�ë�í�øO��ñ�- î�ðLñ�ë_ó�ñ�í	ù9��î�ë6R
í�ô_ñ öo"À÷Lø�ëLð_ìcEÎî�í�ôNí�ôLñ�ô�î.��ôLñhõs�3� î�ë6�~õ%ù�í	ø�í�î�ù�ëLøO��÷Lø�ë_ðLìLB0ù4õ%ú�ñ�ð�÷��?R�ëLù4E�ë¦û�ï_ø�ì�î�ú�ù4��ñ�ó%þ
ï���ø4õ~õ+ñ�ì	ù�ëLø ëLó�ñ�ì2ü ÷)ù�í	ôP0LôLñ�ë_ù�ú�ñ�ëLø�ø4õ%ñ�÷vñv��î�ñV-�ñ�ð.í	ù�ù4õ	î3�¿î�ëLø í�ñ B,õ+ù ú�ô�î3� ô��3�=ðLñvB0ù4õ%ú�ñ�ð
ó�ù ë�\U��ï õ+ø�í î�ù ëLì(ùOBªí�ô_ñ�ì�ñÃì!��ì�í�ñ2ú�ì�u

10

10 2

10 3

10 4

0 50 100

+40o

10

10 2

10 3

10 4

0 50 100

+50o

10

10 2

10 3

10 4

0 50 100

+55o

10

10 2

10 3

10 4

0 50 100

+60o

10

10 2

10 3

10 4

0 50 100

+65o

10

10 2

10 3

10 4

0 50 100

+70o

d2 σ/
dE

 d
Ω

 (
a.

u.
)

Elab(MeV)

#%$'&)(*+(-,�.+/1032547698�:<;=:1>5:1?�@�AB47C):D/FE7?�G-63>IHKJ�LM6ONPHKJMLM6QGREP,TS3UFVWYXFZ31<[B:F\�]�L_^`0369abGc>5a
a+G�47d5:Fa�0363>	:F4TGc?�:e�fe�fg�hKi�j"/FGc09/�2�09GRE769^c>)4�k%69E7dlGc>5alk%69E7d	^`2	EQa�:�mn^c?�o�GRE769^c>54�:1p):F/FEK4F]

ö î�ëLó�ñ�í	ôLñ{� �s¬ðLñ�í	ñ�ó�í î�ù�ë�î�ì�õ%ñ���ø í�î.-�ñ��.�áì�î�ú?0���ñ¿ü�í�ôLñ�ø ëLø4�.��ì î�ìÃùOB í	ôLñ%î[õ�ì�0)ñ�ó�í õ+ø4�(ì	ôLø�0)ñ�ì
q0ì	ñ�ñ�ý�î3�ou $'t î�ìkø�ëLù í�ôLñ%õ � ù�ù�ð¦í�ù�ù4��BBù4õ�ñ�	60���ù¿õ�î�ëo��ë�ï_ó���ñ�ø¿õOðLñvB0ù4õ%ú�ø�í�î�ù�ëNø�ë_ð�ù�í	ôLñ%õ 0�õ%ù�0�þ
ñ%õ%í�î�ñ2ì�ù4B(ô_ù�í�õ%ù�í�ø í�î�ë6�Æë�ïLóv��ñ%î�ø�íÃô�î.��ô6ø�ë6� ï���ø¿õÌú�ù ú�ñ�ë�í�ø"� 7�ü����2u Z ôLñQ� �sLw*ì~ñ�ú~î�í	í�ñ�ð
ðLï�õ	î�ë6��í	ôLñ��L��ðLñ�ó�ø4� 0�õ+ù�ó�ñ2ì�ì�ñ2ìOó2ø4õ�õ���î�ë�B0ù4õ%ú�ø�í î�ù�ë¦ù�ëNí�ô_ñOï_ëLðLñ%õ!�3� î�ë6�¦ë�ïLó���ñ2ø4õOì	ôLø�0)ñ�ì
ø�ë_ð/��ñ�- ñ��LðLñ�ëLì î�í î�ñ�ìVu ê�ë�0Lø4õ%í�î�ó2ï���ø¿õ3ü�ëLñ�E�î�ë;B0ù4õ%ú�ø�í�î�ù�ëÃù ëÃë�ïLó���ñ�ø4õ�ì�í õ+ïLó2í�ï�õ%ñLB0ø4õCø�÷)ù4-�ñCí�ôLñ
� õ+ø ì�íL��î�ëLñÃó�ø ëN÷vñ�ù�÷_í�ø4î�ëLñ�ð B,õ%ù�ú£í	ôLñ%î�õ�ì�í	ïLð6��÷��¦ø�ó�ù ú?0Lø4õ	î�ì	ù�ëQEÎî�í	ô ì	í�ø í�î�ì	í�î�ó�ø4��ú�ù�ðLñ��



ö�ñ�ø¿õ+ó%ôQB0ù¿õ ����ïLì�í	ñ%õIHCú~î�ì	ì�î�ù�ë�ø ëLðKHT	Lí�õ+ñ2ú�ñ��3�K"kñ�B0ù¿õ+ú�ñ�ð�ö�ôLø�0vñ2ì �

ó�øO��ó�ï���ø�í î�ù�ë_ì�u Z ôLñ�0�õ%ù�0)ñ%õ+í î�ñ�ì�ù4B�í	ôLñI� �s:w ìkñ�ú~î�í	í�ñ�ð î�ë�í	ôLñIg!h3ö î�i`g!h4ö î�õ%ñ�ø�ó2í�î�ù ëÆø í�í�ôLñ
÷)ù�ú~÷Lø4õ%ð�î�ë6��ñ2ëLñ%õJ���KH�� é � ^ $�$'
9�Nñ��Ùü�E�ô�î�ó%ô�ó�ù¿õ�õ%ñ�ì�0)ù�ëLð_ìOí	ù�í	ôLñId!f���îCñ�	Ló%î�í	ø�í î�ù�ë�ñ�ë�þ
ñ%õ����~ù4B�í�ô_ñ�ó�ù�ë��2ñ�ó�í�ï õ+ñ�ð����{^ ��7	��û�ïLø ì�î�ú�ù4��ñ2ó�ï���ø¿õ#õ%ñ�ì�ù ëLø�ë_ó�ñB� ÿ üm�M�Óü�ôLø4-�ñ�øO��õ%ñ�ø�ð6��÷)ñ�ñ�ë
î�ë�- ñ�ì�í î3��ø í�ñ�ð � 7 ü�$'��ü�$�$1�mu Z ôLñkú�ø�� ë�î�í	ïLðLñ(ùOBªí	ôLñ(ø ð���ïLì	í�ú�ñ�ë�í�ìÎî�ë�í	ôLñ/��õ%ø�ì	íM�[î�ëLñ�0)ù�ì î�í î�ù�ë
ì�ïo����ñ2ì�í�ì~ðLñ�BBù4õ+ú�ø í�î�ù�ë�ñ�yÏñ2ó�í�ì�ø íÃô�î3� ô=ì�0�î�ë B0ù4õÃí	ôLñ d!f��Ëî#ó�ù�ú?0)ù�ì î�í	ñ�ì���ì	í�ñ�ú î�ë=ø��4õ%ñ�ñ%þ
ú�ñ�ë�í�EÎî�í�ô - ñ%õJ��õ+ñ2ó�ñ�ë�í�
LþBõ+ø4��ì�0)ñ�ó�í�õ%ù�ì	ó�ù�0��áð_ø�í�ø�ù�÷Lí	ø4î�ë_ñ�ðáø íÃú�ï_ó+ô ��ù4E#ñhõ�ì�0�î�ëLìI� F��2u
Z ôLñÃñv	 í	ñ�ë�í(í	ù{E�ô�î�ó+ô�í�ôLñ�õ%ñ�ì�ù ëLø�ë�ík÷vñ�ô_ø4-�î�ù�ï�õ�î�ì�õ+ñ2ì�0)ù�ëLì î�÷���ñ�í�ù�í	ôLñÃù ÷Lì�ñ%õ�-�ñ�ð�ë�ïLó���ñ�ø4õ
ðLñ�BBù4õ+ú�ø í�î�ù�ë�î�ìÙì�í�î����(ø ëÆù�0vñ�ë=û�ïLñ2ì�í�î�ù�ë�u Z ù¦õ+ñ�ì	ù4�3- ñ�í	ô�î�ì�î�ì�ì	ïLñ4ücEÎñ�ôLø4- ñI0)ñ%õ�BBù4õ+ú�ñ2ð=ø
ì�ï_÷Lì�ñ�û�ïLñ2ë�í g!h ö î�i g!h ö î�ñ�	60vñhõ�î�ú�ñ2ë�í~ø�í/H�� é � ^ $'7��{�NñV� ù ïLí�ì î�ðLñ�í	ôLñ�%ú�ùO��ñ�ó2ï���ø¿õIEÎî�ë�þ
ðLù4E�� E�ôLñ%õ+ñ�û�ïLø ì�î�ú�ù4��ñ2ó�ï���ø¿õ�õ%ñ�ì�ù ëLø�ë_ó�ñ�ì~ø4õ+ñ?R�ëLù4E�ë�í�ùNð�î�ì	ø�060)ñ�ø¿õ �.$'���2uI"kñ�B0ù¿õ+ú�ø í�î�ù ë
ñ�y:ñ�ó�í	ìÃôLø4-�ñÙø4��ì	ùN÷vñ�ñ2ë�î�ë]- ñ�ì�í î3� ø�í�ñ2ð�î�ëPg�h�ö îji�k�g'� � �M�mu Z ôLñ~ì�í õ+ù ë6��ó���ïLì�í	ñ%õ�ñ�ú~î�ì	ì�î�ù ë=ù4B
hl #ñ E�ô�î�ó%ô EÎø�ìÙù�÷Lì	ñ%õJ- ñ�ðá÷���í�ô�î�ìÃõ%ñ�ø�ó�í î�ù ë � ���#ô_ø�ì~ú�ù�í�î.-4ø�í	ñ�ð=í�ôLñ�ì	ñ�ø4õ%ó%ô BBù4õÃì�î�ú~î���ø¿õ
ñ�y:ñ�ó�í	ì(î�ëNí�ôLñIg���1 �ji�k�g'�kü6�lk�Mi�k�g��küU��g�ö6i�k�g��kü)ø�ëLð�kmf4n/i/g�h�ö î�õ%ñ�ø�ó�í î�ù ëLì�u

� ������� ����� ����� ����� �)�	�������! ���K�	����� ���Q���)
%�"� �)�#��$&%�')(+*-,

Z ôLñ~ñ�	60vñhõ�î�ú�ñ2ë�í	ì�EÎñ%õ+ñ90vñhõ�B0ù¿õ+ú�ñ�ð�ø�íkí�ôLñ/.?��.��10�~/�/2 Z ø�ëLðLñ2ú B0ø ó%î��[î�í2��ù4B�í�ô_ñ�ê�òËñ3ö
ö�í õ+ø�ì	÷vù ï�õJ� ��ø�÷)ù4õ%ø�í�ù¿õJ��î�ë í	ôLñ ��|`}?~43¶ì�ó�ø í�í	ñ%õ�î�ë6�áó%ôLø ú�÷)ñ%õ'ur #ù í�ôÁí�ôLñNôLñ2ø4-]� B õ+ø��¿þ
ú�ñ�ë�í�ì�qx165 $'��tsø ëLð�í�ôLñhî�õ(ø�ì	ì�ù�ó%î�ø�í�ñ2ðp�T�sLw*ìsqx0 õ+ù�í	ù�ëLìÎø�ë_ð?��0Lø¿õ+í î�ó���ñ�ìJt E#ñ%õ%ñ(ðLñ2í�ñ�ó�í	ñ�ð
î�ë=ó2ù4î�ë_ó%î�ðLñ2ëLó�ñNïLì�î�ë6��í	ôLñQ��|`}?~43!ó%ôLø4õ���ñ�ð þm0Lø¿õ+í î�ó���ñ ú~ï���í�î�ð_ñ�í�ñ�ó2í�ù4õ�ø4õ	õ+ø4�"� 7 üv�M�*E�ô�î�ó+ô
ó�ù ëLì�î�ì�í�ì�ùOBÏë_ñ�ø4õ!�3�{F�� í�ñ���ñ�ì�ó�ù�0vñ2ì�u(ýLù¿õ#í�ô_ñ`g!h3ö î�i`g!h4ö î:ú�ñ�ø�ì	ï�õ+ñ�ú�ñ2ë�íÎí�ô õ+ñ�ñkð�î�ì	í�î�ë_ó�íÎõ+ñ�ø ó%þ
í�î�ù�ëQ0���ø�ëLñ�ìsEÎñ%õ%ñÃðLñ�\vë_ñ�ð�u Z EÎù/B0ù¿õ#î�ë�þ20���ø ëLñÃó�ù¿õ�õ+ñv��ø�í î�ù ëLì�ø�ëLð¦ø�í	ô�î�õ%ð ù ëLñ4ü60)ñ%õJ0)ñ�ëLð î�ó%þ
ï���ø4õ�í	ù í	ôLñ �T�s.ð_ñ�í�ñ�ó2í�î�ù ë 0���ø ëLñ4üTB0ù4õÃù�ï_í�þ�ù4B,þ20���ø ëLñ�ó�ù¿õ�õ+ñv��ø�í î�ù ëáú�ñ�ø ì�ï�õ%ñ�ú�ñ�ë�í�ìVu Z ôLñôLñ�ø4-�� B,õ%ø�� ú�ñ�ë�í�ì~ó�ù�ëLì î�ì	í�î�ëo�áù4B�ñ�-4ø�0)ù4õ%ø�í î�ù�ë6õ%ñ�ì�î�ðLïLñ�ì�qmH�ò�t~ø�ì9E#ñ����(ø�ì�û�ïLø ì�î�þ�ñ���ø�ì�í î�ó4ü
ðLñ�ñV0�þ0î�ëLñ���ø�ì�í î�ó üÃø�ëLð B0ïLì�î�ù�ë�þ \vì î�ù�ë B,õ+ø���ú�ñ�ë�í�ì2ü EÎñ%õ+ñ�ð_ñ�í�ñ�ó2í�ñ�ðÀî�ë�7P� ø�ì�þ�ì�î���î�ó�ù�ëÀô���÷ õ�î�ð
í�ñv��ñ�ì	ó�ù�0)ñ�ì�u Z ôLñÃî�ë�þ20���ø ëLñ�ø ëLð�ù�ïLí þÓùOB,þm0;��ø�ë_ñÃðLñ�í	ñ�ó�í�î�ù�ë=ùOB#ó�ù4î�ëLó%î�ðLñ�ë�í>�T�sLw*ì EÎø�ì�ðLù ëLñ
ïLì î�ë6�Q%Ní�ô�õ%ñ�ñ%þ�ñ���ñ2ú�ñ�ë�í�í	ñ���ñ�ì	ó�ù�0)ñ�ì~ø�ëLð $3ÿ í2E#ù¿þÓñv��ñ�ú�ñ�ë�í�í�ñv��ñ�ì	ó�ù�0)ñ�ì?EÎî�í	ô �Îì	ê�q Z ��t�ì�ó%î�ë�þ
í�î�����ø�í�ù¿õ+ì�ó�ù ï60���ñ�ðáí	ù 0_ôLù�í	ù�ð î�ù�ðLñ�õ%ñ�ø�ð_ù�ïLí	ì�u�ý:î.�6uM
Nì�ô_ù4E�ìÃí�ôLñ~î�ë�þ20���ø ëLñ �T�sÀø�ë6� ï���ø¿õ
ó�ù¿õ�õ+ñv��ø�í î�ù ëLìÃú�ñ�ø ì�ï�õ%ñ�ðKBBù4õOð î�y:ñ%õ+ñ�ë�íIHbò/w*ì�q2_P^ 
���þ�
���tÎðLñ�í�ñ2ó�í�ñ�ð6ø�í�798;:� é � ^�þ�$'�	<?qBì�ñ�ñ
ø4õ	õ+ù4E�ì�t�u��Nù¿õ+ñ�ð_ñ�í�ø¿î���ì�ù ë=í�ôLñ¦ñ�	60vñhõ�î�ú�ñ2ë�í	ø4�(ì	ñ�í�ï60ÁùOB`��|`}�~=3¶ø ëLð=ù�ë=í	ôLñ�ø ëLø4�.��ì î�ì
0�õ%ù�ó2ñ�ðLï�õ%ñ�ì�ó�ø�ëN÷)ñ/B0ù�ï_ëLð�î�ëÆò�ñ�BBì�uQ� 7�ü����2u

>��? �@���A�@$ ����BR
%�� C� �ED1F�G ����
 ��H��P��#� �	��
���I ����J1K	L �1M"J1KNLP�

HT	Ló���ïLì�î.-�ñ?�áì!0vñ2ó�í�õ%ø�ø�ëLð¦î�ë�þm0;��ø�ë_ñ�ø ë6��ï���ø4õ�ó�ù4õ	õ+ñ���ø�í�î�ù�ëLì(B0ù4õ(÷)ù�í	ôK0�õ+ù í�ù ëLì(ø ëLðK� 0_ø4õ�þ
í�î�ó���ñ2ì�ø4õ+ñ¦ð�î�ì!0���ø4� ñ�ð=î�ë ý�î3� ì�u $~ø�ë_ð 
 B0ù4õ?g�h�ö îji/g!haö�îxu Z ôLñ�ø ëLø4�.��ì î�ì~ù4B(í	ôLñ�ðLø�í	ø�ôLø ì
÷)ñ�ñ�ëP0)ñ%õ�B0ù¿õ+ú�ñ�ð�ïLì î�ë6� |`}9|/}?~����M� � 7���üví	ôLñ?�Nù�ë�í�ñ?�Îø4õ!��ùQ-�ñhõ+ì�î�ù�ë�ù4B#í	ôLñ~ì�í�ø í�î�ì�í�î�ó�ø4�
ú�ù�ðLñ���ó�ù�ðLñ�|`}PO�|`}/Q�3 u Z ôLñ/0Lø¿õ+ø�ú�ñ2í�ñ%õ%ì�ëLñ�ñ�ðLñ2ð{BBù4õ�í�ôLñ�ì�í	ø�í î�ì�í î�ó�øO��ðLñ�ì�óhõ�î30_í�î�ù ë:ü)îxu*ñ4u
í�ô_ñ ë�ïLóv��ñ�ø¿õ?��ñ�- ñ��OðLñ2ëLì�î�í�î�ñ2ì�ø�ëLð6í�ôLñ¦÷Lø4õ	õ�î�ñ%õ í õ+ø�ë_ì�ú~î�ì	ì�î�ù�ë�0�õ%ù�÷Lø ÷�î��[î�í î�ñ�ì2üOø¿õ+ñNïLì�ï_ø4���.�
ù�÷_í�ø4î�ëLñ�ð�B,õ+ù ú í	ôLñ~ì�í�ï_ð6��ù4Bc�T�s.ñ�-4ø�0vù¿õ+ø í�î�ù ë�ì�0)ñ�ó�í õ+øou Z ôLñÃó%ôLø ë6��ñÙî�ë�í�ô_ñÃñ�ú~î�ì	ì�î�ù�ë
÷Lø¿õ�õ�î�ñ%õ+ìbø�ëLð:ü ó�ù4õ	õ+ñ�ì!0vù ëLð�î�ëo�4�3� ü�í�ôLñÎí�õ%ø�ëLì	ú~î�ì�ì î�ù ë?0�õ+ù ÷Lø�÷�î���î�í�î�ñ2ì�ø4y:ñ�ó�í�ìCí	ôLñM��ù4E#ñhõ ñ2ëLñ%õJ���
0Lø¿õ+íÎù4B:í�ôLñkó�ø4��ó�ï���ø í�ñ�ð�ñ�-4ø�0)ù4õ%ø�í�î�ù�ë�ì!0vñ�ó2í�õ+øou:nkë�í	ôLñ(ù í�ôLñhõ ôLø ëLð�í�ô_ñ(ô�î.��ô�þ�ñ�ëLñ%õ���� 0Lø4õ%í
ù4B�í	ôLñ��Áì�0)ñ�ó�í õ+øNðLñ�0)ñ�ëLðLìÙó%õ�î�í�î�ó2ø4���.�Æù ë�í�ô_ñÃø4-4ø4î���ø�÷;��ñ90LôLø�ì	ñÃì�0_ø�ó�ñ~ù�÷Lí	ø4î�ëLñ�ðQB,õ%ù�ú�í�ôLñ



% ��u6 #ñ2óJRNñ�í�øO�xu

��ñV-�ñ��#ð_ñ�ëLì�î�í�î�ñ�ì�ø í(ô�î.��ô�ì!0�î�ë#u Z ô�î�ìkî�ì�ó���ñ�ø4õ!�3��ì�ôLù4E�ë�÷]�Ní	ôLñÃì�ùO��î�ð=ø�ëLð�ð_ø�ì�ô_ñ�ðK�[î�ëLñ2ìÃù4B
ý�î3�ou $�B0ù¿õ(g!h3ö î�i/g�h4ö î u Z ôLñ���ñ�-�ñv�#ðLñ�ëLì î�í2� ü��oq������[t%ü&B0ù¿õ ø �4î.-�ñ�ë�ø�ë6� ï���ø¿õOú�ù ú�ñ�ë�í�ïLú��
ø�ë_ð ñ2ëLñ%õJ���	�¹î�ì��4î.-�ñ�ëN÷���í	ôLñ�EÎñ����[R�ë_ù4E�ë ý_ñ%õ+ú~î[��ø�ìÎñ�	60�õ%ñ�ì�ì î�ù�ë#�

�6q
�����*t�^�� g� �Tk��k5g�� k���glq��G��g�������� t2����g k
� 8��! ���"#�#8%$&� �('*),+

q2
)� � q��.-0/1-324-3�  t �2k���g�t
E�ôLñ%õ%ñ � î�ì�í	ôLñ���ñ�- ñ��ªð_ñ�ëLì�î�í2�Q0Lø4õ%ø�ú�ñ�í	ñ%õ(ì�ñ�íkñ�û�ïLø4��í	ù � ^ 1`N�7I�NñV�5� k�qx1Àî�ì�í	ôLñ�ú�ø�ì	ì
ë�ïLú~÷vñ%õ�t%ü Z î�ì~í�ô_ñ�%ë�ïLó���ñ�ø4õ1�Æí	ñ�ú?0vñhõ+ø�í	ï�õ+ñ¿ü ø ëLð4/�î�ì�í	ôLñ{0_ø4î�õ	î�ë6��ó�ù¿õ�õ+ñ2ó�í�î�ù�ë:üsH  ^
�G �g�������� �6q ��i9$'tÙî�ì~í�ô_ñ�õ%ù�í	ø�í�î�ù�ëLøO�(ñ�ëLñ%õ���� ü76 8 <'< ^86�9;: G 8�<v8>= q�$ i@? k �[g i.? g �Ta'tÙî�ì~í�ôLñ

ñ�y:ñ�ó�í î3-�ñ�ú�ù ú�ñ�ë�í�ù4B�î�ëLñ%õ%í�î�ø_ü�6 9A: G 8B<�8 ^ gd 1�ò g�^ gd 1`d��!�%õvgb î�ìkí�ôLñÙõ�î.�4î�ðÆ÷)ù�ð6�Nú�ù�ú�ñ�ë�í
ù4B�î�ëLñ%õ%í�î�ø=ùOB ø�ì�0LôLñhõ�î�ó2ø4�Oë�ïLóv��ñ�ïLì?EÎî�í�ô�õ+ø�ð î�ïLì90Lø4õ%ø�ú�ñ�í	ñ%õ~õ b üªø ëLð3? k ø ëLð3? g ø4õ%ñ�í�ôLñ
ðLñ�BBù4õ+ú�ø ÷�î��[î�í2��0_ø4õ+ø ú�ñ�í�ñhõ+ì�u Z ô_ñ#ì	ù4��î�ð��[î�ëLñ2ì�î�ë�ý�î3��ìVuU$�ø ëLðI
Ëì�ôLù4E=í	ôLñc0 õ+ñ�ð�î�ó�í�î�ù�ëLìÎïLì î�ë6�
í�ô_ñ�ì�ø�ú�ñ?0_ø4õ+ø ú�ñ�í�ñhõÌì	ñ�í�EÎî�í	ôáðLñvB0ù4õ%ú�ø�í�î�ù�ë=ñ�y:ñ�ó�í	ì�í	ôLø�íÙôLø�ìÃ÷)ñ�ñ�ë6ïLì�ñ2ðáø�í?$�$'
Q�Nñ��
� 7�ü�$l��ü�$�$��2u#ªõ+ñ�ð�î�ó�í�î�ù�ëLìsEÎî�í�ô�í	ôLñs0Lø4õ%ø�ú�ñ�í	ñ%õ+ìÎù4B:í�ô_ñL\vë�î�í	ñ%þBõ+ø�ëo��ñs�[î�û�ï�î�ð�ð�õ%ù�0~ú�ù�ð_ñ��T�.$�%_�
ø4õ%ñÃïLëLø ÷���ñÙí�ù~õ+ñV0�õ+ù�ðLïLó2ñ�í	ôLñÃðLø í�øQq0ð_ø�ì�ô_ñ�ðQ��î�ëLñ�ì�t�uOö î�ëLó�ñ~í�ôLñÙô�î3� ôLñ�ì�íkî�ëLó%î�ð_ñ�ë�íOñ2ëLñ%õJ���
î�ì~ù�ï_í�ì�î�ðLñ�ùOB(í�ôLñ�hú�ù4��ñ�ó�ï���ø4õ?EÎî�ëLðLù4E�� �3$l����ü EÎñ�ó�ù�ë_ó���ïLð_ñ í	ôLø�íÙí�ôLñ¦ô�î3� ô��3�=ðLñvB0ù4õ%ú�ñ�ð
ì�ô_ø�0)ñ�ì?qxEÎî�í�ôDC  �;u�F�tÎù�÷_ì�ñ%õ�-�ñ�ð B0ù¿õO÷)ù�í	ôÆñ�ë_ñ%õJ�¿î�ñ�ìÃø¿õ+ñ~ëLù�íkõ%ñ���ø í�ñ�ð=í	ù�í�ô_ñ>g!h3ö î�i/g�h4ö î
û�ïLø�ì î�ú�ùO��ñ�ó�ï;��ø4õ�õ%ñ�ì�ù ëLø�ëLó2ñ�ìB� ÿ ü���ü�$'�M�mu

10
-2

10
-1

1

10

10 2

10 3

-100 -50 0 50 100

x10-2

10
-2

10
-1

1

10

10 2

10 3

-100 -50 0 50 100

x10-2

10
-2

10
-1

1

10

10 2

10 3

10 4

-100 -50 0 50 100

x10-2

10
-2

10
-1

1

10

10 2

10 3

10 4

-100 -50 0 50 100

x10-2

z=23 z=22

z=21 z=20

d2 σ/
dΩ

F
R

dΩ
P

L
C

 d
Ω

 (
a.

u.
)

Θlab(Deg.)

#%$'&)(FE5(HG'>,InC+09Gc>5:BGc>5@c2+09Gc? /F^c?K?�:�09G�E769^c>54B^cm ;�C	G`?�E769/109:F4�-'C)^c63>+EK4�5�Gc>5a C+?�^�EK^`>	4�-nE7?K6JI
Gc>5@c09:D4�5 :Fo�69EKEK:Fa 63> /F^c63>5/169a+:1>	/D:<k%69E7dba�63p):1?�:�>+E�,LKNM 4(-PO W!/21�I�/�Q45 63> E7d	: HKJ L�6ON HKJ LM6
?�:FGR/FE769^c>IGREP,TS3UFV�W XFZ31<[B:F\�]�R%d	:�4K^`0369a 0363>5:F4�G`?�:<e�fe�fg�hKi�j /DGc09/12+09G�E769^`>)4�k%69E7d
a+:1mn^c?�o G�E769^c> :�p):F/FEK4 a_694K/1254K4K:FaB63> E7d	:EK:�.+EË-n4K:D:Gc094K^5S�69@�] /�51]



ö�ñ�ø¿õ+ó%ôQB0ù¿õ ����ïLì�í	ñ%õIHCú~î�ì	ì�î�ù�ë�ø ëLðKHT	Lí�õ+ñ2ú�ñ��3�K"kñ�B0ù¿õ+ú�ñ�ð�ö�ôLø�0vñ2ì F

����)���9I�� � � �; Y��INI���
������ �#I	��I������ ���l
%���Q�	��
��

ö�ï60)ñ%õ	î�ú?0)ù�ì�ñ2ð ù ë=í�ôLñQ�Nø4	6EÎñ����[î�ø ë ì	ôLø�0)ñ�ì�í2��0�î�ó�ø4��ù4B(í	ôLñ%î�õ�ñV-4ø�0)ù4õ+ø í�î.-�ñ�ù¿õ�î.�4î�ë�ü�ëLù�ë�þ
ì�í	ø�í î�ì�í î�ó�øO����þ20Lø¿õ+í�î�ó���ñ2ì ó2ù�ú?0)ù�ëLñ�ë�í	ì?E#ñ%õ%ñ B0ù�ïLë_ð=î�ëÁí	ôLñ�ñ�ëLñhõJ���6ì�0)ñ�ó�í õ+øáú�ñ2ø�ì�ï õ+ñ�ð6î�ë
ó�ù¿î�ëLó%î�ðLñ�ëLó2ñ�EÎî�í�ô ö õ+ñ�ì î�ðLï_ñ�ì�î�ëáí�ô_ñ g!h ö�îxqJ$l7�� �Nñ��/t�i k�g �¹õ+ñ2ø�ó�í î�ù�ëY� �M�2u Z ôLñ�ì�ñNø ðLð�î�þ
í�î�ù�ëLøO�#ó�ù ú?0vù ëLñ�ë�í�ì�ø�í	í�õ	î�÷LïLí	ñ�ðáí	ùNí�ôLñ~ðLñ�ó�ø4��ù4BÎïLë�÷vù ïLëLð h' Îñ�ë�ïLóv��ñ%î�ø4õ%ñ�ú�ù¿õ+ñ~ñ�ø�ì î��3�
ù�÷_ì�ñ%õ�-�ñ�ð�î�ë�í	ôLñÃó�ù¿õ�õ%ñ�ì�0)ù�ëLð î�ë6��ñ2ëLñ%õJ���Nó�ù4õ	õ+ñ���ø�í�î�ù�ëP0���ù�íkð�î�ì!0���ø4� ñ�ð�î�ëÆý�î3�ou#� q ��ñ�BBíOì î�ðLñ
ù4B:í�ô_ñ#ï60o0vñ%õs0Lø ëLñ��jtvu Z ôLñ��Ãø�060)ñ�ø4õ#ø ì[E#ñ����Ïð_ñ�\vëLñ�ð?0)ñ�ø�R�ì �3� î�ë6�Ùù�ïLí	ì�î�ð_ñ(í�ô_ñ �%ì�í	ø�í î�ì�í î�ó�øO�
ñ�-4ø�0vù¿õ+ø�í î�ù ë�õ+ñV�4î�ù ë��9E�ô�î�ó%ô�î�ì�ó�ù�ë_ì�î�ì	í�ñ�ë�ísEÎî�í�ôK|/}9|`}�~����M�!ó�øO��ó�ï;��ø�í î�ù ëLì�qBì�ñ�ñÃý�î3�ouD$l�
ù4B(ò�ñvB�u � ���xt�u Z ôLñhî�õ�!B0ùO��ð�î�ë6�Nø�ë6�O��ñ�ì �Æø¿õ+ñ�ó�ù ú?0Lø�í î�÷���ñ{EÎî�í	ô=í�ôLñ�í2EÎù4þ�÷)ù�ðo�KR î�ëLñ�ú�ø í�î�ó�ì
õ+ñ2û�ï î�õ+ñ2ð B0ù4õ�í�ôLñ9��g�ö6i�h' Îñ~÷�î�ëLø¿õJ��ñv	�î�í�þ�ó%ôLø�ëLë_ñ��xu Z ù�óv��ñ�ø¿õ��3��ñ�ì	í�ø�÷;��î�ì	ô=í�ôLñ~ú�ñ�ó%ôLø ë�î�ì	ú
õ+ñ2ì�ï���í�î�ëo�=î�ëÁí	ôLñ�ì�ñQ� î�ñv��ðLì¦ì�ïL÷Lì	ñ�û�ïLñ�ë�í�ñv	;0)ñ%õ	î�ú�ñ�ë�í�ìNôLø4- ñ�÷)ñ�ñ�ëÁïLëLð_ñ%õ+í	ø�R�ñ2ëeEÎî�í�ô k�g��
í�ø¿õJ� ñ�í�ì<�3$lF��2�*g���1 �xqJ$lF��?�NñV�`t�i�k�g4�kü6�lkJLq�$�$'
?� ñ��`t!i�k�gl�küLø�ëLðQ��g�ö&q�$�%��I�NñV�`t�i�k�g4��u

0

5
10

15

20
25

30
35

40
45

50 100 150

i10-t70

ΘIon=-15o

Θα  =+70o

28
Si

 (
18

0 
M

eV
) 

+12
C

ESulphur (MeV)

E
α(

a.
u.

)

0

10

20

30

40

50

60

70

25 50 75 100 125

ic-15 t2+70

ΘIon=-15o

Θα  =+70o

27
A

l (
15

0 
M

eV
) 

+12
C

EPhosphorus (MeV)

E
α(

a.
u.

)

0

5

10

15

20

25

30

35

40 60 80 100 120

ic+10 t2-65

ΘIon=-10o

Θα  =+65o

32
S 

(1
40

 M
eV

) 
+12

C

EArgon (MeV)

E
α(

a.
u.

)

0
5

10
15
20
25
30
35
40
45
50

20 40 60

ic+15 t2-90

ΘIon=-15o

Θα  =+90o

16
O

 (
11

2 
M

eV
) 

+28
Si

EArgon (MeV)

E
α(

a.
u.

)

#%$'&)(	�5( ,�>	:1?�@RA I /F^c?K?�:109GRE769^c> C�09^REK4�
):DE7k%:F:�><; C	G`?�E769/109:F4Gc>5a<,LKNM 4Qmn^c?�E7d5: HKJ L�6ON� H����
H���� 0ON� H������KH L�N� H���� Gc>5a������N HKJ L�6�?�:FGRE769^c>54G�E�E7d5:P63>	a�69/FG�EK:Da G`>	@`09:�4K:FEKE763>5@�4F]

ý�î3�ou:��ø4��ì�ù6ð�î�ì!0���ø4��ì�í	ôLñ�ñ�ë_ñ%õJ����þ�ó�ù¿õ�õ+ñv��ø�í î�ù ë 0���ù í�ì�÷)ñ�í2EÎñ�ñ�ë��Åø�ëLð�H�ò(w*ì9B0ù4õ�í2EÎù=ù4B
í�ô_ñ�ì�ñ¦õ+ñ2ø�ó�í î�ù�ë_ìI�3$lF���ø�ë_ð B0ù4õ�í	ôLñKk2f'n/i/g!haö�î#õ%ñ�ø�ó�í î�ù ë ø íIH�� é � q!kmf4n/t�^ $�$l
Q�Nñ�� �3$l
��2u
Z ôLñ�B0ø�ó2í(í�ô_ø�í(í	ôLñ~í2E#ù¿þÓ÷)ù�ð6�Nó�ù�ú?0)ù�ëLñ2ë�í	ì�ðLù�ëLù í(ì	ôLù4EÎþÓïo0QB0ù4õ�í�ô�î�ì/��ø ì�íkõ+ñ2ø�ó�í î�ù�ë �.$'
M�
î�ë_ð�î�ó�ø í�ñ�ì�í	ôLñÃ÷�î�ëLø4õ���ëLø í�ï�õ%ñÃù4BCí�ôLñ��r0vñ2ø�R�ìs0�õ+ñ2ì�ñ�ë�íkî�ëNí�ô_ñ�õ+ñ�ø ó�í�î�ù�ëLìkî�ë]- ù4�.-�î�ë6��øQk�g��
í�ø¿õJ� ñ�í�u Z ô�î�ìkô��]0)ù�í	ôLñ�ì î�ì�î�ìOó2ù�ëLì î�ì�í	ñ�ë�í�EÎî�í	ô�í�ô_ñ�ó���ïLì�í	ñ%õ�þ�í�õ%ø�ëLì5B0ñ%õ?0�î�ó2í�ï�õ%ñI0�õ%ù�0)ù�ì	ñ�ðÆ÷��
�Nù¿õJ��ñ2ëLì�í	ñ%õ+ë ������ "! �.$3ÿM�UBBù4õ�î�ë_ó�ù�ú?0���ñ�í�ñ(B0ïLì�î�ù�ë�ú�ñ2ó+ô_ø�ë�î�ì�ú�ì�u



ÿ ��u6 #ñ2óJRNñ�í�øO�xu
� ���=
 ��������I���
��9I

Z ôLñÎù�ó�ó�ï�õ%ñ�ëLó�ñkù4Bvô�î.��ô��.��ð_ñ�B0ù4õ%ú�ñ�ð~ó�ù�ë�\&��ï�õ%ø�í�î�ù�ëLì î�ë���î3� ô�í*�/^/_�ë�ïLóv��ñ%îvô_ø�ìC÷vñ2ñ�ë~î�ë�-�ñ2ì�þ
í�î.��ø í�ñ�ð=÷��NïLì�î�ë6��í	ôLñ{��|`}�~=3Àó+ô_ø4õJ� ñ�ð�þ20Lø4õ%í�î�ó���ñNú~ï���í î�ðLñ�í	ñ�ó�í	ù4õ�ø4õ�õ%ø4�Nø�í�í�ôLñ/.�� .��10��
~/�/2 Z ø�ë_ðLñ�ú BBø�ó%î���î�í2��ùOBÏí	ôLñ(ê�òËñ3ö�ö�í õ+ø�ì	÷vù ï�õJ�ou Z ôLñs0�õ%ù�0)ñ%õ+í î�ñ�ì�ùOBÏí	ôLñ(ñ�ú~î�í�í	ñ�ð �T�sLw*ì
î�ë¬ì�ñ�- ñ%õ+øO�Ãõ+ñ�ø ó�í�î�ù�ëLìNôLø4- ñ�÷)ñ�ñ�ë.ø ëLø4�.��ì	ñ�ð EÎî�í�ô¬í�ôLñr|`}9|`}�~����M��ì	í�ø í�î�ì	í�î�ó�ø4�[þÓú�ù�ðLñ��
ó�ù�ðLñ�í	ôLø�í/EÎø�ì�ø�ðLø�0Lí�ñ2ðÆí	ù ó2ø4��ó2ï���ø í�ñ�ñV-4ø�0)ù4õ+ø í�î�ù�ë�ì�0)ñ�ó�í�õ%øÆø ëLð�ø�ë6� ï���ø¿õ ð î�ì�í õ�î�÷LïLí�î�ù�ëLì
B0ù¿õ#ðLñ�B0ù¿õ+ú�ñ�ð¦ë�ïLó���ñhîxu Z ô_ñ(ú�ñ�ø ì�ï�õ%ñ�ð�ù ÷Lì�ñ%õ�-4ø�÷���ñ�ì�ì�ï_ó+ô¦ø�ì�ñ2ëLñ%õJ����ì!0vñ�ó2í�õ+ø~î�ë�þ20���ø ëLñ(ø ëLð
ù�ï_í�þ�ù4B,þ20���ø ëLñ�ø ë6��ï���ø4õCó�ù4õ	õ+ñ���ø�í�î�ù�ëLìbø4õ+ñLEÎñ����LðLñ�ì	ó%õ�î�÷vñ2ð�÷�� �kø�ïLì	ñ%õ�þ�ýLñ2ì�ô�÷Lø�ó%ô�ó�øO��ó�ï;��ø�í î�ù ëLì
E�ô�î�ó+ô�î�ëLó���ïLðLñ�ì!0�î�ë þÓðLñV0vñ�ë_ðLñ�ë�í���ñ�-�ñv� ðLñ2ëLì�î�í�î�ñ2ì�u Z ôLñ�ú�ø�� ë�î�í	ïLðLñ~ù4B#í	ôLñ�ø�ð��2ïLì�í	ñ�ú�ñ�ë�í�ì
î�ë�í�ôLñ/� õ+ø ì�ís�[î�ëLñÙì�ï6����ñ�ì	í�ì(ð_ñ�B0ù4õ%ú�ø�í î�ù�ë_ì(ø�í�ô î3��ôNì!0�î�ëLìkí�ôLø í�ø4õ%ñ/B0ø4õÎî�ë�ñ�	Ló�ñ�ì�ì�ùOBªí�ô_ù�ì�ñ
0�õ%ñ�ð�î�ó2í�ñ�ð6÷]�Ní	ôLñ�\)ë�î�í	ñ%þ0õ%ø�ë6� ñ9��î�û�ï î�ð=ð�õ%ù�0�ú�ù�ð_ñ����3$V%��2u Z ôLñ~ðLñ�BBù4õ+ú�ø í�î�ù�ë 0Lø4õ%ø�ú�ñ�í	ñ%õ+ì
ðLñ�ð_ïLó�ñ�ðQBBù4õ g�h4ö î�i�k�gl�Áø�í H � é � qmg!haö�îjts^ $�$'
Ùø�ëLð $'7��I�NñV� � �M��üUk2f'n/i/g!haö î�ø í H�� é � q�k2f4n/t^ � ÿ�üD� ÿ�ü:ø�ë_ð $�$l
I�.$'
M�Óü)ø�ëLð g�h�ö îji/g!haö�î ø í`H�� é � qmg!h3ö î�t/^ $�$l
�ø�ë_ð $'7��{�Nñ�� � 7�ü'$l��ü'$�$F�
õ+ñ2ø�ó�í î�ù�ë_ì�ø4õ+ñ�ó�ù ú?0Lø4õ%ø�÷���ñ(í	ùÃõ%ñ�ó�ñ�ë�í 
LþBõ+ø4��ì!0vñ�ó2í�õ+ù ì�ó�ù�0�� ð_ø�í�ø(B0ù4õ�í�ôLñ�a�b'�Îø�ë�ïLóv��ñ�ïLìl� 
M�
ø�ë_ð9B0ù4õ#í	ôLñ`d!f��ËîÏë�ïLóv��ñ�ïLì<� F��vø í�ú�ï_ó+ô9��ù4E#ñhõ ì!0�î�ëLìVu Z ôLñkïLì�ñkù4B���ø4õJ� ñ�
LþBõ+ø4��ú~ï���í�î�ð_ñ�í�ñ�óhþ
í�ù¿õ#ø4õ	õ+ø4��ìMEÎî����:÷vñ�ôLñv�30�B0ï;�Ïí	ùÃñ�	Lí�ñ�ë_ð�í�ô_ñ�ñ�	�î�ì�í î�ë6�9��ñ�-�ñv�Ïì	ó+ô_ñ�ú�ñ(ùOBÏí	ôLñ a�a Z îvë�ïLóv��ñ�ïLì��.$'�M�B0ù¿õ#í�ôLñkì�ñ�ø¿õ+ó%ô?BBù4õsE#ñ�ø�R��3�90vù�0Lï���ø í�ñ�ð�ö6" õ+ù í�ø í�î�ù ëLø4�:÷Lø ëLðLì�ñ�û�ï�î.-4ø4��ñ�ë�í�í�ùÃí	ôLù�ì	ñ(ð�î�ì�ó�ù4- þ
ñ%õ%ñ�ð�î�ëPa�b'�Îø�� 
��2u�ý_ù4õÃí�ôLñ{g!h3ö�îji�k�g'�æõ+ñ�ø ó�í�î�ù�ë=í�ô_ñ�ó�ù�ú?0)ù�ëLñ2ë�í/E�ô�î�ó%ô�î�ì/B0ù ïLëLð�î�ë�í�ôLñ
�sþm0_ø4õ+í î�ó���ñ�ñ�ëLñ%õ�����ì!0vñ2ó�í�õ%ø�ú�ñ�ø�ì	ï�õ+ñ2ð�î�ë�ó�ù4î�ëLó%î�ðLñ�ëLó�ñQEÎî�í�ô=ö¦õ+ñ�ì î�ðLï_ñ�ì�î�ì�ø í�í�õ	î�÷Lï_í�ñ�ð=í	ù
í�ô_ñ�ó���ïLì�í	ñ%õ�ðLñ�ó�ø4��ù4B#ï_ë�÷)ù�ï_ëLð h  #ñ�ë�ïLó���ñ%îl� �M�2u Z ôLñ�ô���0)ù�í�ô_ñ�ì�î�ìÃù4B#í	ôLñ�÷�î�ëLø4õ���ëLø�í	ï�õ+ñ
ù4B�í	ôLñ�h� Îñ�óv��ïLì	í�ñ%õÃñ�ú~î�ì�ì�î�ù�ë�î�ì�ó�ù ëLì�î�ì�í�ñ2ë�í/EÎî�í�ô�í	ôLñ�0�õ%ñ���î�ú~î�ëLø¿õJ��õ+ñ�ì	ï���í	ì BBù�ïLëLð B0ù¿õ(í�ôLñ
í�ô õ+ñ�ñNù�í	ôLñ%õ~õ+ñ�ø ó�í�î�ù�ëLì î�ë�-�ùO�3- î�ëo�ÆøPk�gl�Åí�ø4õ���ñ�íb�.$'FM�m�?g���1 �ji�k�g'�Åø�í?H�� é � ^ $lF��K� ñ��Ãü
�lkJMi�k�g'�¬ø�ísH�� é � ^ $�$'
9�Nñ��Åø�ëLðQ
�
��I�NñV�Ãüvø ëLðQ��g�ö6i�k�g'�¬ø�ísH�� é � ^ $V%]�9�Nñ���u

� ��B �����Q��� � I

$4u ��u�HLuvö�- ñ�ëLì�ì	ù�ë ������ "!�üU�����4��!��s�	� !�
 ����� !���rqm
�������tc
 ÿ����;u

�u HLu)ê�ðLñ���ï_ó+ô î:��� �  "![üU���;�4��!��s�	� !�
T��� ��!���� qm
����6$lts
�
�
�F��o$4u
��u(ö&u�� uU��ñ�ë6@%î ��� �� ![ü�� !����;�4� !#W����� q�$'��� ÿ�t�$�$l��u
%6u(ö&u Z ô�ï_ú�ú�ñ%õ+ñ%õ�ü*��� �� ![ü���!����;�4� !�� �������  "!#��4����!&�����4��!����Pqm
����o$'t�$�%]��F�u
F�u "�uvò�ïLð_ù4�30_ô ������ "!�üU�����4��!��s�	� !�
 ����� !�����q�$'������tL��� ÿ���u
ÿ�u ��uU Îñ�ó�RP������ "!�üU�����4��!��s�	� !L� ��� qm
����o$'ts�6$V%�ÿ�����u
��u(ò/u6�kù�ï�î�ó�ñ%õ{��� �� ![üU�����4��!�� �!� !L� ��"rqJ$'������tM%&$'������u
7�u ��uU ÎôLø í�í�ø ó%ôLø4õ���øK��� �� ![üU�����4��!�� �!� !L� ��rqm
�����
�tc�o$�%�ÿo$�$Ou
��u � u:ò�ù�ï_ì�ì�ñ2ø�ïP������ ![üU���;�4� !��s�!� !L�#���rq2
�����
�tL���O%�ÿo$'
�u
$'�;u:��uU ÎôLø í�í�ø ó%ôLø4õ���øK��� �� ![ü��$���  "!����;�4��!�W�����rqJ$l������ts74%&$�ó4u
$�$Ou:��uU ÎôLø í�í�ø ó%ôLø4õ���øK��� �� ![üU�L� �&%('�&) �*��!U�+���4��!���Uq2
����o$'tL
�����u
$'
;u:TuUsø�06R4øK��� �  "![üU�,�����I�+���4��!��s�  "!�- qm
�����
�t/.UCô#u "�uLí	ôLñ�ì�î�ì9q,î�ëQ0�õ%ñ�0Lø¿õ+ø�í î�ù ëUt�u
$'�;u:��uU Îñ�ó�RP������ "!�üU�����4��!��s�	� !L�#�10 qJ$l���O%]ts
�ÿo$'7;u
$�%ouc1�u �ouÏö î�ñ%õJR)üD�+���4��!��s�	� !:� ��� qJ$l��7�ÿ�ts
�������u
$'F;uc1�u:ö�2ø�ë_ó+ô_ñ�@�î*_)ø4B õ+øLüU ô�u�"�uLí	ôLñ�ì î�ì�üCö�í�õ%ø�ì�÷)ù�ï õJ� , ë î3-�ñhõ+ì�î�í2�Pq,î�ëQ0�õ+ñ�0_ø4õ+ø í�î�ù�ëUtvu
$3ÿ;uc��u��Nù4õ���ñ�ë_ì�í�ñhõ+ë ��� �  "![ü�� !#�����4��!�W3���4� qJ$l��7�ÿ�tM%�%]�;u
$'�;u:��u�"�uUn�w���ñ�ø4õ������ �  "![üU���;�4��!��s�	� !L�#��5Pqm
�������tc� ÿ4%]�o$�%ou


