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���bT = 0 �b�B�M�;�H�2�i�b�X �h�?�2T3 �p���H�m�2�b �Q�7 �2���+�? �m�T�T�2�` �K�2�K�#�2�` �Q�7 �i�?�2T = 1
2 �/�Q�m�#�H�2�i�b ���`�2

T3 = + 1
2 �- ���M�/T3 = � 1

2 �7�Q�` �i�?�2 �H�Q�r�2�` �K�2�K�#�2�`�b�X �h���#�H�2 �k�X�R �b�?�Q�r�b �?�Q�r �i�?�2 �`�B�;�?�i�@

���M�/ �H�2�7�i�@�?���M�/�2�/ �+�?�B�`���H �b�i���i�2 �7�2�`�K�B�Q�M�b �Q�7 �i�?�2 �a�i���M�/���`�/ �J�Q�/�2�H ���`�2 �Q�`�;���M�B�b�2�/ �B�M�i�Q

�i�?�`�2�2 �;�2�M�2�`���i�B�Q�M�b �i�?���i �T�Q�b�b�2�b�b �B�/�2�M�i�B�+���H �[�m���M�i�m�K �M�m�K�#�2�`�b�- �#�m�i �/�B�z�2�` �B�M �K���b�b�X

�h���#�H�2 �k�X�R���M �Q�p�2�`�p�B�2�r �Q�7 �i�?�2 �7�2�`�K�B�Q�M�b �Q�7 �i�?�2 �a�i���M�/��� �̀/ �J�Q�/�2�H ���M�/ �i�?�2�B�`
���b�b�Q�+�B���i�2�/ �[�m���M�i�m�K �M�m�K�#�2�`�b�X �a�i���i�2�/ �[�m���M�i�m�K �M�m�K�#�2�`�b ��� �̀2 �b�T�B�M�-s�- �r�2���F �B�b�Q�b�T�B�M�-
T �- �i�?�2 �i�?�B� �̀/ �+�Q�K�T�Q�M�2�M�i �Q�7 �r�2���F �B�b�Q�b�T�B�M�-T3�- �2�H�2�+�i�`�B�+ �+�?��� �̀;�2�-Q�- �?�v�T�2� �̀+�?��� �̀;�2�-Y �-
���M�/ �i�?�2 �M�m�K�#�2�` �Q�7 �+�Q�H�Q�m�` �b�i���i�2�b ���p���B�H���#�H�2 �i�Q �i�?���i �T���`�i�B�+�m�H���` �7�2�`�K�B�Q�M�-C�X

�Z�m���`�F�b s T T3 Q Y C�
u
d0

�

L

�
c
s0

�

L

�
t
b0

�

L

1=2 1=2 + 1=2 + 2=3 + 1=3 3
1=2 1=2 � 1=2 � 1=3 + 1=3 3

uR cR tR
1=2 0 0 + 2=3 + 4=3 3

dR sR bR
1=2 0 0 � 1=3 � 2=3 3

�G�2�T�i�Q�M�b s T T3 Q Y C�
� e

e�

�

L

�
� �

� �

�

L

�
� �

� �

�

L

1=2 1=2 + 1=2 0 � 1 0
1=2 1=2 � 1=2 � 1 � 1 0

e�
R � �

R � �
R

1=2 0 0 � 1 � 2 0

�h�?�2 �[�m���`�F�b �Q�7 �i�?�2 �a�i���M�/���`�/ �J�Q�/�2�H �+���`�`�v �+�Q�H�Q�m�` �+�?���`�;�2 �i�?���i ���H�H�Q�r�b �i�?�2�K �i�Q �B�M�i�2�`���+�i

�p�B�� �i�?�2 �b�i�`�Q�M�; �7�Q�`�+�2 ���b �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M �k�X�k�X �h�?�2 �i�?�`�2�2 �+�Q�H�Q�m�` �b�i���i�2�b ���p���B�H���#�H�2

���`�2 �H���#�2�H�H�2�/ ���b �`�2�/�- �#�H�m�2�- ���M�/ �;�`�2�2�M�X �h�?�2 �[�m���`�F�b ���H�b�Q �+���`�`�v �� �7�`���+�i�B�Q�M���H �2�H�2�+�i�`�B�+

�+�?���`�;�2�, �m�T �Uu�V�- �+�?���`�K �Uc�V�- ���M�/ �i�Q�T �Ut�V �+���`�`�v �� �T�Q�b�B�i�B�p�2 �+�?���`�;�2 �Q�7Q = + 2
3 �c �/�Q�r�M

�Ud�V�- �b�i�`���M�;�2 �Us�V�- ���M�/ �#�Q�i�i�Q�K �Ub�V �+���`�`�v �M�2�;���i�B�p�2Q = � 1
3 �X �h�?�2 �H�2�T�i�Q�M�b �/�Q �M�Q�i �+���`�`�v

�+�Q�H�Q�m�` �+�?���`�;�2 ���M�/ �+�Q�M�b�B�b�i �Q�7 �i�?�2 �2�H�2�+�i�`�Q�M �Ue�V�- �K�m�Q�M �U� �V�- ���M�/ �i���m �T���`�i�B�+�H�2�b �U� �V �r�B�i�?

�i�?�2�B�` ���b�b�Q�+�B���i�2�/ �M�2�m�i�`�B�M�Q�b �U� e�-� � �- ���M�/� � �V�X �h�?�2 �M�2�m�i�`�B�M�Q�b ���`�2 �2�H�2�+�i�`�B�+���H�H�v �M�2�m�i�`���H

�r�?�B�H�2 �i�?�2 �2�H�2�+�i�`�Q�M�- �K�m�Q�M�- ���M�/ �i���m �+���`�`�v �� �M�2�;���i�B�p�2 �2�H�2�+�i�`�B�+ �+�?���`�;�2 �Q�7Q = � 1�X

�h�Q �T�`�Q�/�m�+�2 �i�?�2 �;���m�;�2 �B�M�p���`�B���M�+�2 �Q�7 �T���`�i�B�+�H�2 �B�M�i�2�`���+�i�B�Q�M�b �m�M�/�2�` �2�H�2�+�i�`�Q�r�2���F

�b�v�K�K�2�i�`�v �i�`���M�b�7�Q�`�K���i�B�Q�M�b�- �7�Q�m�` �p�2�+�i�Q�` �}�2�H�/�b�-B � ���M�/W a
� �U�r�?�2�`�2a = 1; 2; 3�V�-

���`�2 �`�2�[�m�B�`�2�/ �7�Q�` �i�?�2 �l(1)Y ���M�/ �a�l(2)L �;�`�Q�m�T�b �`�2�b�T�2�+�i�B�p�2�H�v�X �6�Q�` �B�M�b�i���M�+�2�- �r�?�2�M

�R�k



�i�?�2 �7�2�`�K�B�Q�M�B�+ �}�2�H�/�b �Q�7 �i�?�2 �}�`�b�i �;�2�M�2�`���i�B�Q�M �Q�7 �[�m���`�F�b ���`�2 �`�2�T�`�2�b�2�M�i�2�/ ���b

 1(x) =

 
u

d0

!

L

;  2(x) = uR ;  3(x) = dR ; �U�k�X�R�e�V

�i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �2�H�2�+�i�`�Q�r�2���F �G���;�`���M�;�B���M �/�2�M�b�B�i�v �B�b �;�B�p�2�M ���b

L =
3X

j =1

i � j 
 � D �  j �
1
4

W a
�� W ��

a �
1
4

B �� B �� ; �U�k�X�R�d�V

�r�?�2�`�2 �i�?�2 �b�m�K �Q�p�2�`j �B�b �i�?�2 �b�m�K �Q�p�2�` �i�?�2 �7�2�`�K�B�Q�M �;�2�M�2�`���i�B�Q�M ���M�/D � �B�b �i�?�2

�+�Q�p���`�B���M�i �/�2�`�B�p���i�B�p�2�-

D � = @� � ig
� a

2
W a

� � ig0Y
2

B � ; �U�k�X�R�3�V

�B�M �r�?�B�+�?� a ���`�2 �i�?�2 �S���m�H�B �K���i�`�B�+�2�b�X �h�?�2 �i�?�B�`�/ �i�2�`�K �Q�7 �i�?�B�b �+�Q�p���`�B���M�i �/�2�`�B�p���i�B�p�2

�`�2�b�m�H�i�b �7�`�Q�K �i�?�2 �l(1)Y �;�`�Q�m�T �b�v�K�K�2�i�`�v ���M�/ ���+�i�b �Q�M �#�Q�i�? �H�2�7�i�@ ���M�/ �`�B�;�?�i�@�?���M�/�2�/

�+�?�B�`���H �b�i���i�2 �7�2�`�K�B�Q�M�b �r�B�i�? �+�Q�m�T�H�B�M�; �b�i�`�2�M�;�i�?g0�X �h�?�2 �b�2�+�Q�M�/ �i�2�`�K �`�2�b�m�H�i�b �7�`�Q�K

�a�l(2)L ���M�/ ���+�i�b �Q�M�H�v �Q�M �i�?�2 �H�2�7�i�@�?���M�/�2�/ �+�?�B�`���H �b�i���i�2 �7�2�`�K�B�Q�M�b ���M�/ �`�B�;�?�i�@�?���M�/�2�/

���M�i�B�@�7�2�`�K�B�Q�M�b �r�B�i�? �+�Q�m�T�H�B�M�;g�X

�h�?�2 �F�B�M�2�i�B�+ �i�2�`�K�b �Q�7 �1�[�m���i�B�Q�M �k�X�R�d �7�Q�` �2���+�? �p�2�+�i�Q�` �}�2�H�/ ���`�2 �/�2�}�M�2�/ �#�v

B �� = @� B � + @� B � ;

W a
�� = @� W a

� � @� W a
� + g�abcW b

� W c
� :

�U�k�X�R�N�V

�h�?�2 �T�?�v�b�B�+���H �+�?���`�;�2�/W �
� �p�2�+�i�Q�` �;���m�;�2 �#�Q�b�Q�M �}�2�H�/�b ���`�2 �i�?�m�b �Q�#�i���B�M�2�/ �p�B�� �i�?�2

�H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �Q�7 �i�?�2 �}�`�b�i �i�r�Q �+�Q�K�T�Q�M�2�M�i�b �Q�7W a
� �-

W �
� =

1
p

2
(W 1

� � iW 2
� ): �U�k�X�k�y�V

�h�?�2 �i�?�B�`�/ �+�Q�K�T�Q�M�2�M�i �Q�7W a
� �K�B�t�2�b �r�B�i�? �i�?�2B � �}�2�H�/ �i�Q �7�Q�`�K �i�?�2 �2�H�2�+�i�`�B�+���H�H�v �M�2�m�i�`���H

�p�2�+�i�Q�` �#�Q�b�Q�M �}�2�H�/�b �7�Q�` �i�?�2 �T�?�Q�i�Q�M ���M�/ �r�2���FZ 0 �#�Q�b�Q�M�-A � ���M�/Z � �`�2�b�T�2�+�i�B�p�2�H�v�-

�R�j



A � = cos� W B � + sin � W W 3
� ;

Z � = cos� W W 3
� � sin� W B � ;

�U�k�X�k�R�V

�r�?�2�`�2� W �B�b �i�?�2 �r�2���F �K�B�t�B�M�; ���M�;�H�2�X �h�?�B�b ���M�;�H�2 ���H�b�Q �`�2�H���i�2�b �i�?�2 �+�Q�m�T�H�B�M�;�bg ���M�/

g0 �p�B��

sin� W =
g0

p
g2 + g02

; cos� W =
g

p
g2 + g02

: �U�k�X�k�k�V

�h�?�2 �;�2�M�2�`���H�B�b���i�B�Q�M �Q�7 �i�?�2 �2�H�2�+�i�`�Q�r�2���F �G���;�`���M�;�B���M �/�2�M�b�B�i�v �7�Q�` ���H�H �7�2�`�K�B�Q�M �}�2�H�/�b�-

f (x)�- �+���M �#�2 �2�t�T�`�2�b�b�2�/ ���b

L �1�q =
X

f

i �f 
 � D � f �
1
4

W a
�� W ��

a �
1
4

B �� B �� ; �U�k�X�k�j�V

�r�?�2�`�2 �i�?�2 �+�Q�p���`�B���M�i �/�2�`�B�p���i�B�p�2 �B�b �M�Q�rD � = @� � igV (� aV a)� �X �h�?�B�bgV �B�b �� �;�2�M�2�`�B�+

�+�Q�m�T�H�B�M�; �+�Q�M�b�i���M�i �Q�7 �i�?�2 �7�2�`�K�B�Q�M �}�2�H�/ �i�Q �;���m�;�2 �#�Q�b�Q�M �}�2�H�/�b�-V �X �h�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;

�;�2�M�2�`���i�Q�`�b �Q�7 �i�?�2 �b�v�K�K�2�i�`�v �;�`�Q�m�T ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2V �}�2�H�/�b ���`�2 �;�B�p�2�M �#�v� a�-

���M�/V a �B�b �i�?�2 �}�2�H�/ �p�2�+�i�Q�`�X �h�?�B�b �G���;�`���M�;�B���M �/�2�M�b�B�i�v �B�b �B�M�p���`�B���M�i �m�M�/�2�` �H�Q�+���H

�i�`���M�b�7�Q�`�K���i�B�Q�M�b �#�2�H�Q�M�;�B�M�; �i�Q �i�?�2 �l(1)Y �;�`�Q�m�T ���b

 L;R ! ei� (x) Y
2  L;R ; �U�k�X�k�9�V

���z�2�+�i�B�M�; �#�Q�i�? �+�?�B�`���H�B�i�v �?���M�/�2�/�M�2�b�b�2�b�- �r�?�B�H�2 �B�M�p���`�B���M�+�2 �m�M�/�2�` �H�Q�+���HSU(2)L

�i�`���M�b�7�Q�`�K���i�B�Q�M�b �Q�7

 L ! ei� a (x) � a

2  L ; �U�k�X�k�8�V

�Q�M�H�v �B�M�p�Q�H�p�2�b �i�?�2 �H�2�7�i�@�?���M�/�2�/ �+�?�B�`���H �/�Q�m�#�H�2�i�b�X �>�2�`�2�-� (x) ���M�/� (x) ���`�2 ���`�#�B�i�`���`�v

�7�m�M�+�i�B�Q�M�b �Q�7x�X

�R�9



�k�X�9�h�?�2 �"�`�Q�m�i�@�1�M�;�H�2�`�i�@�>�B�;�;�b �J�2�+�?���M�B�b�K

�q�?�2�M �`�2�;���`�/�B�M�; �1�[�m���i�B�Q�M �k�X�k�j �B�M �i�?�2 �T�`�2�p�B�Q�m�b �b�2�+�i�B�Q�M�- �i�?�B�b �G���;�`���M�;�B���M �/�2�M�b�B�i�v

�/�2�b�+�`�B�#�2�b �i�?�2 �2�H�2�+�i�`�Q�r�2���F �B�M�i�2�`���+�i�B�Q�M�b �Q�7 �a�i���M�/���`�/ �J�Q�/�2�H �T���`�i�B�+�H�2�b�- �#�m�i �B�i�b �;���m�;�2

�b�v�K�K�2�i�`�v �7�Q�`�#�B�/�b �i�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �� �K���b�b �i�2�`�K �7�Q�` �i�?�2 �;���m�;�2 �#�Q�b�Q�M�b�X ���/�/�B�i�B�Q�M���H�H�v�-

�B�7 �B�M�i�`�Q�/�m�+�2�/�- �7�2�`�K�B�Q�M�B�+ �K���b�b�2�b �r�Q�m�H�/ �+�Q�K�K�m�M�B�+���i�2 �i�?�2 �H�2�7�i�@�?���M�/�2�/ ���M�/ �`�B�;�?�i�@

�?���M�/�2�/ �+�?�B�`���H �}�2�H�/�b �U�#�Q�i�? �T�Q�b�b�2�b�b�B�M�; �/�B�z�2�`�2�M�i �i�`���M�b�7�Q�`�K���i�B�Q�M �T�`�Q�T�2�`�i�B�2�b�V ���M�/

�r�Q�m�H�/ ���H�b�Q �`�2�b�m�H�i �B�M �#�`�2���F�B�M�; �i�?�2 �;���m�;�2 �b�v�K�K�2�i�`�v�X �>�Q�r�2�p�2�`�- �i�?�2W � ���M�/Z 0

�#�Q�b�Q�M�b�- ���M�/ �i�?�2 �7�2�`�K�B�Q�M�b �Q�7 �i�?�2 �a�J ���`�2 �2�t�T�2�`�B�K�2�M�i���H�H�v �Q�#�b�2�`�p�2�/ �i�Q �?���p�2 �K���b�b�-

�i�?�m�b �� �K�2�+�?���M�B�b�K �i�?���i �T�`�2�b�2�`�p�2�b �;���m�;�2 �B�M�p���`�B���M�+�2 �r�?�B�H�2 ���H�b�Q �T�`�2�b�+�`�B�#�B�M�; �K���b�b�2�b

�i�Q �i�?�2�b�2 �T���`�i�B�+�H�2�b �B�b �`�2�[�m�B�`�2�/ �7�Q�` �Q�m�` �K���i�?�2�K���i�B�+���H �T�B�+�i�m�`�2�X

�a�m�+�? �� �K�2�+�?���M�B�b�K �i�Q �2�t�T�H���B�M �i�?�2 �;�2�M�2�`���i�B�Q�M �Q�7 �K���b�b �7�Q�` �i�?�2�b�2 �T���`�i�B�+�H�2�b �r�B�i�?�Q�m�i

�#�`�2���F�B�M�; �;���m�;�2 �b�v�K�K�2�i�`�v �r���b �T�m�#�H�B�b�?�2�/ �B�M �i�?�`�2�2 �b�2�T���`���i�2 �T���T�2�`�b �B�M �R�N�e�9 �#�v �i�?�`�2�2
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�T�`�Q�/�m�+�i�B�Q�M�X

�o�2�+�i�Q�` �"�Q�b�Q�M ���b�b�Q�+�B���i�2�/ �S�`�Q�/�m�+�i�B�Q�M �UV H �V

�h�?�B�b �T�`�Q�+�2�b�b �B�b �i�?�2 ���b�b�Q�+�B���i�2�/ �T�`�Q�/�m�+�i�B�Q�M �Q�7 �� �>�B�;�;�b �#�Q�b�Q�M �r�B�i�? �2�B�i�?�2�` ��W �Q�`

Z �p�2�+�i�Q�` �#�Q�b�Q�M ���M�/ �B�b �B�M�B�i�B���i�2�/ �#�v �� �[�m���`�F�@���M�i�B�[�m���`�F �T���B�`�X �h�?�2 �K�2�+�?���M�B�b�K �B�b

�B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2 �k�X�k�+ ���M�/ �+���M �#�2 �r�`�B�i�i�2�M ���b

pp ! q�q0 ! V � ! V H;

�r�?�2�`�2 �2�B�i�?�2�`q = q0 ���M�/V = Z �c �Q�`q 6= q0 ���M�/V = W�X �h�?�B�b �T�`�Q�/�m�+�i�B�Q�M �K�Q�/�2

���H�b�Q �?���b �� �+�H�2���M �b�B�;�M���i�m�`�2 �r�B�i�?�B�M �i�?�2 ���h�G���a �/�2�i�2�+�i�Q�`�- �#�2�B�M�; �+�?���`���+�i�2�`�B�b�2�/ �#�v

�i�?�2 �/�2�+���v �Q�7 �i�r�Q �K���b�b�B�p�2 �T���`�i�B�+�H�2�b �i�?���i �+���M �#�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ ���M�/ �B�/�2�M�i�B�}�2�/ �#�v

�i�?�2�B�` �/�2�+���v �T�`�Q�/�m�+�i�b�X �q�?�2�M �i�?�2W �Q�Z̀ �/�2�+���v�b �H�2�T�i�Q�M�B�+���H�H�v �i�?�2�M �i�?�2 �b�B�;�M���i�m�`�2

�B�b �2�b�T�2�+�B���H�H�v �m�b�2�7�m�H ���b �� �i�`�B�;�;�2�` �i�Q �`�2�/�m�+�2 �Z�*�. �#���+�F�;�`�Q�m�M�/�b�X �h�?�B�b �T�`�Q�+�2�b�b

�+�Q�M�b�i�B�i�m�i�2�b ���`�Q�m�M�/4 % �Q�7 �i�Q�i���H �>�B�;�;�b �#�Q�b�Q�M �T�`�Q�/�m�+�i�B�Q�M�X

�h�Q�T �Z�m���`�F�b ���b�b�Q�+�B���i�2�/ �S�`�Q�/�m�+�i�B�Q�M �Ut �tH �V

�A�M �i�?�B�b �K�2�+�?���M�B�b�K�- �i�?�2 �>�B�;�;�b �#�Q�b�Q�M �B�b �T�`�Q�/�m�+�2�/ �B�M ���b�b�Q�+�B���i�B�Q�M �r�B�i�? �� �i�Q�T �[�m���`�F�@

���M�i�B�[�m���`�F �T���B�`�X �h�?�2 �T�`�Q�+�2�b�b �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �k�X�k�# ���M�/ �B�b �;�B�p�2�M �#�v

pp ! gg ! t �tt �t ! t �tH:

�h�?�B�bt�tH �T�`�Q�/�m�+�i�B�Q�M �K�Q�/�2 ���H�H�Q�r�b �7�Q�` �i�?�2 �/�B�`�2�+�i �K�2���b�m�`�2�K�2�M�i �Q�7 �i�?�2 �u�m�F���r��

�+�Q�m�T�H�B�M�; �Q�7 �i�?�2 �>�B�;�;�b �#�Q�b�Q�M �i�Q �i�?�2 �i�Q�T �[�m���`�F�- �Q�7 �T���`�i�B�+�m�H���` �M�Q�i�2 �7�Q�` �#�2�B�M�; �i�?�2 �K�Q�b�i

�K���b�b�B�p�2 �7�2�`�K�B�Q�M �B�M �i�?�2 �a�i���M�/���`�/ �J�Q�/�2�H�X �h�Q�T �[�m���`�F�b ���`�2 ���H�b�Q �m�M�B�[�m�2 ���b �i�?�2 �Q�M�H�v

�a�J �[�m���`�F �i�Q �?���p�2 �� �H�B�7�2�i�B�K�2 �b�?�Q�`�i�2�` �i�?���M �i�?�2 �?���/�`�Q�M�B�b���i�B�Q�M �i�B�K�2�b�+���H�2�- �K�2���M�B�M�; �B�i

�/�2�+���v�b �U���H�K�Q�b�i ���H�r���v�b �#�vt ! Wb�V �#�2�7�Q�`�2 �7�Q�`�K�B�M�; �D�2�i�b �B�M �i�?�2 �/�2�i�2�+�i�Q�`�X �h�?�m�b�- �i�?�2

�b�B�;�M���i�m�`�2 �Q�7 ��t �tH �2�p�2�M�i �B�M �i�?�2 ���h�G���a �2�t�T�2�`�B�K�2�M�i �`�2�[�m�B�`�2�b �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7

�i�?�2 �i�r�Q �i�Q�T �[�m���`�F�b �7�`�Q�Kb�@�D�2�i�b ���M�/W �#�Q�b�Q�M�b�- �B�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M

�Q�7 �i�?�2 �>�B�;�;�b �B�i�b�2�H�7�X �h�?�B�b �T�`�Q�+�2�b�b �T�`�Q�/�m�+�2�b �H�2�b�b �i�?���M1 % �Q�7 �i�Q�i���H �>�B�;�;�b �#�Q�b�Q�M�b ���i

�i�?�2 �G�>�*�X

�1���+�? �Q�7 �i�?�2�b�2 �7�Q�m�` �/�Q�K�B�M���M�i �>�B�;�;�b �T�`�Q�/�m�+�i�B�Q�M �K�2�+�?���M�B�b�K�b �?���p�2 �#�2�2�M �Q�#�b�2�`�p�2�/ �#�v

�k�k



�i�?�2 ���h�G���a �*�Q�H�H���#�Q�`���i�B�Q�M �r�B�i�? �b�B�;�M�B�}�+���M�+�2 �;�`�2���i�2�` �i�?���M5� �(�R�- �d���N�)�- ���H�H�Q�r�B�M�; �7�Q�`

�K�Q�`�2 �7�Q�+�m�b �Q�M �H�2�b�b �/�Q�K�B�M���M�i �T�`�Q�/�m�+�i�B�Q�M �K�Q�/�2�b �B�M �K�2���b�m�`�2�K�2�M�i�b�X �P�7 �T���`�i�B�+�m�H���`

�M�Q�i�2�- �i�?�2�`�2 ���`�2�#�Q�i�i�Q�K �[�m���`�F�b ���b�b�Q�+�B���i�2�/ �T� �̀Q�/�m�+�i�B�Q�M���M�/�b�B�M�;�H�2 �i�Q�T ���b�b�Q�+�B���i�2�/

�T� �̀Q�/�m�+�i�B�Q�M�X

�"�Q�i�i�Q�K �Z�m���`�F�b ���b�b�Q�+�B���i�2�/ �S�`�Q�/�m�+�i�B�Q�M �Ub�bH �V

�h�?�B�b �T�`�Q�+�2�b�b �B�b �b�B�K�B�H���` �i�Q �i�?�2t�tH �T�`�Q�/�m�+�i�B�Q�M �K�2�+�?���M�B�b�K�- �#�m�i ���H�H �i�Q�T �[�m���`�F�b �B�M

�i�?�2 �6�2�v�M�K���M �/�B���;�`���K �B�M �6�B�;�m�`�2 �k�X�k�# ���`�2 �`�2�T�H���+�2�/ �r�B�i�? �#�Q�i�i�Q�K �[�m���`�F�b�X �>�Q�r�2�p�2�`�-

�i�?�2 �D�2�i�b �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K �H�Q�r�2�` �K���b�bb�@�[�m���`�F�b �`���i�?�2�` �i�?���Mt�@�[�m���`�F�b �H�2���/�b �i�?�2�K �i�Q

�i�v�T�B�7�v �� �H�Q�r�2�` �i�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�m�K ���M�/ �+���m�b�2�b �i�?�2�K �i�Q �7���B�HpT �i�?�`�2�b�?�Q�H�/�b �T�m�i

�B�M �T�H���+�2 �i�Q �b�m�T�T�`�2�b�b �b�T�m�`�B�Q�m�b �D�2�i�b�X �*�Q�M�b�2�[�m�2�M�i�H�v�-b�bH �B�b �H�2�b�b �/�Q�K�B�M���M�i �B�M �G�>�*

�K�2���b�m�`�2�K�2�M�i�b �2�p�2�M �i�?�Q�m�;�?t�tH �?���b �� �b�B�K�B�H���` �+�`�Q�b�b �b�2�+�i�B�Q�M ���i �i�?�2 ���+�+�2�H�2�`���i�Q�`

�2�M�2�`�;�v �`�2�;�B�K�2 �U�b�2�2 �6�B�;�m�`�2 �k�X�j�V�X

�a�B�M�;�H�2 �h�Q�T ���b�b�Q�+�B���i�2�/ �S�`�Q�/�m�+�i�B�Q�M �UtH �V

�6�Q�` �i�?�B�b �K�2�+�?���M�B�b�K�- �i�?�2 �>�B�;�;�b �#�Q�b�Q�M �B�b �T�`�Q�/�m�+�2�/ �B�M ���b�b�Q�+�B���i�B�Q�M �r�B�i�? �� �b�B�M�;�m�H���`

�i�Q�T �[�m���`�F�- ���M�/ �2�B�i�?�2�` ��W �#�Q�b�Q�M �UtHW �V �Q�` �� �[�m���`�F �UtHq�V�X �h�?�2�b�2 �T���`�i�B�+�m�H���`

�T�`�Q�+�2�b�b�2�b ���`�2 �Q�7 �B�M�i�2�`�2�b�i ���b �i�?�2�v ���H�H�Q�r �7�Q�` �K�2���b�m�`�2�K�2�M�i �Q�7 �i�?�2 �b�B�;�M �Q�7 �i�?�2 �i�Q�T

�u�m�F���r�� �+�Q�m�T�H�B�M�; �U�2�B�i�?�2�` �T�Q�b�B�i�B�p�2 �Q�` �M�2�;���i�B�p�2�V�X �h�?�B�b �B�b �/�m�2 �i�Q ���M ���H�K�Q�b�i �i�Q�i���H�H�v

�/�2�b�i�`�m�+�i�B�p�2 �B�M�i�2�`�7�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�r�Q �H���`�;�2 �+�Q�M�i�`�B�#�m�i�B�Q�M�b�, �Q�M�2 �r�?�2�`�2 �i�?�2 �>�B�;�;�b

�#�Q�b�Q�M �+�Q�m�T�H�2�b �i�Q �� �b�T���+�2�@�H�B�F�2W �#�Q�b�Q�M�- ���M�/ �i�?�2 �Q�i�?�2�` �r�?�2�`�2 �B�i �+�Q�m�T�H�2�b �i�Q �i�?�2 �i�Q�T

�[�m���`�F�X �h�?�2tH �+�`�Q�b�b �b�2�+�i�B�Q�M �B�b ���T�T�`�Q�t�B�K���i�2�H�v14 %�Q�7 �i�?���i �7�Q�`t �tH �T�`�Q�+�2�b�b�2�b ���M�/

�i�?�2�v �+���M �#�2 �/�B�{�+�m�H�i �i�Q �/�B�z�2�`�2�M�i�B���i�2 �7�`�Q�K �2���+�? �Q�i�?�2�`�X

�h�?�2 �i�Q�i���H �i�?�2�Q�`�2�i�B�+���H �+�`�Q�b�b �b�2�+�i�B�Q�M �7�Q�` ���H�H �>�B�;�;�b �#�Q�b�Q�M �T�`�Q�/�m�+�i�B�Q�M �K�2�+�?���M�B�b�K�b ���i

�i�?�2 �G�>�* �B�b �;�B�p�2�M �B�M �6�B�;�m�`�2 �k�X�j �7�Q�` ��mH = 125 GeV �a�i���M�/���`�/ �J�Q�/�2�H �>�B�;�;�b ���M�/

�B�b �b�?�Q�r�M ���i �/�B�z�2�`�2�M�i �+�2�M�i�`�2�@�Q�7�@�K���b�b �2�M�2�`�;�B�2�b �Q�p�2�` �i�?�2 �G�>�* �2�M�2�`�;�v �`�2�;�B�K�2�X �h�?�2

�+�`�Q�b�b �b�2�+�i�B�Q�M �7�Q�` �2���+�? �B�M�/�B�p�B�/�m���H �T�`�Q�/�m�+�i�B�Q�M �T�`�Q�+�2�b�b �/�2�b�+�`�B�#�2�/ �B�M �i�?�B�b �+�?���T�i�2�` ���`�2

���H�b�Q �/�B�b�T�H���v�2�/�X

�k�j
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 H (N3LO QCD + NLO EW)

®pp 

 qqH (NNLO QCD + NLO EW)

®pp 

 WH (NNLO QCD + NLO EW)

®pp 

 ZH (NNLO QCD + NLO EW)

®pp 

 ttH (NLO QCD + NLO EW)

®pp 

 bbH (NNLO QCD in 5FS, NLO QCD in 4FS)

®pp 

 tH (NLO QCD, t-ch + s-ch)

®pp 

�6�B�;�m�`�2 �k�X�j�a�i���M�/��� �̀/ �J�Q�/�2�H �i�?�2�Q� �̀2�i�B�+���H �>�B�;�;�b �#�Q�b�Q�M �T� �̀Q�/�m�+�i�B�Q�M �+� �̀Q�b�b �b�2�+�i�B�Q�M�b ���b
�� �7�m�M�+�i�B�Q�M �Q�7 �+�2�M�i� �̀2�@�Q�7�@�K���b�b �2�M�2� �̀;�v �7�Q�` �� �>�B�;�;�b �r�B�i�? �K���b�bmH = �R�k�8 �:�2�o�X �h�?�2tH
�T� �̀Q�/�m�+�i�B�Q�M �+� �̀Q�b�b �b�2�+�i�B�Q�M �Q�M�H�v ���+�+�Q�m�M�i�b �7�Q�`t�@�+�?���M�M�2�H ���M�/s�@�+�?���M�M�2�H �T� �̀Q�+�2�b�b�2�b �U�B�X�2�X
�M�Q�i �B�M�+�H�m�/�B�M�; �i�?�2tWH �T� �̀Q�/�m�+�i�B�Q�M �K�Q�/�2�V�X �h�?�2 �r�B�/�i�? �Q�7 �� �+�Q�H�Q�m� �̀2�/ �#���M�/ �B�M�/�B�+���i�2�b
�i�?�2 �m�M�+�2�`�i���B�M�i�v �7�Q�` �i�?���i �T� �̀Q�+�2�b�b �(�e�)�X

�k�X�8�X�k�>�B�;�;�b �.�2�+���v

�J�2���b�m�`�2�K�2�M�i �Q�7 �>�B�;�;�b �#�Q�b�Q�M �T�`�Q�/�m�+�i�B�Q�M �T�`�Q�+�2�b�b�2�b ���`�2 �M�Q�i �b�i�`���B�;�?�i�7�Q�`�r���`�/ ���i �i�?�2

�G���`�;�2 �>���/�`�Q�M �*�Q�H�H�B�/�2�` �/�m�2 �i�Q �i�?�2 �b�?�Q�`�i �H�B�7�2�@�i�B�K�2 �Q�7 �i�?�2 �>�B�;�;�b�X ���b �b�m�+�?�- �B�i�b �T�`�2�b�2�M�+�2

���M�/ �T�`�Q�T�2�`�i�B�2�b �+���M �Q�M�H�v �#�2 �B�M�7�2�`�`�2�/ �7�`�Q�K �B�i�b �/�2�+���v �T�`�Q�/�m�+�i�b�- �m�H�i�B�K���i�2�H�v �`�2�b�m�H�i�B�M�;

�B�M �K�2���b�m�`�2�K�2�M�i�b �#�2�B�M�; �Q�7 �i�?�2 �`���i�2 �Q�7 �� �T���`�i�B�+�m�H���` �T�`�Q�/�m�+�i�B�Q�M �T�`�Q�+�2�b�b �K�m�H�i�B�T�H�B�2�/

�#�v �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �>�B�;�;�b �/�2�+���v�b �B�M �� �T���`�i�B�+�m�H���` �r���v�X �>�B�;�;�b �#�Q�b�Q�M �/�2�+���v

�K�Q�/�2�b ���`�2 �D�m�b�i ���b �B�K�T�Q�`�i���M�i �i�Q �+�?���`���+�i�2�`�B�b�2 ���b �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �K�2�+�?���M�B�b�K�b�X

�h�?�2 �#�`���M�+�?�B�M�; �`���i�B�Q�b �Q�7 �i�?�2 �>�B�;�;�b �#�Q�b�Q�M �7�Q�` �/�B�z�2�`�2�M�i �/�2�+���v �+�?���M�M�2�H�b ���`�2 �;�B�p�2�M

�k�9



�h���#�H�2 �k�X�k�h�?�2 �a�i���M�/��� �̀/ �J�Q�/�2�H �i�?�2�Q� �̀2�i�B�+���H �#� �̀��M�+�?�B�M�; � �̀��i�B�Q�b ���M�/ � �̀2�H���i�B�p�2
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�T�T�X �8�3�8���8�3�d�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�G�2�i�i�X�R�j�X�8�3�8�X

�(�e�)�.�X �/�2 �6�H�Q�`�B���M �2�i ���H�X�>���M�/�#�Q�Q�F �Q�7 �G�>�* �>�B�;�;�b �*� �̀Q�b�b �a�2�+�i�B�Q�M�b�, �9�X �.�2�+�B�T�?�2�`�B�M�;

�i�?�2 �L���i�m� �̀2 �Q�7 �i�?�2 �>�B�;�;�b �a�2�+�i�Q�`�X �*�1�_�L �u�2�H�H�Q�r �_�2�T�Q�`�i�b�, �J�Q�M�Q�;�`���T�?�b �*�1�_�L�@

�k�y�R�d�@�y�y�k�@�J�X �P�+�i�X �k�y�R�e�X�/�Q�B�,�R�y�X�k�j�d�j�R�f�*�u�_�J�@�k�y�R�d�@�y�y�k�X

�(�d�)�h�?�2 ���h�G���a �*�Q�H�H���#�Q�`���i�B�Q�M�X�P�#�b�2�`�p���i�B�Q�M �Q�7H ! b�b �/�2�+���v�b ���M�/V H

�T� �̀Q�/�m�+�i�B�Q�M �r�B�i�? �i�?�2 ���h�G���a �/�2�i�2�+�i�Q�`�X �h�2�+�?�X �`�2�T�X ���h�G���a�@�*�P�L�6�@�k�y�R�3�@�y�j�e�X

�:�2�M�2�p���, �*�1�_�L�- �C�m�H�v �k�y�R�3�X�m�`�H�,�?�i�i�T�b�,�f�f�+�/�b�X�+�2�`�M�X�+�?�f�`�2�+�Q�`�/�f�k�e�j�y�j�j�3�X

�(�3�)�h�?�2 ���h�G���a �*�Q�H�H���#�Q�`���i�B�Q�M�X �õ�*�Q�K�#�B�M�2�/ �K�2���b�m�`�2�K�2�M�i�b �Q�7 �>�B�;�;�b �#�Q�b�Q�M

�T�`�Q�/�m�+�i�B�Q�M ���M�/ �/�2�+���v �m�b�B�M�; �m�T �i�Q80 �7�#� 1 �Q�7 �T�`�Q�i�Q�M�@�T�`�Q�i�Q�M �+�Q�H�H�B�b�B�Q�M �/���i��

���i
p

s = �R�j �h�2�o �+�Q�H�H�2�+�i�2�/ �r�B�i�? �i�?�2 ���h�G���a �2�t�T�2�`�B�K�2�M�i�ö�X �A�M�,�S�?�v�b�X �_�2�p�X �.

�R�y�R�X���`�s�B�p�,�R�N�y�N�X�y�k�3�9�8 �U�a�2�T�i�X �k�y�R�N�V�- �y�R�k�y�y�k�X �9�3 �T�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�.�X

�R�y�R�X�y�R�k�y�y�k�X

�(�N�)�h�?�2 ���h�G���a �*�Q�H�H���#�Q�`���i�B�Q�M�X �õ�P�#�b�2�`�p���i�B�Q�M �Q�7 �>�B�;�;�b �#�Q�b�Q�M �T�`�Q�/�m�+�i�B�Q�M �B�M

���b�b�Q�+�B���i�B�Q�M �r�B�i�? �� �i�Q�T �[�m���`�F �T���B�` ���i �i�?�2 �G�>�* �r�B�i�? �i�?�2 ���h�G���a �/�2�i�2�+�i�Q�`�ö�X

�A�M�,�S�?�v�b�X �G�2�i�i�X �"�d�3�9�X���`�s�B�p�,�R�3�y�e�X�y�y�9�k�8 �U�C�m�M�2 �k�y�R�3�V�- �R�d�j���R�N�R�X �R�N �T�X�/�Q�B�,

�R�y�X�R�y�R�e�f�D�X�T�?�v�b�H�2�i�#�X�k�y�R�3�X�y�d�X�y�j�8�X
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�*�?���T�i�2�` �j

�h�?�2 ���h�G���a �.�2�i�2�+�i�Q�` ���M�/ �i�?�2 �G�>�*

�6�B�;�m�`�2 �j�X�R�G�Q�+���i�B�Q�M �Q�7 �i�?�2 �G�>�* �i�m�M�M�2�H �U�r�?�B�i�2 �H�B�M�2�V ���M�/ �i�?�2 �7�Q�m�` �K���B�M �/�2�i�2�+�i�Q�`�b
���+� �̀Q�b�b �6� �̀��M�+�2 ���M�/ �a�r�B�i�x�2�`�H���M�/�- �r�B�i�? �i�?�2 �#�Q� �̀/�2�` �b�?�Q�r�M �B�M �v�2�H�H�Q�r �(�R�y�)�X

�h�Q �+�Q�H�H�2�+�i �/���i�� ���i �i�?�2 �?�B�;�? �2�M�2�`�;�v �7�`�Q�M�i�B�2�`�b �`�2�[�m�B�`�2�/ �7�Q�` �i�?�2 �b�i�m�/�v �Q�7 �a�i���M�/���`�/

�J�Q�/�2�H �T�?�v�b�B�+�b ���M�/ �#�2�v�Q�M�/�- �T���`�i�B�+�H�2 ���+�+�2�H�2�`���i�Q�`�b ���`�2 �m�b�2�/ �i�Q �B�K�T���`�i �2�M�2�`�;�v

�i�Q �+�?���`�;�2�/ �T���`�i�B�+�H�2�b �#�2�7�Q�`�2 �+�Q�H�H�B�/�B�M�; �i�?�2�K ���M�/ �B�M�i�2�`�T�`�2�i�B�M�; �i�?�2 �B�M�7�Q�`�K���i�B�Q�M

�7�`�Q�K �i�?�2 �`�2�b�m�H�i�B�M�; �b�B�;�M���i�m�`�2�b �B�M �T���`�i�B�+�H�2 �/�2�i�2�+�i�Q�`�b�X �h�?�B�b �i�?�2�b�B�b �K���F�2�b �m�b�2 �Q�7

�/���i�� �T�`�Q�/�m�+�2�/ �r�B�i�? �i�?�2�G��� �̀;�2 �>���/� �̀Q�M �*�Q�H�H�B�/�2�`�U�G�>�*�V �(�R�R�) ���i �i�?�2�1�m� �̀Q�T�2���M

�P� �̀;���M�B�x���i�B�Q�M �7�Q�` �L�m�+�H�2���` �_�2�b�2��� �̀+�?�U�*�1�_�L�V�- �� �+�B�`�+�m�H���` �T���`�i�B�+�H�2 �+�Q�H�H�B�/�2�` �r�B�i�? ��

�+�B�`�+�m�K�7�2�`�2�M�+�2 �Q�727 km �H�Q�+���i�2�/ �#�2�M�2���i�? �i�?�2 �6�`���M�+�Q�@�a�r�B�b�b �#�Q�`�/�2�` �#�v �i�?�2 �+�B�i�v �Q�7

�:�2�M�2�p���- �a�r�B�i�x�2�`�H���M�/�X �h�?�2 �G�>�* ���+�+�2�H�2�`���i�2�b �T�`�Q�i�Q�M�b �B�M �i�r�Q �#�2���K�b �i�`���p�2�H�H�B�M�; �B�M

�Q�T�T�Q�b�B�i�2 �/�B�`�2�+�i�B�Q�M�b �#�2�7�Q�`�2 �+�Q�H�H�B�/�B�M�; �i�?�2�K ���i �7�Q�m�` �K���B�M �B�M�i�2�`���+�i�B�Q�M �T�Q�B�M�i�b ���#�Q�m�i �i�?�2

�`�B�M�;�X ���i �2���+�? �Q�7 �i�?�2�b�2 �7�Q�m�` �T�Q�B�M�i�b �H�B�2�b �� �T���`�i�B�+�H�2 �/�2�i�2�+�i�Q�` �`�m�M �#�v �i�?�2 �7�Q�m�` �H���`�;�2�b�i

�k�3



�2�t�T�2�`�B�K�2�M�i�b ���i �i�?�2 �G�>�*�- �i�?�2 �H�Q�+���i�B�Q�M�b �Q�7 �r�?�B�+�? �+���M �#�2�2�M �b�2�2�M �B�M �6�B�;�m�`�2 �j�X�R�X

�� �h �Q� �̀Q�B�/���H�G�>�* �� �T�T��� �̀��i�m�a �U���h�G���a�V �(�R�k�) �B�b �Q�M�2 �Q�7 �b�m�+�? �2�t�T�2�`�B�K�2�M�i�b ���M�/

�7�m�M�+�i�B�Q�M�b ���b ���M ���H�H�@�T�m�`�T�Q�b�2 �?�2�`�K�2�i�B�+ �/�2�i�2�+�i�Q�`�- �`�2�+�Q�`�/�B�M�; ���M�v ���M�/ ���H�H �/���i�� �T�Q�b�b�B�#�H�2

�i�Q �#�2 ���T�T�H�B�2�/ �B�M �� �`���M�;�2 �Q�7 �T�?�v�b�B�+�b ���M���H�v�b�2�b�X

�j�X�R�h�?�2 �G���`�;�2 �>���/�`�Q�M �*�Q�H�H�B�/�2�`

�h�?�2 �G�>�* �B�b �i�?�2 �H���`�;�2�b�i �T�m�`�T�Q�b�2�@�#�m�B�H�i �T���`�i�B�+�H�2 ���+�+�2�H�2�`���i�Q�` �B�M �i�?�2 �r�Q�`�H�/�- �+���T���#�H�2 �Q�7

���+�+�2�H�2�`���i�B�M�; �T�`�Q�i�Q�M�b �B�M �i�r�Q �+�Q�m�M�i�2�`�@�`�Q�i���i�B�M�; �#�2���K�b �i�Q �+�2�M�i�`�2�@�Q�7�@�K���b�b �2�M�2�`�;�B�2�b

�Q�7 �m�T �i�Q
p

s = 14 TeV�X �h�?�B�b �B�b �i�?�2 �?�B�;�?�2�b�i �2�M�2�`�;�v �i�?���i �+�m�`�`�2�M�i �`�2�b�2���`�+�?

�K���+�?�B�M�2�b �+���M �B�K�T���`�i �i�Q �b�m�#���i�Q�K�B�+ �T���`�i�B�+�H�2�b�- ���M�/ �T�H���+�2�b �i�?�2 �G�>�* ���i �i�?�2 �7�`�Q�M�i�B�2�`

�Q�7 �M�Q�p�2�H �?�B�;�? �2�M�2�`�;�v �T�?�v�b�B�+�b �`�2�b�2���`�+�?�X �h�?�227 km �+�B�`�+�m�K�7�2�`�2�M�+�2 �i�m�M�M�2�H �i�?���i

�?�Q�m�b�2�b �i�?�2 �G�>�* �B�b �7�Q�m�M�/ �m�M�/�2�`�;�`�Q�m�M�/ ���i �/�2�T�i�?�b �#�2�i�r�2�2�M45 m ���M�/170 m�- �r�?�2�`�2

�b�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �K���;�M�2�i�b �;�m�B�/�2 �i�?�2 ���+�+�2�H�2�`���i�2�/ �T�`�Q�i�Q�M �#�2���K�b �i�Q �+�Q�H�H�B�/�2 �r�B�i�?

�B�M�b�i���M�i���M�2�Q�m�b �H�m�K�B�M�Q�b�B�i�v �2�t�+�2�2�/�B�M�;L = 2 � 1034 cm� 2 s� 1 �U�Q�p�2�` �i�r�B�+�2 �i�?�2 �M�Q�K�B�M���H

�p���H�m�2 �T�`�2�/�B�+�i�2�/ ���i �/�2�b�B�;�M�V�X

�h�Q �B�K�T���`�i �i�?�2 �`�2�[�m�B�`�2�/ �2�M�2�`�;�v �i�Q �i�?�2 �T�`�Q�i�Q�M�b �#�2�7�Q�`�2 �+�Q�H�H�B�b�B�Q�M�- �i�?�2 �G�>�* �K���F�2�b

�m�b�2 �Q�7 �i�?�2 �*�1�_�L ���+�+�2�H�2�`���i�Q�` �*�Q�K�T�H�2�t �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2 �j�X�k�X �>�v�/�`�Q�;�2�M ���i�Q�K�b

���`�2 �7�2�/ �7�`�Q�K �� �b�Q�m�`�+�2 ���i100 keV �B�M�i�Q �i�?�2 �G�A�L���*�k �H�B�M�2���` ���+�+�2�H�2�`���i�Q�` �r�?�2�`�2

�i�?�2�v �;���B�M �2�M�2�`�;�v ���M�/ ���`�2 �b�i�`�B�T�T�2�/ �Q�7 �i�?�2�B�` �2�H�2�+�i�`�Q�M�b�- �H�2���p�B�M�; �i�?�2 �b�Q�H�2 �T�`�Q�i�Q�M�b

�Q�7 �i�?�2 �?�v�/�`�Q�;�2�M �M�m�+�H�2�B�- �2�t�B�i�B�M�; �G�A�L���*�k �r�B�i�? ���M �2�M�2�`�;�v �Q�750 MeV�X �h�?�2�v ���`�2

�b�m�#�b�2�[�m�2�M�i�H�v �B�M�D�2�+�i�2�/ �B�M�i�Q �i�?�2 �S�`�Q�i�Q�M �a�v�M�+�?�`�Q�i�`�Q�M �"�Q�Q�b�i�2�` �U�S�a�"�V�- �H���#�2�H�H�2�/ ���b

�õ�"�P�P�a�h�1�_�ö �B�M �6�B�;�m�`�2 �j�X�k�- �r�?�2�`�2 �i�?�2�v ���`�2 ���+�+�2�H�2�`���i�2�/ �i�Q1:4 GeV �#�2�7�Q�`�2 �2�M�i�2�`�B�M�;

�i�?�2 �S�`�Q�i�Q�M �a�v�M�+�?�`�Q�i�`�Q�M �U�S�a�V�X �>�2�`�2 �i�?�2�v �`�2���+�?26 GeV�#�2�7�Q�`�2 �#�2�B�M�; �T���b�b�2�/ �i�Q �i�?�2

�a�m�T�2�` �S�`�Q�i�Q�M �a�v�M�+�?�`�Q�i�`�Q�M �U�a�S�a�V �r�?�B�+�? �}�M���H�H�v �B�M�D�2�+�i �i�?�2 �T�`�Q�i�Q�M �#�2���K�b �B�M�i�Q �i�?�2

�G�>�* �r�B�i�? ���M �B�M�B�i�B���H �2�M�2�`�;�v �Q�7450 GeV�X

�h�?�2 �T�`�Q�i�Q�M �#�2���K�b �B�M �i�?�2 �G�>�* ���`�2 ���+�+�2�H�2�`���i�2�/ �B�M �i�r�Q �#�2���K �T�B�T�2�b�- �Q�M�2 �+�Q�M�i�`�Q�H�H�B�M�;

�� �+�H�Q�+�F�r�B�b�2 �`�Q�i���i�B�Q�M ���#�Q�m�i �i�?�2 �`�B�M�; ���M�/ �i�?�2 �Q�i�?�2�` �B�M ���M ���M�i�B�+�H�Q�+�F�r�B�b�2 �/�B�`�2�+�i�B�Q�M�X

�1���+�? �7�m�H�H �H���T �Q�7 �i�?�2 �G�>�* �B�K�T���`�i�b485 keV �i�Q �i�?�2 �T�`�Q�i�Q�M�b �p�B�� �b�m�T�2�`�+�Q�M�/�m�+�i�B�M�;

�`���/�B�Q�@�7�`�2�[�m�2�M�+�v �U�_�6�V �+���p�B�i�B�2�b �m�M�i�B�H �i�?�2�v �`�2���+�? �i�?�2�B�` �/�2�b�B�;�M���i�2�/ �+�Q�H�H�B�b�B�Q�M �2�M�2�`�;�v�X

�a�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �M�B�Q�#�B�m�K�@�i�B�i���M�B�m�K �/�B�T�Q�H�2 �K���;�M�2�i�b �r�B�i�? �}�2�H�/�b �Q�7 �Q�p�2�`8 T �b�i�2�2�`

�i�?�2 �#�2���K�b �B�M �i�?�2�B�` �+�B�`�+�m�H���` �i�`���D�2�+�i�Q�`�B�2�b�- �m�b�B�M�; �b�m�T�2�`�~�m�B�/ �?�2�H�B�m�K �i�Q �F�2�2�T �i�?�2

�i�2�K�T�2�`���i�m�`�2 �Q�7 �i�?�2 �K���;�M�2�i�b �#�2�H�Q�r1:9 K�X

�l�T�Q�M �`�2���+�?�B�M�; �i�?�2 �/�2�b�B�`�2�/ �2�M�2�`�;�v�- �i�?�2 �#�2���K�b ���`�2 �+�`�Q�b�b�2�/ �B�M �#�m�M�+�?�2�b �Q�7� 1:15� 1011
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�T�`�Q�i�Q�M�b �2�p�2�`�v25 ns���i �i�?�2 �7�Q�m�` �/�2�b�B�;�M���i�2�/ �+�Q�H�H�B�b�B�Q�M �T�Q�B�M�i�b�X �1���+�? �+�Q�H�H�B�b�B�Q�M �T�Q�B�M�i

�?�Q�m�b�2�b �Q�M�2 �Q�7 �i�?�2 �7�Q�m�` �T�`�B�M�+�B�T���H �/�2�i�2�+�i�Q�`�b �Q�7 �i�?�2 �G�>�*�,�� �G��� �̀;�2 �A�Q�M �*�Q�H�H�B�/�2�`

�1�t�T�2�`�B�K�2�M�i�U���G�A�*�1�V �(�R�j�)�- �/�2�b�B�;�M�2�/ �i�Q �b�i�m�/�v �i�?�2 �`�2�b�m�H�i�b �Q�7 �?�2���p�v�@�B�Q�M �+�Q�H�H�B�b�B�Q�M�b�c

�G�>�*�@�"�2���m�i�v�U�G�>�*�#�V �(�R�9�)�- �7�Q�+�m�b�b�B�M�; �Q�Mb�@�T�?�v�b�B�+�b�c ���M�/ �i�?�2 �;�2�M�2�`���H �T�m�`�T�Q�b�2

�/�2�i�2�+�i�Q�`�b�- ���h�G���a ���M�/�*�Q�K�T���+�i �J�m�Q�M �a�Q�H�2�M�Q�B�/�U�*�J�a�V �(�R�8�)�X

�6�B�;�m�`�2 �j�X�k�h�?�2 �*�1�_�L �T���`�i�B�+�H�2 ���+�+�2�H�2� �̀��i�Q�` �+�Q�K�T�H�2�t �r�B�i�? �i�?�2 �G�>�* �/�2�T�B�+�i�2�/ �B�M
�/���`�F �#�H�m�2 �(�R�e�)�X

�j�X�R�X�R�G�m�K�B�M�Q�b�B�i�v ���M�/ �S�B�H�2�m�T

�q�?�2�M �+�Q�H�H�B�/�B�M�; �T�`�Q�i�Q�M�b ���i �i�?�2 �G�>�*�- �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �2�p�2�M�i�b �T�`�Q�/�m�+�2�/ �p�B�� ��

�+�2�`�i���B�M �T�`�Q�+�2�b�b ���M�/ �/�2�i�2�+�i�2�/ �#�v ���h�G���a �B�b �;�B�p�2�M �#�v

N �T�`�Q�+�2�b�b= � �T�`�Q�+�2�b�b�
Z T

0
Ldt; �U�j�X�R�V

�r�?�2�`�2N �T�`�Q�+�2�b�b�B�b �i�?�2 �M�m�K�#�2�` �Q�7 �2�p�2�M�i�b �T�`�Q�/�m�+�2�/ �p�B�� �i�?�2 �T�`�Q�+�2�b�b �B�M �[�m�2�b�i�B�Q�M�- ���M�/

� �T�`�Q�+�2�b�b�B�b �i�?�2�+� �̀Q�b�b�@�b�2�+�i�B�Q�M�Q�7 �i�?���i �T�`�Q�+�2�b�b�X
RT

0 Ldt �B�b �i�?�2 �i�B�K�2 �B�M�i�2�;�`���H �Q�7 �i�?�2

�B�M�b�i���M�i���M�2�Q�m�b �H�m�K�B�M�Q�b�B�i�v�T�`�Q�p�B�/�2�/ �#�v �i�?�2 �G�>�* �Q�p�2�` �i�?�2 �i�Q�i���H �T�2�`�B�Q�/ �i�?���i �i�?�2

�j�y



���h�G���a �/�2�i�2�+�i�Q�` �?���b �#�2�2�M �`�2�+�Q�`�/�B�M�; ���M�/ �+���M ���H�b�Q �#�2 �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2�B�M�i�2�;� �̀��i�2�/

�H�m�K�B�M�Q�b�B�i�v�-L �X �h�?�2 �+�`�Q�b�b�@�b�2�+�i�B�Q�M �+�Q�M�i���B�M�b ���H�H �i�?�2 �T�?�v�b�B�+���H �2�z�2�+�i�b �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v

�Q�7 �T�`�Q�/�m�+�B�M�; �i�?���i �T�`�Q�+�2�b�b�- �r�?�B�H�2 �i�?�2 �H�m�K�B�M�Q�b�B�i�v �`�2�T�`�2�b�2�M�i�b �i�?�2 �2�M�;�B�M�2�2�`�B�M�; ���M�/

�/�2�b�B�;�M �7���+�i�Q�`�b �B�M�p�Q�H�p�2�/ �B�M �b�m�T�T�H�v�B�M�; �i�?�2 �T���`�i�B�+�H�2 �+�Q�H�H�B�b�B�Q�M�b�X �h�?�2 �B�M�b�i���M�i���M�2�Q�m�b

�H�m�K�B�M�Q�b�B�i�v �B�b �;�B�p�2�M �#�v

L =
N 2

b nbf rev 
 r

4�" n � �
F ; �U�j�X�k�V

�r�?�2�`�2 �i�?�2 �T���`���K�2�i�2�`�b ���`�2 �+�?���`���+�i�2�`�B�b�i�B�+ �Q�7 �i�?�2 �b�m�T�T�H�B�2�/ �#�2���K�b�-

�Ç Nb �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �T�`�Q�i�Q�M�b �T�2�` �#�m�M�+�?�X

�Ç nb �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �#�m�M�+�?�2�b �+�Q�M�i���B�M�2�/ �T�2�` �#�2���K�X

�Ç f rev �B�b �i�?�2 �7�`�2�[�m�2�M�+�v �Q�7 �`�2�p�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �#�2���K�X

�Ç 
 r �B�b �i�?�2 �`�2�H���i�B�p�B�b�i�B�+ �G�Q�`�2�M�i�x �7���+�i�Q�`�X

�Ç "n �B�b �i�?�2 �M�Q�`�K���H�B�b�2�/ �#�2���K �2�K�B�i�i���M�+�2 �B�M �i�?�2 �i�`���M�b�p�2�`�b�2 �T�H���M�2�- �r�?�B�+�? �/�2�T�2�M�/�b

�Q�M �?�Q�r �b�T�`�2���/ �Q�m�i �i�?�2 �T���`�i�B�+�H�2�b �B�M �i�?�2 �#�2���K ���`�2�X

�Ç � � �B�b �i�?�2 �#�2�i�� �7�Q�+�m�b �7�m�M�+�i�B�Q�M ���i �i�?�2 �T�Q�B�M�i �Q�7 �+�Q�H�H�B�b�B�Q�M�- �/�2�T�2�M�/�B�M�; �Q�M �?�Q�r

�i�B�;�?�i�H�v �i�?�2 �#�2���K �B�b �7�Q�+�m�b�b�2�/ �#�v �i�?�2 �K���;�M�2�i�b ���i �i�?�2 �B�M�i�2�`���+�i�B�Q�M �T�Q�B�M�i�X

�Ç F �B�b �� �;�2�Q�K�2�i�`�B�+ �i�2�`�K �i�?���i �/�2�b�+�`�B�#�2�b �?�Q�r �i�?�2 �B�M�b�i���M�i���M�2�Q�m�b �H�m�K�B�M�Q�b�B�i�v �B�b

�`�2�/�m�+�2�/ �r�?�2�M �i�?�2 �T�`�Q�i�Q�M �#�2���K�b �/�Q �M�Q�i �+�Q�H�H�B�/�2 �?�2���/�@�Q�M�X �A�7� c �`�2�T�`�2�b�2�M�i�b

�i�?�2 �+�`�Q�b�b�B�M�; ���M�;�H�2 �Q�7 �i�?�2 �#�2���K�b�-� z �B�b �i�?�2 �`�Q�Q�i�@�K�2���M�@�b�[�m���`�2�/ �U�_�J�a�V �Q�7 �i�?�2

�#�m�M�+�? �H�2�M�;�i�?�- ���M�/� � �B�b �i�?�2 �_�J�a �Q�7 �i�?�2 �i�`���M�b�p�2�`�b�2 �b�B�x�2 �Q�7 �i�?�2 �#�m�M�+�? ���i �i�?�2

�+�`�Q�b�b�B�M�; �T�Q�B�M�i�- �i�?�2�M

F =
1

q
1 + ( � c � z

2� � )2
: �U�j�X�j�V

�h���#�H�2 �j�X�R �b�?�Q�r�b �� �+�Q�K�T���`�B�b�Q�M �Q�7 �?�Q�r �i�?�2 �/�B�z�2�`�2�M�i �T�`�Q�i�Q�M �#�2���K �T���`���K�2�i�2�`�b �7�Q�`

�i�?�2 �G�>�* �?���p�2 �B�K�T�`�Q�p�2�/ �Q�p�2�` �i�?�2 �v�2���`�b �7�`�Q�K �k�y�R�k �i�Q �k�y�R�3 �i�Q �T�`�Q�/�m�+�2 �� �T�2���F

�B�M�b�i���M�i���M�2�Q�m�b �H�m�K�B�M�Q�b�B�i�v �2�t�+�2�2�/�B�M�; �i�r�B�+�2 �i�?���i �Q�7 �i�?�2 �M�Q�K�B�M���H �/�2�b�B�;�M �p���H�m�2 �B�M

�k�y�R�d�X �h�?�2�`�2 �r�2�`�2 �M�Q �T�`�Q�i�Q�M �#�2���K�b �7�`�Q�K �k�y�R�j �i�Q �k�y�R�8 �/�m�2 �i�Q �i�?�2 �+�Q�K�K�2�M�+�2�K�2�M�i

�Q�7 �G�Q�M�; �a�?�m�i�/�Q�r�M �R �U�G�a�R�V�X

�A�M �6�B�;�m�`�2 �j�X�j���- �i�?�2 �+�m�K�m�H���i�B�p�2 �B�M�b�i���M�i���M�2�Q�m�b �H�m�K�B�M�Q�b�B�i�v �`�2�+�Q�`�/�2�/ �#�v ���h�G���a �7�Q�`

�2���+�? �v�2���` �7�`�Q�K �k�y�R�R �i�Q �k�y�R�3 �B�b �b�?�Q�r�M�X

�j�R



�h���#�H�2 �j�X�R�G�>�* �T� �̀Q�i�Q�M �#�2���K �T��� �̀��K�2�i�2�`�b �7�Q�` �i�?�2 �v�2���`�b �k�y�R�k�- �k�y�R�e�- �k�y�R�d�- �k�y�R�3�-
���M�/ �i�?�2 �M�Q�K�B�M���H �p���H�m�2�b ���i �/�2�b�B�;�M �(�R�d�)�X

�G�>�* �S���`���K�2�i�2�` �k�y�R�k �k�y�R�e �k�y�R�d �k�y�R�3�L�Q�K�B�M���H
�"�2���K �1�M�2�`�;�v �(�h�2�o�)�9�X�y �e�X�8 �e�X�8 �e�X�8�d�X�y
�"�m�M�+�? �a�T���+�B�M�; �(�M�b�)�8�y �k�8 �k�8 �k�8 �k�8

nb �R�j�d�9 �k�k�k�y �k�8�8�e �k�8�8�e�k�3�y�3
Nb �(1 � 1011�) �R�X�e�8 �R�X�R�y �R�X�R�8 �R�X�R�8�R�X�R�8

� � �(�+�K�) �e�y �9�y �j�y �k�8 �8�8
"n �(�’m�) �k�X�8�y �k�X�k�y �k�X�k�y �k�X�y�y�j�X�d�8

�S�2���FL �(1 � 1034 cm� 2 s� 1�) �y�X�d�8 �R�X�9�y �k�X�y�8 �k�X�y�R�R�X�y�y

���M �B�K�T�Q�`�i���M�i �+�Q�M�b�B�/�2�`���i�B�Q�M �7�Q�` �B�M�+�`�2���b�B�M�; �B�M�b�i���M�i���M�2�Q�m�b �H�m�K�B�M�Q�b�B�i�v �B�b �i�?�2 �K�2���M

�M�m�K�#�2�` �Q�7 �B�M�2�H���b�i�B�+ �B�M�i�2�`���+�i�B�Q�M�b �T�2�` �#�m�M�+�? �+�`�Q�b�b�B�M�;�- �K�Q�`�2 �Q�7�i�2�M �`�2�7�2�`�`�2�/ �i�Q

���b �T�B�H�2�m�Th� i �X �h�?�2�b�2 �B�M�2�H���b�i�B�+ �+�Q�H�H�B�b�B�Q�M�b �/�2�+�`�2���b�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �p�2�`�i�2�t

�B�/�2�M�i�B�}�+���i�B�Q�M�- �i�`���+�F �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�- ���M�/ �i�?�2 �[�m���H�B�i�v �Q�7 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �T�?�v�b�B�+�b

�Q�#�D�2�+�i�b�X �A�M ���/�/�B�i�B�Q�M�- �i�?�2 �`�2�b�T�Q�M�b�2 �i�B�K�2 �Q�7 �b�Q�K�2 �Q�7 �i�?�2 ���h�G���a �b�m�#�@�b�v�b�i�2�K�b �B�b

�b�H�Q�r�2�` �i�?���M �i�?�2 �/�2�b�B�;�M�2�/25 ns�#�2�i�r�2�2�M �2���+�? �#�m�M�+�? �+�`�Q�b�b�B�M�;�- �T�Q�b�b�B�#�H�v �H�2���p�B�M�; �i�?�2

�`�2�b�m�H�i�b �Q�7 ���/�D���+�2�M�i �+�Q�H�H�B�b�B�Q�M�b �b�m�T�2�`�B�K�T�Q�b�2�/ �r�B�i�? �2�p�2�M�i�b �Q�7 �B�M�i�2�`�2�b�i�X �h�?�B�b �H���i�i�2�`

�T�?�2�M�Q�K�2�M�Q�M �B�b �i�2�`�K�2�/�Q�m�i�@�Q�7�@�i�B�K�2 �T�B�H�2�m�T�X �6�B�;�m�`�2 �j�X�j�# �/�2�T�B�+�i�b �i�?�2 �K�2���M �T�B�H�2�m�T

�+�Q�M�/�B�i�B�Q�M�b ���b �H�m�K�B�M�Q�b�B�i�v �B�b �/�2�H�B�p�2�`�2�/ �i�Q ���h�G���a �7�Q�` �i�?�2 �v�2���`�b �k�y�R�8 �i�Q �k�y�R�3�X

�U���V �U�#�V

�6�B�;�m�`�2 �j�X�j�h�?�2 �B�M�i�2�;� �̀��i�2�/ �H�m�K�B�M�Q�b�B�i�v � �̀2�+�Q� �̀/�2�/ ���M�M�m���H�H�v �#�v �i�?�2 ���h�G���a �/�2�i�2�+�i�Q�`
�7� �̀Q�K �k�y�R�8 �@ �k�y�R�3 �U���V�- ���M�/ �?�Q�r �i�?�2 �H�m�K�B�M�Q�b�B�i�v �/�2�H�B�p�2� �̀2�/ �r���b ���z�2�+�i�2�/ �#�v �T�B�H�2�m�T
�U�#�V �(�R�3�)�X

�h�?�2 �}�`�b�i �k�y�R�R ���M�/ �k�y�R�k �T�2�`�B�Q�/ �Q�7 �T�`�Q�i�Q�M�@�T�`�Q�i�Q�M �+�Q�H�H�B�b�B�Q�M �/���i�� �i���F�2�M �#�v ���h�G���a

�B�b �i�2�`�K�2�/ �_�m�M �R ���M�/ �B�b �+�Q�K�T�`�B�b�2�/ �Q�75:08 fb� 1 �Q�7 �B�M�i�2�;�`���i�2�/ �H�m�K�B�M�Q�b�B�i�v ���i
p

s = 7 TeV �- ���M�/21:3 fb� 1 ���i
p

s = 8 TeV �X �a�m�#�b�2�[�m�2�M�i�H�v�- �7�`�Q�K �k�y�R�8 �i�Q �k�y�R�3�-

�_�m�M �k �B�b �+�Q�K�T�`�B�b�2�/ �Q�7 �� �T�?�v�b�B�+�b �/���i���@�b�2�i �r�B�i�?139 fb� 1 �U� 1:7 %�V �Q�7 �T�`�Q�i�Q�M�@�T�`�Q�i�Q�M

�2�p�2�M�i�b ���i
p

s = 13 TeV�X

�j�k



�j�X�k �h�?�2 ���h�G���a �.�2�i�2�+�i�Q�`

�6�B�;�m�`�2 �j�X�9�h�?�2 ���h�G���a �/�2�i�2�+�i�Q�` �r�B�i�? �B�i�b �K���B�M �+�Q�K�T�Q�M�2�M�i �H���v�2�`�b �H���#�2�H�H�2�/ �(�R�k�)�X

�h�?�2 ���h�G���a �/�2�i�2�+�i�Q�`�- �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2 �j�X�9�- �B�b �Q�M�2 �Q�7 �i�r�Q �;�2�M�2�`���H �T�m�`�T�Q�b�2

�/�2�i�2�+�i�Q�`�b ���i �i�?�2 �G�>�* ���H�Q�M�; �r�B�i�? �i�?�2 �*�J�a �/�2�i�2�+�i�Q�`�- �#�m�B�H�i �i�Q �`�2�+�Q�`�/ �/���i�� �7�`�Q�K

�� �H���`�;�2 �`���M�;�2 �Q�7 �T���`�i�B�+�H�2 �B�M�i�2�`���+�i�B�Q�M�b ���b ���+�+�m�`���i�2�H�v ���b �T�Q�b�b�B�#�H�2�X �A�i �B�b �i�?�2 �H���`�;�2�b�i

�B�M �T�?�v�b�B�+���H �b�B�x�2 �Q�7 ���H�H �i�?�2 �/�2�i�2�+�i�Q�`�b ���i �i�?�2 �G�>�* ���M�/ �7�Q�`�K�b �� �`�Q�m�;�?�H�v �+�v�H�B�M�/�`�B�+���H

�b�?���T�2�- ���T�T�`�Q�t�B�K���i�2�H�v25 m �B�M �/�B���K�2�i�2�`�-44 m �B�M �H�2�M�;�i�?�- ���M�/ �B�b �H�Q�+���i�2�/ ���`�Q�m�M�/

100 m �#�2�H�Q�r �i�?�2 �b�m�`�7���+�2 ���i �S�Q�B�M�i �R �Q�7 �i�?�2 �G�>�*�X ���b �+���M �#�2 �b�2�2�M �B�M �6�B�;�m�`�2 �j�X�9�-

�B�i �B�b �+�Q�K�T�Q�b�2�/ �Q�7 �K�m�H�i�B�T�H�2 �/�2�i�2�+�i�Q�` �H���v�2�`�b �i�Q �2�t�i�`���+�i �i�?�2 �K���t�B�K�m�K ���K�Q�m�M�i �Q�7

�B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K ���M �2�p�2�M�i�X

�h�?�2 �/�2�i�2�+�i�Q�` �r���b �/�2�b�B�;�M�2�/ �i�Q �7���+�B�H�B�i���i�2 �i�?�2 �/�B�b�+�Q�p�2�`�v �Q�` �2�t�+�H�m�b�B�Q�M �Q�7 �i�?�2 �>�B�;�;�b

�#�Q�b�Q�M �r�?�B�H�b�i �b�m�T�T�H�v�B�M�; �i�?�2 �+���T���#�B�H�B�i�v �Q�7 �/�2�i�2�+�i�B�M�; ���M �2�t�T���M�b�B�p�2 �b�2�H�2�+�i�B�Q�M �Q�7

�2�p�2�M�i�b �B�M�/�B�+���i�B�p�2 �Q�7 �T�?�v�b�B�+�b �#�2�v�Q�M�/ �i�?�2 �a�i���M�/���`�/ �J�Q�/�2�H�X �h�Q �i�?�B�b �2�M�/�- �i�?�2

���h�G���a �/�2�i�2�+�i�Q�` �K�m�b�i �#�2 ���#�H�2 �i�Q �/�B�z�2�`�2�M�i�B���i�2 �#�2�i�r�2�2�M �2�H�2�+�i�`�Q�M�b�- �T�?�Q�i�Q�M�b�-

�?���/�`�Q�M�B�+ �D�2�i�b�- ���M�/ �K�m�Q�M�b �Q�p�2�` �� �;�`�2���i �`���M�;�2 �Q�7 �2�M�2�`�;�B�2�b�- �B�M ���/�/�B�i�B�Q�M �i�Q �2�M���#�H�B�M�;

�i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �K�B�b�b�B�M�; �i�`���M�b�p�2�`�b�2 �2�M�2�`�;�v �7�Q�` �i�?�2 �B�M�7�2�`�2�M�+�2 �Q�7 �M�2�m�i�`�B�M�Q�b�X

���b �b�m�+�?�- �i�?�2 �+�v�H�B�M�/�`�B�+���H �b�?���T�2 �Q�7 �i�?�2 �/�2�i�2�+�i�Q�` �r���b �#�m�B�H�i �r�B�i�? �� �7�Q�`�r���`�/�@

�#���+�F�r���`�/ �b�v�K�K�2�i�`�v ���M�/ ���H�K�Q�b�i �+�Q�K�T�H�2�i�2 �+�Q�p�2�`���;�2 ���#�Q�m�i �i�?�2�B�M�i�2� �̀��+�i�B�Q�M �T�Q�B�M�i

�U�A�S�V�X �� �b�m�+�+�2�b�b�B�Q�M �Q�7 �b�m�#�@�/�2�i�2�+�i�Q�` �H���v�2�`�b ���`�2 �T�H���+�2�/ �Q�T�i�B�K���H�H�v ���#�Q�m�i �i�?�2 �A�S �i�Q

�2�t�i�`���+�i �i�?�2 �B�M�7�Q�`�K���i�B�Q�M �M�2�2�/�2�/ �7�Q�` �i�?�2 �K�2���b�m�`�2�K�2�M�i ���M�/ �B�/�2�M�i�B�}�+���i�B�Q�M �Q�7 �i�?�2

�T�`�2�p�B�Q�m�b�H�v �K�2�M�i�B�Q�M�2�/ �T���`�i�B�+�H�2�b�X �h�?�2 �#���`�`�2�H�@�b�?���T�2�/�A�M�M�2�` �.�2�i�2�+�i�Q�`�U�A�.�V �H�B�2�b

�j�j



�+�H�Q�b�2�b�i ���#�Q�m�i �i�?�2 �A�S ���M�/ �i�`���+�F�b �i�?�2 �i�`���D�2�+�i�Q�`�B�2�b �Q�7 �+�?���`�;�2�/ �T���`�i�B�+�H�2�b �i�?�`�Q�m�;�?

�B�i�b ���+�i�B�p�2 �p�Q�H�m�K�2�X �h�?�2 �A�. �B�b �2�M�+�Q�K�T���b�b�2�/ �#�v �i�?�2�1�H�2�+�i� �̀Q�K���;�M�2�i�B�+ �*���H�Q�`�B�K�2�i�2�`

�U�1�*���H�V �7�Q�` �i�?�2 �/�2�b�i�`�m�+�i�B�p�2 �K�2���b�m�`�2�K�2�M�i �Q�7 �i�?�2 �2�M�2�`�;�v �Q�7 �T���`�i�B�+�H�2�b �i�?���i �B�M�i�2�`���+�i

�T�`�B�K���`�B�H�v �p�B�� �i�?�2 �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �B�M�i�2�`���+�i�B�Q�M�X �h�?�B�b �B�b �B�M �i�m�`�M �2�M�+�Q�K�T���b�b�2�/ �#�v �i�?�2

�>���/� �̀Q�M�B�+ �*���H�Q�`�B�K�2�i�2�`�U�>�*���H�V �7�Q�` �i�?�2 �T�m�`�T�Q�b�2 �Q�7 �K�2���b�m�`�B�M�; �i�?�2 �2�M�2�`�;�v �Q�7 �b�i�`�Q�M�;�H�v

�B�M�i�2�`���+�i�B�M�; �T���`�i�B�+�H�2�b�X �h�?�2 �/�2�b�B�;�M �Q�7 �i�?�2 �1�*���H ���M�/ �>�*���H �B�b �b�m�+�? �i�?���i ���H�H �T���`�i�B�+�H�2�b

�Q�i�?�2�` �i�?���M �K�m�Q�M�b ���M�/ �M�2�m�i�`�B�M�Q�b ���`�2 ���#�b�Q�`�#�2�/�X �6�Q�` �i�?�2 �T�m�`�T�Q�b�2 �Q�7 �K�2���b�m�`�B�M�; �i�?�2

�T�`�Q�T�2�`�i�B�2�b �Q�7 �K�m�Q�M�b �T�`�Q�/�m�+�2�/ �r�B�i�?�B�M �i�?�2 �/�2�i�2�+�i�Q�`�- �i�?�2 �}�M���H �H���v�2�` �Q�7 ���h�G���a �B�b

�+�Q�K�T�`�B�b�2�/ �Q�7 �i�?�2�J�m�Q�M �a�T�2�+�i� �̀Q�K�2�i�2�`�U�J�a�V�X �L�2�m�i�`�B�M�Q�b �+���M�M�Q�i �#�2 �/�2�i�2�+�i�2�/ ���M�/ ���`�2

�i�?�m�b �B�M�7�2�`�`�2�/ �#�v ���M �Q�p�2�`���H�H �B�K�#���H���M�+�2 �B�M �K�Q�K�2�M�i�m�K �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �2�M�i�B�`�2 �2�p�2�M�i�X

�h�?�2 �?�2�`�K�2�i�B�+ �/�2�b�B�;�M �Q�7 ���h�G���a �7�Q�` �+�Q�M�i���B�M�B�M�; ���H�H �i�?�2 �Q�i�?�2�` �T�`�Q�/�m�+�i�b �Q�7 �2�p�2�M�i�b

���i �i�?�2 �A�S �B�b �i�?�2�`�2�7�Q�`�2 �2�b�b�2�M�i�B���H �B�M �Q�`�/�2�` �i�Q �K�2���b�m�`�2 �i�?�2 �K�Q�K�2�M�i�m�K �B�K�#���H���M�+�2 ���b

���+�+�m�`���i�2�H�v ���b �T�Q�b�b�B�#�H�2�X

�a�T�2�+�B�}�+���i�B�Q�M�b �Q�7 �i�?�2 ���7�Q�`�2�K�2�M�i�B�Q�M�2�/ �b�m�#�@�/�2�i�2�+�i�Q�`�b ���`�2 �/�2�i���B�H�2�/ �B�M �i�?�2 �b�m�#�b�2�[�m�2�M�i

�b�2�+�i�B�Q�M�b �Q�7 �i�?�B�b �+�?���T�i�2�`�X �� �K�Q�`�2 �+�Q�K�T�H�2�i�2 �/�2�b�+�`�B�T�i�B�Q�M �Q�7 ���H�H ���b�T�2�+�i�b ���M�/ �i�2�+�?�M�B�+���H

�b�T�2�+�B�}�+���i�B�Q�M�b �Q�7 �i�?�2 �/�2�i�2�+�i�Q�` �+���M �#�2 �7�Q�m�M�/ ���i �(�R�k�)�X

�j�X�k�X�R�*�Q�Q�`�/�B�M���i�2 �a�v�b�i�2�K

�h�?�2 �+�Q�Q�`�/�B�M���i�2 �b�v�b�i�2�K ���b �m�b�2�/ �#�v ���h�G���a �i�Q �/�2�b�+�`�B�#�2 �i�?�2 �/�2�i�2�+�i�Q�` ���M�/ �i�?�2

�T���`�i�B�+�H�2�b �K�2���b�m�`�2�/ �r�B�i�?�B�M �B�i�b �p�Q�H�m�K�2 �i���F�2�b �i�?�2 �T�?�v�b�B�+���H �+�2�M�i�`�2 �Q�7 �i�?�2 �/�2�i�2�+�i�Q�`

���b �i�?�2 �Q�`�B�;�B�M�X �h�?�2 �T�Q�b�B�i�B�p�2x�@���t�B�b �Q�7 �i�?�2 �+�Q�Q�`�/�B�M���i�2 �b�v�b�i�2�K �B�b �/�2�}�M�2�/ ���b �T�Q�B�M�i�B�M�;

�7�`�Q�K �i�?�2 �B�M�i�2�`���+�i�B�Q�M �T�Q�B�M�i �i�Q �i�?�2 �+�2�M�i�`�2 �Q�7 �i�?�2 �G�>�* �`�B�M�;�- �r�?�B�H�2 �i�?�2 �T�Q�b�B�i�B�p�2y�@���t�B�b

�B�b �T�Q�B�M�i�B�M�; �m�T�r���`�/�b �i�Q �i�?�2 �2���`�i�?�ö�b �b�m�`�7���+�2�X �h�?�2z�@���t�B�b �B�b �K�2���b�m�`�2�/ ���H�Q�M�; �i�?�2 �#�2���K

�H�B�M�2 �r�B�i�? �B�i�b �T�Q�b�B�i�B�p�2 �/�B�`�2�+�i�B�Q�M �#�2�B�M�; �T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2x�@ ���M�/y�@���t�2�b �r�B�i�? ��

�`�B�;�?�i�@�?���M�/�2�/ �#���b�B�b�X

�A�i �B�b ���H�b�Q �m�b�2�7�m�H �i�Q �/�2�}�M�2 �i�?�2 �/�2�i�2�+�i�Q�` �B�M� ���M�/� �+�Q�Q�`�/�B�M���i�2�b �/�m�2 �i�Q �i�?�2 �+�v�H�B�M�/�`�B�+���H

�;�2�Q�K�2�i�`�v �Q�7 ���h�G���a�X �h�?�2� �+�Q�Q�`�/�B�M���i�2 �B�b �i�?�2 ���x�B�K�m�i�?���H ���M�;�H�2 �i�?���i �B�b �K�2���b�m�`�2�/ �B�M

�i�?�2x��y �T�H���M�2 ���#�Q�m�i �i�?�2z�@���t�B�b�- �i���F�B�M�; �p���H�m�2�b �B�M �i�?�2 �`���M�;�2� � � � � � �X �.�2�}�M�B�M�;

� ���b �i�?�2 �T�Q�H���` ���M�;�H�2 �#�2�i�r�2�2�M �� �/�2�b�B�`�2�/ �T�Q�B�M�i ���M�/ �i�?�2z�@���t�B�b�- �i�?�2 �T�b�2�m�/�Q�`���T�B�/�B�i�v�-

� �- �B�b �/�2�}�M�2�/ ���b

� = � ln
�

tan
�

�
2

��
�U�j�X�9�V

���M�/ �+���M �`���M�;�2 �7�`�Q�K�1 < � < 1 �X �6�B�;�m�`�2 �j�X�8 �b�m�K�K���`�B�b�2�b �i�?�2 ���h�G���a �+�Q�Q�`�/�B�M���i�2

�j�9



�b�v�b�i�2�K ���b �/�2�b�+�`�B�#�2�/ �B�M �i�?�B�b �b�2�+�i�B�Q�M�X

z

~p

�A�S

y

x

� = 0� > 0

� < 0

� = 1

� = �1

���

�
�

���

�*�2�M�i�`�2 �Q�7
�i�?�2 �G�>�*

�6�B�;�m�`�2 �j�X�8�h�?�2 �+�Q�Q� �̀/�B�M���i�2 �b�v�b�i�2�K ���b �m�b�2�/ �#�v ���h�G���a�X �h�?�B�b �;� �̀��T�?�B�+ �r���b �T� �̀Q�/�m�+�2�/
�#�v ���/���T�i�B�M�; �+�Q�/�2 �7� �̀Q�K �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�B�i���i�B�Q�M �(�R�N�)�X

�h�?�2� �+�Q�Q�`�/�B�M���i�2 �B�b �Q�7�i�2�M �T�`�2�7�2�`�`�2�/ �Q�p�2�` �i�?�2 �T�Q�H���` ���M�;�H�2 ���b �/�B�z�2�`�2�M�+�2�b �B�M

�T�b�2�m�/�Q�`���T�B�/�B�i�v ���`�2 �G�Q�`�2�M�i�x �B�M�p���`�B���M�i �B�M �i�?�2 �?�B�;�?�H�v �`�2�H���i�B�p�B�b�i�B�+ �+���b�2 �7�Q�` �T���`�i�B�+�H�2�b

�m�M�/�2�` �#�Q�Q�b�i�b ���H�Q�M�; �i�?�2z�@���t�B�b�X �h�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�m�K�-pT �- �i�`���M�b�p�2�`�b�2 �2�M�2�`�;�v�-

ET �- ���M�/ �K�B�b�b�B�M�; �i�`���M�b�p�2�`�b�2 �2�M�2�`�;�v�-E miss
T �Q�` �J�1�h�- ���`�2 �i�?�Q�b�2 �[�m���M�i�B�i�B�2�b �/�2�}�M�2�/

�T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2 �#�2���K ���t�B�b �U�B�M �i�?�2x��y �T�H���M�2�V�X �h�?�2 ���M�;�m�H���` �b�2�T���`���i�B�Q�M�-� R�-

�B�M �i�?�2 �T�b�2�m�/�Q�`���T�B�/�B�i�v�@���x�B�K�m�i�?���H ���M�;�H�2 �b�T���+�2 �B�b �;�B�p�2�M �#�v

� R =
q

(� � )2 + (� � )2: �U�j�X�8�V

�j�X�k�X�k�J���;�M�2�i�B�+ ���T�T���`���i�m�b

�h�Q �K�2���b�m�`�2 �i�?�2 �K�Q�K�2�M�i�� �Q�7 �+�?���`�;�2�/ �T���`�i�B�+�H�2�b �T�`�Q�/�m�+�2�/ ���i �i�?�2 �A�S�- �� �b�i�`�Q�M�;

�K���;�M�2�i�B�+ �}�2�H�/ �B�b �`�2�[�m�B�`�2�/ �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �A�M�M�2�` �.�2�i�2�+�i�Q�`�X �h�?�B�b �}�2�H�/ �B�b �T�`�Q�/�m�+�2�/ �#�v

�� �+�2�M�i�`���H �b�Q�H�2�M�Q�B�/ �r�B�i�? �� �b�i�`�2�M�;�i�? �Q�72 T �B�M �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �#�2���K �H�B�M�2 �Uz�@���t�B�b�V�-

�#�2�M�/�B�M�; �+�?���`�;�2�/ �T���`�i�B�+�H�2�b �B�M �i�?�2 �i�`���M�b�p�2�`�b�2 �T�H���M�2�X �P�m�i�b�B�/�2 �i�?�2 �+���H�Q�`�B�K�2�i�2�`�b�- �� �}�2�H�/

�B�b ���H�b�Q �b�m�T�T�H�B�2�/ �i�Q �7���+�B�H�B�i���i�2 �i�?�2 �i�`���+�F�B�M�; ���M�/ �i�`�B�;�;�2�`�B�M�; �Q�7 �K�m�Q�M�b �B�M �i�?�2 �#���`�`�2�H ���M�/

�2�M�/�@�+���T �b�2�+�i�B�Q�M�b �Q�7 �i�?�2 �K�m�Q�M �b�v�b�i�2�K�X �>�2�`�2 ���h�G���a �m�i�B�H�B�b�2�b �B�i�b �2�T�Q�M�v�K�Q�m�b �i�Q�`�Q�B�/���H

�K���;�M�2�i�b�- �T�`�Q�p�B�/�B�M�;0:5 T �r�B�i�?�B�M �i�?�2 �#���`�`�2�H�- ���M�/1 T �B�M �i�?�2 �2�M�/�@�+���T �`�2�;�B�Q�M�b�X �h�?�2

�i�Q�i���H �p�Q�H�m�K�2 �Q�7 �i�?�2 �K���;�M�2�i�B�+ �}�2�H�/ �+�Q�M�i���B�M�2�/ �r�B�i�?�B�M ���h�G���a �B�b12 000 m3�X

�h�?�2 �b�Q�H�2�M�Q�B�/ �B�b �T�?�v�b�B�+���H�H�v �i�?�B�M �r�?�B�H�2 �T�`�Q�p�B�/�B�M�; �� �?�B�;�? ���t�B���H �}�2�H�/ �b�i�`�2�M�;�i�?�- ���H�H�Q�r�B�M�;

�B�i �i�Q �T�`�Q�p�B�/�2 �i�`���+�F�B�M�; �B�M�7�Q�`�K���i�B�Q�M �B�M �i�?�2 �A�. �#�m�i �K�B�M�B�K�B�b�2�b �i�?�2 �K���i�2�`�B���H �i�?���i

�j�8



�T���`�i�B�+�H�2�b �K�m�b�i �i�`���p�2�H �i�?�`�Q�m�;�? �#�2�7�Q�`�2 �`�2���+�?�B�M�; �i�?�2 �1�*���H�X �h�?�2 �b�Q�H�2�M�Q�B�/ �B�b5:8 m

�H�Q�M�; ���M�/ �T�Q�b�b�2�b�b�2�b ���M �Q�m�i�2�` �/�B���K�2�i�2�` �Q�72:56 m�X

�h�?�20:5 T �i�Q�`�Q�B�/���H �K���;�M�2�i �b�v�b�i�2�K �B�b �+�Q�K�T�Q�b�2�/ �Q�7 �2�B�;�?�i �+�Q�B�H�b�, �2���+�? �#�2�B�M�;25 m

�B�M �H�2�M�;�i�?�-4:5 m �i���H�H�- ���M�/ �+�Q�Q�H�2�/ �i�Q �� �i�2�K�T�2�`���i�m�`�2 �Q�74:5 K �p�B�� �B�i�b �Q�r�M �+�`�v�Q�b�i���i�X

�h�?�21 T �i�Q�`�Q�B�/���H �b�v�b�i�2�K �B�M �2���+�? �2�M�/�@�+���T ���H�b�Q �+�Q�M�i���B�M�b �2�B�;�?�i �+�Q�B�H�b�- �i�?�Q�m�;�? �2���+�?

�B�b �b�?�Q�`�i�2�` ���i �� �H�2�M�;�i�? �Q�75 m�- ���M�/ ���H�H �m�b�2 �� �+�Q�K�K�Q�M �+�`�v�Q�b�i���i �i�Q �K���B�M�i���B�M4:5 K�X

�h�?�2 �+�Q�B�H�b �B�M �i�?�2 �#���`�`�2�H ���M�/ �2���+�? �2�M�/�@�+���T ���`�2 ���`�`���M�;�2�/ �`���/�B���H�H�v �r�B�i�? ���M �2�B�;�?�i�@�7�Q�H�/

�b�v�K�K�2�i�`�v�- �r�B�i�? �i�?�2 �2�M�/�@�+���T �b�v�b�i�2�K�b �`�Q�i���i�2�/22:5�ê �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�Q�b�2 �B�M �i�?�2

�#���`�`�2�H�X �h�?�2 �`�2�H���i�B�p�2 ���`�`���M�;�2�K�2�M�i �Q�7 �i�?�2 �K���;�M�2�i�B�+ ���T�T���`���i�m�b �r�B�i�?�B�M ���h�G���a �B�b

�/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2 �j�X�e�X

�6�B�;�m�`�2 �j�X�e�h�?�2 ���h�G���a �K���;�M�2�i�B�+ ���T�T��� �̀��i�m�b �b�?�Q�r�B�M�; �i�?�2 �b�Q�H�2�M�Q�B�/ �B�M �K���;�2�M�i���-
�i�?�2 �2�M�/�@�+���T �i�Q� �̀Q�B�/�b �B�M �T�B�M�F�- ���M�/ �i�?�2 �#���`� �̀2�H �i�Q� �̀Q�B�/�b �B�M � �̀2�/�X �h�?�2 �i�Q� �̀Q�B�/���H �}�2�H�/ �H�B�M�2�b
��� �̀2 �/�2�T�B�+�i�2�/ �#�v �i�?�2 �p�2�+�i�Q�` ���`� �̀Q�r�b�- �r�?�B�H�b�i �i�?�2 �b�Q�H�2�M�Q�B�/���H �}�2�H�/ �H�B�M�2�b �H�B�2 �T��� �̀��H�H�2�H �i�Q �i�?�2
�+�2�M�i� �̀��H ���t�B�b �Q�7 �i�?�2 �/�2�i�2�+�i�Q�` �(�k�y�)�X

�j�X�k�X�j�A�M�M�2�` �.�2�i�2�+�i�Q�`

�h�?�2 �A�M�M�2�` �.�2�i�2�+�i�Q�` �B�b �� �b�v�b�i�2�K �/�2�/�B�+���i�2�/ �i�Q �i�?�2 �i�`���+�F�B�M�; �Q�7 �+�?���`�;�2�/ �T���`�i�B�+�H�2�b�X

�A�i ���H�H�Q�r�b �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2�B�` �i�`���D�2�+�i�Q�`�B�2�b�- �T�`�B�K���`�v ���M�/ �b�2�+�Q�M�/���`�v �p�2�`�i�B�+�2�b�-

���M�/ �i�?�2 �K�2���b�m�`�2�K�2�M�i �Q�7 �i�?�2�B�` �K�Q�K�2�M�i�� ���M�/ �/�B�`�2�+�i�B�Q�M�X �A�i �+�Q�M�b�B�b�i�b �Q�7 �i�?�`�2�2 �b�m�#�@

�/�2�i�2�+�i�Q�`�b �B�M �i�?�`�2�2 �H���v�2�`�b ���#�Q�m�i �i�?�2 �B�M�i�2�`���+�i�B�Q�M �T�Q�B�M�i�- �2���+�? �m�i�B�H�B�b�B�M�; �� �/�B�z�2�`�2�M�i

�i�`���+�F�B�M�; �i�2�+�?�M�Q�H�Q�;�v�X �h�?�2 �;�`���M�m�H���`�B�i�v �Q�7 �2���+�? �b�m�#�b�2�[�m�2�M�i �H���v�2�` �B�M �i�?�2 �A�. �B�b

�b�m�+�+�2�b�b�B�p�2�H�v �K�Q�`�2 �+�Q���`�b�2 �r�B�i�? �`���/�B���H �/�B�b�i���M�+�2 �7�`�Q�K �i�?�2 �A�S�X �*�H�Q�b�2�b�i �i�Q �i�?�2 �A�S

�H�B�2�b �i�?�2�S�B�t�2�H �.�2�i�2�+�i�Q�`�r�B�i�? �B�i�b �?�B�;�? �i�`���+�F�B�M�; �`�2�b�Q�H�m�i�B�Q�M �b�B�H�B�+�Q�M �T�B�t�2�H�- ���m�;�K�2�M�i�2�/

�j�e



�U���V �U�#�V

�6�B�;�m�`�2 �j�X�d�h�?�2 ���h�G���a �A�M�M�2�` �.�2�i�2�+�i�Q�` �r�B�i�? �B�i�b �b�m�#�@�/�2�i�2�+�i�Q�` �b�v�b�i�2�K�b �H���#�2�H�H�2�/
�U���V �(�R�k�)�- ���M�/ �i�?�2 �+�Q�K�T�`�B�b�B�M�; �H���v�2�`�b �Q�7 �i�?�2 �A�M�M�2�` �.�2�i�2�+�i�Q�` �b�v�b�i�2�K�b �B�M �i�?�2 �#���`� �̀2�H
� �̀2�;�B�Q�M ���M�/ �i�?�2�B�` � �̀��/�B���H �/�B�b�i���M�+�2�b �7� �̀Q�K �i�?�2 �#�2���K ���t�B�b �U�#�V �(�k�R�)�X

�#�v �i�?�2�B�M�b�2�`�i���#�H�2b�@�H���v�2�`�U�A�"�G�V ���/�/�2�/ ���7�i�2�` �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �Q�7 �_�m�M �R �i�Q �B�M�+�`�2���b�2

�B�K�T���+�i �T���`���K�2�i�2�` �`�2�b�Q�H�m�i�B�Q�M ���M�/ �B�K�T�`�Q�p�2 �T�2�`�7�Q�`�K���M�+�2 �H�Q�b�i �#�v �`���/�B���i�B�Q�M �/���K���;�2

�i�Q �i�?�2 �K�Q�b�i �+�2�M�i�`���H �T���`�i�b �Q�7 �i�?�2 �S�B�t�2�H �.�2�i�2�+�i�Q�`�X �L�2�t�i �B�b �i�?�2�a�2�K�B�@�*�Q�M�/�m�+�i�Q�`

�h� �̀��+�F�2�`�U�a�*�h�V �r�B�i�? �B�i�b �b�B�H�B�+�Q�M �K�B�+�`�Q�b�i�`�B�T�b�X �h�?�2 �}�M���H �b�m�#�@�/�2�i�2�+�i�Q�` �Q�7 �i�?�2 �A�. �B�b

�i�?�2�h� �̀��M�b�B�i�B�Q�M �_���/�B���i�B�Q�M �h� �̀��+�F�2�`�U�h�_�h�V �r�?�B�+�? �m�i�B�H�B�b�2�b �b�i�`���r�@�i�m�#�2 �T�`�Q�T�Q�`�i�B�Q�M���H

�+�?���K�#�2�`�b�X �1���+�? �b�m�#�@�/�2�i�2�+�i�Q�` �H���v�2�` �B�b �/�B�p�B�/�2�/ �B�M�i�Q �i�?�`�2�2 �T���`�i�b�, �� �+�2�M�i�`���H �#���`�`�2�H

�`�2�;�B�Q�M�- ���M�/ �i�r�Q �2�M�/�@�+���T�b �Q�M �2���+�? �b�B�/�2�c ���H�H �2�M�p�2�H�Q�T�2�/ �B�M �i�?�22 T ���t�B���H �K���;�M�2�i�B�+ �}�2�H�/

�T�`�Q�/�m�+�2�/ �#�v �i�?�2 �b�Q�H�2�M�Q�B�/ �i�?���i �b�B�i�b �Q�m�i�b�B�/�2 �i�?�2 �h�_�h�- �#�2�i�r�2�2�M �i�?�2 �A�. ���M�/ �1�*���H ���b

�/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M �j�X�k�X�k�X �h�?�2 �2�M�i�B�`�2 �A�M�M�2�` �.�2�i�2�+�i�Q�`�- ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �j�X�d���-

�Q�+�+�m�T�B�2�b �b�m�{�+�B�2�M�i �p�Q�H�m�K�2 �i�Q �T�`�Q�p�B�/�2 �i�`���+�F�B�M�; �+�Q�p�2�`���;�2 �Q�7 �+�?���`�;�2�/ �T���`�i�B�+�H�2�b �m�T �i�Q

j� j � �k�X�8�X �6�B�;�m�`�2 �j�X�d�# �/�2�T�B�+�i�b �i�?�2 �`���/�B���H �/�B�b�i���M�+�2 �Q�7 �i�?�2 �+�Q�K�T�Q�b�B�i�2 �H���v�2�`�b �Q�7 �i�?�2

�A�. �b�m�#�@�/�2�i�2�+�i�Q�`�b �7�`�Q�K �i�?�2 �#�2���K ���t�B�b�X

�S�B�t�2�H �.�2�i�2�+�i�Q�`

�h�?�2 �}�`�b�i �H���v�2�` �Q�7 �i�?�2 �S�B�t�2�H �.�2�i�2�+�i�Q�` �B�b �D�m�b�i50:5 mm �7�`�Q�K �i�?�2 �A�S�X �.�m�2 �i�Q �i�?�B�b

�T�`�Q�t�B�K�B�i�v�- �B�i �B�b �B�M�b�i�`�m�K�2�M�i���H �B�M �i�?�2 �B�/�2�M�i�B�}�+���i�B�Q�M ���M�/ �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �T�`�B�K���`�v

�p�2�`�i�B�+�2�b �7�`�Q�K �T���`�i�B�+�H�2 �+�Q�H�H�B�b�B�Q�M�b ���i �i�?�2 �B�M�i�2�`���+�i�B�Q�M �T�Q�B�M�i�- ���M�/ �b�2�+�Q�M�/���`�v �p�2�`�i�B�+�2�b

�7�`�Q�Kb�@�?���/�`�Q�M�b�X �h�?�2 �#���`�`�2�H �b�2�+�i�B�Q�M �Q�7 �i�?�2 �S�B�t�2�H �.�2�i�2�+�i�Q�` �+�Q�M�b�B�b�i�b �Q�7 �i�?�`�2�2 �b�B�H�B�+�Q�M

�H���v�2�`�b ���`�`���M�;�2�/ ���b �+�Q�M�+�2�M�i�`�B�+ �+�v�H�B�M�/�2�`�b �b�?���`�B�M�; ���M ���t�B�b �r�B�i�? �i�?�2 �#�2���K �T�B�T�2�- �r�?�B�H�2

�2���+�? �2�M�/�@�+���T �B�b �+�Q�K�T�Q�b�2�/ �Q�7 �i�?�`�2�2 �b�B�H�B�+�Q�M �/�B�b�+�b ���`�`���M�;�2�/ �Q�M �2�B�i�?�2�` �b�B�/�2 �Q�7 �i�?�2

�#���`�`�2�H ���M�/ �B�M �i�?�2 �i�`���M�b�p�2�`�b�2 �T�H���M�2�- �T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2 �#�2���K�@�T�B�T�2�X �1���+�? �Q�7 �i�?�2

�j�d



�b�B�H�B�+�Q�M �H���v�2�`�b ���`�2 �+�Q�K�T�`�B�b�2�/ �Q�7 �e� 2 cm2 �`�2�+�i���M�;�m�H���` �T�B�t�2�H �K�Q�/�m�H�2�b�X �h�?�2�`�2 ���`�2

1456 �K�Q�/�m�H�2�b �B�M �i�?�2 �#���`�`�2�H ���M�/288 �B�M �i�?�2 �2�M�/�@�+���T�b �+�Q�K�#�B�M�2�/�- �2���+�? �K�Q�/�m�H�2 �B�b

�B�/�2�M�i�B�+���H ���M�/ �+�Q�M�i���B�M�b46 080�b�2�T���`���i�2 �T�B�t�2�H�b �K�2���b�m�`�B�M�;50�’m �B�M �i�?�2 ���x�B�K�m�i�?���H

�Ur ��� �V �/�B�`�2�+�i�B�Q�M ���M�/400�’m �B�M �i�?�2z�Ur �V�@�/�B�`�2�+�i�B�Q�M �7�Q�` �i�?�2 �#���`�`�2�H �U�2�M�/�@�+���T�b�V�X �A�M

�i�Q�i���H �i�?�B�b �`�2�b�m�H�i�b �B�M80:4 �K�B�H�H�B�Q�M �B�M�/�B�p�B�/�m���H �b�B�H�B�+�Q�M �T�B�t�2�H�b�- �2���+�? �� �`�2�p�2�`�b�2 �#�B���b �/�B�Q�/�2�-

���p���B�H���#�H�2 �B�M �i�?�2 �b�m�#�@�/�2�i�2�+�i�Q�` �i�Q �`�2�;�B�b�i�2�` �+�?���`�;�2�/ �T���`�i�B�+�H�2�b �i�?���i �T���b�b �i�?�`�Q�m�;�? �i�?�2�K�X

�P�M ���p�2�`���;�2�- �i�?�`�2�2 �?�B�i�b �r�B�H�H �#�2 �T�`�Q�/�m�+�2�/ �p�B�� �� �+�?���`�;�2�/ �i�`���+�F �T���b�b�B�M�; �i�?�`�Q�m�;�? �i�?�2

�i�?�`�2�2 �H���v�2�`�b �Q�7 �i�?�2 �S�B�t�2�H �.�2�i�2�+�i�Q�`�- �T�`�Q�p�B�/�B�M�; �� �T�Q�b�B�i�B�Q�M �`�2�b�Q�H�m�i�B�Q�M �Q�710�’m �B�M �i�?�2

r ��� �T�H���M�2 ���M�/115�’m �B�M �i�?�2z�Ur �V�@�/�B�`�2�+�i�B�Q�M �B�M �i�?�2 �#���`�`�2�H �U�2�M�/�@�+���T�V �`�2�;�B�Q�M�X

���i �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �Q�7 �_�m�M �R�- ���M ���/�/�B�i�B�Q�M���H �#���`�`�2�H �H���v�2�` �Q�7 �T�B�t�2�H �K�Q�/�m�H�2�b �r���b

�B�M�b�i���H�H�2�/ �#�2�i�r�2�2�M �i�?�2 �#�2���K �T�B�T�2 ���M�/ �i�?�2 �}�`�b�i �S�B�t�2�H �.�2�i�2�+�i�Q�` �H���v�2�`�X �L���K�2�/ �i�?�2

�B�M�b�2�`�i���#�H�2 �#�@�H���v�2�`�U�A�"�G�V�- �B�i �H�B�2�b ���ir = 33:25 mm �7�Q�` �i�?�2 �T�m�`�T�Q�b�2 �Q�7 �B�K�T�`�Q�p�B�M�;

�p�2�`�i�2�t �`�2�b�Q�H�m�i�B�Q�M ���M�/ �i�`���+�F�B�M�; ���H�Q�M�;�b�B�/�2 �2�M�?���M�+�B�M�; �i�?�2b�@�i���;�;�B�M�; �2�{�+�B�2�M�+�v �7�Q�`

�i�?�2 �_�m�M �k �/���i�� �i���F�B�M�; �T�2�`�B�Q�/�X �A�i �i�Q�i�2�b �� �}�M�2�` �T�B�t�2�H �;�`���M�m�H���`�B�i�v �i�?���M �i�?���i �B�M �i�?�2

�`�2�b�i �Q�7 �i�?�2 �S�B�t�2�H �.�2�i�2�+�i�Q�`�- �K�2���b�m�`�B�M�;50�’m �B�M �i�?�2r ��� �/�B�`�2�+�i�B�Q�M ���M�/250�’m

�B�M �i�?�2z�@�/�B�`�2�+�i�B�Q�M�X ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �j�X�3�- �i�?�2 �`�2�b�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �i�`���M�b�p�2�`�b�2

�B�K�T���+�i �T���`���K�2�i�2�`�-d0 �U�i�?�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �i�?�2z�@���t�B�b ���M�/ �i�?�2 �+�H�Q�b�2�b�i �T�Q�B�M�i �Q�7 ��

�i�`���+�F �i�Q �i�?�2z�@���t�B�b ���b �K�2���b�m�`�2�/ �B�M �i�?�2x��y �T�H���M�2�V�- ���M�/ �i�?�2 �H�Q�M�;�B�i�m�/�B�M���H �B�K�T���+�i

�T���`���K�2�i�2�`�-z0 �U�i�?�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �� �i�`���+�F�ö�bz�@�+�Q�Q�`�/�B�M���i�2 �K�2���b�m�`�2�/ ���i �B�i�bd0

���M�/ �i�?�2 �2�t�i�`���T�Q�H���i�2�/ �T�`�B�K���`�v �p�2�`�i�2�t�V�- ���`�2 �#�Q�i�? �B�K�T�`�Q�p�2�/ �r�B�i�? �i�?�2 ���/�/�B�i�B�Q�M �Q�7

�i�?�2 �A�"�G�X

�U���V �U�#�V

�6�B�;�m�`�2 �j�X�3�h�?�2 �i� �̀��M�b�p�2�`�b�2 �U���V ���M�/ �H�Q�M�;�B�i�m�/�B�M���H �U�#�V �B�K�T���+�i �T��� �̀��K�2�i�2�` � �̀2�b�Q�H�m�i�B�Q�M
�U�H�Q�r�2�` �B�b �#�2�i�i�2�`�V ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �/�2�i�2�+�i�2�/ �T���`�i�B�+�H�2�ö�bpT �- �K�2���b�m� �̀2�/ �r�B�i�?�Q�m�i �i�?�2
�A�"�G �B�M �k�y�R�k ���M�/ �r�B�i�? �B�M �k�y�R�8 �(�k�R�)�X

�j�3



�a�2�K�B�@�*�Q�M�/�m�+�i�Q�` �h�`���+�F�2�`

�h�?�2 �a�2�K�B�@�*�Q�M�/�m�+�i�Q�` �h�`���+�F�2�` �T�`�Q�p�B�/�2�b ���/�/�B�i�B�Q�M���H �T�Q�b�B�i�B�Q�M �K�2���b�m�`�2�K�2�M�i�b �7�Q�` �i�?�2

�`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �+�?���`�;�2�/ �T���`�i�B�+�H�2 �i�`���+�F�b ���7�i�2�` �i�?�2 �S�B�t�2�H �.�2�i�2�+�i�Q�`�X �h�?�2 �#���`�`�2�H

�`�2�;�B�Q�M �H�B�2�b �#�2�i�r�2�2�M299 � r � 514 mm ���M�/ �B�b �+�Q�K�T�`�B�b�2�/ �Q�7 �7�Q�m�` �b�B�H�B�+�Q�M �b�i�`�B�T

�H���v�2�`�b ���`�`���M�;�2�/ �B�M�i�Q �7�Q�m�` �+�v�H�B�M�/�2�`�b �T�Q�b�B�i�B�Q�M�2�/ �+�Q���t�B���H�H�v �r�B�i�? �i�?�2 �#�2���K �H�B�M�2�X �1���+�?

�2�M�/�@�+���T �+�Q�M�i���B�M�b �M�B�M�2 �/�B�b�+�b �Q�7 �a�*�h �K�Q�/�m�H�2�b �K�Q�m�M�i�2�/ ���b �+�Q�M�+�2�M�i�`�B�+ �+�B�`�+�H�2�b�X �h�r�Q

�K�Q�/�m�H�2 �H���v�2�`�b �T�2�` �#���`�`�2�H �+�v�H�B�M�/�2�` ���M�/ �T�2�` �2�M�/�@�+���T �/�B�b�+ ���`�2 ���{�t�2�/ �i�Q �2���+�? �Q�i�?�2�` �i�Q

���i�i���B�M ��40 mrad�b�i�2�`�2�Q ���M�;�H�2 �#�2�i�r�2�2�M �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2�B�` �`�2�b�T�2�+�i�B�p�2 �K�B�+�`�Q�b�i�`�B�T

�b�2�M�b�Q�`�b�X �A�M �i�?�B�b �r���v�-r ��� �T�Q�b�B�i�B�Q�M���H �B�M�7�Q�`�K���i�B�Q�M �+���M �#�2 �K�2���b�m�`�2�/ �B�M �i�?�2 �#���`�`�2�H

���M�/r �@�T�Q�b�B�i�B�Q�M �B�M �i�?�2 �2�M�/�@�+���T�- �7�m�M�+�i�B�Q�M�B�M�; �b�B�K�B�H���` �i�Q �T�B�t�2�H�b �B�M �i�?�2 �T�`�2�p�B�Q�m�b �b�m�#�@

�/�2�i�2�+�i�Q�`�X

�h�?�2 �a�*�h �+�Q�p�2�`�b �i�?�2 �T�b�2�m�/�Q�`���T�B�/�B�i�v �`�2�;�B�Q�M �Q�7j� j � �k�X�8 ���M�/ �/�2�i�2�+�i�b ���M ���p�2�`���;�2

�Q�7 �7�Q�m�` �?�B�i�b �T�2�` �+�?���`�;�2�/ �T���`�i�B�+�H�2 �T���b�b�B�M�; �i�?�`�Q�m�;�? �B�i�b �p�Q�H�m�K�2�X �l�i�B�H�B�b�B�M�; �� �i�Q�i���H

�Q�7 �e�X�k �K�B�H�H�B�Q�M �`�2���/�@�Q�m�i �+�?���M�M�2�H�b ���M�/ �� �K�2���M �b�i�`�B�T �T�B�i�+�? �Q�780�’m�- �i�?�2�b�2 �?�B�i�b ���`�2

�K�2���b�m�`�2�/ �r�B�i�? ���M �B�M�i�`�B�M�b�B�+ �T�Q�b�B�i�B�Q�M �`�2�b�Q�H�m�i�B�Q�M �Q�717�’m �B�M �i�?�2r ��� �T�H���M�2 ���M�/

580�’m �B�M �i�?�2z�Ur �V�@�/�B�`�2�+�i�B�Q�M �B�M �i�?�2 �#���`�`�2�H �U�2�M�/�@�+���T�V �`�2�;�B�Q�M�X

�h�`���M�b�B�i�B�Q�M �_���/�B���i�B�Q�M �h�`���+�F�2�`

�h�?�2 �h�`���M�b�B�i�B�Q�M �_���/�B���i�B�Q�M �h�`���+�F�2�` �B�b �i�?�2 �Q�m�i�2�`�@�K�Q�b�i �b�m�#�@�/�2�i�2�+�i�Q�` �Q�7 �i�?�2 �A�.�X �A�i

�B�b �+�Q�K�T�Q�b�2�/ �Q�7 �b�i�`���r �i�m�#�2�b �K�2���b�m�`�B�M�;4 mm �B�M �/�B���K�2�i�2�` �r�B�i�? ��31�’m �/�B���K�2�i�2�`

�;�Q�H�/�@�T�H���i�2�/ �i�m�M�;�b�i�2�M �r�B�`�2 �`�m�M�M�B�M�; �i�?�`�Q�m�;�? �i�?�2�B�` �+�2�M�i�`�2�b�X �h�?�2 �i�m�#�2�b ���`�2 �}�H�H�2�/

�r�B�i�? �� �;���b �+�Q�K�T�`�B�b�2�/ �Q�7 �t�2�M�Q�M�- �+���`�#�Q�M �/�B�Q�t�B�/�2�- ���M�/ �Q�t�v�;�2�M �r�B�i�? �+�Q�M�+�2�M�i�`���i�B�Q�M�b

�Q�770�-27 ���M�/3 % �`�2�b�T�2�+�i�B�p�2�H�v�- ���H�i�?�Q�m�;�? �b�Q�K�2 �t�2�M�Q�M �?���b �#�2�2�M �`�2�T�H���+�2�/ �#�v ���`�;�Q�M

�/�m�2 �i�Q �H�2���F�b�X �h�?�2 �#���`�`�2�H �b�2�+�i�B�Q�M �Q�7 �i�?�2 �h�_�h �m�b�2�b144 cm�H�Q�M�; �b�i�`���r�b ���`�`���M�;�2�/

�T���`���H�H�2�H �i�Q �i�?�2 �#�2���K �T�B�T�2�- �r�?�B�H�2 �i�?�2 �2�M�/�@�+���T�b �m�i�B�H�B�b�237 cm�H�Q�M�; �b�i�`���r�b �T�Q�b�B�i�B�Q�M�2�/

�`���/�B���H�H�v �B�M �r�?�2�2�H�b�X

�h�?�2�b�2 �b�i�`���r �i�m�#�2�b ���`�2 �b�2�T���`���i�2�/ �7�`�Q�K �2���+�? �Q�i�?�2�` �#�v �T�Q�H�v�T�`�Q�T�v�H�2�M�2 �`���/�B���i�Q�` �7�Q�B�H�b�X

�q�?�2�M �� �`�2�H���i�B�p�B�b�i�B�+ �+�?���`�;�2�/ �T���`�i�B�+�H�2 �+�`�Q�b�b�2�b �� �#�Q�m�M�/���`�v �#�2�i�r�2�2�M �K�2�/�B�� �Q�7 �/�B�z�2�`�2�M�i

�`�2�7�`���+�i�B�p�2 �B�M�/�B�+�2�b�- �i�`���M�b�B�i�B�Q�M �`���/�B���i�B�Q�M �U�h�_�V �T�?�Q�i�Q�M�b ���`�2 �T�`�Q�/�m�+�2�/�X �h�?�B�b �h�_

�+���M �i�?�2�M �#�2 ���#�b�Q�`�#�2�/ �#�v �i�?�2 �;���b �K�B�t�i�m�`�2 �r�B�i�?�B�M �i�?�2 �i�m�#�2�b�- �T�`�Q�/�m�+�B�M�; �� �b�B�;�M���H

�T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �G�Q�`�2�M�i�x �7���+�i�Q�` �U
 = E=m�V �Q�7 �i�?�2 �Q�`�B�;�B�M���H �+�?���`�;�2�/ �T���`�i�B�+�H�2�X

���H�Q�M�; �r�B�i�? ���M �2�M�2�`�;�v �K�2���b�m�`�2�K�2�M�i �7�`�Q�K �i�?�2 �+���H�Q�`�B�K�2�i�2�`�b�- �i�?�B�b ���H�H�Q�r�b �7�Q�` �i�?�2

�/�B�b�i�B�M�;�m�B�b�?�B�M�; �Q�7 �T�B�Q�M�b �7�`�Q�K �2�H�2�+�i�`�Q�M�b �#�v �i�?�2�B�` �`�2�b�T�2�+�i�B�p�2 �b�B�;�M���i�m�`�2�b �7�`�Q�K �i�?�2

�h�_�h�X

�j�N



�A�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �2�K�B�i�i�2�/ �h�_�- �+�?���`�;�2�/ �T���`�i�B�+�H�2�b ���H�b�Q �B�Q�M�B�b�2 �i�?�2 �;���b ���b �i�?�2�v

�i�`���M�b�B�i �i�?�`�Q�m�;�? �� �b�i�`���r �i�m�#�2�X �h�?�B�b �7�`�2�2�b �2�H�2�+�i�`�Q�M�b �i�?���i �T�`�Q�+�2�2�/ �i�Q �/�`�B�7�i �i�Q�r���`�/�b

�i�?�2 �+�2�M�i�`���H �r�B�`�2 �r�?�B�+�? �7�m�M�+�i�B�Q�M�b ���b ���M ���M�Q�/�2 �/�m�2 �i�Q �� �T�Q�i�2�M�i�B���H �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M

�i�?�2 �i�m�#�2 �r���H�H�b ���M�/ �i�?�2 �r�B�`�2�X �h�?�B�b �B�M�/�m�+�2�b �� �+�m�`�`�2�M�i ���b �i�?�2 �2�H�2�+�i�`�Q�M �/�`�B�7�i �b�i���`�i�b

�i�?���i �+���M �#�2 �K�2���b�m�`�2�/�- ���M�/ �+�Q�M�b�2�[�m�2�M�i�H�v �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �Q�`�B�;�B�M���i�B�M�; �T���`�i�B�+�H�2�-

�B�i�b �/�B�b�i���M�+�2 �7�`�Q�K �i�?�2 �i�m�#�2�- ���M�/ �i�?�2 �K���b�b �B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K �i�?�2 �h�_ �b�B�;�M���H�X

�h�?�2 �#���`�`�2�H �`�2�;�B�Q�M �Q�7 �i�?�2 �h�_�h ���H�H�Q�r�b �7�Q�` �i�?�2 �i�`���+�F�B�M�; �Q�7 �+�?���`�;�2�/ �T���`�i�B�+�H�2�b �B�M �i�?�2

j� j � �R�X�y �`�2�;�B�Q�M ���M�/ �Q�M�H�v �;�B�p�2�br ��� �T�Q�b�B�i�B�Q�M���H �B�M�7�Q�`�K���i�B�Q�M �r�?�B�H�2 �i�?�2 �2�M�/�@�+���T�b �Q�M�H�v

�T�`�Q�p�B�/�2r ��z �K�2���b�m�`�2�K�2�M�i�b �7�Q�`j� j � �k�X�y�X �� �`�2�b�Q�H�m�i�B�Q�M �Q�7130�’m �B�b ���+�?�B�2�p�2�/ �r�B�i�?

���M ���p�2�`���;�2 �Q�7 �j�e �?�B�i�b �T�2�` �i�`���+�F�X �A�M �i�Q�i���H �i�?�2 �h�_�h �?���b351 000�`�2���/�@�Q�m�i �+�?���M�M�2�H�b�X

�A�M �i�Q�i���H �i�?�2 �A�M�M�2�` �.�2�i�2�+�i�Q�` ���H�H�Q�r�b �7�Q�` �i�?�2 �K�2���b�m�`�2�K�2�M�i �Q�7 �+�?���`�;�2�/ �T���`�i�B�+�H�2 �i�`���+�F�b

�i�Q �;�B�p�2 �i�?�2�B�` �K�Q�K�2�M�i�m�K�- �/�B�`�2�+�i�B�Q�M�- ���M�/ �B�K�T���+�i �T���`���K�2�i�2�`�b�X �h�?�2 �i�Q�i���H �`�2�b�Q�H�m�i�B�Q�M

�Q�M �� �i�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�m�K �K�2���b�m�`�2�K�2�M�i�-� pT �- �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/ �/�m�`�B�M�; �_�m�M �R

�U�r�B�i�?�Q�m�i �i�?�2 �A�"�G�V �i�Q

� pT

pt
= 0:05%� pT � 1%; �U�j�X�e�V

�r�?�2�`�2� �/�2�M�Q�i�2�b ���M ���/�/�B�i�B�Q�M �B�M �[�m���/�`���i�m�`�2�X

�j�X�k�X�9�*���H�Q�`�B�K�2�i�2�`�b

���b �� �/�2�b�i�`�m�+�i�B�p�2 �K�2�i�?�Q�/ �Q�7 �K�2���b�m�`�B�M�; �� �T���`�i�B�+�H�2�ö�b �2�M�2�`�;�v�- �+���H�Q�`�B�K�2�i�`�v �`�2�[�m�B�`�2�b

�/�2�M�b�2 �K���i�2�`�B���H �i�Q �+���m�b�2 �i�?�2 �T���`�i�B�+�H�2 �i�Q �B�M�i�2�`���+�i ���M�/ �#�2 �7�m�H�H�v ���#�b�Q�`�#�2�/ �r�?�B�H�2

�i�`���M�b�7�Q�`�K�B�M�; �B�i�b �2�M�2�`�;�v �B�M�i�Q �� �K�2���b�m�`���#�H�2 �[�m���M�i�B�i�v�X �h�?�B�b �B�M�p�Q�H�p�2�b �i�?�2 �B�M�+�B�/�2�M�i

�T���`�i�B�+�H�2 �B�M�i�2�`���+�i�B�M�; �r�B�i�? �i�?�2 �+���H�Q�`�B�K�2�i�2�` �K���i�2�`�B���H �i�?�`�Q�m�;�? �i�?�2 �2�H�2�+�i�`�Q�K���;�M�2�i�B�+

�Q�` �b�i�`�Q�M�; �B�M�i�2�`���+�i�B�Q�M �i�Q �T�`�Q�/�m�+�2 ���b�?�Q�r�2�`�Q�7 �b�2�+�Q�M�/���`�v �T���`�i�B�+�H�2�b�X �h�?�2 �2�M�2�`�;�v

�/�2�T�Q�b�B�i�2�/ �#�v �i�?�2 �b�?�Q�r�2�` �B�b �/�2�i�2�+�i�2�/ ���b �2�H�2�+�i�`�B�+ �+�?���`�;�2 �#�v �� �b���K�T�H�B�M�; �K�2�/�B�m�K�X

�A�M �?�Q�K�Q�;�2�M�2�Q�m�b �+���H�Q�`�B�K�2�i�2�`�b�- �i�?�2 �b���K�T�H�B�M�; �K�2�/�B�m�K �B�b �i�?�2 �b���K�2 ���b �i�?�2 ���#�b�Q�`�#�2�`�-

�r�?�B�H�2 �B�M �� �b���K�T�H�B�M�; �+���H�Q�`�B�K�2�i�2�` �i�?�2�`�2 �r�B�H�H �#�2 ���H�i�2�`�M���i�B�M�; �H���v�2�`�b �Q�7 ���#�b�Q�`�#�2�` ���M�/

�b���K�T�H�2�`�X

�S���`�i�B�+�H�2�b �i�?���i ���`�2 �T�`�B�K���`�B�H�v �;�Q�p�2�`�M�2�/ �#�v �i�?�2 �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �B�M�i�2�`���+�i�B�Q�M �U�2�H�2�+�i�`�Q�M�b

���M�/ �T�?�Q�i�Q�M�b�V �r�B�H�H �B�M�i�2�`���+�i �p�B�� �T���B�` �T�`�Q�/�m�+�i�B�Q�M ���M�/ �#�`�2�K�b�b�i�`���?�H�m�M�; ���i �?�B�;�?

�2�M�2�`�;�B�2�b�- ���M�/ �p�B�� �*�Q�K�T�i�Q�M �b�+���i�i�2�`�B�M�;�- �i�?�2 �T�?�Q�i�Q�2�H�2�+�i�`�B�+ �2�z�2�+�i�- ���M�/ �B�Q�M�B�b���i�B�Q�M

���i �H�Q�r�2�` �2�M�2�`�;�B�2�b�X �h�?�2� �̀��/�B���i�B�Q�M �H�2�M�;�i�?�UX 0�V �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` �K���i�2�`�B���H �B�b

�9�y



�/�2�}�M�2�/ ���b �i�?�2 ���p�2�`���;�2 �/�B�b�i���M�+�2 �� �?�B�;�? �2�M�2�`�;�v �2�H�2�+�i�`�Q�M �r�Q�m�H�/ �i�`���p�2�H �#�2�7�Q�`�2 �B�i�b

�2�M�2�`�;�v �`�2�/�m�+�2�b �#�v1=e ���M�/ �B�b �i�?�2 ���p�2�`���;�2 �/�B�b�i���M�+�2 ���M �2�H�2�+�i�`�Q�M �r�Q�m�H�/ �i�`���p�2�H

�i�?�`�Q�m�;�? �i�?�2 �/�2�i�2�+�i�Q�` �#�2�7�Q�`�2 �B�M�i�2�`���+�i�B�M�;�- �r�?�B�H�2 �� �T�?�Q�i�Q�M �r�B�i�?E > 2me �i�`���p�2�H�b

���`�Q�m�M�/9
7X 0 �Q�M ���p�2�`���;�2 �#�2�7�Q�`�2 �T���B�` �T�`�Q�/�m�+�B�M�;�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �?���/�`�Q�M�b

�B�M�i�2�`���+�i �i�?�`�Q�m�;�? �i�?�2 �b�i�`�Q�M�; �7�Q�`�+�2 ���M�/ �T�`�Q�/�m�+�2 �;�H�m�Q�M�b ���M�/ �7�m�`�i�?�2�` �?���/�`�Q�M�b �r�?�B�+�?

�+���M �i�`���p�2�H �b�m�#�b�i���M�i�B���H �/�B�b�i���M�+�2�b �#�2�7�Q�`�2 �B�M�i�2�`���+�i�B�M�; ���;���B�M�X �h�?�2�v ���H�b�Q �+�`�2���i�2 ���M

�2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �+�Q�K�T�Q�M�2�M�i �i�?�`�Q�m�;�? �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �Q�7 �M�2�m�i�`���H �T�B�Q�M�b ���M�/ �i�?�2�B�`

�/�2�+���v�b �i�Q �T�?�Q�i�Q�M�b �U� 0 ! 

 �V�X �h�?�2 �`�2�H���i�2�/ �+���H�Q�`�B�K�2�i�2�` �K���i�2�`�B���H �T���`���K�2�i�2�` �7�Q�`

�?���/�`�Q�M�B�+ �b�?�Q�r�2�`�b �B�b �i�?�2 �K�2���M �7�`�2�2 �T���i�? �Q�`�B�M�i�2� �̀��+�i�B�Q�M �H�2�M�;�i�?�U� �V ���M�/ �B�b �i�?�2

�K�2���M �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �?���/�`�Q�M�B�+ �B�M�i�2�`���+�i�B�Q�M�b �7�Q�` �?�B�;�? �2�M�2�`�;�v �?���/�`�Q�M�b�X �6�B�;�m�`�2 �j�X�N

�+�Q�K�T���`�2�b �i�?�2 �i�v�T�B�+���H �b�?���T�2 �Q�7 ���M �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�` �i�Q �� �?���/�`�Q�M�B�+ �Q�M�2�X ���b

�+���M �#�2 �b�2�2�M�- �i�?�2 �?���/�`�Q�M�B�+ �b�?�Q�r�2�` �B�b �K�m�+�? �H�2�b�b �/�2�M�b�2 ���M�/ �?���b �� �#�`�Q���/�2�` �H���i�2�`���H

�b�?���T�2 �(�k�k�)�X

�6�B�;�m�`�2 �j�X�N�h�?�2 �/�B�z�2� �̀2�M�+�2�b �B�M �7�Q�`�K �#�2�i�r�2�2�M ���M �2�H�2�+�i� �̀Q�K���;�M�2�i�B�+ �b�?�Q�r�2�` �Q�M �i�?�2
�H�2�7�i ���M�/ �� �?���/� �̀Q�M�B�+ �b�?�Q�r�2�` �Q�M �i�?�2 �`�B�;�?�i �(�k�j�)�X

�h�?�2 �+���H�Q�`�B�K�2�i�2�` �b�v�b�i�2�K �Q�7 �i�?�2 ���h�G���a �/�2�i�2�+�i�Q�` �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �j�X�R�y�X �A�i �B�b

�T�H���+�2�/ �Q�m�i�b�B�/�2 �Q�7 �i�?�2 �A�M�M�2�` �.�2�i�2�+�i�Q�`�- �Q�+�+�m�T�B�2�b �i�?�2 �T�b�2�m�/�Q�`���T�B�/�B�i�v �`���M�;�2 �Q�7 �m�T �i�Q

j� j � �9�X�N�- ���M�/ �B�b �/�B�p�B�/�2�/ �B�M�i�Q �i�?�`�2�2 �b�m�#�@�/�2�i�2�+�i�Q�`�b�X �1���+�? �Q�7 �i�?�2�b�2 �b�m�#�@�/�2�i�2�+�i�Q�`�b

�m�i�B�H�B�b�2�b �/�B�z�2�`�2�M�i �i�2�+�?�M�Q�H�Q�;�B�2�b �i�Q �b�T�2�+�B���H�B�b�2 �2���+�? �b�v�b�i�2�K �i�Q �� �T���`�i�B�+�m�H���` �7�Q�`�K �Q�7

�+���H�Q�`�B�K�2�i�`�v�X

�h�?�2�1�H�2�+�i� �̀Q�K���;�M�2�i�B�+ �*���H�Q�`�B�K�2�i�2�`�U�1�*���H�V �B�b �i�?�2 �}�`�b�i �b�m�#�@�b�v�b�i�2�K �Q�m�i�b�B�/�2 �Q�7 �i�?�2

�A�. ���M�/ �B�b �b�T�H�B�i �B�M�i�Q �� �+�2�M�i�`���H �#���`�`�2�H �U�1�J�"�V ���M�/ �i�r�Q �2�M�/�@�+���T �U�1�J�1�*�V �`�2�;�B�Q�M�b

�i�?���i ���H�H �K���F�2 �m�b�2 �Q�7 �H�B�[�m�B�/ ���`�;�Q�M �U�G���`�V ���b �i�?�2 ���+�i�B�p�2 �K���i�2�`�B���H�- ���M�/ �m�b�2 �H�2���/ ���b

�9�R



�6�B�;�m�`�2 �j�X�R�y�h�?�2 ���h�G���a �+���H�Q�`�B�K�2�i�2�` �b�v�b�i�2�K�b �r�?�2� �̀2 �i�?�2 �/�B�z�2� �̀2�M�i �b�m�#�@�/�2�i�2�+�i�Q�`�b
��� �̀2 �H���#�2�H�H�2�/ �(�R�k�)�X

�i�?�2 ���#�b�Q�`�#�B�M�; �K�2�/�B�m�K�X �h�?�2�>���/� �̀Q�M�B�+ �*���H�Q�`�B�K�2�i�2�`�U�>�*���H�V�- �r�?�B�+�? �B�b �T�Q�b�B�i�B�Q�M�2�/

�Q�m�i�b�B�/�2 �i�?�2 �1�*���H�- �B�b ���H�b�Q �+�Q�K�T�`�B�b�2�/ �Q�7 �� �#���`�`�2�H �`�2�;�B�Q�M ���M�/ �i�r�Q �2�M�/�@�+���T�b�X �h�?�2

�?���/�`�Q�M�B�+ �2�M�/�@�+���T�b �U�>�1�*�V �m�b�2 �G���` ���b �B�M �i�?�2 �1�*���H�- �#�m�i �K���F�2 �m�b�2 �Q�7 �+�Q�T�T�2�` ���b

���M ���#�b�Q�`�#�2�`�- �r�?�B�H�2 �i�?�2 �#���`�`�2�H �`�2�;�B�Q�M �U�h�B�H�2�*���H�V �m�b�2�b �b�i�2�2�H ���#�b�Q�`�#�B�M�; �H���v�2�`�b ���M�/

�T�H���b�i�B�+ �b�+�B�M�i�B�H�H���i�B�M�; �i�B�H�2�b ���b �i�?�2 ���+�i�B�p�2 �K�2�/�B�m�K�X �h�?�2 �h�B�H�2�*���H �B�i�b�2�H�7 �B�b �+�Q�K�T�`�B�b�2�/ �Q�7

�i�?�`�2�2 �+�v�H�B�M�/�`�B�+���H �b�2�+�i�B�Q�M�b �r�B�i�? �� �+�2�M�i�`���H �#���`�`�2�H ���M�/ �i�r�Q �B�/�2�M�i�B�+���H �2�t�i�2�M�/�2�/ �#���`�`�2�H�b�-

�2���+�? �Q�M �2�B�i�?�2�` �b�B�/�2 �Q�7 �i�?�2 �+�2�M�i�`���H �`�2�;�B�Q�M �i�Q �B�M�+�`�2���b�2 �i�?�2 �+�Q�p�2�`�2�/ �T�b�2�m�/�Q�`���T�B�/�B�i�v

�`���M�;�2�X �h�?�2 �}�M���H �+���H�Q�`�B�K�2�i�2�` �b�m�#�@�/�2�i�2�+�i�Q�` �H�B�2�b ���#�Q�m�i �i�?�2 �#�2���K �T�B�T�2 �r�B�i�?�B�M �i�?�2

�>�1�* ���M�/ �B�b �F�M�Q�r�M ���b �i�?�2�6�Q�`�r��� �̀/ �*���H�Q�`�B�K�2�i�2�`�U�6�*���H�V�X �h�?�2 �6�*���H �m�i�B�H�B�b�2�b �G���`

���b �i�?�2 �b���K�T�H�B�M�; �K�2�/�B�m�K ���M�/ �+�Q�T�T�2�` ���#�b�Q�`�#�B�M�; �K�2�/�B�m�K �B�M �i�?�2 �}�`�b�i �H���v�2�`�- �r�?�B�H�2

�b�m�#�b�2�[�m�2�M�i �H���v�2�`�b �m�b�2 �i�m�M�;�b�i�2�M�X

�h�?�2 �`�2�b�Q�H�m�i�B�Q�M �Q�7 �2�M�2�`�;�v �K�2���b�m�`�2�/ �#�v �i�?�2 �+���H�Q�`�B�K�2�i�2�`�b �+���M �#�2 �;�2�M�2�`���H�B�b�2�/ �#�v

�E
E

=
a

p
E

�
b
E

� c: �U�j�X�d�V

�h�?�2 �}�`�b�i �i�2�`�K �B�b �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2�b�i�Q�+�?���b�i�B�+ �i�2�`�K���M�/ ���`�B�b�2�b �7�`�Q�K �i�?�2 �b�i���i�B�b�i�B�+���H

�~�m�+�i�m���i�B�Q�M�b �B�M �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �i�?�2 �T���`�i�B�+�H�2 �b�?�Q�r�2�`�- �B�i �B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2

�9�k



�B�M�p�2�`�b�2 �Q�7 �i�?�2 �b�[�m���`�2 �`�Q�Q�i �Q�7 �i�?�2 �B�M�B�i�B���H �T���`�i�B�+�H�2 �2�M�2�`�;�v ���M�/ �B�b �T���`���K�2�i�`�B�b�2�/ �7�Q�`

�2���+�? �H���v�2�` �#�va�X �L�2�t�i �B�b �i�?�2�M�Q�B�b�2 �i�2�`�K�/�2�b�+�`�B�#�B�M�; �T�B�H�2�m�T ���M�/ �i�?�2 �2�H�2�+�i�`�Q�M�B�+ �M�Q�B�b�2

�+�Q�M�i�`�B�#�m�i�2�/ �#�v �i�?�2 �`�2���/�Q�m�i �b�v�b�i�2�K�b �U�M�2�;�H�B�;�B�#�H�2 ���i ���h�G���a�V�- �B�i �B�b �T�`�Q�T�Q�`�i�B�Q�M���H

�i�Q �i�?�2 �B�M�p�2�`�b�2 �Q�7 �i�?�2 �B�M�B�i�B���H �T���`�i�B�+�H�2 �2�M�2�`�;�v ���M�/ �B�b �T���`���K�2�i�`�B�b�2�/ �#�vb�X �h�?�2 �}�M���H

�+�Q�M�i�`�B�#�m�i�B�Q�M �B�b �F�M�Q�r�M ���b �i�?�2�+�Q�M�b�i���M�i �i�2�`�K�i�?���i ���`�B�b�2�b �7�`�Q�K �B�M�b�i�`�m�K�2�M�i �+���H�B�#�`���i�B�Q�M

���M�/ �/�2���/ �K���i�2�`�B���H �2�z�2�+�i�b�- �B�i �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �B�M�B�i�B���H �T���`�i�B�+�H�2 �2�M�2�`�;�v ���M�/ �B�b

�T���`���K�2�i�`�B�b�2�/ �#�vc�X

�h�?�2 �/�2�T�i�? �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` �b�v�b�i�2�K�b �B�b �B�K�T�Q�`�i���M�i ���b �i�?�2�v �?���p�2 �i�Q �;�B�p�2 �b���i�B�b�7���+�i�Q�`�v

�+�Q�M�i���B�M�K�2�M�i �Q�7 �i�?�2 �?���/�`�Q�M�B�+ ���M�/ �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�`�b ���M�/ �K�B�M�B�K�B�b�2 �M�Q�M�@�K�m�Q�M

�T���`�i�B�+�H�2�b �`�2���+�?�B�M�; �i�?�2 �K�m�Q�M �b�v�b�i�2�K�X �h�?�2 �i�Q�i���H �i�?�B�+�F�M�2�b�b �Q�7 �i�?�2 �2�H�2�+�i�`�Q�K���;�M�2�i�B�+

�#���`�`�2�H �B�b �K�Q�`�2 �i�?���M �k�kX 0�- ���M�/ �K�Q�`�2 �i�?���M �k�9X 0 �B�M �i�?�2 �2�M�/�@�+���T�b�X �h�?�2 �K���i�2�`�B���H �Q�7

�i�?�2 �?���/�`�Q�M�B�+ �i�B�H�2 �#���`�`�2�H �B�b �+�Q�K�T�`�B�b�2�/ �Q�7 ���`�Q�m�M�/ �N�X�d� �r�B�i�? ���T�T�`�Q�t�B�K���i�2�H�v �R�y� �B�M �i�?�2

�2�M�/�@�+���T�b�X �h���F�B�M�; �i�?�2 �Q�m�i�2�` �b�m�T�T�Q�`�i �B�M�i�Q ���+�+�Q�m�M�i�- �i�?�2 �i�?�B�+�F�M�2�b�b �Q�7 �i�?�2 �?���/�`�Q�M�B�+

�+���H�Q�`�B�K�2�i�2�` �B�b �R�R� ���i j� j = �y ���M�/ �?���b �#�2�2�M �b�?�Q�r�M �#�v �b�B�K�m�H���i�B�Q�M ���M�/ �K�2���b�m�`�2�K�2�M�i

�i�Q �#�2 �Q�7 ���/�2�[�m���i�2 �/�2�T�i�? �i�Q �+�Q�M�i���B�M �b�?�Q�r�2�`�b ���M�/ �2�M�b�m�`�2�b �;�Q�Q�/ �K�B�b�b�B�M�; �i�`���M�b�p�2�`�b�2

�2�M�2�`�;�v �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�X �6�B�;�m�`�2 �j�X�R�R �b�?�Q�r�b �i�?�2 ���K�Q�m�M�i �Q�7 �K���i�2�`�B���H �+�Q�K�T�`�B�b�B�M�; �i�?�2

�b�m�#�@�b�v�b�i�2�K�b �Q�p�2�` �i�?�2 �+�Q�p�2�`�2�/ �T�b�2�m�/�Q�`���T�B�/�B�i�v �`���M�;�2 �Q�7 �i�?�2 ���h�G���a �+���H�Q�`�B�K�2�i�2�`�b �B�M

�i�2�`�K�b �Q�7� �X

�6�B�;�m�`�2 �j�X�R�R�h�?�2 �+�m�K�m�H���i�B�p�2 ���K�Q�m�M�i �Q�7 �K���i�2�`�B���H�- �B�M� �- ���b �� �7�m�M�+�i�B�Q�M �Q�7j� j �7�Q�`
�i�?�2 �/�2�i�2�+�i�Q�` �#�2�7�Q� �̀2 �i�?�2 �+���H�Q�`�B�K�2�i�2�`�b �U�#�2�B�;�2�V�- �i�?�2 �1�*���H �U�i�2���H�V�- ���H�H �H���v�2�`�b �Q�7 �i�?�2 �>�*���H
���M�/ �6�*���H�- ���M�/ �m�T �i�Q �#�2�7�Q� �̀2 �i�?�2 �J�a �U���[�m���V �(�R�k�)�X

�9�j



�1�H�2�+�i�`�Q�K���;�M�2�i�B�+ �*���H�Q�`�B�K�2�i�2�`

�h�?�2 �1�H�2�+�i�`�Q�K���;�M�2�i�B�+ �*���H�Q�`�B�K�2�i�2�` �m�b�2�b �H�2���/ �T�H���i�2�b �r�B�i�? �� �i�?�B�+�F�M�2�b�b �Q�71:53 mm

�7�Q�`j� j < �y�X�3 �Q�`1:13 mm �7�Q�`j� j > �y�X�3 ���b �i�?�2 ���#�b�Q�`�#�B�M�; �K���i�2�`�B���H �Q�7 �i�?�2 �b���K�T�H�B�M�;

�b�v�b�i�2�K�X �h�?�2 ���+�i�B�p�2 �H�B�[�m�B�/ ���`�;�Q�M �K�2�/�B�m�K �B�b ���`�`���M�;�2�/ �B�M2 mm �H���v�2�`�b ���M�/

�B�M�i�2�`�b�T�2�`�b�2�/ �r�B�i�? �+�Q�T�T�2�` �`�2���/�Q�m�i �2�H�2�+�i�`�Q�/�2�b �i�Q �+�Q�H�H�2�+�i �i�?�2 �+�?���`�;�2 �`�2�H�2���b�2�/ �7�`�Q�K �i�?�2

�b�?�Q�r�2�` �T���`�i�B�+�H�2�b �B�Q�M�B�b�B�M�; �i�?�2 �G���`�X �h�?�2 �H�2���/ ���M�/ �2�H�2�+�i�`�Q�/�2 �H���v�2�`�b ���`�2 ���`�`���M�;�2�/ �B�M ���M

���+�+�Q�`�/�B�Q�M �;�2�Q�K�2�i�`�v �i�Q �T�`�Q�p�B�/�2 �� �7�m�H�H ���x�B�K�m�i�?���H �+�Q�p�2�`���;�2 �r�B�i�?�Q�m�i ���M�v �+�`���+�F�b�- ���M�/

�i�Q ���H�H�Q�r �7�Q�` �i�?�2 �`���T�B�/ �2�t�i�`���+�i�B�Q�M �Q�7 �b�B�;�M���H ���i �i�?�2 �7�`�Q�M�i ���M�/ �`�2���` �Q�7 �i�?�2 �2�H�2�+�i�`�Q�/�2�b�X

�h�?�2 �1�*���H �B�b �+�Q�K�T�Q�b�2�/ �Q�7 �� �+�2�M�i�`���H �#���`�`�2�H �`�2�;�B�Q�M �U�1�J�"�V �Q�+�+�m�T�v�B�M�;j� j � �R�X�9�d�8

���M�/ �i�r�Q �r�?�2�2�H �b�?���T�2�/ �2�M�/�@�+���T�b �i�Q �2�B�i�?�2�` �b�B�/�2 �Q�7 �i�?�2 �#���`�`�2�H �i�Q �+�Q�p�2�` �i�?�2

�R�X�j�d�8� j � j � �j�X�k �`�2�;�B�Q�M�X �h�?�2 �1�J�" �b�?���`�2�b �i�?�2 �b���K�2 �+�`�v�Q�b�i���i ���b �i�?�2 �b�Q�H�2�M�Q�B�/

�r�?�B�H�2 �i�?�2 �1�J�1�*�b �m�b�2 �i�?�2�B�` �Q�r�M �b�2�T���`���i�2 �+�`�v�Q�b�i���i�b �i�Q �K���B�M�i���B�M �i�?�288 K �Q�T�2�`���i�B�M�;

�i�2�K�T�2�`���i�m�`�2 �`�2�[�m�B�`�2�/ �#�v �i�?�2 �H�B�[�m�B�/ ���`�;�Q�M�X

�h�?�2�`�2 ���`�2 �i�?�`�2�2 �b���K�T�H�B�M�; �H���v�2�`�b �+�Q�K�T�`�B�b�B�M�; �i�?�2 �1�*���H �B�M �i�?�2j� j � �k�X�8 �`�2�;�B�Q�M ���M�/

�i�r�Q �B�M �i�?�2 �k�X�8� j � j � �j�X�k �`�2�;�B�Q�M�- �r�?�B�H�2 �� �T�`�2�b���K�T�H�B�M�; �H���v�2�` �T�`�2�+�2�/�2�b �i�?�2�b�2 �B�M �i�?�2

j� j � �R�X�3 �`�2�;�B�Q�M�X �h�?�B�b �T�`�2�b���K�T�H�2�` �B�b �� �i�?�B�M �H���v�2�` �Q�7 �Q�M�H�v ���+�i�B�p�2 �H�B�[�m�B�/ ���`�;�Q�M �7�Q�` �i�?�2

�T�m�`�T�Q�b�2 �Q�7 �+�Q�`�`�2�+�i�B�M�; �7�Q�` �2�M�2�`�;�v �H�Q�b�i �B�M �i�?�2 �A�.�- �i�?�2 �b�Q�H�2�M�Q�B�/�- ���M�/ �i�?�2 �r���H�H�b �Q�7 �i�?�2

�+�`�v�Q�b�i���i�X �h�?�2 �b���K�T�H�B�M�; �H���v�2�`�b �B�M �i�?�2 �+�2�M�i�`���H �Uj� j � �R�X�9�V �`�2�;�B�Q�M �+���M �#�2 �b�m�K�K���`�B�b�2�/

���b �7�Q�H�H�Q�r�b

�Ç �a���K�T�H�B�M�; �G���v�2�` �R�B�b �+�Q�K�T�`�B�b�2�/ �Q�7 �b�i�`�B�T �+�2�H�H�b �r�B�i�? ��� � � � � �;�`���M�m�H���`�B�i�v

�Q�7 �y�X�y�y�j�R� �y�X�y�N�3�y�X �h�?�B�b �H���v�2�` ���H�H�Q�r�b �7�Q�` �� �T�`�2�+�B�b�B�Q�M �K�2���b�m�`�2�K�2�M�i �Q�7 �i�?�2

�2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�`�b ���M�/ �T�`�Q�p�B�/�2�b ���M �2�t�+�2�H�H�2�M�i �/�B�b�+�`�B�K�B�M���i�B�Q�M �#�2�i�r�2�2�M

�?���/�`�Q�M�B�+ �U�?���/�`�Q�M�b�V ���M�/ �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �Q�#�D�2�+�i�b �U�T�?�Q�i�Q�M�b ���M�/ �2�H�2�+�i�`�Q�M�b�V

���M�/ ���H�b�Q ���H�H�Q�r�b �7�Q�` �i�?�2 �`�2�b�Q�H�p�B�M�; �Q�7 �i�r�Q �b�2�T���`���i�2 �T�?�Q�i�Q�M�b �B�M �+�H�Q�b�2 �T�`�Q�t�B�K�B�i�v�X

�A�i �?���b �� �i�?�B�+�F�M�2�b�b �Q�7 ���T�T�`�Q�t�B�K���i�2�H�v �9�X�jX 0�X

�Ç �a���K�T�H�B�M�; �G���v�2�` �k�B�b �i�?�2 �i�?�B�+�F�2�b�i �T���`�i �Q�7 �i�?�2 �1�*���H �r�B�i�? �� �i�?�B�+�F�M�2�b�b

�Q�7 �m�T �i�Q �R�dX 0�- ���M�/ �b�Q ���#�b�Q�`�#�b �i�?�2 �K���D�Q�`�B�i�v �Q�7 �i�?�2 �2�H�2�+�i�`�Q�K���;�M�2�i�B�+

�b�?�Q�r�2�`�X �h�?�B�b �H���v�2�` �B�b �+�Q�K�T�`�B�b�2�/ �Q�7 �+�m�#�Q�B�/ �i�Q�r�2�` �+�2�H�H�b �r�B�i�? �� �;�`���M�m�H���`�B�i�v

�Q�7� � � � � = 0:0250� 0:0245�X

�Ç �a���K�T�H�B�M�; �G���v�2�` �j�?���b �� �i�?�B�+�F�M�2�b�b �Q�7 ���`�Q�m�M�/ �kX 0 ���M�/ �B�b �i�?�2 �}�M���H �H���v�2�`

�B�M �i�?�2 �1�*���H�- �2�M�b�m�`�B�M�; �i�?���i �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�`�b ���`�2 �2�M�i�B�`�2�H�v �+���T�i�m�`�2�/

�#�v �i�?�2 �b�m�#�@�b�v�b�i�2�K�X �A�i �B�b �+�Q�K�T�Q�b�2�/ �Q�7 �i�Q�r�2�` �+�2�H�H�b �r�B�i�? �� �;�`���M�m�H���`�B�i�v �Q�7

� � � � � = 0:0500� 0:0245�X
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�6�B�;�m�`�2 �j�X�R�k �/�2�T�B�+�i�b �i�?�2 �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �/�2�b�+�`�B�#�2�/ �+�2�H�H�b �+�Q�K�T�`�B�b�B�M�; �i�?�2 �1�*���H

�b���K�T�H�B�M�; �H���v�2�`�b �B�M �i�?�2 �+�2�M�i�`���Hj� j � �R�X�9 �`�2�;�B�Q�M�X �h�?�2 �Q�`�B�2�M�i���i�B�Q�M �Q�7 �i�?�2 ���+�+�Q�`�/�B�Q�M

�b�?���T�2�/ �2�H�2�+�i�`�Q�/�2�b �B�b ���H�b�Q �b�?�Q�r�M�X

�6�B�;�m�`�2 �j�X�R�k�� �#���`� �̀2�H �K�Q�/�m�H�2 �B�M �i�?�2 ���h�G���a �1�H�2�+�i� �̀Q�K���;�M�2�i�B�+ �*���H�Q�`�B�K�2�i�2�`
�/�2�T�B�+�i�B�M�; �i�?�2 ���`� �̀��M�;�2�K�2�M�i �Q�7 �+�2�H�H�b �r�B�i�?�B�M �i�?�2 �b���K�T�H�B�M�; �H���v�2�`�b �7�Q�`j� j � �R�X�9 �(�R�k�)�X

�h�?�2 �;�`���M�m�H���`�B�i�v ���M�/ �K���i�2�`�B���H �i�?�B�+�F�M�2�b�b �Q�7 �i�?�2 �b���K�T�H�B�M�; �H���v�2�`�b �B�M �i�?�2 �1�*���H �p���`�v

�Q�p�2�` �i�?�2 �T�b�2�m�/�Q�`���T�B�/�B�i�v �`���M�;�2 �i�?���i �i�?�2 �b�m�#�@�/�2�i�2�+�i�Q�` �+�Q�p�2�`�b�X �h���#�H�2 �j�X�k �b�m�K�K���`�B�b�2�b

�?�Q�r �i�?�2 �+�2�H�H �b�B�x�2�b �+�?���M�;�2 �r�?�B�H�2 �6�B�;�m�`�2 �j�X�R�j �/�2�T�B�+�i�b �?�Q�r �i�?�2 �+�m�K�m�H���i�B�p�2 �`���/�B���i�B�Q�M

�H�2�M�;�i�? �Q�7 �i�?�2 �1�H�2�+�i�`�Q�K���;�M�2�i�B�+ �*���H�Q�`�B�K�2�i�2�` �p���`�B�2�b �r�B�i�?j� j �7�Q�` �i�?�2 �#���`�`�2�H ���M�/ �2�M�/�@

�+���T �`�2�;�B�Q�M�b�X

�h�?�2 �/�2�b�B�;�M �2�M�2�`�;�v �`�2�b�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �1�H�2�+�i�`�Q�K���;�M�2�i�B�+ �*���H�Q�`�B�K�2�i�2�` �B�b
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�h���#�H�2 �j�X�k�*�2�H�H �;� �̀��M�m�H���`�B�i�v �7�Q�` �/�B�z�2� �̀2�M�ij� j � �̀2�;�B�Q�M�b �Q�7 �2���+�? �H���v�2�` �Q�7 �i�?�2
�1�H�2�+�i� �̀Q�K���;�M�2�i�B�+ �*���H�Q�`�B�K�2�i�2�` �B�M �i�?�2 �1�J�" ���M�/ �1�J�1�* �(�R�k�)�X

�a���K�T�H�B�M�; �G���v�2�`
�"���`�`�2�H �1�M�/�@�*���T�b

�S�b�2�m�/�Q�`���T�B�/�B�i�v�:�`���M�m�H���`�B�i�v�S�b�2�m�/�Q�`���T�B�/�B�i�v�:�`���M�m�H���`�B�i�v
�S�`�2�b���K�T�H�2�` j� j < �R�X�8�k �y�X�y�k�8� �y�R �R�X�8< j� j < �R�X�3 �y�X�y�k�8� �y�X�R

�R

j� j < �R�X�9�y �y�X�y�y�j� �y�X�R �R�X�j�d�8< j� j < �R�X�9�k�8 �y�X�y�8�y� �y�X�R
�R�X�9�y< j� j < �R�X�9�d�8�y�X�y�k�8� �y�X�y�k�8�R�X�9�k�8< j� j < �R�X�8 �y�X�y�k�8� �y�X�R

�R�X�8< j� j < �k�X�8 �y�X�y�y�j�@�y�X�y�k�8� �y�X�R
�k�X�8< j� j < �j�X�k �y�X�R� �y�X�R

�k
j� j < �R�X�9�y �y�X�y�k�8� �y�X�y�k�8�R�X�j�d�8< j� j < �R�X�9�k�8�y�X�y�8�y� �y�X�y�k�8

�R�X�9�y< j� j < �R�X�9�d�8�y�X�y�d�8� �y�X�y�k�8�R�X�9�k�8< j� j < �k�X�8 �y�X�y�k�8� �y�X�y�k�8
�k�X�8< j� j < �j�X�k �y�X�R� �y�X�R

�j j� j < �R�X�j�8 �y�X�y�8�y� �y�X�y�k�8 �R�X�8< j� j < �k�X�8 �y�X�y�8�y� �y�X�y�k�8

�6�B�;�m�`�2 �j�X�R�j�h�?�2 �+�m�K�m�H���i�B�p�2 ���K�Q�m�M�i �Q�7 �K���i�2�`�B���H�- �B�M �i�2�`�K�b �Q�7X 0�- ���b �� �7�m�M�+�i�B�Q�M
�Q�7j� j �7�Q�` �i�?�2 �/�2�i�2�+�i�Q�` �#�2�7�Q� �̀2 �i�?�2 �+���H�Q�`�B�K�2�i�2�`�b �U�v�2�H�H�Q�r�V ���M�/ �7�Q�` �2���+�? �b���K�T�H�B�M�; �H���v�2�`
�Q�7 �i�?�2 �1�*���H�X �h�?�2 �#���`� �̀2�H � �̀2�;�B�Q�M �B�b �b�?�Q�r�M �B�M �i�?�2 �H�2�7�i �T�H�Q�i �r�?�B�H�2 �i�?�2 �`�B�;�?�i �/�2�T�B�+�i�b �i�?�2
�2�M�/�@�+���T�b �(�R�k�)�X

�>���/�`�Q�M�B�+ �*���H�Q�`�B�K�2�i�2�`

�h�?�2 �h�B�H�2�*���H �#���`�`�2�H �`�2�;�B�Q�M �K���F�2�b �m�b�2 �Q�7 ���H�i�2�`�M���i�B�M�; �H���v�2�`�b �Q�714 mm �i�?�B�+�F �b�i�2�2�H

�T�H���i�2�b ���M�/3 mm �i�?�B�+�F �T�H���b�i�B�+ �b�+�B�M�i�B�H�H���i�B�M�; �i�B�H�2�b ���M�/ �B�b �/�B�p�B�/�2�/ �B�M�i�Q �i�?�2 �K���B�M

�#���`�`�2�H �Uj� j � �R�X�y�V ���M�/ �i�r�Q �2�t�i�2�M�/�2�/ �#���`�`�2�H�b �U�y�X�3� j � j � �R�X�d�V�X �h�?�2 �b�i�2�2�H ���#�b�Q�`�#�B�M�;

�K�2�/�B�m�K �+���m�b�2�b �?���/�`�Q�M�b �i�Q �B�M�i�2�`���+�i �p�B�� �i�?�2 �b�i�`�Q�M�; �7�Q�`�+�2�- �+�`�2���i�B�M�; �b�?�Q�r�2�`�b �Q�7 �7�m�`�i�?�2�`

�?���/�`�Q�M�b�- �T�?�Q�i�Q�M�b�- ���M�/ �2�H�2�+�i�`�Q�M�b �i�?���i �T�`�Q�+�2�2�/ �i�Q �2�t�+�B�i�2 �i�?�2 ���i�Q�K�b �r�B�i�?�B�M �i�?�2

�b�+�B�M�i�B�H�H���i�Q�` �i�B�H�2�b �i�Q �T�`�Q�/�m�+�2 �b�+�B�M�i�B�H�H���i�B�Q�M �H�B�;�?�i �i�?���i �B�b �+�Q�H�H�2�+�i�2�/ ���M�/ �`�2���/ �Q�m�i �#�v

�T�?�Q�i�Q�K�m�H�i�B�T�H�B�2�` �i�m�#�2�b �i�Q �T�`�Q�p�B�/�2 �i�?�2 �b�B�;�M���H�X �h�Q �T�`�Q�/�m�+�2 �� �K�2���b�m�`�2 �Q�7 �i�?�2 �2�M�2�`�;�v

�Q�7 �i�?�2 �Q�`�B�;�B�M���H �T���`�i�B�+�H�2�- �i�?�2 �b�B�;�M���H �B�b �i�Q�i���H�H�2�/ �Q�p�2�` �K���M�v �H���v�2�`�b �Q�7 �i�B�H�2�b �B�M �� �/�2�T�i�?

�+���H�H�2�/ �� �i�Q�r�2�`�X �h�?�2 �h�B�H�2�*���H �B�b �b�i�`�m�+�i�m�`�2�/ �B�M�i�Q �i�?�`�2�2 �H���v�2�`�b �r�B�i�? �+�2�H�H�b �Q�7 �;�`���M�m�H���`�B�i�v

� � � � � = 0:1 � 0:1 �B�M �i�?�2 �}�`�b�i �i�r�Q �H���v�2�`�b�- ���M�/� � � � � = 0:2 � 0:1 �B�M �i�?�2 �}�M���H

�H���v�2�`�X

�1���+�? �2�M�/�@�+���T �B�M �i�?�2 �>�1�* �B�b �b�T�H�B�i �B�M�i�Q �i�r�Q �r�?�2�2�H�b �U�� �7�`�Q�M�i ���M�/ �� �#���+�F �r�?�2�2�H�V
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���`�`���M�;�2�/ �B�M �i�?�2 �b���K�2 �Q�`�B�2�M�i���i�B�Q�M ���b �i�?�2 �1�J�1�* ���M�/ �H�v�B�M�; �7�m�`�i�?�2�` ���H�Q�M�; �i�?�2z�@

���t�B�b�X �h�?�2�v �m�b�2 �i�?�2 �b���K�2 �G���` �i�2�+�?�M�Q�H�Q�;�v ���b �i�?�2 �1�*���H �#�m�i �m�i�B�H�B�b�2 �+�Q�T�T�2�` �T�H���i�2�b

���b �i�?�2 ���#�b�Q�`�#�2�` �r�B�i�? �i�?�B�+�F�M�2�b�b�2�b �Q�725��50 mm�X �1���+�? �2�M�/�@�+���T �b�?���`�2�b �� �+�`�v�Q�b�i���i

�r�B�i�? �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �2�M�/�@�+���T �Q�7 �i�?�2 �1�J�1�* ���M�/ �+�Q�p�2�`�b �� �T�b�2�m�/�Q�`���T�B�/�B�i�v �`���M�;�2

�Q�7 �R�X�8� j � j � �j�X�k�X �*�2�H�H�b �B�M �i�?�2 �>�1�* �?���p�2 �b�B�x�2�b �Q�7� � � � � = 0:1 � 0:1 �B�M �i�?�2

j� j � �k�X�8 �`�2�;�B�Q�M ���M�/� � � � � = 0:2 � 0:2 �7�Q�` �H���`�;�2�` �T�b�2�m�/�Q�`���T�B�/�B�i�v �p���H�m�2�b�X

�h�?�2 �2�M�2�`�;�v �`�2�b�Q�H�m�i�B�Q�M �B�M �i�?�2 �>�*���H �B�b

�E
E

=
50%
p

E
� 3%: �U�j�X�N�V

�6�Q�`�r���`�/ �*���H�Q�`�B�K�2�i�2�`

�h�?�2 �6�Q�`�r���`�/ �*���H�Q�`�B�K�2�i�2�` �B�b �+�Q�K�T�`�B�b�2�/ �Q�7 �i�?�`�2�2 �H���v�2�`�b�- �Q�+�+�m�T�B�2�b �i�?�2 �j�X�R� j � j � �9�X�N

�`�2�;�B�Q�M ���M�/ �H�B�2�b �B�M �i�?�2 �+�2�M�i�`�2 �Q�7 �i�?�2 �>�1�* �r�?�2�2�H�b�X �h�?�2 �}�`�b�i �H���v�2�` �B�b �/�2�b�B�;�M�2�/ �7�Q�`

�K�2���b�m�`�B�M�; �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�`�b �r�?�B�H�2 �i�?�2 �Q�m�i�2�` �i�r�Q �H���v�2�`�b ���`�2 �/�2�b�B�;�M�2�/ �7�Q�`

�?���/�`�Q�M�B�+ �K�2���b�m�`�2�K�2�M�i�b�X �h�?�2 �6�*���H �m�b�2�b �� �G���` ���+�i�B�p�2 �K�2�/�B�m�K ���M�/ �2���+�? �b�B�/�2

�b�?���`�2�b �� �+�`�v�Q�b�i���i �r�B�i�? �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �1�J�1�* ���M�/ �>�1�* �2�M�/�@�+���T�X �h�?�2 �1�J

�T���`�i �Q�7 �i�?�2 �6�*���H �m�b�2�b �+�Q�T�T�2�` ���#�b�Q�`�#�B�M�; �K���i�2�`�B���H �r�?�B�H�2 �i�?�2 �?���/�`�Q�M�B�+ �T���`�i �m�b�2�b

�i�m�M�;�b�i�2�M�X �h�?�2 �6�*���H �B�b �p�B�i���H �7�Q�` �i�?�2 �K�2���b�m�`�2�K�2�M�i �Q�7 �K�B�b�b�B�M�; �i�`���M�b�p�2�`�b�2 �2�M�2�`�;�v

�B�M ���M �2�p�2�M�i�- ���b �r�2�H�H ���b �7�Q�` �`�2�+�Q�M�b�i�`�m�+�i�B�M�; �7�Q�`�r���`�/ �D�2�i�b �T�`�Q�/�m�+�2�/ ���i �H���`�;�2� �X �h�?�2

�2�M�2�`�;�v �`�2�b�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �6�Q�`�r���`�/ �*���H�Q�`�B�K�2�i�2�` �B�b �/�2�b�B�;�M�2�/ �i�Q �#�2

�E
E

=
100%
p

E
� 10%: �U�j�X�R�y�V

�j�X�k�X�8�J�m�Q�M �a�T�2�+�i�`�Q�K�2�i�2�`

�.�m�2 �i�Q �i�?�2�B�` �?�B�;�?�H�v �T�2�M�2�i�`���i�B�M�; �M���i�m�`�2�- �Q�M�H�v �K�m�Q�M�b ���M�/ �M�2�m�i�`�B�M�Q�b ���`�2 �M�Q�i

���#�b�Q�`�#�2�/ �#�v �i�?�2 ���h�G���a �+���H�Q�`�B�K�2�i�2�`�b ���M�/ �`�2���+�? �i�?�2 �J�m�Q�M �a�T�2�+�i�`�Q�K�2�i�2�`�X �h�?�B�b

�b�m�#�@�/�2�i�2�+�i�Q�` �B�b �/�2�b�B�;�M�2�/ �i�Q �/�2�H�B�p�2�` �� �T�`�2�+�B�b�2 �K�Q�K�2�M�i�m�K �K�2���b�m�`�2�K�2�M�i �Q�7 �b�m�+�?

�T���`�i�B�+�H�2�b �B�M�/�2�T�2�M�/�2�M�i�H�v �Q�7 �i�?�2 �A�M�M�2�` �.�2�i�2�+�i�Q�` �B�M �i�?�2j� j � �k�X�d �`�2�;�B�Q�M�X �>�Q�r�2�p�2�`�- ���b

�M�2�m�i�`�B�M�Q�b �?���p�2 �b�m�+�? �� �H�Q�r �B�M�i�2�`���+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v�- �B�i �B�b �M�Q�i �7�2���b�B�#�H�2 �i�Q �/�B�`�2�+�i�H�v

�K�2���b�m�`�2 �i�?�2�B�` �T�`�Q�T�2�`�i�B�2�b �r�B�i�? ���h�G���a�c �i�?�2�`�2�7�Q�`�2�- �i�?�2 �b�Q�H�2 �b�m�#�D�2�+�i�b �Q�7 �J�m�Q�M

�a�T�2�+�i�`�Q�K�2�i�2�` �K�2���b�m�`�2�K�2�M�i�b ���`�2�- �m�M�b�m�`�T�`�B�b�B�M�;�H�v�- �K�m�Q�M�b�X
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�6�B�;�m�`�2 �j�X�R�9�h�?�2 ���h�G���a �J�m�Q�M �a�T�2�+�i� �̀Q�K�2�i�2�` �r�?�2� �̀2 �i�?�2 �+�Q�K�T�`�B�b�B�M�; �b�m�#�@�/�2�i�2�+�i�Q�`�b
��� �̀2 �H���#�2�H�H�2�/ �(�R�k�)�X

�h�?�2 �b�m�#�@�/�2�i�2�+�i�Q�` �B�b �+�Q�K�T�Q�b�2�/ �Q�7 �i�?�2 �i�Q�`�Q�B�/���H �b�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �K���;�M�2�i �b�v�b�i�2�K

���b �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M �j�X�k�X�k�- �?�B�;�?�@�T�`�2�+�B�b�B�Q�M �i�`���+�F�B�M�; �U�h�v�T�2 �A�V �+�?���K�#�2�`�b�- ���M�/

�7���b�i �`�2�b�T�Q�M�b�2 �/�2�i�2�+�i�B�Q�M �U�h�v�T�2 �A�A�V �+�?���K�#�2�`�b�X�J�Q�M�B�i�Q� �̀2�/ �.�`�B�7�i �h�m�#�2�b�U�J�.�h�b�V

���M�/�*���i�?�Q�/�2 �a�i�`�B�T �*�?���K�#�2�`�b�U�*�a�*�b�V �+�Q�K�T�`�B�b�2 �i�?�2 �h�v�T�2 �A �b�m�#�@�/�2�i�2�+�i�Q�`�b�- ���M�/

���`�2 �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�` �T�`�Q�p�B�/�B�M�; �K�Q�K�2�M�i�m�K �K�2���b�m�`�2�K�2�M�i�b �Q�7 �i�?�2 �K�m�Q�M�b�X �q�?�B�H�2

�_�2�b�B�b�i�B�p�2 �S�H���i�2 �*�?���K�#�2�`�b�U�_�S�*�b�V ���M�/�h�?�B�M �:���T �*�?���K�#�2�`�b�U�h�:�*�b�V �7�Q�`�K �i�?�2

�h�v�T�2 �A�A �b�v�b�i�2�K�b �i�?���i ���H�H�Q�r �7�Q�` �i�`�B�;�;�2�`�B�M�; �Q�M ���M �2�p�2�M�i �B�M �i�?�2j� j � �k�X�9 �`�2�;�B�Q�M�X

���H�H �b�m�#�@�/�2�i�2�+�i�Q�`�b �B�M �i�?�2 �K�m�Q�M �b�v�b�i�2�K ���`�2 �;���b�2�Q�m�b�- �/�2�i�2�+�i�B�M�; �i�?�2 �B�Q�M�B�b���i�B�Q�M �Q�7 �;���b

�i�?�`�Q�m�;�? �i�?�2�B�` �p�Q�H�m�K�2 �+���m�b�2�/ �#�v �i�?�2 �T���b�b���;�2 �Q�7 �K�m�Q�M�b�X �h�Q�;�2�i�?�2�` �i�?�2�b�2 �b�v�b�i�2�K�b

�K�2���b�m�`�2 �i�?�2 �/�2�~�2�+�i�B�Q�M �Q�7 �K�m�Q�M �i�`���+�F�b �i�?�`�Q�m�;�? �i�?�2r ��z �T�H���M�2 �+���m�b�2�/ �#�v �i�?�2

�i�Q�`�Q�B�/���H �K���;�M�2�i�B�+ �}�2�H�/ ���+�i�B�M�; �T�2�`�T�2�M�/�B�+�m�H���`�H�v �i�Q �i�?�2 �#�2���K ���t�B�b ���M�/ �i�?���i �Q�7 �i�?�2

�b�Q�H�2�M�Q�B�/�X �6�B�;�m�`�2 �j�X�R�9 �/�2�T�B�+�i�b �i�?�2 �J�m�Q�M �a�T�2�+�i�`�Q�K�2�i�2�` ���M�/ �i�?�2 �T�Q�b�B�i�B�Q�M�b �Q�7 �B�i�b

�K���;�M�2�i�b ���M�/ �b�m�#�@�/�2�i�2�+�i�Q�`�b�X

�Ç �J�.�h�b ���`�2 �+�Q�K�T�`�B�b�2�/ �Q�7 �H���v�2�`�b �Q�7 �i�?�`�2�2 �i�Q �2�B�;�?�i �/�`�B�7�i �i�m�#�2�b �+�Q�M�i���B�M�B�M�; ��

�;���b �K�B�t�i�m�`�2 �Q�793 %���`�;�Q�M ���M�/7 % �+���`�#�Q�M �/�B�Q�t�B�/�2�X �h�?�2 �H���v�2�`�b ���`�2 �;�`�Q�m�T�2�/

�B�M�i�Q �+�?���K�#�2�`�b ���M�/ ���`�`���M�;�2�/ �b�Q �i�?�2 �i�m�#�2�b ���`�2 ���H�B�;�M�2�/ �B�M� �X �h�?�2�v �Q�+�+�m�T�v �i�?�2
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�r�?�Q�H�2j� j � �k�X�d �`�2�;�B�Q�M �#�m�i �B�M �i�?�2 �k�X�y� j � j � �k�X�d �`�2�;�B�Q�M �i�?�2 �}�`�b�i �H���v�2�` �B�b

�`�2�T�H���+�2�/ �#�v �*�a�*�b �/�m�2 �i�Q �i�?�2 �?�B�;�? �`���/�B���i�B�Q�M �H�2�p�2�H�b �i�?�2�`�2�X

�Ç �*�a�*�b ���`�2 �K�m�H�i�B�r�B�`�2 �T�`�Q�T�Q�`�i�B�Q�M���H �+�?���K�#�2�`�b �+�Q�K�T�Q�b�2�/ �Q�7 �+���i�?�Q�/�2 �T�H���M�2�b

�b�T�H�B�i �B�M�i�Q �b�i�`�B�T�b ���`�`���M�;�2�/ �Q�`�i�?�Q�;�Q�M���H�H�v �i�Q �i�?�2 �#�2�M�/�B�M�; �T�H���M�2�- ���H�H�Q�r�B�M�; �7�Q�`

�i�`���+�F�B�M�; �B�M �i�?�2r ��z ���M�/ �i�`���M�b�p�2�`�b�2 �T�H���M�2�b�X �h�?�2�v ���`�2 ���`�`���M�;�2�/ �B�M�i�Q �i�r�Q �/�B�b�+�b

�Q�7 �2�B�;�?�i �+�?���K�#�2�`�b ���M�/ �+�Q�M�i���B�M �� �;���b �K�B�t�i�m�`�2 �Q�793 %���`�;�Q�M ���M�/7 % �+���`�#�Q�M

�/�B�Q�t�B�/�2�X

�Ç �_�S�*�b ���`�2 ���i�i���+�?�2�/ �i�Q �i�?�2 �J�.�h �+�?���K�#�2�`�b �B�M �i�?�2 �#���`�`�2�H �Uj� j � �R�X�y�8�V

�`�2�;�B�Q�M �r�?�2�`�2 �i�?�2�v �7�Q�`�K �i�?�`�2�2 �+�Q�M�+�2�M�i�`�B�+ �+�v�H�B�M�/�2�`�b�X �h�?�2�v �m�i�B�H�B�b�2 �i�r�Q �T���`���H�H�2�H

�`�2�b�B�b�i�B�p�2 �T�H���i�2�b �r�B�i�?2 mm �b�2�T���`���i�B�Q�M �B�M ��94:7 % �i�2�i�`���~�m�Q�`�Q�2�i�?���M�2�-5 %

�B�b�Q�#�m�i���M�2�- ���M�/0:3 %�b�m�H�T�?�m�` �?�2�t���~�m�Q�`�B�/�2 �;���b �K�B�t�i�m�`�2�X �h�?�2 �`�2���/�@�Q�m�i �b�B�;�M���H

�B�b �K�m�+�? �7���b�i�2�` �i�?���M �B�M �i�?�2 �h�v�T�2 �A �b�v�b�i�2�K�b ���H�H�Q�r�B�M�; �7�Q�` �Q�M�H�B�M�2 �2�p�2�M�i �b�2�H�2�+�i�B�Q�M

�#���b�2�/ �Q�M �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �K�m�Q�M�b�X

�Ç �h�:�*�b �7�Q�`�K �K�m�H�i�B�r�B�`�2 �T�`�Q�T�Q�`�i�B�Q�M���H �+�?���K�#�2�`�b ���`�`���M�;�2�/ �B�M�i�Q �+�Q�M�+�2�M�i�`�B�+

�r�?�2�2�H�b �B�M �i�?�2 �R�X�y�8� j � j � �k�X�9 �`�2�;�B�Q�M�X �>�2�`�2 �i�?�2�v �T�`�Q�p�B�/�2 ��� �T�Q�b�B�i�B�Q�M

�K�2���b�m�`�2�K�2�M�i �i�Q �+�Q�K�T�H�B�K�2�M�i �i�?�2r ��z �B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K �i�?�2 �J�.�h�b�X �h�?�2�v ���`�2

�7�m�M�+�i�B�Q�M���H�H�v �b�B�K�B�H���` �i�Q �i�?�2 �*�a�*�b �#�m�i �T�Q�b�b�2�b�b �� �b�K���H�H�2�` �b�2�T���`���i�B�Q�M �#�2�i�r�2�2�M

�r�B�`�2 �b�i�`�B�T�b �7�Q�` �7���b�i�2�` �+�?���`�;�2 �+�Q�H�H�2�+�i�B�Q�M ���7�i�2�` �;���b �B�Q�M�B�b���i�B�Q�M�X �G�B�F�2 �i�?�2 �_�S�*�b

�i�?�B�b ���H�H�Q�r�b �i�?�2�K �i�Q �T�`�Q�p�B�/�2 �Q�M�H�B�M�2 �K�m�Q�M �i�`�B�;�;�2�`�B�M�;�X �h�?�2�B�` �;���b �B�b �+�Q�K�T�Q�b�2�/

�Q�755 %�+���`�#�Q�M �/�B�Q�t�B�/�2 ���M�/45 %�T�2�M�i���M�2�X

�h�?�2 �i�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�m�K �`�2�b�Q�H�m�i�B�Q�M �7�Q�` �K�m�Q�M�b �r�B�i�?10 GeV � pT � 1 TeV

�`���M�;�2�b �7�`�Q�K3��11 %�X �1�M�2�`�;�v �H�Q�b�b�2�b ���M�/ �K�m�H�i�B�T�H�2 �b�+���i�i�2�`�B�M�; �/�Q�K�B�M���i�2 �i�?�2

�K�Q�K�2�M�i�m�K �`�2�b�Q�H�m�i�B�Q�M ���i �H�Q�rpT �- �r�?�B�H�2 �i�?�2 �J�.�h �`�2�b�Q�H�m�i�B�Q�M �/�Q�K�B�M���i�2�b ���i �?�B�;�?�2�`

�K�Q�K�2�M�i�m�K�X

�j�X�k�X�e�h�`�B�;�;�2�`

�q�?�2�M �`�2�+�Q�`�/�B�M�;�- ���h�G���a �T�`�Q�/�m�+�2�b �� �?�m�;�2 ���K�Q�m�M�i �Q�7 �/���i�� ���i �� �b�m�+�? �� �`���i�2 �i�?���i

�K���F�2�b �B�i �i�2�+�?�M�Q�H�Q�;�B�+���H�H�v �B�K�T�Q�b�b�B�#�H�2 �i�Q �b�2�M�/ �2�p�2�`�v �b�B�M�;�H�2 �2�p�2�M�i �i�Q �b�i�Q�`���;�2�X �.�m�`�B�M�;

�_�m�M �k �Q�T�2�`���i�B�Q�M �i�?�2 ���h�G���a �/�2�i�2�+�i�Q�` �2�t�T�2�`�B�2�M�+�2�/ �Q�M�2 �#�m�M�+�? �+�`�Q�b�b�B�M�; �2�p�2�`�v25 ns

�U40 MHz�V�- �r�B�i�? ���M ���p�2�`���;�2 �Q�7 �j�j �T�`�B�K���`�v �p�2�`�i�B�+�2�b �T�2�` �#�m�M�+�? �+�`�Q�b�b�B�M�;�X �h�?�B�b

�`�2�b�m�H�i�b �B�M ���M ���p�2�`���;�2 �B�M�i�2�`���+�i�B�Q�M �`���i�2 �Q�7825 GHz�X �h�?�2 ���h�G���a�h�`�B�;�;�2�` ���M�/ �.���i��

���+�[�m�B�b�B�i�B�Q�M�b�v�b�i�2�K �U�h�.���Z�V �B�b �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�` �`�2�/�m�+�B�M�; �i�?�B�b �}�;�m�`�2 �}�`�b�i �i�Q100 kHz

���M�/ �i�?�2�M �i�Q1 kHz �7�Q�` �b�i�Q�`���;�2�X �h�?�B�b �`�2�/�m�+�i�B�Q�M �7���+�i�Q�` �Q�7 ���#�Q�m�i40 000�+���M�M�Q�i �#�2

�9�N



�`���M�/�Q�K ���M�/ �K�m�b�i �b�2�H�2�+�i �i�?�2 �K�Q�b�i �H�B�F�2�H�v �2�p�2�M�i�b �i�Q �#�2 ���T�T�`�Q�T�`�B���i�2 �7�Q�` �+�m�`�`�2�M�i �Q�`

�7�m�i�m�`�2 �T�?�v�b�B�+�b ���M���H�v�b�2�b�X �h�?�2 �h�`�B�;�;�2�` �b�v�b�i�2�K �B�b �+�Q�K�T�Q�b�2�/ �Q�7 �� �?���`�/�r���`�2 �#���b�2�/

�G�2�p�2�H �R�U�G�R�V �i�`�B�;�;�2�` ���M�/ �� �b�Q�7�i�r���`�2 �#���b�2�/�>�B�;�? �G�2�p�2�H �h�`�B�;�;�2�`�U�>�G�h�V�X

�G�2�p�2�H �R �h�`�B�;�;�2�`

�h�?�2 �G�R �i�`�B�;�;�2�` �B�b �+�Q�K�T�Q�b�2�/ �Q�7 �+�m�b�i�Q�K �2�H�2�+�i�`�Q�M�B�+�b �i�?���i �Q�T�2�`���i�2�b ���i �� �K���t�B�K�m�K

�7�`�2�[�m�2�M�+�v �Q�7400 kHz�X �A�i �m�i�B�H�B�b�2�b �i�?�2 �/�2�i�2�+�i�Q�` �b�v�b�i�2�K�b �r�B�i�? �i�?�2 �7���b�i�2�b�i �`�2�b�T�Q�M�b�2

�i�B�K�2 �U�i�?�2 �+���H�Q�`�B�K�2�i�2�`�b ���M�/ �h�v�T�2 �A�A �K�m�Q�M �+�?���K�#�2�`�b�V �i�Q �T�`�Q�p�B�/�2 �B�M�7�Q�`�K���i�B�Q�M �Q�M

�?�Q�r �i�Q �`�2�/�m�+�2 �i�?�2 �i�Q�i���H �#�m�M�+�? �+�`�Q�b�b�B�M�; �`���i�2 �7�`�Q�K40 MHz �i�Q100 kHz�X �h�`�B�;�;�2�`

�i�Q�r�2�`�b �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�`�b �?���p�2 �� �b�2�T���`���i�2 �2�H�2�+�i�`�Q�M�B�+�b �T���i�? �i�Q �i�?�2 �`�2���/�@�Q�m�i

�+�?���M�M�2�H�b ���M�/ �T�`�Q�/�m�+�2 �b�B�;�M���H�b �r�B�i�? �� �;�`���M�m�H���`�B�i�v �Q�7� � � � � = �y�X�R� �y�X�R

���M�/ �� �T�`�2�+�B�b�B�Q�M �Q�7 ���#�Q�m�i1 GeV�X �h�?�2�b�2 �b�B�;�M���H�b ���`�2 �m�b�2�/ �i�Q �+�`�2���i�2 �G�R �Q�#�D�2�+�i�b

�7�`�Q�K �D�2�i�b�- �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �+�H�m�b�i�2�`�b�- �J�1�h�- ���M�/ �?���/�`�Q�M�B�+� �/�2�+���v�b�X �A�M �i�?�2 �J�m�Q�M

�a�T�2�+�i�`�Q�K�2�i�2�`�- �i�?�2 �_�S�* ���M�/ �h�:�* �+�?���K�#�2�`�b ���`�2 �m�b�2�/ �i�Q �i�`�B�;�;�2�` �Q�M �K�m�Q�MpT

�i�?�`�2�b�?�Q�H�/�b�X �a�B�;�M���H�b �i�?���i �T���b�b �i�?�2 �G�R �/�2�+�B�b�B�Q�M ���`�2 �i�?�2�M �m�b�2�/ �i�Q �/�2�}�M�2� �̀2�;�B�Q�M�b �Q�7

�B�M�i�2� �̀2�b�i�U�_�P�A�V �7�`�Q�K �i�?�2 �/�2�i�2�+�i�Q�` �`�2�;�B�Q�M�b �7�`�Q�K �r�?�2�M�+�2 �i�?�2�v �Q�`�B�;�B�M���i�2�/�- ���M�/ ���`�2

�T���b�b�2�/ �Q�M �i�Q �i�?�2 �>�G�h�X

�>�B�;�? �G�2�p�2�H �h�`�B�;�;�2�`

�h�?�2 �>�G�h �i���F�2�b �i�?�2 �_�P�A�b �T�`�Q�p�B�/�2�/ �#�v �i�?�2 �G�R �i�`�B�;�;�2�` ���M�/ �+�Q�K�#�B�M�2�b �i�?�2 �7�m�H�H

�;�`���M�m�H���`�B�i�v �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�`�b �r�B�i�? �i�`���+�F�B�M�; �B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K �i�?�2 �A�. �B�M �i�?�2�b�2

�`�2�;�B�Q�M�b�- ���H�H�Q�r�B�M�; �7�Q�` �T���`�i�B�+�H�2 �B�/�2�M�i�B�}�+���i�B�Q�M�X �_�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2�b�2 �T���`�i�B�+�H�2�b �+���M

�i�?�2�M ���H�H�Q�r �7�Q�` �i�?�2 �>�G�h �i�Q �K���F�2 �B�i�b �}�M���H �/�2�+�B�b�B�Q�M �Q�M �r�?�2�i�?�2�` �i�?�2 �2�p�2�M�i �B�b �Q�7

�B�M�i�2�`�2�b�i �i�Q �Q�|�B�M�2 �T�?�v�b�B�+�b ���M���H�v�b�2�b�X �h�?�2�b�2 �2�p�2�M�i�b ���`�2 �i�?�2�M �b�2�M�i �i�Q �i�?�2 �*�1�_�L

�.���i�� �*�2�M�i�`�2 �7�Q�` �b�i�Q�`���;�2 ���M�/ �� �}�`�b�i �T���b�b �Q�M �7�m�H�H �2�p�2�M�i �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�X �h�?�2 �>�G�h

�i���F�2�b �i�?�2100 kHz�`���i�2 �T���b�b�2�/ �7�`�Q�K �G�R ���M�/ �Q�m�i�T�m�i�b �i�Q �b�i�Q�`���;�2 ���i �� �`���i�2 �Q�71 kHz�X

�.���i�� �a�i�Q�`���;�2 ���M�/ �S�`�Q�+�2�b�b�B�M�;

�P�m�i�T�m�i �7�`�Q�K �i�?�2 �>�G�h �B�b �i�?�2�M �T���b�b�2�/ �i�Q �i�?�2 �*�1�_�L �.���i�� �*�2�M�i�`�2 �U�Q�M�@�b�B�i�2 �B�M

�:�2�M�2�p���V�- �r�?�B�+�? �7�m�M�+�i�B�Q�M�b ���b �h�B�2�`�@�y �7�Q�` �i�?�2�q�Q�`�H�/�r�B�/�2 �G�>�* �*�Q�K�T�m�i�B�M�; �:�`�B�/

�U�q�G�*�:�V�X �h�?�2 �q�G�*�: �B�b �� �/�B�b�i�`�B�#�m�i�2�/ �+�Q�K�T�m�i�B�M�; �B�M�7�`���b�i�`�m�+�i�m�`�2 �i�?���i �B�b ���`�`���M�;�2�/

�B�M �i�B�2�`�b ���M�/ ���H�H�Q�r�b �7�Q�` �M�2���` �`�2���H�@�i�B�K�2 ���+�+�2�b�b �i�Q �G�>�* �/���i�� ���M�/ ���M���H�v�b�B�b �i�Q�Q�H�b �7�Q�`

�+�Q�H�H���#�Q�`���i�B�Q�M �K�2�K�#�2�`�b �(�k�9�)�X �h�B�2�`�@�y �B�b �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�` �i�?�2 �b���7�2�@�F�2�2�T�B�M�; �Q�7 �i�?�2 �}�`�b�i

�8�y



�+�Q�T�v �Q�7 �`���r �/���i���- �T�`�Q�p�B�/�2�b �� �}�`�b�i �T���b�b �Q�M �7�m�H�H �2�p�2�M�i �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�- ���M�/ �`�2�T�`�Q�+�2�b�b�2�b

�/���i�� �/�m�`�B�M�; �G�>�* �/�Q�r�M�@�i�B�K�2�X �_�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2 �`���r �/���i�� �+�`�2���i�2�b �i�?�2�2�p�2�M�i

�b�m�K�K���`�v �/���i���U�1�a�.�V ���M�/���M���H�v�b�B�b �Q�#�D�2�+�i �/���i���U���P�.�V�X ���P�.�b �+�Q�M�i���B�M �Q�M�H�v �i�?�2

�`�2�+�Q�M�b�i�`�m�+�i�2�/ �T�?�v�b�B�+�b �Q�#�D�2�+�i�b �r�?�B�H�2 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �1�a�. �+�Q�M�i���B�M�b �#�Q�i�? �i�?�2

�T�?�v�b�B�+�b �Q�#�D�2�+�i�b ���M�/ ���H�H �`�2�+�Q�M�b�i�`�m�+�i�2�/ �[�m���M�i�B�i�B�2�b �K�2���b�m�`�2�/ �r�B�i�?�B�M �i�?�2 �/�2�i�2�+�i�Q�`�X

�h�B�2�`�@�y �B�b ���H�b�Q �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�` �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2�b�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�m�i�T�m�i�b

���H�Q�M�; �r�B�i�? �`���r �/���i�� �i�Q �i�?�2 �h�B�2�`�@�R �+�Q�K�T�m�i�B�M�; �b�B�i�2�b�X

�6�B�;�m�`�2 �j�X�R�8�h�?�2 �i�B�2�` �b�i�`�m�+�i�m� �̀2 �Q�7 �i�?�2 �q�Q�`�H�/�r�B�/�2 �G�>�* �*�Q�K�T�m�i�B�M�; �:�`�B�/�-
�B�M�+�H�m�/�B�M�; �i�?�2 �M���K�2�b ���M�/ �H�Q�+���i�B�Q�M�b �Q�7 �i�?�2 �R�j �h�B�2�`�@�R �b�B�i�2�b �(�k�9�)�X

�h�?�2 �R�j �h�B�2�`�@�R �b�B�i�2�b ���`�Q�m�M�/ �i�?�2 �r�Q�`�H�/ ���`�2 �+�2�M�i�`�2�b �r�B�i�? �b�m�{�+�B�2�M�i �b�i�Q�`���;�2 ���M�/

�+�Q�K�T�m�i���i�B�Q�M���H �+���T���+�B�i�v �r�B�i�? �7�m�H�H�@�i�B�K�2 �b�m�T�T�Q�`�i �7�Q�` �i�?�2 �:�`�B�/�X �h�?�2�v �F�2�2�T ��

�T�`�Q�T�Q�`�i�B�Q�M���H �b�?���`�2 �Q�7 �#�Q�i�? �`���r ���M�/ �`�2�+�Q�M�b�i�`�m�+�i�2�/ �/���i�� ���M�/ ���`�2 �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�`

�i�?�2 �H���`�;�2�@�b�+���H�2 �`�2�T�`�Q�+�2�b�b�B�M�; �Q�7 �/���i���- �b�i�Q�`���;�2 �Q�7 �i�?�2 �Q�m�i�T�m�i�- ���M�/ �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7

�/���i�� �i�Q �h�B�2�`�@�k �b�B�i�2�b�X �h�?�2�v ���H�b�Q ���`�2 �+�?���`�;�2�/ �r�B�i�? �i�?�2 �b���7�2�@�F�2�2�T�B�M�; �Q�7 �b�B�K�m�H���i�B�Q�M

�/���i���X

�h�v�T�B�+���H�H�v �?�Q�m�b�2�/ ���i �B�M�/�B�p�B�/�m���H �b�+�B�2�M�i�B�}�+ �B�M�b�i�B�i�m�i�2�b�- �h�B�2�`�@�k �b�B�i�2�b ���`�2 �r�?�2�`�2 ��

�b�B�;�M�B�}�+���M�i �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �i�?�2 �T�?�v�b�B�+�b ���M���H�v�b�2�b �Q�M �G�>�* �/���i�� ���`�2 �T�2�`�7�Q�`�K�2�/�X �h�?�2�v

���H�b�Q �i���F�2 �� �T�`�Q�T�Q�`�i�B�Q�M���H �b�?���`�2 �Q�7 �J�Q�M�i�2 �*���`�H�Q �b�B�K�m�H���i�2�/ �2�p�2�M�i �T�`�Q�/�m�+�i�B�Q�M ���M�/
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�B�/�2�M�i�B�}�+���i�B�Q�M ���M�/ �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�- ���b �r�2�H�H ���b �D�2�i �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���M�/ �+�H�m�b�i�2�`�B�M�;�X

�h�?�2 �7���b�i �b�B�K�m�H���i�B�Q�M �Q�7 �+���H�Q�`�B�K�2�i�2�` �b�?�Q�r�2�`�b �+���M �#�2 �7���+�i�Q�`�B�b�2�/ �B�M �b�2�p�2�`���H ���b�T�2�+�i�b�,

�i�?�2 �i�Q�i���H �b�?�Q�r�2�` �2�M�2�`�;�v�- �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �2�M�2�`�;�v �/�2�T�Q�b�B�i�2�/ �B�M �2���+�? �+���H�Q�`�B�K�2�i�2�`

�H���v�2�`�- �i�?�2 ���p�2�`���;�2 �H���i�2�`���H �b�?�Q�r�2�` �/�2�p�2�H�Q�T�K�2�M�i �r�B�i�?�B�M �� �H���v�2�`�- ���M�/ �i�?�2 �m�M�+�Q�`�`�2�H���i�2�/

�2�M�2�`�;�v �~�m�+�i�m���i�B�Q�M�b �B�M �B�M�/�B�p�B�/�m���H �b�?�Q�r�2�`�b �r�?�2�M �+�Q�K�T���`�2�/ �i�Q ���p�2�`���;�2 �b�?�Q�r�2�`�b�X �h�?�2

�2�M�2�`�;�v �/�2�T�Q�b�B�i�2�/ �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�` �#�v �� �T���`�i�B�+�H�2 �B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �B�i�b �F�B�M�2�i�B�+

�2�M�2�`�;�v �UE �F�B�M�V ���M�/ �B�b �i�?�2 �2�M�2�`�;�v �i�?���i �B�b �m�b�2�/ �7�Q�` �T���`���K�2�i�`�B�b���i�B�Q�M �m�M�H�2�b�b �Q�i�?�2�`�r�B�b�2

�b�T�2�+�B�}�2�/�X �h�?�2E �F�B�M�B�b �/�2�}�M�2�/ ���b �i�?�2 �i�Q�i���H �2�M�2�`�;�v �Q�7 �i�?�2 �T���`�i�B�+�H�2 �K�B�M�m�b �B�i�b �K���b�b�X

�6�Q�` ���M�i�B�@�T�`�Q�i�Q�M�b ���M�/ ���M�i�B�@�M�2�m�i�`�Q�M�b�- �i�?�2 �K���b�b �2�M�2�`�;�v �B�b ���/�/�2�/ �B�M�b�i�2���/ �Q�7 �#�2�B�M�;

�b�m�#�i�`���+�i�2�/ ���b �i�?�2�B�` ���M�M�B�?�B�H���i�B�Q�M �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�` �p�Q�H�m�K�2 �`�2�b�m�H�i�b �B�M ���/�/�B�i�B�Q�M���H

�/�2�T�Q�b�B�i�2�/ �2�M�2�`�;�v�X

�6���b�i�*���H�Q�a�B�K �+���M �T�`�Q�p�B�/�2 �i�?�2 �b�B�K�m�H���i�B�Q�M �Q�7 �T�?�Q�i�Q�M�b�- �2�H�2�+�i�`�Q�M�b�- �D�2�i�b�- ���M�/ �i���m

�T���`�i�B�+�H�2�b�, ���T�T�`�Q�t�B�K���i�2�H�v �b�B�K�m�H���i�B�M�; �?�Q�r �K�m�+�? �2�M�2�`�;�v �i�?�2�b�2 �T���`�i�B�+�H�2�b �/�2�T�Q�b�B�i �B�M

�i�Q�i���H�- ���M�/ �?�Q�r �i�?���i �2�M�2�`�;�v �B�b �/�B�b�i�`�B�#�m�i�2�/ �#�2�i�r�2�2�M �i�?�2 �+���H�Q�`�B�K�2�i�2�` �H���v�2�`�b�X �h�?�2 ���p�@

�2�`���;�2 �H���i�2�`���H �b�T�`�2���/ �Q�7 �2�M�2�`�;�v �/�2�T�Q�b�B�i�b �B�b �� �F�2�v �+�Q�M�b�B�/�2�`���i�B�Q�M �7�Q�` �6���b�i�*���H�Q�a�B�K �o�k�-

�/�m�2 �i�Q �?�Q�r �+�`�B�i�B�+���H �i�?�B�b ���b�T�2�+�i �Q�7 �b�?�Q�r�2�` �/�2�p�2�H�Q�T�K�2�M�i �B�b �B�M �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���M�/

�B�/�2�M�i�B�}�+���i�B�Q�M �Q�7 �T�?�v�b�B�+�b �Q�#�D�2�+�i�b�X �� �b�B�K�T�H�B�}�2�/ �+���H�Q�`�B�K�2�i�2�` �+�2�H�H �;�2�Q�K�2�i�`�v �B�b �m�i�B�H�B�b�2�/

�i�Q �/�2�+�`�2���b�2 �b�B�K�m�H���i�B�Q�M �i�B�K�2�- �B�M �r�?�B�+�? �2���+�? �+�2�H�H �B�b �;�2�M�2�`���H�B�b�2�/ ���b �� �+�m�#�Q�B�/ ���M�/ �B�b

���b�b�B�;�M�2�/ �i�Q �� �b�T�2�+�B�}�+ �b���K�T�H�B�M�; �H���v�2�`�X �h�?�2�b�2 �+�m�#�Q�B�/ �+�2�H�H �+�Q�Q�`�/�B�M���i�2�b �b�T���M �2�B�i�?�2�`�,
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�Ç � �-� �- ���M�/r �7�Q�` �i�?�2 �H���v�2�`�b �B�M �i�?�2 �/�2�i�2�+�i�Q�` �#���`�`�2�H�-

�Ç � �-� �- ���M�/z �7�Q�` �i�?�2 �H���v�2�`�b �B�M �i�?�2 �/�2�i�2�+�i�Q�` �2�M�/�@�+���T�b �r�B�i�?�B�Mj� j < �j�X�k�-

�Ç �Q�x̀�-y�- ���M�/z �7�Q�` �i�?�2 �7�Q�`�r���`�/ �+���H�Q�`�B�K�2�i�2�` �H���v�2�`�b�X

�6�Q�` �`�2�7�2�`�2�M�+�2�- �� �b�m�K�K���`�v �Q�7 �i�?�2 ���h�G���a �+���H�Q�`�B�K�2�i�2�` �b���K�T�H�B�M�; �H���v�2�`�b ���M�/ �i�?�2�B�`

�T�b�2�m�/�Q�`���T�B�/�B�i�v �+�Q�p�2�`���;�2�b ���`�2 �;�B�p�2�M �B�M �h���#�H�2 �8�X�R�X �a�B�M�+�2 �i�?�B�b �;�2�Q�K�2�i�`�v �B�b �i�Q�Q

�b�B�K�T�H�B�b�i�B�+ �i�Q �B�M�+�H�m�/�2 �/�2�i���B�H�b �b�m�+�? ���b �i�?�2 ���+�+�Q�`�/�B�Q�M �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 ���#�b�Q�`�#�2�`�b �B�M

�i�?�2 �H�B�[�m�B�/ ���`�;�Q�M �+���H�Q�`�B�K�2�i�2�`�b�- �i�?�2�b�2 �2�z�2�+�i�b �Q�M �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �T���`�i�B�+�H�2 �b�?�Q�r�2�`�b

�K�m�b�i �#�2 �2�K�m�H���i�2�/ �U�b�2�2 �a�2�+�i�B�Q�M �8�X�k�V�X �h�?�2 �B�K�T�`�Q�p�2�/ �6���b�i�*���H�Q�a�B�K �o�k �b�B�K�m�H���i�B�Q�M

�Q�7 �i�?�2 ���p�2�`���;�2 �2�M�2�`�;�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �b�?�Q�r�2�`�b�- ���M�/ �i�?�2 �M�2�r �+���T���#�B�H�B�i�v �i�Q �2�K�m�H���i�2

�i�?�2 ���+�+�Q�`�/�B�Q�M �b�i�`�m�+�i�m�`�2 �Q�7 �G���` �+�2�H�H�b ���H�H�Q�r�b �7�Q�` �;�`�2���i�2�` �T���`�i�B�+�H�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���M�/

�B�/�2�M�i�B�}�+���i�B�Q�M �2�{�+�B�2�M�+�B�2�b�X

�h���#�H�2 �8�X�R�h�?�2 ���h�G���a �+���H�Q�`�B�K�2�i�2�` �b���K�T�H�B�M�; �H���v�2�`�b ���M�/ �i�?�2�B�` �T�b�2�m�/�Q� �̀��T�B�/�B�i�v
�+�Q�p�2� �̀��;�2�b�X

�*���H�Q�`�B�K�2�i�2�` �a�m�#�@�a�v�b�i�2�K�J�Q�/�m�H�2 � �@�*�Q�p�2�`���;�2�a���K�T�H�B�M�; �G���v�2�`�b

�1�H�2�+�i�`�Q�K���;�M�2�i�B�+ �*���H�Q�`�B�K�2�i�2�`

�1�J�" �y< j� j < �R�X�8

�S�`�2�a���K�T�H�2�`�"
�1�J�"�R
�1�J�"�k
�1�J�"�j

�1�J�1�* �R�X�8< j� j < �j�X�k

�S�`�2�a���K�T�H�2�`�1
�1�J�1�R
�1�J�1�k
�1�J�1�j

�>���/�`�Q�M�B�+ �*���H�Q�`�B�K�2�i�2�`

�h�B�H�2 �"���`�`�2�H �y< j� j < �R�X�y
�h�B�H�2�"���`�y
�h�B�H�2�"���`�R
�h�B�H�2�"���`�k

�h�B�H�2 �:���T �R�X�y< j� j < �R�X�e
�h�B�H�2�:���T�R
�h�B�H�2�:���T�k
�h�B�H�2�:���T�j

�h�B�H�2 �1�t�i�2�M�/�2�/ �"���`�`�2�H�y�X�3< j� j < �R�X�d
�h�B�H�2�1�t�i�y
�h�B�H�2�1�t�i�R
�h�B�H�2�1�t�i�k

�>�1�*
�R�X�8< j� j < �j�X�k

�>�1�*�y
�>�1�*�R
�>�1�*�k
�>�1�*�j

�6�Q�`�r���`�/ �*���H�Q�`�B�K�2�i�2�` �6�*���H �j�X�R< j� j < �9�X�N
�6�*���H�y
�6�*���H�R
�6�*���H�k

�6�H�m�+�i�m���i�B�Q�M�b ���H�b�Q �T�H���v ���M �B�K�T�Q�`�i���M�i �`�Q�H�2 �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�` �b�B�K�m�H���i�B�Q�M�X �h�?�2

�b�B�K�m�H���i�B�Q�M �Q�7 �B�M�/�2�T�2�M�/�2�M�i ���M�/ �m�M�+�Q�`�`�2�H���i�2�/ �2�M�2�`�;�v �~�m�+�i�m���i�B�Q�M�b �B�M �+���H�Q�`�B�K�2�i�2�`

�+�2�H�H�b �7�Q�` �B�M�/�B�p�B�/�m���H �b�?�Q�r�2�`�b �r�B�i�? �`�2�b�T�2�+�i �i�Q ���p�2�`���;�2 �b�?�Q�r�2�`�b ���`�2 �`�2�[�m�B�`�2�/ �7�Q�` ���M
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���+�+�m�`���i�2 �/�2�b�+�`�B�T�i�B�Q�M �Q�7 �2�H�2�+�i�`�Q�M�b ���M�/ �T�?�Q�i�Q�M�b �Q�7 ���H�H �2�M�2�`�;�B�2�b�X �� �+�Q�`�`�2�+�i �K�Q�/�2�H�H�B�M�;

�Q�7 �i�?�2 �~�m�+�i�m���i�B�Q�M�b �B�b �+�`�m�+�B���H �7�Q�` �?���/�`�Q�M�b�- �r�?�2�`�2 ���i �H�Q�r �2�M�2�`�;�v �i�?�2 �~�m�+�i�m���i�B�Q�M�b �B�M

�i�?�2 �H���i�2�`���H �2�M�2�`�;�v �/�B�b�i�`�B�#�m�i�B�Q�M ���`�2 �/�Q�K�B�M���i�2�/ �#�v �b���K�T�H�B�M�; �~�m�+�i�m���i�B�Q�M�b�- �M�Q�B�b�2 ���M�/

���/�/�B�i�B�Q�M���H �T�`�Q�i�Q�M�@�T�`�Q�i�Q�M �B�M�i�2�`���+�i�B�Q�M�b�X

�8�X�R�X�R�:�2���M�i�9 �_�2�7�2�`�2�M�+�2 �a���K�T�H�2�b

�h�?�2 �+���H�Q�`�B�K�2�i�2�` �T���`���K�2�i�`�B�b���i�B�Q�M�b �+�Q�K�T�`�B�b�B�M�; �6���b�i�*���H�Q�a�B�K �o�k �r�2�`�2 �/�2�`�B�p�2�/ �7�`�Q�K

�`�2�7�2�`�2�M�+�2 �b���K�T�H�2�b �b�B�K�m�H���i�2�/ �r�B�i�? �:�2���M�i�9 �p�2�`�b�B�Q�M �R�y�X�R�X�j �(�9�j�) ���M�/ �m�b�B�M�; �i�?�2

�6�h�6�S�n�"�1�_�h�n���h�G �T�?�v�b�B�+�b �H�B�b�i�X �h�?�2 �`�2�7�2�`�2�M�+�2 �b���K�T�H�2�b ���`�2 �b�B�M�;�H�2 �T���`�i�B�+�H�2

�2�p�2�M�i�b �r�B�i�? �i�`���p�2�H �/�B�`�2�+�i�B�Q�M�b �+�Q�M�;�`�m�Q�m�b �r�B�i�? �i�?�2 �B�M�i�2�`���+�i�B�Q�M �T�Q�B�M�i �Q�7 �i�?�2 ���h�G���a

�/�2�i�2�+�i�Q�`�- �#�m�i �T�`�Q�/�m�+�2�/ ���i �i�?�2 �+���H�Q�`�B�K�2�i�2�` �b�m�`�7���+�2 �b�Q ���b �M�Q�i �i�Q �r���b�i�2 �+�Q�K�T�m�i�B�M�;

�`�2�b�Q�m�`�+�2�b �Q�M �T���`�i�B�+�H�2�b �i�?���i �r�Q�m�H�/ �M�Q�i �#�2 �p�B���#�H�2 �7�Q�` �i�?�2 �T���`���K�2�i�`�B�b���i�B�Q�M�b�X

�a�T�2�+�B�}�+���H�H�v�- �i�?�2 �b�B�M�;�H�2 �T���`�i�B�+�H�2�b �r�2�`�2 �;�2�M�2�`���i�2�/ �i�Q �Q�`�B�;�B�M���i�2 �Q�M �� �+�v�H�B�M�/�2�` �Q�7

�/�B�K�2�M�b�B�Q�M�br = 1148 mm ���M�/z = 3550 mm�X �h�?�B�b �+�v�H�B�M�/�2�` �r���b �+�2�M�i�`�2�/ �Q�M �i�?�2

�B�M�i�2�`���+�i�B�Q�M �T�Q�B�M�i ���M�/ �T�Q�b�B�i�B�Q�M�2�/ �D�m�b�i �Q�m�i�b�B�/�2 �Q�7 �i�?�2 �h�_�h �i�Q ���H�b�Q �B�M�+�H�m�/�2 �i�?�2 �2�z�2�+�i�b

�Q�7 �i�?�2 �+�`�v�Q�b�i���i ���M�/ �b�Q�H�2�M�Q�B�/ �K���i�2�`�B���H �Q�M �i�?�2 �T�`�Q�T���;���i�B�Q�M �Q�7 �i�?�2 �T���`�i�B�+�H�2�b�X

�P�i�?�2�` �i�?���M �i�?�2 �/�B�z�2�`�2�M�+�2�b �B�M�i�`�Q�/�m�+�2�/ �7�`�Q�K �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �+�Q�K�T�Q�M�2�M�i�b ���M�/ �?���/�@

�`�Q�M�B�+ �+�Q�K�T�Q�M�2�M�i�b �U�b�2�2 �a�2�+�i�B�Q�M �j�X�k�X�9�V�- �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �b�?�Q�r�2�`�b �B�b �b�m�{�+�B�2�M�i�H�v

�B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �B�M�B�i�B���H �T���`�i�B�+�H�2 �i�?���i �i�?�2 �`�2�7�2�`�2�M�+�2 �b���K�T�H�2�b �+���M �#�2 �b�B�K�T�H�B�}�2�/�X

�h�?�2 �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�` �T���`���K�2�i�`�B�b���i�B�Q�M�b �r�2�`�2 �#�m�B�H�i �7�`�Q�K �T�?�Q�i�Q�M�b �U
 �V ���M�/

�2�H�2�+�i�`�Q�M�b �Ue� �V�- �r�?�B�H�b�i �+�?���`�;�2�/ �T�B�Q�M�b �U� � �V �r�2�`�2 �m�b�2�/ �7�Q�` �?���/�`�Q�M�B�+ �b�?�Q�r�2�`�b�X �h�Q

�/�2�p�2�H�Q�T �i�?�2 �H���i�2�`���H �b�?�Q�r�2�` �b�?���T�2 �T���`���K�2�i�`�B�b���i�B�Q�M�b�- �:�2���M�i�9 �r���b �+�Q�M�}�;�m�`�2�/ �i�Q �m�b�2

�b�K���H�H�2�` �i�?���M �m�b�m���H �B�i�2�`���i�B�p�2 �/�2�p�2�H�Q�T�K�2�M�i �b�i�2�T�b �i�Q �T�`�Q�p�B�/�2 �;�`�2���i�2�` �/�2�i���B�H �Q�7 �i�?�2

�b�T���i�B���H �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �2�M�2�`�;�v �/�2�T�Q�b�B�i�b�- �Q�`�?�B�i�b�- �Q�7 �i�?�2 �b�?�Q�r�2�`�X

�h�?�2 �`�2�7�2�`�2�M�+�2 �b���K�T�H�2 �T���`�i�B�+�H�2�b �r�2�`�2 �T�`�Q�/�m�+�2�/ �r�B�i�? �� �m�M�B�7�Q�`�K �/�B�b�i�`�B�#�m�i�B�Q�M �B�M

���x�B�K�m�i�?���H ���M�;�H�2�- ���M�/ �r�B�i�? �#�Q�i�? �T�Q�b�B�i�B�p�2 ���M�/ �M�2�;���i�B�p�2 �T�b�2�m�/�Q�`���T�B�/�B�i�v �B�M �R�y�y

�m�M�B�7�Q�`�K �b�H�B�+�2�b �m�T �i�Qj� j = �8�X �h�?�B�b �2�t�+�2�2�/�b �i�?�2 �7�Q�`�r���`�/ �#�Q�m�M�/���`�v �Q�7 �i�?�2

�+���H�Q�`�B�K�2�i�2�`�b �#�v �� �b�K���H�H �K���`�;�B�M �i�Q �B�M�+�H�m�/�2 �T���`�i�B�+�H�2�b �i�?���i �B�M�i�2�`���+�i �K�B�M�B�K���H�H�v �#�2�7�Q�`�2

�T�2�M�2�i�`���i�B�M�; �i�?�2 �+���H�Q�`�B�K�2�i�2�` �p�Q�H�m�K�2�X �6�Q�` �2�p�2�`�v� �@�b�H�B�+�2�- �R�d �2�M�2�`�;�v �b���K�T�H�2�b �7�Q�` �2���+�?

�b�B�M�;�H�2 �T���`�i�B�+�H�2 �i�v�T�2 �r�2�`�2 �T�`�Q�/�m�+�2�/�, �b�i���`�i�B�M�; ���i �� �K�B�M�B�K�m�K �Q�764 MeV�- �r�B�i�? �2���+�?

�b�m�#�b�2�[�m�2�M�i �b���K�T�H�2 �/�Q�m�#�H�B�M�; �B�M �2�M�2�`�;�v�- �m�T �i�Q4 TeV �U64 MeV� 216�V�X10 000�2�p�2�M�i�b

�r�2�`�2 �T�`�Q�/�m�+�2�/ �7�Q�` �i�?�2 �}�`�b�i �R�j �b���K�T�H�2�b �r�B�i�? �2�M�2�`�;�B�2�b �m�T �i�Q256 GeV�U64 MeV� 212�V�X

���b �:�2���M�i�9 �b�B�K�m�H���i�B�Q�M �i�B�K�2 �B�M�+�`�2���b�2�b �r�B�i�? �B�M�B�i�B���H �T���`�i�B�+�H�2 �2�M�2�`�;�v�- �i�?�2 �M�m�K�#�2�` �Q�7

�b���K�T�H�2 �2�p�2�M�i�b �r���b �/�2�+�`�2���b�2�/ �7�Q�` �b�m�+�+�2�b�b�B�p�2�H�v �?�B�;�?�2�` �2�M�2�`�;�B�2�b �m�M�i�B�H �`�2���+�?�B�M�;1000

�7�Q�` �i�?�24 TeV �b���K�T�H�2�X
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�8�X�R�X�k�G�Q�M�;�B�i�m�/�B�M���H �1�M�2�`�;�v �.�2�T�Q�b�B�i�B�Q�M

�h�?�2 �H�Q�M�;�B�i�m�/�B�M���H �/�B�`�2�+�i�B�Q�M �Q�7 �� �T���`�i�B�+�H�2 �b�?�Q�r�2�` �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�` �+�Q�M�+�2�`�M�b �?�Q�r

�K�m�+�? �2�M�2�`�;�v �B�b �/�2�T�Q�b�B�i�2�/ �B�M �2���+�? �H���v�2�` ���b �i�?�2 �b�?�Q�r�2�` �2�p�Q�H�p�2�b�X �h�?�B�b �2�M�2�`�;�v �T�2�`

�H���v�2�` �B�b �/�2�T�2�M�/�2�M�i �Q�M �i�?�2 �+���H�Q�`�B�K�2�i�2�` �/�2�T�i�? �i�?���i �i�?�2 �B�M�+�B�/�2�M�i �T���`�i�B�+�H�2 �B�M�B�i�B���i�2�b

�i�?�2 �b�?�Q�r�2�` ���M�/ �?�Q�r �K�m�+�? �2�M�2�`�;�v �i�?���i �T���`�i�B�+�H�2 �#�2�;���M �r�B�i�?�X �>�Q�r�2�p�2�`�- �B�i �B�b �?�B�;�?�H�v

�+�Q�`�`�2�H���i�2�/ �#�2�i�r�2�2�M �H���v�2�`�b �r�?�B�+�? �K���F�2�b �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �T���`���K�2�i�`�B�b���i�B�Q�M �Q�7 �i�?�2

�`�2�b�T�Q�M�b�2 �7�Q�` �2���+�? �b�2�T���`���i�2 �H���v�2�` �/�B�{�+�m�H�i�X �>�2�`�2�- �� �i�2�+�?�M�B�[�m�2 �+���H�H�2�/�S�`�B�M�+�B�T���H

�*�Q�K�T�Q�M�2�M�i ���M���H�v�b�B�b�U�S�*���V �(�9�N�) �B�b �m�b�2�/ �i�Q �+�H���b�b�B�7�v �b�?�Q�r�2�`�b �7�`�Q�K �i�?�2 �`�2�7�2�`�2�M�+�2

�b���K�T�H�2�b �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M �8�X�R�X�R �7�Q�` �2���+�? �2�M�2�`�;�v �T�Q�B�M�i�-� �@�b�H�B�+�2�- ���M�/ �T���`�i�B�+�H�2

�i�v�T�2�X �h�?�B�b �T�2�`�7�Q�`�K�b �� �i�`���M�b�7�Q�`�K���i�B�Q�M �Q�M �� �b�2�i �Q�7 �p���`�B���#�H�2�b �i�Q �T�`�Q�/�m�+�2 ��

�M�2�r �b�2�i �Q�7 �Q�`�i�?�Q�;�Q�M���H ���M�/ �m�M�+�Q�`�`�2�H���i�2�/�T�`�B�M�+�B�T���H �+�Q�K�T�Q�M�2�M�i�b�(�8�y�)�X �h�?�2 �S�*��

�i�`���M�b�7�Q�`�K���i�B�Q�M �B�b �2�M���+�i�2�/ �i�r�B�+�2�- �r�?�2�`�2 �i�?�2�}�`�b�i �S�*���+�H���b�b�B�}�2�b �b�?�Q�r�2�`�b �B�M�i�Q�S�*��

�#�B�M�b�- ���M�/ �i�?�2�b�2�+�Q�M�/ �S�*���B�b �B�K�T�H�2�K�2�M�i�2�/ �Q�M �2���+�? �Q�7 �i�?�2�b�2 �#�B�M�b �i�Q �`�2�b�m�H�i �B�M

�m�M�+�Q�`�`�2�H���i�2�/ �:���m�b�b�B���M �/�B�b�i�`�B�#�m�i�B�Q�M�b�X �h�?�2�b�2 �:���m�b�b�B���M �/�B�b�i�`�B�#�m�i�B�Q�M�b ���`�2 �i�?�2�M �m�b�2�/

�#�v �6���b�i�*���H�Q�a�B�K �i�Q �K�Q�/�2�H �i�?�2 �2�M�2�`�;�v �i�Q �#�2 �/�2�T�Q�b�B�i�2�/ �T�2�` �+���H�Q�`�B�K�2�i�2�` �H���v�2�` �7�Q�` ��

�b�B�K�m�H���i�2�/ �T���`�i�B�+�H�2 �b�?�Q�r�2�`�X

�h�Q �T�`�2�T���`�2 �i�?�2 �S�*�� �B�M�T�m�i�b �7�Q�` �2���+�? �:�2���M�i�9 �`�2�7�2�`�2�M�+�2 �b���K�T�H�2�- �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7

�i�?�2 �2�M�2�`�;�v �7�`���+�i�B�Q�M �/�2�T�Q�b�B�i�2�/ �B�M �2���+�? �+���H�Q�`�B�K�2�i�2�` �H���v�2�` �B�b �/�2�i�2�`�K�B�M�2�/�- �b�m�+�? ���b �B�M

�6�B�;�m�`�2 �8�X�R���X �h�?�2 �+�m�K�m�H���i�B�p�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�B�b �2�M�2�`�;�v �7�`���+�i�B�Q�M �B�b �i�?�2�M �i���F�2�M ���b

�B�M �6�B�;�m�`�2 �8�X�R�#�- ���M�/ �b�m�#�b�2�[�m�2�M�i�H�v �i�`���M�b�7�Q�`�K�2�/ �B�M�i�Q �:���m�b�b�B���M �/�B�b�i�`�B�#�m�i�B�Q�M�b �m�b�B�M�;

�i�?�2 �B�M�p�2�`�b�2 �2�`�`�Q�` �7�m�M�+�i�B�Q�M�- ���b �B�M �6�B�;�m�`�2 �8�X�R�+�X �h�?�2 �}�`�b�i �S�*�� �B�b �i�?�2�M �T�2�`�7�Q�`�K�2�/ �Q�M ��

�K���i�`�B�t �+�Q�K�T�`�B�b�2�/ �Q�7 �i�?�2 �:���m�b�b�B���M �/�B�b�i�`�B�#�m�i�B�Q�M�b �7�`�Q�K �2���+�? �H���v�2�`�- �i�`���M�b�7�Q�`�K�B�M�; �i�?�2

�b�2�i �Q�7 �+�Q�`�`�2�H���i�2�/ �2�M�2�`�;�B�2�b �B�M�i�Q �� �b�2�i �Q�7 �H�B�M�2���`�H�v �/�2�+�Q�`�`�2�H���i�2�/ �T�`�B�M�+�B�T���H �+�Q�K�T�Q�M�2�M�i�b

�#�v �K�2���M�b �Q�7 ���M �Q�`�i�?�Q�;�Q�M���H �i�`���M�b�7�Q�`�K���i�B�Q�M �Q�7 �i�?�2 �+�Q�Q�`�/�B�M���i�2 �b�v�b�i�2�K�X �h�?�2 �T�`�B�M�+�B�T���H

�+�Q�K�T�Q�M�2�M�i�b �r�B�i�? �i�?�2 �?�B�;�?�2�b�i ���M�/ �b�2�+�Q�M�/ �?�B�;�?�2�b�i �p���`�B���M�+�2 ���`�2 �M�Q�r �i�2�`�K�2�/ ���b �i�?�2

�H�2���/�B�M�; ���M�/ �b�m�#�@�H�2���/�B�M�; �T�`�B�M�+�B�T���H �+�Q�K�T�Q�M�2�M�i�b �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �T���`�i�B�+�H�2 �b�?�Q�r�2�`

�B�b �i�?�2�M �+�H���b�b�B�}�2�/ �#�v �/�B�p�B�/�B�M�; �i�?�2 �T�`�B�M�+�B�T���H �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �}�`�b�i �S�*�� �B�M�i�Q �#�B�M�b

�Q�7 �2�[�m���H �T�`�Q�#���#�B�H�B�i�v�- �B�M�+�H�m�/�B�M�; �� �#�B�M �7�Q�` �/�2�T�Q�b�B�i�B�M�; �x�2�`�Q �2�M�2�`�;�v�X �h�?�2 �H�2���/�B�M�;

�T�`�B�M�+�B�T�H�2 �+�Q�K�T�Q�M�2�M�i �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �i�?�2 �}�`�b�i �S�*�� �B�M �i�?�B�b �2�t���K�T�H�2 �T�`�Q�+�2�b�b �B�b

�b�?�Q�r�M �B�M �6�B�;�m�`�2 �8�X�R�/�- �/�B�b�T�H���v�B�M�; �i�?�2 �/�2�}�M�2�/ �S�*�� �#�B�M�b�X

�h�?�2 �b���K�2 �K�2�i�?�Q�/ �B�b �i�?�2�M �m�b�2�/ �i�Q �i�`���M�b�7�Q�`�K �i�?�2 �i�Q�i���H �2�M�2�`�;�v ���M�/ �2�M�2�`�;�v �7�`���+�i�B�Q�M�b

�B�M �2���+�? �#�B�M �Q�7 �i�?�2 �}�`�b�i �S�*�� �T�`�B�M�+�B�T���H �+�Q�K�T�Q�M�2�M�i �B�M�i�Q �:���m�b�b�B���M �/�B�b�i�`�B�#�m�i�B�Q�M�b

�#�2�7�Q�`�2 �2�M���+�i�B�M�; �� �b�2�+�Q�M�/ �S�*���X �h�?�2 �b�2�+�Q�M�/ �S�*�� �Q�M�H�v �+�Q�M�b�B�/�2�`�b �i�?�2 �2�p�2�M�i�b �B�M �i�?�2

�#�B�M �7�`�Q�K �i�?�2 �}�`�b�i �S�*�� �i�?���i �B�i �B�b �#�2�B�M�; �T�2�`�7�Q�`�K�2�/ �Q�M�- �#�m�i �Q�i�?�2�`�r�B�b�2 �B�b �T�`�Q�+�2�b�b�2�/ �B�M

�i�?�2 �b���K�2 �r���v �i�Q �`�2�K�Q�p�2 �`�2�K���B�M�B�M�; �+�Q�`�`�2�H���i�B�Q�M�b�X �h�?�2 �K�2���M ���M�/� �̀Q�Q�i �K�2���M �b�[�m��� �̀2
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�U���V�.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �2�M�2� �̀;�v �7� �̀��+�i�B�Q�M�b �B�M
�1�J�"�R�X

�U�#�V�*�m�K�m�H���i�B�p�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �2�M�2� �̀;�v
�7� �̀��+�i�B�Q�M�b �B�M �1�J�"�R�X

�U�+�V�:���m�b�b�B���M �i� �̀��M�b�7�Q�`�K�2�/ �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7
�2�M�2� �̀;�v �7� �̀��+�i�B�Q�M�b �B�M �1�J�"�R�X

�U�/�V �"�B�M �/�2�}�M�B�i�B�Q�M�b �B�M �i�?�2 �H�2���/�B�M�; �T�`�B�M�@
�+�B�T�H�2 �+�Q�K�T�Q�M�2�M�i �/�B�b�i�`�B�#�m�i�B�Q�M�X

�6�B�;�m�`�2 �8�X�R�h�?�2 �b�i�2�T�b �i���F�2�M �B�M �T�2�`�7�Q�`�K�B�M�; �i�?�2 �}�`�b�i �S�*�� �i� �̀��M�b�7�Q�`�K���i�B�Q�M �7�Q�`
�e�8 �:�2�o �T�?�Q�i�Q�M�b �B�M �i�?�2 �1�J�"�R �b���K�T�H�B�M�; �H���v�2�` �7�Q�` �y�X�k�y< j� j < �y�X�k�8 �(�9�3�)�X

�U�_�J�a�V �Q�7 �i�?�2 �`�2�b�m�H�i�B�M�; �/�2�+�Q�`�`�2�H���i�2�/ �:���m�b�b�B���M �/�B�b�i�`�B�#�m�i�B�Q�M�b�- �S�*�� �K���i�`�B�+�2�b�- �S�*��

�#�B�M �T�`�Q�#���#�B�H�B�i�B�2�b ���M�/ �B�M�p�2�`�b�2 �+�m�K�m�H���i�B�p�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b ���`�2 ���H�H �b�i�Q�`�2�/ ���M�/ �m�b�2�/ �B�M

�6���b�i�*���H�Q�a�B�K �o�k�X �h�Q �b�B�K�m�H���i�2 �� �T���`�i�B�+�H�2 �b�?�Q�r�2�`�- �i�?�2 �/�2�b�+�`�B�#�2�/ �S�*�� �+�?���B�M �+���M

�M�Q�r �#�2 �+���`�`�B�2�/ �Q�m�i �B�M �`�2�p�2�`�b�2�,

�R�X�a�2�H�2�+�i �� �S�*�� �#�B�M �m�b�B�M�; �� �`���M�/�Q�K �M�m�K�#�2�` �;�2�M�2�`���i�2�/ �7�`�Q�K �� �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7

�i�?�2 �S�*�� �#�B�M �T�`�Q�#���#�B�H�B�i�B�2�b�X

�k�X�:�2�M�2�`���i�2 �`���M�/�Q�K �M�m�K�#�2�`�b �7�`�Q�K �i�?�2 �m�M�+�Q�`�`�2�H���i�2�/ �:���m�b�b�B���M �/�B�b�i�`�B�#�m�i�B�Q�M�b �B�M

�i�?�2 �b�2�H�2�+�i�2�/ �S�*�� �#�B�M�X

�j�X�_�Q�i���i�2 �i�?�2�b�2 �M�m�K�#�2�`�b �m�b�B�M�; �i�?�2 �B�M�p�2�`�b�2 �b�2�+�Q�M�/ �S�*�� �K���i�`�B�t �i�Q �+�Q�`�`�2�H���i�2

�i�?�2�K�X

�d�3



�9�X�J���T �i�?�2 �+�Q�`�`�2�H���i�2�/ �`���M�/�Q�K �M�m�K�#�2�`�b �#���+�F �i�Q �i�?�2 �i�Q�i���H �2�M�2�`�;�v ���M�/ �2�M�2�`�;�v

�7�`���+�i�B�Q�M�b �/�2�T�Q�b�B�i�2�/ �B�M �2���+�? �H���v�2�` �m�b�B�M�; �i�?�2 �2�`�`�Q�` �7�m�M�+�i�B�Q�M ���M�/ �i�?�2 �B�M�p�2�`�b�2

�+�m�K�m�H���i�B�p�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b�X

�8�X�R�X�j�G���i�2�`���H �a�?�Q�r�2�` �a�?���T�2

�h�?�2 �H�Q�+���H�B�b�2�/ �2�M�2�`�;�v �/�2�T�Q�b�B�i�b �Q�7 �i�?�2 �:�2���M�i�9 �`�2�7�2�`�2�M�+�2 �b���K�T�H�2�b ���`�2 �+�Q�H�H�2�+�i�2�/ �#�v

�H���v�2�` �B�M�i�Q �#�B�M�b �B�M �i�?�2 �`���/�B���H �/�B�`�2�+�i�B�Q�M �7�`�Q�K �i�?�2 �b�?�Q�r�2�` ���t�B�b�X �>�2�`�2�- �Q�M�H�v �H���v�2�`�b

�r�B�i�? �2�M�2�`�;�v �7�`���+�i�B�Q�M�b �;�`�2���i�2�` �i�?���M0:1 %�- �`�2�7�2�`�`�2�/ �i�Q ���b� �̀2�H�2�p���M�i �H���v�2�`�b�- ���`�2

�+�Q�M�b�B�/�2�`�2�/ �B�M �i�?�2 �T���`���K�2�i�`�B�b���i�B�Q�M�X �_�2�H�2�p���M�i �H���v�2�`�b ���`�2 �/�2�i�2�`�K�B�M�2�/ �7�Q�` �2���+�? �b���K�T�H�2

�B�M�/�2�T�2�M�/�2�M�i�H�v�X

�h�?�2 �T�b�2�m�/�Q�`���T�B�/�B�i�v ���M�/ ���x�B�K�m�i�?���H ���M�;�H�2 �+�Q�Q�`�/�B�M���i�2�b �Q�7 �?�B�i�b �B�M �`�2�H�2�p���M�i �H���v�2�`�b�-

� �?�B�i���M�/� �?�B�i�- ���`�2 �/�2�`�B�p�2�/ �B�M �`�2�b�T�2�+�i �i�Q �i�?�2 �2�t�i�`���T�Q�H���i�2�/ �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �B�M�B�i�B���H

�T���`�i�B�+�H�2 �B�M �i�?���i �H���v�2�`�-� �2�t�i�` ���M�/� �2�t�i��̀X �h�?�B�b �2�t�i�`���T�Q�H���i�2�/ �T�Q�b�B�i�B�Q�M �B�b �/�2�i�2�`�K�B�M�2�/

�7�`�Q�K �i�?�2 �B�M�B�i�B���H �K�Q�K�2�M�i�m�K �Q�7 �i�?�2 �T���`�i�B�+�H�2 �7�`�Q�K �r�?�2�M �B�i �2�M�i�2�`�b �i�?�2 �+���H�Q�`�B�K�2�i�2�`

�p�Q�H�m�K�2�- ���M�/ �B�b �T�`�Q�T���;���i�2�/ �i�?�`�Q�m�;�? �i�?�2 �H���v�2�`�b �r�?�B�H�2 �i���F�B�M�; �i�?�2 �/�2�i�2�+�i�Q�` �K���;�M�2�i�B�+

�}�2�H�/ �B�M�i�Q ���+�+�Q�m�M�i �B�7 �i�?�2 �T���`�i�B�+�H�2 �B�b �+�?���`�;�2�/�X �h�?�2 �`�2�H���i�B�p�2 ���M�;�m�H���` �+�Q�Q�`�/�B�M���i�2�b �Q�7

�i�?�2 �b�?�Q�r�2�`�b�-� � ���M�/� � �- ���`�2 �b�?�Q�r�M �B�M �1�[�m���i�B�Q�M �8�X�R�X �h�?�2 �+�Q�Q�`�/�B�M���i�2�b �Q�7 �i�?�2

�+���H�Q�`�B�K�2�i�2�` �+�2�H�H �r�?�2�`�2 �i�?�2 �?�B�i �B�b �H�Q�+���i�2�/�-z�+�2�H�H���M�/r �+�2�H�H�- ���`�2 ���H�b�Q �m�b�2�/ �i�Q �+���H�+�m�H���i�2

�i�?�2 �`�2�H���i�B�p�2 �?�B�i �+�Q�Q�`�/�B�M���i�2�b �B�M �K�B�H�H�B�K�2�i�`�2 �m�M�B�i�b�-� � �K�K ���M�/� � �K�K�- ���b �i�?�B�b �;�B�p�2�b ��

�#�2�i�i�2�` �/�2�b�+�`�B�T�i�B�Q�M �Q�7 �i�?�2 �b�?�Q�r�2�`�X

� � = � �?�B�i� � �2�t�i�`;

� � = � �?�B�i� � �2�t�i�`;

� � �K�K = � � � � �D���+�Q�#�B�
q

r 2
�+�2�H�H+ z2

�+�2�H�H;

� � �K�K = � � � r �+�2�H�H;

�U�8�X�R�V

�r�?�2�`�2� �D���+�Q�#�B= 2
�
�
� exp(� � �2�t�i� )̀

1+exp( � 2� �2�t�i� )̀

�
�
� �X �h�?�2�b�2 �?�B�i �T�Q�b�B�i�B�Q�M�b ���`�2 �i�?�2�M �+�Q�M�p�2�`�i�2�/ �i�Q �T�Q�H���`

�+�Q�Q�`�/�B�M���i�2�b �B�M �1�[�m���i�B�Q�M �8�X�k�-

� R�K�K =
q

(� � �K�K)2 + (� � �K�K)2;

� = ���`�+�i���M2 (� � �K�K; � � �K�K) :
�U�8�X�k�V

�d�N



�h�?�2�b�2 �?�B�i �T�Q�b�B�i�B�Q�M�b �B�M �T�Q�H���` �+�Q�Q�`�/�B�M���i�2�b ���`�2 �i�?�2�M �;�`�Q�m�T�2�/ �B�M�i�Q �#�B�M�b �Q�7 �/�B�z�2�`�2�M�i �b�B�x�2

�i�Q �2�t�T�H�Q�B�i �i�?�2 �b�?�Q�r�2�` �b�v�K�K�2�i�`�v �B�M� �X �� �#�B�M�M�B�M�; �Q�71 mm �B�M �i�?�2 �`���/�B���H �/�B�`�2�+�i�B�Q�M

�B�b �m�b�2�/ �B�M �i�?�2 �?�B�;�?�@�;�`���M�m�H���`�B�i�v �1�J�"�R ���M�/ �1�J�1�R �H���v�2�`�b �r�?�B�H�25 mm �B�b �m�b�2�/ �B�M

�i�?�2 �`�2�b�i�X ���H�Q�M�; �i�?�2 ���M�;�m�H���` �/�B�`�2�+�i�B�Q�M�- �2�B�;�?�i �m�M�B�7�Q�`�K �#�B�M�b ���`�2 �m�b�2�/ �B�M ���H�H �`�2�H�2�p���M�i

�H���v�2�`�b�X �h�?�2 �b�B�x�2 �Q�7 �2���+�? �`�2�b�m�H�i���M�i �j�@�/�B�K�2�M�b�B�Q�M���H �?�B�i �p�Q�H�m�K�2 �B�b �K�m�+�? �b�K���H�H�2�` �i�?���M

�i�?�2 �+���H�Q�`�B�K�2�i�2�` �+�2�H�H �/�B�K�2�M�b�B�Q�M�b�X

�U���V�S�?�Q�i�Q�M�b �B�M �1�J�"�k�X �U�#�V�S�B�Q�M�b �B�M �h�B�H�2�"���`�k�X

�6�B�;�m�`�2 �8�X�k�G���i�2� �̀��H �b�?���T�2 �T��� �̀��K�2�i�`�B�b���i�B�Q�M �2�t���K�T�H�2�b �7�Q�` �k�e�8 �:�2�o �T�?�Q�i�Q�M�b ���M�/
�T�B�Q�M�b �7�Q�` �y�X�8�8< j� j < �y�X�e�y �B�M �i�?�2 �b�2�+�Q�M�/ �H���v�2�` �Q�7 �i�?�2 �2�H�2�+�i� �̀Q�K���;�M�2�i�B�+ ���M�/ �i�?�2 �i�B�H�2
�#���`� �̀2�H � �̀2�b�T�2�+�i�B�p�2�H�v�X �h�Q �#�2�i�i�2�` � �̀2�T� �̀2�b�2�M�i �i�?�2 �+�Q� �̀2 �Q�7 �i�?�2 �b�?�Q�r�2�`�- �i�?�2�b�2 �T�H�Q�i�b �?���p�2 ��
�i�?� �̀2�b�?�Q�H�/ ���i� R � �R�y�y �K�K �(�9�3�)�X

�h�?�2 �H���i�2�`���H �b�?�Q�r�2�` �b�?���T�2 �/�2�b�+�`�B�#�2�b �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �2�M�2�`�;�v �/�2�T�Q�b�B�i�b ���#�Q�m�i �i�?�2

�b�?�Q�r�2�` ���t�B�b �B�M �2���+�? �+���H�Q�`�B�K�2�i�2�` �H���v�2�`�X �h�?�2 �b�T�2�+�B�}�+ �T���`���K�2�i�`�B�b���i�B�Q�M �B�b �/�2�`�B�p�2�/ �7�Q�`

�2���+�? �`�2�H�2�p���M�i �H���v�2�` ���M�/ �B�M �2���+�? �S�*�� �#�B�M�X �h�?�2 �T�Q�H���` �+�Q�Q�`�/�B�M���i�2�b �Q�7 �?�B�i�b �/�2�}�M�2�/

�B�M �1�[�m���i�B�Q�M �8�X�k ���`�2 �m�b�2�/ �i�Q �T���`���K�2�i�`�B�b�2 �i�?�2 �b�?�Q�r�2�` �/�2�p�2�H�Q�T�K�2�M�i�X �P�M�H�v �?�B�i�b �i�?���i

�+�Q�M�b�i�B�i�m�i�299:5 % �Q�7 �i�?�2 �i�Q�i���H �2�M�2�`�;�v �B�M �2���+�? �S�*�� �#�B�M �+�m�K�m�H���i�B�p�2�H�v ���H�Q�M�;� R�K�K

���`�2 �+�Q�M�b�B�/�2�`�2�/ �b�Q ���b �i�Q �2�t�+�H�m�/�2 �?�B�i�b �i�?���i ���`�2 �`�2�H���i�B�p�2�H�v �7���` �7�`�Q�K �i�?�2 �b�?�Q�r�2�` ���t�B�b�X

�6�Q�` �2���+�? �H���v�2�`�- �i�?�2 �b�?�Q�r�2�` �b�?���T�2 �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �2���+�? �S�*�� �#�B�M �B�b �i�?�2�M �M�Q�`�K���H�B�b�2�/

�r�B�i�? �i�?�2 �2�M�2�`�;�v �B�M �i�?���i �#�B�M �i�Q �/�2�`�B�p�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �Q�7 �i�?�2

���p�2�`���;�2 �H���i�2�`���H �b�?�Q�r�2�` �b�?���T�2�X �h�?�2 ���p�2�`���;�2 �b�?�Q�r�2�` �T�`�Q�}�H�2 �7�Q�` �2�H�2�+�i�`�Q�K���;�M�2�i�B�+

�b�?�Q�r�2�`�b �B�M �1�J�"�k�- ���M�/ �7�Q�` �?���/�`�Q�M�B�+ �b�?�Q�r�2�`�b �B�M �h�B�H�2�"���`�k ���`�2 �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2 �8�X�k�X

���b �i�?�2 �b�?�Q�r�2�` �b�?���T�2 �B�b �/�2�K�Q�M�b�i�`���i�2�/ �i�Q �#�2 �b�v�K�K�2�i�`�B�+ �B�M� � �K�K�- �i�?�2 �b�i�Q�`���;�2 �b�B�x�2

�Q�7 �i�?�2�b�2 �?�B�b�i�Q�;�`���K�b �/�2�b�+�`�B�#�B�M�; �i�?�2 �H���i�2�`���H �b�?�Q�r�2�` �T���`���K�2�i�`�B�b���i�B�Q�M �B�b �`�2�/�m�+�2�/ �#�v

�Q�M�H�v �b�i�Q�`�B�M�; �i�?�2j� � �K�Kj �+�Q�Q�`�/�B�M���i�2�b �7�Q�`0 � � � � �X

�3�y



�8�X�R�X�9�a�B�K�m�H���i�B�M�; �>�B�i�b

�6���b�i�*���H�Q�a�B�K �o�k �m�b�2�b �i�?�2 ���p�2�`���;�2 �b�?�Q�r�2�` �b�?���T�2 ���b ���T� �̀Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M

�U�S�.�6�V �i�Q �`���M�/�Q�K�H�v �b���K�T�H�2 �?�B�i�b �i�Q �K���T �i�Q �+���H�Q�`�B�K�2�i�2�` �+�2�H�H�b �m�b�B�M�; �i�?�2 �b�B�K�T�H�B�}�2�/

�;�2�Q�K�2�i�`�v �/�2�b�+�`�B�T�i�B�Q�M�X �6�Q�` �T���`�i�B�+�H�2�b �i�?���i ���`�2 �M�Q�i �b�B�K�m�H���i�2�/ �i�Q �2�M�i�2�` �+���H�Q�`�B�K�2�i�2�`

�+�2�H�H�b �T�2�`�T�2�M�/�B�+�m�H���`�H�v�- �i�?�2 �;�2�M�2�`���i�2�/ �?�B�i �T�Q�b�B�i�B�Q�M�b ���`�2 ���H�i�2�`�2�/ �i�Q ���+�+�Q�m�M�i �7�Q�` �i�?�B�b�X

�h�?�2 �2�M�2�`�;�B�2�b �Q�7 �?�B�i�b ���`�2 ���b�b�B�;�M�2�/ ���b �/�2�b�+�`�B�#�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�2�+�i�B�Q�M�b ���M�/

�i�?�2�M �i�?�2 �i�Q�i���H �2�M�2�`�;�v �Q�7 �i�?�2 �?�B�i�b ���`�2 �M�Q�`�K���H�B�b�2�/ �b�Q �i�?�2 �b�m�K �+�Q�`�`�2�b�T�Q�M�/�b �r�B�i�?

�i�?�2 �/�2�i�2�`�K�B�M�2�/ �b�B�K�m�H���i�2�/ �2�M�2�`�;�v �i�Q �#�2 �/�2�T�Q�b�B�i�2�/ �B�M �i�?���i �H���v�2�`�- ���b �/�2�b�+�`�B�#�2�/ �B�M

�a�2�+�i�B�Q�M �8�X�R�X�k�X

�1�H�2�+�i�`�Q�M�b ���M�/ �S�?�Q�i�Q�M�b

�*�?���M�;�2�b �B�M �2�H�2�+�i�`�Q�M ���M�/ �T�?�Q�i�Q�M �b�?�Q�r�2�` �b�?���T�2�b �/�2�T�2�M�/ �Q�M �i�?�2 �B�M�i�`�B�M�b�B�+ �2�M�2�`�;�v

�`�2�b�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` �b�v�b�i�2�K�X �h�?�B�b �B�b �/�m�2 �i�Q �i�?�2 �+�Q�K�T���+�i �+���b�+���/�2�b �Q�7

�T���`�i�B�+�H�2�b �B�M ���M �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�` �U�b�2�2 �6�B�;�m�`�2 �j�X�N�V�X ���b �� �`�2�b�m�H�i�- �i�?�2 �M�m�K�#�2�`

�Q�7 �?�B�i�b �i�Q �#�2 ���b�b�B�;�M�2�/ �B�M �2���+�? �H���v�2�` �7�Q�` �� �b�B�K�m�H���i�2�/ �2�H�2�+�i�`�Q�M �Q�` �T�?�Q�i�Q�M �B�b �/�2�i�2�`�K�B�M�2�/
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�/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M �8�X�R�X�R�X �h�?�2 �T�`�Q�+�2�b�b �#�2�;�B�M�b �#�v �}�H�H�B�M�; �� �?�B�b�i�Q�;�`���K �r�B�i�? �i�?�2�

�T�Q�b�B�i�B�Q�M�b �Q�7 �i�?�2 �?�B�i�b�-� �?�B�i�- �B�M �`�2�H���i�B�Q�M �i�Q �i�?�2 �+�2�M�i�`�2 �Q�7 �i�?�2�B�` ���b�b�B�;�M�2�/ �6���b�i�*���H�Q�a�B�K
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�+�2�H�H�-� 0
�+�2�H�H�X �� �b�2�+�Q�M�/ �?�B�b�i�Q�;�`���K �B�b �i�?�2�M �+�Q�M�b�i�`�m�+�i�2�/ �7�Q�` �i�?�2 �b���K�2 �+���H�Q�`�B�K�2�i�2�` �H���v�2�`�-

�#�m�i �Q�M�H�v �}�H�H�2�/ �#�v �?�B�i�b �i�?���i ���`�2 ���b�b�B�;�M�2�/ �i�Q �i�?�2 �b���K�2 �+�2�H�H �B�M �i�?�2 �6���b�i�*���H�Q�a�B�K

�;�2�Q�K�2�i�`�v ���b �B�M �i�?�2 �:�2���M�i�9 �/�2�i�2�+�i�Q�` �/�2�b�+�`�B�T�i�B�Q�M�- �B�X�2�X ���b�b�B�;�M�2�/ �i�Q �i�?�2�õ�+�Q�`� �̀2�+�i �+�2�H�H�ö�X

�A�7f ���H�H(� � �`�2�H) �B�b �i�?�2 �7�Q�`�K�2�` �/�B�b�i�`�B�#�m�i�B�Q�M�- ���M�/f �K���i�+�?�2�/(� � �`�2�H) �B�b �i�?�2 �H���i�i�2�`�- �i�?�2�M �i�?�2

�2�{�+�B�2�M�+�v �Q�7 �+�Q�`�`�2�+�i �+�2�H�H ���b�b�B�;�M�K�2�M�i�-" �+�Q�`�`�2�+�i �+�2�H�H(� � �`�2�H) �B�b �;�B�p�2�M �#�v�-

" �+�Q�`�`�2�+�i �+�2�H�H(� � �`�2�H) =
f �K���i�+�?�2�/(� � �`�2�H)

f ���H�H(� � �`�2�H)
; �U�8�X�8�V

�r�?�2�`�2� � �`�2�H= � �?�B�i� � 0
�+�2�H�H�B�b �i�?�2 �`�2�H���i�B�p�2� �T�Q�b�B�i�B�Q�M �Q�7 �� �?�B�i �i�Q �B�i�b ���b�b�B�;�M�2�/ �+�2�H�H

�+�2�M�i�`�2�X �h�?�B�b �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �+�Q�`�`�2�+�i �+�2�H�H ���b�b�B�;�M�K�2�M�i �2�{�+�B�2�M�+�v �M�Q�r �b�?�Q�r�b �i�?�2�

�T�Q�b�B�i�B�Q�M �r�B�i�?�B�M �� �+�2�H�H �r�?�2�`�2 �6���b�i�*���H�Q�a�B�K �?�B�i�b ���`�2 �K�Q�`�2 �H�B�F�2�H�v�- ���M�/ �r�?�2�`�2 �i�?�2�v ���`�2

�H�2�b�b �H�B�F�2�H�v �i�Q �?���p�2 �#�2�2�M ���b�b�B�;�M�2�/ �i�Q �i�?���i �b���K�2 �+�2�H�H �B�7 �i�?�2�v �?���/ �#�2�2�M �b�B�K�m�H���i�2�/ �m�b�B�M�;

�:�2���M�i�9�X �6�B�;�m�`�2 �8�X�9 �b�?�Q�r�b ���M �2�t���K�T�H�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �2�{�+�B�2�M�+�v �Q�7 �+�Q�`�`�2�+�i �+�2�H�H

���b�b�B�;�M�K�2�M�i ���b �� �7�m�M�+�i�B�Q�M �Q�7 �`�2�H���i�B�p�2� �T�Q�b�B�i�B�Q�M�b �m�b�B�M�; �?�B�i�b �7�`�Q�K10 000 65 GeV

�T�?�Q�i�Q�M�b�X �h�?�B�b �2�t���K�T�H�2 �B�b �7�Q�` �+�2�H�H�b �B�M �i�?�2 �1�J�"�k �H���v�2�` �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` �r�B�i�? �i�?�2

�T�b�2�m�/�Q�`���T�B�/�B�i�v �`���M�;�2 �y�X�k�y< j� j < �y�X�k�8�X

�6�B�;�m�`�2 �8�X�9�h�?�2 �2�{�+�B�2�M�+�v �Q�7 �+�Q�`� �̀2�+�i �+�2�H�H ���b�b�B�;�M�K�2�M�i �7�Q�` �i�?�2 �?�B�i�b �Q�710 000 65 GeV
�T�?�Q�i�Q�M�b �B�M �i�?�2 �1�H�2�+�i� �̀Q�K���;�M�2�i�B�+ �"���`� �̀2�H �k �H���v�2�` �B�M �i�?�2 �T�b�2�m�/�Q� �̀��T�B�/�B�i�v � �̀��M�;�2 �y�X�k�y<
j� j < �y�X�k�8�X

�6�B�;�m�`�2 �8�X�8 �/�2�K�Q�M�b�i�`���i�2�b �i�?�2 �2�z�2�+�i �Q�7 �M�Q�`�K���H�B�b�B�M�; �i�?�2 �B�M�i�2�;�`���H �Q�7 �i�?�2 �2�{�+�B�2�M�+�v �Q�7

�+�Q�`�`�2�+�i �+�2�H�H ���b�b�B�;�M�K�2�M�i �/�B�b�i�`�B�#�m�i�B�Q�M �7�`�Q�K �6�B�;�m�`�2 �8�X�9 �i�Q �R�- ���M�/ �m�b�B�M�; �B�i ���b �� �S�.�6

�7�Q�` ���b�b�B�;�M�B�M�;�� �/�B�b�T�H���+�2�K�2�M�i�b �i�Q �R �K�B�H�H�B�Q�M �i�Q�v �?�B�i�b�X �h�?�2 �i�Q�v �?�B�i�b �r�2�`�2 �T�`�Q�/�m�+�2�/

�r�B�i�? ���M �2�p�2�M �/�B�b�i�`�B�#�m�i�B�Q�M �B�M� �#�2�7�Q�`�2 �i�?�2 �`���M�/�Q�K�H�v �b���K�T�H�2�/ �/�B�b�T�H���+�2�K�2�M�i�b

�r�2�`�2 ���T�T�H�B�2�/�X �h�?�2" �+�Q�`�`�2�+�i �+�2�H�H(� � �`�2�H) �B�b �+���H�+�m�H���i�2�/ �7�Q�` �i�?�2 �/�B�b�T�H���+�2�/ �i�Q�v �?�B�i�b ���M�/

�+�Q�K�T���`�2�/ �i�Q �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �7�`�Q�K �:�2���M�i�9 �?�B�i�b�X �h�?�B�b" �+�Q�`�`�2�+�i �+�2�H�H(� � �`�2�H) �Q�7 �i�?�2

���/�D�m�b�i�2�/ �i�Q�v �?�B�i�b �b�?�Q�r�b �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �?�B�i�b �i�?���i �r�2�`�2 �K�Q�p�2�/ �i�Q �M�2�B�;�?�#�Q�m�`�B�M�;
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�+�2�H�H�b �r�?�2�M �i�?�2�� �/�B�b�T�H���+�2�K�2�M�i �r���b ���T�T�H�B�2�/�X

�6�B�;�m�`�2 �8�X�8�1�{�+�B�2�M�+�v �Q�7 �+�Q�`� �̀2�+�i �+�2�H�H ���b�b�B�;�M�K�2�M�i �7�Q�` �R �K�B�H�H�B�Q�M �i�Q�v �?�B�i�b �/�B�b�T�H���+�2�/
�B�M� �m�b�B�M�; �6�B�;�m� �̀2 �8�X�9 ���b �� �S�.�6 �i�Q ���b�b�B�;�M �i�?�2�� �/�B�b�T�H���+�2�K�2�M�i�b �U�#�H�m�2�V�- �+�Q�K�T��� �̀2�/
�i�Q" correct cell (� � rel ) �7�Q�` �:�2���M�i�9 �?�B�i�b �U� �̀2�/�V�X �h�?�2 �B�M�i�2�;� �̀��H �Q�7 �#�Q�i�? �/�B�b�i�`�B�#�m�i�B�Q�M�b ��� �̀2
�M�Q�`�K���H�B�b�2�/ �i�Q �R�X

�A�i �B�b �2�p�B�/�2�M�i �i�?���i �i�?�2 �/�B�b�T�H���+�2�K�2�M�i�b �?���p�2 �M�Q�i �`�2�T�H�B�+���i�2�/ �i�?�2 �Q�`�B�;�B�M���H �/�B�b�i�`�B�#�m�i�B�Q�M

�i�?���i �?�B�i�b �B�M �i�?�2�b�2 �+�2�H�H�b �r�2�`�2 �/�2�i�2�`�K�B�M�2�/ �i�Q �?���p�2 �m�b�B�M�; �:�2���M�i�9�- ���M�/ �b�Q �� �K�Q�`�2

���T�T�`�Q�T�`�B���i�2 �S�.�6 �7�Q�` ���T�T�H�v�B�M�;�� �/�B�b�T�H���+�2�K�2�M�i�b �K�m�b�i �#�2 �/�2�`�B�p�2�/�X

�8�X�k�X�k�S�`�Q�#���#�B�H�B�i�v �.�2�M�b�B�i�v �6�m�M�+�i�B�Q�M �.�2�`�B�p���i�B�Q�M

�6�Q�` �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7" correct cell (� � rel ) �B�M �6�B�;�m�`�2 �8�X�9�- �p���H�m�2�b �Q�7 �R ���i �i�?�2 �+�2�H�H

�+�2�M�i�`�2 �b�B�;�M�B�7�v �i�?���i100 %�Q�7 �?�B�i�b �i�?���i ���`�2 �T�H���+�2�/ �i�?�2�`�2 ���`�2 ���b�b�B�;�M�2�/ �i�?�2 �+�Q�`�`�2�+�i �+�2�H�H

�#�v �6���b�i�*���H�Q�a�B�K�X �L�Q�� �/�B�b�T�H���+�2�K�2�M�i�b ���`�2 �`�2�[�m�B�`�2�/ �i�Q �K�Q�p�2 ���M�v �i�Q �M�2�B�;�?�#�Q�m�`�B�M�;

�+�2�H�H�b�X ���b" �+�Q�`�`�2�+�i �+�2�H�H(� � �`�2�H) �B�b �H�2�b�b �i�?���M �R �r�?�2�M ���r���v �7�`�Q�K �i�?�2 �+�2�M�i�`�2�- �i�?�B�b �B�M�/�B�+���i�2�b

�i�?���i �� �7�`���+�i�B�Q�M �Q�7 �i�?�2�b�2 �?�B�i�b �M�2�2�/ �i�Q �#�2 �K�Q�p�2�/�X �o�2�`�v �+�2�M�i�`���H�H�v �T�H���+�2�/ �?�B�i�b �B�M

�i�?�2 �r�`�Q�M�; �+�2�H�H �`�2�[�m�B�`�2 �� �H���`�;�2�� �/�B�b�T�H���+�2�K�2�M�i �i�Q �K�Q�p�2 �i�?�2�K �i�Q ���/�D���+�2�M�i �+�2�H�H�b�X

�6�`�Q�K �2���+�? �2�/�;�2 �Q�7 �� �+�2�H�H �i�Q �i�?�2 �+�2�M�i�`�2�-" �+�Q�`�`�2�+�i �+�2�H�H(� � �`�2�H) �B�b �2�b�b�2�M�i�B���H�H�v ���+�m�K�m�H���i�B�p�2

�/�B�b�i�`�B�#�m�i�B�Q�M �7�m�M�+�i�B�Q�M�U�*�.�6�V �7�`�Q�K �y�X�8 �i�Q �R �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �� �?�B�i �B�b ���b�b�B�;�M�2�/

�+�Q�`�`�2�+�i�H�v�X �h�?�2 �*�.�6 �7�`�Q�K �y �i�Q �y�X�8 �r�Q�m�H�/ �+�Q�M�+�2�`�M �?�B�i�b ���b�b�B�;�M�2�/ �i�Q �i�?�2 �M�2�B�;�?�#�Q�m�`�B�M�;

�+�2�H�H �i�?���i �#�2�H�Q�M�; �i�Q �i�?�2 �+�2�H�H �m�M�/�2�` �+�Q�M�b�B�/�2�`���i�B�Q�M�X �6�B�;�m�`�2 �8�X�e �b�?�Q�r�b �i�?�2 �7�Q�`�K �Q�7 �i�?�B�b

�*�.�6�X �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �M�Q�`�K���H�B�b�2�/ �i�Q �i�?�2 �r�B�/�i�? �Q�7 �Q�M�2 �+�2�H�H�-� � �+�2�H�H�- �B�M �i�?�2 �1�J�"�k

�H���v�2�`�- ���M�/ �i�?�2 �7�`���K�2 �Q�7 �`�2�7�2�`�2�M�+�2 �B�b �+�2�M�i�`�2�/ �Q�M �i�?�2 �+�2�H�H �#�Q�m�M�/���`�v ���ix = 0�X �h�?�2

�7�m�M�+�i�B�Q�M �`���M�;�2�b �7�`�Q�K �i�?�2 �+�2�M�i�`�2 �Q�7 �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �+�2�H�H ���ix = +0 :5 �i�Q �i�?�2 �+�2�M�i�`�2

�Q�7 �i�?�2 �M�2�B�;�?�#�Q�m�`�B�M�; �+�2�H�H �B�M �i�?�2� � �/�B�`�2�+�i�B�Q�M ���ix = � 0:5�- �#�m�i �B�b ���T�T�H�B�+���#�H�2 �7�Q�` ���H�H

�+�2�H�H�b �B�M �i�?�2 �H���v�2�` ���i �i�?�2 �B�M�/�B�+���i�2�/ �T�b�2�m�/�Q�`���T�B�/�B�i�v �`���M�;�2�- �y�X�k�y< j� j < �y�X�k�8�X
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�6�B�;�m�`�2 �8�X�e�*�m�K�m�H���i�B�p�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �T� �̀Q�#���#�B�H�B�i�v �i�?���i �� �?�B�i �B�b ���b�b�B�;�M�2�/ �i�Q
���M�v �+�Q�M�b�B�/�2� �̀2�/ �+�2�H�H ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �?�B�i �T�Q�b�B�i�B�Q�M �B�M� �X �h�?�2 �7� �̀��K�2 �Q�7 � �̀2�7�2� �̀2�M�+�2
�B�b �+�2�M�i� �̀2�/ �Q�M �� �+�2�H�H �#�Q�m�M�/���`�v ���M�/ �B�b �M�Q�`�K���H�B�b�2�/ �i�Q �i�?�2 �r�B�/�i�? �Q�7 �Q�M�2 �+�2�H�H �B�M� �X

���+�+�Q�`�/�B�M�; �i�Q �T�`�Q�#���#�B�H�B�i�v �i�?�2�Q�`�v�- �� �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �B�b �/�2�i�2�`�K�B�M�2�/ �7�`�Q�K

�i�?�2 �/�2�`�B�p���i�B�p�2 �Q�7 �i�?�2 ���b�b�Q�+�B���i�2�/ �+�m�K�m�H���i�B�p�2 �/�B�b�i�`�B�#�m�i�B�Q�M �7�m�M�+�i�B�Q�M �(�8�k�)�X ���b �i�?�2 �*�.�6

�B�M �6�B�;�m�`�2 �8�X�e �B�b ���M �2�K�T�B�`�B�+���H�H�v �#�B�M�M�2�/ �/�B�b�i�`�B�#�m�i�B�Q�M�- �i�?�2 �/�2�`�B�p���i�B�p�2 �B�b ���T�T�`�Q�t�B�K���i�2�/

�r�B�i�? �i�?�2 �i�`���T�2�x�B�m�K �`�m�H�2�X �h�?�2 �p���H�m�2 �7�Q�` �i�?�2i �i�? �#�B�M �B�M �i�?�2 �S�.�6 �B�b �+���H�+�m�H���i�2�/ �7�`�Q�K

�i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2i �i�? ���M�/(i +1) �i�? �#�B�M �p���H�m�2�b �B�M �i�?�2 �*�.�6�- ���M�/ �i�?�2 �B�M�i�2�;�`���H

�B�b �M�Q�`�K���H�B�b�2�/ �i�Q �R�X �6�B�;�m�`�2 �8�X�d �b�?�Q�r�b �i�?�2 �S�.�6 �/�2�`�B�p�2�/ �7�`�Q�K �6�B�;�m�`�2 �8�X�e �7�Q�` �+�2�H�H�b �B�M

�i�?�2 �1�J�"�k �+���H�Q�`�B�K�2�i�2�` �H���v�2�` �7�Q�` �i�?�2 �`���M�;�2 �y�X�k�y< j� j < �y�X�k�8�X

�6�B�;�m�`�2 �8�X�d�S� �̀Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �i�?���i �� �?�B�i �B�b �+�Q�`� �̀2�+�i�H�v ���b�b�B�;�M�2�/ �i�Q �i�?�2 �+�2�H�H
���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �?�B�i �T�Q�b�B�i�B�Q�M �B�M� �X

�h�?�B�b �S�.�6 �B�b �p���H�B�/���i�2�/ �#�v �m�b�B�M�; �B�i �7�Q�` ���b�b�B�;�M�B�M�;�� �/�B�b�T�H���+�2�K�2�M�i�b �i�Q �R �K�B�H�H�B�Q�M

�i�Q�v �?�B�i�b�- ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �8�X�3�X �h�?�2 �i�Q�v �?�B�i�b �r�2�`�2 �T�`�Q�/�m�+�2�/ �r�B�i�? ���M �2�p�2�M

�/�B�b�i�`�B�#�m�i�B�Q�M �B�M� �#�2�7�Q�`�2 �i�?�2 �`���M�/�Q�K�H�v �b���K�T�H�2�/ �/�B�b�T�H���+�2�K�2�M�i�b �r�2�`�2 ���T�T�H�B�2�/�X
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�h�?�2" �+�Q�`�`�2�+�i �+�2�H�H(� � �`�2�H) �B�b �+���H�+�m�H���i�2�/ �7�Q�` �i�?�2 �/�B�b�T�H���+�2�/ �i�Q�v �?�B�i�b ���M�/ �+�Q�K�T���`�2�/ �i�Q

�i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �7�`�Q�K �:�2���M�i�9 �?�B�i�b�X �A�i �B�b �2�p�B�/�2�M�i �i�?���i �i�?�B�b �K�2�i�?�Q�/ �b�?�B�7�i�b �i�?�2

�/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �?�B�i�b �+�Q�`�`�2�+�i�H�v �i�Q �M�2�B�;�?�#�Q�m�`�B�M�; �+�2�H�H�b�- ���+�?�B�2�p�B�M�; �;�`�2���i ���;�`�2�2�K�2�M�i

�r�B�i�? �i�?�2 �+�2�H�H ���b�b�B�;�M�K�2�M�i �2�{�+�B�2�M�+�v �Q�7 �:�2���M�i�9 �?�B�i�b�X

�6�B�;�m�`�2 �8�X�3�1�{�+�B�2�M�+�v �Q�7 �+�Q�`� �̀2�+�i �+�2�H�H ���b�b�B�;�M�K�2�M�i �7�Q�` �R �K�B�H�H�B�Q�M �i�Q�v �?�B�i�b �/�B�b�T�H���+�2�/
�B�M� �m�b�B�M�; �6�B�;�m� �̀2 �8�X�d ���b �� �S�.�6 �i�Q ���b�b�B�;�M �i�?�2�� �/�B�b�T�H���+�2�K�2�M�i�b �U�#�H�m�2�V�- �+�Q�K�T��� �̀2�/
�i�Q" correct cell (� � rel ) �7�Q�` �:�2���M�i�9 �?�B�i�b �U� �̀2�/�V�X �h�?�2 �B�M�i�2�;� �̀��H �Q�7 �#�Q�i�? �/�B�b�i�`�B�#�m�i�B�Q�M�b ��� �̀2
�M�Q�`�K���H�B�b�2�/ �i�Q �R�X

�8�X�k�X�j�S�`�Q�#���#�B�H�B�i�v �.�2�M�b�B�i�v �6�m�M�+�i�B�Q�M �S�`�Q�/�m�+�i�B�Q�M

�h�?�2 �K�2�i�?�Q�/ �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M �8�X�k�X�k �r���b �m�b�2�/ �i�Q �+�`�2���i�2 �S�.�6�b �7�Q�` �2���+�? �H���v�2�` �B�M

�i�?�2 �G���` �+���H�Q�`�B�K�2�i�2�`�, �S�`�2�a���K�T�H�2�`�"�- �1�J�"�R�- �1�J�"�k�- �1�J�"�j�- �S�`�2�a���K�T�H�2�`�1�- �1�J�1�R�-

�1�J�1�k�- ���M�/ �1�J�1�j�X �h�?�2 �G���` ���+�+�Q�`�/�B�Q�M �b�i�`�m�+�i�m�`�2 �/�Q�2�b �M�Q�i ���H�i�2�` �T���`�i�B�+�H�2 �b�?�Q�r�2�`

�b�?���T�2�b �/�B�z�2�`�2�M�i�H�v �7�Q�` �/�B�z�2�`�2�M�i �T���`�i�B�+�H�2 �i�v�T�2�b�- �b�Q �i�?�2 �S�.�6�b �r�2�`�2 �K���/�2 �Q�M�H�v �7�`�Q�K

�T�?�Q�i�Q�M�b�X �1���+�? �r���b �+�Q�M�b�i�`�m�+�i�2�/ �7�`�Q�K10 000 65 GeV�:�2���M�i�9 �;�2�M�2�`���i�2�/ �T���`�i�B�+�H�2�b�X

�h�?�2 �S�.�6�b �r�2�`�2 �p���H�B�/���i�2�/ �m�b�B�M�; �� �b�2�i �Q�7 �R �K�B�H�H�B�Q�M �i�Q�v �?�B�i�b �i�?���i �r�2�`�2 �T�`�Q�/�m�+�2�/ �r�B�i�?

���M �2�p�2�M �/�B�b�i�`�B�#�m�i�B�Q�M �B�M� ���M�/ �r�2�`�2 �7�Q�m�M�/ �i�Q �b�m�{�+�B�2�M�i�H�v �`�2�T�`�Q�/�m�+�2 �i�?�2 �/�2�b�B�`�2�/

�:�2���M�i�9" �+�Q�`�`�2�+�i �+�2�H�H(� � �`�2�H) �/�B�b�i�`�B�#�m�i�B�Q�M�b �r�?�2�M �i�?�2�� �/�B�b�T�H���+�2�K�2�M�i�b �r�2�`�2 ���T�T�H�B�2�/�X

�q�?�2�M �B�M�i�2�;�`���i�2�/ �r�B�i�? �6���b�i�*���H�Q�a�B�K �o�k �b�B�K�m�H���i�B�Q�M�- �i�?�2 �i�2�+�?�M�B�[�m�2 �;�`�2���i�H�v �`�2�/�m�+�2�b

�i�?�2 �2�M�2�`�;�v �/�2�T�Q�b�B�i�B�Q�M �#�B���b �i�?���i �B�b �T�`�2�b�2�M�i �r�?�2�M �i�?�2 ���+�+�Q�`�/�B�Q�M �2�H�2�+�i�`�Q�/�2�b ���`�2

�M�Q�i ���/�/�`�2�b�b�2�/ �U�b�2�2 �6�B�;�m�`�2 �8�X�j�V�X �h�?�2 �p���H�B�/���i�B�Q�M �`�2�b�m�H�i�b �7�Q�` �1�J�" �H���v�2�`�b �B�M �i�?�2

�y�X�k�y< j� j < �y�X�k�8 �T�b�2�m�/�Q�`���T�B�/�B�i�v �`���M�;�2 ���M�/ �1�J�1 �H���v�2�`�b �B�M �k�X�y�y< j� j < �k�X�y�8 ���`�2

�b�?�Q�r�M �B�M �6�B�;�m�`�2 �8�X�N �i�Q �/�2�K�Q�M�b�i�`���i�2 �� �`���M�;�2 �Q�7 �+�2�H�H �b�i�`�m�+�i�m�`�2�b �i�?�2�� �/�B�b�T�H���+�2�K�2�M�i

�K�2�i�?�Q�/ �+���M �2�K�m�H���i�2�X �h�?�2 �`���i�B�Q �T�H�Q�i�b �b�?�Q�r �i�?�2 �+�H�Q�b�m�`�2 �Q�7 �i�?�2 �/�B�b�T�H���+�2�/ �i�Q�v �?�B�i�b

�r�B�i�? �i�?�2 �Q�`�B�;�B�M���H �:�2���M�i�9 �/�B�b�i�`�B�#�m�i�B�Q�M�X
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�U���V�1�J�"�R�- �y�X�k�y< j� j < �y�X�k�8 �U�#�V�1�J�1�R�- �k�X�y�y< j� j < �k�X�y�8

�U�+�V�1�J�"�k�- �y�X�k�y< j� j < �y�X�k�8 �U�/�V �1�J�1�k�- �k�X�y�y< j� j < �k�X�y�8

�U�2�V�1�J�"�j�- �y�X�k�y< j� j < �y�X�k�8 �U�7�V�1�J�1�j�- �k�X�y�y< j� j < �k�X�y�8

�6�B�;�m�`�2 �8�X�N�1�{�+�B�2�M�+�v �Q�7 �+�Q�`� �̀2�+�i �+�2�H�H ���b�b�B�;�M�K�2�M�i �7�Q�` �R �K�B�H�H�B�Q�M �i�Q�v �?�B�i�b �/�B�b�T�H���+�2�/
�B�M� �m�b�B�M�; �/�2�`�B�p�2�/ �S�.�6�b �i�Q ���b�b�B�;�M�� �/�B�b�T�H���+�2�K�2�M�i�b �U�#�H�m�2�V�X �h�?�2�v ��� �̀2 �+�Q�K�T��� �̀2�/
�i�Q �i�?�2 �Q�`�B�;�B�M���H �:�2���M�i�9 �/�B�b�i�`�B�#�m�i�B�Q�M�b �U� �̀2�/�V �B�M �i�?�2 �1�J�" �H���v�2�`�b �7�Q�` �y�X�k�y< j� j < �y�X�k�8
���M�/ �i�?�2 �1�J�1 �H���v�2�`�b �7�Q�` �k�X�y�y< j� j < �k�X�y�8�X
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�P�M�2 �}�M���H �+�Q�M�b�B�/�2�`���i�B�Q�M �B�b �i�?���i �7�Q�` �/�B�z�2�`�2�M�i �T�b�2�m�/�Q�`���T�B�/�B�i�B�2�b�- �T���`�i�B�+�H�2�b �Q�`�B�;�B�M���i�B�M�;

�7�`�Q�K �i�?�2 �B�M�i�2�`���+�i�B�Q�M �T�Q�B�M�i ���`�2 �B�M�+�B�/�2�M�i �i�Q �i�?�2 �G���` ���+�+�Q�`�/�B�Q�M �;�2�Q�K�2�i�`�v ���i �/�B�z�2�`�2�M�i

���M�;�H�2�b�X �A�M ���/�/�B�i�B�Q�M�- ���b �b�?�Q�r�M �B�M �h���#�H�2 �j�X�k�- �i�?�2� �@�;�`���M�m�H���`�B�i�v �Q�7 �+�2�H�H�b �+�?���M�;�2�b �7�Q�`

�T���`�i�B�+�m�H���`� �`���M�;�2�b�X ���b �� �`�2�b�m�H�i�- �S�.�6�b �r�2�`�2 �;�2�M�2�`���i�2�/ �7�Q�` �2���+�? �H���v�2�` �Q�p�2�` �i�?�2

�T�b�2�m�/�Q�`���T�B�/�B�i�v �`���M�;�2 �Q�7 �y�X�y�y< j� j < �j�X�k�y �B�M �b�i�2�T�b �Q�7�� = �y�X�y�8 �i�Q ���+�+�Q�m�M�i �7�Q�`

�i�?�2�b�2 �/�B�z�2�`�2�M�+�2�b�X �6�B�;�m�`�2 �8�X�R�y �b�?�Q�r�b �i�?�2 �p���H�B�/���i�B�Q�M �Q�7 �i�?�2 �S�.�6�b �m�b�2�/ �7�Q�` �i�?�2 �1�J�1�k

�H���v�2�` ���i �i�r�Q �/�B�z�2�`�2�M�i �T�b�2�m�/�Q�`���T�B�/�B�i�v �b�H�B�+�2�b �i�Q �B�H�H�m�b�i�`���i�2 �i�?�2 �/�B�b�b�B�K�B�H���`�B�i�B�2�b �B�M �i�?�2

�/�B�b�i�`�B�#�m�i�B�Q�M�b�X

�U���V�1�J�1�k�- �k�X�y�y< j� j < �k�X�y�8 �U�#�V�1�J�1�k�- �k�X�3�y< j� j < �k�X�3�8

�6�B�;�m�`�2 �8�X�R�y�*�Q�K�T���`�B�M�; �i�?�2 �2�z�2�+�i �Q�7 ���T�T�H�v�B�M�;�� �/�B�b�T�H���+�2�K�2�M�i�b �i�Q �R �K�B�H�H�B�Q�M
�i�Q�v �?�B�i�b �i�Q �i�?�2 �Q�`�B�;�B�M���H �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �+�Q�`� �̀2�+�i �+�2�H�H ���b�b�B�;�M�K�2�M�i �2�{�+�B�2�M�+�v �7�Q�` �i�?�2
�1�H�2�+�i� �̀Q�K���;�M�2�i�B�+ �1�M�/�@�+���T�b �k �H���v�2�` �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` ���i �k�X�y�y< j� j < �k�X�y�8 ���M�/ ���i
�k�X�3�y< j� j < �k�X�3�8�X

�h�?�B�b �+�?���T�i�2�` �;���p�2 �� �b�m�K�K���`�v �Q�7 �i�?�2 �m�T�;�`���/�2 �7�Q�` �6���b�i�*���H�Q�a�B�K �i�?���i �`�2�i���B�M�b �i�?�2

�b�B�K�m�H���i�B�Q�M �b�T�2�2�/ �Q�7 �i�?�2 �i�Q�Q�H�F�B�i�- �#�m�i ���+�?�B�2�p�2�b �;�`�2���i�H�v �B�K�T�`�Q�p�2�/ ���;�`�2�2�K�2�M�i �r�B�i�?

�7�m�H�H �:�2���M�i�9 �b�B�K�m�H���i�B�Q�M�X ���b �T���`�i �Q�7 �i�?�B�b �m�T�;�`���/�2�- �� �K�2�i�?�Q�/ �7�Q�` �2�K�m�H���i�B�M�; �i�?�2

���+�+�Q�`�/�B�Q�M �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �H�B�[�m�B�/ ���`�;�Q�M �+���H�Q�`�B�K�2�i�2�`�b �B�b �/�2�b�+�`�B�#�2�/�X �h�?�2 �i�2�+�?�M�B�[�m�2

�m�b�2�b �/�2�`�B�p�2�/ �S�.�6�b �7�Q�` ���T�T�H�v�B�M�; �+�Q�`�`�2�+�i�B�p�2�� �/�B�b�T�H���+�2�K�2�M�i�b �i�Q �?�B�i�b ���b�b�B�;�M�2�/ �i�Q

�G���` �+�2�H�H�b�- ���M�/ �i�?�2�b�2 �S�.�6�b ���`�2 �M�Q�r �B�M�i�2�;�`���i�2�/ �r�B�i�? �6���b�i�*���H�Q�a�B�K �o�k�X �h�?�2 �2�M�b�m�B�M�;

�+�?���T�i�2�`�b �r�B�H�H �/�2�b�+�`�B�#�2 �K�2���b�m�`�2�K�2�M�i�b ���M�/ �b�i�m�/�B�2�b �Q�7 �i�?�2H ! 

 �+�?���M�M�2�H �m�b�B�M�;

�i�?�2 �i�?�2�Q�`�v�- �i�Q�Q�H�b�- ���M�/ �i�2�+�?�M�B�[�m�2�b �Q�m�i�H�B�M�2�/ �B�M �*�?���T�i�2�`�b �k���8�X
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�_�2�7�2�`�2�M�+�2�b

�(�j�d�)�h�?�2 ���h�G���a �*�Q�H�H���#�Q�`���i�B�Q�M�X �õ�h�?�2 ���h�G���a �a�B�K�m�H���i�B�Q�M �A�M�7�`���b�i�`�m�+�i�m�`�2�ö�X �A�M�,

�1�m� �̀Q�T�2���M �S�?�v�b�B�+�b �C�Q�m�`�M���H �*�d�y �U�k�y�R�y�V�- �T�T�X �3�k�j���3�d�9�X ���`�s�B�p�,�R�y�y�8 �X �9�8�e�3

�(�B�M�b�@�/�2�i�)�X

�(�9�j�)�h�?�2 �:�2���M�i�9 �*�Q�H�H���#�Q�`���i�B�Q�M�X�:�2���M�i�9�, �� �a�B�K�m�H���i�B�Q�M �h�Q�Q�H�F�B�i�X �k�y�k�y�X�m�`�H�,�?�i�i�T

�b�,�f�f�r�r�r�X�;�2���M�i�9�X�Q�`�;�f�;�2���M�i�9�f�U�p�B�b�B�i�2�/ �Q�M �R�d�f�y�9�f�k�y�k�y�V�X

�(�9�3�)�h�?�2 ���h�G���a �*�Q�H�H���#�Q�`���i�B�Q�M�X���i�H�6���b�i�j�, �i�?�2 �M�2�t�i �;�2�M�2� �̀��i�B�Q�M �Q�7 �7���b�i �b�B�K�m�H���i�B�Q�M

�B�M ���h�G���a�X �h�2�+�?�X �`�2�T�X �*�1�_�L�@�1�S�@�k�y�k�R�@�R�d�9�X �:�2�M�2�p���, �*�1�_�L�- �a�2�T�i�X �k�y�k�R�X
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 �*�?���M�M�2�H

�h�?�B�b �+�?���T�i�2�` �/�2�i���B�H�b �i�?�2 �K�2���b�m�`�2�K�2�M�i �Q�7 �T�`�Q�/�m�+�i�B�Q�M �+�`�Q�b�b�@�b�2�+�i�B�Q�M�b �K�m�H�i�B�T�H�B�2�/ �#�v

�i�?�2 �>�B�;�;�b �#�Q�b�Q�M �i�Q �/�B�T�?�Q�i�Q�M �UH ! 

 �V �#�`���M�+�?�B�M�; �`���i�B�Q �m�b�B�M�; �i�?�2 �7�m�H�H �_�m�M �k

�/���i���b�2�i �`�2�+�Q�`�/�2�/ �#�v ���h�G���a�X �h�?�2 ���M���H�v�b�B�b �T�2�`�7�Q�`�K�2�/ �i�?�2 �K�2���b�m�`�2�K�2�M�i �m�b�B�M�; �i�?�2

�a�B�K�T�H�B�}�2�/ �h�2�K�T�H���i�2 �*� �̀Q�b�b �a�2�+�i�B�Q�M�U�a�h�s�a�V �7�`���K�2�r�Q�`�F �(�e�)�- �T���`�i�B�i�B�Q�M�B�M�; �i�?�2 �>�B�;�;�b

�T�`�Q�/�m�+�i�B�Q�M �T�?���b�2 �b�T���+�2 �B�M �B�i�b �`���T�B�/�B�i�v �`���M�;�2 �Q�7jyH j < �k�X�8 �#�v �F�B�M�2�K���i�B�+�b�- �2�p�2�M�i

�T�`�Q�T�2�`�i�B�2�b�- ���M�/ �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �T�`�Q�+�2�b�b�X �� �7�m�H�H ���+�+�Q�m�M�i �Q�7 �i�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�B�b

�K�2���b�m�`�2�K�2�M�i �+���M �#�2 �7�Q�m�M�/ �r�B�i�?�B�M �i�?�B�b �+�B�i�2�/ �T�m�#�H�B�+���i�B�Q�M �(�8�j�)�X

�e�X�R�h�?�2 �_�m�M �k �.���i���b�2�i

�h�?�2 �_�m�M �k �/���i���b�2�i �B�b �+�Q�K�T�`�B�b�2�/ �Q�7 ���M �B�M�i�2�;�`���i�2�/ �H�m�K�B�M�Q�b�B�i�v �Q�7(139:0� 2:4) fb� 1 �Q�7
p

s = 13 TeV �T�`�Q�i�Q�M�@�T�`�Q�i�Q�M �+�Q�H�H�B�b�B�Q�M �2�p�2�M�i�b�- �r�B�i�? �� �K�2���M �M�m�K�#�2�` �Q�7 �B�M�i�2�`���+�i�B�Q�M�b

�T�2�` �#�m�M�+�? �+�`�Q�b�b�B�M�; �Q�7h� i = 33:7�X �1�p�2�M�i�b �b�2�H�2�+�i�2�/ �7�Q�` �i�?�B�b ���M���H�v�b�B�b �r�2�`�2 �i�`�B�;�;�2�`�2�/

�#�v �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �i�r�Q �T�?�Q�i�Q�M�b �2�t�+�2�2�/�B�M�; �� �i�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�m�K �i�?�`�2�b�?�Q�H�/

�Q�735 GeV ���M�/25 GeV �7�Q�` �i�?�2 �`�2�b�T�2�+�i�B�p�2 �H�2���/�B�M�; ���M�/ �b�m�#�H�2���/�B�M�; �`�2�+�Q�M�b�i�`�m�+�i�2�/
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�e�X�k�J�Q�M�i�2 �*���`�H�Q �a�B�K�m�H���i�B�Q�M �a���K�T�H�2�b

�h�?�2 �2�p�2�M�i �;�2�M�2�`���i�Q�`�b�- �T���`�i�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �7�m�M�+�i�B�Q�M �b�2�i�b�- ���M�/ �b�?�Q�r�2�`�B�M�; �;�2�M�2�`���i�Q�`�b

�m�b�2�/ �i�Q �T�`�Q�/�m�+�2 �i�?�2 �J�Q�M�i�2 �*���`�H�Q �b�B�;�M���H ���M�/ �#���+�F�;�`�Q�m�M�/ �b���K�T�H�2�b �m�b�2�/ �7�Q�` �i�?�B�b

�K�2���b�m�`�2�K�2�M�i ���`�2 �b�m�K�K���`�B�b�2�/ �B�M �h���#�H�2 �e�X�R�X �h�?�2 �>�B�;�;�b �T�`�Q�/�m�+�i�B�Q�M �+�`�Q�b�b�@�b�2�+�i�B�Q�M�b

�r�2�`�2 �+���H�+�m�H���i�2�/ �7�Q�` �� �a�i���M�/���`�/ �J�Q�/�2�H �>�B�;�;�b �r�B�i�? �� �K���b�b �Q�7125:09 GeV ���i
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s = 13 TeV �i�Q �i�?�2 �B�M�/�B�+���i�2�/ �Q�`�/�2�` �Q�7 �+���H�+�m�H���i�B�Q�M�X �h�?�2 �+�`�Q�b�b �b�2�+�i�B�Q�M�b �Q�7 �i�?�2

�#���+�F�;�`�Q�m�M�/ �T�`�Q�+�2�b�b�2�b �r�2�`�2 �M�2�;�H�2�+�i�2�/ ���b �i�?�2 �M�Q�`�K���H�B�b���i�B�Q�M �r���b �/�2�i�2�`�K�B�M�2�/ �7�`�Q�K
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�h���#�H�2 �e�X�R�a�m�K�K���`�v �Q�7 �i�?�2 �2�p�2�M�i �;�2�M�2� �̀��i�Q�`�b ���M�/ �T���`�i�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �7�m�M�+�i�B�Q�M
�b�2�i�b �m�b�2�/ �i�Q �;�2�M�2� �̀��i�2 �i�?�2 �J�Q�M�i�2 �*���`�H�Q �b���K�T�H�2�b �7�Q�` �b�B�;�M���H �U�m�T�T�2�` �b�2�+�i�B�Q�M�V ���M�/
�#���+�F�;� �̀Q�m�M�/ �U�H�Q�r�2�` �b�2�+�i�B�Q�M�V �T� �̀Q�+�2�b�b�2�b �(�8�j�)�X

�S�`�Q�+�2�b�b �:�2�M�2�`���i�Q�` �a�?�Q�r�2�`�B�M�;
�S���`�i�Q�M �.�B�b�i�`�B�#�m�i�B�Q�M
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�*�`�Q�b�b�@�a�2�+�i�B�Q�M �(pb�)
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s = 13 TeV
�P�`�/�2�` �Q�7 �*�`�Q�b�b�@�a�2�+�i�B�Q�M

�*���H�+�m�H���i�B�Q�M
�;�;�6 �L�L�G�P�S�a �S�v�i�?�B�� �3 �S�.�6�9�G�>�*�R�8 �9�3�X�8�k �L3�G�P�U�Z�*�.�V�Y�L�G�P�U�1�q�V
�o�"�6 �S�Q�r�?�2�;�@�"�Q�t �S�v�i�?�B�� �3 �S�.�6�9�G�>�*�R�8 �j�X�d�3 ���T�T�`�Q�t�X�@�L�L�G�P�U�Z�*�.�V�Y�L�G�P�U�1�q�V
WH �S�Q�r�?�2�;�@�"�Q�t �S�v�i�?�B�� �3 �S�.�6�9�G�>�*�R�8 �R�X�j�d �L�L�G�P�U�Z�*�.�V�Y�L�G�P�U�1�q�V
qq=qg! ZH �S�Q�r�?�2�;�@�"�Q�t �S�v�i�?�B�� �3 �S�.�6�9�G�>�*�R�8 �y�X�d�e �L�L�G�P�U�Z�*�.�V�Y�L�G�P�U�1�q�V
gg ! ZH �S�Q�r�?�2�;�@�"�Q�t �S�v�i�?�B�� �3 �S�.�6�9�G�>�*�R�8 �y�X�R�k �L�G�P�U�Z�*�.�V
t�tH �S�Q�r�?�2�;�@�"�Q�t �S�v�i�?�B�� �3 �S�.�6�9�G�>�*�R�8 �y�X�8�R �L�L�G�P�U�Z�*�.�V�Y�L�G�P�U�1�q�V
b�bH �S�Q�r�?�2�;�@�"�Q�t �S�v�i�?�B�� �3 �S�.�6�9�G�>�*�R�8 �y�X�9�N �L�L�G�P�U�Z�*�.�V
tHqb �J�:�8�n���J�*�!�L�G�P �S�v�i�?�B�� �3 �L�L�S�.�6�j�X�y�M�M�H�Q �y�X�y�d �L�G�P�U�Z�*�.�V
tWH �J�:�8�n���J�*�!�L�G�P �S�v�i�?�B�� �3 �L�L�S�.�6�j�X�y�M�M�H�Q �y�X�y�k �L�G�P�U�Z�*�.�V
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�h�Q �2�b�i�B�K���i�2 �i�?�2 �m�M�+�2�`�i���B�M�i�v �/�m�2 �i�Q �i�?�2 �;�2�M�2�`���i�Q�` �K�Q�/�2�H�H�B�M�; �Q�7 �i�?�2 �b�B�;�M���H �T�`�Q�+�2�b�b�2�b�-
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�Q�p�2�`�H���v�B�M�; �B�M�2�H���b�i�B�+ �T�`�Q�i�Q�M�@�T�`�Q�i�Q�M �b�B�K�m�H���i�2�/ �2�p�2�M�i�b �;�2�M�2�`���i�2�/ �m�b�B�M�;�S�v�i�?�B�� �3
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�2�p�2�M�i�- �b�m�+�? ���b�, �T�?�Q�i�Q�M�b�- �2�H�2�+�i�`�Q�M�b�- �K�m�Q�M�b�- �D�2�i�b�- ���M�/ �K�B�b�b�B�M�; �i�`���M�b�p�2�`�b�2
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�B�M �i�?�2 ���M���H�v�b�B�b �i�Q �+���i�2�;�Q�`�B�b�2 �i�?�2 �/�B�T�?�Q�i�Q�M �2�p�2�M�i�b ���M�/ �K�2���b�m�`�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2

�>�B�;�;�b �#�Q�b�Q�M�X

�e�X�j�X�R�S�?�Q�i�Q�M �A�/�2�M�i�B�}�+���i�B�Q�M

�_�2�+�Q�M�b�i�`�m�+�i�2�/ �T�?�Q�i�Q�M�b �K�m�b�i �?���p�2 �#�2�2�M �/�2�i�2�`�K�B�M�2�/ �i�Q �#�2 �+�Q�M�i���B�M�2�/ �r�B�i�?�B�M

�i�?�2 �1�H�2�+�i�`�Q�K���;�M�2�i�B�+ �*���H�Q�`�B�K�2�i�2�` �#�v �?���p�B�M�;j� j < �k�X�j�d�- ���M�/ ���p�Q�B�/�B�M�; �i�?�2

�i�`���M�b�B�i�B�Q�M �`�2�;�B�Q�M �#�2�i�r�2�2�M �i�?�2 �2�M�/�@�+���T�b ���M�/ �i�?�2 �#���`�`�2�H�b �#�v �#�2�B�M�; �2�t�+�H�m�b�B�p�2 �Q�7

�R�X�j�d< j� j < �R�X�8�k�X �h�?�2 �+���M�/�B�/���i�2�b �r�2�`�2 �/�B�z�2�`�2�M�i�B���i�2�/ �7�`�Q�K �D�2�i �T�`�Q�+�2�b�b�2�b �m�b�B�M�;

�B�/�2�M�i�B�}�+���i�B�Q�M �+�`�B�i�2�`�B�� �+�Q�M�b�i�`�m�+�i�2�/ �7�`�Q�K �b�?�Q�r�2�` �b�?���T�2 �p���`�B���#�H�2�b�X �h�?�B�b �m�b�2�/ ���H�Q�Q�b�2

�r�Q�`�F�B�M�; �T�Q�B�M�i �7�Q�` �i�?�2 �T�`�2�b�2�H�2�+�i�B�Q�M �T�?���b�2�- ���M�/ �i�?�2�M ���i�B�;�?�i�r�Q�`�F�B�M�; �T�Q�B�M�i �7�Q�` �}�M���H

�b�2�H�2�+�i�B�Q�M�X �h�?�2 �2�{�+�B�2�M�+�v �Q�7 �i�?�B�b �i�B�;�?�i �B�/�2�M�i�B�}�+���i�B�Q�M �`���M�;�2�b �7�`�Q�K84��94 %�U85��98 %�V

�7�Q�` �m�M�+�Q�M�p�2�`�i�2�/ �U�+�Q�M�p�2�`�i�2�/�V �T�?�Q�i�Q�M�b �r�B�i�? �� �i�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�m�K ���#�Q�p�225 GeV�X

�h�?�2 �}�M���H �b�2�H�2�+�i�B�Q�M �r���b �#���b�2�/ �Q�M �B�b�Q�H���i�B�Q�M �+�`�B�i�2�`�B�� �B�M �#�Q�i�? �i�?�2 �+���H�Q�`�B�K�2�i�2�` ���M�/

�i�`���+�F�B�M�; �b�m�#�@�/�2�i�2�+�i�Q�`�b �i�Q �7�m�`�i�?�2�` �`�2�/�m�+�2 �K�B�b�B�/�2�M�i�B�}�+���i�B�Q�M �Q�7 �D�2�i�b�X �*���H�Q�`�B�K�2�i�2�`

�B�b�Q�H���i�B�Q�M �+�Q�M�+�2�`�M�b �2�M�2�`�;�v �B�M �i�?�2 �1�H�2�+�i�`�Q�K���;�M�2�i�B�+ �*���H�Q�`�B�K�2�i�2�` �B�M �� �`���/�B�m�b �Q�7

� R = �y�X�k ���#�Q�m�i �i�?�2 �T�?�Q�i�Q�M �+���M�/�B�/���i�2 �b�?�Q�r�2�`�X �h�Q �?���p�2 �T���b�b�2�/�- �i�?�B�b �2�M�2�`�;�v �K�m�b�i

�#�2 �H�2�b�b �i�?���M6:5 % �Q�7 �i�?�2 �T�?�Q�i�Q�M �i�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�m�K�X �6�Q�` �i�`���+�F�B�M�; �B�b�Q�H���i�B�Q�M�-

�i�?�2 �b�+���H���` �b�m�K �Q�7 �i�?�2 �i�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�� �Q�7 �i�`���+�F�b �r�B�i�?pT > 1 GeV ���M�/ �r�B�i�?�B�M ��

�`���/�B�m�b �Q�7� R = �y�X�k �Q�7 �i�?�2 �T�?�Q�i�Q�M �+���M�/�B�/���i�2 �K�m�b�i �#�2 �H�2�b�b �i�?���M5 % �Q�7 �i�?�2 �T�?�Q�i�Q�M

�i�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�m�K�X

�e�X�j�X�k�a�2�H�2�+�i�B�Q�M �Q�7 �1�p�2�M�i�b

�h�?�2 �b�2�H�2�+�i�B�Q�M �Q�7 ���M �2�p�2�M�i �B�M�B�i�B���H�H�v �`�2�[�m�B�`�2�/ �B�/�2�M�i�B�7�v�B�M�; �i�r�Q �T�?�Q�i�Q�M�b �T���b�b�B�M�; �i�?�2

�T�`�2�b�2�H�2�+�i�B�Q�M �H�Q�Q�b�2 �B�/�2�M�i�B�}�+���i�B�Q�M �+�`�B�i�2�`�B���X ���H�H �T�?�Q�i�Q�M�b �#�m�i �i�?�2 �i�r�Q �r�B�i�? �i�?�2 �?�B�;�?�2�b�i

�i�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�m�K �r�2�`�2 �i�?�2�M �/�B�b�+���`�/�2�/ �7�`�Q�K �+�Q�M�b�B�/�2�`���i�B�Q�M�X �h�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/

�p�2�`�i�2�t �B�M�7�Q�`�K���i�B�Q�M �Q�7 �i�?�2 �2�p�2�M�i�- �B�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �K�2���b�m�`�2�/ �i�`���D�2�+�i�Q�`�v �Q�7 �i�?�2

�N�9



�b�2�H�2�+�i�2�/ �i�r�Q �T�?�Q�i�Q�M�b�- �r�2�`�2 �m�b�2�/ ���b �B�M�T�m�i�b �i�Q �� �M�2�m�`���H �M�2�i�r�Q�`�F �i�`���B�M�2�/ �Q�M �b�B�K�m�H���i�2�/

�2�p�2�M�i�b �i�Q �B�/�2�M�i�B�7�v �i�?�2 �/�B�T�?�Q�i�Q�M �T�`�B�K���`�v �p�2�`�i�2�t�X �h�?�2 �i�r�Q �T�?�Q�i�Q�M �+���M�/�B�/���i�2�b �i�?�2�M

�K�m�b�i �?���p�2 �T���b�b�2�/ �i�?�2 �i�B�;�?�i ���M�/ �B�b�Q�H���i�2�/ �b�2�H�2�+�i�B�Q�M �+�`�B�i�2�`�B���- �#�2�7�Q�`�2 �#�2�B�M�; �`�2�[�m�B�`�2�/ �i�Q

�T���b�b �� �}�M���H �i�?�`�2�b�?�Q�H�/ �Q�7pT =m

 > �y�X�j�8 �U�y�X�k�8�V �7�Q�` �i�?�2 �H�2���/�B�M�; �U�b�m�#�H�2���/�B�M�;�V �T�?�Q�i�Q�M�X

�1�p�2�M�i�b �7���B�H�B�M�; �i�?�2 �i�B�;�?�i �Q�` �B�b�Q�H���i�2�/ �b�2�H�2�+�i�B�Q�M �+�`�B�i�2�`�B�� �r�2�`�2 �m�b�2�/ �7�Q�` �#���+�F�;�`�Q�m�M�/

�2�b�i�B�K���i�B�Q�M ���M�/ �K�Q�/�2�H�H�B�M�;�X

�1�p�2�M�i�b �T���b�b�B�M�; �i�?�2 �b�2�H�2�+�i�B�Q�M �r�2�`�2 �m�b�2�/ �B�M �i�?�2 �K�2���b�m�`�2�K�2�M�i �Q�7 �i�?�2 �>�B�;�;�b �#�Q�b�Q�M

�T�`�Q�T�2�`�i�B�2�b�X �h�?�B�b �`�2�b�m�H�i�2�/ �B�M ���`�Q�m�M�/ �R�X�k �K�B�H�H�B�Q�M �2�p�2�M�i�b �i�?���i �2�t�?�B�#�B�i �� �/�B�T�?�Q�i�Q�M

�B�M�p���`�B���M�i �K���b�b �Q�7 �R�y�8< m 

 < 160 GeV�X �"���+�F�;�`�Q�m�M�/ �T�`�Q�+�2�b�b�2�b �7�Q�` �i�?�B�b �b�2�H�2�+�i�2�/

�b���K�T�H�2 ���`�2 �+�Q�K�T�`�B�b�2�/ �T�`�B�K���`�B�H�v �Q�7 �+�Q�M�i�B�M�m�m�K

 �- 
j �- ���M�/jj �T�`�Q�/�m�+�i�B�Q�M �r�?�2�`�2

�i�?�2 �B�M�/�B�+���i�2�/ �D�2�i�b �r�2�`�2 �K�B�b�B�/�2�M�i�B�}�2�/ ���b �T�?�Q�i�Q�M�b �/�m�`�B�M�; �i�?�2 �b�2�H�2�+�i�B�Q�M�X

�e�X�j�X�j�a�2�H�2�+�i�B�Q�M �Q�7 �6�m�`�i�?�2�` �_�2�+�Q�M�b�i�`�m�+�i�2�/ �P�#�D�2�+�i�b

�C�2�i�b �r�2�`�2 �`�2�[�m�B�`�2�/ �i�Q �?���p�2pT > 25 GeV ���M�/jyj < �9�X�9�- �r�?�B�H�2 �i�?�2 �K�m�H�i�B�p���`�B���i�2

�/�B�b�+�`�B�K�B�M���M�i �Q�7 ���D�2�i�@�p�2�`�i�2�t�@�i���;�;�2�`�U�C�o�h�V �r���b ���T�T�H�B�2�/ �i�Q �D�2�i�b �r�B�i�?pT < 60 GeV

���M�/j� j < �9�X�9 �i�Q �`�2�/�m�+�2 �B�M�+�H�m�/�2�/ �D�2�i�b �7�`�Q�K �T�B�H�2�m�T�X ��b�@�i���;�;�B�M�; ���H�;�Q�`�B�i�?�K �r�B�i�?

60�-70�-77�- ���M�/85 % �r�Q�`�F�B�M�; �T�Q�B�M�i�b �r���b �+�Q�K�#�B�M�2�/ �i�Q �;�B�p�2 �� �T�b�2�m�/�Q�@�+�Q�M�i�B�M�m�Q�m�b

b�@�i���;�;�B�M�; �b�+�Q�`�2 �i�Q �B�/�2�M�i�B�7�v �D�2�i�b �+�Q�M�i���B�M�B�M�;b�@�?���/�`�Q�M�b �r�B�i�?�B�Mj� j < �k�X�8�X

�1�H�2�+�i�`�Q�M�b �r�2�`�2 �b�2�H�2�+�i�2�/ �b�m�+�? �i�?���i �i�?�2�v �?���p�2pT < 10 GeV�-j� j < �k�X�9�d�- ���M�/ �b���i�B�b�7�v

�B�b�Q�H���i�B�Q�M �+�`�B�i�2�`�B���X �h�?�2 �i�`���+�F �Q�7 ���M �2�H�2�+�i�`�Q�M �+���M�/�B�/���i�2 �K�m�b�i �?���p�2 �#�2�2�M �+�Q�M�b�B�b�i�2�M�i

�r�B�i�? �i�?�2 �T�`�B�K���`�v �/�B�T�?�Q�i�Q�M �p�2�`�i�2�t �#�v �`�2�[�m�B�`�B�M�; �B�i�b �H�Q�M�;�B�i�m�/�B�M���H �B�K�T���+�i �T���`���K�2�i�2�`

�B�M �`�2�b�T�2�+�i �i�Q �i�?�2 �p�2�`�i�2�t �i�Q �b���i�B�b�7�vjz0 sin� j < 0:5 mm�X ���H�b�Q �B�i�b �i�`���M�b�p�2�`�b�2 �B�K�T���+�i

�T���`���K�2�i�2�` �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �#�2���K ���t�B�b �/�B�p�B�/�2�/ �#�v �B�i�b �m�M�+�2�`�i���B�M�i�v �K�m�b�i �?���p�2

�b���i�B�b�}�2�/jd0j=� d0 < �8�X

�J�m�Q�M�b �K�m�b�i �?���p�2 �#�2�2�M �/�2�i�2�`�K�B�M�2�/ �i�Q �?���p�2pT < 10 GeV�-j� j < �k�X�d�- ���M�/ �b���i�B�b�7�v

�B�b�Q�H���i�B�Q�M �+�`�B�i�2�`�B���X �A�M ���/�/�B�i�B�Q�M �i�?�2�B�` �i�`���+�F�b �K�m�b�i �?���p�2jz0 sin� j < 0:5 mm ���M�/

jd0j=� d0 < �j�X

�h�Q �2�b�+�?�2�r �i�?�2 �T�Q�b�b�B�#�B�H�B�i�v �Q�7 �/�Q�m�#�H�2�@�+�Q�m�M�i�B�M�; �� �`�2�+�Q�M�b�i�`�m�+�i�2�/ �Q�#�D�2�+�i�- �2�H�2�+�i�`�Q�M�b

�Q�p�2�`�H���T�T�B�M�; �r�B�i�? �i�?�2 �i�r�Q �T�?�Q�i�Q�M�b �r�B�i�?�B�M� R < �y�X�9�- �i�?�2�M �D�2�i�b �Q�p�2�`�H���T�T�B�M�; �r�B�i�? �i�?�2

�T�?�Q�i�Q�M�b �r�B�i�?�B�M� R = �y�X�9 ���M�/ �2�H�2�+�i�`�Q�M�b �r�B�i�?�B�M� R = �y�X�k�- �7�Q�H�H�Q�r�2�/ �#�v �2�H�2�+�i�`�Q�M�b

�Q�p�2�`�H���T�T�B�M�; �r�B�i�? �`�2�K���B�M�B�M�; �D�2�i�b �r�B�i�?�B�M� R = �y�X�9�- ���M�/ �}�M���H�H�v �K�m�Q�M�b �Q�p�2�`�H���T�T�B�M�;

�r�B�i�? �2�B�i�?�2�` �T�?�Q�i�Q�M�b �Q�` �D�2�i�b �r�B�i�?�B�M� R = �y�X�9 �r�2�`�2 �`�2�K�Q�p�2�/ �B�M �i�?�2 �B�M�/�B�+���i�2�/ �Q�`�/�2�`�X

�6�B�M���H�H�v�- �K�B�b�b�B�M�; �i�`���M�b�p�2�`�b�2 �2�M�2�`�;�v �7�Q�` ���M �2�p�2�M�i �r���b �/�2�}�M�2�/ �i�Q �#�2 �i�?�2 �M�2�;���i�B�p�2

�N�8



�p�2�+�i�Q�` �b�m�K �Q�7 �i�?�2 �i�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�� �Q�7 �i�?�2 �b�2�H�2�+�i�2�/ �T�?�Q�i�Q�M�b�- �2�H�2�+�i�`�Q�M�b�- �K�m�Q�M�b

���M�/ �D�2�i�b�- �B�M ���/�/�B�i�B�Q�M �i�Q �i�?�Q�b�2 �Q�7 �i�?�2 �`�2�K���B�M�B�M�; �H�Q�r�@pT �i�`���+�F�b �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K �i�?�2

�T�`�B�K���`�v �p�2�`�i�2�t�X

�e�X�9�J�2���b�m�`�2�K�2�M�i �.�2�b�B�;�M

�h�?�2 ���M���H�v�b�B�b �r���b �+�Q�M�b�i�`�m�+�i�2�/ �i�Q �K�2���b�m�`�2 �i�?�2 �>�B�;�;�b �#�Q�b�Q�M �T�`�Q�/�m�+�i�B�Q�M �+�`�Q�b�b�@�b�2�+�i�B�Q�M

�B�M �2���+�? �Q�7 �i�?�2 �a�h�s�a �}�/�m�+�B���H �`�2�;�B�Q�M�b�X �h�?�2�b�2 �`�2�;�B�Q�M�b �r�2�`�2 �/�2�}�M�2�/ �b�2�T���`���i�2�H�v �7�Q�`

�>�B�;�;�b �#�Q�b�Q�M�b �r�B�i�? �`���T�B�/�B�i�vjyH j < �k�X�8 �#���b�2�/ �Q�M �i�?�2 �>�B�;�;�b �#�Q�b�Q�M �T�`�Q�/�m�+�i�B�Q�M

�T�`�Q�+�2�b�b�2�b�,

�Ç �h�?�2gg ! H �T�`�Q�+�2�b�b�- �B�M�+�Q�`�T�Q�`���i�B�M�; �i�?�2 �;�;�6 ���M�/gg ! ZH �T�`�Q�/�m�+�i�B�Q�M

�T�`�Q�+�2�b�b�2�b�- �r�?�2�`�2 �i�?�2Z �#�Q�b�Q�M �/�2�+���v�b �?���/�`�Q�M�B�+���H�H�v �7�Q�` �i�?�2 �H���i�i�2�` �+���b�2�X

�Ç �h�?�2qq0 ! Hqq0 �T�`�Q�+�2�b�b�- �B�M�+�H�m�/�B�M�; �o�"�6 ���M�/q�q0 ! V H �T�`�Q�+�2�b�b�2�b�- �r�?�2�`�2

�i�?�2 �p�2�+�i�Q�` �#�Q�b�Q�M �/�2�+���v�b �?���/�`�Q�M�B�+���H�H�v �B�M �i�?�2 �H���i�i�2�` �+���b�2�X

�Ç �h�?�2V H �T�`�Q�+�2�b�b�- �M���K�2�H�vpp ! V H �T�`�Q�/�m�+�i�B�Q�M �r�?�2�`�2 �i�?�2 �p�2�+�i�Q�` �#�Q�b�Q�M

�/�2�+���v�b �H�2�T�i�Q�M�B�+���H�H�v �U�#�Q�i�? �i�Q �+�?���`�;�2�/ �H�2�T�i�Q�M�b ���M�/ �i�Q �M�2�m�i�`�B�M�Q�b �7�Q�` �i�?�2ZH

�B�M�b�i���M�+�2�V�X

�Ç �h�?�2 ���b�b�Q�+�B���i�2�/ �T�`�Q�/�m�+�i�B�Q�M �r�B�i�? �i�Q�T �[�m���`�F�b �T�`�Q�+�2�b�b�2�b�-t �tH ���M�/tH �X

�6�Q�` �i�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �i�?�2�b�2 �`�2�;�B�Q�M�b�- �i�?�2 �F�B�M�2�K���i�B�+�b �Q�7 �i�?�2 �>�B�;�;�b ���M�/ ���b�b�Q�+�B���i�2�/

�H�2�T�i�Q�M�b�- �D�2�i�b�- �i�Q�T �[�m���`�F�b�- ���M�/ �D�2�i ���M�/ �H�2�T�i�Q�M �K�m�H�i�B�T�H�B�+�B�i�v �r�2�`�2 �m�b�2�/�- �r�?�B�H�2 �i�?�2

�>�B�;�;�b �#�Q�b�Q�M �/�2�+���v �T�`�Q�T�2�`�i�B�2�b �r�2�`�2 �M�Q�i�X �h�?�2 �b�T�2�+�B�}�+ �/�2�}�M�B�i�B�Q�M�b �Q�7 �i�?�2�b�2 �a�h�s�a

�`�2�;�B�Q�M�b ���`�2 �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2 �e�X�R�- �Q�7 �r�?�B�+�? �i�?�2�`�2 ���`�2 �9�9�X

�A�M �2���+�? �Q�7 �i�?�2�b�2 �`�2�;�B�Q�M�b �� �K�2���b�m�`�2�K�2�M�i �Q�7 �i�?�2 �T�`�Q�/�m�+�i �Q�7� i � B 

 �r���b �i���F�2�M�-

�r�?�2�`�2� i �B�b �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �+�`�Q�b�b�@�b�2�+�i�B�Q�M �7�Q�` ���M �a�h�s�a �`�2�;�B�Q�M�-i �- ���M�/B 

 �B�b �i�?�2

�#�`���M�+�?�B�M�; �`���i�B�Q �Q�7 �i�?�2 �>�B�;�;�b �/�B�T�?�Q�i�Q�M �/�2�+���v�X

�N�e



�6�B�;�m�`�2 �e�X�R�.�2�}�M�B�i�B�Q�M�b �Q�7 �i�?�2 �9�9 �}�/�m�+�B���H �a�h�s�a �K�2���b�m� �̀2�K�2�M�i � �̀2�;�B�Q�M�b �+�Q�M�b�B�/�2� �̀2�/
�B�M �i�?�2H ! 

 ���M���H�v�b�B�b�X �h�?�2 �M���K�2�b �Q�7 �i�?�2 � �̀2�;�B�Q�M�b ��� �̀2 �H�B�b�i�2�/ �Q�M �i�?�2 �`�B�;�?�i�- �r�?�B�H�2
�i�?�2 �H�2�7�i �/�2�T�B�+�i�b �i�?�2 �b�2�[�m�2�M�i�B���H�H�v ���T�T�H�B�2�/ �b�2�H�2�+�i�B�Q�M�b �i�?���i �/�2�i�2�`�K�B�M�2 �2�p�2�M�i�b �B�M �i�?���i
� �̀2�;�B�Q�M �(�8�j�)�X

�N�d



�e�X�9�X�R�1�p�2�M�i �*���i�2�;�Q�`�B�b���i�B�Q�M

�h�?�2 �b�2�H�2�+�i�2�/ �2�p�2�M�i�b �r�2�`�2 �b�Q�`�i�2�/ �B�M�i�Q �K�m�i�m���H�H�v �2�t�+�H�m�b�B�p�2�+���i�2�;�Q�`�B�2�b�- �2���+�? �/�2�b�B�;�M�2�/

�7�Q�` �K�2���b�m�`�B�M�; �Q�M�2 �Q�7 �i�?�2 �T���`�i�B�+�m�H���` �a�h�s�a �`�2�;�B�Q�M�b�X �h�?�2 ���b�b�B�;�M���i�B�Q�M �Q�7 �2�p�2�M�i�b �i�Q

�� �+���i�2�;�Q�`�v �B�M�p�Q�H�p�2�/ �� �m�M�B�}�2�/ �i�2�+�?�M�B�[�m�2 �i�?���i �+�Q�p�2�`�2�/ ���H�H �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �T�`�Q�+�2�b�b�2�b

�b�B�K�m�H�i���M�2�Q�m�b�H�v�- �/�2�b�B�;�M�2�/ �i�Q �K���t�B�K�B�b�2 �i�?�2 �;�H�Q�#���H �b�2�M�b�B�i�B�p�B�i�v �Q�7 �i�?�2 �+���i�2�;�Q�`�B�b�2�/

�2�p�2�M�i�b �i�Q �i�?�2 �a�h�s�a �T���`���K�2�i�2�`�b�X �h�?�2 �+���i�2�;�Q�`�B�b���i�B�Q�M �Q�+�+�m�`�2�/ ���b �7�Q�H�H�Q�r�b�,

�R�X�� �K�m�H�i�B�+�H���b�b�#�Q�Q�b�i�2�/ �/�2�+�B�b�B�Q�M �i� �̀2�2�U�"�.�h�V�- �i�`���B�M�2�/ �Q�M �b�B�K�m�H���i�B�Q�M �b���K�T�H�2�b �i�Q

�b�2�T���`���i�2 �b�B�;�M���H �7�`�Q�K �i�?�2 �/�B�z�2�`�2�M�i �a�h�s�a �`�2�;�B�Q�M�b�- ���b�b�B�;�M�2�/ �Q�M�2 �/�B�b�+�`�B�K�B�M���M�i

�p���H�m�2 �7�Q�` �2���+�? �a�h�s�a �`�2�;�B�Q�M �i�Q �2���+�? �b�2�H�2�+�i�2�/ �2�p�2�M�i�X

�k�X�h�?�2�b�2 �/�B�b�+�`�B�K�B�M���M�i �p���H�m�2�b �r�2�`�2 �m�b�2�/ �i�Q �b�Q�`�i �i�?�2 �2�p�2�M�i�b �B�M�i�Q �/�2�i�2�+�i�Q�` �H�2�p�2�H

�+�H���b�b�2�b�/�2�b�B�;�M�2�/ �i�Q �;�`�Q�m�T �2�p�2�M�i�b �#�v �a�h�s�a �`�2�;�B�Q�M ���i �i�?�2 �T���`�i�B�+�H�2 �H�2�p�2�H�X

�j�X�1�p�2�M�i�b �r�2�`�2 ���b�b�B�;�M�2�/ �+���i�2�;�Q�`�B�2�b �/�2�T�2�M�/�2�M�i �Q�M �i�?�2 �/�B�b�+�`�B�K�B�M���M�i �Q�7 �� �#�B�M���`�v

�"�.�h �+�H���b�b�B�}�2�` �i�`���B�M�2�/ �i�Q �b�2�T���`���i�2 �b�B�;�M���H �7�`�Q�K �#���+�F�;�`�Q�m�M�/ �B�M �2���+�? �+�H���b�b�X

�h�?�2 �B�M�B�i�B���H �K�m�H�i�B�+�H���b�b �"�.�h �T�2�`�K�B�i�2�/ �2�p�2�M�i�b �i�Q �#�2 �b�Q�`�i�2�/ �B�M�i�Q �+�H���b�b�2�b �i�?���i

�r�Q�m�H�/ �#�2 �T�`�Q�?�B�#�B�i�2�/ �/�m�2 �i�Q �7���B�H�m�`�2�b �B�M �T���b�b�B�M�; �+�`�B�i�2�`�B�� �+�Q�M�+�2�`�M�B�M�; �/�2�i�2�+�i�Q�`

�H�2�p�2�H �T�`�Q�T�2�`�i�B�2�b �m�b�B�M�; �Q�i�?�2�` �K�2�i�?�Q�/�b�X �6�Q�` �B�M�b�i���M�+�2�- �2�p�2�M�i�b �i���`�;�2�i�2�/ �#�v �i�?�2

gg ! H �U�R�@�D�2�i�-pH
T < 60 GeV�V �a�h�s�a �`�2�;�B�Q�M �i�?���i �7���B�H�2�/ �i�Q �`�2�+�Q�M�b�i�`�m�+�i ���M ���b�b�Q�@

�+�B���i�2�/ �D�2�i �+�Q�m�H�/ �b�i�B�H�H �?���p�2 �#�2�2�M �b�2�H�2�+�i�2�/ �#�v �i�?�2 �K�m�H�i�B�+�H���b�b �/�B�b�+�`�B�K�B�M���M�i �B�7 �B�i �r���b

�/�2�i�2�`�K�B�M�2�/ �i�Q �#�2 �i�?�2 �#�2�b�i �+�H���b�b �K���i�+�?�- ���H�H�Q�r�B�M�; �7�Q�` �K�2���b�m�`�2�K�2�M�i�b �r�B�i�? �b�K���H�H�2�`

�m�M�+�2�`�i���B�M�i�B�2�b ���M�/ �H�Q�r�2�` �+�Q�`�`�2�H���i�B�Q�M�b�X

�h�?�2 �#�B�M���`�v �"�.�h �+�H���b�b�B�}�2�`�b �i�`���B�M�2�/ �i�Q �b�T�H�B�i �i�?�2 �+�H���b�b�2�b �B�M�i�Q �+���i�2�;�Q�`�B�2�b ���H�H�Q�r�2�/

�7�Q�` ���M �B�M�+�`�2���b�2 �B�M �i�?�2 �Q�p�2�`���H�H �K�2���b�m�`�2�K�2�M�i �b�2�M�b�B�i�B�p�B�i�v�X �6�Q�` �2���+�? �+�H���b�b�- �i�?�2

�b�2�H�2�+�i�2�/ �2�p�2�M�i�b �r�2�`�2 �b�Q�`�i�2�/ �B�M�i�Q �+���i�2�;�Q�`�B�2�b �/�2�T�2�M�/�2�M�i �Q�M �`���M�;�2�b �Q�7 �i�?�2 �`�2�b�m�H�i���M�i

�#�B�M���`�v �"�.�h �b�+�Q�`�2�- �/�2�}�M�B�M�; �� �K���t�B�K�m�K �Q�7 �i�?�`�2�2 �+���i�2�;�Q�`�B�2�b �T�2�` �a�h�s�a �`�2�;�B�Q�M

�i�?���i �p���`�v �#�v �T�`�Q�D�2�+�i�2�/ �b�B�;�M���H �T�m�`�B�i�v�X �h�?�2 �i�?�`�2�b�?�Q�H�/ �"�.�h �b�+�Q�`�2�b �i�?���i �/�2�}�M�2 �i�?�2

�M�m�K�#�2�` �Q�7 �+���i�2�;�Q�`�B�2�b �T�2�` �+�H���b�b �r�2�`�2 �/�2�i�2�`�K�B�M�2�/ �#�v �+�Q�M�b�B�/�2�`�B�M�; ���H�H �T�Q�b�b�B�#�H�2 �p���H�m�2�b

���M�/ �+�?�Q�Q�b�B�M�; �i�?�2 �/�2�}�M�B�i�B�Q�M�b �i�?���i �K���t�B�K�B�b�2 �i�?�2 �[�m���/�`���i�B�+ �b�m�K �Q�7 �i�?�2 �2�t�T�2�+�i�2�/

�b�B�;�M�B�}�+���M�+�2�b �7�Q�` ���H�H �+���i�2�;�Q�`�B�2�b�X �h�?�2 �2�t�T�2�+�i�2�/ �b�B�;�M�B�}�+���M�+�2�-Z �- �B�b �/�2�}�M�2�/ ���b�-

Z =
p

2((S + B) ln(1 + S=B) � S); �U�e�X�R�V

�N�3



�r�?�2�`�2S ���M�/B �r�2�`�2 �i�?�2 �2�t�T�2�+�i�2�/ �b�B�;�M���H ���M�/ �#���+�F�;�`�Q�m�M�/ �v�B�2�H�/�b�X �� �i�Q�i���H �Q�7 �3�3

�+���i�2�;�Q�`�B�2�b �r�2�`�2 �m�b�2�/�- �b�?�Q�r�M �B�M �h���#�H�2 �e�X�k�X

�h�?�2 �2�t�T�2�+�i�2�/ �a�J �v�B�2�H�/�b �7�Q�` �i�?�2 �K�2���b�m�`�2�K�2�M�i �r�2�`�2 �Q�#�i���B�M�2�/ �#�v �M�Q�`�K���H�B�b�B�M�; �i�?�2

�b�B�K�m�H���i�2�/ �b���K�T�H�2�b �r�B�i�? �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �+�`�Q�b�b�@�b�2�+�i�B�Q�M�b �B�M �h���#�H�2 �e�X�R �K�m�H�i�B�T�H�B�2�/ �#�v

�i�?�2H ! 

 �#�`���M�+�?�B�M�; �`���i�B�Q�-B 

 = 0:227 %�(�e�)�X

�h���#�H�2 �e�X�k�h�?�2 �2�t�T�2�+�i�2�/ �b�B�;�M���H �US�V ���M�/ �#���+�F�;� �̀Q�m�M�/ �UB �V �2�p�2�M�i �v�B�2�H�/�b �+�Q�M�i���B�M�2�/
�r�B�i�?�B�M �i�?�2 �b�K���H�H�2�b�i �T�Q�b�b�B�#�H�2 �K���b�b �r�B�M�/�Q�r �i�?���i �+�Q�M�i���B�M�b90 % �Q�7 �b�B�;�M���H �2�p�2�M�i�b �7�Q�`
�2���+�? �Q�7 �i�?�2 �3�3H ! 

 ���M���H�v�b�B�b �+���i�2�;�Q�`�B�2�b�X ���H�b�Q �H�B�b�i�2�/ ��� �̀2 �2�b�i�B�K���i�2�b �Q�7 �i�?�2 �b�B�;�M���H
�T�m�`�B�i�B�2�b�-f = S=(S + B )�- ���M�/ �i�?�2 �2�t�T�2�+�i�2�/ �b�B�;�M�B�}�+���M�+�2�b�-Z �- ���b �+���H�+�m�H���i�2�/ �m�b�B�M�;
�1�[�m���i�B�Q�M �e�X�R�X �*���i�2�;�Q�`�B�2�b �H���#�2�H�H�2�/ ���b �õ�P�i�?�2�`�ö �+�Q�M�i���B�M �;� �̀Q�m�T�b �Q�7 �2�p�2�M�i�b �r�B�i�? �Q�M�H�v
�K�B�M�B�K���H �+�Q�M�i�`�B�#�m�i�B�Q�M �i�Q �i�?�2 ���M���H�v�b�B�b �b�2�M�b�B�i�B�p�B�i�v �(�8�j�)�X

�*���i�2�;�Q�`�v S B f Z �*���i�2�;�Q�`�v S B f Z
gg ! H qq0 ! Hqq 0

�y�@�D�2�i�b�-pH
T < 10 GeV �d�j�y �k�9�y�y�y �y�X�y�j �9�X�e� �k�@�D�2�i�b�- �R�k�y� mjj < 350 GeV�- �>�B�;�?�@�T�m�`�B�i�v �y�X�N�R �j�X�y �y�X�k�j �y�X�8

�y�@�D�2�i�b�- �R�y� pH
T < 200 GeV �k�k�y�y �e�e�y�y�y �y�X�y�j �3�X�9� �k�@�D�2�i�b�- �R�k�y� mjj < 350 GeV�- �J�2�/�@�T�m�`�B�i�v �R�9 �3�d �y�X�R�9 �R�X�9

�R�@�D�2�i�b�-pH
T < 60 GeV �8�8�y �R�e�y�y�y �y�X�y�j �9�X�9� �k�@�D�2�i�b�- �R�k�y� mjj < 350 GeV�- �G�Q�r�@�T�m�`�B�i�v �k�d �j�3�y �y�X�y�d �R�X�9

�R�@�D�2�i�b�- �e�y� pH
T < 120 GeV �9�d�y �R�y�y�y�y �y�X�y�9 �9�X�d� �k�@�D�2�i�b�- �j�8�y� mjj < 700 GeV�-pH

T < 25 GeV�- �>�B�;�?�@�T�m�`�B�i�v�j�X�R �j�X�y �y�X�8�R �R�X�e
�R�@�D�2�i�b�- �R�k�y� pH

T < 200 GeV�- �>�B�;�?�@�T�m�`�B�i�v �j�d �k�8�y �y�X�R�j �k�X�j� �k�@�D�2�i�b�- �j�8�y� mjj < 700 GeV�-pH
T < 25 GeV�- �J�2�/�@�T�m�`�B�i�v�R�k �8�R �y�X�R�N �R�X�e

�R�@�D�2�i�b�- �R�k�y� pH
T < 200 GeV�- �J�2�/�@�T�m�`�B�i�v �8�y �e�k�y �y�X�y�d �k�X�y� �k�@�D�2�i�b�- �j�8�y� mjj < 700 GeV�-pH

T � 25 GeV�- �>�B�;�?�@�T�m�`�B�i�v�R�X�j �R�X�3 �y�X�9�k �y�X�N
� �k�@�D�2�i�b�-mjj < 350 GeV�-pH

T < 60 GeV�- �>�B�;�?�@�T�m�`�B�i�v �j�N �R�k�y�y �y�X�y�j �R�X�R� �k�@�D�2�i�b�- �j�8�y� mjj < 700 GeV�-pH
T � 25 GeV�- �J�2�/�@�T�m�`�B�i�v�y�X�9�k �9�X�d �y�X�y�3 �y�X�k

� �k�@�D�2�i�b�-mjj < 350 GeV�-pH
T < 60 GeV�- �J�2�/�@�T�m�`�B�i�v �R�k�y �8�j�y�y �y�X�y�k �R�X�e� �k�@�D�2�i�b�-mjj � 700 GeV�-pH

T < 25 GeV�- �>�B�;�?�@�T�m�`�B�i�v �N�X�y �R�X�3 �y�X�3�j �9�X�8
� �k�@�D�2�i�b�-mjj < 350 GeV�-pH

T < 60 GeV�- �G�Q�r�@�T�m�`�B�i�v �9�N�y �R�N�y�y�y �y�X�y�j �j�X�e� �k�@�D�2�i�b�-mjj � 700 GeV�-pH
T < 25 GeV�- �J�2�/�@�T�m�`�B�i�v �R�3 �k�k �y�X�9�8 �j�X�8

� �k�@�D�2�i�b�-mjj < 350 GeV�- �e�y� pH
T < 120 GeV�- �>�B�;�?�@�T�m�`�B�i�v�j�e �j�d�y �y�X�y�N �R�X�3� �k�@�D�2�i�b�-mjj � 700 GeV�-pH

T � 25 GeV�- �>�B�;�?�@�T�m�`�B�i�v �R�X�8 �R�X�d �y�X�9�d �R�X�y
� �k�@�D�2�i�b�-mjj < 350 GeV�- �e�y� pH

T < 120 GeV�- �J�2�/�@�T�m�`�B�i�v�R�R�y �k�j�y�y �y�X�y�8 �k�X�k� �k�@�D�2�i�b�-mjj � 700 GeV�-pH
T � 25 GeV�- �J�2�/�@�T�m�`�B�i�v �k�X�9 �j�X�9 �y�X�9�k �R�X�k

� �k�@�D�2�i�b�-mjj < 350 GeV�- �e�y� pH
T < 120 GeV�- �G�Q�r�@�T�m�`�B�i�v�k�j�y �d�y�y�y �y�X�y�j �k�X�9� �k�@�D�2�i�b�-mjj � 700 GeV�-pH

T � 25 GeV�- �G�Q�r�@�T�m�`�B�i�v �e�X�8 �k�y �y�X�k�9 �R�X�9
� �k�@�D�2�i�b�-mjj < 350 GeV�- �R�k�y� pH

T < 200 GeV�- �>�B�;�?�@�T�m�`�B�i�v�9�9 �k�k�y �y�X�R�d �k�X�N� �k�@�D�2�i�b�- �j�8�y� mjj < 700 GeV�-pH
T � 200 GeV�- �>�B�;�?�@�T�m�`�B�i�v�R�X�e �R�X�j �y�X�8�8 �R�X�k

� �k�@�D�2�i�b�-mjj < 350 GeV�- �R�k�y� pH
T < 200 GeV�- �J�2�/�@�T�m�`�B�i�v�d�y �3�j�y �y�X�y�3 �k�X�9� �k�@�D�2�i�b�- �j�8�y� mjj < 700 GeV�-pH

T � 200 GeV�- �J�2�/�@�T�m�`�B�i�v�y�X�8�8 �k�X�y �y�X�k�k �y�X�9
� �k�@�D�2�i�b�- �j�8�y� mjj < 700 GeV�-pH

T < 25 GeV�- �>�B�;�?�@�T�m�`�B�i�v�9�X�R �R�d �y�X�R�N �y�X�N� �k�@�D�2�i�b�-mjj � 700 GeV�-pH
T � 200 GeV�- �>�B�;�?�@�T�m�`�B�i�v�3�X�R �R�X�e �y�X�3�j �9�X�j

� �k�@�D�2�i�b�- �j�8�y� mjj < 700 GeV�-pH
T < 25 GeV�- �J�2�/�@�T�m�`�B�i�v�R�8 �R�R�y �y�X�R�k �R�X�9� �k�@�D�2�i�b�-mjj � 700 GeV�-pH

T � 200 GeV�- �J�2�/�@�T�m�`�B�i�v �d�X�e �R�R �y�X�9�k �k�X�R
� �k�@�D�2�i�b�- �j�8�y� mjj < 700 GeV�-pH

T < 25 GeV�- �G�Q�r�@�T�m�`�B�i�v�R�e �j�3�y �y�X�y�9 �y�X�3
� �k�@�D�2�i�b�- �j�8�y� mjj < 700 GeV�-pH

T � 25 GeV�- �>�B�;�?�@�T�m�`�B�i�v�8�X�d �9�y �y�X�R�k �y�X�N qq ! H`�
� �k�@�D�2�i�b�- �j�8�y� mjj < 700 GeV�-pH

T � 25 GeV�- �J�2�/�@�T�m�`�B�i�v�k�y �k�d�y �y�X�y�d �R�X�k�P�i�?�2�` �d�X�d �k�R�y �y�X�y�9 �y�X�8
� �k�@�D�2�i�b�- �j�8�y� mjj < 700 GeV�-pH

T � 25 GeV�- �G�Q�r�@�T�m�`�B�i�v�k�k �N�j�y �y�X�y�k �y�X�d�y� pV
T < 75 GeV�- �>�B�;�?�@�T�m�`�B�i�v �k�X�j �j�X�8 �y�X�9�y �R�X�R

� �k�@�D�2�i�b�-mjj � 700 GeV�-pH
T < 25 GeV�- �>�B�;�?�@�T�m�`�B�i�v �9�X�9 �N�X�y �y�X�j�j �R�X�9�y� pV

T < 75 GeV�- �J�2�/�@�T�m�`�B�i�v �e�X�j �j�N �y�X�R�9 �R�X�y
� �k�@�D�2�i�b�-mjj � 700 GeV�-pH

T < 25 GeV�- �J�2�/�@�T�m�`�B�i�v �R�9 �9�y �y�X�k�e �k�X�R�d�8� pV
T < 150 GeV�- �>�B�;�?�@�T�m�`�B�i�v �j�X�d �R�X�3 �y�X�e�d �k�X�k

� �k�@�D�2�i�b�-mjj � 700 GeV�-pH
T < 25 GeV�- �G�Q�r�@�T�m�`�B�i�v �R�e �R�8�y �y�X�R�y �R�X�j�d�8� pV

T < 150 GeV�- �J�2�/�@�T�m�`�B�i�v �R�X�j �9�X�3 �y�X�k�R �y�X�e
� �k�@�D�2�i�b�-mjj � 700 GeV�-pH

T � 25 GeV�- �>�B�;�?�@�T�m�`�B�i�v �8�X�R �j�j �y�X�R�9 �y�X�N�R�8�y� pV
T < 250 GeV�- �y�@�D�2�i �R�X�3 �R�X�N �y�X�9�3 �R�X�R

� �k�@�D�2�i�b�-mjj � 700 GeV�-pH
T � 25 GeV�- �J�2�/�@�T�m�`�B�i�v �R�9 �R�8�y �y�X�y�N �R�X�R�R�8�y� pV

T < 250 GeV�- �R�@�D�2�i �k�X�k �k�X�j �y�X�9�N �R�X�j
� �k�@�D�2�i�b�-mjj � 700 GeV�-pH

T � 25 GeV�- �G�Q�r�@�T�m�`�B�i�v �R�e �j�3�y �y�X�y�9 �y�X�3pV
T � 250 GeV �R�X�8 �R�X�k �y�X�8�e �R�X�k

�k�y�y� pH
T < 300 GeV�- �>�B�;�?�@�T�m�`�B�i�v �d�X�k �R�R �y�X�9�y �k�X�y

�k�y�y� pH
T < 300 GeV�- �J�2�/�@�T�m�`�B�i�v �k�3 �3�9 �y�X�k�8 �k�X�N qq ! H``

�k�y�y� pH
T < 300 GeV�- �G�Q�r�@�T�m�`�B�i�v �k�3 �k�R�y �y�X�R�k �R�X�N�P�i�?�2�` �R�R �k�3�y �y�X�y�9 �y�X�e

�j�y�y� pH
T < 450 GeV�- �>�B�;�?�@�T�m�`�B�i�v �R�X�d �R�X�3 �y�X�9�N �R�X�R�y� pV

T < 75 GeV �y�X�N �R�X�3 �y�X�j�k �y�X�e
�j�y�y� pH

T < 450 GeV�- �J�2�/�@�T�m�`�B�i�v �d�X�R �R�y �y�X�9�R �k�X�y�d�8� pV
T < 150 GeV�- �>�B�;�?�@�T�m�`�B�i�v �j�X�k �j�X�N �y�X�9�8 �R�X�9

�j�y�y� pH
T < 450 GeV�- �G�Q�r�@�T�m�`�B�i�v �R�d �e�j �y�X�k�R �k�X�R�d�8� pV

T < 150 GeV�- �J�2�/�@�T�m�`�B�i�v �8�X�e �k�R �y�X�k�R �R�X�k
�9�8�y� pH

T < 650 GeV�- �>�B�;�?�@�T�m�`�B�i�v �R�X�N �R�X�9 �y�X�8�3 �R�X�9�R�8�y� pV
T < 250 GeV�- �y�@�D�2�i �R�X�e �k�X�R �y�X�9�k �R�X�y

�9�8�y� pH
T < 650 GeV�- �J�2�/�@�T�m�`�B�i�v �k�X�R �d�X�8 �y�X�k�k �y�X�d�R�8�y� pV

T < 250 GeV�- �R�@�D�2�i �R�X�d �j�X�k �y�X�j�8 �y�X�N
pH

T � 650 GeV�- �>�B�;�?�@�T�m�`�B�i�v �y�X�d�k �R�X�y �y�X�9�k �y�X�dpV
T � 250 GeV �R�X�3 �k�X�y �y�X�9�d �R�X�R

pH
T � 650 GeV�- �J�2�/�@�T�m�`�B�i�v �y�X�k�R �R�X�R �y�X�R�d �y�X�k

t �tH
qq0 ! Hqq 0 �P�i�?�2�` �U�B�M�+�H�m�/�B�M�;tH �V �R�R �R�k�y �y�X�y�3 �R�X�y

�y�@�D�2�i�- �>�B�;�?�@�T�m�`�B�i�v �y�X�j�k �j�X�N �y�X�y�3 �y�X�kpH
T < 60 GeV�- �>�B�;�?�@�T�m�`�B�i�v �j�X�k �8�X�y �y�X�j�N �R�X�j

�y�@�D�2�i�- �J�2�/�@�T�m�`�B�i�v �y�X�e�y �3�X�R �y�X�y�d �y�X�kpH
T < 60 GeV�- �J�2�/�@�T�m�`�B�i�v �j�X�8 �R�8 �y�X�R�3 �y�X�3

�R�@�D�2�i�- �>�B�;�?�@�T�m�`�B�i�v �R�X�N �k�X�j �y�X�9�8 �R�X�R�e�y� pH
T < 120 GeV�- �>�B�;�?�@�T�m�`�B�i�v �8�X�R �9�X�j �y�X�8�9 �k�X�R

�R�@�D�2�i�- �J�2�/�@�T�m�`�B�i�v �k�X�9 �9�X�3 �y�X�j�j �R�X�y�e�y� pH
T < 120 GeV�- �J�2�/�@�T�m�`�B�i�v �j�X�d �R�y �y�X�k�e �R�X�R

�R�@�D�2�i�- �G�Q�r�@�T�m�`�B�i�v �9�X�N �j�j �y�X�R�j �y�X�3�R�k�y� pH
T < 200 GeV�- �>�B�;�?�@�T�m�`�B�i�v �e�X�R �j�X�3 �y�X�e�k �k�X�e

� �k�@�D�2�i�b�-mjj < 60 GeV�- �>�B�;�?�@�T�m�`�B�i�v �y�X�e�R �R�X�3 �y�X�k�8 �y�X�9�R�k�y� pH
T < 200 GeV�- �J�2�/�@�T�m�`�B�i�v �j�X�R �3�X�R �y�X�k�3 �R�X�y

� �k�@�D�2�i�b�-mjj < 60 GeV�- �J�2�/�@�T�m�`�B�i�v �k�X�y �3�X�R �y�X�k�y �y�X�d�k�y�y� pH
T < 300 GeV �9�X�e �R�X�d �y�X�d�j �k�X�d

� �k�@�D�2�i�b�-mjj < 60 GeV�- �G�Q�r�@�T�m�`�B�i�v �8�X�N �8�k �y�X�R�y �y�X�3pH
T � 300 GeV �j�X�e �R�X�y �y�X�d�3 �k�X�e

� �k�@�D�2�i�b�- �e�y� mjj < 120 GeV�- �>�B�;�?�@�T�m�`�B�i�v �8�X�j �e�X�R �y�X�9�e �R�X�NtHW �y�X�3�y �k�X�9 �y�X�k�8 �y�X�8
� �k�@�D�2�i�b�- �e�y� mjj < 120 GeV�- �J�2�/�@�T�m�`�B�i�v �e�X�N �j�k �y�X�R�3 �R�X�ktHqb �y�X�3�3 �k�X�d �y�X�k�9 �y�X�8

�e�X�8�.�B�T�?�Q�i�Q�M �A�M�p���`�B���M�i �J���b�b �a�T�2�+�i�`�m�K �J�Q�/�2�H�H�B�M�;

�h�?�2 �/�B�T�?�Q�i�Q�M �B�M�p���`�B���M�i �K���b�b �b�T�2�+�i�`�m�K �7�Q�` �2���+�? ���M���H�v�b�B�b �+���i�2�;�Q�`�v �B�b �`�2�T�`�2�b�2�M�i�2�/ �#�v

�� �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �i�?���i �/�2�b�+�`�B�#�2�b �i�?�2 �b�B�;�M���H ���M�/ �#���+�F�;�`�Q�m�M�/ �b�?���T�2�b

���b ���M���H�v�i�B�+ �7�m�M�+�i�B�Q�M�b �Q�7m

 �/�2�}�M�2�/ �B�M �i�?�2 �`���M�;�2 �R�y�8< m 

 < 160 GeV�X ��

�b�B�K�m�H�i���M�2�Q�m�b �}�i �Q�7 �i�?�2 �/�B�T�?�Q�i�Q�M �B�M�p���`�B���M�i �K���b�b �b�T�2�+�i�`�� �i�Q �i�?�2�B�` �K�Q�/�2�H�H�2�/ �+���i�2�;�Q�`�v

�N�N



�S�.�6�b �r���b �T�2�`�7�Q�`�K�2�/ �i�Q �Q�#�i���B�M �i�?�2 �H�B�F�2�H�B�?�Q�Q�/ �7�m�M�+�i�B�Q�M �7�Q�` �i�?�2 ���M���H�v�b�B�b�- �B�M�+�Q�`�@

�T�Q�`���i�B�M�; �b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b ���b �:���m�b�b�B���M �Q�` �H�Q�;�@�M�Q�`�K���H �M�m�B�b���M�+�2 �T���`���K�2�i�2�`

�S�.�6�b�X �h�?�2 �>�B�;�;�b �#�Q�b�Q�M �+�`�Q�b�b�@�b�2�+�i�B�Q�M�b �r�2�`�2 �`�2�T�`�2�b�2�M�i�2�/ ���b �T���`���K�2�i�2�`�b �Q�7 �i�?�2

�b�B�;�M���H �+�Q�K�T�Q�M�2�M�i�b �Q�7 �i�?�2 �H�B�F�2�H�B�?�Q�Q�/ �K�Q�/�2�H�- �2�t�i�`���+�i�2�/ �p�B�� �� �K���t�B�K�m�K �H�B�F�2�H�B�?�Q�Q�/

�}�i �Q�p�2�` ���H�H �+���i�2�;�Q�`�B�2�b�X �h�?�2 �M�Q�`�K���H�B�b���i�B�Q�M �Q�7 �i�?�2 �b�B�;�M���H �S�.�6 �7�Q�` �2���+�? �+���i�2�;�Q�`�v�-i �-

�r���b �/�2�}�M�2�/ �#�v

N i =
X

t

(� t � B 

 )" it LK i (� �v�B�2�H�/) + N �b�T�m�`
i � �b�T�m�`; �U�e�X�k�V

�b�m�K�K�2�/ �Q�p�2�` �2���+�? �a�h�s�a �`�2�;�B�Q�M�-t�- �r�?�2�`�2" it �`�2�T�`�2�b�2�M�i�b �i�?�2 �2�{�+�B�2�M�+�v �Q�7 �2�p�2�M�i�b

�7�`�Q�K �� �`�2�;�B�Q�Mt �i�Q �#�2 �+���i�2�;�Q�`�B�b�2�/ �B�Mi �- L �B�b �i�?�2 �B�M�i�2�;�`���i�2�/ �H�m�K�B�M�Q�b�B�i�v �Q�7 �i�?�2

�b���K�T�H�2�-K i (� �v�B�2�H�/) �/�2�M�Q�i�2�b �K�m�H�i�B�T�H�B�+���i�B�p�2 �+�Q�`�`�2�+�i�B�Q�M�b �i�Q �i�?�2 �b�B�;�M���H �v�B�2�H�/�b �7�`�Q�K

�b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b ���b �� �7�m�M�+�i�B�Q�M �Q�7� �v�B�2�H�/�M�m�B�b���M�+�2 �T���`���K�2�i�2�`�b�- ���M�/N �b�T�m�`
i

�B�b �i�?�2 �#���+�F�;�`�Q�m�M�/ �K�Q�/�2�H�H�B�M�; �m�M�+�2�`�i���B�M�i�v �7�Q�`i ���b ���M ���/�/�B�i�B�p�2 �+�Q�`�`�2�+�i�B�Q�M �i�Q �i�?�2

�b�B�;�M���H �v�B�2�H�/ �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2� �b�T�m�`�M�m�B�b���M�+�2 �T���`���K�2�i�2�`�X

�e�X�8�X�R�a�B�;�M���H �a�?���T�2 �J�Q�/�2�H�H�B�M�;

�h�?�2 �b�B�;�M���H �b�?���T�2 �7�Q�` �2���+�? �+���i�2�;�Q�`�v �r���b �K�Q�/�2�H�H�2�/ ���b ���/�Q�m�#�H�2�@�b�B�/�2�/ �*�`�v�b�i���H �"���H�H

�U�.�a�*�"�V �7�m�M�+�i�B�Q�M�- �/�2�}�M�2�/ ���b �� �:���m�b�b�B���M �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �i�?�2 �T�2���F �`�2�;�B�Q�M �Q�7

�i�?�2 �b�?���T�2 ���M�/ �~���M�F�2�/ �#�v �T�Q�r�2�`�@�H���r �i���B�H�b �+�Q�M�i�B�M�m�B�M�; �7�`�Q�K �i�?�2 �?�B�;�?�2�` ���M�/ �H�Q�r�2�`

m

 �b�B�/�2�b �Q�7 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�X �h�?�2 �T���`���K�2�i�2�`�b �Q�7 �i�?�2 �.�a�*�" �7�m�M�+�i�B�Q�M�b �7�Q�` �2���+�?

�+���i�2�;�Q�`�v �r�2�`�2 �/�2�`�B�p�2�/ �7�`�Q�K �}�i�b �i�Q �i�?�2 �b�B�;�M���H �J�Q�M�i�2 �*���`�H�Q �b���K�T�H�2�b�- ���+�+�Q�m�M�i�B�M�;

�7�Q�` �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �a�i���M�/���`�/ �J�Q�/�2�H �+�`�Q�b�b�@�b�2�+�i�B�Q�M�b �Q�7 �i�?�2 �/�B�z�2�`�2�M�i �T�`�Q�/�m�+�i�B�Q�M

�K�2�+�?���M�B�b�K�b �i�?���i �+�Q�K�T�`�B�b�2�/ �� �T���`�i�B�+�m�H���` �+���i�2�;�Q�`�v�X �1�t���K�T�H�2 �}�i�b ���`�2 �b�?�Q�r�M �B�M

�6�B�;�m�`�2 �e�X�k�X

�e�X�8�X�k�"���+�F�;�`�Q�m�M�/ �h�2�K�T�H���i�2�b

�h�Q �K�Q�/�2�H �i�?�2 �+�Q�M�i�B�M�m�m�K �#���+�F�;�`�Q�m�M�/�b �Q�7 �i�?�2 ���M���H�v�b�B�b �+���i�2�;�Q�`�B�2�b�- �� �#���+�F�;�`�Q�m�M�/

m

 �i�2�K�T�H���i�2 �r���b �#�m�B�H�i �7�`�Q�K ���M ���T�T�`�Q�T�`�B���i�2 �K�B�t�i�m�`�2 �Q�7 �/���i�� �+�Q�M�i�`�Q�H �b���K�T�H�2�b

���M�/ �#���+�F�;�`�Q�m�M�/ �J�Q�M�i�2 �*���`�H�Q �b���K�T�H�2�b�X �h�?�2�M �� �T���`���K�2�i�`�B�+ ���M���H�v�i�B�+ �7�m�M�+�i�B�Q�M �r���b

���b�b�B�;�M�2�/ �i�Q �i�?�B�b �i�2�K�T�H���i�2 �7�`�Q�K �� �M�m�K�#�2�` �Q�7 �+���M�/�B�/���i�2 �7�m�M�+�i�B�Q�M�b�- �r�?�2�`�2 �i�?�2 �#�2�b�i

�K���i�+�? �r���b �/�2�i�2�`�K�B�M�2�/ �m�b�B�M�; �i�?�2�b�T�m�`�B�Q�m�b �b�B�;�M���H �i�2�b�i�X �h�?�2 ���B�K �Q�7 �i�?�B�b �i�2�b�i �r���b

�i�Q ���b�b�B�;�M �� �7�m�M�+�i�B�Q�M �i�?���i �+���M �~�2�t�B�#�H�v �K���i�+�? �i�?�2 �/�B�T�?�Q�i�Q�M �K���b�b �/�B�b�i�`�B�#�m�i�B�Q�M �7�`�Q�K

�R�y�y



�U���Vgg ! H �U�R�@�D�2�i�- �R�k�y� pH
T < �k�y�y �:�2�o�V �U�#�Vt�tH

�6�B�;�m�`�2 �e�X�k�a�B�;�M���H �b�?���T�2�b �B�M �i�?�2 �/�B�T�?�Q�i�Q�M �B�M�p���`�B���M�i �K���b�b �b�T�2�+�i� �̀� �7�Q�` �i�r�Q �T�m�`�B�i�v
�+���i�2�;�Q�`�B�2�b �7�Q�`gg ! H �U�R�@�D�2�i�- �R�k�y� pH

T < �k�y�y �:�2�o�V ���M�/ �i�?� �̀2�2t �tH ���M���H�v�b�B�b
�+���i�2�;�Q�`�B�2�b�- �}�i�i�2�/ ���b �/�Q�m�#�H�2�@�b�B�/�2�/ �*�`�v�b�i���H �"���H�H �7�m�M�+�i�B�Q�M�b �i�Q �b�B�;�M���H �J�Q�M�i�2 �*���`�H�Q
�b���K�T�H�2�b �(�8�j�)�X

�/���i�� ���M�/ �i�?���i �;�B�p�2�b �p�2�`�v �H�B�i�i�H�2 �#�B���b �B�M �+�Q�K�T���`�B�b�Q�M �i�Q �i�?�2 �b�i���i�B�b�i�B�+���H �m�M�+�2�`�i���B�M�i�v�X

�h�?�2 �+�Q�M�i�B�M�m�m�K �#���+�F�;�`�Q�m�M�/ �T�`�Q�+�2�b�b�2�b �r�2�`�2 �+�Q�K�T�`�B�b�2�/ �Q�7 �� �+�Q�K�#�B�M���i�B�Q�M �Q�7

 �-

j
 �- ���M�/jj �+�Q�K�T�Q�M�2�M�i�b �7�Q�` �i�?�2gg ! H ���M�/qq0 ! Hqq0 �+���i�2�;�Q�`�B�2�b�X �>�Q�r�2�p�2�`

�i�?�2V H�-t �tH �- ���M�/tH �#���+�F�;�`�Q�m�M�/ �i�2�K�T�H���i�2�b �r�2�`�2 �#�m�B�H�i �7�`�Q�K �Q�M�H�v

 �T�`�Q�+�2�b�b�2�b

���b �i�?�2 �Q�i�?�2�` �+�Q�M�i�`�B�#�m�i�B�Q�M�b ���`�2 �M�2�;�H�B�;�B�#�H�2�X �h�?�2

 �T�`�Q�+�2�b�b�2�b �7�Q�` �i�?�2gg ! H ���M�/

qq0 ! Hqq0 �+���i�2�;�Q�`�B�2�b �r�2�`�2 �K�Q�/�2�H�H�2�/ �m�b�B�M�; �b�B�K�m�H���i�B�Q�M�- �#�m�ij
 ���M�/jj �+�Q�M�i�`�B�#�m�i�B�Q�M

�b�?���T�2�b �r�2�`�2 �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �/���i�� �b�B�/�2�#���M�/�b �Q�7 �2�p�2�M�i�b �i�?���i �7���B�H �i�Q �T���b�b �i�?�2

�T�?�Q�i�Q�M �B�/�2�M�i�B�}�+���i�B�Q�M ���M�/ �B�b�Q�H���i�B�Q�M �b�2�H�2�+�i�B�Q�M �B�M �i�?�2 �R�y�8< m 

 < 120 GeV ���M�/

�R�j�y< m 

 < 160 GeV�`�2�;�B�Q�M�b�X �6�Q�` �i�?�2V H �+���i�2�;�Q�`�B�2�b�- �#���+�F�;�`�Q�m�M�/ �r���b �T�`�B�K���`�B�H�v

�K�Q�/�2�H�H�2�/ �m�b�B�M�;V 

 �b�B�K�m�H���i�B�Q�M �b���K�T�H�2�b�- �r�?�B�H�2 �7�Q�`t �tH ���M�/tH �+���i�2�;�Q�`�B�2�b �i�?�2

�i�2�K�T�H���i�2�b �r�2�`�2 �+�Q�M�b�i�`�m�+�i�2�/ �7�`�Q�Kt�t

 �J�Q�M�i�2 �*���`�H�Q�X �h�?�2 �+�Q�M�b�i�`�m�+�i�2�/ �#���+�F�;�`�Q�m�M�/

�i�2�K�T�H���i�2�b �7�Q�` �i�r�Q �2�t���K�T�H�2 �+���i�2�;�Q�`�B�2�b ���`�2 �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2 �e�X�j�X �.���i�� �b�B�/�2�#���M�/�b

���`�2 �`�2�T�`�2�b�2�M�i�2�/ �#�v �i�?�2 �#�H���+�F �T�Q�B�M�i�b ���M�/ �2�t�+�H�m�/�2 �i�?�2 �R�k�y< m 

 < �R�j�y �:�2�o

�b�B�;�M���H �`�2�;�B�Q�M�- �r�?�B�H�2 �#���+�F�;�`�Q�m�M�/ �b�B�K�m�H���i�B�Q�M �+�Q�M�i�`�B�#�m�i�B�Q�M�b ���`�2 �b�?�Q�r�M ���b �+�Q�H�Q�m�`�2�/

�?�B�b�i�Q�;�`���K�b�X

�R�y�R



�U���Vgg ! H �U�R�@�D�2�i�-pH
T < 60 GeV�V �U�#�Vt�tH �U�e�y� pH

T < 120 GeV�V

�6�B�;�m�`�2 �e�X�j�*�Q�M�b�i�`�m�+�i�2�/ �#���+�F�;� �̀Q�m�M�/ �i�2�K�T�H���i�2�b �B�M �i�?�2 �/�B�T�?�Q�i�Q�M �B�M�p���`�B���M�i �K���b�b
�b�T�2�+�i�`�m�K �7�Q�` �i�r�QH ! 

 ���M���H�v�b�B�b �+���i�2�;�Q�`�B�2�b �(�8�j�)�X

�e�X�8�X�j�h�?�2 �a�T�m�`�B�Q�m�b �a�B�;�M���H �h�2�b�i

�h�?�2 �+���M�/�B�/���i�2 ���M���H�v�i�B�+ �7�m�M�+�i�B�Q�M�b �i�2�b�i�2�/ �i�Q �K�Q�/�2�H �i�?�2 �/�B�T�?�Q�i�Q�M �B�M�p���`�B���M�i �K���b�b

�#���+�F�;�`�Q�m�M�/ �+�Q�M�i�B�M�m�m�K �7�Q�` �2���+�? �+���i�2�;�Q�`�v ���`�2 �b�m�K�K���`�B�b�2�/ �B�M �h���#�H�2 �e�X�j�X ���H�H

�+�Q�2�{�+�B�2�M�i�b �Q�7 �i�?�2�b�2 �7�m�M�+�i�B�Q�M�b �r�2�`�2 �+�Q�M�b�B�/�2�`�2�/ ���b �B�M�/�2�T�2�M�/�2�M�i ���+�`�Q�b�b �+���i�2�;�Q�`�B�2�b

���M�/ �i�`�2���i�2�/ ���b �7�`�2�2 �T���`���K�2�i�2�`�b �B�M �}�i�b �i�Q �i�?�2 �/���i���X

�h���#�H�2 �e�X�j�h�?�2 ���M���H�v�i�B�+ �7�m�M�+�i�B�Q�M�b �m�b�2�/ �7�Q�` �/�2�}�M�B�M�; �i�?�2 �b�?���T�2 �Q�7 �i�?�2 �+�Q�M�i�B�M�m�m�K
m

 �#���+�F�;� �̀Q�m�M�/ ���M�/ �i�?�2 �M�m�K�#�2�` �Q�7 �7� �̀2�2 �T��� �̀��K�2�i�2�`�b�-N �T���`�b�- �m�b�2�/ �i�Q �/�2�b�+�`�B�#�2 �2���+�?
�b�?���T�2�X

�6�m�M�+�i�B�Q�M �L���K�2 �1�t�T�`�2�b�b�B�Q�M N �T���`�b ���+�`�Q�M�v�K
�S�Q�r�2�` �G���r ma



 �R �S�Q�r�2�`�G���r
�1�t�T�Q�M�2�M�i�B���H exp(am

 ) �R �1�t�T
�1�t�T�Q�M�2�M�i�B���H �Q�7 �a�2�+�Q�M�/�@�P�`�/�2�` �S�Q�H�v�M�Q�K�B���Hexp

�
a1m

 + a2m2





�
�k �1�t�T�S�Q�H�v�k

�1�t�T�Q�M�2�M�i�B���H �Q�7 �h�?�B�`�/�@�P�`�/�2�` �S�Q�H�v�M�Q�K�B���Hexp
�
a1m

 + a2m2



 + a3m3




�
�j �1�t�T�S�Q�H�v�j

�"�2�`�M�b�i�2�B�M �S�Q�H�v�M�Q�K�B���H (1 � m

 )n + a1nm 

 (1 � m

 )n� 1 + ::: + anmn


 n = �R���8 �"�2�`�M�R���8

�h�?�2 �b�2�H�2�+�i�B�Q�M �Q�7 �i�?�2 �7�m�M�+�i�B�Q�M���H �7�Q�`�K �7�Q�` �� �+���i�2�;�Q�`�v �#���+�F�;�`�Q�m�M�/ �i�2�K�T�H���i�2 �r���b

�/�2�+�B�/�2�/ �#�v �i�?�2 �`�2�b�m�H�i�b �Q�7 �B�i�b �b�T�m�`�B�Q�m�b �b�B�;�M���H �i�2�b�i�X �6�Q�` �i�?�B�b�- �i�?�2 �#���+�F�;�`�Q�m�M�/

�i�2�K�T�H���i�2 �r���b �}�i�i�2�/ �r�B�i�? �� �K�Q�/�2�H �Q�7 �7�`�2�2 �T���`���K�2�i�2�`�b �i�Q �/�2�i�2�`�K�B�M�2 �#�Q�i�? �i�?�2

�b�B�;�M���H ���M�/ �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i �v�B�2�H�/�b�X �h�?�2 �T�Q�b�b�B�#�H�2 �#�B���b �i�?���i �K���v �#�2 �B�M�+�m�`�`�2�/

�#�v �K�B�b�K�Q�/�2�H�H�B�M�; �i�?�2 �#���+�F�;�`�Q�m�M�/m

 �+�Q�M�i�B�M�m�m�K �r���b �i�?�2�M �2�b�i�B�K���i�2�/ �7�`�Q�K �i�?�2

�`�2�b�m�H�i�B�M�; �}�i�i�2�/ �b�B�;�M���H �v�B�2�H�/ �i�Q �i�?�B�b �T�m�`�2�H�v �#���+�F�;�`�Q�m�M�/ �i�2�K�T�H���i�2�- �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2

�b�T�m�`�B�Q�m�b �b�B�;�M���H�X �h�?�2 �i�2�b�i �r���b �T�2�`�7�Q�`�K�2�/ �7�Q�` �T�Q�b�b�B�#�H�2 �p���H�m�2�b �Q�7 �i�?�2 �>�B�;�;�b �K���b�b �Q�7

�R�k�R< m H < 129 GeV�B�M �b�i�2�T�b �Q�71 GeV�X �h�?�2 �T�Q�i�2�M�i�B���H �#�B���b �r���b �i�?�2�M �+�Q�M�b�B�/�2�`�2�/

�i�Q �#�2 �i�?�2 �K���t�B�K�m�K �p���H�m�2 �Q�7 �i�?�2 �}�i�i�2�/ �b�T�m�`�B�Q�m�b �b�B�;�M���H �v�B�2�H�/�-jS�b�T�m�`j�- �Q�p�2�` �i�?�2 �`���M�;�2

�Q�7 �R�k�R< m H < 129 GeV�X

�R�y�k



�*���i�2�;�Q�`�B�2�b �+�Q�M�i���B�M�B�M�; �� �K�B�M�B�K�m�K �Q�7 �R�y�y �2�p�2�M�i�b �B�M �i�?�2�B�` �b�B�/�2�#���M�/�b �T���b�b�2�/ �i�?�2

�b�T�m�`�B�Q�m�b �b�B�;�M���H �i�2�b�i �B�7 �B�i �`�2�b�m�H�i�2�/ �B�MjS�b�T�m�`j �b���i�B�b�7�v�B�M�; �2�B�i�?�2�` �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�`�B�i�2�`�B���,

�Ç jS�b�T�m�`j �r���b �b�K���H�H�2�` �i�?���M10 %�Q�7 �i�?�2 �2�t�T�2�+�i�2�/ �M�m�K�#�2�` �Q�7 �i�Q�i���H �>�B�;�;�b �#�Q�b�Q�M

�b�B�;�M���H �2�p�2�M�i�b�-S�2�t�T�X

�Ç jS�b�T�m�`j �r���b �b�K���H�H�2�` �i�?���M20 %�Q�7 �i�?�2 �b�i���i�B�b�i�B�+���H �m�M�+�2�`�i���B�M�i�v �Q�7 �i�?�2 �}�i�i�2�/ �b�B�;�M���H

�v�B�2�H�/�-� �2�t�T�X

�A�7 �K�Q�`�2 �i�?���M �Q�M�2 ���M���H�v�i�B�+ �7�m�M�+�i�B�Q�M �T���b�b�2�/ �i�?�2 �b�T�m�`�B�Q�m�b �b�B�;�M���H �i�2�b�i�- �i�?�2�M �i�?�2

�7�m�M�+�i�B�Q�M �r�B�i�? �i�?�2 �7�2�r�2�b�i �T���`���K�2�i�2�`�b �r���b �b�2�H�2�+�i�2�/�X �>�Q�r�2�p�2�`�- �B�7 ���H�H �7�m�M�+�i�B�Q�M�b

�7���B�H�2�/ �i�Q �T���b�b �i�?�2 �i�2�b�i �i�?�2�M �i�?�2 �b�m�+�+�2�b�b �+�`�B�i�2�`�B�� �r�2�`�2 �`�2�H���t�2�/ �i�Q �`�2�[�m�B�`�2 �2�B�i�?�2�`
�
� jS�b�T�m�`j� 10 %S�2�t�T

�
� < 2� �i�K �Q�`

�
� jS�b�T�m�`j� 20 %� �2�t�T

�
� < 2� �i�K�- �r�?�2�`�2� �i�K �B�b �i�?�2

�b�B�;�M���H �v�B�2�H�/ �m�M�+�2�`�i���B�M�i�v �7�`�Q�K �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �b���K�T�H�2�b �+�Q�K�T�`�B�b�B�M�; �i�?�2 �#���+�F�;�`�Q�m�M�/
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�+�`�B�i�2�`�B�� �i�?� �̀2�b�?�Q�H�/�b�- �p���H�m�2�/ ���i �R�y �W �7�Q�` �U���V ���M�/ �k�y �W �7�Q�` �U�#�V�X

�2�[�m���H �+�?���M�+�2 �Q�7 �#�2�B�M�; �T�Q�b�B�i�B�p�2 �Q�` �M�2�;���i�B�p�2 �r�?�2�M �2�t�?�B�#�B�i�B�M�; �~�m�+�i�m���i�B�Q�M�b ���`�Q�m�M�/ �i�?�2

�}�i �B�M �i�?�2 �b�B�;�M���H �`�2�;�B�Q�M�X �h�?�2 �b���K�T�H�2 �K�2���M �T�H�Q�i�b �B�M �6�B�;�m�`�2 �d�X�k �b�?�Q�r �i�?���i ���H�i�?�Q�m�;�?

�2���+�? �T�b�2�m�/�Q�@�/���i�� �T�Q�B�M�i �B�b �+�Q�M�b�B�b�i�2�M�i �r�B�i�? �y �r�B�i�?�B�M �Q�M�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�-

�M�2�;���i�B�p�2 �}�i�i�2�/ �b�T�m�`�B�Q�m�b �b�B�;�M���H �v�B�2�H�/�b ���`�2 �K�Q�`�2 �+�Q�K�K�Q�M �7�Q�` �i�2�K�T�H���i�2�b �T�`�Q�/�m�+�2�/

�7�`�Q�K �� �H�Q�r �M�m�K�#�2�` �Q�7 �2�p�2�M�i�b�X

�d�X�j �_�2�b�m�H�i�b �7�Q�` �i�?�2jS�b�T�m�`j < 10% S�2�t�T�*�`�B�i�2�`�B�Q�M

�h�?�B�b �b�2�+�i�B�Q�M �T�`�2�b�2�M�i�b �i�?�2 �`�2�b�m�H�i�b �7�Q�` �2�b�i�B�K���i�B�M�; �i�?�2 �`�2�[�m�B�`�2�/ �M�m�K�#�2�` �Q�7 �#���+�F�;�`�Q�m�M�/

�i�2�K�T�H���i�2 �2�p�2�M�i�b�-N �`�2�[�X
�J�* �- �7�Q�` �i�?�2 �H�2�;���+�vgg ! H �+���i�2�;�Q�`�B�2�b�X �h�?�B�b �2�b�i�B�K���i�2 �B�b

�+�Q�K�T���`�2�/ �i�Q �i�?�2 �M�m�K�#�2�` �Q�7 �2�p�2�M�i�b �+�Q�K�T�`�B�b�B�M�; �i�?�2 �Q�`�B�;�B�M���H �i�2�K�T�H���i�2�-N �Q�`�B�;�X
�J�* �-

�7�Q�` �i�?���i �+���i�2�;�Q�`�v �i�Q �;�B�p�2 �� �T�`�Q�T�Q�b�2�/ �b�+���H�2 �7���+�i�Q�`�-SF = N �`�2�[�X
�J�* =N �Q�`�B�;�X

�J�* �- �i�?���i �i�?�2

�Q�`�B�;�B�M���H �b�B�K�m�H���i�2�/ �b���K�T�H�2 �r�Q�m�H�/ �M�2�2�/ �i�Q �#�2 �B�M�+�`�2���b�2�/ �#�v �i�Q ���+�?�B�2�p�2 �i�?�2 �B�M�/�B�+���i�2�/

�`�2�[�m�B�`�2�K�2�M�i�X �h�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �b�B�K�m�H���i�2�/

 �2�p�2�M�i�b �T�`�Q�/�m�+�2�/ �7�Q�` �i�?�2 �Q�`�B�;�B�M���H

�+���i�2�;�Q�`�v �i�2�K�T�H���i�2�b �r���b �8�y�y �K�B�H�H�B�Q�M �2�p�2�M�i�b�X �h���#�H�2 �d�X�R �/�B�b�T�H���v�b �i�?�2�b�2 �`�2�b�m�H�i�b �#�v

�+���i�2�;�Q�`�v�X

�h�?�2 �b�2�H�2�+�i�B�Q�M �2�{�+�B�2�M�+�v �Q�7

 �b�B�K�m�H���i�2�/ �2�p�2�M�i�b �7�Q�` �+���i�2�;�Q�`�B�b���i�B�Q�M �B�b �+�Q�M�b�i���M�i �Q�M

���p�2�`���;�2 �#�2�i�r�2�2�M �b���K�T�H�2�b�- ���M�/ �b�Q �b�+���H�B�M�; �i�?�2 �M�Q�K�B�M���H �b���K�T�H�2 �#�v �i�?�2 �H���`�;�2�b�i

�b�T�2�+�B�}�2�/ �p���H�m�2 �Q�7SF �B�b �b�m�{�+�B�2�M�i �i�Q �B�M�+�`�2���b�2 �i�?�2 �b���K�T�H�2 �b�B�x�2 �7�Q�` ���H�H �+���i�@

�2�;�Q�`�v �#���+�F�;�`�Q�m�M�/ �i�2�K�T�H���i�2�b�X �h�?�2 �H���`�;�2�b�i �p���H�m�2 �7�Q�`SF �r�?�2�M �+�Q�M�b�B�/�2�`�B�M�; �i�?�2

jS�b�T�m�`j < 10%S�2�t�T �b�T�m�`�B�Q�m�b �b�B�;�M���H �i�2�b�i �+�`�B�i�2�`�B�Q�M �B�b �i�?�2�;�;�>�n�k�C�n�"�a�J�+���i�2�;�Q�`�v�-

�R�R�y



�h���#�H�2 �d�X�R�h�?�2 �M�m�K�#�2�` �Q�7 �#���+�F�;� �̀Q�m�M�/ �i�2�K�T�H���i�2 �2�p�2�M�i�b � �̀2�[�m�B� �̀2�/ �i�Q �T���b�b �i�?�2
�b�T�m�`�B�Q�m�b �b�B�;�M���H �i�2�b�ijSspur j < 10% Sexp �+�`�B�i�2�`�B�Q�M �7�Q�` �2���+�? �H�2�;���+�vgg ! H �+���i�2�;�Q�`�v
���M�/ �i�?�2 � �̀2�[�m�B� �̀2�/ �b�+���H�2 �7���+�i�Q�`�b�X

�*���i�2�;�Q�`�v N �Q�`�B�;�X
�J�* N �`�2�[�X

�J�* SF = N �`�2�[�X
�J�* =N �Q�`�B�;�X

�J�*

�;�;�>�n�y�C�n�*�2�M1 655 000 1 021 000 �y�X�e�k
�;�;�>�n�R�C�n�G�P�q3 072 000 1 986 000 �y�X�e�8
�;�;�>�n�R�C�n�J�1�.1 164 000 846 000 �y�X�d�j
�;�;�>�n�R�C�n�>�A�:�>128 000 188 000 �R�X�9�d
�;�;�>�n�R�C�n�"�a�J20 000 57 000 �k�X�3�R
�;�;�>�n�k�C�n�G�P�q1 435 000 4 265 000 �k�X�N�d
�;�;�>�n�k�C�n�J�1�.822 000 1 543 000 �R�X�3�3
�;�;�>�n�k�C�n�>�A�:�>137 000 267 000 �R�X�N�9
�;�;�>�n�k�C�n�"�a�J12 000 45 000 �j�X�e�y

�`�2�[�m�B�`�B�M�; �� �K�m�H�i�B�T�H�B�+���i�B�p�2 �B�M�+�`�2���b�2 �Q�7�j�X�e�y�Q�p�2�` �i�?�2 �Q�`�B�;�B�M���H �i�2�K�T�H���i�2 �b�B�x�2�X

�d�X�9�_�2�b�m�H�i�b �7�Q�` �i�?�2jS�b�T�m�`j < 20% � �2�t�T�*�`�B�i�2�`�B�Q�M

�h���#�H�2 �d�X�k �/�B�b�T�H���v�b �i�?�2 �`�2�b�m�H�i�b �7�Q�` �T���b�b�B�M�; �i�?�2jS�b�T�m�`j < 20% � �2�t�T�b�T�m�`�B�Q�m�b �b�B�;�M���H

�i�2�b�i �+�`�B�i�2�`�B�Q�M �7�Q�` �H�2�;���+�vgg ! H �+���i�2�;�Q�`�B�2�b�X �h�?�2 �H���`�;�2�b�i �p���H�m�2 �Q�7SF �B�b �+���m�b�2�/

�#�v �i�?�2�;�;�>�n�y�C�n�*�2�M�+���i�2�;�Q�`�v�- �`�2�[�m�B�`�B�M�; �� �K�m�H�i�B�T�H�B�+���i�B�p�2 �B�M�+�`�2���b�2 �Q�7�8�X�d�j�i�Q �i�?�2

�Q�`�B�;�B�M���H �M�m�K�#�2�` �Q�7 �i�2�K�T�H���i�2 �2�p�2�M�i�b�X

�h���#�H�2 �d�X�k�h�?�2 �M�m�K�#�2�` �Q�7 �#���+�F�;� �̀Q�m�M�/ �i�2�K�T�H���i�2 �2�p�2�M�i�b � �̀2�[�m�B� �̀2�/ �i�Q �T���b�b �i�?�2
�b�T�m�`�B�Q�m�b �b�B�;�M���H �i�2�b�ijSspur j < 20% � exp �+�`�B�i�2�`�B�Q�M �7�Q�` �2���+�? �H�2�;���+�vgg ! H �+���i�2�;�Q�`�v
���M�/ �i�?�2 � �̀2�[�m�B� �̀2�/ �b�+���H�2 �7���+�i�Q�`�b�X

�*���i�2�;�Q�`�v N �Q�`�B�;�X
�J�* N �`�2�[�X

�J�* SF = N �`�2�[�X
�J�* =N �Q�`�B�;�X

�J�*

�;�;�>�n�y�C�n�*�2�M1 655 000 9 485 000 �8�X�d�j
�;�;�>�n�R�C�n�G�P�q3 072 000 10 979 000 �j�X�8�d
�;�;�>�n�R�C�n�J�1�.1 164 000 3 258 000 �k�X�3�y
�;�;�>�n�R�C�n�>�A�:�>128 000 275 000 �k�X�R�8
�;�;�>�n�R�C�n�"�a�J20 000 39 000 �R�X�N�k
�;�;�>�n�k�C�n�G�P�q1 435 000 4 010 000 �k�X�3�e
�;�;�>�n�k�C�n�J�1�.822 000 1 979 000 �k�X�9�R
�;�;�>�n�k�C�n�>�A�:�>137 000 295 000 �k�X�R�9
�;�;�>�n�k�C�n�"�a�J12 000 32 000 �k�X�8�N

�R�R�R



�d�X�8�_�2�[�m�B�`�2�/

 �"���+�F�;�`�Q�m�M�/ �a���K�T�H�2 �a�B�x�2

�1�b�i�B�K���i�2

�q�?�2�M �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �`�2�b�m�H�i�b �7�`�Q�K �i�?�2 �i�r�Q �/�B�z�2�`�2�M�i �b�T�m�`�B�Q�m�b �b�B�;�M���H �i�2�b�i �+�`�B�i�2�`�B��

�T�`�2�b�2�M�i�2�/ �B�M �a�2�+�i�B�Q�M �d�X�j ���M�/ �a�2�+�i�B�Q�M �d�X�9�- �i�?�2 �`�2�[�m�B�`�2�/ �b�+���H�2 �7���+�i�Q�`�b �/�2�i�2�`�K�B�M�2�/

�i�Q ���/�2�[�m���i�2�H�v �B�M�+�`�2���b�2 �i�?�2 �#���+�F�;�`�Q�m�M�/ �b�B�K�m�H���i�B�Q�M �b���K�T�H�2�b �r�2�`�2SF = �j�X�e�y

���M�/SF = �8�X�d�j�X �>�Q�r�2�p�2�`�- �b�B�M�+�2 �#�Q�i�? �i�?�2jS�b�T�m�`j < 10% S�2�t�T ���M�/ �i�?�2

jS�b�T�m�`j < 20%� �2�t�T�+�`�B�i�2�`�B�� �?�Q�H�/ �2�[�m���H �r�2�B�;�?�i �B�M �T���b�b�B�M�; �i�?�2 �i�2�b�i�- �i�?�2 �b�K���H�H�2�` �7���+�i�Q�`

�Q�7SF = �j�X�e�y �r���b ���/�2�[�m���i�2�X

�.�m�2 �i�Q �i�?�2 �b�i�Q�+�?���b�i�B�+ �M���i�m�`�2 �Q�7 �i�?�2 �`���M�/�Q�K �~�m�+�i�m���i�B�Q�M�b �B�M �i�?�2 �K�Q�/�2�H�H�B�M�; �b�?���T�2

�+���m�b�2�/ �#�v �i�?�2 �#���+�F�;�`�Q�m�M�/ �i�2�K�T�H���i�2 �b�i���i�B�b�i�B�+�b�- �i�?�B�b �B�M�+�`�2���b�2 �Q�7SF = �j�X�e�y

�+�Q�`�`�2�b�T�Q�M�/�b �i�Q �T���b�b�B�M�; �i�?�2 �b�T�m�`�B�Q�m�b �b�B�;�M���H �i�2�b�i �r�B�i�? �� �+�Q�M�}�/�2�M�+�2 �H�2�p�2�H �Q�7� 68 %

�U1� �Q�7 �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�V�X �h�Q ���+�?�B�2�p�2 ���M �2�b�i�B�K���i�2 �7�Q�` �i�?�2 �B�M�+�`�2���b�2 �B�M �;�2�M�2�`���i�2�/



 �2�p�2�M�i�b �i�?���i �T�`�Q�/�m�+�2gg ! H �#���+�F�;�`�Q�m�M�/ �i�2�K�T�H���i�2�b �i�?���i �T���b�b �i�?�2 �b�T�m�`�B�Q�m�b

�b�B�;�M���H �i�2�b�i �r�B�i�? �� �+�Q�M�}�/�2�M�+�2 �H�2�p�2�H �Q�7� 95 % �U2� �V�- �B�i �r���b �b�m�;�;�2�b�i�2�/ �i�Q �B�M�+�`�2���b�2

�i�?�2 �b���K�T�H�2 �#�v ��SF = �d�X�k�X �a�B�K�B�H���` �+�?�2�+�F�b �r�2�`�2 �T�2�`�7�Q�`�K�2�/ �B�M �i�?�2 �o�"�6 ���M�/V H

�+���i�2�;�Q�`�B�2�b�- �r�?�2�`�2 �B�i �r���b �/�2�i�2�`�K�B�M�2�/ �i�?���i �M�Q �B�M�+�`�2���b�2 �B�M �i�2�K�T�H���i�2 �b�i���i�B�b�i�B�+�b �r���b

�`�2�[�m�B�`�2�/�X

�h�?�B�b �2�b�i�B�K���i�2 �Q�M �i�?�2 �`�2�[�m�B�`�2�/ �M�m�K�#�2�` �Q�7

 �b�B�K�m�H���i�2�/ �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b �r���b

�m�b�2�/ ���b �b�i�`�Q�M�; �2�p�B�/�2�M�+�2 �7�Q�` �i�?�2 �+���b�2 �Q�7 �B�M�+�`�2���b�B�M�; �i�?�2 �b���K�T�H�2 �b�B�x�2�b�X �� �`�2�[�m�2�b�i �7�Q�`

�� �7�m�`�i�?�2�` �8�y�y �K�B�H�H�B�Q�M

 �2�p�2�M�i�b �r���b �;�`���M�i�2�/ �#�v ���h�G���a �J�Q�M�i�2 �*���`�H�Q �T�`�Q�/�m�+�i�B�Q�M�-

���M�/ �i�?�2 �b���K�T�H�2 �b�B�x�2 �r���b �B�M�+�`�2���b�2�/ �7�Q�` �i�?�2 �H�2�;���+�v �_�m�M �k ���M���H�v�b�B�b �T���T�2�`�X

�P�i�?�2�` �i�2�+�?�M�B�[�m�2�b �?���p�2 �#�2�2�M �/�2�p�2�H�Q�T�2�/ �7�Q�` �i�?�2H ! 

 ���M���H�v�b�B�b �i�Q �B�K�T�`�Q�p�2 �i�?�2

�b�T�m�`�B�Q�m�b �b�B�;�M���H �v�B�2�H�/�- ���M�/ �i�?�m�b �i�?�2 �m�M�+�2�`�i���B�M�i�v �Q�M �i�?�2 �#���+�F�;�`�Q�m�M�/ �K�Q�/�2�H�H�B�M�;�X

�P�M�2 �b�m�+�? �i�2�+�?�M�B�[�m�2 �m�b�2�b�:���m�b�b�B���M �T� �̀Q�+�2�b�b � �̀2�;� �̀2�b�b�B�Q�M�U�:�S�_�V �(�8�8�- �8�e�) �i�Q �b�K�Q�Q�i�?

�#���+�F�;�`�Q�m�M�/ �i�2�K�T�H���i�2�b ���M�/ �`�2�/�m�+�2 �b�i���i�B�b�i�B�+���H �~�m�+�i�m���i�B�Q�M�b �#�2�7�Q�`�2 ���T�T�H�v�B�M�; �i�?�2

�b�T�m�`�B�Q�m�b �b�B�;�M���H �i�2�b�i�X �h�?�2�b�2 �K�2�i�?�Q�/�b ���`�2 �+�Q�K�T�H�2�K�2�M�i���`�v �i�Q �B�M�+�`�2���b�B�M�; �i�?�2

�#���+�F�;�`�Q�m�M�/ �b�i���i�B�b�i�B�+�b ���b �i�?�2�v �Q�M�H�v �T�`�Q�p�B�/�2 �m�M�#�B���b�2�/ �`�2�b�m�H�i�b �B�M �+���b�2 �Q�7 �H���`�;�2

�#���+�F�;�`�Q�m�M�/ �i�2�K�T�H���i�2 �b�i���i�B�b�i�B�+�b�- ���M�/ ���`�2 �i�?�m�b ���T�T�H�B�+���#�H�2 �Q�M�H�v �i�Q �� �b�m�#�b�2�i �Q�7

H ! 
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�`�2�b�m�H�i�B�M�; �B�M ���M �Q�m�i�T�m�i �Q�7 �2�B�i�?�2�` �y �Q�` �R�X �>�Q�r�2�p�2�`�- ���b �i�?�2 �M�2�i�r�Q�`�F �B�b �i�`���B�M�2�/ �Q�M

�}�M�B�i�2 �b���K�T�H�2�b �7�`�Q�K �2���+�? �;�2�M�2�`���i�Q�`�- �i�?�2 �+�H���b�b�B�}�2�` �r�B�H�H �B�M�b�i�2���/ �#�2 ���M ���T�T�`�Q�t�B�K���i�B�Q�M�-

ŝ(x)�- �r�?�B�+�? �B�b �b�?�Q�r�M �i�Q �#�2 �b�m�{�+�B�2�M�i �i�Q �T�`�Q�/�m�+�2 ���+�+�m�`���i�2 �`�2�b�m�H�i�b �(�e�y�)�X �"�v �m�b�B�M�;

�1�[�m���i�B�Q�M �3�X�R�- �i�?�2 �+�H���b�b�B�}�2�` �+���M �#�2 �r�`�B�i�i�2�M ���b

ŝ(x) =
1

1 + r̂ (x)
; �U�3�X�j�V

�r�?�2�`�2̂r (x) ���`�2 �i�?�2 �/�2�`�B�p�2�/ �*���_�G �r�2�B�;�?�i�b �i�?���i ���`�2 �m�b�2�/ �i�Q �`�2�r�2�B�;�?�i �i�?�2 �B�M�B�i�B���H

�b���K�T�H�2 �i�Q �i�?�2 �/�2�b�B�`�2�/ �Q�M�2�- ���M�/ ���`�2 �2�t�i�`���+�i�2�/ �7�`�Q�K �i�?�2 �M�2�m�`���H �M�2�i�r�Q�`�F �m�b�B�M�;

r̂ (x) �
1 � ŝ(x)

ŝ(x)
: �U�3�X�9�V

�R�R�8



�3�X�k�.�2�`�B�p�B�M�; �*���_�G �q�2�B�;�?�i�b �r�B�i�? �L�2�m�`���H �L�2�i�r�Q�`�F�b

�h�?�2 �M�2�m�`���H �M�2�i�r�Q�`�F�b �+�Q�M�b�i�`�m�+�i�2�/ �B�M �i�?�B�b �i�?�2�b�B�b �r�2�`�2 �2�t�2�+�m�i�2�/ �Q�M �i�r�Q �b���K�T�H�2�b �Q�7

�J�Q�M�i�2 �*���`�H�Q �2�p�2�M�i�b �i�?���i �r�2�`�2 �2���+�? �T�`�Q�/�m�+�2�/ �r�B�i�? �� �/�2�}�M�2�/ �;�2�M�2�`���i�Q�` �p���`�B���i�B�Q�M�X

�h�?�2 �2�p�2�M�i�b �B�M �i�?�2 �b���K�T�H�2�b �r�2�`�2 �T�`�Q�+�2�b�b�2�/ �#�v �i�?�2 �M�2�i�r�Q�`�F ���b �7�2���i�m�`�2 �p�2�+�i�Q�`�b �Q�7

�� �b�2�i �Q�7 �B�M�T�m�i �p���`�B���#�H�2�b�X �h�?�2 �+�?�Q�b�2�M �B�M�T�m�i �p���`�B���#�H�2�b ���`�2 �+�`�B�i�B�+���H �B�M �i�?�2 ���#�B�H�B�i�v

�Q�7 �i�?�2 �M�2�m�`���H �M�2�i�r�Q�`�F �i�Q ���+�+�m�`���i�2�H�v �2�b�i�B�K���i�2 �i�?�2 �#�B�M���`�v �+�H���b�b�B�}�2�`�-ŝ(x)�X �h�?�m�b�-

�i�?�2 �B�M�T�m�i �p���`�B���#�H�2�b ���`�2 �b�2�H�2�+�i�2�/ �#���b�2�/ �Q�M �i�?�2�B�` �T�`�Q�T�2�M�b�B�i�v �i�Q ���H�H�Q�r �i�?�2 �M�2�i�r�Q�`�F

�i�Q �/�B�b�i�B�M�;�m�B�b�? �2�p�2�M�i�b ���b �#�2�H�Q�M�;�B�M�; �i�Q �Q�M�2 �;�2�M�2�`���i�Q�` �b�2�i�i�B�M�; �Q�` �i�?�2 �Q�i�?�2�`�- ���M�/ �7�Q�`

�i�?�2�B�` �B�K�T�Q�`�i���M�+�2 �B�M �i�?�2H ! 

 ���M���H�v�b�B�b �+���i�2�;�Q�`�B�b���i�B�Q�M�X

�6�B�;�m�`�2 �3�X�R�h�?�2 �M�2�m� �̀��H �M�2�i�r�Q�`�F �K�Q�/�2�H �m�b�2�/ �7�Q�` �/�2�`�B�p�B�M�; �*���_�G �r�2�B�;�?�i�b�- ���b
�p�B�b�m���H�B�b�2�/ �m�b�B�M�; �L�2�i� �̀Q�M �(�e�R�)�X

�h�?�2 �+�Q�K�T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �M�2�i�r�Q�`�F �7�Q�` �2���+�? �b�i�m�/�v �B�b �/�2�}�M�2�/ ���b ���M �B�M�T�m�i �H���v�2�` �Q�7

n �M�Q�/�2�b �i�?���i �7�2�2�/ �i�?�`�2�2 �7�m�H�H�v �+�Q�M�M�2�+�i�2�/ �b�m�+�+�2�b�b�B�p�2 �?�B�/�/�2�M �H���v�2�`�b �+�Q�K�T�`�B�b�2�/ �Q�7

i �- j �- ���M�/k �M�Q�/�2�b�X �h�?�2 �i�2�K�T�H���i�2 �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �M�2�m�`���H �M�2�i�r�Q�`�F �B�b �b�?�Q�r�M �B�M

�6�B�;�m�`�2 �3�X�R�X �1���+�? �M�Q�/�2 �B�M �� �H���v�2�` �B�b �+�Q�M�M�2�+�i�2�/ �i�Q �2�p�2�`�v �M�Q�/�2 �B�M �i�?�2 �M�2�t�i �H���v�2�`�X �6�Q�`

�2�p�2�`�v �B�M�T�m�i �2�p�2�M�i �T�`�Q�+�2�b�b�2�/ �#�v �i�?�2 �M�2�i�r�Q�`�F�- �i�?�2 �p���H�m�2 �Q�7 �2���+�? �B�M�T�m�i �M�Q�/�2 �B�b �b�2�i

���b �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �B�M�T�m�i �p���`�B���#�H�2�X �h�?�2 �p���H�m�2 �Q�7 �2���+�? �M�Q�/�2 �B�M �i�?�2 �}�`�b�i �?�B�/�/�2�M

�H���v�2�` �B�b �i�?�2�M �;�B�p�2�M �#�v �i�?�2 �Q�m�i�T�m�i �Q�7 �i�?�2�_�2�+�i�B�}�2�/ �G�B�M�2���` �l�M�B�i�U�_�2�G�l�V ���+�i�B�p���i�B�Q�M

�7�m�M�+�i�B�Q�M �(�e�k�) �7�Q�` �i�?�2 �b�m�K �Q�7 �p���H�m�2�b �Q�7 ���H�H �i�?�2 �M�Q�/�2�b �+�Q�M�M�2�+�i�2�/ �i�Q �B�i�X �h�?�B�b �T�`�Q�+�2�b�b

�B�b �`�2�T�2���i�2�/ �i�?�`�Q�m�;�? �2���+�? �Q�7 �i�?�2 �?�B�/�/�2�M �H���v�2�`�b �#�2�7�Q�`�2 �/�2�}�M�B�M�; �Q�M�2 �Q�m�i�T�m�i �+�H���b�b�B�}�2�`

�p���H�m�2 �B�M �i�?�2 �Q�m�i�T�m�i �H���v�2�`�X �h�?�B�b �p���H�m�2 �B�b �i�?�2�M �i�`���M�b�7�Q�`�K�2�/ �B�M�i�Q �i�?�2 �`���i�B�Q �2�b�i�B�K���i�2

���b �B�M �1�[�m���i�B�Q�M �3�X�9�- �#�v �2�b�i�B�K���i�B�M�;1 � ŝ(x)�- �i�?�2�M �/�B�p�B�/�B�M�; �i�?�B�b �#�v �i�?�2 �/�2�i�2�`�K�B�M�2�/

�+�H���b�b�B�}�2�` �p���H�m�2 �m�b�B�M�; �i�?�2�a�B�;�K�Q�B�/���+�i�B�p���i�B�Q�M �7�m�M�+�i�B�Q�M �(�e�j�)�X �1���+�? �+�Q�M�M�2�+�i�B�Q�M �B�M �i�?�2

�M�2�i�r�Q�`�F �B�b �+�?���`���+�i�2�`�B�b�2�/ �#�v �� �r�2�B�;�?�i�- ���M�/ �i�?�2 ���+�i�B�p���i�B�Q�M �Q�7 �2���+�? �M�Q�/�2 �B�b �/�2�}�M�2�/

�#�v �� �#�B���b�X �A�M �6�B�;�m�`�2 �3�X�R�- �i�?�2 �M�m�K�#�2�` �Q�7 �p���H�m�2�b �7�Q�` �i�?�2 �r�2�B�;�?�i�b ���M�/ �#�B���b�2�b �B�M �2���+�?

�H���v�2�` ���`�2 �;�B�p�2�M �#�v�" ���M�/�* �`�2�b�T�2�+�i�B�p�2�H�v�X �6�Q�` �2�t���K�T�H�2�- �B�7 �2���+�? �B�M�T�m�i �p���H�m�2 �B�b

�/�2�}�M�2�/ �#�vx1 �i�Qxn �- �2���+�? �+�Q�M�M�2�+�i�B�Q�M �i�Q �i�?�2 �}�`�b�i �M�Q�/�2 �Q�7 �i�?�2 �}�`�b�i �?�B�/�/�2�M �H���v�2�` �?���b

�� �r�2�B�;�?�i �H���#�2�H�H�2�/w11 �i�Qwn1�- ���M�/ �i�?�2 ���+�i�B�p���i�B�Q�M �#�B���b �Q�7 �i�?���i �M�Q�/�2 �B�bb1�- �i�?�2�M �i�?�2

�`�2�b�m�H�i �Q�7 �i�?�2 ���+�i�B�p���i�B�Q�M �Q�7 �i�?���i �M�Q�/�2�-A1�- �B�b �;�B�p�2�M �#�v

A1 = �_�2�G�l(x1w11 + x2w21 + ::: + xnwn1 + b1): �U�3�X�8�V

�R�R�e



�h�?�2 �i�`���B�M�B�M�; �Q�7 �2���+�? �M�2�i�r�Q�`�F �B�b �i�?�2 �T�`�Q�+�2�b�b �#�v �r�?�B�+�? �i�?�2 �r�2�B�;�?�i�b �7�Q�` �2���+�?

�+�Q�M�M�2�+�i�B�Q�M ���M�/ �i�?�2 �#�B���b�2�b �7�Q�` �2���+�? �M�Q�/�2 ���`�2 �i�m�M�2�/ �m�b�B�M�; �� �i�`���B�M�B�M�; �b���K�T�H�2�-x�X �h�?�2

�#�B�M���`�v �+� �̀Q�b�b�@�2�M�i� �̀Q�T�v�7�m�M�+�i�B�Q�M �(�e�9�) �B�b �m�b�2�/ �/�m�`�B�M�; �i�`���B�M�B�M�; ���b �i�?�2�H�Q�b�b �7�m�M�+�i�B�Q�M�i�Q

�2�p���H�m���i�2 �?�Q�r �r�2�H�H �i�?�2 �M�2�i�r�Q�`�F �B�/�2�M�i�B�}�2�/ ���M �B�M�T�m�i �i�`���B�M�B�M�; �2�p�2�M�i ���b �#�2�H�Q�M�;�B�M�;

�i�Q �i�?�2 �+�Q�`�`�2�+�i �J�Q�M�i�2 �*���`�H�Q �b���K�T�H�2�X �� �H�Q�r�2�` �H�Q�b�b �B�M�/�B�+���i�2�b �� �K�Q�`�2 ���+�+�m�`���i�2

�+�H���b�b�B�}�+���i�B�Q�M�X �h�?�2 �M�2�i�r�Q�`�F �B�b �i�`���B�M�2�/ �#�v �#���+�F�T�`�Q�T���;���i�B�M�; �i�?�`�Q�m�;�? �i�?�2 �M�2�i�r�Q�`�F

�`�2�b�m�H�i ���M�/ ���H�i�2�`�B�M�; �i�?�2 �r�2�B�;�?�i�b ���M�/ �#�B���b�2�b �i�Q �K�B�M�B�K�B�b�2 �i�?�2 �M�2�i �p���H�m�2 �Q�7 �i�?�B�b �H�Q�b�b

�7�m�M�+�i�B�Q�M �7�Q�` �i�?�2 �2�M�i�B�`�2 �i�`���B�M�B�M�; �b���K�T�H�2 �B�M �� �T�`�Q�+�2�b�b �+���H�H�2�/�;� �̀��/�B�2�M�i �/�2�b�+�2�M�i�- �r�?�B�+�?

�r���b �Q�T�i�B�K�B�b�2�/ �m�b�B�M�; �i�?�2 ���J�a�:�`���/ ���H�;�Q�`�B�i�?�K �(�e�8�)�X �:�`���/�B�2�M�i �/�2�b�+�2�M�i �B�b �+�Q�M�i�`�Q�H�H�2�/

�#�v �� �M�m�K�#�2�` �Q�7 �7���+�i�Q�`�b�,

�Ç �i�?�2�#���i�+�? �b�B�x�2�B�b �i�?�2 �M�m�K�#�2�` �Q�7 �2�p�2�M�i�b �i�?���i �i�?�2 �M�2�i�r�Q�`�F �T�`�Q�+�2�b�b�2�b �#�2�7�Q�`�2

�m�T�/���i�B�M�; �i�?�2 �K�Q�/�2�H �r�2�B�;�?�i�b ���M�/ �#�B���b�2�b�-

�Ç �i�?�2�i� �̀��B�M�B�M�; � �̀��i�2�B�b �i�?�2 �p���H�m�2 �#�v �r�?�B�+�? �i�?�2 �M�2�i �p���H�m�2 �Q�7 �i�?�2 �H�Q�b�b �7�m�M�+�i�B�Q�M �B�b

�`�2�/�m�+�2�/ ���i �2�p�2�`�v �m�T�/���i�2 �Q�7 �i�?�2 �M�2�i�r�Q�`�F�-

�Ç ���M�/ �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7�2�T�Q�+�?�b�B�b �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �7�m�H�H �T���b�b�2�b �K���/�2 �Q�p�2�`

�i�?�2 �2�M�i�B�`�2 �i�`���B�M�B�M�; �b���K�T�H�2 ���M�/ �/�2�}�M�2�b �i�?�2 �i�Q�i���H �H�2�M�;�i�? �Q�7 �i�?�2 �i�`���B�M�B�M�;�X

�h�?�2 �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �M�2�m�`���H �M�2�i�r�Q�`�F ���M�/ �i�?�2 �b�2�i�i�B�M�;�b �m�b�2�/ �r�?�2�M �i�`���B�M�B�M�; ���`�2

�i�2�`�K�2�/ ���b�?�v�T�2�`�T��� �̀��K�2�i�2�`�b���M�/ ���`�2 �B�K�T�Q�`�i���M�i �7���+�i�Q�`�b �B�M �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7

�/�2�`�B�p�B�M�; �*���_�G �r�2�B�;�?�i�b�X �h�?�2 �M�2�i�r�Q�`�F�b �m�b�2�/ �B�M �i�?�B�b �i�?�2�b�B�b �Q�T�i�B�K�B�b�2 �i�?�2 �M�m�K�#�2�` �Q�7

�M�Q�/�2�b �B�M �2���+�? �?�B�/�/�2�M �H���v�2�`�- ���b �r�2�H�H ���b �i�?�2 �i�`���B�M�B�M�; �#���i�+�? �b�B�x�2�- ���M�/ �H�2���`�M�B�M�; �`���i�2�X

�6�Q�` ���H�H �+���b�2�b �B�i �r���b �7�Q�m�M�/ �i�?���i �k�y�y �2�T�Q�+�?�b �`�2�b�m�H�i�2�/ �B�M �� �r�2�H�H �i�`���B�M�2�/ �M�2�i�r�Q�`�F�X

�3�X�k�X�R�P�T�i�B�K�B�b�B�M�; �>�v�T�2�`�T���`���K�2�i�2�`�b

�h�?�2 �T�`�Q�+�2�b�b �7�Q�` �Q�T�i�B�K�B�b�B�M�; �i�?�2 �*���_�G �/�2�`�B�p���i�B�Q�M �M�2�m�`���H �M�2�i�r�Q�`�F �7�Q�` �2���+�? �b�i�m�/�v

�i�2�b�i�2�/ �� �M�m�K�#�2�` �Q�7 �/�B�z�2�`�2�M�i �?�B�/�/�2�M �H���v�2�` �M�Q�/�2 ���`�+�?�B�i�2�+�i�m�`�2�b�X �1���+�? ���`�+�?�B�i�2�+�i�m�`�2

�r���b ���b�b�2�b�b�2�/ �#�v �i�`���B�M�B�M�; �i�?���i �M�2�i�r�Q�`�F �K�Q�/�2�H �Q�M �i�?�2 �i�`���B�M�B�M�; �b���K�T�H�2 �Q�p�2�` �i�?�2 �k�y�y
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�h���#�H�2 �N�X�k�h�?�2� 2=NDF �p���H�m�2�b �Q�7 �i�?�2 �m�M�r�2�B�;�?�i�2�/ ���M�/ �*���_�G �r�2�B�;�?�i�2�/ �9�@�~���p�Q�m�`
�p���`�B���#�H�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �r�?�2�M �+�Q�K�T��� �̀2�/ �i�Q �i�?�2 �8�@�~���p�Q�m�` �/�B�b�i�`�B�#�m�i�B�Q�M�b�- �Q� �̀/�2� �̀2�/ �#�v
� � 2=NDF �X

�o���`�B���#�H�2�S�2�`�7�Q�`�K���M�+�2 �q�2�B�;�?�i( � 2=NDF �9�@�~)
�
� 2=NDF �*���_�G

�9�@�~

�
� � 2=NDF �q�2�B�;�?�i�2�/� � 2=NDF

pT (b) �k �R�d�d�j�X�e�9 �3�3�X�8�N �R�e�3�8�X�y�8 �j�j�d�y�X�R�y
� � (tH; b) �k �3�9�y�X�3�R �R�j�X�d�e �3�k�d�X�y�8 �R�e�8�9�X�R�y
� R(tH; b) �k �9�N�y�X�y�y �d�X�R�k �9�3�k�X�3�3 �N�e�8�X�d�e
� (t; H ) �k �j�9�8�X�d�d �3�X�d�d �j�j�d�X�y�y �e�d�9�X�y�y
� (tH; b) �k �k�9�d�X�e�k �R�y�X�j�d �k�j�d�X�k�8 �9�d�9�X�8�y
� (b) �k �R�9�j�X�9�y �j�X�d�e �R�j�N�X�e�9 �k�d�N�X�k�3
pT (t) �R �R�k�9�X�R�e �8�X�y�k �R�R�N�X�R�j �R�R�N�X�R�j
� � (t; H ) �k �R�k�R�X�e�9 �k�X�d�R �R�R�3�X�N�j �k�j�d�X�3�e
mtH �k �k�N�X�j�e �k�X�R�N �k�d�X�R�d �8�9�X�j�9
� (t) �R �k�9�X�3�9 �R�X�3�N �k�k�X�N�8 �k�k�X�N�8
pT (em) �� �j�e�X�j�3 �k�N�X�k�d �d�X�R�R ��
pT (H ) �R �R�N�X�e�d �R�j�X�e�N �8�X�N�3 �8�X�N�3
E(t) �� �8�X�N�j �y�X�N�y �8�X�y�j ��
� (q) �� �j�X�N�k �k�X�y�y �R�X�N�k ��
E(em) �� �j�X�y�9 �R�X�8�R �R�X�8�j ��
� (H ) �R �k�X�e�y �R�X�N�9 �y�X�e�e �y�X�e�e
E(H ) �� �k�X�e�R �k�X�8�9 �y�X�y�d ��
� (em) �� �y�X�e�R �y�X�3�R �@�y�X�k�y ��
� (H ) �� �R�X�y�N �R�X�3�k �@�y�X�d�j ��
E(q) �� �j�X�y�j �9�X�d�j �@�R�X�d�y ��
� (b) �� �y�X�e�d �k�X�d�9 �@�k�X�y�d ��
� (em) �� �y�X�N�e �8�X�8�R �@�9�X�8�e ��
� (t) �� �y�X�N�8 �8�X�8�j �@�9�X�8�3 ��
� (q) �� �y�X�3�e �e�X�3�y �@�8�X�N�9 ��
E(b) �� �k�9�X�e�N �j�R�X�3�R �@�d�X�R�j ��
pT (q) �� �8�k�X�e�N �R�y�8�X�N�N �@�8�j�X�j�y ��

�J�2���M �R�8�R�X�8�R �j�N�k�X�N�j

�h�?�2 �r�2�B�;�?�i�2�/ �K�2���M �Q�7 �i�?�2� � 2=NDF �B�K�T�`�Q�p�2�K�2�M�i�b �B�b �+���H�+�m�H���i�2�/ �i�Q �#�2�j�N�j�X

�q�?�2�M �+�Q�M�b�B�/�2�`�B�M�; ���H�H �p���`�B���#�H�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b ���M�/ �;�B�p�B�M�; �2���+�? ���M �2�[�m���H �+�Q�M�b�B�/�2�`���@

�i�B�Q�M�- �i�?�2� � 2=NDF �B�K�T�`�Q�p�2�K�2�M�i �K�2���M �B�b �7�Q�m�M�/ �i�Q �#�2�R�8�R�X

�h�?�2 �p���`�B���#�H�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �7�Q�` �i�?�Q�b�2 �r�B�i�? �i�?�2 �7�Q�m�` �#�2�b�i �U�i�Q�T �7�Q�m�` �p���`�B���#�H�2�b �B�M

�h���#�H�2 �N�X�k�V ���M�/ �i�r�Q �r�Q�`�b�i �U�#�Q�i�i�Q�K �i�r�Q �p���`�B���#�H�2�b �B�M �h���#�H�2 �N�X�k�V �B�K�T�`�Q�p�2�K�2�M�i�b ���`�2

�b�?�Q�r�M �B�M �6�B�;�m�`�2 �N�X�e�X

�R�k�3



�U���V �U�#�V

�U�+�V �U�/�V

�U�2�V �U�7�V

�6�B�;�m�`�2 �N�X�e�*�Q�K�T���`�B�M�; �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �i�?�2 �*���_�G �r�2�B�;�?�i�2�/ ���M�/ �m�M�r�2�B�;�?�i�2�/
�9�@�~���p�Q�m�`tHqb �2�p�2�M�i�b �i�Q �8�@�~���p�Q�m�` �7�Q�` �i�?�2 �p���`�B���#�H�2�b �r�B�i�? �i�?�2 �7�Q�m�` �;� �̀2���i�2�b�i �U�U���V���U�/�V�V
���M�/ �i�r�Q �H�2���b�i �U�U�2�V���U�7�V�V� � 2=NDF �B�K�T� �̀Q�p�2�K�2�M�i �b�+�Q� �̀2�b�X

�R�k�N



�6�Q�p̀T (b) �B�M �6�B�;�m�`�2 �N�X�e���- �i�?�2 �;�`�2���i�2�b�i �B�K�T�`�Q�p�2�K�2�M�i �B�M� 2=NDF �B�b �b�?�Q�r�M�-

�#�m�i �� �M�Q�i�B�+�2���#�H�2 �b�?���T�2 �/�B�z�2�`�2�M�+�2 �`�2�K���B�M�b ���7�i�2�` �*���_�G �r�2�B�;�?�i�B�M�;�- �r�?�2�`�2���b �i�?�2

�/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7� � (tH; b)�- � R(tH; b)�- ���M�/� (t; H ) �B�M �6�B�;�m�`�2�b �N�X�e�#���N�X�e�/ �b�?�Q�r

�b���i�B�b�7���+�i�Q�`�v �+�H�Q�b�m�`�2�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �� �r�Q�`�b�2�M�B�M�; �B�M ���;�`�2�2�K�2�M�i �r�B�i�? �i�?�2

�8�@�~���p�Q�m�` �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2�b �N�X�e�7���N�X�e�2 �r�?�2�M ���T�T�H�v�B�M�; �i�?�2 �r�2�B�;�?�i�b�X

�h�?�2 �K�Q�/�2�H�H�B�M�; �Q�7 �i�?�2 �}�M���H �b�i���i�2 �H�B�;�?�i �[�m���`�F �F�B�M�2�K���i�B�+�b �B�b �M�Q�i �� �T�`�B�Q�`�B�i�v �B�M �i�?�2

�+�H���b�b�B�}�+���i�B�Q�M �Q�7tH �2�p�2�M�i �+���i�2�;�Q�`�B�2�b�- �b�Q �i�?�2 �`�2�r�2�B�;�?�i�B�M�; �B�M �6�B�;�m�`�2 �N�X�e�7 �B�b �+�Q�M�b�B�/�2�`�2�/

���+�+�2�T�i���#�H�2�X

�A�M �6�B�;�m�`�2�b �N�X�e�� ���M�/ �N�X�e�2�- �i�?�2 �/�B�{�+�m�H�i�v �B�M �`�2�r�2�B�;�?�i�B�M�;pT (b) ���M�/E(b) �T���`�i�B���H�H�v

�b�i�2�K�b �7�`�Q�K �i�?�2b�@�[�m���`�F �K���b�b�X �h�?�2 �9�@�~���p�Q�m�` �b�+�?�2�K�2 �m�b�2�b �K���b�b�B�p�2b�@�[�m���`�F�b

�Umb � 4:5 GeV�V�- �r�?�2�`�2���b �i�?�2 �8�@�~���p�Q�m�` �b�+�?�2�K�2 ���b�b�m�K�2�b �i�?�2b�@�[�m���`�F�b ���`�2 �K���b�b�H�2�b�b�X

�h�?�2 �K���b�b�H�2�b�bb�@�[�m���`�F ���b�b�m�K�T�i�B�Q�M �B�M �i�?�2 �8�@�~���p�Q�m�` �b�+�?�2�K�2 �B�b �`�2�[�m�B�`�2�/ �7�Q�` �i�?�2�K �i�Q

�T���`�i�B�+�B�T���i�2 �B�M �i�?�2 �T���`�i�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �7�m�M�+�i�B�Q�M �(�e�3�)�X �.�m�2 �i�Q �i�?�2 �/�B�z�2�`�2�M�+�2 �B�M �K���b�b�-

�i�?�2 �2�t���+�i �`�2�r�2�B�;�?�i�B�M�; �Q�7 �i�?�2b�@�[�m���`�F �7�Q�m�`�@�K�Q�K�2�M�i�m�K �7�`�Q�K �9�@�~���p�Q�m�` �i�Q �8�@�~���p�Q�m�`

�b�+�?�2�K�2 �B�b �B�K�T�Q�b�b�B�#�H�2�X �h�?�B�b �+���m�b�2�b �i�?�2b�@�[�m���`�F �2�M�2�`�;�B�2�b �i�Q �#�2 �K�B�b�K�Q�/�2�H�H�2�/ ���i �H�Q�r

�p���H�m�2�b �7�Q�` �i�?�2 �*���_�G �r�2�B�;�?�i�2�/ �b���K�T�H�2�- ���M�/ �b�B�M�+�2 �K�Q�b�i �2�p�2�M�i�b �?���p�2 �H�Q�rpT (b) ���M�/

E(b) �i�?�2�M �i�?�B�b �i�`���M�b�H���i�2�b �i�Q �i�?�2 �K�B�b�K�Q�/�2�H�H�B�M�; �B�M �i�?�2 �i���B�H�b �Q�7 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b ���b

�r�2�H�H�X

�*�Q�K�T���`�B�b�Q�M �r�B�i�? �R�. �_�2�r�2�B�;�?�i�B�M�;

�h�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �� �i�`���/�B�i�B�Q�M���H �R�. �`�2�r�2�B�;�?�i�B�M�; �B�b �2�p���H�m���i�2�/ ���b �� �+�Q�K�T���`�B�b�Q�M �7�Q�`

�i�?�2 �K�Q�`�2 �M�Q�p�2�H �K�m�H�i�B�p���`�B���i�2 �*���_�G �K�2�i�?�Q�/�X ���b �i�?�2pT (b) �p���`�B���#�H�2 �/�B�b�i�`�B�#�m�i�B�Q�M

�2�t�?�B�#�B�i�b �i�?�2 �H���`�;�2�b�i �/�B�b�+�`�2�T���M�+�v �#�2�i�r�2�2�M �i�?�2 �9�@�~���p�Q�m�` ���M�/ �8�@�~���p�Q�m�` �2�p�2�M�i

�;�2�M�2�`���i�B�Q�M �b�+�?�2�K�2�b�- �B�i �B�b �m�b�2�/ �i�Q �/�2�`�B�p�2 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �R�. �r�2�B�;�?�i�b �i�Q �#�2

���T�T�H�B�2�/�X �h���F�B�M�; �i�?�2 �H���`�;�2 �b�i���i�B�b�i�B�+150 000 �i�`���B�M�B�M�; �b���K�T�H�2�b�- �� �`���i�B�Q �Q�7 �i�?�2

�8�@�~���p�Q�m�`�-f �8�@�~(pT (b)) �- �i�Q �i�?�2 �9�@�~���p�Q�m�`�-f �9�@�~(pT (b)) �-pT (b) �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �i���F�2�M�-

w(pT (b)) =
f �8�@�~(pT (b))
f �9�@�~(pT (b))

; �U�N�X�R�V

�r�?�2�`�2w(pT (b)) �B�b �i�?�2 �/�2�`�B�p�2�/ �r�2�B�;�?�i �/�B�b�i�`�B�#�m�i�B�Q�M ���b �� �7�m�M�+�i�B�Q�M �Q�7pT (b)�X �h�?�B�b

�`���i�B�Q �B�b �i�?�2�M �`�2�#�B�M�M�2�/ ���M�/ �b�K�Q�Q�i�?�2�/ �i�Q �T�`�Q�/�m�+�2 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �r�2�B�;�?�i�b ���b

�/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2 �N�X�d���X �h�?�2 �Q�i�?�2�` �T�H�Q�i�b �B�M �6�B�;�m�`�2 �N�X�d �b�?�Q�r �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7

�i�?�B�b �R�. �`�2�r�2�B�;�?�i�B�M�; �B�M �i�?�`�2�2 �p���`�B���#�H�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b�X

�6�B�;�m�`�2 �N�X�d�# �b�?�Q�r�b �i�?���i �i�?�B�b �R�. �`�2�r�2�B�;�?�i�B�M�; ���+�?�B�2�p�2�b �2�t�+�2�H�H�2�M�i �+�H�Q�b�m�`�2 �r�B�i�? �i�?�2

�R�j�y



�U���V �U�#�V

�U�+�V �U�/�V

�6�B�;�m�`�2 �N�X�d�.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �R�. �r�2�B�;�?�i�b �/�2�`�B�p�2�/ �7�Q�` � �̀2�r�2�B�;�?�i�B�M�; �9�@�~���p�Q�m�`
�;�2�M�2� �̀��i�2�/tHqb �2�p�2�M�i�b �i�Q �8�@�~���p�Q�m�`�- ���M�/ �i�?� �̀2�2 �p���`�B���#�H�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �b�?�Q�r�B�M�; �i�?�2
�2�z�2�+�i�b �Q�7 �i�?�2 � �̀2�r�2�B�;�?�i�B�M�;�X

�8�@�~���p�Q�m�` �/�B�b�i�`�B�#�m�i�B�Q�M ���b �2�t�T�2�+�i�2�/ �r�?�2�M �m�b�B�M�;pT (b) ���b �i�?�2 �`�2�r�2�B�;�?�i�B�M�; �p���`�B���#�H�2�X

�>�Q�r�2�p�2�`�- �6�B�;�m�`�2�b �N�X�d�+ ���M�/ �N�X�d�/ �b�?�Q�r �� �K�m�+�? �b�K���H�H�2�` �B�K�T�`�Q�p�2�K�2�M�i�X �q�?�2�M

�+�Q�K�T���`�2�/ �r�B�i�? �6�B�;�m�`�2�b �N�X�e�# ���M�/ �N�X�e�+ �7�`�Q�K �i�?�2 �*���_�G �`�2�r�2�B�;�?�i�B�M�;�- �B�i �B�b �b�2�2�M

�i�?���i �i�?�2 �+�H�Q�b�m�`�2 �7�`�Q�K �*���_�G �`�2�r�2�B�;�?�i�B�M�; �B�b �b�B�;�M�B�}�+���M�i�H�v �#�2�i�i�2�` �B�M� � (tH; b) ���M�/

� R(tH; b)�X

�h�?�2tHqb �i�`���/�B�i�B�Q�M���H �R�. �`�2�r�2�B�;�?�i�B�M�; �T�2�`�7�Q�`�K���M�+�2 �r�2�B�;�?�i�2�/ �K�2���M �Q�7 �i�?�2� � 2=NDF

�B�K�T�`�Q�p�2�K�2�M�i�b �7�Q�` �i�?�2 �F�2�v �p���`�B���#�H�2�b �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M �N�X�k�X�k �B�b �2�p���H�m���i�2�/ �i�Q �#�2

�j�j�e�X �q�?�2�M �+�Q�M�b�B�/�2�`�B�M�; ���H�H �p���`�B���#�H�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �7�`�Q�K �h���#�H�2 �N�X�k ���M�/ �;�B�p�B�M�; �2���+�?

���M �2�[�m���H �+�Q�M�b�B�/�2�`���i�B�Q�M�- �i�?�2 �K�2���M �Q�7 �i�?�2� � 2=NDF �B�K�T�`�Q�p�2�K�2�M�i�b �B�b �7�Q�m�M�/ �i�Q �#�2
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�

� 2=NDF �*���_�G
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HT �3�d�X�9�9 �R�k�X�3�e �d�9�X�8�3 �d�9�X�8�3
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� y(j; j ) �e�X�3�8 �R�X�e�N �8�X�R�e ��
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� R(j; 
 )�K�B�M �k�X�d�d �k�X�y�e �y�X�d�R ��
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�k�X�k �G�>�* �>�B�;�;�b �K���B�M �T�`�Q�/�m�+�i�B�Q�M �T�`�Q�+�2�b�b�2�b �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�R

�k�X�j �>�B�;�;�b �#�Q�b�Q�M �T�`�Q�/�m�+�i�B�Q�M �+�`�Q�b�b �b�2�+�i�B�Q�M�b ���b �� �7�m�M�+�i�B�Q�M �Q�7
p

s �X �X �X �X�k�9

�j�X�R �G�Q�+���i�B�Q�M �Q�7 �i�?�2 �G�>�* �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�3

�j�X�k �*�1�_�L ���+�+�2�H�2�`���i�Q�` �*�Q�K�T�H�2�t �b�+�?�2�K���i�B�+ �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�y

�j�X�j �G�m�K�B�M�Q�b�B�i�v �`�2�+�Q�`�/�2�/ ���M�M�m���H�H�v �#�v ���h�G���a �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�k

�j�X�9 ���h�G���a �/�2�i�2�+�i�Q�` �b�+�?�2�K���i�B�+ �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�j

�j�X�8 ���h�G���a �+�Q�Q�`�/�B�M���i�2 �b�v�b�i�2�K �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�8

�j�X�e ���h�G���a �K���;�M�2�i �b�v�b�i�2�K �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�e

�j�X�d ���h�G���a �A�M�M�2�` �.�2�i�2�+�i�Q�` �b�+�?�2�K���i�B�+�b �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�d

�j�X�3 �A�"�G �B�K�T���+�i �T���`���K�2�i�2�` �T�2�`�7�Q�`�K���M�+�2 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�3

�j�X�N �1�H�2�+�i�`�Q�K���;�M�2�i�B�+ �p�b�X �?���/�`�Q�M�B�+ �b�?�Q�r�2�`�b �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�R

�j�X�R�y ���h�G���a �+���H�Q�`�B�K�2�i�2�` �b�+�?�2�K���i�B�+ �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�k

�j�X�R�R �A�M�i�2�`���+�i�B�Q�M �H�2�M�;�i�?�b �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�j

�j�X�R�k �a�+�?�2�K���i�B�+ �Q�7 �1�*���H �H���v�2�`�b �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�8

�j�X�R�j �_���/�B���i�B�Q�M �H�2�M�;�i�?�b �Q�7 �i�?�2 �1�*���H �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�e

�j�X�R�9 ���h�G���a �J�m�Q�M �a�T�2�+�i�`�Q�K�2�i�2�` �b�+�?�2�K���i�B�+ �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�3

�j�X�R�8 �h�B�2�` �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �q�G�*�: �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�R

�j�X�R�e �S���`�i�B�+�H�2 �B�M�i�2�`���+�i�B�Q�M�b �`�2�T�`�2�b�2�M�i���i�B�Q�M �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�k

�j�X�R�d �a�m�T�2�`�+�H�m�b�i�2�` �2�t���K�T�H�2 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�e

�R�8�d



�9�X�R ���h�G���a �b�B�K�m�H���i�B�Q�M �~�Q�r �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�j

�9�X�k �6���i�`���b �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �;�2�Q�K�2�i�`�v �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�N

�8�X�R �6�B�`�b�i �S�*�� �i�`���M�b�7�Q�`�K���i�B�Q�M �2�t���K�T�H�2 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�3

�8�X�k �G���i�2�`���H �b�?���T�2 �T���`���K�2�i�`�B�b���i�B�Q�M �2�t���K�T�H�2 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�y

�8�X�j �G���` ���+�+�Q�`�/�B�Q�M �+�Q�`�`�2�+�i�B�Q�M �7�Q�` �b�B�K�T�H�B�}�2�/ �6���b�i�*���H�Q�a�B�K �;�2�Q�K�2�i�`�v �X �X�3�j

�8�X�9 �1�{�+�B�2�M�+�v �Q�7 �+�Q�`�`�2�+�i �+�2�H�H ���b�b�B�;�M�K�2�M�i �7�Q�` �1�J�"�k �y�X�k�y< j� j < �y�X�k�8 �X�3�9

�8�X�8 �o���H�B�/���i�B�Q�M �Q�7 �m�b�B�M�;" correct cell (� � rel ) ���b ���� �S�.�6 �X �X �X �X �X �X �X �X �X�3�8

�8�X�e �*�m�K�m�H���i�B�p�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �+�Q�`�`�2�+�i�H�v ���b�b�B�;�M�2�/ �?�B�i�b �X �X �X�3�e

�8�X�d �S�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �Q�7 �+�Q�`�`�2�+�i�H�v ���b�b�B�;�M�2�/ �?�B�i�b �X �X �X �X �X �X �X�3�e

�8�X�N �o���H�B�/���i�B�Q�M �2�t���K�T�H�2�b �7�Q�` �i�?�2 �G���`�� �/�B�b�T�H���+�2�K�2�M�i �K�2�i�?�Q�/ �X �X �X �X �X�3�3

�8�X�R�y �A�H�H�m�b�i�`���i�B�Q�M �Q�7 �1�J�1�k �G���` �;�2�Q�K�2�i�`�v �7�Q�` �/�B�z�2�`�2�M�i� �T�Q�B�M�i�b �X �X �X �X �X�3�N

�e�X�R �h�?�2 �9�9 �}�/�m�+�B���H �a�h�s�a �`�2�;�B�Q�M�b �+�Q�M�b�B�/�2�`�2�/ �B�M �i�?�2H ! 

 ���M���H�v�b�B�b �X�N�d

�e�X�k �a�B�;�M���H �K�Q�/�2�H�H�B�M�; �7�Q�`H ! 

 ���M���H�v�b�B�b �+���i�2�;�Q�`�B�2�b �X �X �X �X �X �X �X �X �X �X�R�y�R

�e�X�j �*�Q�M�b�i�`�m�+�i�2�/ �#���+�F�;�`�Q�m�M�/ �i�2�K�T�H���i�2�b �7�Q�`H ! 

 ���M���H�v�b�B�b �+���i�2�;�Q�`�B�2�b�R�y�k

�e�X�9 �a�h�s�a �`�2�;�B�Q�M �+�`�Q�b�b�@�b�2�+�i�B�Q�M �K�2���b�m�`�2�K�2�M�i�b �7�`�Q�K �i�?�2H ! 

 ���M���H�v�b�B�b�R�y�8

�d�X�R �S�b�2�m�/�Q�@�/���i���b�2�i �2�t���K�T�H�2�b �Q�7 �p���`�v�B�M�; �b�i���i�B�b�i�B�+���H �b�B�x�2�b �X �X �X �X �X �X �X �X�R�y�3

�d�X�k �a�T�m�`�B�Q�m�b �b�B�;�M���H �+�`�B�i�2�`�B�� �/�2�T�2�M�/�2�M�+�2 �Q�M �#���+�F�;�`�Q�m�M�/ �i�2�K�T�H���i�2 �b�B�x�2 �X�R�R�y

�3�X�R �*���_�G �M�2�m�`���H �M�2�i�r�Q�`�F �K�Q�/�2�H �i�2�K�T�H���i�2 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�e

�N�X�R �9�@�~���p�Q�m�` ���M�/ �8�@�~���p�Q�m�`tHqb �2�p�2�M�i �;�2�M�2�`���i�B�Q�M �6�2�v�M�K���M �/�B���;�`���K�b�R�k�j

�N�X�k �a�+�?�2�K���i�B�+ �7�Q�` �i�?�2tHqb �*���_�G �`�2�r�2�B�;�?�i�B�M�; �M�2�m�`���H �M�2�i�r�Q�`�F �X �X �X �X�R�k�8

�N�X�j �L�2�m�`���H �M�2�i�r�Q�`�F �H�Q�b�b �7�m�M�+�i�B�Q�M �7�Q�`tHqb �*���_�G �`�2�r�2�B�;�?�i�B�M�; �X �X �X �X �X�R�k�e

�N�X�9 �a�T�`�2���/ �Q�7tHqb �*���_�G �r�2�B�;�?�i�b ���M�/ �i�`�B�K�K�B�M�; �i�?�`�2�b�?�Q�H�/ �X �X �X �X �X �X�R�k�e

�N�X�8 �L�2�m�`���H �M�2�i�r�Q�`�F �_�P�* �+�m�`�p�2 �7�Q�`tHqb �*���_�G �`�2�r�2�B�;�?�i�B�M�; �X �X �X �X �X �X�R�k�d

�N�X�e �o���`�B���#�H�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �7�Q�` �*���_�G �`�2�r�2�B�;�?�i�B�M�; �Q�7tHqb �2�p�2�M�i�b �X �X �X�R�k�N

�N�X�d �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �R�. �r�2�B�;�?�i�b �7�Q�` �9�@�~ �i�Q �8�@�~tHqb �2�p�2�M�i �`�2�r�2�B�;�?�i�B�M�; �X�R�j�R

�R�8�3



�N�X�3 �1�p�2�M�i �v�B�2�H�/ �7�Q�` �/�B�z�2�`�2�M�i �;�2�M�2�`���i�Q�` �p���`�B���i�B�Q�M�b �B�MH ! 

 �+���i�2�;�Q�`�B�2�b�R�j�j

�N�X�N �o���`�B���M�i �;�2�M�2�`���i�Q�` �b�2�i�i�B�M�;�b �2�z�2�+�i�b �Q�M� t �+�H���b�b�B�}�+���i�B�Q�M �X �X �X �X �X �X �X �X�R�j�9

�R�y�X�R �o���`�B���#�H�2 �+�Q�`�`�2�H���i�B�Q�M�b �7�Q�`�a�?�2�`�T���!�G�P̀�

 �2�p�2�M�i�b �X �X �X �X �X �X �X �X�R�j�N

�R�y�X�k �*���_�G`�

 �`�2�r�2�B�;�?�i�B�M�; �M�2�m�`���H �M�2�i�r�Q�`�F �_�P�* �+�m�`�p�2 �X �X �X �X �X �X �X �X�R�9�y

�R�y�X�j �o���`�B���#�H�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �7�Q�` �*���_�G �`�2�r�2�B�;�?�i�B�M�; �Q�7`�

 �2�p�2�M�i�b �X �X �X�R�9�j

�R�y�X�9 �_�2�r�2�B�;�?�i�B�M�;`�

 �2�p�2�M�i�b �m�b�B�M�; �Q�M�2 �p���`�B���#�H�2 �X �X �X �X �X �X �X �X �X �X �X �X�R�9�9

�R�y�X�8 �*���_�G �`�2�r�2�B�;�?�i�B�M�;``

 �M�2�m�`���H �M�2�i�r�Q�`�F �_�P�* �+�m�`�p�2 �X �X �X �X �X �X �X �X�R�9�e

�R�y�X�e �o���`�B���#�H�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �7�Q�` �*���_�G �`�2�r�2�B�;�?�i�B�M�; �Q�7``

 �2�p�2�M�i�b �X �X �X �X�R�9�3

�R�y�X�d �1�t���K�T�H�2V 

 �b�B�;�M���H �K�Q�/�2�H ���M�/ �#���+�F�;�`�Q�m�M�/ �i�2�K�T�H���i�2 �X �X �X �X �X �X �X�R�8�y

�R�y�X�3 �:�2�M�2�`���i�Q�` �/�B�z�2�`�2�M�+�2�b �7�Q�`V 

 �b�B�K�m�H���i�B�Q�M �+�Q�K�T���`�B�b�Q�M�b �r�B�i�? �/���i�� �X�R�8�j

�R�8�N



�G�B�b�i �Q�7 �h���#�H�2�b

�k�X�R �Z�m���M�i�m�K �M�m�K�#�2�`�b �Q�7 �i�?�2 �a�i���M�/���`�/ �J�Q�/�2�H �X �X �X �X �X �X �X �X �X �X �X �X �X�R�k

�k�X�k �"�`���M�+�?�B�M�; �`���i�B�Q�b �7�Q�` �>�B�;�;�b �/�2�+���v �K�Q�/�2�b �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�8

�j�X�R ���M�M�m���H ���M�/ �M�Q�K�B�M���H �p���H�m�2�b �7�Q�` �G�>�* �T�`�Q�i�Q�M �#�2���K �T���`���K�2�i�2�`�b �X �X�j�k

�j�X�k �1�H�2�+�i�`�Q�K���;�M�2�i�B�+ �*���H�Q�`�B�K�2�i�2�` �+�2�H�H �;�`���M�m�H���`�B�i�v �X �X �X �X �X �X �X �X �X �X �X �X�9�e

�9�X�R �6�m�H�H ���M�/ �7���b�i �b�B�K�m�H���i�B�Q�M �i�B�K�2 �+�Q�K�T���`�B�b�Q�M �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�R

�8�X�R �*���H�Q�`�B�K�2�i�2�` �b���K�T�H�B�M�; �H���v�2�`�b �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�8

�8�X�k �*���H�Q�`�B�K�2�i�2�` �`�2�b�Q�H�m�i�B�Q�M �i�2�`�K�b �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�R

�e�X�R �J�Q�/�2�H�H�B�M�; �b�2�i�i�B�M�;�b �7�Q�`H ! 

 ���M���H�v�b�B�b �T�`�Q�+�2�b�b�2�b �X �X �X �X �X �X �X �X �X�N�j

�e�X�k �1�t�T�2�+�i�2�/ �v�B�2�H�/�b �7�Q�` �i�?�2 �3�3H ! 

 ���M���H�v�b�B�b �+���i�2�;�Q�`�B�2�b �X �X �X �X �X �X�N�N

�e�X�j ���M���H�v�i�B�+ �7�m�M�+�i�B�Q�M�b �7�Q�` �K�Q�/�2�H�H�B�M�;H ! 

 �+���i�2�;�Q�`�v �#���+�F�;�`�Q�m�M�/�b �X�R�y�k
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