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Bottomonium Spectroscopy at Belle:
Studies of Radiative and Hadronic Transitions

Zachary Shaun Stottler

(ABSTRACT)

The large constituent quark mass of bottomonium, the bottom quark/anti-quark bound

state (bb), affords a rich spectroscopy in which the non-perturbative regime of Quantum

Chromodynamics may be theoretically described and experimentally investigated. The ra-

dial excitations of bottomonium—with radial quantum number n, one unit of total angular

momentum (J = 1), and orbital angular momentum L = 0, labeled �(nS)—are copiously

produced in electron–positron (e+e�) collisions.

The Belle Collaboration is a high energy particle physics experiment located at the KEKB

B-Factory e+e� collider, based at KEK in Tsukuba, Japan. Belle has accumulated a large

dataset near the �(4S) and �(3S) resonances, collectively containing more than 28 million

�(3S) and 556 million �(4S). Some of these decay to other bb states—with one unit of

orbital angular momentum and total angular momentum J = 0; 1; 2, labeled �bJ(nP )—via

the emission of a photon, with subsequent transition to the �(1S) with the emission of one

or more gluons, which hadronize to form an ! meson.

This dissertation presents an analysis of the hadronic transitions �bJ(nP ) ! !�(1S), where

�(1S) ! ‘+‘� with ‘ = e; �, at Belle. The transitions of the n = 2 triplet states provide a

unique laboratory in which to study non-relativistic quantum chromodynamics (NRQCD), as

the kinematic threshold for production of an ! and �(1S) lies between the J = 0 and J = 1



states of the �bJ(2P ) triplet. The results presented herein constitute the first confirmation

measurement of the ! transitions of the �bJ(2P ) states since their discovery in 2004, with

evidence—in excess of three standard deviations—for the sub-threshold transition of the

J = 0 state. The branching fraction B
�
�b0(2P ) ! !�(1S)

�
is found to be as large as the

corresponding rate for the J = 2 transition. The ratio of the J = 2 to J = 1 transitions

is also measured and compared with the expectation from NRQCD, which we compute,

revealing a 3:3� tension between theory and experiment. This work is leveraged to perform

a search for radiative transitions of the �(4S) to the �bJ(2P ) and �bJ(3P ) states, which are

reconstructed in an inclusive !�(1S) final state. With no significant signals seen, limits are

set on the corresponding branching fractions.
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(GENERAL AUDIENCE ABSTRACT)

Atoms, the stuff of everyday matter, consist of a number of electrons bound to a com-

pact nucleus. This nucleus, in turn, contains one or more protons and neutrons, which are

themselves made up of constituent particles called quarks that interact with one another by

exchanging particles called gluons. Although great strides were made during the last cen-

tury to further our understanding of the fundamental structure of matter, a comprehensive

description of nuclear structure, at the quark level, eludes us.

What we do know is that the force responsible for binding the large number of positively

charged protons within the narrowly confined nucleus of, say, a gold atom is incredibly

strong—in reality, more than 137 times as strong as the electromagnetic (EM) interaction,

which is responsible for binding electrons around the nucleus in atoms. Unlike the EM

force, which has one charge that can be either positive or negative, the strong interaction

has three. Moreover, the interaction-mediating gluons themselves carry these charges. This

leads to a manifestly more complicated phenomenon whose mathematical descriptions are

computationally intractable.

To study the strong interaction, we seek out the simplest of strongly bound states—called

the meson—which consist of a quark and its anti-particle counterpart. The meson made up

of a bottom quark/anti-quark pair (bb), called bottomonium, provides an ideal laboratory



for our investigations. In bottomonium, the quarks are very heavy (about 4.5 times the

mass of a proton) and move relatively slowly compared to the quarks within a proton. This

allows for some simplifications in the mathematical description of the bottomonium system,

making it possible to compute predictions that can be tested in the lab.

In this low energy regime, the strong interaction gives rise to a family of excited bottomonium

states that have a structure similar to the excited states of an atom. Just as scientists learned

about the EM interaction by studying the decays of excited atomic states, so too do we study

the strong force by measuring the decays of bottomonium states. We call this study heavy

quarkonium spectroscopy. When excited bb states transition to lower-energy states, they

may emit photons (as excited atoms do) or gluons. These emitted gluons, in turn, produce

other particles. Measurements of the decay rates of bottomonium states may be predicted

from the mathematical description of the strong interaction, providing direct experimental

tests of the theoretical models.

This dissertation presents a study of the decays of several bottomonium states, which are

produced at the Belle experiment at the KEKB electron–positron collider. The decay rates,

called the branching fractions, of these transitions are measured and used to test the predic-

tion from theory, which we calculate. This work is leveraged to search for several previously

unobserved decays, which are expected to be exceptionally rare.
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�M���M�i �/�B�@�T�B�Q�Mbb �#���+�F�;�`�Q�m�M�/�b �B�M(50� ) �J�* �b�B�K�m�H���i�B�Q�M �7�Q�` �i�?�2 �+�Q�M�i�`�Q�H �/���i���b�2�i

�U�H�2�7�i�V ���M�/ �i�?�2 �Q�M�@�`�2�b�X�(4 S) �/���i���b�2�i �U�`�B�;�?�i�V�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�N�9
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�U�H�2�7�i�V ���M�/ �Q�M�@�`�2�b�X�(4 S) �J�* �b���K�T�H�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�N�8

�9�X�R�j �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2� bJ(2P) �U�H�2�7�i�V�-! �U�+�2�M�i�2�`�V�- ���M�/�(1 S) �U�`�B�;�?�i�V �K���b�b �B�M �e

�b�i�`�2���K�b �Q�7 �Q�7�7�B�+�B���H �m�/�b ���M�/ �+�?���`�K �Q�7�7�B�+�B���H �J�*�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�N�e

�9�X�R�9 �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2� bJ(2P) �U�H�2�7�i�V�-! �U�+�2�M�i�2�`�V�- ���M�/�(1 S) �U�`�B�;�?�i�V �K���b�b �B�M �e
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�9�X�k�R �h�?�2� M � �T�`�Q�D�2�+�i�B�Q�M �Q�7 �i�?�2 �7�B�i �i�Q6� �J�*�- �r�B�i�? �+�Q�K�T�Q�M�2�M�i�@�#�v�@�+�Q�K�T�Q�M�2�M�i �T�m�H�H�b�X�R�R�y
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�9�X�k�8 �6�B�i �i�Q �i�?�2� M � �U�H�2�7�i�V ���M�/M ! �U�`�B�;�?�i�V �/�B�b�i�`�B�#�m�i�B�Q�M�b �7�Q�`� bJ(2P) ! ! �(1 S)
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�9�X�k�d �a�m�K�K���`�v �Q�7 �"���"���` ���M���H�v�b�B�b �Q�7� c1(3872) ! !J /  �X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�d

�9�X�k�3 �h�?�2M ! �T�`�Q�D�2�+�i�B�Q�M �Q�7 �i�?�2 �b�B�K�m�H�i���M�2�Q�m�b �7�B�i �i�Q �i�?�2 �+�Q�K�#�B�M�2�/ �/���i���b�2�i �r�B�i�? �2�t�@

�+�H�m�b�B�p�2 �`�2�;�B�Q�M�b(RL ; RR) �?�B�;�?�H�B�;�?�i�2�/�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�3

�9�X�k�N �6�B�i�b �i�Q �i�?�2� M � �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �i�?�2� 0 �K���b�b �b�B�/�2�#���M�/ �Q�7 �i�?�2 �+�Q�K�#�B�M�2�/ �/���i���b�2�i�X�R�k�y

�9�X�j�y �6�B�i �i�Q �i�?�2� M � �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �i�?�2 �+�Q�K�#�B�M�2�/ �/���i���b�2�i �7�Q�` �i�?�2 �B�M�/�2�T�2�M�/�2�M�iRL

�U�H�2�7�i�V ���M�/RR �U�`�B�;�?�i�V �`�2�;�B�Q�M�b �B�MM ! �X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�k�y

�9�X�j�R �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �7�Q�` �i�?�2J = 0 �U�H�2�7�i�V�-J = 1 �U�+�2�M�i�2�`�V�- ���M�/

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

�+�Q�M�b�B�b�i�B�M�; �Q�7 �R�y�-�y�y�y �T�b�2�m�/�Q�2�t�T�2�`�B�K�2�M�i�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�k�k

�9�X�j�k �.�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2J = 0 �U�H�2�7�i�V�-J = 1

�U�+�2�M�i�2�`�V�- ���M�/J = 2 �U�`�B�;�?�i�V �b�B�;�M���H �v�B�2�H�/�X �h�?�2 �b�i���i�B�b�i�B�+���H���Q�M�H�v �+���b�2 �B�b �b�?�Q�r�M �B�M

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

�9�X�j�j �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �b�B�;�M���H �v�B�2�H�/�b �Q�#�i���B�M�2�/ �7�`�Q�K �k�y�-�y�y�y �7�B�i�b �i�Q �/���i�� �r�?�B�H�2 �i�?�2
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�8�X�k �a�B�;�M���H �H�B�M�2�b�?���T�2 �b�i�m�/�B�2�b �B�M �Q�M�@�`�2�b�X�(4 S) �J�*�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�9�k

�8�X�j �a�B�;�M���H �H�B�M�2�b�?���T�2 �b�i�m�/�B�2�b �B�M �+�Q�M�i�`�Q�H �/���i���b�2�i �J�*�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�9�j
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�Q�7 �Q�M�@�`�2�b�X�(4 S) �J�* �r�B�i�? �+�Q�K�T�Q�M�2�M�i�@�#�v�@�+�Q�K�T�Q�M�2�M�i �T�m�H�H�b�X�X �X �X �X �X �X �X �X �X �X�R�9�N

�8�X�R�y �h�?�2� M � �+�Q�K�T�Q�M�2�M�i �Q�7 �� �b�B�K�m�H�i���M�2�Q�m�b �7�B�i �i�Q� M � ���M�/M ! �B�M �i�?�26� �b���K�T�H�2

�Q�7 �+�Q�M�i�`�Q�H �/���i���b�2�i �J�* �r�B�i�? �+�Q�K�T�Q�M�2�M�i�@�#�v�@�+�Q�K�T�Q�M�2�M�i �T�m�H�H�b�X�X �X �X �X �X �X �X �X �X�R�8�y

�t�t�p�B�B



�8�X�R�R �h�?�2M ! �+�Q�K�T�Q�M�2�M�i �Q�7 �� �b�B�K�m�H�i���M�2�Q�m�b �7�B�i �i�Q� M � ���M�/M ! �B�M �i�?�26� �b���K�T�H�2

�Q�7 �+�Q�M�i�`�Q�H �/���i���b�2�i �J�* �r�B�i�? �+�Q�K�T�Q�M�2�M�i�@�#�v�@�+�Q�K�T�Q�M�2�M�i �T�m�H�H�b�X�X �X �X �X �X �X �X �X �X�R�8�R

�8�X�R�k �6�B�i�i�2�/� M � �U�H�2�7�i�V ���M�/M ! �U�`�B�;�?�i�V �/�B�b�i�`�B�#�m�i�B�Q�M�b �B�M �i�?�2 �Q�M�@�`�2�b�X�(4 S) �U�i�Q�T�V

���M�/ �+�Q�M�i�`�Q�H �U�#�Q�i�i�Q�K�V �/���i���b�2�i�b�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 �X �X�R�8�j

�8�X�R�j �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �`���i�B�Q�bRJ �Q�#�i���B�M�2�/ �7�`�Q�K �k�y�-�y�y�y �7�B�i�b �i�Q �/���i�� �r�?�B�H�2 �i�?�2

�K�Q�/�2�H �T���`���K�2�i�2�`�b ���`�2 �p���`�B�2�/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �;�H�Q�#���H �+�Q�p���`�B���M�+�2 �K���i�`�B�t�X�X �X �X�R�8�3

�8�X�R�9 �.�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �2�7�7�B�+�B�2�M�+�v�@�+�Q�`�`�2�+�i�2�/ �`���i�B�Q�bRJ �- �Q�#�i���B�M�2�/ �7�`�Q�K �7�B�i�b �i�Q �/���i�� �r�B�i�?

�p���`�B�2�/ �7�B�i �r�B�M�/�Q�r�b ���M�/ �#���+�F�;�`�Q�m�M�/ �b�?���T�2�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�8�N

�8�X�R�8 �G�B�M�2���`�B�i�v �i�2�b�i �`�2�b�m�H�i�b �7�Q�` �2���+�? �`���i�B�Q(RJ )�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�e�y

�8�X�R�e �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �T�`�Q�7�B�H�2 �H�B�F�2�H�B�?�Q�Q�/ �7�Q�` �2���+�? �`���i�B�Q�-RJ �X�X �X �X �X �X �X �X �X �X �X �X �X�R�e�8

�e�X�R �.�B���;�`���K �Q�7�(4 S) ! 
� bJ(3P) ! 
! �(1 S) �+���b�+���/�2 �i�`���M�b�B�i�B�Q�M�b�X �X �X �X �X �X �X�R�e�d

�e�X�k �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2� bJ �B�M�p���`�B���M�i �K���b�b �B�M �i�?�2� bJ(3P) ! 
 �(3 S) �b�B�;�M���H �`�2�;�B�Q�M

�`�2�T�Q�`�i�2�/ �#�v �*�J�a�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 �X �X �X �X �X �X �X �X �X�R�e�3

�e�X�j �*�Q�K�T���`�B�b�Q�M �Q�7 �i�?�2 �*�J �K�Q�K�2�M�i�m�K �/�B�b�i�`�B�#�m�i�B�Q�M�b �7�Q�` �+�?���`�;�2�/ �T�B�Q�M �U�H�2�7�i�V�- �M�2�m�@

�i�`���H �T�B�Q�M�b �U�+�2�M�i�2�`�V�- ���M�/ �+�?���`�;�2�/ �H�2�T�i�Q�M�b �U�H�2�7�i�V �B�M �Q�M�@�`�2�b�X�(4 S) �U�k�J�V �J�*�X�X �X�R�d�y

�e�X�9 �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7� M �� �7�Q�` �b�B�;�M���H �U���b�+�2�M�/�B�M�; �?���b�?�2�/ �#�H�m�2 �?�B�b�i�Q�;�`���K�V ���M�/ �`�2�b�@

�Q�M���M�ibb �#���+�F�;�`�Q�m�M�/�b �B�M �J�*�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 �X �X�R�d�R

�e�X�8 �h�?�2� M � �U�H�2�7�i�V�-M ! �U�+�2�M�i�2�`�V�- ���M�/M `` �U�`�B�;�?�i�V �/�B�b�i�`�B�#�m�i�B�Q�M�b �B�M �e �b�i�`�2���K�b �Q�7

�Q�7�7�B�+�B���H �m�/�b ���M�/ �+�?���`�K �J�*�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 �X �X �X�R�d�k

�e�X�e �h�?�2� M � �U�H�2�7�i�V�-M ! �U�+�2�M�i�2�`�V�- ���M�/M `` �U�`�B�;�?�i�V �/�B�b�i�`�B�#�m�i�B�Q�M�b� M � �b�B�/�2�#���M�/�b

�/�2�7�B�M�2�/ �B�M �#�H�B�M�/�2�/ �Q�M�@�`�2�b�X�(4 S) �/���i���X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�d�9

�t�t�p�B�B�B



�e�X�d �h�?�2� M � �U�H�2�7�i�V ���M�/M ! �U�+�2�M�i�2�`�V ���M�/M `` �U�`�B�;�?�i�V �/�B�b�i�`�B�#�m�i�B�Q�M�b �B�M �Q�7�7�@�`�2�b�X

�(4 S) �/���i���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 �X �X �X �X �X �X �X �X �X �X �X �X�R�d�8

�e�X�3 �h�?�2J = 1 �b�B�;�M���H �H�B�M�2�b�?���T�2 �2�t�i�`���+�i�2�/ �7�`�Q�K �� �7�B�i �i�Q �i�`�m�i�?���i���;�;�2�/ �2�p�2�M�i�b �B�M

�U�k�y�y�F�V �J�*�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 �X �X �X �X �X �X �X �X �X �X �X �X�R�d�d

�e�X�N �6�B�i �i�Q �i�?�2� M � �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �i�?�2� 0 �K���b�b �U�H�2�7�i�V�-� bJ �K���b�b �U�+�2�M�i�2�`�V�- ���M�/!

�K���b�b �U�`�B�;�?�i�V �b�B�/�2�#���M�/�b�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 �X �X �X �X �X �X�R�d�3

�e�X�R�y �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7M `` �p�b�XM ! �B�M �i�?�2 �Q�M�@�`�2�b�X�(4 S) �/���i���b�2�i�X�X �X �X �X �X �X �X �X �X�R�d�N

�e�X�R�R �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7M ! �p�b�X� M � �B�M �i�?�2 �Q�M�@�`�2�b�X�(4 S) �/���i���b�2�i�X�X �X �X �X �X �X �X �X�R�d�N

�e�X�R�k �h�?�2 �H�2�7�i �T���M�2�H �T�`�2�b�2�M�i�b �� �+�Q�K�T���`�B�b�Q�M �Q�7 �i�?�2 �+�?���`�;�2�/ �T�B�Q�M �K�Q�K�2�M�i�� �B�M �i�?�2 �b�B�;�@

�M���H ���M�/ �+�Q�M�i�`�Q�H �+�?���M�M�2�H�b �B�M �Q�M�@�`�2�b�X�(4 S) �J�*�X �h�?�2 �`�B�;�?�i �T���M�2�H �T�`�2�b�2�M�i�b �� �7�B�i �i�Q

�i�?�2� M �� �/�B�b�i�`�B�#�m�i�B�Q�M �B�M�(3 S) ! � + � � �(1 S)[� + � � ] �2�p�2�M�i�b �`�2�+�Q�M�b�i�`�m�+�i�2�/

�B�M �Q�M�@�`�2�b�X�(4 S) �/���i���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 �X �X �X �X �X �X�R�3�R

�e�X�R�j �6�B�i �i�Q �i�?�2� M � �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �i�?�2� b1(3P) �b�B�;�M���H �`�2�;�B�Q�M �Q�7 �Q�M�@�`�2�b�X�(4 S) �/���i���X�R�3�k

�e�X�R�9 �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2� 0 �K�Q�K�2�M�i�m�K�- �K�2���b�m�`�2�/ �B�M �i�?�2 �H���# �7�`���K�2�- �B�M �i�`�m�i�?�@�i���;�;�2�/

�b�B�;�M���H �2�p�2�M�i�b�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 �X �X �X �X �X �X �X �X �X �X �X�R�3�8

�e�X�R�8 �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �b�B�;�M���H �v�B�2�H�/ �Q�#�i���B�M�2�/ �7�`�Q�K �k�y�-�y�y�y �7�B�i�b �i�Q �/���i�� �r�?�B�H�2 �i�?�2

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

�K���i�`�B�t�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 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�3�d

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

�r�B�i�? �p���`�B�2�/ �7�B�i �r�B�M�/�Q�r ���M�/ �#���+�F�;�`�Q�m�M�/ �b�?���T�2�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�3�3

�e�X�R�d �G�B�M�2���`�B�i�v �i�2�b�i �`�2�b�m�H�i �Q�7 �i�?�2� b1(3P) ! ! �(1 S) �7�B�i�i�2�`�X�X �X �X �X �X �X �X �X �X �X �X �X �X�R�3�N

�e�X�R�3 �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �T�`�Q�7�B�H�2 �H�B�F�2�H�B�?�Q�Q�/ �7�Q�` �i�?�2 �b�B�;�M���H �v�B�2�H�/�X�X �X �X �X �X �X �X �X �X �X �X�R�N�k

�t�t�B�t



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

�i�?�2 �"�2�H�H�2 �A�A �/�2�i�2�+�i�Q�`�- ���i �E�1�E�- �7�Q�H�H�Q�r�B�M�; �i�?�2 �7�B�`�b�i �/�2�i�2�+�i�B�Q�M �Q�7e+ e� �+�Q�H�H�B�b�B�Q�M

�Q�7 �i�?�2 �a�m�T�2�` �E�1�E�" �+�Q�H�H�B�/�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 �X �X �X�R�N�e

�"�X�R �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7� M �� �B�M �i�?�2 �b�i���M�/���`�/ �b���K�T�H�2 �Q�7 �Q�M�@�`�2�b�X�(2 S) �/���i���X�X �X �X �X �X�k�y�3

�"�X�k ���M �Q�p�2�`�H���v �Q�7 �i�?�2�(1 S) �K���b�b(M �� ) �B�M �Q�M�@�`�2�b�X�(2 S) �/���i�� ���M�/ �b�i���+�F�2�/

�#���+�F�;�`�Q�m�M�/ �b�B�K�m�H���i�B�Q�M�b �B�M �i�?�2 �b�B�M�;�H�2 �T�B�Q�M �b���K�T�H�2�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�y�N

�"�X�j �� �7�B�i �i�Q �i�?�2� 2� �b���K�T�H�2 �Q�7 �Q�7�7�@�`�2�b�X�(2 S) �/���i���X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�R�y

�*�X�R �J�2���b�m�`�2�/ �#�B���b �B�M �i�?�2 �M�2�m�i�`���H �T�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�7�7�B�+�B�2�M�+�v(� ) ���b �� �7�m�M�+�i�B�Q�M

�Q�7� 0 �K�Q�K�2�M�i�m�K(p� 0 ) �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 �X �X �X �X �X�k�R�9

�*�X�k �*�Q�b�B�M�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �T�?�Q�i�Q�M �Q�T�2�M�B�M�; ���M�;�H�2( 

 ) �p�b�X� 0 �K�Q�K�2�M�i�m�K �7�Q�`

�i�`�m�i�?���i���;�;�2�/ �T�B�Q�M�b �B�M�(2 S) ! � 0� 0�(1 S) �U�k�J�V �J�*�X�X �X �X �X �X �X �X �X �X �X �X �X �X�k�R�8

�*�X�j �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2� 0 �K�Q�K�2�M�i�m�K �U�i�Q�T �H�2�7�i�V ���M�/ �+�Q�b�B�M�2 �Q�7 �i�?�2 �T�?�Q�i�Q�M �Q�T�2�M�B�M�;

���M�;�H�2 �U�#�Q�i�i�Q�K �H�2�7�i�V �B�M �i�`�m�i�?���i���;�;�2�/�(2 S) ! � 0� 0�(1 S) �U�k�J�V �J�*�X �h�?�2

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

�b�Q�7�i �U�?���`�/�V� 0�X �� �/�B���;�`���K �Q�7 �i�?�2 �b�B�;�M���H �+�?���M�M�2�H �B�b �b�?�Q�r�M �B�M �i�?�2 �`�B�;�?�i �T���M�2�H�X�X �k�R�3

�*�X�9 ���M �Q�p�2�`�H���v �Q�7 �Q�M�@�`�2�b�X�(2 S) �/���i�� ���M�/ �i�?�2 �b�i���+�F�2�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b �Q�7 �U�b�+���H�2�/�V

2� �J�* �B�M �i�?�2 �b�i���M�/���`�/ �b���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 �X�k�k�R

�*�X�8 ���M �Q�p�2�`�H���v �Q�7 �Q�M�@�`�2�b�X�(2 S) �/���i�� ���M�/ �i�?�2 �b�i���+�F�2�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b �Q�7 �i�?�2 �#���+�F�@

�;�`�Q�m�M�/ �b�B�K�m�H���i�B�Q�M �B�M �i�?�2 �b�B�M�;�H�2 �T�B�Q�M �b���K�T�H�2�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�k�k

�*�X�e �G�B�M�2�b�?���T�2 �b�i�m�/�B�2�b �B�M �i�?�2 �b�i���M�/���`�/ �b���K�T�H�2 �Q�7 �J�*�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�k�9

�*�X�d �G�B�M�2�b�?���T�2 �b�i�m�/�B�2�b �B�M �i�?�2� 2` �b���K�T�H�2 �Q�7 �J�*�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�k�8

�t�t�t



�*�X�3 �6�B�i�b �i�Q�(2 S) ! � �(1 S) �2�p�2�M�i�b �B�M �i�?�2 �b�B�M�;�H�2 �T�B�Q�M �b���K�T�H�2 �Q�7 �J�*�X�X �X �X �X �X �X�k�k�e

�*�X�N �6�B�i�b �i�Q �i�?�2 �B�b�Q�H���i�2�/ �T�2���F�B�M�; �#���+�F�;�`�Q�m�M�/ �7�`�Q�K�(2 S) ! � + � � �(1 S) �2�p�2�M�i�b �B�M

�i�?�2 �b�B�M�;�H�2 �T�B�Q�M �b���K�T�H�2 �Q�72� �J�*�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�k�e

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

�h�?�2 �`�B�;�?�i �T���M�2�H �T�`�2�b�2�M�i�b �� �7�B�i �i�Q �i�?�2 �T�`�Q�D�2�+�i�2�/ �#���+�F�;�`�Q�m�M�/�b �B�M2� �J�*�X �X �X �X�k�k�d

�*�X�R�R �6�B�i�b �i�Q �i�?�2 �b�i���M�/���`�/ �b���K�T�H�2 �U�H�2�7�i�V ���M�/ �b�B�M�;�H�2 �T�B�Q�M �b���K�T�H�2 �U�`�B�;�?�i�V �Q�72� �J�*�X �k�k�N

�*�X�R�k �6�B�i�b �i�Q �i�?�2 �b�i���M�/���`�/ �b���K�T�H�2 �U�H�2�7�i�V ���M�/ �b�B�M�;�H�2 �T�B�Q�M �b���K�T�H�2 �U�`�B�;�?�i�V �Q�7 �Q�M�@�`�2�b�X

�(2 S) �/���i���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 �X �X �X �X �X �X �X �X �X �X �X �X�k�k�N

�*�X�R�j �G�B�M�2�b�?���T�2 �b�i�m�/�B�2�b �T�2�`�7�Q�`�K�2�/ �B�M �i�?�2 �b�i���M�/���`�/ �b���K�T�H�2 �m�b�B�M�; �b�B�;�M���H �J�*�- �r�B�i�?

�i�?�2� bJ(nP) ! ! �(1 S) ���M���H�v�b�B�b� 0 �b�2�H�2�+�i�B�Q�M �+�`�B�i�2�`�B�� ���T�T�H�B�2�/�X�X �X �X �X �X �X �X �X �X�k�j�j

�*�X�R�9 �*�Q�K�T�Q�b�B�i�2 �7�B�i�b �i�Q �i�?�2 �b�i���M�/���`�/ �b���K�T�H�2 �Q�72� �J�* �U�H�2�7�i�V ���M�/ �Q�M�@�`�2�b�X�(2 S)

�/���i�� �U�`�B�;�?�i�V �r�B�i�? �i�?�2� bJ(nP) ! ! �(1 S) ���M���H�v�b�B�b� 0 �b�2�H�2�+�i�B�Q�M �+�`�B�i�2�`�B�� ���T�T�H�B�2�/�X�k�j�j

�.�X�R �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �H�2�T�i�Q�M �K�Q�K�2�M�i�� ���M�/ �T�Q�H���` ���M�;�H�2 �B�M�(2 S) ! � + � � �(1 S)

�U�H�2�7�i�V ���M�/ �A�a�_�(3 S) ! � + � � �(1 S) �U�`�B�;�?�i�V �2�p�2�M�i�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�j�d

�.�X�k �6�B�i �i�Q �T�Q�T�m�H���i�2�/(p; � ) �#�B�M�b �Q�7 �i�?�2 �b�B�M�;�H�2 �i���;�;�2�/ �b���K�T�H�2 �Q�7 �2�H�2�+�i�`�Q�M�b �B�M �b�B�;�M���H

�J�*�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 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�9�y

�.�X�j �6�B�i �i�Q �T�Q�T�m�H���i�2�/(p; � ) �#�B�M�b �Q�7 �i�?�2 �/�Q�m�#�H�2 �i���;�;�2�/ �b���K�T�H�2 �Q�7 �2�H�2�+�i�`�Q�M�b�- �r�B�i�?

R e > 0:20�- �B�M �b�B�;�M���H �J�*�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 �X �X �X �X �X�k�9�R

�.�X�9 �6�B�i �i�Q �T�Q�T�m�H���i�2�/(p; � ) �#�B�M�b �Q�7 �i�?�2 �b�B�M�;�H�2 �i���;�;�2�/ �b���K�T�H�2 �Q�7 �2�H�2�+�i�`�Q�M�b �B�M �Q�M�@�`�2�b�X

�(2 S) �/���i���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 �X �X �X �X �X �X �X �X �X �X �X �X�k�9�k

�.�X�8 �6�B�i �i�Q �T�Q�T�m�H���i�2�/(p; � ) �#�B�M�b �Q�7 �i�?�2 �/�Q�m�#�H�2 �i���;�;�2�/ �b���K�T�H�2 �Q�7 �2�H�2�+�i�`�Q�M�b�- �r�B�i�?

R e > 0:20�- �B�M �Q�M�@�`�2�b�X�(2 S) �/���i���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�9�j

�t�t�t�B



�.�X�e �6�B�i �i�Q �T�Q�T�m�H���i�2�/(p; � ) �#�B�M�b �Q�7 �i�?�2 �b�B�M�;�H�2 �i���;�;�2�/ �b���K�T�H�2 �Q�7 �K�m�Q�M�b �B�M �b�B�;�M���H �J�*�X�k�9�9

�.�X�d �6�B�i �i�Q �T�Q�T�m�H���i�2�/(p; � ) �#�B�M�b �Q�7 �i�?�2 �/�Q�m�#�H�2 �i���;�;�2�/ �b���K�T�H�2 �Q�7 �K�m�Q�M�b�- �r�B�i�?R � >

0:20�- �B�M �b�B�;�M���H �J�*�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 �X �X �X �X �X �X �X �X�k�9�8

�.�X�3 �6�B�i �i�Q �T�Q�T�m�H���i�2�/(p; � ) �#�B�M�b �Q�7 �i�?�2 �b�B�M�;�H�2 �i���;�;�2�/ �b���K�T�H�2 �Q�7 �K�m�Q�M�b �B�M �Q�M�@�`�2�b�X

�(2 S) �/���i���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 �X �X �X �X �X �X �X �X �X �X �X �X�k�9�e

�.�X�N �6�B�i �i�Q �T�Q�T�m�H���i�2�/(p; � ) �#�B�M�b �Q�7 �i�?�2 �/�Q�m�#�H�2 �i���;�;�2�/ �b���K�T�H�2 �Q�7 �K�m�Q�M�b�- �r�B�i�?R � >

0:20�- �B�M �Q�M�@�`�2�b�X�(2 S) �/���i���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 �X �X �X�k�9�d

�.�X�R�y �1�H�2�+�i�`�Q�M �B�/�2�M�i�B�7�B�+���i�B�Q�M �2�7�7�B�+�B�2�M�+�v �#�v �T�Q�H���` ���M�;�H�2(� ) �#�B�M �7�Q�`R e > 0:20�X�X �X �X �X�k�9�N

�.�X�R�R �J�m�Q�M �B�/�2�M�i�B�7�B�+���i�B�Q�M �2�7�7�B�+�B�2�M�+�v �#�v �T�Q�H���` ���M�;�H�2(� ) �#�B�M �7�Q�`R � > 0:20�X �X �X �X �X �X�k�9�N

�.�X�R�k �J�2���b�m�`�2�K�2�M�i�b �Q�7 �i�?�2 �#�B���b �B�M �2�H�2�+�i�`�Q�M �B�/�2�M�i�B�7�B�+���i�B�Q�M�- �r�B�i�?R e > 0:20�- �T�`�2�b�2�M�i�2�/

�#�v �T�Q�H���` ���M�;�H�2(� ) �#�B�M�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 �X �X �X �X �X �X�k�8�y

�.�X�R�j �J�2���b�m�`�2�K�2�M�i�b �Q�7 �i�?�2 �#�B���b �B�M �K�m�Q�M �B�/�2�M�i�B�7�B�+���i�B�Q�M�- �r�B�i�?R � > 0:20�- �T�`�2�b�2�M�i�2�/

�#�v �T�Q�H���` ���M�;�H�2(� ) �#�B�M�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 �X �X �X �X �X �X�k�8�k

�.�X�R�9 �"�B���b �B�M �2�H�2�+�i�`�Q�M �B�/�2�M�i�B�7�B�+���i�B�Q�M �T�`�2�b�2�M�i�2�/ �#�v �T�Q�H���` ���M�;�H�2(� ) �#�B�M �7�Q�`R e > 0:20�X �k�8�j

�.�X�R�8 �"�B���b �B�M �K�m�Q�M �B�/�2�M�i�B�7�B�+���i�B�Q�M �T�`�2�b�2�M�i�2�/ �#�v �T�Q�H���` ���M�;�H�2(� ) �#�B�M �7�Q�`R � > 0:20

�p���H�B�/ �7�Q�` �1�t�T�X31� 39� 45a�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 �X �X�k�8�9

�.�X�R�e �"�B���b �B�M �K�m�Q�M �B�/�2�M�i�B�7�B�+���i�B�Q�M �T�`�2�b�2�M�i�2�/ �#�v �T�Q�H���` ���M�;�H�2(� ) �#�B�M �7�Q�`R � > 0:20

�p���H�B�/ �7�Q�` �1�t�T�X41� 49�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 �X �X �X �X �X �X�k�8�8

�.�X�R�d �"�B���b �B�M �K�m�Q�M �B�/�2�M�i�B�7�B�+���i�B�Q�M �T�`�2�b�2�M�i�2�/ �#�v �T�Q�H���` ���M�;�H�2(� ) �#�B�M �7�Q�`R � > 0:20

�p���H�B�/ �7�Q�` �1�t�T�X51� 65�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 �X �X �X �X �X �X�k�8�e

�t�t�t�B�B



�G�B�b�i �Q�7 �h���#�H�2�b

�k�X�R �.���i���b�2�i�b ���+�+�m�K�m�H���i�2�/ �#�v �i�?�2 �"�2�H�H�2 �2�t�T�2�`�B�K�2�M�i�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�9

�k�X�k �A�a�_ �T�`�Q�/�m�+�i�B�Q�M �+�`�Q�b�b �b�2�+�i�B�Q�M�b ���M�/ �T�Q�T�m�H���i�B�Q�M �T�`�Q�D�2�+�i�B�Q�M�b �B�M �"�2�H�H�2�ö�b�(4 S)

�/���i���b�2�i�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 �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�e

�k�X�j �A�a�_ �T�`�Q�/�m�+�i�B�Q�M �+�`�Q�b�b �b�2�+�i�B�Q�M�b ���M�/ �T�Q�T�m�H���i�B�Q�M �T�`�Q�D�2�+�i�B�Q�M�b �B�M �"�2�H�H�2�ö�b�(3 S)

�/���i���b�2�i�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 �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�e

�k�X�9 �a���K�T�H�2�b �Q�7 �Q�M�@�`�2�b�X�(3 S) �b�B�;�M���H �J�* �b�B�K�m�H���i�B�Q�M�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�d

�k�X�8 �a���K�T�H�2�b �Q�7 �Q�7�7�@�`�2�b�X�(4 S) �b�B�;�M���H �J�* �b�B�K�m�H���i�B�Q�M�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�3

�k�X�e �a���K�T�H�2�b �Q�7 �Q�M�@�`�2�b�X�(4 S) �b�B�;�M���H �J�* �b�B�K�m�H���i�B�Q�M�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�N

�k�X�d �a���K�T�H�2�b �Q�7 �Q�M�@�`�2�b�X�(3 S) �`�2�b�Q�M���M�ibb �J�* �b�B�K�m�H���i�B�Q�M�X�X �X �X �X �X �X �X �X �X �X �X �X �X�9�y

�k�X�3 �a���K�T�H�2�b �Q�7 �Q�7�7�@�`�2�b�X�(4 S) �`�2�b�Q�M���M�ibb �J�* �b�B�K�m�H���i�B�Q�M�X�X �X �X �X �X �X �X �X �X �X �X �X �X�9�R

�k�X�N �a���K�T�H�2�b �Q�7 �Q�M�@�`�2�b�X�(4 S) �`�2�b�Q�M���M�ibb �J�* �b�B�K�m�H���i�B�Q�M�X�X �X �X �X �X �X �X �X �X �X �X �X �X�9�k

�j�X�R �S�`�2�p�B�Q�m�b�H�v �`�2�T�Q�`�i�2�/ �M�m�K�#�2�` �Q�7 �U�A�a�_�V�(3 S) �2�p�2�M�i�b �B�M �i�?�2�(4 S) �/���i���b�2�i�X �X�9�d

�j�X�k �_�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�7�7�B�+�B�2�M�+�B�2�b �7�Q�` �i�?�22� 2` �7�B�M���H �b�i���i�2 �B�M �i�?�2 �+�Q�K�T�Q�b�B�i�2 �/���i���b�2�i�b�8�y

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

�b�m�+�+�2�b�b�B�Q�M�V �Q�M �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�7�7�B�+�B�2�M�+�v�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�R

�j�X�9 �*�Q�`�`�2�+�i�2�/ �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�7�7�B�+�B�2�M�+�B�2�b�- �#�v �/���i���b�2�i�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�k

�j�X�8 �1�t�i�`���+�i�2�/ �7�B�i �T���`���K�2�i�2�`�b �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �7�B�i �i�Q �/���i���X �X �X �X �X �X �X �X �X �X �X �X�e�R

�t�t�t�B�B�B



�j�X�e �L�m�K�#�2�` �Q�7�(3 S) �2�p�2�M�i�b �#�v �/���i���b�2�i�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�k

�j�X�d �1�t�i�`���+�i�2�/ �7�B�i �T���`���K�2�i�2�`�b �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �7�B�i �i�Q �Q�M�@�`�2�b�X�(3 S) �/���i�� �X �X �X �X�e�d

�j�X�3 �a�m�K�K���`�v �Q�7 �b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b �`�2�H���i�2�/ �i�Q �7�B�i �T�`�Q�+�2�/�m�`�2�X �X �X �X �X �X �X �X �X�d�d

�j�X�N �*�m�`�`�2�M�i �r�Q�`�H�/ ���p�2�`���;�2 �p���H�m�2�b �(�k�) �7�Q�` �#�`���M�+�?�B�M�; �7�`���+�i�B�Q�M�b �m�b�2�/ �B�M �1�[�m���i�B�Q�M �j�X�R�j

�i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �M�m�K�#�2�` �Q�7�(3 S) �b�i���i�2�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�d

�j�X�R�y �a�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b �Q�M �i�?�2 �M�m�K�#�2�` �Q�7�(3 S) �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�N

�j�X�R�R �a�m�K�K���`�v �Q�7 �i�?�2 �+�Q�m�M�i�b �Q�7�(3 S) �2�p�2�M�i�b �#�v �/���i���b�2�i ���M�/ �7�B�M���H �b�i���i�2�X�X �X �X �X �X�3�y

�9�X�R �h�?�2 �*�G�1�P �K�2���b�m�`�2�/! �#�`���M�+�?�B�M�; �7�`���+�i�B�Q�M�b �Q�7 �i�?�2� b1;2(2P)�X�X �X �X �X �X �X �X �X �X�3�j

�9�X�k �S�Q�H���` ���M�;�H�2���/�2�T�2�M�/�2�M�i �2�M�2�`�;�v �i�?�`�2�b�?�Q�H�/�b �B�K�T�Q�b�2�/ �Q�M �T�?�Q�i�Q�M �+���M�/�B�/���i�2�b�X�X �X�3�N

�9�X�j �� �+�m�i�@�7�H�Q�r �i���#�m�H���i�B�M�;� bJ(2P) �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�7�7�B�+�B�2�M�+�B�2�b �B�M �Q�M�@�`�2�b�X�(3 S)

�U�k�J�V �J�*�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 �X �X �X �X �X �X �X �X �X �X �X �X �X�N�N

�9�X�9 �� �+�m�i�@�7�H�Q�r �i���#�m�H���i�B�M�;� bJ(2P) �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�7�7�B�+�B�2�M�+�B�2�b �B�M �Q�7�7�@�`�2�b�X�(4 S)

�U�k�J�V �J�*�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 �X �X �X �X �X �X �X �X �X �X �X �X �X�R�y�y

�9�X�8 �� �+�m�i�@�7�H�Q�r �i���#�m�H���i�B�M�;� bJ(2P) �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�7�7�B�+�B�2�M�+�B�2�b �B�M �Q�M�@�`�2�b�X�(4 S)

�U�k�J�V �J�*�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 �X �X �X �X �X �X �X �X �X �X �X �X �X�R�y�R

�9�X�e �*�Q�`�`�2�+�i�B�Q�M �i�Q �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�7�7�B�+�B�2�M�+�B�2�b �T�`�2�b�+�`�B�#�2�/ �7�Q�` �/���i���f�J�* �/�B�7�7�2�`�@

�2�M�+�2�b �B�M �G�A�. �T�2�`�7�Q�`�K���M�+�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 �X �X �X �X�R�y�k

�9�X�d �*�Q�`�`�2�+�i�2�/ �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�7�7�B�+�B�2�M�+�B�2�b �T�`�2�b�2�M�i�2�/ �#�v �/�2�+���v �+�?���M�M�2�H ���M�/ �/���i���b�2�i�X�R�y�k

�9�X�3 �S���`���K�2�i�2�` �p���H�m�2�b �2�t�i�`���+�i�2�/ �7�`�Q�K �i�?�2 �7�B�i �i�Q �i�?�2 �+�Q�K�#�B�M�2�/ �/���i���b�2�i�X�X �X �X �X �X �X�R�R�j

�9�X�N �"�`���M�+�?�B�M�; �7�`���+�i�B�Q�M �K�2���b�m�`�2�K�2�M�i�b �7�`�Q�K �i�?�2 �7�B�i �i�Q �i�?�2 �+�Q�K�#�B�M�2�/ �/���i���b�2�i�X �X �X�R�R�8

�9�X�R�y �*�Q�K�T���`�B�b�Q�M �Q�7 �K�2���b�m�`�2�/ �K���b�b �b�T�H�B�i�i�B�M�;�b �r�B�i�? �+�m�`�`�2�M�i �r�Q�`�H�/ ���p�2�`���;�2�b�X�X �X �X �X�R�R�e

�t�t�t�B�p



�9�X�R�R �*�Q�K�T���`�B�b�Q�M �Q�7 �v�B�2�H�/�b �2�t�i�`���+�i�2�/ �7�`�Q�K �7�B�i�b �i�Q �/�B�b�i�B�M�+�i �`�2�;�B�Q�M�b �B�MM ! �X�X �X �X �X �X �X�R�R�N

�9�X�R�k �a�m�K�K���`�v �Q�7 �b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b �`�2�H���i�2�/ �i�Q �7�B�i �T�`�Q�+�2�/�m�`�2�X �X �X �X �X �X �X �X �X�R�k�3

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

�m�b�2�/ �B�M �1�[�m���i�B�Q�M �9�X�R�y�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 �X �X �X �X �X �X�R�k�N

�9�X�R�9 �a�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b �Q�M �i�?�2� bJ(2P) ! ! �(1 S) �#�`���M�+�?�B�M�; �7�`���+�i�B�Q�M�b�X �X �X�R�j�y

�9�X�R�8 �_�2�T�Q�`�i�2�/ �T�?�Q�i�Q�M �2�M�2�`�;�B�2�b �Q�7 �`���/�B���i�B�p�2�(3 S) �i�`���M�b�B�i�B�Q�M�b �i�Q �i�?�2� bJ(2P) �(�k�)�X�X �R�j�k

�9�X�R�e �S���`���K�2�i�2�` �p���H�m�2�b �2�t�i�`���+�i�2�/ �B�M �� �7�B�i �i�Q �i�?�2 �+�Q�K�#�B�M�2�/ �/���i���b�2�i �7�Q�` �i�?�2 �`���i�B�Q�br J /1 �X�R�j�8

�8�X�R �_�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�7�7�B�+�B�2�M�+�B�2�b �Q�`�;���M�B�x�2�/ �#�v �/�2�+���v �+�?���M�M�2�H ���M�/ �/���i���b�2�i�X�X �X �X �X �X�R�9�y

�8�X�k �S���`���K�2�i�2�` �p���H�m�2�b �Q�#�i���B�M�2�/ �7�`�Q�K �� �7�B�i �i�Q �Q�M�@�`�2�b�X�(4 S) ���M�/ �+�Q�M�i�`�Q�H �/���i���X �X �X�R�8�k

�8�X�j �_���/�B���i�B�p�2�(4 S) �#�`���M�+�?�B�M�; �7�`���+�i�B�Q�M �K�2���b�m�`�2�K�2�M�i�b �T�`�2�b�2�M�i�2�/ �#�v �+�?���M�M�2�H�X�X �X�R�8�8

�8�X�9 �G�A�. �2�7�7�B�+�B�2�M�+�v �+�Q�`�`�2�+�i�B�Q�M �7���+�i�Q�`�b(� LID ) �#�vbb �i�`���M�b�B�i�B�Q�M ���M�/ �/���i���b�2�i�X�X �X �X �X�R�8�d

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

�8�X�e �h�?�2 �b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�`�B�#�m�i�B�Q�M�b �Q�7 �2���+�? �B�M�T�m�i �#�`���M�+�?�B�M�; �7�`���+�i�B�Q�M

�m�b�2�/ �B�M �i�?�2 �+���H�+�m�H���i�B�Q�M �Q�7B(�(4 S) ! 
� bJ(2P)) �(�k�)�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�e�k

�8�X�d �a�m�K�K���`�v �Q�7 �b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b �Q�M �i�?�2 �`���/�B���i�B�p�2�(4 S) �#�`���M�+�?�B�M�; �7�`���+�i�B�Q�M�b�R�e�j

�8�X�3 �l�T�T�2�` �H�B�K�B�i�b(90�W �*�G) �Q�MRJ ���M�/ �+�Q�`�`�2�b�T�Q�M�/�B�M�; �#�`���M�+�?�B�M�; �7�`���+�i�B�Q�M�b�X�X �X �X �X�R�e�9

�8�X�N �_���/�B���i�B�p�2�(4 S) �#�`���M�+�?�B�M�; �7�`���+�i�B�Q�M�b ���M�/ ���b�b�Q�+�B���i�2�/ �m�T�T�2�` �H�B�K�B�i�b ���i �i�?�2 �N�y�W

�+�Q�M�7�B�/�2�M�+�2 �H�2�p�2�H�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 �X �X �X �X �X �X �X �X �X �X�R�e�e

�e�X�R �S�`�Q�D�2�+�i�2�/ �v�B�2�H�/�b �B�M513 �7�#� 1 �Q�7 �Q�M�@�`�2�b�X�(4 S) �/���i���X�X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�e�N

�t�t�t�p



�e�X�k �� �+�m�i�@�7�H�Q�r �B�H�H�m�b�i�`���i�B�M�; �i�?�2 �B�K�T���+�i �Q�7 �2���+�? �+�m�i �Q�M �i�?�2� b1(3P) �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M

�2�7�7�B�+�B�2�M�+�v �B�M �b�B�;�M���H �J�*�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 �X �X �X �X �X �X�R�d�e

�e�X�j �S���`���K�2�i�2�` �p���H�m�2�b �2�t�i�`���+�i�2�/ �7�`�Q�K �� �7�B�i �i�Q� M �� �7�Q�`�(3 S) ! � + � � �(1 S)[� + � � ]

�2�p�2�M�i�b �`�2�+�Q�M�b�i�`�m�+�i�2�/ �B�M �Q�M�@�`�2�b�X�(4 S) �/���i���X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�3�R

�e�X�9 �S���`���K�2�i�2�` �p���H�m�2�b �2�t�i�`���+�i�2�/ �7�`�Q�K �i�?�2 �7�B�i �i�Q �Q�M�@�`�2�b�X�(4 S) �/���i�� �X �X �X �X �X �X �X �X�R�3�k

�e�X�8 �J�2���b�m�`�2�K�2�M�i�b �Q�7 �i�?�2 �/���i���f�J�* �U�#�B���b�V �B�M �i�?�2� 0 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�7�7�B�+�B�2�M�+�v�- �`�2�@

�T�Q�`�i�2�/ �B�M �#�B�M�b �Q�7 �K�Q�K�2�M�i�m�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 �X �X �X�R�3�8

�e�X�e �a�m�K�K���`�v �Q�7 �i�?�2 �b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b �`�2�H���i�2�/ �i�Q �7�B�i �T�`�Q�+�2�/�m�`�2�X�X �X �X �X �X �X�R�3�N

�e�X�d �*�Q�M�i�`�B�#�m�i�B�Q�M�b �i�Q �i�?�2 �b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�v �7�`�Q�K �K�2���b�m�`�2�/ �#�`���M�+�?�B�M�; �7�`���+�@

�i�B�Q�M�b �(�k�) �m�b�2�/ �B�M �i�?�2 �+���H�+�m�H���i�B�Q�M �Q�7B(�(4 S) ! 
� b1(3P) ! 
! �(1 S)) �X�X �X �X �X�R�N�y

�e�X�3 �a�m�K�K���`�v �Q�7 �b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�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�R�N�R

���X�R �.�2�+���v �K�Q�/�2�H�b ���M�/ �B�M�T�m�i �T���`���K�2�i�2�`�b �m�i�B�H�B�x�2�/ �B�M �i�?�2 �;�2�M�2�`���i�B�Q�M �Q�7�( nS) !

�� �( mS) �2�p�2�M�i�b�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 �X �X �X �X �X �X �X �X �X�k�y�y

�"�X�R �a���K�T�H�2�b �Q�7�(2 S) �J�* �b�B�K�m�H���i�B�Q�M�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�y�e

�"�X�k �h�?�2 �T�`�Q�D�2�+�i�2�/ �A�a�_�(1 S) �T�Q�T�m�H���i�B�Q�M �B�M �Q�M�@�`�2�b�X�(2 S) �/���i���X�X �X �X �X �X �X �X �X �X�k�y�d

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

�b���K�T�H�2�b �Q�7 �Q�M�@�`�2�b�X�(2 S) �/���i���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 �X�k�y�d

�"�X�9 �P�#�b�2�`�p�2�/ ���M�/ �+�Q�`�`�2�+�i�2�/ �U�#���+�F�;�`�Q�m�M�/ �b�m�#�i�`���+�i�2�/�V �v�B�2�H�/�b �K�2���b�m�`�2�/ �B�M �i�?�2 �b�i���M�@

�/���`�/ (2� 2� ) ���M�/ �b�B�M�;�H�2 �T�B�Q�M(� 2� ) �b���K�T�H�2�b �Q�7 �b�B�;�M���H �J�* ���M�/ �Q�M�@�`�2�b�X�(2 S)

�/���i���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 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�R�R

�"�X�8 �.�2�i���B�H�b �Q�7 �i�?�2 �i�`���+�F �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �B�M�2�7�7�B�+�B�2�M�+�v �+���H�+�m�H���i�B�Q�M�X�X �X �X �X �X �X �X �X �X �X�k�R�k

�t�t�t�p�B



�*�X�R �S�`�Q�D�2�+�i�2�/ �T�Q�T�m�H���i�B�Q�M�b �B�M �i�?�2 �b�B�M�;�H�2 �T�B�Q�M ���M�/ �b�i���M�/���`�/ �b���K�T�H�2�b �Q�7 �Q�M�@�`�2�b�X

�(2 S) �/���i�� �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 �X �X �X �X �X �X �X �X �X �X �X�k�k�y

�*�X�k �P�#�b�2�`�p�2�/ �v�B�2�H�/�b �B�M �i�?�2 �b�B�M�;�H�2 �T�B�Q�M(� 02� ) ���M�/ �b�i���M�/���`�/(2� 02� ) �b���K�T�H�2�b �Q�7

�b�B�;�M���H �J�* ���M�/ �Q�M�@�`�2�b�X�(2 S) �/���i���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�j�y

�*�X�j �.�2�i���B�H�b �Q�7 �i�?�2� 0 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �B�M�2�7�7�B�+�B�2�M�+�v �+���H�+�m�H���i�B�Q�M�X�X �X �X �X �X �X �X �X �X �X �X �X�k�j�R

�*�X�9 �P�#�b�2�`�p�2�/ �v�B�2�H�/�b �B�M �i�?�2 �b�i���M�/���`�/(2� 02� ) ���M�/ �b�B�M�;�H�2 �T�B�Q�M(� 02� ) �b���K�T�H�2�b �Q�7

�b�B�;�M���H �J�* ���M�/ �Q�M�@�`�2�b�X�(2 S) �/���i���- �r�B�i�? ���H�H� 0 �b�2�H�2�+�i�B�Q�M�b �7�`�Q�K �i�?�2� bJ(nP) !

! �(1 S) ���M���H�v�b�B�b ���T�T�H�B�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 �X �X �X �X �X�k�j�k

�*�X�8 �.�2�i���B�H�b �Q�7 �i�?�2� 0 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �B�M�2�7�7�B�+�B�2�M�+�v �+���H�+�m�H���i�B�Q�M �r�B�i�? ���H�H� 0 �b�2�H�2�+�i�B�Q�M�b

�7�`�Q�K �i�?�2� bJ(nP) ! ! �(1 S) ���M���H�v�b�B�b ���T�T�H�B�2�/�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�j�k

�.�X�R �.�2�7�B�M�B�i�B�Q�M �Q�7 �T�Q�H���` ���M�;�H�2(� ) �#�B�M�b �m�b�2�/ �B�M �i�?�2 �b�i�m�/�v �Q�7�2�A�.���M�/�K�m�Q�M�A�.�T�2�`�@

�7�Q�`�K���M�+�2�- �`�2�b�T�2�+�i�B�p�2�H�v�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 �X �X �X �X �X �X�k�j�8

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

R e > 0:10 �U�H�2�7�i�V ���M�/ �K�m�Q�M�b �r�B�i�?R � > 0:10 �U�`�B�;�?�i�V�X �h�?�2�b�2 �m�M�+�2�`�i���B�M�i�B�2�b �r�2�`�2

�/�2�i�2�`�K�B�M�2�/ �7�Q�`p 2 [0; 5] �:�2�o/ c �B�M �2���+�?� �#�B�M�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�j�e

�.�X�j �J�2���b�m�`�2�/ �#�B���b �B�M �2�H�2�+�i�`�Q�M �B�/�2�M�i�B�7�B�+���i�B�Q�M �2�7�7�B�+�B�2�M�+�v�- �r�B�i�?R e > 0:20�- �Q�#�i���B�M�2�/

�7�`�Q�K �� �b�i�m�/�v �Q�7�(2 S) ! � + � � �(1 S)[e+ e� ] �2�p�2�M�i�b�- �T�`�2�b�2�M�i�2�/ �#�v(p; � ) �#�B�M�X�X �k�8�R

�.�X�9 �J�2���b�m�`�2�/ �#�B���b �B�M �K�m�Q�M �B�/�2�M�i�B�7�B�+���i�B�Q�M �2�7�7�B�+�B�2�M�+�v�- �r�B�i�?R � > 0:20�- �Q�#�i���B�M�2�/

�7�`�Q�K �� �b�i�m�/�v �Q�7�(2 S) ! � + � � �(1 S)[� + � � ] �2�p�2�M�i�b�- �T�`�2�b�2�M�i�2�/ �#�v(p; � ) �#�B�M�X�k�8�k

�t�t�t�p�B�B



�*�?���T�i�2�` �R

�S�`�Q�H�Q�;�m�2

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

�@ �A�b�����+ �L�2�r�i�Q�M�- �P�S�h�A�*�E�a�(�j�)

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

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

�R�X�R �h�?�2 �a�i���M�/���`�/ �J�Q�/�2�H

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

�K�2�M�i���H �b�i�`�m�+�i�m�`�2 �Q�7 �K���i�i�2�` �B�b �b�m�K�K���`�B�x�2�/ �B�M �i�?�2 �a�i���M�/���`�/ �J�Q�/�2�H �U�a�J�V �Q�7 �T���`�i�B�+�H�2 �T�?�v�b�B�+�b�-

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

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

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

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

�7�Q�` �i�?�2 �b�i�`�Q�M�; �B�M�i�2�`���+�i�B�Q�M�- �i�?�2 �M�2�m�i�`���HZ ���M�/ �+�?���`�;�2�/W � �7�Q�` �i�?�2 �r�2���F �B�M�i�2�`���+�i�B�Q�M�- ���M�/ �i�?�2

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

�a�J �i�?���i �r���b �U�`�2�+�2�M�i�H�v�V �Q�#�b�2�`�p�2�/ �B�M �i�?�2 �H���b�i �/�2�+���/�2 �(�9�-�8�)�- �B�b �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�` �;�B�p�B�M�; �K���b�b �i�Q

�R



�k �+�Ñ�ž�ÿ���¶�� �S�Y �T���ñ�ã�ñ�Ì���¶

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

�6�B�;�m�`�2 �R�X�R�, �.�B���;�`���K �Q�7 �i�?�2 �a�i���M�/���`�/ �J�Q�/�2�H�- �r�B�i�? �i�?�2 �7�m�M�/���K�2�M�i���H �T���`�i�B�+�H�2�b �b�?�Q�r�M �Q�M �i�?�2
�Q�m�i�2�` �#�Q�m�M�/���`�v ���M�/ �B�M�i�2�`���+�i�B�Q�M���K�2�/�B���i�B�M�; �;���m�;�2 �#�Q�b�Q�M�b �b�?�Q�r�M �B�M �i�?�2 �+�2�M�i�2�`�X

�R�X�k �>�2���p�v �Z�m���`�F�Q�M�B�m�K

�h�?�2 �b�i�`�Q�M�; �B�M�i�2�`���+�i�B�Q�M �B�b �/�2�b�+�`�B�#�2�/ �#�v �i�?�2 �i�?�2�Q�`�v �Q�7 �[�m���M�i�m�K �+�?�`�Q�K�Q�/�v�M���K�B�+�b �U�Z�*�.�V�X �h�?�2

�M���K�B�M�; �+�Q�M�p�2�M�i�B�Q�M �ó�+�?�`�Q�K�Q�ô�- �K�2���M�B�M�; �+�Q�H�Q�`�- �b�i�2�K�b �7�`�Q�K �i�?�2 �i�?�`�2�2 �+�?���`�;�2�b �Q�7 �i�?�2 �b�i�`�Q�M�;

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

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

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

�b�+���H�2� QCD � O (0:2�:�2�o) �(�e�)�- �� �T�2�`�i�m�`�#���i�B�p�2 �2�t�T���M�b�B�Q�M �B�b �p���H�B�/ �(�k�)�X ���i �H�Q�r �2�M�2�`�;�B�2�b�- �?�Q�r�2�p�2�`�-

�i�?�B�b �T�2�`�i�m�`�#���i�B�p�2 ���T�T�`�Q�t�B�K���i�B�Q�M �B�b �M�Q�i �T�Q�b�b�B�#�H�2�X
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�>�2���p�v �[�m���`�F�Q�M�B�m�K �#�Q�m�M�/ �b�i���i�2�b�- �+�Q�M�b�B�b�i�B�M�; �Q�7 �� �?�2���p�v �[�m���`�F�f���M�i�B�@�[�m���`�F �T���B�`(Q �Q; Q = b; c)�-

�T�`�Q�p�B�/�2 ���M �B�/�2���H �T�`�Q�#�2 �Q�7 �i�?�B�b �M�Q�M�@�T�2�`�i�m�`�#���i�B�p�2 �H�B�K�B�i �Q�7 �Z�*�.�X �>�2���p�v �[�m���`�F�Q�M�B�� �2�t�?�B�#�B�i ��

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

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

�M�Q�M�@�`�2�H���i�B�p�B�b�i�B�+�X �>�B�b�i�Q�`�B�+���H�H�v�- �i�?�B�b �?���b �T�2�`�K�B�i�i�2�/ �� �T�?�2�M�Q�K�2�M�Q�H�Q�;�B�+���H ���T�T�`�Q���+�? �(�d�)�- �r�?�B�+�? �?���b

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

�r�B�/�i�?�- �T�`�Q�/�m�+�i�B�Q�M ���M�/ �/�2�+���v �+�`�Q�b�b �b�2�+�i�B�Q�M�b�V �(�3�)�X

�A�M �i�?�2 �M�Q�M�@�`�2�H���i�B�p�B�b�i�B�+ �H�B�K�B�i �Q�7 �Z�*�. �U�L�_�Z�*�.�V�- �i�?�2 �B�M�i�2�`���+�i�B�Q�M �K���v �#�2 �B�M�i�2�`�T�`�2�i�2�/ �i�?�`�Q�m�;�?

�i�?�2 �K�2�+�?���M�B�b�K �Q�7 �b�B�M�;�H�2���;�H�m�Q�M �2�t�+�?���M�;�2�X �h�?�B�b �;�B�p�2�b �`�B�b�2 �i�Q �� �*�Q�m�H�Q�K�#���H�B�F�2 �i�2�`�K �B�M �i�?�2

�T�Q�i�2�M�i�B���H�,

V(r ) = �
4
3

� S

r
; �U�R�X�R�V

�r�?�2�`�2� S �B�b �i�?�2 �b�i�`�Q�M�; �+�Q�m�T�H�B�M�; �+�Q�M�b�i���M�i�X �*�Q�M�b�2�[�m�2�M�i�H�v�- �i�?�B�b �M���i�m�`���H�H�v ���+�+�Q�m�M�i�b �7�Q�` �i�?�2

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

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

�/�Q�K�B�M���i�2�b�X �h�?�2 �`�2�b�m�H�i�B�M�; �T�Q�i�2�M�i�B���H�- �+���H�H�2�/ �i�?�2 �*�Q�`�M�2�H�H �T�Q�i�2�M�i�B���H �(�d�)�- �B�b �r�`�B�i�i�2�M ���b�,

V(r ) = �
4
3

� S

r
+ �r; �U�R�X�k�V

�r�?�2�`�2� �B�b �/�2�i�2�`�K�B�M�2�/ �7�`�Q�K �2�t�T�2�`�B�K�2�M�i�X �A�M �i�?�2 �?�2���p�v �[�m���`�F �`�2�;�B�Q�M�-� S � 0:2 ���M�/

� � 1 �:�2�o/ �7�K� 1�X �� �T�H�Q�i �Q�7 �i�?�2 �*�Q�`�M�2�H�H �T�Q�i�2�M�i�B���H �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2�R�X�k�X �h�?�2 �#���b�B�+ �T�`�Q�@

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

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

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

�i�m�`�#���i�B�Q�M�b�X �h�?�2�b�2 ���`�2 �/�B�b�+�m�b�b�2�/ �B�M �/�2�i���B�H �B�M �_�2�7�X �(�e�)�X �P�7 �+�Q�m�`�b�2�- �[�m���M�i�m�K �+�?�`�Q�K�Q�/�v�M���K�B�+�b �B�b

�K���M�B�7�2�b�i�H�v �K�Q�`�2 �+�Q�K�T�H�B�+���i�2�/ �i�?���M �2�H�2�+�i�`�Q�/�v�M���K�B�+�b�c �b�Q�- �i�?�B�b �T�?�2�M�Q�K�2�M�Q�H�Q�;�B�+���H ���T�T�`�Q���+�? �Q�M�H�v
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�6�B�;�m�`�2 �R�X�k�, �G�2���/�B�M�; �Q�`�/�2�` �L�_�Z�*�. �T�Q�i�2�M�i�B���H�- �+�Q�H�H�Q�[�m�B���H�H�v �F�M�Q�r�M ���b �i�?�2 �*�Q�`�M�2�H�H �T�Q�i�2�M�i�B���H�- ���b
�� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �B�M�i�2�`�@�[�m���`�F �b�2�T���`���i�B�Q�M �U�`�V �+�Q�K�T���`�2�/ �r�B�i�? �b�2�p�2�`���Hbb�b�i���i�2�b�X �h�?�2 �+�Q�M�7�B�M�2�K�2�M�i
�b�+���H�2(� QCD ) �B�b �B�M�/�B�+���i�2�/ �#�v �i�?�2 �p�2�`�i�B�+���H �#���M�/�X ���/���T�i�2�/ �7�`�Q�K �_�2�7�X �(�N�)�X

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

�b�Q�H�m�i�B�Q�M�b �Q�7 �Z�*�. �`�2�K���B�M�b �K���i�?�2�K���i�B�+���H�H�v �B�M�i�`���+�i���#�H�2�c �b�Q�- �i�?�2 ���H�i�2�`�M���i�B�p�2 �i���+�i�B�+ �?���b �#�2�2�M

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

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

�R�X�j �h�?�2 �"�Q�i�i�Q�K�Q�M�B�m�K �a�v�b�i�2�K

�"�Q�i�i�Q�K�Q�M�B�m�K(bb) �?���b �� �;�`�Q�m�M�/ �b�i���i�2 �K���b�b �i�?���i �B�b ���T�T�`�Q�t�B�K���i�2�H�v �i�2�M �i�B�K�2�b �i�?���i �Q�7 �?�v�/�`�Q�;�2�M�X

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

�r�B�i�? �b�i���M�/���`�/ �b�T�2�+�i�`�Q�b�+�Q�T�B�+ �M�Q�i���i�B�Q�Mn2S+1 L J �- �r�?�2�`�2n �B�b �i�?�2 �`���/�B���H �[�m���M�i�m�K �M�m�K�#�2�`�-S

�B�b �i�?�2 �i�Q�i���H �b�T�B�M�- ���M�/L �B�b �i�?�2 �Q�`�#�B�i���H ���M�;�m�H���`���r�`�B�i�i�2�M ���bS; P; D; �2�i�+�X �7�Q�`L = 0; 1; 2; :::�-

�`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �`���/�B���H �2�t�+�B�i���i�B�Q�M�b�- �r�B�i�?L = 0 ���M�/J = 1�- ���`�2 �r�`�B�i�i�2�M ���b �i�?�2�( nS) �b�i���i�2�b�X

�h�?�2 �S�@�r���p�2 �i�`�B�T�H�2�i �b�i���i�2�b�- �`�2�b�m�H�i�B�M�; �7�`�Q�K �b�T�B�M���Q�`�#�B�i �+�Q�m�T�H�B�M�;�- ���`�2 �H���#�2�H�2�/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2�B�`
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�i�Q�i���H ���M�;�m�H���` �K�Q�K�2�M�i�m�K ���b �i�?�2� bJ(nP)�X �h�?�2 �b�T�B�M �b�B�M�;�H�2�i �b�i���i�2�b �r�B�i�?L = 0 ���M�/L = 1 ���`�2

�H���#�2�H�2�/ ���b �i�?�2� b(nS) ���M�/hb(nS) �b�i���i�2�b�- �`�2�b�T�2�+�i�B�p�2�H�v�X �� �b�B�M�;�H�2 �.�@�r���p�2 �b�i���i�2�- �r�B�i�?L = 2

�?���b �`�2�+�2�M�i�H�v �#�2�2�M �Q�#�b�2�`�p�2�/ �(�R�y�)�- ���M�/ �B�b �H���#�2�H�2�/ ���b �i�?�2� J (1D)�X �A�M ���/�/�B�i�B�Q�M �i�Q �b�T�2�+�i�`�Q�b�+�Q�T�B�+

�M�Q�i���i�B�Q�M�- �B�i �B�b �m�b�2�7�m�H �i�Q �H���#�2�H �i�?�2 �b�i���i�2�b ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �T���`�B�i�v(P = ( � 1)L +1 ) ���M�/ �+�?���`�;�2

�+�Q�M�D�m�;���i�B�Q�M(C = ( � 1)L + S)�X

�a�2�p�2�`���H �i�?�`�2�b�?�Q�H�/�b �2�t�B�b�i �r�B�i�?�B�M �i�?�2 �#�Q�i�i�Q�K�Q�M�B�m�K �b�v�b�i�2�K�c �i�?�2�b�2 ���`�2 �B�M�/�B�+���i�2�/ �#�v �i�?�2 �/���b�?�2�/

�;�`�2�v �H�B�M�2�b �B�M �6�B�;�m�`�2�R�X�j�X �"�2�H�Q�r �i�?�2BB �i�?�`�2�b�?�Q�H�/ �U�Q�T�2�M�@�7�H���p�Q�` �i�?�`�2�b�?�Q�H�/�V�- �#�Q�i�i�Q�K�Q�M�B�m�K

�/�2�+���v�b ���`�2 �+�Q�M�b�i�`���B�M�2�/ �i�Q �i�`���M�b�B�i�B�Q�M �i�Q �H�Q�r�2�` �2�M�2�`�;�vbb �b�i���i�2�b �Q�` ���M�M�B�?�B�H���i�B�Q�M �Q�7 �i�?�2 �[�m���`�F�@

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

�b�m�#�b�i���M�i�B���H�H�v �b�m�T�T�`�2�b�b�2�/�- �+�Q�M�i�`�B�#�m�i�B�M�; �H�2�b�b �i�?���M �9�W �i�Q �i�?�2 �i�Q�i���H �/�2�+���v �r�B�/�i�? �Q�7 �i�?�2�(4 S)

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



�*�?���T�i�2�` �k

�h�?�2 �"�2�H�H�2 �1�t�T�2�`�B�K�2�M�i

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

�@ �q�Q�H�7�;���M�; �S���M�Q�7�b�F�v�- �*�P�L�h�1�J�S�P�_���_�u �S�>�u�a�A�*�a�(�R�R�)

�h�?�B�b �+�?���T�i�2�` �B�b �/�2�p�Q�i�2�/ �i�Q �� �/�2�b�+�`�B�T�i�B�Q�M �Q�7 �i�?�2 �E�1�E�" ���+�+�2�H�2�`���i�Q�` ���M�/ �"�2�H�H�2 �/�2�i�2�+�i�Q�`�- �+�Q�H�H�2�+�@

�i�B�p�2�H�v �i�?�2 �"�2�H�H�2 �1�t�T�2�`�B�K�2�M�i�- �r�?�B�+�? �Q�T�2�`���i�2�/ ���i �i�?�2 �>�B�;�? �1�M�2�`�;�v ���+�+�2�H�2�`���i�Q�` �U�E�1�E�V �_�2�b�2���`�+�?

�6���+�B�H�B�i�v �B�M �h�b�m�F�m�#���- �C���T���M �7�`�Q�K1999� 2010�X �� �+�Q�K�T�`�2�?�2�M�b�B�p�2 �i�`�2���i�K�2�M�i �Q�7 �i�?�2 �i�2�+�?�M�B�+���H

���b�T�2�+�i�b �Q�7 �i�?�2 ���+�+�2�H�2�`���i�Q�` �7���+�B�H�B�i�v ���M�/ �/�2�i�2�+�i�Q�` �K���v �#�2 �7�Q�m�M�/ �B�M �_�2�7�b�X �(�R�k�) ���M�/ �(�R�j�)�X

�k�X�R �S�?�v�b�B�+�b �J�Q�i�B�p���i�B�Q�M

�h�?�2 �T�`�B�M�+�B�T���H �Q�#�D�2�+�i�B�p�2 �Q�7 �i�?�2 �"�2�H�H�2 �2�t�T�2�`�B�K�2�M�i �r���b �i�Q �Q�#�b�2�`�p�2CP���p�B�Q�H���i�B�M�; �T�?�2�M�Q�K�2�M��

�B�M �i�?�2 �/�2�+���v�b �Q�7B �K�2�b�Q�M�b ���M�/ �K���F�2 �?�B�;�? �T�`�2�+�B�b�B�Q�M �K�2���b�m�`�2�K�2�M�i�b �Q�7 �i�?�2 �*�E�J �K���i�`�B�t

�T���`���K�2�i�2�`�b �(�R�9�-�R�8�)�X �h�?�2 �K�2���b�m�`�2�K�2�M�i�b �K���/�2 �#�v �"�2�H�H�2 �(�R�j�) ���M�/ �B�i�b �+�Q�m�M�i�2�`�T���`�i �"���"���` �(�R�e�)

�U�� �b�B�K�B�H���` �2�t�T�2�`�B�K�2�M�i �Q�T�2�`���i�2�/ �+�Q�M�+�m�`�`�2�M�i�H�v ���i �a�G���*�V �+�Q�M�b�i�B�i�m�i�2 �i�?�2 �7�B�`�b�i �Q�#�b�2�`�p���i�B�Q�M�b �Q�7

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

�;���`�M�2�`�2�/ �i�?�2 �L�Q�#�2�H �S�`�B�x�2 �B�M �S�?�v�b�B�+�b �B�M �k�y�y�3�X
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���i �i�?�2 �i�B�K�2 �E�Q�#���v���b�?�B ���M�/ �J���b�F���r�� �U�E�J�V �T�`�Q�T�Q�b�2�/ �i�?�2 �B�M�+�H�m�b�B�Q�M �Q�7 �r�2���F �[�m���`�F�@�K�B�t�B�M�;
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�i�?�2 �"�L�G �(�k�y�) ���M�/ �a�G���* �(�k�R�) �Q�#�b�2�`�p���i�B�Q�M�b �Q�7 �i�?�2 �7�Q�m�`�i�? �[�m���`�F �b�T�2�+�B�2�b�X �h�Q �/���i�2�- �Q�M�H�v �j �[�m���`�F�b

�U�m�T�- �/�Q�r�M�- ���M�/ �b�i�`���M�;�2�V �?���/ �#�2�2�M �Q�#�b�2�`�p�2�/�c �v�2�i�- �E�J�ö�b �T�`�Q�T�Q�b���H �M�2�+�2�b�b�B�i���i�2�/ �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7
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�Q�#�b�2�`�p�2�/ ���M�/ �i�?�2 �Q�M�+�2 ���m�/���+�B�Q�m�b �T�`�Q�T�Q�b���H �r���b �`���T�B�/�H�v ���+�+�2�T�i�2�/ ���b ���M �B�M�i�2�;�`���H �+�Q�K�T�Q�M�2�M�i �Q�7

�i�?�2 �a�i���M�/���`�/ �J�Q�/�2�H�X

�h�?�2 �b�2���`�+�? �7�Q�`CP �p�B�Q�H���i�B�Q�M �B�M �i�?�2B �K�2�b�Q�M �b�2�+�i�Q�` �r���b �B�M�p�B�;�Q�`���i�2�/ �B�M �i�?�2 �R�N�3�y�b �#�v �i�?�2

�Q�#�b�2�`�p���i�B�Q�M �Q�7 �i�?�2 �H�Q�M�;B �K�2�b�Q�M �H�B�7�2�i�B�K�2 ���i �a�G���* �(�k�j�)�- ���M�/ �i�?�2 �7�Q�`�i�m�B�i�Q�m�b �/�B�b�+�Q�p�2�`�v �Q�7

B 0 � B 0 �K�B�t�B�M�; �#�v ���_�:�l�a �(�k�9�)�- �r�?�B�+�? �r�2�`�2 �T�`�Q�+�2�2�/�2�/ �#�v �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �T�`�2�/�B�+�i�B�Q�M�b

�7�`�Q�K �i�?�2�Q�`�v �(�k�8���k�3�)�X ���H���b�- �T���`�i�B�+�H�2 ���+�+�2�H�2�`���i�Q�` �i�2�+�?�M�Q�H�Q�;�v �r���b �B�M�b�m�7�7�B�+�B�2�M�i �i�Q �T�`�Q�/�m�+�2 �i�?�2

�`�2�[�m�B�b�B�i�2 �M�m�K�#�2�` �Q�7B �K�2�b�Q�M�b �`�2�[�m�B�`�2�/ �i�Q �Q�#�b�2�`�p�2CP �p�B�Q�H���i�B�Q�M �B�M �i�?�B�b �b�2�+�i�Q�` �(�k�d�)�X

�k�X�R�X�k �S�?�v�b�B�+�b �Q�7 �i�?�2 �"�@�6���+�i�Q�`�B�2�b

�1�K�T�Q�r�2�`�2�/ �#�v �i�?�2 �`���T�B�/ �#�`�2���F�i�?�`�Q�m�;�?�b �B�Me+ e� ���+�+�2�H�2�`���i�Q�`�f�b�i�Q�`���;�2 �`�B�M�; �i�2�+�?�M�Q�H�Q�;�v�- �i�?�2

�S�1�S�@�A�A �(�k�N�) ���M�/ �E�1�E�" �(�R�k�) �+�Q�H�H�B�/�2�`�b �r�2�`�2 �+�Q�M�b�i�`�m�+�i�2�/�X �E�M�Q�r�M ���b �i�?�2 �"�@�6���+�i�Q�`�B�2�b�- �i�?�2�b�2

e+ e� �+�Q�H�H�B�/�2�`�b ���+�?�B�2�p�2�/ �r�Q�`�H�/���`�2�+�Q�`�/ �H�m�K�B�M�Q�b�B�i�B�2�b�- �2�M���#�H�B�M�; �i�?�2 ���+�+�m�K�m�H���i�B�Q�M �Q�7 ���#�Q�m�i106

�(4 S) �2�p�2�M�i�b �T�2�` �/���v �(�j�y�)�- �T�`�Q�p�B�/�B�M�; �b�m�7�7�B�+�B�2�M�i�H�v �H���`�;�2 �/���i�� �b���K�T�H�2�b �i�Q �2�M���#�H�2 �i�?�2 �b�2���`�+�? �7�Q�`

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

�S���B�`�b �Q�7 �2�M�i���M�;�H�2�/B 0 � B 0 �K�2�b�Q�M�b �r�2�`�2 �+�Q�T�B�Q�m�b�H�v �T�`�Q�/�m�+�2�/ ���i �i�?�2 �"�@�6���+�i�Q�`�B�2�b �i�?�`�Q�m�;�? �i�?�2

�/�2�+���v �+�?���B�M�R e+ e� ! �(4 S) ! BB �X �6�Q�H�H�Q�r�B�M�; �T�`�Q�/�m�+�i�B�Q�M�- �i�?�2 �"�@�K�2�b�Q�M�b �T�`�Q�T���;���i�2 ���b ��

�R�h�?�2 �#�`���M�+�?�B�M�; �7�`���+�i�B�Q�M �7�Q�` �T�`�Q�/�m�+�i�B�Q�M �Q�7B �K�2�b�Q�M�b �B�b �2�t�+�2�T�i�B�Q�M���H�H�v �H���`�;�2�,B
�
�(4 S) ! B B

�
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�+�Q�?�2�`�2�M�i �b�i���i�2 ���M�/ ���`�2 �7�`�2�2 �i�Q �Q�b�+�B�H�H���i�2 �#�2�i�r�2�2�MCP �2�B�;�2�M�b�i���i�2�b�X �P�M�+�2 �Q�M�2 �Q�7 �i�?�2 �K�2�b�Q�M�b

�/�2�+���v�b �B�M�i�Q �� �7�H���p�Q�` �2�B�;�2�M�b�i���i�2 �U�r�2 �H���#�2�H �i�?�B�b �i�?�2 �i���;B �V�- �+�Q�?�2�`�2�M�+�2 �B�b �H�Q�b�i ���M�/ �i�?�2 �7�H���p�Q�`

�2�B�;�2�M�b�i���i�2 �Q�7 �i�?�2 �Q�i�?�2�`B �B�b �7�B�t�2�/ ���i �i�?���i �B�M�b�i���M�i �B�M �i�?�2�(4 S) �`�2�b�i �7�`���K�2�X ���b �i�?�2 �`�2�K���B�M�B�M�;

B �+�Q�M�i�B�M�m�2�b �i�Q �T�`�Q�T���;���i�2�- �B�i�b �r���p�2�7�m�M�+�i�B�Q�M �2�p�Q�H�p�2�b ���M�/ �i�?�2 �Q�b�+�B�H�H���i�B�Q�M �#�2�i�r�2�2�MB 0 ���M�/B 0

�b�i���i�2�b �+�Q�M�i�B�M�m�2�b�X �6�B�M���H�H�v�- �i�?�2 �b�m�`�p�B�p�B�M�;B �/�2�+���v�b �� �i�B�K�2� t �H���i�2�` �U�Q�` �2���`�H�B�2�`�V�X �J�2���b�m�`�2�K�2�M�i�b

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

�H�B�7�2�i�B�K�2�b�-� t�X �J�2���b�m�`�2�K�2�M�i�b �Q�7� t �`�2�[�m�B�`�2 �� �p�2�`�v �T�`�2�+�B�b�2 �+�H�Q�+�F�- �r�B�i�? ���M �m�M���+�?�B�2�p���#�H�2O(10) �T�b

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

�G�Q�`�2�M�i�x �#�Q�Q�b�i �Q�7 �i�?�2 �+�2�M�i�2�`�@�Q�7�@�K���b�b �7�`���K�2�- �b�Q �i�?���i� t �B�b �i�`���M�b�7�Q�`�K�2�/ �B�M�i�Q �� �T�Q�b�B�i�B�Q�M �/�B�7�7�2�`�2�M�+�2

���H�Q�M�; �i�?�2 �#�Q�Q�b�i �/�B�`�2�+�i�B�Q�M�X �A�M �i�?�B�b �r���v�- �p�2�`�i�2�t �/�2�i�2�+�i�Q�`�b �r�B�i�?O(100� �K) �`�2�b�Q�H�m�i�B�Q�M ���`�2 ���#�H�2

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

�B�M�7�Q�`�K�2�/ �i�?�2 �/�2�b�B�;�M �Q�7 �#�Q�i�? �i�?�2 �E�1�E�" ���+�+�2�H�2�`���i�Q�` ���M�/ �i�?�2 �"�2�H�H�2 �/�2�i�2�+�i�Q�`�- �r�?�B�+�? �b�m�`�`�Q�m�M�/�b

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

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

�#�v �E�1�E�" �?���b �7���+�B�H�B�i���i�2�/ �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �� �+�Q�K�T�`�2�?�2�M�b�B�p�2 �T�?�v�b�B�+�b �T�`�Q�;�`���K �r�B�i�? �K���M�v

�7�`�m�B�i�7�m�H �`�2�b�m�H�i�b �(�j�y�)�X

�k�X�k �h�?�2 �E�1�E�" ���+�+�2�H�2�`���i�Q�`

�h�?�2 �E�1�E�" �"�@�6���+�i�Q�`�v �B�b ���M ���b�v�K�K�2�i�`�B�+ �2�M�2�`�;�ve+ e� �+�Q�H�H�B�/�2�` �/�2�b�B�;�M�2�/ �i�Q �Q�T�2�`���i�2 ���i �+�2�M�i�2�`�@
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�r�B�i�? �� �7�Q�`�r���`�/ �G�Q�`�2�M�i�x �#�Q�Q�b�i �B�M �i�?�2 �H���# �7�`���K�2�- �r�?�B�+�? �T�`�Q�p�B�/�2�b �7�Q�` �i�?�2 �`�2�[�m�B�b�B�i�2 �b�2�T���`���i�B�Q�M
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