
��� ����� ��� 	�

��
���
���������������� ��!"�#
������%$&��
('�)*�+�-,���'-�-!.�0/1
��"�324,5�-�#!

�6����7#
�'8�:9;
<�=��>@?#/ A&��,��B��>@���#,

CEDGFIH�JLK�MONQPSRUT0VXW&PSY(PSZODXPSR

T0F\[\F]W_^(F\NE`LaSab`

cedgf�hji�kml_npoIq�lrftsmuvqjfwlxhjkylrf�hjfQz-h"o0d:o|{]}rf�hBuvz�~�fw�vl_dgu�qjoI��uv{I}�d�fw}\h���q�uv}r{0kI}r�v�
hji�f:��o�hBi�q�k|����u�z�irft��q��Lfwz�hj�B�rd��Lk]qju�hB�jk]}�qw�E���(c�����q�uvd"�r��o�hBu�k]}�q�n<ft�Bfghjirfw}���q�fQl
hjkghBfwq�h�u�hQ���pirfQq�f�qju�d��r��o�hjuvkI}�q��r�Bkmlr��z�fQlU�r}�f�����fQz-hBfwl0�Bfwqj�r��h�qpn�iru�z�i#n<ft�Bf�}rkIh����r���v�
�r}�lrft��q�hBk\k�lb����fwqj�ru�hjfghBirfwqjf�l�u��:zt�r��hjuvfwqw 5u�h"n<o]q�l�f�hBft�Bd�uv}rfQlxhBi�o�h"o0dgu�qjoI��uv{I}�d�fw}\h
k|��¡£¢¤m¥ z�k]�r�vl&¦Lf0lrf�hjfQz-hBfwl&n�u�hBi§hBiruvqgdgfthjirk�lb�8c¨d�k]�jf#�r�BfwztuvqjfEl�fthjfw�jdguv}�o�hBu�k]}k|��d:oI{I}rfthju�z:~�fw�vl§d�u�qBo|�vu�{]}rdgft}\h�d:o©�_¦�f#�Lk]qBq�uv¦r�vfUu���hjirf#�r}rft����fQz-hjfQlª�Bfwqj�r��hBq�o|�Bf
q�hj��l�uvfwlE���r�jhji�ft�Q�

« ¬@­�®O¯=°�±y²0³<®O´t°�­

µ }¶kI��l�fw�ghjkª¦Lfxo|¦���f0hBkª�r�BkI�Lft�B���ª�BfwztkI}�q�hj�B��z�h�d"�rk]}8lrfwzto©��q:uv}�qjuvlrf�hjirf;�p· µ�¸ �
qj��fQz-hj�BkIdgfthjft�OhBk�o��r�jfQz�u�q�uvkI}�k|��¹wºr»L¼� ]ftsIfw}\hj��oI���v��¹wºr»�½| Ihjirf�d:oI{I}rfthju�z<~�ft��l�d"��q�h�¦�f
�r�BkI�Lft�B���Eo|�vu�{]}rfwlEn�u�hBi#hjirf"lrf�hjfQz-hBkI�Q���pi\��qt r���jfQz�u�q�f�¾m}rk�n��vfwl�{]f¿kI�Oogdgu�qjoI��uv{I}�d�fw}\h
u�qpu�dg�LkI�jhBo|}\hQ�
µ ��l�fQzto©�_�Lk]qju�hB�jk]}�q"ztkI�r��lª¦LfE��q�fQlÀ��kI�gqj��z�iª�r�r�B�Lk]qjfwqw (oydgu�qjoI��uv{I}rdgfw}]hgz�k]�r�vl§¦�f
l�fthjfwz�hjfQl#lr�r�juv}r{�oI}\�U�j�r}5���piru�q�q�hj��l��E��qjfwl����(c�����q�uvd"���vo|hjuvkI}�q<hBk:f��ro|dguv}rf�hjirf
��fwo]q�uv¦ruv��u�h��UoI}�l#��q�ft���r�v}rfwqBqpk|�=q���z�i#o�dgf�hBirk�lb�

Á ÂÄÃ�°�Å1Ã�®�¯OÆ

µ hpuvq�~���q�hp��qjf����r�ShBk���}�l�ft��q�hBo|}�l:hji�f�{]ftkIdgfthj�Buvzwo|�So|�B�BoI}r{Ifwd�fw}\h(k|�@hBirf�l�f�hBfwz�hjkI�po|}�l
hji�f�dgoI{I}rfthju�z�~�ft��lb�
Ç u�{]�r�jfÀ¹yqjirk�n�q�hBirfxqjf�hj���¶��q�fQlÈ¦\�8���(c��������pi�fyo���fwq:É"  Ê� �o|}�lÌËÌlrf�~�}rf

hji�f�z�kmk]�Bl�uv}�o|hjf"qj��q�hBftd¨��kI��hjirfgl�fthjfwz�hjk]�wÍSÎÏoI}�l�Ð�¦�fw��k]}r{�hBk�hBirfg����c�����n�k]�j��l
z�kmk]�Bl�uv}�o|hjf�q���q�hjftd0���pirf�s]fwz-hBkI��Ñeu�qphji�f�dgoI{I}rfthju�z�~�ft��lb���pirf�k]�juvft}\hBo|hjuvkI}Ek|�=Ñeuvq



X

Y

Z

U

V

B

φ

θ

β

Ç u�{]�r�BfE¹����pi�f�d:oI{I}rfthju�z.~�fw�vl�n�u�hji��jfQq��Lfwz�h�hjk#hjirf:l�fthjfQz-hjk]�.o|}�l_���(c���� n�k]�j��l
o���fQqt�

qjf�h�uv}�����c���� n�u�hBiyhBirf�oI}r{I�vfwq��EoI}�l������Uk]��fw}�q����BkId¨hBirf��Lk]qju�hjuvsIfgËÀo���uvq¿o|}�l
�0���BkId hjirf��Lk]qju�hjuvsIf�Î o���u�qt� ¸ u�}�ztf�hjirf.lrf�hjfQz-hBkI��u�q�l�ft~�}rfwl#uv}�É o|}�lEÊ" �hjirf�ft�mhj��o
o|}�{I�vf��_i�o]q�o|��q�k�¦�fwft}0uv}�z��v��l�fQlEuv}#hjiru�q�l�u�o|{]�BoId0�	�xo|}�l
�Ào|�Bf�k��Sqjf�h�¦m�:hBirf.qjoIdgf
o|dgk]�r}\h�o]qpÎ o|}�l#É. �
�� ¥ �

U

α

Z

γ

Z

V

Ç u�{]�r�jf����OÑ �r�jk���fwz�hjfwlEkI}Ehji�f.É¿Ë;o|}�lEÊ�Ëx�r��o|}�fwqw�

Ç u�{]�r�jf��glrft�ru�z-h�q�Ñ4�r�Bk���fQz-hBfwl#u�}#hBirf"É¿Ë�oI}�l#Ê�Ëx�r��o|}rfQqt�<�pirf.o|}�{I�vf.o|�v�ri�oguv}
hji�f�É¿Ë0�r�voI}rf�oI}�l:kI�Lft}�q����BkIdÏhjirf���k\q�u�hjuvsIf�Ë#o���u�qt� ¸ uvd�uv��o|�B���] ]{\o|dgd:o�uvq(hji�f�o|}�{I�vf
uv}EhBirf�Ê�Ëy�r��o|}rf]�
µ }�É�Ê�ËO �Ñ4u�qp{IuvsIft}#¦m���

Ñ���� Ñ���� qju�}���ztk]q �"!Bq�uv}��(qju�}#�"!Bz�k\q���$ %�¹'&
�pirf�É¿Ëx�r�Bk���fQz-hBu�k]}EkI��Ñ4u�qp{IuvsIfw}E¦m���

Ñ)(�*+�,� Ñ��-�Xq�uv}���z�k\q �"!jº�!jztk]q ��$ %.��&
�pirf�Ê�Ëx�r�Bk���fQz-hBu�k]}EkI��Ñ4u�qp{IuvsIfw}E¦m���

Ñ)/ * ��� Ñ0��� º�!jqju�}#��qju�}��1!jz�k\q ��$ %32�&

�



Ç �BkId %.��& �

hBo|} � � qju�}#��ztk]q �ztk]q � �8hBo|}���ztk]q � �8hBoI}���z�k]q %.��� 
�� ¥ & % 
�&

c�}�lU���BkId %32�& �

hBoI}���� qju�}���qjuv}��ztk]q � �¶hBoI}���q�uv}����8h�o|}���qju�} %.��� 
 � ¥ & %.��&

� �:®O¯
	¿®�Ã��"Æ


 ftuv}r{_z�i�o|�B{IfQlÀ��o|�jhju�z��vfwqw (�Lk]qju�hj�BkI}�q���kI�v�vk�n4hjirf�l�uv�Bfwz-hBu�k]}&kI��hBirf 
 ~�ft��lb�8��fQzto©�
�Lk]qju�hB�jk]}�q=kI�B¦ru�h<oI¦�k]��h�hji�f 
 ~�ft��l:�vu�}�fwq<oIq=hBirft�gft�mu�h(hBirf�lrf�hjfQz-hBkI�Q� µ �bhBirf�d:oI{I}rfthju�z
~�fw�vlÈu�q�dguvqBo|�vuv{I}rfQlb (hBirft}8hBirfxqj�ruv�BoI�vqgn�uv���¿o|�v��¦Lfy�ru�hBz�irfQlÈo|h�hji�fyqjoId�fyoI}r{I�vfyoIq
hji�f.~�fw�vlb���pi\��qt �hjirf�l�fwzwo©�E�Lk]qju�hj�BkI}0hj��oIz�¾�q�zwo|}y¦Lf"��q�fQl0hjk�d:oI��hjirf�l�uv�jfQz-hjuvkI}�kI�
hji�f:dgoI{I}rfthju�z�~�ft��l�u�}�q�u�l�fghji�fUl�f�hBfwz�hjkI�Q� 
 �y��qjuv}r{0hjirfU��k\q�u�hjuvkI}_k|�<hji�f:��k\q�u�hj�BkI}�q
uv}&É�Ê�Ë� �hjirf�oI}r{I�vfwq � o|}�l��8zwo|}§¦LfE��kI�r}�l@�ªc�dgu�qjoI��uv{I}�d�fw}\h�uv}ªhji�f#d:oI{I}rfthju�z~�fw�vl�qjirkI���vlEhji�ft}�¦Lfwz�k]dgf�u�dgdgfwl�u�o�hBft�v�#oI�r��oI�jfw}]hQ �oIq�o|h��vfwoIq�h�kI}�f�k|�OhjirfQq�f.oI}r{I�vfwq
n<kI�r��l0¦�f�}rkI}��tft�Bk�� µ h¿qjirkI�r��lyoI�vqjk�¦Lf"�Lk]qBq�uv¦r�vf�hjk#l�f�hBft�Bd�uv}rf"hjirf�l�u��Bfwz�hjuvkI}ykI�=hjirf
dguvqBo|�vuv{I}rdgft}\h���qju�}�{�%3
�&poI}�l % ��&��
��k¿{]f�h=hBirf�o|}�{I�vfwq=o|�v�ri�o�oI}�l�{]o|dgd:or |hjirf�����kIhBq�qjirk�n�}�u�}�~�{]�r�jf���d���q�h�¦Lf�zt�jfQo�hjfQl
���BkId lro|hBog¦m�Eo©s]ft��o|{]u�}r{�o|�v�Shjirf�l�fwzwo©����k\q�u�hj�BkI}Ehj��oIz�¾�qw� µ �Oo:lrfwzto©�U��k\q�u�hj�BkI}Ehj��oIz�¾
u�q�o©s]ft��o|{IfQlb �oEq�hB�BoIu�{]i\h���uv}rf�{Ik]u�}r{El�k�n�}�hji�f�dgu�lrl��vf�kI�=hjirfgq���u���o|���jfQq�����h�qt� µ ��hji�uvq
u�q�l�k]}rf���k]��d:o|}m�Ehj��oIz�¾�qw Lo:}m�rd�¦�fw��kI��s�o|�Bu�k]��q��vu�}�fwq�n�u�hBiyhji�f�qBo|dgf�qj��k]��f�q�irk]�r��l
�Bfwqj�r��hQ�U��o|¾mu�}�{EhBirf�dgfwoI}_k|�<hjirfQq�f:�vu�}�fwq.qjirkI���vl;hji�ft}À�mu�fw�vl_o0{]k\k�l;u�}�l�uvzwo�hBu�k]}�kI�
hji�f"d:o|{]}rf�hBuvz.~�ft��lxl�uv�Bfwz-hBu�k]}@� µ };fwo]z�iy��� ���voI}rfI bo|�v����k\q�u�hj�BkI}�iru�h���k\q�u�hjuvkI}�q�n<ft�Bf
o©sIfw�BoI{IfQlb�;c�iru�h��Lk]qju�hBu�k]}§npoIq�l�f�~�}rfwl&oIq"hjirf�z�fw}\hjft��k|�¿oyn�uv�jf#n�iru�z�i§�Bfwz�k]�Blrfwl
o#iru�hw� µ }_kI}rfg�r�vk|hQ @hBirf:dgfwo|}�iru�h"�Lk]qju�hBu�k]};uv}ÀÉe�r�voI}rfwq�npoIq¿�r�vk|hjhjfQl�oI{]oIu�}�q�h�hjirf
ËÈ�Lk]qju�hBu�k]}ªk|��hBirfwqjfU���voI}rfwqw� µ }Èo|}ªkIhjirfw�"�r�vk|hQ Ohjirf0qjoIdgf�hji�u�}r{;n<o]q"l�k]}rf���k]��Ê
�r��o|}rfQqt���pirfg�jfQq��r��h�n<o]q�h�n<k#�r��kIhBq¿n�u�hji ������k]u�}\hBq�fQoIz�i;�r��q�hj�Bfwo|d oI}�l �����LkIuv}\hBq
fwo]z�iyl�k�n�}�q�hj�BfwoId#���pi�fwqjf"�r�vk|h�q�n<ft�Bf.{Ifw}rft��o�hBfwl#��qju�}�{U�r�Bk|~��vf.iru�q�hjkI{]�BoId:qt���pirfQq�f
iru�q�hBkI{]�BoIdgqOoI�jf�{]ft}rfw�Bo|hjfwl�¦m��oI}�� 
������ �BkI��hBu�}rf�n�i�uvz�i:ztoI�vzt�r��o�hjfQq�hjirf�d�fQo|}:o|}�l
� � ¸ kI���U��k]��fwo]z�i0�#¦�u�}@� � }�z�f�hBirf"�r�vk|h�q�n<ft�Bf�{Ifw}rft��o�hBfwlb ��bc5· npoIq���qjfwl#hBk�~rh
q�hj��o|uv{Ii\h"�vu�}rfQq.hBkyhBirftd0�_�piruvq��r�Bk�l���z�fQl_hji�fU}rfwfwl�fQlª�r�vk|h�qt���pirfEqj��k]��fQq"kI��hjirfQq�f
~rhjhjfwl#�vu�}�fwq�{\o©sIf�h�o|} � oI}�lEhBoI}�������(c����ªqjuvd"�r��o�hBu�k]}�q5n<ft�Bf���qjfwl.hjk�o|}�qjn<ft�@h�n<k��\�rfQq�hBu�k]}�qwÍIl�kmfwq5hjiru�q�dgf�hji�kml"n�k]�j¾��
c�}�l0irk�n�n�fw����l�kmfwq�u�h�n<kI�B¾�� � }�z�f�hBirfwqjf �\�rfwq�hjuvkI}�q�n<ft�Bf.o|}�qjn�fw�jfQlb �hBiruvq�dgf�hBirk�l
npoIq�hjfQq�hBfwl#n�u�hBi0�jfQo|�@lro|hBor�

! Â#"%$'&)( *O´tÅ ²,+-	¿®=´�°�­.*

�pirf�~���q�h�qju�d��r�vo|hjuvkI}�l�kI}rfgi�o]l�hBirf:�r�r�B��k\q�f�k|�<sIfw�ju����mu�}r{Uhji�o|h�hjirf:{]ftkIdgfthj�B�#npoIq
�r�BkI�Lft�B�����r}�l�fw�Bq�hjkmk�lb�=c �Lft}�z�uv�L¦LfwoIdÏkI�@dgkI}rk.fw}rft�B{Ifthju�z��Lk]qju�hB�jk]}�q�npoIq�q�irkIh����BkId
hji�fphBo|�B{Ifthw �hBk�n<oI�Bl�q5hBirf�l�k�n�}�q�hB�jfQo|d fw}�l�k|�Lhjirf�l�fthjfQz-hjk]�w�O�pirf�d:o|{]}rf�hBuvz<~�ft��l�npoIq
qjf�h�hjk0�|� n�u�hBi � � ¹ ¥ oI}�l � � º ¥ �p�pi�f���k\q�u�hj�BkI}�q�i�oIl�ogdgkIdgfw}]hB�rd¨k|�"�|º0/�1324 �Ç u�{]�r�Bf 2gl�fw�ru�z-hBq�hjirf��Bfwqj�r��hBqpk|��hjiru�qphBfwq�hw�

2



Ç uv{I�r�Bf�2�����fQo|}#iru�h���k\q�u�hjuvkI}�qpkI�O��� �r�voI}rfwq<��k]����k\q�u�hj�BkI}#�Lft}�ztu��@¦LfwoId %Xz�d &

�(�jfQl�uvz�hjfQl ��fwo]q����jfQl
hBoI} � ��¹�� ��2�
 � ¹Qº »�� % ��¹�� ��2�2��§º�� ºr¹
	�& � ¹wº »��
h�o|} � ¹�� ��2�
 � ¹wº »�� %�¹�� �������§º�� ºr¹
	�& »��

��oI¦r�vf:¹�� � fwqj�r��hBqp���BkId�o��Lk]qju�hj�BkI}#��fw}�z�uv�@¦Lfwo|d0�






��oI¦r�vfU¹�ztkIdg��oI�jfQqphjirfgqj��k]��fQq�k|�=hBirf"�vuv}rfwq�~rh�hBfwlyhjk�hBirf��r��kIhBq�u�}x~�{I�r�Bf�2Un�u�hBi
hji�f�s�o|�v�rfwq=���jfQl�uvz�hjfQl�¦m�0% 
�&�o|}�l % ��&-�O�pirf��Bfwqj�r��hBq�lrftdgkI}�q�hj��o�hBf<hji�o|h�hjirf�hjfwz�i�}ru �\�rf
n<kI�B¾mqpo]qpf�����fQz-hBfwlb�
��ft�mhw <d"�rk]}Èl�fQzto©��q�n�fw�jf0qju�d��r�vo|hjfQl§��qjuv}r{xhBirf0���r�v����u�z�irft��qj�Lfwz-hB�j��d#�¶��k_¾Iftfw�
hji�u�}r{\q�qju�dg�r�vfI Sk]}r���0��npoIq�s©oI�juvfwl0n�u�hji ����º ¥ ���pim��q�hji�f"f����r�BfwqBqju�k]}�q�{Iuvsmu�}�{:hjirff����Lfwz�hjfwl#s�o|�v�rfQqpk|�5h�o|}�o|�v�ri�ogoI}�l�h�o|}0{]oIdgdgogoI�jf��

hBoI} � � � hBo|}#�
� � %���&

h�o|} ��� hBo|}#�
� � %���&

¸ fts]ft}À�B�r}�q"k|�.¹wº��gfts]ft}\hBq"fwoIz�i5 �n<ft�Bf�{Ifw}rft��o�hBfwl�uv}&���(c�����n�u�hBi � Ñ0� � ���
o|}�l0���¶º ¥ � �gnpoIqps�o|�Bu�fQl����BkId�¹ ¥ hjk�º ¥  r¦Lftuv}r{:i�oI��s]fwlEu�}#fwo]z�i#qj��zwz�fwqBqju�s]f��B�r}@�

	 
 Ã�*O²,+�® *

�pirf�����c����8lro|hBo�npoIq�oI}�o|�v� �tfQl�n�u�hji�� �¿Ç�µ c ��q�uv}r{.o�zt��h(�Bf �\�ruv�juv}r{�z�k\q ���&º � ���
% hBirf�h�o0¦�fwu�}�{0hjirfghB�Bo]z�¾xo|}r{]��f &- @n�i�uvz�iÀz�k]�j�Bfwqj�LkI}�lrq�hBk ��¡ �Iº ¥ ÍOo]q�n�fw����o]q�o�z���h�Bf �\�ruv�juv}r{�hBirfgdgkIdgft}\hj��d
� 
\º0/�1324 ���pirfg�Bfwo]q�k]}0��kI��hji�uvq¿npoIq�hjk0z���h�iruv{Ii_o|}�{I�vfhj��oIz�¾�qpn�iru�z�i�f���u�h�hBirf"l�fthjfwz�hjk]��¦Lf���kI�Bf��BfwoIz�i�u�}r{ghBirf.fw}�lb So|}�l0�Lk]qju�hB�jk]}�q�n�u�hjiy�vk�n
dgkIdgft}\hB�rd n�iru�z�i;qBzto|h�hjfw�¿hjkmk0d"��z�i@���pirfgu�}\hBft}�l�fQlx�Bfwqj�r��h�n<o]q��Lk]qju�hB�jk]}�q¿n�iru�z�i
��kI�Bd�}ru�z�f�qj�ruv�BoI�vq�o|�v�IhBirf<n<o©��hjir�BkI��{Ii�hBirf�l�fthjfQz-hjk]�w��c���q�k� �kI}r�v��q�uvdg�r�vf�z��vfwoI}.fts]ft}\hBq
n<ft�Bf¿oI}�o|�v� �tfwlUhjk:o©s]kIu�lUkIhjirfw��z�kIdg�r�vu�zto�hBu�k]}�qw�

Ç uv{I���jf 
����yfwo|}#iru�h���k\q�u�hjuvkI}0kI���Lk]qju�hB�jk]}�qpu�}����¶���voI}rfwqw�	��� ¹ ¥ % ztd &

Ç u�{]�r�jfQq#
:o|}�l ��q�i�k�n hji�f¿�Bfwqj�r��hBq�o|hphjirf.oI}r{I�r��o|�pft�\hB�jfwdgu�hBu�fQqpk|��hjirf.q�hj��lr�I�
µ h�n<o]q �\�ru�z�¾\�v�0�jfQo|�vu �wfwl#hBi�o�h¿hjirfw�jf�n<o]q�oU�r�BkI¦r�vftd0��c��v��hBirf�s©oI����fwq���kI��hBo|} � o|}�lhBoI} ��n<ft�BfOhjkmk�qjdgoI���Iu�}�d:o|{]}ru�hj��l�f(¦\��hji�f(qjoIdgfO� oIz-hBkI�Q QoI¦�k]��h �r� �r�5�piru�q@u�q5l�fw�ruvz�hjfQl
uv}E~�{I�r�Bf����

�



Ç uv{I���jf�� ���yfwo|}#iru�h���k\q�u�hjuvkI}0kI���Lk]qju�hB�jk]}�qpu�}����¶���voI}rfwqw�	���Ìº ¥ % ztd &

-0.014

-0.012

-0.01

-0.008

-0.006

-0.004

-0.002

0

0.002

0 0.2 0.4 0.6 0.8 1

ta
n(

al
ph

a)

theta

theoretical

a better fit

Ç u�{]�r�Bf ����hBoI} � oIq:o�����}�z-hBu�k]}ÈkI�+��� �pirfwkI�Bf�hju�ztoI��z��r�BsIf0u�q,� �������
� �
 �o�¦�fth�hjfw��~rh

u�q � �	�
���
�
� � � �

�



�pirft�Bf0n�fw�jf#k|hBirft�g�r�BkI¦���fwdgqw (n�i�uvz�i8q�fwftdgfwl§hjk_¦Lf0�jfw�vo|hjfwlªhjk�hji�uvq:��}r¾m}rk�n�}
� oIz�hjk]�w���pirf"l�o�hBo���k]u�}\hBq���kI��d�fQo|}��r��o|}�f.iru�h��Lk]qju�hBu�k]}�smq�Ëx��kI�Bdgfwl0kI}����0o|�r���jk©��u��
d:o�hBft�v�Uq�hB�BoIu�{]i\h<�vu�}�fwqw �z�k]}]hB�BoI�j�ghBkgn�i�o�h�npoIq<f����Lfwz�hjfwl@���piruvq�o|�r�LfwoI�jfQl:hjk:¦Lf.l��rf
hjk:ztft�jhBo|uv}#�jfw{IuvkI}�q<n�iru�z�i0n�fw�jf�o|�vdgk]q�hpi�kI�Bu �wkI}\hBoI�X �oIq<hBirk]qjf.z�uv��z��vfwlEu�}#~�{]�r�jf �m�

Ç uv{I�r�Bf � �O·¶i�o|h�uvq�i�o|�r�Lft}ruv}r{guv}EhBirf.z�uv��z��vfwlE�jfw{IuvkI}�q �

µ }�o|}0o�h�hBftdg��h�hBk���}�l�ft��q�hBo|}�lUhBirfwqjf�q�i�o|�Lfwqw ro�qjuvd�����fw��ztoIqjf�n<o]qpq�uvd"�r��o�hBfwlb��c
z�k]}rf�k|� �|º0/�1324 d�k]}rkgft}rfw�j{]f�hBuvz¿�Lk]qju�hB�jk]}�qpn<o]qpq�irkIh�l�k�n�}�q�hj�BfwoIde���jk]d4hjirf�h�o|�B{Ifthn�u�hjiyhBirf�dgoI{I}rfthju�z.~�ft��lxqjf�h¿hjk �|���S�piruvq¿npoIq¿l�kI}�f.h�n�u�z�fI bk]}�z�f�n�u�hBi �
� º ¥ o|}�lkI}�z�f:n�u�hji � ��¹ ¥ � ¸ uv}�z�f:hBirfU��o|�jhju�z��vfwq�n<ft�Bf:dgkI}rkyfw}rft�B{Ifthju�z| �hjirf#z�k]}rf:¦�fQztoId�fo���¦r��¦r¦r�vf���l��rfghBkEhBirfg��k�z���qjuv}r{0k|�<hjirf:d:o|{]}rf�hBuvz�~�fw�vl@ �oIq�uv}�~�{I���jf��r� Ç uv{I�r�Bf 	
qjirk�n�q�hjirf�dgfQo|}�iru�h���k\q�u�hjuvkI}�q¿��k]��hji�f�ztoIqjfgn�irft} � �4º ¥  Oo|}�lx~�{I���jf0¹wºE��k]��hjirfzto]q�f¿n�irfw}0�)� ¹ ¥ �Ç u�{]�r�jf 	xo|����fQo|��q�hjk;i�o©sIf�oI}ªk]qBz�uv����o�hBu�}�{y��o�hjhjfw�j}Àn�irfw}ªu�h�qjirkI�r��lÀ}rkIhw�x�pi�uvq
��fwo|hj�r�Bf�u�q"l���f:hjkxq�hBo|hju�q�hBuvzwqt OoIq.hjirfw�jfUuvq�o0�BoI}�l�kIdg}rfQqjq.u�}_hBirfU�LkIuv}\h"k|��kI�Buv{Iuv}�kI�
hji�f"�Lk]qju�hB�jk]}�qt� µ �(kI}�f"�Lk]qju�hB�jk]}y¦�fw{]oI}0���jk]d�oUd"��z�ix�voI�j{]ft����oIlruvoI�5�Lk]qju�hBu�k]}yu�}xhjirf
hBoI�j{]f�h�hji�o|};hjirf��Bfwq�hw @hjirf:dgfwoI}_iru�h.�Lk]qju�hjuvkI}_n�k]�r��lx¦Lf:¦ru�oIqjfwlxhjk�npo|��lrq¿u�h�q�hj��oIz�¾
l��rfghBk0��k�n�q�h�o�hju�q�hju�ztqw� Ç uv{I�r�Bf0¹wº#i�o]q¿��fwo�hB�r�Bfwq�qju�dguv�voI��hjk#hjirk\q�f:qjftfw}�uv}�~�{I���jf 
��
¸ uv}�z�f"hjirf�l�f�hBfwz�hjkI�¿u�q�dgu�qjoI��uv{I}rfQl0�jfw�vo|hjuvsIf�hBk�hBirf.~�fw�vl@ �hBirf���k\q�u�hj�BkI}�¦r��¦r¦r�vf"u�q�}rk
�vkI}r{]ft��z�fw}\hjft�BfwlgoI��k]}r{¿hjirf�lrf�hjfQz-hBkI��Ë#o���u�qt� ¸ uv}�z�f�hBirf����À���voI}rfwq�oI�jf�oI����}rkI�Bd:o|�mhjk
hji�uvq<o���u�qt ]hjirfw�:u�}\hBft��q�fQz-h�hBirf�¦��r¦r¦r�vf¿o|h<oI}Uo|}r{]��f�n�iruvz�iEl�kmfwq�}rk|h<�jfQq��r��h�uv}Uztu���z��r��o|�
qjfwz-hBu�k]}�qw�E�pirf�}�kI}Àz�uv�Bzt�r��o|�"qjfwz�hjuvkI}�q�uv}_hji�fU��� �r��o|}�fwq��Bfwqj�r��h.u�}�����z-hj��o�hjuvkI}�q.uv}
hji�f�d�fQo|}#iru�h���k\q�u�hjuvkI}�q�qjftfw}Euv}#~�{I���jfg¹wº�� µ hpu�q��Lk]qBq�uv¦r�vf¿hji�o|h�hjiru�q�u�q�z�kI}�}rfwz�hjfwlUhjk
f �\��o|hjuvkI}�q % ��&po|}�l % ��&�¦Lftuv}r{:��kmk]��d�k�l�fw�vqw�

�



Ç uv{I�r�Bf ������k]}rk�fw}rft�B{Ifthju�z¿f � z�kI}�f¿¦LfwztkIdgfwq�o�¦r��¦r¦r�vfI  � Ñ���� � �.  ���Ìº ¥

Ç uv{I�r�Bf 	��=��fQo|}0iru�h���k\q�u�hjuvkI}#k|�O��k\q�u�hj�BkI}0z�k]}rfI  ���Ìº ¥ %Xz�d &

�



Ç uv{I�r�Bfg¹wº��=��fQo|}#iru�h���k\q�u�hjuvkI}#k|�O�Lk]qju�hB�jk]}Ez�k]}rfI ���� ¹ ¥ %Xz�d &

� 
 Ã�	 +�� 	¿® 	��e°�Å��.	�¯�´-*�°�­

�piru�q¿d�fthjirk�lxn<o]q�}rkIh�hBfwq�hjfQlyf��mhBft}�qju�s]ft�v�0n�u�hBix�Bfwo|�Olro|hBor bu�h�n<o]q�k]}r����oI�r�r�vu�fQl�hjk
hji��jfwfpqj�r�j� oIztf<d��rkI}g�B�r}�qw���pi�f�d�fQo|}�iru�h(��k\q�u�hjuvkI}��r�vk|h�qO��kI�=k]}rfpk|�LhjirfQq�f�oI�jf�qjirk�n�}
uv}x~�{]�r�Bf#¹]¹I bhBirf:�Bfwqj�r��h�u�q�q�uvdgu���o|��hBk#hjirfU����c�����qju�d��r�vo|hjuvkI};��kI�.o0qjdgoI��� ��� �pirf
�Bfwqj�r��h�qpk|��hjirf��BfwoI�@lro�h�o"hB�ju�o|��q�o|�Bf�q���d�d:oI�ju �tfQl�¦Lft�vk�n uv}#hBo|¦���f����
� �r}0}m�rd�¦�fw� � 	 �]º � 	��r¹ ��¹ � �
hBoI} � % ����� 
 � � �ªº � 
�
���& � ¹wº »�½ %3��� � ºIº�	��§º�� 
�
 ��& � ¹Qº »L½ % ��
 � 2 �����ªº � 
�
���& � ¹wº »�½
h�o|} � % 	�� � ��	 � 
 � ����	�& � ¹wº » � %.��� ����¹ �ªº � 
 ����& � ¹wº »�½ % 	�� � ��	 � 
 � ����	�& � ¹wº » �

��oI¦r��f�����hBo|} � o|}�lUhBoI}��yd�fQoIqj�r�BfwlU���jk]d �jfQo|�@lro|hBo��

�pirf:�Bfwo|�=oI}�l_q�uvd"�r��o�hBfwl;�jfQq�����h�q¿��kI��hBoI} � i�o©s]f�¦Lftfw}_qj�r�Lft�Bu�dg�Lk]qjfwl;u�}�~�{]�r�Bf¹'�rÍ\���jk]d hji�uvqw ru�h�uvq<� oIu��phBk�qjo©�ghBi�o�h�o�dguvqBo|�vuv{I}rdgft}\h�k|�(¡¨¢¤ ¥ ztkI�r��l#¦�f.qjftfw}@�

� �e°�­0³�+t².*O´�°�­.*

c���hji�kI�r{]iÀhjiru�q�dgf�hji�kml§{]o©s]f��jfQq�����h�q.hBi�o�h�n�fw�jfE}rk|h����r���v�À�r}�lrft��q�hBk\k�lb (u�h:ztoI}ª¦�f
��qjfwlghBk�l�fthjfQz-h�o.dguvqBo|�vuv{I}rdgft}\h<k|��¡ ¢¤ ¥ Ímirk�n�fwsIfw�w ]u�hpzto|}�}rk|h<¦�f¿��qjfwl�o|h(hji�uvq<�LkIuv}]hhjk;{IuvsIf#oy�r�BfwztuvqjfUdgfwo]q����jfEk|��hji�f#l�uv�Bfwz-hBu�k]}§k]�"d:o|{]}ru�hB��l�f#k|��oI}m��dgu�qjoI��uv{I}�d�fw}\h

	



Ç uv{I�r�Bfg¹I¹��O�yfwo|}#iru�h���k\q�u�hjuvkI}0kI��l�fQzto©���Lk]qju�hB�jk]}�q����jk]d �BfwoI�Sl�o�hBo�%Xz�d &

l��rf�hjk�hji�f�}rkIh<�]f�h<�r}�l�fw�Bq�hjkmk�l��Bfwl���z-hjuvkI}Uu�}Uhjirf�hBoI} � o|}�lgh�o|}��0�jfQq�����h�qt� Ç ����hBirft�q�hj��l��Euvqp}�ftfwlrfwlb�

¹wº



-0.014

-0.012

-0.01

-0.008

-0.006

-0.004

-0.002

0

0.002

0 0.2 0.4 0.6 0.8 1

ta
n(

al
ph

a)

theta

theoretical

a better fit

real data

Ç uv{I���jfg¹'����hBo|} � oIq�o����r}�z�hjuvkI}0k|�	�����jk]d �jfQo|�@oI}�l#����c���� lro|hBo��

¹I¹


