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ígé�ÕTÎ�Ï¬Ñ�ÓTê@Ï¬ê@Ô��̧ Ð�í0ê@é-Ïsí0Ú0Î�Ù0Ô�Õ+é/î$Þ�é¬Õ�ê�Ð�Ü�Ô�Ó+õúÐ�ê�áqÓ�Î$ÏjÑ=Ñ�Ô�ÕÈê@é�ð�é/Ñ8é¬Ö0Ð�Ü�ÏgÑ)ÜFá0Ï�Õ�Ö¬Ô�Ó�Û�ñ=í_Ïoß/Ð8ÓTÜ̧ õ�Ð�ê�áqÏÀÓTÚ/î=î@Ð8Ü�Ð�Ô�í0ê
ígÚ0Î$Ù0ÔFÕ�é�î�Ó�êTÕ�é1í0ÖÈÔFí0é1Ú0Ö¬á�ß0Ô�îQÔ�ÜFêTÓ�Þ�é¬Õ�ê�Ð�Ü�Ô�Ó#Ï�Õ�Ô)ÏgÑ8õ)Ï�×/Ó#ð�Ñ8Ï¬Ü�ÔFßûégí�ê�é+ß0Ô�îQÔFÜ�ê�Ó�Û±ù"á0Ô$ðgÕ�Ô�Ó�Ô�í0ÜFÔ�égî�ß�Ô¬îQÔFÜ�ê�Ó)Ñ8ÔFÏ�ß�ê�é
ê@á0ÔsÏ¬ð�ð0ÔFÏ1Õ�Ï�í0ÜFÔwé/î�Ï�ß0ß0Ð�êTÐ�é1í0ÏjÑ$Î�Ï�Ö�í0ÔFê�Ð�þ�Ï¬ê�Ð8é¬íqü�Ú�Î�ð0ÓûÕ�Ô�ÑQÏ�ê�Ô�ß_êTé-ê�á0ÔsÕTÔFß�Ð�Ó�êTÕ�Ð�Ù0Ú0ê�Ð�é¬í�égî�Þ�é¬ÕTê�Ð�ÜFÔ�Ó+õ)á�Ð�Ü�á_Ï�Õ�Ô
Ï¬Ñ�ÕTÔ�Ï�ß�×̧ ð0ÕTÔFÓTÔFí0ê�é�í�ê�á�Ô�ß0Ô�îQÔ�Ü�ê=Ó�Ï�í0ß�í0é¬ê�ê�éûê�á�Ô̄ ð0Ô�í0ÔFêTÕ�Ï�ê�Ð�é�í�égî#í�Ô�õnÞ�é¬Õ�ê�Ð8ÜFÔ�Ó�Û
���	��
�Ò����Û����±Û��#Ô0ä�����Û����0Û�Ì�Ü�ä���±Û �1â�Û��$á
��� �������  "!$#�%�� &('��)��*&,+.-�/���� ���, 0�#1�2����3��)465�718 -�&)+�3:9�4<;�&)=>0?'�= 4�;�&,=

@�A	@�BDC�E�F�GHJIKCMLNF�B
OQPSRDTVU?W�X6Y[Z\1]^Z�U2\1W.X6U2_`]^abW�cZUed�df_�gJZDUS\>Y?]ThDgY�W�]�\._

X(TjikX6l:U2hm_1W�P�W�Un]�\no�pgq:TJX(rV]tsjZp:P2_�U[u�v2wxP2\�Uyiz]_�W�{6c
hU�W�U2\�i�X(T�U2h|qce}�qJ\�X~rD]^_1]Ks[s]�\�W�X6Y�US_xZ�U2TDU?W�\�P�W.X,T�RjX~TDW�]
W.pDU[_.P2i�Z:{6U�u��:wM��}�_�X(TKR"{6U[s�]\�W�U�l�X(T�Pei�P�Y2\1]^_1Y?]�ZJX<Y
_�g:Z�US\1Y�]^T:h�g:Y?W1]^\���X6W�p�_.X<��U�ikgY2p�qJX<R�RJU2\�W.pPKT�W.p�U
ZU2T�U�W.\�P�W.X6]�TQ{6U2TKRW.p

λ( � )
Y2P2\�\�X6U2_�W�pUx_�g:ZU2\�Y�]ThgDY?W�X(TKR

a1{~g:ln�gJP2TDW�g:i
φ0 = π �−����� ����USZVg"{N_�X<sU�X,T�W�U2\�P�Y?W�X6]^T�qDUS�W��kU�UST�s�]\�W�X6Y?U2_�{~U2Pth_�W�]�a�]�\�ikP2W�X�]T�X(T�P�g:TJX(a�]�\�i

_.P2i�Z:{6U�P`W.\1X(P2TVRVg�{NPK\�s�]V\>W�U�lj{(P�W�W�X6Y?UD�$ 	p�Un{(P�W�W�X6Y�UxY?]T�
_�W�P2TWnh�U�Y2\�U2P2_1US_`��XNW.p�W.pVU[X(TY2\�U2P2_�X(TKR�]^a`Pmi�PMRJTU�W.X<Y
a�X6Ut{(h�P2T:h�TDUSP2\¡W.p�UQgJZ:Z�U2\`YS\�X6W�X�Y2P�{�a�X<UK{Nh�¢ � â a�]^\£P2TX(TJa�X6T:X6W�U|_�P2i�Z:{6UmX6WyX,_�]af]�\�h�US\

ξ( � ) ¤ W.p�UeY?]p�U2\1USTVY?U{~U2T�RW�pjP�WfW1USi�Z�U2\�P2W1gJ\�U ��¥ �¦ 	pU§i�PMRJTDU?W�X���P�W.X6]T|hU2T�_.XNW�cQPK{N_1]yhDU?Y2\�U2P2_1US_S¨©PKTh[P�W�¢ � â X<Wks:P2TJX6_�p�U2_2¨	W.pP�W�X(_�¨W.pDU�_1gJZ�U2\�Y�]^T:h�g:Y?W1]^\ªqU?Y�]ikU2_�P�TD]^\�i�PK{	_�W�P�W�UD�
d�TQP�izU2_�]�_1Y?]�ZX6Y�_>g�ZVUS\>Y?]ThDgY�W�]\�¨	��X<W.pQ_�X6��U�izgY2p

_.i�PK{�{~U2\§W.p:P2T�W.pVU�Z�U2TU�W.\1P�W.X6]T«{~U2TKRJW�p¬¨�U2P�YSps]�\1W�U�l

Y2P2\.\1X6U2_xa1{~gleW.p:P�W®X,_x{6US_�_zW.p:P2T|a1{~gl|��g"P2T�W�g"i`��d¯TeW.pVU
gJT:X(a�]^\�i�hX(_1Yf��XNW.p[_1X6��U`]Va°]\�hDU2\k]�akP�a�U?�±Y�]p�US\1U2T�Y�U
{6USTVRW.p_QX(T�Pj_1W�\�]TKR²a�X<UK{Nh�¢ ��âk³ ¢ ³ ¢ ��´ ¨�PV{){xW.pVUZ�U2TU�W.\1P2W1UShµs^]\>W.X6Y�US_�P2\1U¶{6]�YSP�W1USh�P�W�W�p�U¶hX(_�Y�Y�USTD�
W�U2\nu>·^¸�¹Dwxa�]V\1i�X,TKR�_�]��(Y2PK{�{~U2heR�X6PtTVWfs�]\�W�U�lº��»�U2T�U?W�\�P2�
W.XN]^T�]a`W.pDUmTDU��¼s]^\1W.X<Y�US_§X(T�W1]�W�pU|_�PKikZ"{6U ¤ P2_£W.pVUP2Z:Z:{NXNUShni�PMR�T�U�W.XNY®a�X6UK{(hnX(T�Y2\1USP2_1U2_ ¥ i�P2TX(a�U2_�W�_�X6W�_�UK{Na�PK_Pj_>US��g:U2T�Y?Ue]ax½�g:i�Z_£]T�W.pDUmi�PMRJTU�W.X<�?P�W�X6]T�Y?gJ\1s�UD�
 	pU2_�U�½�g"ikZ:_°�kUS\1Ux]Kq�_>US\1s�USh§U�lJZDUS\1X(izUST�W�PK{){6c|u¯¾:w�P2T:h
p:P�s^U¿qU?U2TÀhX(_>Y?g"_�_1U2hÁX(TÀPÂ_>US\�X6U2_¶]a�W�p�U�]V\>U?W�X6Y2PK{
�k]�\.rD_ku�Ã¬¨Ä¹�¨�Å^¸"Æ:wM�
ÇkP2\�X6]tg:_QrX(T:h_§]^anhDU2a�U?Y�W._S¨z_1gY2p�P2_yh:X(_È{~]�Y2P�W.X6]�TJ_S¨

RJ\1]tg"Z_|]a[Z�]X(TVW�h�U2a�U?Y�W._�¨fW���X(TT:X~TVR±q]tg"Th:P2\�X6U2_|]\
\1U�RJX6]�TJ_É��X<W.p�hX(a�a�U2\�U2TW|_�gJZDU2\�Y�]VTDhgY�W.X,TKRÊZ\1]^Z�U2\1W.X6U2_
Y2P2T�Z:X6TjW�pU§s]^\1W�X�Y�U2_2¨�hDUSa�]�\.izX(T�RjW�pU§s�]V\>W�U�l�{(P�W�W�X6Y�U
P2T:hQX(T�Y2\�U2P2_�X,T�RyW�pUxY2\�X6W.X<Y2P�{ËY�gJ\�\�U2TW��$ 	pUfiz]^_1W�USa�a�U�Y2�
W.XNs^UkX(T�W�pJX,_Ë_1UST_1U�P2\�U°W.pDU�Y�]{6g�izTJP2\�h�U2a�U?Y�W._�P2ZJZVUSP2\�X6T�R
P2a�W�U2\xW�pU§pU2P�scmXN]VT�X~\�\1PthX(P�W�X6]^TÌ]Va�_1gJZ�U2\1Y?]�TJh�g:Y�W.X6T�R

Í Î"Ï6ÐtÑ�ÒtÏ~ÓËÔ�Õ�Ö^ÏN×�Ø�ÐSÏ(Ù�×�Ú�Û.ÜKÐtÏ6Ñ2ÐMÓ�Ý"Õ.Î"Ï<Ð2Þ2Ð2ß�à�á�â�Û�×2ÚMÞËãtß?äM×2å�ÝtØ�å ß�ä�×SåÄÛ2æ�ç2ç2ç



_.P2i�Z:{6UQu�v��:wM�© 	pDUS_>U¡hDU2a�U?Y�W._�_�U2\1s^UnP2_�_1W.\�]TKRmZDX(TT:X(TKR
Y?U2TW1US\1_�¨JUSP�Y2p�]�aË��pDX6YSp£X~_°P�q"{6UkW�]�ZX(T�Px_�X(T^R�{~U�s]�\1W�U�l
Pt_�P���pD]{6UD�D 	pDUk\�PthDX6gJ_�]^aºW.pVU Y�]:{~g:i�TPK\�hDU2a�U?Y�W�Y�]�g"{(h
qJUjizgYSp�iz]^\1U|]\Q{6US_�_§W�pP2TW.pDUmY�]^pDU2\�U2TY�U�{~U2T�RW�p
¤ {~]TKRJ��\.P2TVRU�]^\j_1p]�\1W.��\�PtT^RVU�hDU2a�U?Y�W._S¨�\�U2_�ZVU?Y�W.X6sDUt{6c ¥ �o�W.\�]TKR§{~]TKRJ��\�P2T�RU�Y?]:{6gJi�TPt\�hU2a�U�Y?W�_�ikP2c�{6USP2h`W1]xW.p�U
a�]V\1i�P�W�X6]T�]ani�g¬{6W.X6�g:P2TW1gJi s^]\>W.X6Y�US_§X(T�pX<RJpW�U2ik�
ZU2\�P�W1g�\>U�_1gJZ�U2\1Y?]�TJh�gDY?W1]V\1_�uMv�vt¨�v?�:w���otgDYSp s^]\>W.X6Y�US_
�kUS\1Un]KqJ_1US\>sU2h[U�l"Z�US\�X6izUSTDW.PK{�{~ce]Tm_1gq:i�X6Y2\�]T|P2\1W.X(a�X6�
YSX(PK{ypD]{6U2_jX(T�ikgWM{NX¯{NP�c�U2\._�»�q�����U|uMvÈ·"wM����]{6gJi�TJP2\
hU2a�U?Y�W._S¨�U2_�_1U2T�W.X,PK{){6cnX~T:a1{6gUSTDY�U�i�PMRJTDU?W�X<Y®Z\>]Z�US\1W�X�U2_�]�a
W.pDUf_�P2i�Z:{~UD�Ëd¯T£q:g"{Nr§pX<RJp£W�U2i�ZVUS\�P�W�g:\�Ux_1gJZ�U2\1Y?]�TJh�gDYS�
W�]\�_ºW.p�U�c�{6USP2h�W1]®X(izZ]�\�W�P2T�WËY2pJP2TVRUS_©]Va¬W�p�U \1U�s^U2\�_�X6q�{~U
i�PMR�TVU?W�X6�?P�W.XN]^T�Y�gJ\1s�U�uMv�Ã"w��
d�TfW�pJX,_�ZP2ZU2\��kUk_�p�]���W�pJP�W�_1p]�\�W��)\1P2T�RUkY�]{6gJi�TJP2\

hU2a�U?Y�W._|_1W.\>]TKR�{6cÊP2a�a�U?Y�W|W.pDU�Z\�]Z�U2\1W.X<U2_|]^aÉY?]T�sU2T�
W.X6]TPK{ËW1cVZVU�d�d�_1gJZ�U2\�Y�]^T:h�g:Y?W1]^\�_��	d�TyPbqg"{(ry_>g�ZVUS\>Y?]T�
hgY�W�]\ËTDU2P2\	W.pDU�gJZDZU2\	Y2\.X<W�X6YSPK{"a�X6UK{Nh®¢ ��â W�pU2_�U�hU2a�U?Y�W._YSP�gJ_�UÊP±_>W.\1]^TVR {6]tY2P�{|h�USa�]\1i�P�W�X6]^T�]�ajW�pU�s]�\1W�U�l
{NP�W�W.X<Y�U� 	pJX(_ºhU2a�]^\�ikP�W.X<]TxpJP2_	� ´ ]�\
� � Z�]X~TDW�_1ci�i US�W.\1c¬�®d�a�W.pDU|s�]V\>W�U�l���h�U2a�U?Y�WQX(TW1US\1P�Y?W�X6]T�X(_§P�W�W�\�P�Y?W�X6s�U¨
W.pDUns�]V\>W.X6Y�U2_�YSP2T|Y�]{�{(P2ZJ_>Un]^TDW�][hDUSa�U�Y�W2¨�ZJ\>]i�]�W.X(TKRjP
a�]V\1i�P�W�X6]Tj]�axW�p�U izg"{6W.X(�Vg�P2T�W1g�i¿s�]\�W�U�lº� d�TY2\�U2P2_�X(TKR
W.pDUÊP2ZZ:{(X6U2h�i�PMR�T�U�W.XNYÊa�X<Ut{(h�\�U2_�g¬{6W._�X6T�\�U�U2T�W�U2\�X(TKR
W.\�P2TJ_1X6W.XN]^T:_�qU�W��kU�UST�Y�]Ta�X<RgJ\�P�W.XN]^T:_���X6W�p � ´ ]V\ � �_�ci�ikU�W.\>c¬��d�T[W�pU£YSP2_1Un]�a�P§_�i�PK{�{�Y�]^TDY?U2T�W.\�P�W�X6]^T|]�a
hU2a�U?Y�W._W�p�US_1U�W.\�P2T:_�X6W�X6]^T:_�ikPtTX,a�US_>W W�p�U2i�_>Ut{6sU2_ P2_
½�g�ikZ:_£]Va�i�PMR�T�U�W.X6��P�W.X6]�T�PtTDh�h:X(_�Y�]T�W.X(TVgJW�X�U2_§]^a¡W.p�U
i�PMR�TVU?W�X6Y�_1gJ_1Y?U2Z�W�X6qJX�{(X<W�c	�

��TbW.p�U�Y�]^TDW.\�PK\�cfX(T`P�ikU2_1]^_1Y?]�ZX6Yk_�g:ZU2\�Y�]ThgDY?W�X(TKR
hJX(_>Y�T�U2P2\§W.pDU|g�ZZVUS\§Y2\�X6W�X6Y2PK{ba�XNUt{(h�¢ � ´ U�s^U2T�kU2P2rhU2a�U?Y�W._ YSP2TQh�U2_1W.\>]^c§PxRJX(P2TVWks�]V\>W�U�l[_�W�P2W�Uf_1Z:{(X6W�W�X(TKR[X�W
X(TW1] P£TgJizqU2\k]a°s]�\�W�X6Y�US_z��X<W.p|_�i�PK{�{~U2\kW1]Z�]:{~]�RDXNYSPK{
YSp:P2\>RVU2_����Ë]:{6gJi�TDPt\§h�USa�U�Y�W._§_.pV]^g�{NhPK{N_1]�US_1_�U2T�W�X(PK{){6c
YSp:P2T�RU°W.pDU i�PMR�T�U�W.X6Y�ZJ\>]VZVUS\>W.X6U2_Ë]a	izUS_>]V_>Y?]ZXNY _�g"Z�U2\��
Y?]ThDgY�W�]\�_��� p�U2T|W�p�UyTDgJikqDUS\�]a�h�USa�U�Y�W._fX6_b]^azW.p�U
]V\1hU2\�]�a�W.p�UxT�g"i�q:US\ª]^aºs]^\1W.XNY?U2_�]T�U�Y2P2T�U�lJZ�U�Y?W°W.pP�W
W.pDU?cx��X¯{){"U2_._>USTDW.X6PV{){6cf_1gJZZ\1U2_�_�W.pDUki�PMRJTDU?W�X<Y�\�U2_�Z�]^T:_�U
]Va°W�pU�_�PtizZ"{6U�P2T:hQ\1USh�g:Y�UfW.pVUfY2\.X<W�X6YSPK{�a�X6UK{Nh ¢ � ´ ��d�aW.pDUfTgJizqU2\�]^a°hU2a�U�Y?W�_kX6_�{NP2\>RU2\�W.pPKTnW�pUfTVgJikqDUS\�]�a
s]^\1W.XNY?U2_�P2TJh£W.pDUfh�U2a�U?Y�W._kP2\1Ux_1W.\�]TKR§USTD]tgDRJpyX6Wk_>U?U2i�_
Z"{(P�gJ_�X<q�{6UnW.p:P�W�PK{�{�s^]\>W.X6Y�US_bY?]�g"{(h|q:UyZ:X~T:T�U2hjqDcÌhVUS�
a�U?Y�W._���}�_°W.pDUfP2ZJZ�{NX6U2h§a�X6Ut{(h§Y2pPtTKRU2_�W.pDUxs�]\�W.XNY?U2_�Y2P2T
YSp:P2T�RU|W.pDU2X(\QZ�]^_�X6W�X<]VT]�T�W�pUjh�U2a�U�Y?W�_2�� 	p�U2_1UÌ\1U2P2\��
\.P2TVRUSizU2T�W._�_�p�]�g"{(h£{~U2Pth`W�]fX,T�YS\1U2P2_�X~TVR�]�aËW�pUkTDgJizqUS\
]Va�izUS_>]_�Y�]VZDX6Yx½�gJi�Z_z]a�W�p�UnikP�RJT�U�W.XN�?P�W.X6]�TQY�gJ\1s�U¡P2_
Y?]i�ZP2\1UShÉ��X6W.pÉW.p:P�W�]�akP£Yt{6USP2Te_�P2i�Z:{6UD�¦d�TQW�pUnZ\>US�
_�U2T�W�ZP2ZU2\���Ux_�pD]t�¶W�pP�W PK{�{	W.p�U2_1U�Px_�Y�UST:P2\�XN]V_�\1U2PK{){6c
W.PtrVU�Z"{(P�Y�U�X(Tn_�ikPV{){�U2TD]tg�R�p£_�gJZDUS\>Y?]ThDgY�W.X(T^R£hDX(_1YS_S�
 	p�U|ZP2Z�U2\nX(_�]\�RJPKTX6��U2h�P2_na�]{�{6]^��_��  	pU[\1U2_�Wn]�a

W.p:X(_k_1U?Y�W.X<]T§Y�]VTVW.PtX6T:X(T_zqJP2_�X<Y�TD]tW.P�W.X<]T_�P2TJhQh�U2_1YS\1X(Z�
W.X6]T|]a�W.pVU iz]^hDUt{1��d¯T�_�U�Y?W�X6]^T�d�dx�kU§Y?]�TJ_1X(h�U2\`qg"{(r
_�g:Z�US\1Y�]^T:h�g:Y?W1]^\���XNW.pQ_�ikP�{�{ËY�]VTVY?U2TW�\�P�W.X<]T§]^a°Y?]D{~g"ik�
TJP2\|h�U2a�U?Y�W._��f 	p�U�W.pX,\�h�_�U�Y?W�X6]T¶X(_[hDU�s^]�W1USh�W1]�W.p�U

Z\1]^ZDU2\�W.XNUS_z]^akizU2_�]_�Y�]ZX6Y�_1gJZVUS\1Y�]^T:h�gY�W.X(TVRÉh:X6_1YfY�]VTD�
W.P2X,TJX6TVR PfTDgJizqUS\°]a�hVUSa�U�Y?W�_��$d�T£W.p�U�{(P2_1W _>U?Y�W.XN]^T§W.pVU
i�P2X(Tn\�U2_1g"{6W._�P2\1U�_1gJi�i�P2\�X6��U2h¬�

��]VTD_.X6hDUS\�P�W�cZ�U«d.d|_�g:Z�US\1Y�]^T:h�gY�W�]\|Y�]T�W.P2X(T:X6T�R
Y�]J{6gJi�TP2\fhDU2a�U?Y�W._S�¦ 	pUy_1PtikZ�{6UyX(_x_1gq�½�U�Y?WxW1]mP2TjP2ZD�
Z:{(X6U2h�i�PMRJTDU?W�X6Y[a�X6UK{Nh¬¨���pX6Y2p�X(_nZDP2\.PK{�{6Ut{kW1]jW.p�U|h�U2�
a�U�Y?W�_2� 	p�US\1U2a�]^\1U�W�pU�Z\1]tq¬{~U2i�qDU?Y�]^izUS_ºU2_�_1USTVW.X(PK{�{~cf���
]T�UD�� 	p\1]tg�R�pV]^gDW¦PV{){"W.pDUkZPtZVUS\��kU�gJ_1Ukh:X(i�U2TJ_1X6]T:{~U2_�_
sP?\1X6P�qJ{<US_M¨Ji�U?P2_>g\�X6TKR�ikPÈRJTtU�W�X<Yka)X<U2{~h�P�Thxs�U�YMW�]t\�ZK]tW�U?TD�
W�X6PK{®X6T�gTX<W�_£]tab¢ ��â = Φ ��� � πξ

â
( � )

P�Th
Φ ��� � πξ( � )

¨
\1US_1Z�U�Y?W�X6sUK{~c¬��}�TDc�{~U2TKRW.pjPKZZ�U2P2\�X(TKR�X(_fi USPK_�gJ\1U2hjX(T
gJT:X6W._ ]^a�W.pDU¼W�U2i�ZVUS\�P�W�g:\�UÁhDU2Z�UST:h�U2TW�Y�]p�US\1U2T�Y�U
{6USTVRW.p

ξ( � )
� d�TjW�pU2_�U§g�TDX6W._`W.pVU ZDUSTVU?W�\.P�W�X6]^T�{6USTKR:W.p

Y�]VX6TDYSX,h�US_b��X<W.p|W�p�U��kX6T��qDgJ\>RD¸���PKThJP�gjZPK\�P2izU?W1US\
κ
�

 	pU2T�W.pDUmhVUST:_�X6W1c�]a`W.pVU[W.pVUS\�iz]^hDcVTDPtikX6Y|Z�]�W�U2T�W.X,PK{
P2T:h�W�pU�]\�hDU2\�ZP2\�P2ikU�W�U2\�P2\1U²izU2P2_�g:\�U2h�X,T�g:TJX6W�_
α �â � β

P2T:h
√− α ��� β

¨J�kpU2\�U
α � ³ �xP2TJh

β � �xP2\1UkW.pVU
_1W.P2Th:P2\�h���X(T���qg"\�RJ���$P2Th:P�gyY�]�USa�a�X<Y2X6U2TW�_�]�a�W�pU�Yt{6U2PtT
_�P2i�Z�{~UD��d�T�W.pVUmZ\1U2_�U2TY�U[]�a�hDU2a�U?Y�W._§{6]�YSP�W1UShP�WnW.pVU
Z�]X(T�W�_ E�� ¤ E qUSX,T�R�P[� � sU�Y?W1]^\ ¥ W�p�U[Y�]tU2a�a�X6Y2X6USTVW α_�p�]�g"{(h�qUxi�]hX(a�X6U2h��

α(
E
) = α � uMv − δα(

E
)
w

P2T:hnh�U2ZU2Th:_�]^T£Z�]_�X6W�X6]^TnPK_

δα(
E
) = ∑� δα å ( E −

E � ) �

d�T��kpJP�W�a�]{�{~]��k_��zU�gJ_>U�W�p�Ux_�X(i�Z:{6US_1W�iz]^hDUt{

δα å ( E ) = α å U�l�Z 


−

���
� � �â





¨ ¤ v ¥
��p�U2\1U�! � X6_�W�p�U�h:X(i�U2TJ_1X6]T:{~U2_�_�_�X��MUk]a	W.pDU�h�U2a�U?Y�W2�" $pVUiz]^h:X(a�X<YSP�W.X<]T|W�U2\�i X6_�_�X(i�Z:{6cj\�UK{(P�W�U2h|W�]|W.pVUyY2\�X6W�X6Y2PK{
W�U2i�Z�US\�P�W1gJ\1UkYSp:P2TKRJU

δ � � ( E ) Y2P2gJ_>USh�q:c�hDU2a�U?Y�W._"�

δα(
E
) =

δ � � ( E )
� � − �

¨ ¤ � ¥
��p�U2\1U � � X6_�W.pDU�Y2\�X6W�X6YSPK{§W�U2i�ZVUS\�P�W�g:\�U]^a|PYt{6U2PtT_�P2i�Z�{~UD����USTDU2\�P�{�{6c�_.ZVUSP2r:X6T�R	¨�W�p�UjW.pDX(\�h#�kX~TD��qg:\�RJ¸
��PtTh:P�g¶Y�]�USa�a�X<Y2X6USTDW

γ ¤ γ � =
v � �%$ ¥ _�pD]tg¬{Nh«PK{N_1]�qDU

iz]^h:X(a�X<UShnPK_
γ (
E
) = γ � u�v + δγ (

E
)
wM�

 	pJX6_§ik]hX,a�X6YSP�W�X6]^T�W�U2\�iÁX(_§h�U2_�Y2\�XNqUSh�qc�P2T:PK{~]KR]tg"_
U2��g�P�W�X6]^T:_���p�U2\1U

α
_�p�]�g"{(h[qDUy\1USZ:{(P�Y�USheq:c

γ
�
&�]\xP

a�X6lU2heW�U2i�ZVUS\1P2W�g:\�U�Yt{6]_�U�W�]QW�p�U�YS\�X6W�X<YSPV{¦W1USizZU2\�P�W1g�\>U
� � ¨�W.pVU'� X,T��q:gJ\�R�¸���P2T:hP2g�h�UST:_�XNW�c)(�]^a�W�p�U)� X6qq"_
Z�]�W�U2T�W�X(PK{�u�v�¾Jwz]a�_>gYSp�Py_>gJZU2\�Y�]ThDgY?W1]^\`X~_b�k\.XNW�W�U2T
P2_

* å +�å à�×-,Vå +�à�å à.ä�.�ÐSÙ0/�Ð2Ï�×21Ná�Ï)ÛSæ¯ç2ç�ç^Û¯ØSÕ4365tÛ2,Ò8729�ç 7:365



(
= − �Ψ � â +

v
� �Ψ � � + δγ( � ) � � − Ψ � â +

+ δα (
E
) �Ψ � â + κ

â u��
(
E
) − � w â �

 $pDU�R�P�gVRVUxX(T�s:P2\�X(P2TDW�R�\�P2h:X6U2T�W � −
X(_¦RJX6s�UST�qDc

� − ≡ − � ∂
∂
E + 	 ¨

��pU2\�U 	 X,_QW.pDU�sU?Y�W�]�\|Z�]�W�U2T�W.X(PK{�]a§W.pDU i�PMRJTU�W.X<Y
X(TJhVgY?W�X6]T �

(
E
)
�

 A���H�����MH����2E�ItFDBGHJIKC.FVE

�Ë]T_�X(h�U2\fP§_1gJZ�U2\1Y?]�TJh�g:Y�W�]^\bY?]�TW�P2X(TX(T^RÌY�]{6gJi�TJP2\
hU2a�U?Y�W._S��d¯T¡W.p�Ux{(X(T�U2P2\�P2ZDZ\1]tl"X(ikP2W�X<]VT`��XNW.p�\�U2_�Z�U?Y�W�W�]
_.i�PK{�{$Y�]T�Y?U2TDW.\�P�W.X<]Tn]�a�h�U2a�U�Y?W�_�W�pUxZ:\�]�q"{6USi�X(_�U2a�a�U�YS�
W.X6sUK{6cf\�U2h�g:Y?U2h`W�]fPk_�X(T^R�{6U�h�U2a�U�Y?W�Z\1]Kq"{~U2i±uMv?¹w�����USP2\
W.pDU�gJZJZVUS\|Y2\�XNW.X6Y2PK{ya�X6UK{Nh � =

vj]VaeP�gJT:X(a�]�\.i q:g"{N\
_�g:Z�US\1Y�]^T:h�g:Y?W1]^\�¨ W�p�U[qU2p:P�sJX<]V\¡]Va�P|_1gJZ�U2\1Y?]�TJh�gDY?W1]V\
YSPKT±qU¶hDUS\1X6sU2h±��X6W�pX(TµW.pDUÊ{6]t�zUS_>W ��PtTDhJP�g¿{~U�s�Ut{
¤ � �-� ¥ P2ZZ\1]tl"X(ikP�W.X<]T¶u�v�Å"¨�v��:w�qc�i�X,TX(i�X���P�W.X6]T�]�a
W.pDU�hU2T_�X6W1cf]aËW�pU � X<q:qJ_�Z�]�W1UST�W�X(PK{

( å ( E��	u Ψ w ) = (
v

− � ) �Ψ � â +
�
� 




v
−

v
�
κ
â 

�Ψ � � +

+ δα å ( � ) �Ψ � â + δγ å ( E ) � � −

�
Ψ � â ¨ ¤ · ¥

��pJX<Y2pjhDUSZ�U2Th:_x]�T"{6c[]�T|W.p�U£]V\1hU2\xZ:P2\�Pti U?W1US\����kU2\�U
� _>W.PKThJ_�a�]�\�P�hX(izUSTD_.X<]T:{6US_�_�U�lW�U2\�TP�{�i�PMRJTU�W.X6Yka�X6UK{(hPtTh � −

� X(_ºRJP2g�RU�X(TVsJP2\�X(P2TDW�RJ\�PKhX6U2T�W���X6W�pfW�p�Uks�U�Y?W1]V\
Z]KW�U2TW�X~PV{�]VazW.pVUnU?lDW�U2\.TDP�{�a�X6UK{Nh! £��d�T[��pP2Wxa�]:{){6]t��_
�kUn_�p:PK{){�gJ_1UfW�pU`sU�Y?W1]^\�Z]KW�U2TW�X~PV{¦X(TÉW.p�Un_>cJikizU?W�\.X<Y
R�P�g�RU�
 ¬][a�X(TheW�pUn]�\�h�US\xZ:P2\�PKi�U�W�U2\���pJX<Y2p|\�U2PK{(X6��U2_�W.pX(_

i�X(TDX(ikg:i�]�TU`YSP2TÉU?l"ZP2T:h
Ψ(
E
)
X(TQW1US\�ik_z]a �$P2Th:P�g

a�g�T�Y�W.XN]^T:_#" ¶ (
E
)
]Va¬W�pUz{~]���US_1W
�	P2ThJP�g£{~U�s�Ut{ ¤ $�X(_ºW.p�U]V\>q�X<W�P�{�iz]^izUST�W1g�i ¥ _1gqJ_1W.XNW�gW1UQW.p:X~_¡U?lJZ:P2T_�X6]�T�X~TDW�]$©�¬� ¤ · ¥ P2TDhfa�X(ThbW.pDU�U�lJZ:P2T_�X6]^TbY?]KUSa�a�X6Y2X6U2T�W._�a�\1]^i�W.p�Ui�X(TDX(ikg:i�Y?]�TJhXNW.X6]�T|u�v?Æ:wM��otgDYSpQP2T§U�lJZPKT_�X�]T§_1US\>sUS_

Pt_�P£RJ]t]h�P2ZZ\1]tl"X(ikP�W.X<]T�P2T:h�]^TDUyY2P2T�TVU�R�{6U�Y?W`W.p�U
Y?]T�W�\.XNqgW.XN]^T£]Va�W�p�UfpX<RJpDUS_>W �$P2TDhJP�ge{~U�s�Ut{(_°U?s�U2TyP�W�P
a�X6Ut{(h§ikgY2pÉ{~U2_�_°W.pDPtT�g"ZZ�U2\°YS\1X6W.X6Y2PK{Ëa�X6Ut{(hQu��%��¨Ä��vSwS��d�T
W.pDUQYSP2_1UQ]afX6_1]tW�\�]�ZJX<Y[a�g"T�Y�W.X6]�TJ_

α å ( � ) P2T:h γ å ( � ) W.p�U

_1ci�i�U�W.\1c§]^a°W.pDUxg"TZ�U2\�W1gJ\1qU2h§}�qJ\�X~rD]^_1]Ks[{(P�W�W�X6Y?U`USTD�
P�q¬{~U2_xgJ_`W1][Y�]^T:_�X(hDUS\b]^T�{~c|W1�k][Y2P2_1US_bY?]�\.\>US_�Z�]Th:X6T�R
U2X6W.p�U2\eW�] � � _�ci�ikU�W.\>c¶]^\eW1] � ´ _�ci�ikU�W.\>c	�f $pVUpDU?lJPMR:]^T:PK{b_1ci�ikU�W.\>c�Y�]^\�\�U2_�Z�]ThJ_£W�]�W�pUjhX,_�W1]^\1W�U2h
s]�\�W1U?l§{(P�W�W�X6Y?Uz��X6W.p`]T�UksD]^\1W�U�lnZ:{NP�Y?U2h`]^T�W�p�U�h�U2a�U�Y?W��
 	pU�W�\.X~RV]�TJPK{¬]^TDUkY?]�\�\�U2_.ZV]^T:h_�W1]xW.p�Ux{(P�W�W�X6Y�U ��X6W.p`W.pVU
hDUSa�U�Y?Wb{~]�Y2P�W�U2h[X(T§W�pU`Y?U2TW1US\ ]Va°W�pU`s^]\>W�U�l[W.\�X6PtT^R�{6UD�
d�T�W.pDUxp�U?l"PMR]TPK{$Y2Pt_>U�W�pU�W.\1X(PK{	]V\1hU2\�ZDPt\�P2izU�W�U2\�Y2PtT
qU���\�XNW�W�U2TnP2_

Ψ� ( E ) = � ∑¶ =
�

∞ u
π−
å�% � ( $ ) +

�
(
$

)
w " ¶ (

E
)
� ¤ Ã ¥

�kU2\�U �
(
$

)
P2\1U�W.p�U�sJP2\�X6P2W�X�]TPV{¡ZDP2\.P2izU�W�U2\�_e�kpJX6Y2p

P2\1U�W1]fqUxa�]tg"Th©�� 	pUzYSPK_�U���p�U2TnP�{�{ � ¶ P2\1UkU2�DgJPK{$W1]��U2\�]jP2T:hj]�T"{6c|W.pDUyY�]tU2a�a�X6Y2X6USTVW._ % � ( $ )
\1USi�P2X(T¬¨�Y?]\1�

\1US_1Z�]Th:_nW1]�W�pUe]V\1hU2\§ZP2\�P2ikU�W�U2\
Ψ�& (

E
)
�kp:X6YSph�U2�

_1YS\1X6qU2_xW�pU§}�q"\�X,r�]_�]�s�{NP�W1W.X6Y�Uy�kX6W�p|]T�U§]VazW.pDU§s^]\1�
W.XNY?U2_z{~]KYSP�W1USh§P�W�W.p�U�]\�X<RJX(T§P2TJh¡]VTVU�]a�W.pVU®_1ci�i U?W�\�c
P�l:US_ÂZ:P2\�PV{){6UK{ÊW�] W.pDU(' P2lJX(_S�² 	p�U Y?]�U2a�a�X�Y2X6U2TW�_% � ( $ )

P2\�U�\�U2PK{nP2Th�]�qU�c�W.pDU�_1UK{~U�Y?W�X<]VT�\1g"{6U�uMv?ÆJw
$

= ) % +
vK¨ %

=
�:¨Ëv�¨��²�)���(�xd¯TW�p�U|W.\�X~RV]TPV{�Y2Pt_>U

W.pDUkW�\.X6PV{�]\�hDUS\°ZP2\�P2ikU�W�U2\�X6_���\.X<W1W�U2TnPt_

Ψ́ (
E
) = ∑¶ =

�
∞

� − ¶ u π−
å�% ´ ( $ ) +

�
(
$

)
w*" ¶ ( � ) � ¤ ¹ ¥

 	pUQY2P2_�UQ��pU2T�PK{�{ �
(
$

)
P2\1UyU2�g:PK{kW�]|��U2\�]¬¨�Y?]�\�\�U2�

_�Z�]^T:h_ºW�]kW�pU°]^\�h�U2\�ZDP2\.P2izU�W�U2\
Ψ́
&

(
E
)
� p:X6Y2pxhU2_�Y2\�X<qJU2_

W.pDUQ}�q�\1X(r�]_�]�s�{(P�W�W�X6Y?UQ��p�]_�UQ]^\�X<RJX(T�Y�]^X(TDYSX6hDUS_`��XNW.p
W.pDU|Y?U2T�W1US\§]�a�W.pDU|s^]\>W�U�l W�\�X(P2TVR"{~UjP2T:h�]T�U|]a�W.pVU
_1ci�i�U�W.\1c�P�l:U2_�X,_nZP2\�PK{){6UK{kW�]|W.pDU+'�P�l:X(_��ª 	pDU \1U2PK{
Y�]^U2a�a�X<YSXNUSTDW._ % ´ ( $ )

]�qU�cnW.p�Uf_>Ut{6U�Y?W�X6]Tn\1g"{~U�$
= , % ¨%

=
�:¨ºv^¨"�"¨º�)���	�

 �]m]DqW.P�X(TeW.pDUe{~PKW�W.X,YtUQhDU^a�]:\.izPtW�X(]:TQYP2gJ_MU^hÉqJc|P
_�X)TKR¬{�U®hDU^a>UtYKW�� Uxp:P2sU�W�]�a�X�Th�_�U^Z:Pt\�P2W1U{�c`W�p�U�UKlW�\�U��
i�PK{ _�U�Wx]a�W.pDUnsP2\�X(P�W.X6]�TJPK{�Z:P2\�PKi�U?W1US\�_ �

(
$

)
��X<W.p:X(T

U2P�YSp�]�aËW�p�UkW1�k]f_�ci�ikU�W.\>cfYK{NP2_�_�U2_�_1USZDP2\.P�W1Ut{6c¬¨�P2T:hfW1]
Y2p]K]V_>UjW.pDU�iz]^_1W[Z\1U2a�US\1P2q"{6Uj]T�U�a�\1]^i W.pDUjW��k]]^a
W.pDU2i`�.- X(\1U�Y?W�_�gDqJ_1W.X6W1gW.X6]�TQ]a�W�p�U�W�U2_�Wxa�gJTY�W.XN]^T

Ψ(
E
)U�l�Z\>US_�_>USh|X(TeW.pVU¡a�]\1i�_ ¤ Ã ¥ ]\ ¤ ¹ ¥ X(TVW�]QW.pVU�U�l"Z\1US_1�_�X<]VT`a�]^\ºW.p�U � XNqqJ_�Z�]tW1USTDW.X(PK{"h�U2TJ_1X6W�c ¤ · ¥ P2TDhfi�X~T:X(ikX,��?P�W�X6]^T��X6W�p�\�U2_.ZVU?Y�WyW1]�W.p�U�sVP2\�X(P�W�X6]^T:PK{fZPt\1P2ikU�W�U2\�_

�
(
$

)
cX6UK{Nh:_

�
· å0/�

β&









∑� ä 1

(
�

+
$

) 2� � + ¶ +
å
√
3 2 ! 2 $ 2 ( ! +

$
−
3
) 2
u
π
�

(
!
)
�

(
$

)
� ∗(

!
+
$

−
3
) + 4 (

!
+
$

−
3
)
�

(
!
)
�

(
$

)
w

+

+ ∑� ä ¶
(
3

+
$

) 2 % (
3

−
!

+ 5 )�76 + ¶ √
8 2 !:9 $;9 (

3
−
!

+
$

) 2
�

(
!
)
� ∗( 5 ) + ∑�




�=<

(
3 ¨ !

)
�

(
!
) + √(

8
+
!
) 28 9 ! 9 > (

3
+
�
)
� ∗(

!
)













−

−
�

(
3
) + (π− å�% (

3
) + ? (

8
)) ϕ

�

(
�

+ ϕ)
� @ αϕ + γ

u
ϕ
â

+
3

(
v

+
�
ϕ
â
) A.B =

�"� ¤ ¾ ¥

7:3DC * å +.å à�×-,Vå +�à.å à.ä�.�ÐSÙ0/�Ð2Ï�×21Ná�Ï)ÛSæ¯ç�ç2ç^Û¯Ø?Õ43:5tÛ2,^Ò 729�ç



��U2\�U
ϕ = � ! �â ¨ ¤ Å ¥

β � =
vt��v?¹^ÆK¾�¨

α
P2T:h

β
Pt\>UnZ\1]^Z�U2\M{~c[_>YSPV{~U2h[_>W.\1UST^RVW�pJ_

]Va�hDUSa�U�Y?W��

α = α�v
− �

¨
γ =

γ���v
− �

¨ ¤ � ¥
PtTh
<
(
3 ¨�!

) = ∑¶
(
!

+ 5 )
9

√
3 2 ! 2 $;9 (

!
+
$

−
3
) 2
4 (

$
)
%

(
�

+
$

−
3
)� � + ¶ +

å
π

¨

> (
3
) = ∑¶





3 9
$ 2 (

3
− 5 )

9 



å��çâ %
( 5 ) 4 (

3
−
$

)� � + � π
�

$©��g:P2W.X<]T_ ¤ ¾ ¥ ��US\1U�]tqW�PtX6TDUShÉqc �ksY2pX(TT:X(r�]Ksju�vÈÆ:w
��p]£gJ_1USh§W�p�USX,\�{NX,T�USP2\�X6��U2h§sU2\�_�X6]^TQa�]\k_>W�gJhDcX(TKR[Z�]_��
_.XNq"{~Uf_>W.\1gY�W�gJ\�PK{ËW�\�P2T:_�X6W�X6]^T:_��$ 	p�U�cyP2\1U�s:PK{NX(h§a�]^\°q]�W�p
W��k]Q_�ci�ikU�W.\1X6US_ � � P2T:h)� ´ ��d¯TÉUSP�Y2p§]a�W.pDU2_�UfY2P2_1US_]VTVU®_1p]Kg�{(h�W.P2rVU®X6TDW�]�P�Y�Y�]^g:T�W�W�p�U®_>Ut{6U�Y?W�X6]Tn\�g"{6U2_

% ´ ( $ ) = δ ¶ ä ´ � 4 ´ (· % )
¨

% � ( $ ) = δ ¶�� � � +
å % � ( ¾ % +

v
)
¨ %

=
�"¨ºvt¨���¨Ë�(����¨ ¤ Æ ¥

PtThµg�_>U²a�]�\ % ´�ä � ¤ i ¥ W�pU2X6\jY�]\�\1U2_�ZD]^T:hX(TKR ¤ \>USPV{ ¥sJPK{~gDUS_£u¯���Dw��Ë} ��g:X6W�UnT:P�W�gJ\�PK{ P2_1_�g:i�Z�W�X6]^T ¤ ��pDX6YSp|X(_sUS\1X(a�X6U2h�qJUK{6]t� ¥ X6_nW�pP2W�W�pU|Z�US\>W�g"\�qU2h�{(P�W�W�X6Y�UQY?]T�_�U2\�sDUS_eX6W._|X6TJXNW.X6P�{n_�ci�ikU�W.\>c	�® 	pJX,_[izUSP2T:_QW�pJP�WeW.p�U
Y?]�U2a�a�X6YSX<U2TW�_ @ � ( 5 ) B ]tq:U?cW.p�U�_.P2izU�_>Ut{6U?Y�W.XN]VT�\1g"{6US_W.p:P�WfW.pVU X6T:X6W.X6P�{°Y?]KUSa�a�X6Y2X6U2T�W._ %

(
$

)
h]�� ��Uyg:_�U§W.pX(_

Pt_�_1gJi�Z�W�X6]^TnX,T�]tg"\�P2TPV{~c_1X(_�qUK{6]^�¡�
 	p�U|��gJP�{(X<W.P�W.X<sUmX6T:a�]^\�i�P�W.X6]�T�Y?]T�Y�US\�TX,TKR W�pUQqDUS�

pJP�sJX<]\z]^a�W�p�U�Y?]KUSa�a�X6Y2X6U2T�W._ �
(
$

)
X(TeP�i�PMR�TVU?W�X6Y�a�X6UK{(h

YSPKT[q:Un]KqJW�P2X(T�U2hjhX(\>U?Y�W�{6cja�\�]i $©�_�� ¤ ¾ ¥ �
��]T_�X6hU2\�¨a�]V\bU?l:P2i�Z:{6UD¨¦PtT|P�W�W�\�P�Y?W�X6s�UyhU2a�U�Y?Wx��X<W�p
α � �

�[P2T:h
γ � =

��� d�TjW�pX(_bYSP2_1UD¨ªX6a�]T�UQX(_fT�]�W`W�]t]eYt{6]_�U§W�]eW.p�U
YS\�X6W�X�Y2P�{Ëa�X<Ut{(h � =

v�¨"W.pDU®p�U�l"PMRV]TPK{Ë_1ci�izU?W�\�cn_�p�]�g"{(h
qJUy\1U2PK{NXN�.U2hjP2T:h|]^TDUy_>W.Pt\>W._`a�\�]iÂP2TjP2T:PK{~c_�X6_x]azW.p�U
� � _>]:{~gW�X6]^T:_�� -kgUfW1] _1UK{~U�Y�W.X<]T[\�g�{~U2_�¨$W.pDU�a�X,\�_1W�T�]T�sJP2TJX6_�pX(TVRfU2��gJP2W�X<]VTb]a	W.p�Uk_1c_1W�U2i ¤ ¾ ¥ Y�]^\�\�U2_�Z�]^T:h_�W�]W.pDUksJPK{6gU $

=
vt�� 	pX(_ªUS��g:P2W.X<]Tnh�U2ZDUSTh:_�_>W.\1]^TVR"{~c`]T

W.pDU ¤ _>YSPK{6U2h ¥ hVUSa�U�Y?W�ZPK\�P2izU?W1US\�_ α
¨
γ
PtTh

ϕ
���ËgW¦\�X<RJp�W

X(T�W.p�U�TDU�lW|US�DgJP�W.XN]^T ¤ �kpJXNYSp«Y?]\1\�U2_�ZV]VTDhJ_eW�]«W.p�U
sJPK{~gDU $

=
Å ¥ W.pX(_ºW�U2\�i�X(_ºZJ\>]VZV]^\1W.X6]�TJPK{:W�] ϕ

� P2TJh`h�gU
W�]�W.pDU®_1p]�\1W \�PKTKRU®T:P�W�g:\�U�]^a�W�pUxh�U2a�U?Y�W ¤ ϕ ≤

v ¥ X6W X(_sUS\>c¶_.i�PK{�{��® 	pDUS\>USa�]\>U PK{�{�W�pU�pJXÄR�p�U2\Q]\1hU2\QU2��gJP2�
W.X6]T_ ¤ ¾ ¥ ��X�W�p $

=
v�·"¨�v?Æ"¨��(����P2\>U®ZD\.P�Y�W.XNYSPK{�{~cnpD]^iz]^�

RJUSTVU?]�gJ_S�©}�_xP£\�U2_�g¬{6W2¨ËW.p�U§_�]:{~gDW.X6]�T[]�a ¤ ¾ ¥ ��X�{�{�RJX6s�UT]�T��U2\�]§Y�]^U2a�a�X<YSXNUSTDW._ �
(
$

)
]VT�{~c[a�]�\�_>]VizU�_1i�PK{�{�sPK{N�

gJU2_k]�a $ �© 	pDgJ_kW�pU�hU2a�]^\�ikP�W.X<]TQ]�akP`s]^\1W�U�l|{(P2W�W�X<Y?U
pJP2ZZDU2T_xikPtX6T�{~c[TVUSPK\kW�p�UnhU2a�U?Y�W2¨ËP2WkW�pUnhX,_�W.PKT�Y�U�]�a
]V\1hU2\�]�a�W.pDU ��Pt\1ik]�\k\�PKhX6gJ_	� ¶ ∝ 5 Î)ÏFëå�/�â Y�]^\�\�U2_�Z�]^T:h�

X(TKR W1] W�p�U {NP2\>RUS_>W sJPK{6gU ]^a $ _1gY2p W.p:P�W
? (5 Î)ÏFë ) ≠

�"¨��kpJX¯{~UnW�pU§\�U2_�Wx]azW.p�Ue{(P�W�W.XNY?Uy\>USi�P2X(T:_
gJT:hX(_1W�]�\1W�U2h¬�

��X�W�p�\�P2X(_�X(T^R ]�axW.pDU[P2ZZ�{NX<U2h�i�PMRJTDU?W�X<Y[a�X6Ut{(h�W.pVU
U2a�a�U?Y�W.X6s�UkY�]�gJZ:{(X(TKR�Y?]T_1W.P2TDW._

α
P2T:h

γ
X(TVYS\1U2P2_�U�h\�P2_�W.X,�

Y2PK{){6cQu�_�U�U $	�	� ¤ � ¥ w�¨J��p:X,{~U�W.pDU�Z:P2\�PKi�U?W1US\ ϕ ¤ Å ¥ h�]�U2_TD]tW�gJThDUS\¯RJ]jP2T�cjsJX6_�X6q"{6U§YSp:P2T�RUD�ª 	p:X6_n{6U2Pth_`W�]jX(TD�
Y2\�U2P2_�X,T�R�sPK{6gJU2_`]^abW.pDU p:X<RJp�U2\fY�]�USa�a�XNYSX<U2TW�_��

( 5 )
X(T

W.pDUfU�l"ZP2TJ_1X6]T ¤ Ã ¥ ]^a�W�pU`]\�hDUS\�ZP2\�P2ikU�W�U2\�P2TJheP2_�P\1US_>g"{6W2¨"W�]f_�Z\1USP2hDX(T�R�]aËW�p�U®hVUSa�]\�i�P�W.XN]^Tna�P2\°a�\�]i�W.pVU
hDUSa�U�Y?W��� 	pU�a�g"\�W�pU2\|W.pVU�RJ\�]��kW�p�]^aeW.p�U�ikP�RJT�U�W.XNY
a�X6UK{Nh$¨ W�pU�{NPK\�RU2\§W.p�U|U2a�a�U?Y�W.X6s�U|Y�]tgJZ�{NX6TVR�Y?]�TJ_>W.P2TDW._S�
 	pJX6_�X(i�Z:{NXNUS_�W�pJP�WzW.pDUn{(P2_�WzW�U2\.i�X6T!$Ë�¬� ¤ ¾ ¥ a�]\ 5 =

v
qU�Y?]izUS_`ikgDYSp�{(P2\>RUS\bW.p:P2TjPK{){kZ\1U�Y?U2hX(TKRjW1US\�ik_���d�T
W.p:X6_�Y2P2_�UQW�p�U[_1]{6gW.XN]VT�X(_ � � ( � ) = − π −

å % � ( v ) ¨ X1� UD��¨W.pDU a�X,\._>W�U�lJZPKT_�X<]VTbY?]KUSa�a�XNYSX6U2T�W�Z\�P�Y?W�X6Y2PK{){6cf\�U2P�YSpDU2_�X6W�_
{(X(i�X<W�X(T�R|sPK{~g:U�� 	p:X~_bsPK{~g:U�Y?]i�Z:{~U�W�UK{6c[Y�]^i�Z�UST:_�P�W�U2_
W.pDUfY�]^TDW.\1X6qgW�X6]T§]a�W�p�Ufg:TJZ�U2\�W1g�\>qU2hQ}�q�\1X(r�]_�]�se{NP�W��
W.XNY?U�W�]§W.pVU $

=
v�Utl:ZJPKT_?X,]JTbYt]:U^a�a1X(Y�X(U�T�W�X)T�$$�	� ¤ Ã ¥ �d�TeW.p:X)_�\�U�R�XN]�TÉ]�a�a�X6U{(h_`W.pDUyUKl�ZDPtT:_�X(]:T ¤ Ã ¥ qU�R�X)TD_a�\1]Ji $

=
Å��  �pDUj]J\1hU�\nZ:Pt\�Pti�UKW�U^\nX�T�W.pDU�T�U�P^\>U^_MW

sJX,Y^X�TX,W�c�]"a�W.pDU�h�U�a�UKYtWqDUtY�]Ji�U�_

Ψ ∝ � � U � ¢ θ �
 	pJX6_`ikU2P2TJ_bW.pP�WxW.pDUy_�X<l�TU2P2\1US_>Wfs�]\�W�X6Y?U2_fpDP�sU ¤ PK{(�iz]^_1W ¥ Y�]{�{(PtZ_>USh`]TxW�pUkh�U2a�U?Y�W���pX6Y2p�ZX(T_�W�p�U�s]^\1W�U�lY�]VTVW.P2X(T:X6T�R�_1U?s�U2T�a1{6gl��g:P2TW�PD� ��TUYSP2T±_1U�U�W.p:X(_
U2a�a�U?Y�W X6T &�X<R	��vt¨�
¬�

��X�W�p�a�gJ\>W.pDUS\�X(T�Y2\�U2P2_�X,T�RÊW�pU�PKZZ:{(X6U2h±a�X6Ut{(h�W.pVU
T�U�lDWËY�]tU�a)a�X<Y?X<U?T�W�_8� � ¤ Å ¥ ¨ � � ¤ v.· ¥ ¨P?TDhf_�]z]^T��kX,{){"\�USPMY?pW�p�U?X6\ {6X~izX�W�X6TKR Y?]tikZVU?T_�PMW�X<]^T s�PK{�gU?_

− π−
å % � ( Å ) ¨

− π−
å % � ( vÈ· )

¨����(��¨�P2TJh|]�TU£Y?]�g"{(hjZ\�X(T�Y2X(ZPK{�{6c[RU�W�P
s]�\�W1U?l¼Y�]T�W.PKX6TJX(T^RÁW.pX(\>W�U�UST©¨ÌT:X6TU�W�U�U2T¬¨jU?W1Y�(¨ja1{~g:l
��g"P2T�W.P�� �k]t�zU?sU2\�¨"TgJizU2\�X6Y2PK{�Y2PK{~Y�g�{(P�W.XN]^T:_�_.pV]^�W.p:P�W
a�]\ËP�\1USPK{(X(_�W�X6Y a�XNUt{(hx\�P2T�RU ¤ TV]^WºU?lW�\1USi�UK{6cxYt{6]^_1U�W�]�W.pVUgJZ:Z�U2\xY2\�X6W�X6YSPK{ka�X<Ut{(h ¥ ]�T"{6c[W�pUya�X,\�_1WxY?]:{�{NP2ZD_�U£YSP2T|qDU\1USPK{(X6��U2h	�
}Ê_1X(i�X�{NP2\zqU2pJP�s:X�]\z]a�W�pU�U�lJZPKT_�X�]TÉY?]�U2a�a�X�Y2X6U2TW�_

@ � (
$

) B W.P2rVUS_°Z:{NP�Y�UxX~T¡W.pDUkW.\1X<R]VTDP�{�Y2P2_1U � ´ � �kU2\�UxX(TW.pDUQY2P2_�UQ]a`P�W�W.\�P�Y�W.X6]�T�W.pDUQY?]KUSa�a�XNYSX6U2T�W � ´ ( � )
X(_�W.pVU

a�X(\1_�W�]T�U W.pP�W \>USP�YSpVUS_ÂXNW._�Y?]i�Z�U2T_�P�W.X6]�T sJPK{~gDU
−π−

å % ´ ( � )
¨���pX6Y2pnY�]\�\1US_1Z]�TJhD_�W�]�W.pDUxW.pD\�U�U�s]^\1W.XNY?U2_

Y�]J{�{(P2Z_1U ]T�W.pVUÊh�U2a�U?Y�W2�[o�gY2p�P¶Y�]^T:a�X<RgJ\�P�W.X6]�T�X(_
h:X~_�Z:{(P�cU2hÊX,T &�X<R	�§v^¨���� ��X6W.p�X(T�Y2\1USP2_1X(TVR ikP�RJT�U�W.XNY
a�X6UK{Nh�]T�U°U?l:ZU�Y?W�_	W.pVU P2Z:Z�USP2\�P2T�Y�U�]a¬_.XNlJ��¨�U?W1Y�,¨Vizg"{~W1c�
��g"P2T�W.P`s�]\�W�X6Y?U2_���}�_�X(T§W�p�UfZ\1U�sVXN]^g:_�Y2Pt_>U¨$TDgJizUS\1X6Y2PK{
P2T:PK{~c_�X(_�_1p]K��_�W�pP2W�]�T"{6cfW�pU�a�X(\�_1W�Y�]J{�{(P2Z_1Uk]tY�Y?g"\�_°X(T
Px\�U2P�{(X6_1W.X6Y�\�P2TKR:Uk]a�a�X6UK{(h¬�
��]�W�UkW�pP�W�a�]\�W.p�U�_�P2izUk_�U�W�]^a�ZP2\�P2izU?W1US\1_�W.pDU a�X,\._>W

Y�]J{�{(P2Z_1Un��X6W�pX(T|W�pUnW�\�X�R:]^T:PK{ _1cVi�izU?W�\�c|]tY�Y?g"\�_`P�W�P
�kU2P2r�U2\ a�X<UK{Nh ¤ � ≈

�"� ��¹ ¥ W.p:PtT`X(TxW�pUkpDUtlJP�RJ]:TPD{J_�c�iz�izU?W�\�c ¤ � ≈
�:�~ÆK· ¥ �f "pU�\1U�Pt_M]JT¶X(_|W�pPKW[X�TWÈpVU � ´_McJi�i UtW.\1cn_�UKsU^T`s]J\>W�X6Y�U^_�i�gJ_MW�]sU�\�Y�]Ji�UxW�pU�X)\�i�g:�

W�g:P�{¦\>USZDg"{(_�X6]TQX(TÉ]^\�h�U2\kW1] a�PK{�{�]T§W�pU�h�USa�U�Y�W2¨$��pX�{6U
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X(TeW.pDU � ´ _1c_�W�U2i�]�T"{6c[W�p\1U?Uns�]\�W�X6Y�US_�Y�]:{){(P2Z_1U�
&"]\
W.pDU�a�XNUt{(h � ≈

��� �t¹�¨$P2W°� p:X,Y^p©¨�X�T�W.pDU�_McJikizUtW�\1c � ´ ¨W.p:\1UtU`s]J\�W�X6Y�U�_�PK\�UnP�{~\1U�Pth�c§Yt]"{�{~PKZJ_�U�hn]:TnW�pU�h�U^a1UtYKW
¤ &�X6Rº��v�¨ � ¥ X)TÌW.pDU � � _McJi�i�UtW�\�c©¨$W.pDU§{~P2W1W�X6Y�U�X�_�h:X(_��W�]\>W�U2h qg:WÁ_�W�X,{){���X<W.pD]tg:WÁP2Tc s]^\1W1U?l Y�]{�{(P2ZJ_>U
¤ &�X<R	�Ëv�¨�� ¥ ��xZxW�]fTD]t����U�P2TPV{~c���U2hxW�pUk_1]{6gW�X6]T_�]^a $$�_�� ¤ ¾ ¥��X6W�pX(T§W1�k]y_1ci�i�U�W.\�X6U2_ � � PKTh � ´ _>USZPK\�P�W1Ut{6c	����]t��kUnY2P2T|Y2p]K]_�UnW�pUyi ]V_>WfZJ\>USa�U2\�P�q"{6Un]T�Uya�\1]^i�W�p�U2i
P2T:hmhVUS_1Y2\�X6qU£W.p�UnW1cZX6Y2PK{�s�]V\>W�U�l�{NP�W1W.X6Y�U�qJU2pP�sJX6]�\xX(T
_1]^izUmX(TDW�U2\�s:PK{�]a`W.pDUmi�PMR�T�U�W.X6Y|a�X6Ut{(h:_nYK{~]�_1U[W�]�W.pVU
gJZ:Z�U2\�Y2\.XNW.X<YSPV{©a�X<UK{Nh©� ��U®_>W.Pt\>W a�\1]^i«W.pVU®_1Pti�U�YSP2_1U�]^a
P�W�W�\�P�Y?W�X6s�U hDU2a�U?Y�W._

α å���� ¤ γ å =
� ¥ ]VaºPk_�ikP�{�{"Y?]�TY�USTD�W.\�P�W�X6]^T�]^anh�U2a�U�Y?W�_2��d¯a`W.pDUmP2ZDZ:{NXNUSha�X�UK{(h�X(_nTD]tW£W�]�]

YK{~]_�U�W�]`W.pDUkg"ZZ�U2\�Y2\.XNW.X<YSPV{$a�X6UK{Nh©¨JW�pU2TnPxh�U2a�]\�i�P�W.X6]T
]a�W�pU�{(P�W�W�X6Y?U�T�U2P2\kP�_�X(TVR"{~UfhDUSa�a�U�Y�W X,_ _�i�PK{){�P2T:h§W.pVU
Z\1U2a�US\1P2q"{6UQ{6]tY2PK{ _1cVi�i�U�W.\1cmTVUSPK\�USP�Y2p|hU2a�U?Y�WxX(_ � � � 	pU�hU2a�U?Y�W._°P2\�U�]tY�Y?g"ZX6U2h`qJc`s]^\1W�X�Y�U2_�P2T:h�W.p�U�\�U2_�W°]^a
W.pDU�{(P�W�W.XNY?UfX6_k_È{NX<RJpDW�{6cyhDUSa�]�\.i USh©� ��X6W.p§X(T�Y2\1USP2_1X(TVRy]^a
W.pDU i�PMRJTU�W.XNY a�X6UK{NhµW.p�U¶h�U2a�]\�i�P�W.X6]T�T�USP2\�hDUSa�U�Y?W�_
qU�Y?]izUS_º_�W.\1]�T�RU2\ ¤ P2_Ë_�pD]t��TxX(T &�X<R	�"v^¨�� ¥ PtTDhxP2WË_1]^izUY2\.X<W�X6YSPK{�a�X6Ut{(h � å W.pDU � ´ _�]:{6gW.XN]^Te]a $$�:_�� ¤ ¾ ¥ Y?]�\�\�U2�_�Z�]^T:hX(TVRnW�]�Y�]{�{NPKZ_�Ux]�a�W.p:\�U�Uxs^]\>W.X6Y�US_°]�TnW�p�Ufh�U2a�U?Y�W
qU�Y?]izUS_£ZJ\>USa�U2\�P�q"{~U ¤ _1U?U &�X~R$�`v�¨ � ¥ � }�_§Pm\1U2_�g¬{~W�¨ P{6]^Y2PK{�_>W.\1gY�W�gJ\�PK{fW�\.P2TD_.XNW.X<]T � � →

� ´ ]�Y?Y�gJ\�_�� ��XNW.pa�gJ\1W.pVUS\�X(TDYS\>USP2_�X(T^R�]^abW.p�U[a�X6UK{(h¬¨¦]T�U[hVUSPK{(_`��X6W.p � ´_1ci�i�U�W.\1c¬¨ËW.p:\�U�U�s]^\1W.X<Y�US_�]KY?Y�g"Z�cX(TKR[W.pDUnh�U2a�U?Y�W®P2T:h
W.pDUQhU2a�]^\�i�P�W.X6]�Tj]axW�p�U[T�U2Pt\>US_1W�Z:P2\�W�]a�W.pDU§s]^\1W�U�l
{(P�W�W.XNY?U ¤ ��X�W�pn\�U2_�Z�U�Y?W�W1]fW.pVU�h�U2a�U?Y�W ¥ X(_�]tq"_�U2\1s�USh©� �ËgWP�W _1]�ikUkY2\�X6W.X<Y2P�{$a�XNUt{(h � â W.pVU � � _>]:{~gW�X6]^T¡]Va $Ë�_�� ¤ ¾ ¥Y�]V\1\1US_1Z�]ThJX,TKRjW�]QY�]J{�{(P2Z_1Un]a�_>U?sU2T|s�]\�W�X6Y?U2_x]�T|W.pVU
hDUSa�U�Y?W ¤ _1U?U &�X<R	�ËvK¨ 
 ¥ qU?Y�]ikU2_�Z\1U2a�US\1P�q�{6UkPtTh�Pb{~]�Y2PK{_1W.\>gY?W1g�\1PK{QW.\�P2T_�X6W.X<]T � ´ →

� � ]�Y�Y�gJ\�_jP2T�h±_>]¶]tT¬�
 �pVgJ_M¨k]^TKUjpP?_§Pj_>U?�KgU?T�Y�Ue]^a�\�UMUSTKW�U�\�X6T�R a)X6\�_>Wn]^\�hVU?\
Zp�P2_�U�W�\1P?T_1X<W�X�]�T�_ � � →

� ´ →
� � →

���)�(�
 	p:X(_���g"PK{NX6W�P�W.X6s�U�P2T:PK{6cV_�X(_�X,_�_�g:ZZ]�\1W�U2hfqDc�TDgJikU2\�X,�

Y2PK{É_1]D{~g:W.X<]T±]a|W�p�U¶X(TJa�X6T:X6W�U¶T�]T:{(X(T�U2Pt\�_�c:_�W�U2i ]^a
�ksY2pX(TT:X(r�]KsjU2�gJP�W�X6]^T:_`��X<W.pD]tg:W�P2TDcj_.X,ikZ"{(X6a�X6Y2P�W.X6]T
X(T«W.pDU�RUSTDUS\1PK{nYSPK_�U���pVUS\1U

α� ≠ � P2TDh
γ� ≠ � �� $pVU\1US_>g"{6W._�]�qW.P2X,T�USheY�]Ta�X(\�i�]�gJ\x_>cJikizU?W�\�c[P2_�_>gJi�ZVW.X6]T

a�]\�izg"{(P�W�U2hfP�q:]tsU�P2ThxU2TP2q�{~U°gJ_ËW1]kY�]VTD_�W�\�gY�W�PkZDpPt_>U
h:X~PSRJ\�Pti X(T�W�p�U

(α
¨
γ)
Z:{(P2TDU[a�]^\nPea�X6lU2h�_�Y2P�{6USh�_�X��MU

ϕ ¤ Å ¥ ]^azPyh�U2a�U�Y?W��¦»	P2\�W�]^az_�gDYSpehJX(PMRJ\�P2i�X6_zRDXNs^U2T|X(T
&�X<R	�¡��� ��US\>U�W.p�U�W���]±_1]{(X(h±Y�gJ\�sDUS_�_�U2ZPt\1P�W�U�W.pVU
\1U�RJX6]�TJ_��kpU2\�U�W.p�U�{6]tY2PK{Ì_>cVi�izU?W�\�cÂX(_�pDU?lJPSR]^T:PK{
(
� � ) ]\�W.\1X<R]VTDP�{ (

� ´ ) � ��U2P2\�W.pDU�g"ZZ�U2\�Y2\.X<W�X6YSPK{�a�X6Ut{(h
ϕ ∝

! �â P2Th`W.pDUkhJX(PMRJ\�P2iqU�Y?]izUS_�gJTDX6sU2\�_�PK{�� &"]\ËU2P2Y2pa�X6lU2h�hU2a�U?Y�W�ZDP2\.P2izU�W�U2\�_�P2TJh�a�]V\bUSP�YSpÌsJPK{~gDUy]a�W.pVU
i�PMRDTDU�W.X6Yna�X<Ut{(heW.p�Unh:X(PMRJ\�P2i�U2TP�q¬{~U`g�_zW�]QhDU?W1US\1i�X(TVU
W.pDU�Z\1U2a�US\1P2q"{6Ux{6]�YSPK{Ë_�ci�ikU�W.\>c�]aºW.pDU�_1c_�W�U2i¡�
 ¬]�U?l"Z:{(P2X(T§p�]��¶W�]�U�lW.\�P�Y�W�W.p:X6_�X(Ta�]\�i�P�W.X6]Tna�\1]�i

W.pDU�ZpJP2_1U�hJX6PSRD\1Pti Y?]�TJ_1X(hDUS\|P�_�P2i�Z�{~U���X6W�p¶_1]^izU
a�X6lU2hQZP2\�P2izU?W1US\1_

α å ¨ γ �
¨$P2T:h ! � ¨�PKThy_1W�P2\�W�a�\1]^i�PtT

X(TXNW.X(PK{$P2ZDZ:{NXNUSh�a�X6UK{Nh � � �J $p:X(_�Y�]^\�\�U2_�Z�]Th:_�W�]fP�_�W.PK\�W��

� ¢ ³
	��	 ù�á�Ô�Ó@æ�ÚgÏ�Õ@Ô¯Î)é�ß�ÚgÑ8Ú¬Ó)éjî�ê=á¬Ô¯é�Õ@ß�Ô�Õ�ð�ÏFÕTÏFÎ)Ô�ê@Ô�Õ)î8é¬Õ α� =
�0Û � ä

γ� =
� ä ϕ

/ ©
=
��Û � Ð íeêQágÔ-á�Ô�ë�ÏFÖ¬é�í�Ï�ÑûÜ�ÏFÓ@Ô_î8é¬Õwê@á¬Ô_Ï�ðgð�ÑUÐ Ô�ßhîQÐ ÔFÑ8ß

©
≈
�gÛ ã�´0ÛJ
1ÔFÞ¬Ô�íwÞ¬é�Õ�ê@Ð�Ü�Ô�Ó$Ü�éjÑ8Ñ8ÏFð�Ó@Ô¯é1ísê@á¬Ô+ß�ÔFî8Ô�ÜFê�� � �¯Ï�ígßoî�é�Õ�êQá�Ô

Ï�ð1ð/Ñ8Ð�Ô�ßsîQÐ�ÔFÑ�ß ©
=
�0Û ����Ût��ê@ê@Õ=ÏFÜ�ê�Ð Þ¬Ô�ß�ÔFî�Ô�Ü�ê�Ü�ÏFÚ�Ó@Ô�Ó�Ï+Ü�é¬Î)ð¬Ï�Õ@Ï�ê�Ð Þ¬ÔFÑ�×

õ�ÔFÏ�ò_Þ¬é1Õ@ê@Ô�ë
Ñ8Ï�ê@ê@Ð�Ü�Ôsß�ÔFî8é�Õ=Î�Ï�ê@Ð�é�í£� ² �Èê=á¬ÔsÓ@Ï�Î�ÔoÐ í
êQá�Ôsê@Õ�Ð Ö1é�í�Ï�Ñ
ÜFÏFÓ=Ôúî8é�Õ#ê@á�Ô)ÏFð�ðgÑQÐ Ô�ß¸îQÐ ÔFÑ�ß ©

=
�0Û ���+ÏFí�ß+ê@ágÕ=Ô�Ô�Þ1é�ÕTê@Ð�Ü�Ô�Ó#Ü�Ï�Ñ�Ñ8ÏFð�Ó@Ô�é1í

ê@ágÔ)ß¬Ô�î8Ô�Ü�ê�� � ��Û
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X(T�R[Z�]X(T�W
(α = α

���
γ = γ

�
)
X6TQW.pVU�hX(PMR"\�P2i±]�a &�X~R$�Ë�:¨

��pU2\�U
α
� P2TJh

γ
� P2\�UyhDU�W�U2\�i�X(T�U2h|qc $Ë�_�� ¤ � ¥ ��X6W�p

� = � � �&"gJ\1W.pVUS\�U�s]D{~g:W.X<]T§]^a°W.pVU�ZP2\�P2izU?W1US\1_ α
P2T:h

γ
��X6W.p`R"\�]���W.p£]^a�W.pDUxi�PMRJTDU?W�X�Yxa�X6UK{Nh§X6_�h�US_1Y2\�X6qDUSh£qc

W.pDUkUS�DgJP�W�X6]^T

γ =
γ å
α å (α − α

�
) + γ

�

PtTh§Y�]\�\1US_1Z�]Th:_�W�]y_>]ikUf\1P2cyX(T§W�p�UfZ:pP2_1UfhJX6P�RJ\1Pti`¨
_�W�P2\1W.X6T�RfP�W	W.pDU�X(T:X�W�X(PK{�ZV]VX6TDW ¤ α � ¨ γ

� ¥ P2ThfhDX(\�U�Y?W1UShb]tgW]Va¬W�pU°]^\�X<RJX(T¬� &�]�gJ\º_�gDYSp`\�P�cJ_ËP2\1U�hX(_�Z:{(P�c^U2hfX,T &�X~R$����
&�]\�PK{�{Ì\�P�c_W.p�U�_>W.P2\1W.X(T^R a�X<Ut{(h X,_ � � =

���ÄÆ�P2T:h
α å =

���(v���d¯TDY2\�U2P2_.X,TKRm]a�W�pUni�PMR�T�U�W.X6Yna�X6UK{Nh�{6USP2h:_�W�]
P�{6W�U2\�T:P�W.X6]�T§]Va°W�p�UfU2a�a�U?Y�W.XNs^U`Y?]Kg�Z�{NX(T^R Y�]^T:_�W�PtT�W�_ ¤ � ¥ ¨X1� UD��¨VW1]xW.pDUkik]KW.X6]T`]^a�Pk_1W.P2\1W.X6TVR¡Z�]�X(TDW¦PK{6]TKR�W�p�U�\�P�c©�
 $p:X(_�i�]�s�USizUSTDW�X(TeX6W._zW�g:\�T[\1U2_�g"{6W._�X(TeP�_1U2��gU2TY�Uf]�a
\�U�U2T�W�U2\�X(TKR�W�\�PtTD_.X<W�X6]T_�a�\�]�iÂ]T�U|{6]tY2PK{�_�ci�ikU�W.\>cjW�]
PtT�]�W.pVUS\��
 	p�U�ik]�_1W[X(TW1US\>US_1W�X~TVR¶YSP2_1U�X,_[\1USZD\�U2_�U2TDW�U2h�qc¶P

hJP2_�p�U2h[\1P2cQP2TJh§Y�]\�\1US_1Z�]Th:_�W�]§W.p�U`sJPK{6gU
γ å =

�:� �K·¬�
��U2\�U�U�s�UST X6T¼W.pVU�Y�]^i�ZPt\1P�W.X6sUK{6cÁ{6]t� a�X6UK{Nh � ≈
≈
��� Å�Å�¹ ³ � � ¤ W�pU�Y�]V\1\1US_1Z]�TJhX,TKR Z�]X(T�W�]�a�W.pVUf\�P�cyX(_T]KW h:X6_�Z:{NP�cDUSh§X(T &�XÄRË��� ¥ W.p�U � � − � ´ _�ci�ikU�W.\>cnW.\�P2T�_.XNW.X<]Tf]�Y�Y?g:\�_��"d>T`q]�W�pfW�pU�W1�k]�{NP�W�W�X�Y�UkY�]Ta�X<RgJ\�P�W.X6]�TJ_

qJUK{~]K�ÊP2Th§P�q]�s�U�W�p�U�W�\�P2T:_�X6W�X6]^T¡W.pDUx{NP�W�W�X�Y�Uxh�USa�]\1i�P2�
W.X6]T§X~_�_�i�PK{){1�� 	pDU®h:P2_�pDU2hy\1P2c�]T�W.pDU®h:X6P�RJ\�PKiÊ_>W.P2\1W._
a�\�]�i�W.pVU�a�X<Ut{(h � � =

����ÆxPtTh�a�]\�W.pVU�a�X6\._>W�W.X(i UkYS\>]_�_1US_
W.pDUf{6]�� U2\�_1]{(X(hnY�gJ\>sU®P�W�Pfa�X<UK{Nh � ≈

��� Æ%��¾"¨�P�W���pX6Y2p
W.pDUn{(P�W�W.XNY?U`gJTJhVUS\>R]tU2_kW�p�U�TDU�lW � ´ →

� � W.\�P2TJ_1X6W.XN]^T©�

��]ms�]\�W1U?l�Y�]{�{NP2Z:_�UQ_1W.X,{){kp:P2ZZU2T_�P�WfW�pX(_�a�X<Ut{(h ¤ _�U�U&�X<R	�	v^¨�� ¥ qJU�Y2P�gJ_1U W�pU�sJPK{6gUk]�a � � ( v ) X6_�_�W�X�{�{�a�P2\�a�\1]�iX6W�_xY�]^i�Z�UST:_�P�W�X(TVRmsJPK{6gUD���k]��kU?s�U2\xW1�k][TU�lW`W.\�P2T:_�X,�
W.XN]^T:_QW.P2rDU�Z�{NP�Y�U�qU?Y2P�gJ_1Uj]a£s]^\1W�U�l¶Y�]{�{NPKZ_�UD�f $pVU
_1U?Y�]^T:h�W�\�P2T:_�X6W�X6]^T�W1]�W�pU�_1ci�ikU�W.\>c � ´ P�W[P�a�X6Ut{(h
� ≈

����Æ2Ã�pDP2ZJZ�U2T_���pDU2T±W.pDU�Y?]�U2a�a�X<YSX6U2TDW � ´ ( � )
X(T

W.pDUn_�cJizikU�W.\1c � ´ PK{(iz]^_1Wn\�U2P�Y2pU2_nX6W�_�Y?]�i�ZVUST:_�P�W.X6T�RsJPK{6gU � ´ ( � ) = −π −
å % ´ ( � )

P2T:h§W.pDUS\>USa�]\�U�W�pX(_zW.\�P2T:_�X,�
W.XN]^TxY�]^\�\>US_�Z�]Th:_	W�]�W.pVU�Y�]J{�{(P2Z_1U�]^a¬W�pU°W.p\1U�U�s]^\1W.XNY?U2_
P�WkW�p�UfhU2a�U�Y?W ¤ &�X<R	��v�¨ � ¥ ��oX~i�X�{(P2\M{~cnW�p�UxW.p:X(\1h§W.\�P2T:_�X,�W.XN]^TeW�]QW�pUn_1ci�izU?W�\�c � � P�WxP§a�X6Ut{(h � ≈

�"��Æ�Æ§Y?]�\�\�U2�
_�Z�]^T:h_�W1]yW�pU�Y�]{�{NPKZ_�U�]a�W.pVU¡_>U?sDUSTÉs]^\1W.X<Y�US_xP�W�W.pVU
hDUSa�U�Y?W ¤ &�X<R	�Ëv�¨�
 ¥ ���]�W�U�W�pP2W�W.p�U#&�X~RD_��Qv�¨��"¨���PK{(\1USP2hDc±\�U2a�US\�\�U2h±W1]
P�q:]tsUD¨ Z\1U2_�U2TW�W�p�UÊY�]^TDW�]KgJ\�Z�{~]�W._�]a�W.p�U�_.�VgJPt\>U
iz]^hDg"{~g:_�]Va W.p�Un]�\�h�US\xZDP2\.P2izU�W�U2\xT�USP2\xhVUSa�U�Y?WxX(TeW.pVU
sJX<Y2X(TJX<W1c�]a"W�pU � � →

� ´ W.\�P2T:_�X6W�X6]^TxhDgU°W�]kY�]{�{NP2Z:_�U°]^aW.pDUkW�p\1U?U�TVUSP2\1U2_�W�s]�\�W�X6Y�US_�]T`W.p�U�hU2a�U?Y�W2�J 	pDUS_>U�Z:{6]^W�_
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