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☞ a bcd e dfgg hij dbkff dlmfn ln dkjf opqrs t uvwxvy z{ wr s |v}~�� o �f� ln �ckkigg�fkdjk�cdl�f ��� ������ �i�fkn ik�fkn i� mc��ldj�f l� dbf �cnl� bck� �kinn nf�dli�n o��cddfkf� �gij�n i� dbf ���� bikl�i� ��kfnf�dgh� c pb l�b�� � c�im cgh� c�� nim f �ki� gfm n

� ldb bc�ki�ki�j�dli� i� bfc�h �jck�n c�� �lkf�d �bidi�n� �i� �d �f��f dbf �fcdbfk o �i�f�fk �
� lf� l�� dbf ��� gc��n�c� f ld ln fnnf�dlcg di kfmfm�fk dbcd ldn p� fc�f c�� �jldf� ln �f�f�dl�f o�bf �ginfnd c�cgi�h �bl�b �imfn di m l�� �im�ckl�� ��� � ldb ldn fgf�dki�fc� ����ij�dfk�ckd
ln dbcd i� bfgg c�� bfc�f� � dbf �ikm fk � fl�� n�ckh �jd f�dfkdcl� l�� � dbf gcddfk � �fk�f�d �jd
� ikl�� ��ik c �fdclgf� kf� lf� nff   � o
¡¢¡ qrs v}£ s z{ wr s y }£ s¤ ¥ ¦¦§

☞ ¨gdbij�b dbln mch nffm c �ckc�i© � cgg f©c�d n�l�
f��f ln �im l�cdf� �h dbf l�fc i� c��ki© lm cdli� oªfkdkc�� «jnnfgge� n� ldf i� dbf nmcgg�fnn i� dbf �ij� gl�� cd nmcgg �lndc��fn � ¬  ® ¯� �jck�n c�� �gji�n

� lggl��gh mjgdl� gh l� bck� l�dfkc�dli�n o �bln bc�� f�n � f�cjnf dbf c�djcg �ckcm fdfk i� dbf°± f©�c�nli� �fdn f�bc��f� �h dbf gi� i� dbf n�cgf i� dbf gck�f mimf�djm ² c��glf� di dbf
nhndfm � ¬  �² � ➜ ¬ �² � gi� ² ³ ¯o �j�b gi��f�bc��f� �i�dkl�jdli�n bc�f di � f dc�f� �ckf i�
l� cgg ik�fkn � � l� l�� klnf di pgfc� l���gi� kfnjmmcdli�n� o �bf ndkj�djkf i� dbfnf �i�dkl�jdli�n
cggi� n �ik c ´ ~zµ}µx¶x· wx¸ ´ }~wzv xv ws~´ ~sw}wxzvo �ckdi� mjgdl� gl�cdli� l� ¹ fdn ln �fn�kl� f� �h
dbf ni��cggf� �i�l�f� �fc�l�� �i�ckldbm l� ¨��ki© lm cdli� �� ��¨ � �bl�b fm�i�lfn dbf f©c�d



c��jgck ik�fkl�� kfnjgdl�� �kim �ibfkf��f l� mjgdl� gf ni�d � gji� kc�lcdli� o ¨ n c� c��ki© lm cdli� ����¨ ln �f�fnnckh �ik �fkl� l�� cnhm�didl�cggh �ikkf�d °± �kf�l�dli�n o
��� �ibfkf��f ln �kj�lcg �ik dkfcdl�� �ckdl�gf mjgdl� gl�cdli� ����� ¹ fdn � cn �fgg cn �ik bc�ki��i� n ���������� ¹ fdn o � ikfi�fk � ld cggi� n dbf �kf�l�dli� i� dbf ·r}´ s i� dbf l��gjnl�f f�fk�h

�lndkl�jdli�n �kc�dl�cggh �kim dbf p�knd �kl��l� gfn� � c�ckd �kim c� i�fkcgg j���i�� �ikmcgl�cdli��������� o ✌

¡¢� �v¸¶u·x�s svs~y� ·´ s¸w~}
ed ln �fgg ��i�� dbcd dbf �e� ndkj�djkf �j��dli�n �c��id � f �cg�jgcdf� � fkdjk�cdl�fgho a bcd���� �i�dkign ln dbf n�cgl�� � li gcdli� �cddfk� � �i�fk�f� �h dbf ��� �ckdi� f�igjdli� f�jcdli�
�bl�b �fn�kl� fn bi� dbf �ckdi� �f�nldlfn �bc��f � ldb �bc��l�� dbf n�cgf i� dbf dkc�n�fknf�
mimf�djm �ki� f � �� g� �� 	 �
 � �� � � ¬ ��� � � �� � � 	 �
�� � �� � � �¯�
e� dbf � fggl� mimf�d n�c�f � �� � �  � � �
 �
� �  �
 � dbf f�jcdli� � f�imfn cg�f�kcl� � h lfg�l��	� ��� � � 	� �² � � � f©� �� ��� ��� !� �¬  �� �� " � !� �¬  � � ¬ �� � �#�

ed ln dbf $ ��f� f��f��f i� dbf l��jd �j��dli� 	� �² � � �pl�ldlcg �ckdi� �lndkl�jdli�n�� dbcd glm ldn�kf�l�dc� lgldh i� dbf ª¹ ik�f��
 �f� f��f��f i� � e� �kinn nf�dli�n o
e� dbf dlm f�gl�f ¹ fd f�igjdli� � �jf di dbf ¨��jgck % k�fkl�� � dbf f�igjdli� f�jcdli� �f�im fn

�i��gi �cg l� dbf �� n�c�f ��� g� �� 	 �
 � �� � � ¬ � �� � � 	 �
�� � � � �� � & '() * + , � � ,� ��- . + � �� �- / � �0�1 nl�� dbf �chgik f©�c�nli� dkl�� �	 �
�� � � � �� � � f©� 2g� � �� g� �� 3 	 �
�� � �� � � � 44 56 7� � 	 � �8 �
dbf nigjdli� l� dbf mimf�d n�c�f �imfn ijd nlm lgck di dbcd �ik dbf �e� �cnf � 9� o # � �jd �i�
� ldb c� z´ s~}wz~ cn c� ck�jmf�d i� dbf n� glddl�� �j��dli� � �:� � 	� � ¬ ��; <= � 	� � :� � �� g� �� � �>�
�bln gfc�n di dbf �l?fkf�dlcg f�jcdli�@� �  �; <= :� A ¬ A B� �  � ; <= � ¬ C ��; <=D � 	 � E � �F�
�l��f �f ckf l�dfkfndf� l� dbf nmcgg�
 kf�li� � dbf fnnf�dlcg m imf�dn ckf nmcgg � $ ® ¯o Gik dbf
nc�f i� lggjndkcdli� gfd jn �ff� i�gh dbf mind nl��jgck � lf�f i� dbf n� glddl�� �j��dli� ���¨ ���� H #I J$ � �K�
�bf� 9� o F lmmf�lcdfgh �l�fn c �jc�kcdl� f�jcdli� �ik dbf c�imcgijn �lmf�nli� �

�$ L ! �! A #I J¬ L M N¬ O$ P � E � �Q�



�ª � ed nj� �fn di jnf dbf �f©d�di�gfc�l�� c��ki© lmcdli� di dbf n� glddl�� �j��dli� � �� H #I J�$ A� �
� ldb � � ¯¯IJ�F L �� � �0I OJ � � c�� di �ff� dbf gfc�l�� �ikkf�dli� �im l�� �kim �l?fkf�dlcdli� i�
dbf kj��l�� �ij�gl�� l� 9�n o F � Q � di �fd dbf mikf c��jkcdf ���¨ c�imcgijn �lmf�nli� !� o�bf gfc� l�� c�imcgijn �lmf�nli� �iggi� l�� �kim 9� o Q ln

! � $# @A ¯ L �
¯ L QI J¬�$ OD � ���

a bf� f©�c��f� di dbf �knd ik�fk l� ¬  � ld �i l��l�fn � ldb dbcd �ik dbf n�c�f�gl�f f�igjdli� �! H ¬� � �� � � ldb � �l�f� l� 9� o K o�bf dlmf�gl�f ��¨ c�imcgijn �lmf�nli� 9� o � �cn �fgg cn ldn ���¨ lm�ki�f� �fknli� � bcn
c �jklijn �ki� fkdho � cmfgh� l� c nbck� �i�dkcnd � ldb dbf �e� �cnf � ld cggi� n dbf mimf�djm
l�df�kcg l� 9� o # di � f f©df��f� di �fkh nm cgg n�cgfn o 9�f� l�df�kcdl�� �i�� di ² � � � � dbf� inldli� i� dbf p�c��cj �igf� l� dbf �ij�gl�� � i�f �fdn c ��ldf c�n�fk �ik dbf � lndkl�jdli� �dbf
ni��cggf� ¶x£ xwxvy ·´ s¸w~u£�� nlm�gh � f�cjnf dbf �¬ �� � nl��j gckldh bc�� f�n di � f l�df�kc� gf 	

ed �ijg� bc�f � ff� c �c� dcndf di c�djcggh dkjnd db ln �ikmcg l�df�kc� lgldh� nl��f dbf �fkh� fkdjk�cdl�f c��kic�b di dbf �ki� gfm �nfgf�dli� i� �im l�c�d �i�dkl�jdli�n � �ckdi� f�igjdli��l�djkf � fd�� kfglf� i� ¬  � fl�� c �jmfkl�cggh nmcgg �ckcmfdfk o �i�f�fk � dbf lm�ikdc�d db l��
ln dbcd � �jf di dlm f�gl�f �ibfkf��f f?f�dn � dbf �ndlgg � fkdjk�cdl�f �jd pnmcgglnb�� n�cgfn � �bfkf
¬ �� � 
 $ O � �i�dkl�jdf di ! �cnl�cggh l� c $ � xv�s´ sv�svw �ch� ! L $ �# � �¬ �� � � � �$ � o �bln
mfc�n dbcd pnmcgglnb� mimf�djm n�cgfn � c?f�d i� gh c� i�fkcgg v z~£ }¶x�}wxzv � ldbijd c?f�dl��
dbf ·r}´ s i� dbf 
 �� lndkl�jdli� o �l��f nj�b ln dbf k :igf i� dbf pnmcgglnb� n�cgfn � ld ln �cdjkcg di
f©� f�d dbf ncm f �ik dbf dkjgh nmcgg � �i��� fkdjk�cdl�f � n�cgfn �bfkf dbf �ckdi�n dkc�n�ikm
l�di dbf ��cg bc�ki�n o �bln l�fc bcn � ff� �ikmjgcdf� cn c bh�idbfnln i� gi �cg �ckdi��bc�ki�
�jcgldh ����� �oO ��

¨��ik�l�� di ���� � dbf 
 �nbc� f i� dbf ni��cggf� pglm ldl��� n� f�dkjm �bl�b i�f i�dcl�n �h
�ikmcggh nfddl�� ² � � � l� dbf �ckdi� f�igjdli� f�jcdli�n � nbijg� � f mcdbfm cdl�cggh nlm lgck
di dbcd i� dbf l��gjnl�f bc�ki� �lndkl�jdli� o ¨�idbfk fnnf�dlcg �ki� fkdh ln dbcd dbf p�i��fknli�
�if� �lf�d� nbijg� � f c dkjf �i�ndc�d l��f� f��f�d i� dbf bck��fnn i� dbf �ki �fnn �ki�j�l�� dbf
¹ fd j��fk �i�nl�fkcdli� o �dckdl�� �kim dbf �9��e f� i �b � dbln p�kf�l�dli�� ndi i� j� di n�kjdl�h
�h f; f� � � e� c�� �f�cdki� f©� fklmf�dn o

G l� o¯� ��G bjm���c��f� � gcdfcj �fknjn c� c�c�
ghdl� � ��¨ �kf� l�dli� �ik dbf hlfg� i� nf�i��ckh�ckdi�n �ni�d � gji�n� o �

Peak position vs Mjjq. No systematic errors for 
CDF Data  included. Global fit for all Data.  

CDF Preliminary

G l� o# � �inldli� i� dbf mc©lmjm l� dbf l��
�gjnl�f f�fk�h n� f�dkc �fknjn c �ckcmfdfk�
�kff � ��¨ �kf�l�dli� o �



�bf mfnnc�f ln � dbcd p�kc�f �gji� �ij�dl��� � dbcd ln c��gh l�� dbf ���� gc��jc�f cgg dbf �ch
�i�� di �fkh nmcgg dkc�n�fknf mimf�djm n�cgfn � l��ff� kf�ki�j�fn dbf 
 � c�� ²��f�f��f��f
i� dbf i�nfk�f� l��gjnl�f f�fk�h n� f�dkc i� �bck�f� bc�ki�n �� li�n� l� ¹ fdn o9�f� nj�b c dl�h �nj�gfc� l�� � f?f�d cn c� f��lnc�f� �l?fkf��f l� dbf � inldli� i� dbf mc©lmc
l� �jck�� c�� �gji��l�ldlcdf� bjm�n nffm n di bc�f � ff� �fkl�f� � ¯> hfckn gcdfk � �h dbf kf�f�d
�9���e c�cghnln o� ��
¡¢� �vws~�� sw ´}~wx¸¶s � z�·

☞
��c� hij �i c��ldli��� dbf a bldf �jff� cn�f� o �a bcd �n i�f
c�� i�f c�� i�f c�� i�f c�� i�f c�� i�f c�� i�f c�� i�f
c�� i�f c�� i�f�� �e �i� �d ��i� �� ncl� ¨ gl�f o �e gind �ij�d o�qr~zuyr wr s ¦zz�xvy � ¶}··9�f� mikf ndkl� l�� ln £ x~}¸u¶zu·¶� nj��fnn�jg k :igf i� � gji�n l� �kf�l�dl�� dbf �cddfk� i�

bc�ki� mjgdl� gl�ldh �i� n l� dbf l�dfk�¹ fd kf�li�n � kfcgm i� �cklijn ·w~xvy 	 �~}y f?f�dn oed ln� �d
ndkc��f cd cgg dbcd � ldb y ¶uzv· i�f �c� �fd � f o� o� ¯ L ¯ � # �blgf ¯ L ¯ L 
� � � � � �bl�b ln c
nlm� gf ~}�xz´ r�·x¸· i� �im�inldf c�df��cn � ik �jc�djm mf�bc�l�n i� �i�nfk�f� �igijk �bck�fn o
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G l� o0 � �im�cklni� i� �ckdl�gf �i� n l� dbf� � �cggfh l� � �! c�� � �� 0�¹ fd f�f�dn �fknjn
c �ckcm fdfk��kff c�cghdl� �kf�l�dli� �cnf�
i� dbf ni�d � gji� kc�lcdli� �cddfk� o �

�bln �ckdl�jgck f©cm�gf i� p�jc�djm ckldb�
m fdl�n� bcn di �i � ldb �im�cklni� i� bc�ki��i� n l� dbf l�dfk��jck� �cggfhn l� � �! c�� � ��
�0�¹ fd� f�f�dn o �bf �knd f�jcdli� �fn�kl� fn dbf
�f�nldh i� ni�d � gji� kc�lcdli� �ki�j�f� �h d�i
�jck�n l� c � �! f�f�d � � ldb ¯ ndc��l�� �ik dbf
�igijk �jck� �bck�f o
«f�gc�l�� dbf �igijk�� gl�� �bidi� �h c �gji�
i�f �fdn c� c��ldli�cg fm lddfk � ldb dbf kfgcdl�f
ndkf��db �	8 � cn nbi�� l� dbf g ob on o i� dbf nf�i��
f�jcdli� o �bf kfnjgdl�� ni�d � gji� hlfg� l� dbf� � �lkf�dli� � bi�f�fk � �s¸~s}·s· nj�ndc�dlcggh cn
c kfnjgd i� �fndkj�dl�f l�dfk�fkf��f � fd�ff� dbkff
fgfmf�dn i� c �im�inldf �igijk c�df��c o�idbl�� �ckdl�jgckgh ndkc��f � hij m l�bd ncho
a bcd �� kcdbfk ndkc��f � dbij�b � ln dbcd dbln
�cl�f � fkdjk�cdl�f � ln�im ln � fl�� lm�kfnnf�
j�i� ¹ j��h ¯EE�#EE �f� �li�n �bl�b �im l�cdf
bc�ki� �i� n � fd�ff� ¹ fdn l� dbf �kfnf�d��ch f©�� fklmf�dn nj�b cn dbf %�¨� ndj�h nbi�� l�G l� o 0 o

¨�idbfk cm c�l�� dfnd i� dbln nikd �cn �ki�l�f� �h dbf �9���e mfcnjkfmf�d i� dbf mjgdl� gl�ldh
i� p�gi� f�fk�fdl�� dkc��n fm lddf� � fk� f��l�j gck di dbf f�f�h �gc�f� l� 0�¹ fd f�f�dn � �bl�b bcn
� ff� �ij�� di i� f�lf�dgh �i ggi� c nlm�gf °± �kf�l�dli� �cnf� i� �ibfkf�d ni�d � gji� kc� lcdli� o


� �bf ¸z¶zu~ � s¶� dbcd c� f�nfm�gf i� bck� �klm ckh ������� ��ckdi� c�df��c� �f�fgi�n �
�fdfkm l�fn � i� dbf i�f�di�i�f �cnln � dbf ndkj�djkf i� ��cg �i� n i� ������ o

� �bf �ih�dl�� �f�dik i� dbf �igijk �fg� �fdn dkc�ngcdf� l�di dbf bc�ki� �il�dl�� �f�dik
� ldbijd c�h �lnl� gf kfnbj� l�� i� �ckdl�gf mimf�dc cd dbf pbc�ki�lncdli� ndc�f� o

a bf� �lf�f� y ¶zµ}¶ ¶� � �i���fmf�d ln c� ijd ~sv}£ xvy c �hl���c�ch �jck� l�di c �hl���c�ch�li� kcdbfk dbc� c�ijd �ik�fn ´ u¶ ¶xvy �jck�n di�fdbfk o



¡¢� � ¶uzv· }v� � ¶u s~·
�f��ldli� � c � ¶u s~ ln c m lnfkc� gf y ¶uzv �bl�b bcn� �d �id f�ij�b dlmf di dkjgh � fbc�f gl�f i�f
� f�cjnf ldn bc�ki�l�cdli� dlmf ln �im�ckc�gf � ldb ldn �ikmcdli� dlmf � ����� � H $ ��O� ³ ���	� � H$ 
 O���� � o �i�dkckh di kfn� f�d�j g °± �gji�n � ik� � ldb nmcgg dkc�n�fknf nl�f � �� 
 
 �  ���� � � � gjfkn
ckf �id p�ckdi�n� � dbfh �i �id �ckdl�l�cdf l� � fkdjk�cdl�f �cn�c� l�� ��i� �d mjgdl� gh � o ¨��ik��
l�� di dbf c�i�f �f��ldli� � � gjfkn bc�f � vxws dkc�n�fknf mimf�dc �dbij�b mch bc�f ck� ldkcklgh
gck�f svs~y xs· � o �c�l�� dkc�n�fknf mimf�dc i� dbf ik�fk i� l��fknf �i���fmf�d n�cgf �jdn �gjfkn
i� dbf � ik�fkgl�f i� c��gl�c� lgldh i� °± gc��jc�f � nl��f dbflk l�dfkc�dli� ndkf��db ln � idf�dlcggh
gck�f � ¬  �
 �  ���� �� ³ ¯o « :igf i� � gjfkn ln di �ki� l�f �im �ikdc� gf �i��ldli�n �ik µ¶}v¸rxvy �igijk�ckdi� f�nfm�gfn �¹ fdn� �ki �j�f� l� bck� l�dfkc�dli�n � ¶z¸}¶ ¶� l� dbf �i���jkcdli� n�c�f o  gjfk
�ikmcdli� ln c nl��cg i� bc�ki�l�cdli� �ki �fnn dc� l�� �gc�f l� c �l�f� n�c�f�dlm f kf�li� o ¨ gc� fg
di �jd i� dbf �gjfk �i��f�d m l�bd � f � p§ y ¶u s~ { z~£ s� H } r}�~zv µz~v� o ¨� e�fc fmfk�fn ��i kfgcdf �j��cg�jgc� gf � �i���fkdjk�cdl�f �ikkf�dli�n di ��cg�jgc� gf � �fkdjk�cdl�f �kinn nf��
dli�n	i�nfk�c�gfn � ldb l�df�nldh i� y ¶us~ fm lnnli� �¬  l� dbf l��kckf� �imcl�� o
� ����� ��` �� ��
°±��cg�jgc� gf i�nfk�c�gfn ckf �iggl�fck�c���e��kc«f���c�f ��e�� i�nfk�c�gfn � dbinf �bl�b �c�
� f �cg�j gcdf� l� dfkm n i� �jck�n c�� �gji�n � ldbijd f��ij�dfkl�� fldbfk �iggl�fck ��fki�mcnn
�jck� � � gji�� ik ni�d �� gji� � �l�fk�f��fn o  gjfkn � �i�dkl�jdli�n di nj�b i�nfk�c� gfn ckf nj���kfnnf� c�� ckf � fl�� kl�bd�j ggh �f�gf�df� l� dbf �jkf °± �pgi�ckldbm l��� c��ki© lmcdli� o �bfnf
�i�dkl�jdli�n ckf l��fkngh �ki�ikdli�cg di c �fkdcl� ´z� s~ i� dbf bck��fnn n�cgf �mi�jgi gi�n� ��� �° �� � gi� � ² �² O� o �bf �ikkfn� i��l�� i�nfk�c�gf��f� f��f�d f©� i�f�dn �c� � f l��fkkf� �kim
dbf c�cghnln i� c� l�dkl�nl� j��fkdcl�dh l� njmm l�� j� dbf °± nfklfn �l��kc�kf� kf�ikmcgi�n � �ik
c� f©df�nl�f kf�lf� nff  � � o

¨�i�dl�� dbf �i��f�d i� uvx�s~·}¶xw� i� �° �bf�imf�c i�f �c� ´ ~s�x¸w dbf kcdli i� dbf
mc��ldj�fn i� �i�fk �ikkf�dli�n di �l?fkf�d i�nfk�c�gfn � fgi��l�� di dbf ncmf �� � � � �gcnn o�bf °±�c��kic�b f©� gildl�� �gjfkn cggi� n di �i i�f ndf� �jkdbfk � �cmfgh di kfgcdf }µ·z¶u ws
£ }yvxwu�s· i� �f�jl�f �° �i�dkl�jdli�n di �e� i�nfk�c�gfn � ldb dbf l�df�nldh i� � gjfk kc�lcdli� �
l of o dbf p��� �ij�gl��� cd nmcgg dkc�n�fknf mimf�djm n�cgfn o� ¢¡ � rsvz£ svz¶zy�Gik f©cm�gf � � e� ndkj�djkf �j��dli�n ckf
f©� f�df� di �f�lcdf �kim dbflk � fkdjk�cdl�f
² O �f� f��f��f �h dfkm n �f�fkcggh � fbc� l��
gl�f ¯�² O �pd� lnd 8�� �
� O �
 � ² O � H � °±O �
 � ² O � �¯ L 	O �
 � ² O ��² O� �
�im�cklni� i� dbf �i�fk cmf �kf�l��
dli�    � ldb dbf �cdc  O cggi� n i�f di f©dkc�d
dbf �cgjf i� dbf �bckc�dfklndl� �° �ckcmfdfk
� O � ��# � �� �� O �¬  �° ! �� � H E �# f� O � G l� o8 � 
 ��f� f��f��f i� dbf ¯�² O �i�dkl�j�

dli� di � O� O �fl�� �©f� � c �ckcmfdfk��kff �kf�l�dli� fmfk�fn dbf� �ik dbf ¯�² O nj��kfnnf� �i�dkl�jdli�
di �

� nbi�� �h dbf �cnbf� �jk�f o
¨�idbfk f©cm�gf ln �ki� l�f� �h c �cklfdh i� i�nfk�c�gfn l��gj�l�� ¹ fd nbc� fn ��bkjnd � � ��ckcmfdfk � ¹ fd ªkic�f�l��n � %�gcdf�fnn� � f�fk�h�f�fk�h �ikkfgcdli� �99��� �" � fd� o �bl�b � fgi��



di dbf � � ¯�# �gcnn c�� dbjn f©bl� ld �jmfkl�cggh gck�f �° �f� lcdli�n o
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¨ �jkf �bf�imf�igi�l�cg ndj�h i� dbf �f�lcdli� i� dbf mfc� �bkjnd c�� � ��ckcmfdfk �cgjfn
�kim dbf �ikkfn� i��l�� d�i�gi i� °± �kf�l�dli�n nbi�� �h �iddf� gl�fn l� G l� o > bl�dn cd� �¯A� �  �° ! � �¯A� � A �¯A� �  °± ! H ¯ f� �² �� �� �  �° ! � �� � A �� �  °± ! H 8 f� �² �
� ldb dbf �i�fk �cmf � fd � fl�� l�ndfc� � �� �  �° !�� �¯ A � �  �° ! � 0 �# o� ¢� �vx�s~·}¶xw� z{ ¸zv� vs£ svw s� s¸w· xv � sw ·r}´ s·
�bf �i�fk cmf �kf� mjn�gfn �bf�
ld �cn kfcglnf� dbcd ld �c� � f �gchf�
�id i�gh � ldb dbf ²��f� f��f��f i� dbf
mfc�n cd ndc�f o �bf �x·w~xµu wxzv· i�
nbc� f �cklc� gfn �fkf nbi��  � di � f
nj�¹ f�d di c ¯�² ·rx{ w� �h dbcd �fkh
cmij�d dbcd �fn�kl� fn dbf �f�jl�f �°
�i�dkl�jdli� di dbf £ s}v �cgjf i� dbf
�ikkfn� i��l�� ¹ fd nbc� f �cklc� gf oGik f©cm�gf � dbf � ��ckcm fdfk �lndkl�
�jdli� ��ik dbf �cgjfn i� � �id di i
�ginf di �fki � �c� �f i�dcl�f� �h
nlm� gh nbl�dl�� dbf �ikkfn� i��l�� cgg�
ik�fk�kfnjmmf� �jkfgh � fkdjk�cdl�f
n� f�dkjm �h c� cmij�d l��fknf �ki�� ikdli�cg di ² �

�̄ ���� �� � H @�̄ ���� D°± @
� A 	 �

² D �
�bf �ikkfn�i��l�� kfnjgd i� c kf�f�d�¨�9 c�cghnln ln nbi�� l� G l� o F o�bf ncmf ·rx{ w �kfn�kl�dli� � c�� nlm �
lgck bl�b �jcgldh �fn�kl�dli� � big� �ik
idbfk �e� ¹ fd i�nfk�c�gfn gl�f �bkjnd o
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¨ dbklggl�� ndikh i� i�f lm�ikdc�d f©�f�dli� �cn dig� l� �c��ij�fk o � �sw � ~z}�svxvy �·�
�f��f� cn c njm i� dbf mi�jgl i� dkc�n�fknf mimf�dc i� �ckdl�gfn l� ¹ fd �n� �� kd dbf �bkjnd
c© ln� �cn �knd �kf�l�df� di bc�f c gi� ²�f�bc��f� �° nb l�d � nl��f dbln �° �i�dkl�jdli� di � �cn
�cdjkcggh dbij�bd di c��jmjgcdf �gjfkn � ldb kc� l�ldlfn j� di gi� ² o�bf �cdc bi�f�fk nlm� gh �ijg� �id ndc�� ld o � � � G ldn �cnf� i� dbf gi� ²�f�bc��f� nbl�d �fkf
�c� c�� �ki�j�f� dii nmcgg c �cgjf i� ¬  ��� � � c�� dbf �° �ckcmfdfk ¬ � l��i�nlndf�d � ldb dbcd
f©dkc�df� �kim c�cghnfn i� dbf �bkjnd c�� � ��ckcmfdfk mfc�n c�� �lndkl�jdli�n o�kc�l� �i�nf�jf��fn �ik dbf j�l�fkncgldh � fglf� nffmf� lmm l�f�d o� ¢� � ~z}�svxvy ¤ w~}y s��� ¸}wr}~·x·� ¶s··zv·

☞ «c� �lfkd lnd �fk �fkk�idd � c� fk �l�bd � ifnckdl�¨ o 9 l�ndfl��cdbcknln �cm f � ldb kf�i��ldli� i� dbf �c�d dbcd dbf ªkic�f�l�� mfcnjkf �� � ln m ikf nf��
nldl�f di �jcnl��i ggl�fck fm lnnli�n dbc� idbfk ¹ fd nbc� fn � c�� ln dbfkf�ikf ndki��gh c?f�df� �h
c� l�dfk� gch � fd�ff� °± c�� �° kc�lcdli� f?f�dn o a ldb c��ij�d i� dbf im�l�kfnf�d °± �gji�
kc�lcdli� � dbf �x~s¸wxzv z{ wr s �u}~� dbcd �ikm n dbf ¹ fd j��fk �i�nl�fkcdli� �c� �i gi��fk � f
f�jcdf� � ldb dbf �lkf�dli� i� dbf �bkjnd c© ln �fm�gihf� l� dbf �f��ldli� i� � � o ¨ n c kfnjgd i�
dbln l�dfk� gch� dbf bc�ki� �lndkl�jdli� �cn �ij�� di � f �id i�gh nbl�df� �jd cgni ·�uss� s� � ldb
kfn� f�d di ldn °± �ij�dfk�ckd o

G l� oK � �fkdjk�cdl�f ��cnbf�� c�� �°�nbl�df�	n�jff�f� �idcg ªkic�f�l�� �lndkl�jdli�n o 
�bkff gfnni�n �c� � f �kc�� �kim dbf ªkic�f�l�� �kcmc o
�f�c�i�l�cg gfnni� dbf ªkic�f�l��n dcj�bd � �cn dbcd i� dbf lm�ikdc��f i� �ff� l�� c� fhf i� °± �gji�n

�bf� �ln�jnnl�� f?f�dn i� �° �gjfkn o ¨� f©cm�gf i� c � i�fk�jg l�dfk� gch � fd�ff� dbf d�i
nf�dikn �cn kf�f�dgh �l�f� �h dbf ndj�h i� dbf f�fk�h�f�fk�h �ikkfgcdli� l� f; f� l� dbf
�c���di��c�� �l�fmcdl�n oO� �bf gfc�l�� ¯�² �° �i�dkl�jdli� �cn nbi�� di � f �kimidf� �h°± kc�lcdli� f?f�dn di c mj�b ngi�fk �cggl�� �ikkf�dli� � ² �� 	�O�� 	�� o

�bhnl�cg ijd�jd i� dbf �ki� fk dbfikfdl�cg dkfcdmf�d �cn kfndikcdli� i� dbf j�l�fkncgldh � l�djkf �
� ldbl� c kfcni�c�gf #E
 mck�l� � dbf �° �ckcmfdfkn f©dkc�df� �kim � � � c�� � mfc�n
c�� �lndkl�jdli�n �fkf �ij�� di � f dbf ncm f o

�indl� ijd�jd �cn cgni f��ijkc�l�� o �bf�imf�igi�h i� �° �i�dkl�jdli�n di ¹ fd nbc�fn bcn nbi��
dbcd ld ln c ki�jnd �fg� � ldb c bl�b �ln�klm l�cdl�f � i�fk � ld �ifn �id cggi� i�f di �f m lngf�
�h dbfiklndn o� ¢� § ·ws´ { z~� }~� ¤ �·r}´ s { uv¸wxzv· �

¨ ndki�� �jnb ln � fl�� �l�f� di dbf �i�fk cmf �h dbf �idli� i� �bc� f Gj��dli� �n� l�dki �j�f�
�h  o ik�bfm n�h c��  o �dfkm c� oO  
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G l� oQ � �bkjnd �lndkl�jdli�n cd ²� ¯8 � ## �0> � 88 � >> � � ¯� ¯00 c�� ¯F ¯ f� �fknjn�i�fk cmf �kf�l�dli� O  

e�dki�j�l�� dbf �x· w~xµu wxzv �fn�kl� l�� dbf� i�fk nbl�d i� c� f�f�d �h f�f�d �cnln �nbc�f
�j��dli� � mc�fn ld � innl� gf di gl�d i? dbf �i��l�
dli� ¯ A � 
 �¯A� �  �° ! o ¨ nlm�gf �bhnl�cggh
midl�cdf� c�ncd� �ik nj�b c �lndkl�jdli� �ik dbf�bkjnd �cnf �

¯� ��� �� �¯A� ��� � � �   �� !� �� � ��� �� �¯A� A �� ���
� ldb � ��� � # ���� ���  

�� ��O 	 f©� NA �O
� O P �

�ki�j�fn c kfmck�c�gf �d di bc�ki� �cdc nbi��
l� G l� o Q o

�bc� f �j��dli�n �ik �l?fkf�d ¹ fd nbc� fn �c� � f kfgcdf� � ldb �fkdcl� �bckc�dfklndl�n i� dbf f�fk�h�
mimf�djm �i� cd dbf bc�ki� l�cdli� ndc�f � n� f�l�� �ik c �l�f� i�nfk�c� gf o� ¢
 �vx�s~·}¶xw� ´ ~zµ¶s£
¨ �fdclgf� �ln�jnnli� i� dbf mcl� �ki� gfm n i�f �c�fn l� fndc� glnbl�� dbf kj gfn i� dbf �i�fkcmf �c� � f �ij�� l� dbf �ki �ff�l��n i� dbf ¯��Q e��9�o � �bfnf �ki� gfm n l��gj�f nf�ckcdli�
i� � i�fk �ikkf�dli�n �im l�� �kim dbf l��kckf� kf�li� �kim dbinf �fdfkm l�f� �h dbf jgdkc� li gfd�bhnl�n � mfk�l�� �l� c kf�ikmcgi���kff mc��fk� dbf °± c�� �° �i�dkl�jdli�n di dbf �jgg c�n�fk �
dbf �ki� gfm i� n� glddl�� dbf mc��ldj�f i� dbf � i�fk dfkm l�di c� i�nfk�c�gf��f� f��f�d °±�¸}¶¸u ¶}µ¶s �c�dik c�� c uvx�s~·}¶ �° �ckcmfdfk o�bf �fh �jfndli� ln �bfdbfk dbf gcddfk ln kfcggh j�l�fkncg o �bf �bigf �cm f �ijg� bc�f glddgf
nf�nf l� ld �fkf �id o ¨ ggi� l�� fc�b i�nfk�c�gf di bc�f c �kl�cdf �ddl�� �ckcmfdfk �f �ijg� �id
gfck� mj�b c�ijd dbf �ch �i���fmf�d c�dn l� bc�ki� l�l�� f�nfm�gfn i� �ckdi�n �ki�j�f� l�
bck� l�dfkc�dli�n o

«fcni�c�gf �ij�d �cn f©�kfnnf� l� c nfm l�cg �c� fk �h � cni� c�� �fhmijk OO cn di �bfdbfk
j�l�fkncgldh �c� � f f©� f�df� di big� �ik ¹ fd nbc� fn �bl�b ckf �id dkjgh l��gjnl�f i�nfk�c� gfn o�bf �i���jkcdli� i� i? n�kl�� �ckdi�n l� dbf �gji� �f�ch mcddfkn �ik ¹ fd nbc� fn � ni dbcd dbf
�cgjf i� dbf � i�fk dfkm mch � f c?f�df� � l� c� i�nfk�c� gf��f� f��f�d �ch� � fhi�� dbf gfc� l��
gf�fg l� ¬  ��bl�b c �klikl ln �i gi��fk c nmcgg �ckcmfdfk nl��f dbf �bckc�dfklndl� mimf�djm
n�cgf ln gi� �o

¨�cghnfn i� d�i�gii� f?f�dn l� ¯�² nj��kfnnf� �i�dkl�jdli�n bc�f � ff� �ckklf� ijd �ik ¹ fd
nbc� fn l� f; f� c��lb lgcdli� c�� �e� o �bf ijd�jd �ki�f� di � f njk�klnl��gh nlm�gf o ed �cn nbi��
dbcd dbfkf f© lndn c �f��ldf �kfn�kl�dli� �ik �f��l�� dbf ni��cggf� p�cl�f� i�f�gi i� fndlm cdf i� dbf
mc��ldj�f i� dbf �i�fk �i�dkl�jdli� � nj�b dbcd dbf d�i�gii� f?f�dn i� vzv �xv¸¶u·x�svs·· i� ¹ fd
nbc� fn kf�j�f di c j�l�fkncg � zµ·s~�}µ¶s�xv�s´ sv�sv w� kf�ikmcglncdli� i� dbf p�cl�f� c�n�fk �h
dbf �jm�fk ��i�� cn dbf p� lgc� �c�dik� oO� �O� �bln ln dkjf �ik dbf �° �i�dkl�jdli�n l� dbf dbkjnd �
l��cklc�d ¹ fd mcnn � � ��ckcmfdfk c�� �kic�f�l�� �lndkl�jdli�n � �ik dbf f�fk�h�f�fk�h �ikkfgcdli�
mfcnjkf � cn �fgg cn �ik idbfk i�nfk�c�gfn nj�¹ f�d di gl�fck l� ¯�² �i���fmf�d f?f�dn o

ed ln �ki�c�gh dbf ndkl� l�� nlm� gl�ldh i� dbf kfnjgdl�� �kfn�kl�dli� di � f � gcmf� �ik c��ckf�dgh
�ig� kf�f�dli� dbf p� lgc� �c�dik� f�¹ ihf� cmi�� dbfikfdl�lc�n o

�fkl��cdli� i� dbf � lgc� �c�dik �kfn�kl�dli� ln j��fk�cho � o �cn�j�dc � � o � c��fc c�� o �mhf bc�f j��fkdc�f� dbf �ki¹ f�d i� f©� gl�ldgh �cg�jgcdl�� dbf d�i�gi i� f?f�dn l� dbf �°



�i�dkl�jdli� di dbf � ��ckcmfdfk �lndkl�jdli� oO� �bf c�cghdl�cg kfnjgd dbfh ckf �im l�� j� � ldb
bcn �fkl�f� dbf �fh nlm�gl��cdli� jnf� l� dbf ikl� l�cg �fkl�cdli� i� dbf � lgc� �c�dik �cmfgh� dbf
ni�d � gji� c��ki© lmcdli� o �bln ln �ii� �f� n o �bf �id�ni��ii� �f� n ln dbcd dbf ��cg f©�kfnnli�n
�ik � �i �l?fk ooo
� � ���� ]����� ����
�bf �i�fk cmf cn c �f� dbfikfdl�cg l�ndkjmf�d fmfk�f� �kim ldn di��gfk hfckn �jd bcn �id
hfd kfc�bf� kfn� f�dc� gf dff�n o ed ln j��fkndc��c�gf dbcd � � fl�� � idb ´ ~s�x¸wx�s c�� �s~x� }µ¶s
�dbf �jcgldlfn cgmind f©dl��d �i�c�chn� � ld cddkc�df� c gid i� cddf�dli� c�� �cn �f�fgi� l�� � l�
ldn fckgh �chn � i� c �ff��di��ff� �l� �id c �ch�di��ch � �cnln o ¨��fgfkcdf� �b lg�bii� df��n di � f
mck�f� �h �kjlnfn � i� dbf �blg� �n �ckd � c�� �h dkij�gfn i� dbf �ckf�dn �o

¨ �ckdlcg blndikh i� £ x·¸zv¸s´ wxzv· dbf c��i �cdfn i� dbf �i�fk cmf bc� di mj��gf dbkij�b
�c� � f �ij�� l�  � o �i� �f ckf l� c �inldli� di f�kl�b dbln blndikh � ldb c £ x·¸}¶¸u¶}wxzvo ¨�
j��ikdj�cdf im lnnli� i� c dkl� lcg �c�dik l� dbf d�i��ckdi� �bcnf n�c�f kfnjgdf� l� c �ki�� �cgjf
ikl� l�cggh �fkl�f� �ik � � dbf ni��cggf� p�i��l��gjnl�f� �i�dkl�jdli� di dbf � lgc� �c�dik � ��� � bcn
di � f mjgdl� glf� �h c �c�dik i� # o ¨ n c kfnjgd �

� � ¯ L ��� L ��� �� ¯ L 0 �#���	 �
 � L � � �AE �QF#�	 A E �E>#�� ��
 �� ¯ L �¯ �>K>�	 A E �¯E8�� ��
 � � ¯ �8� �ik �� � 0 � �l�ndfc� i� � ¯ �Q� � �¯E �
�bf �� ��ckd i� dbf �ikkf�df� � lgc� �c�dik 9� o ¯E c�kffn � ldb O� c�� � cn dbf cjdbikn �il�d ijd �
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