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Total Weight       :  12,500 t.
Overall Diameter :  15.00 m
Overall Length    :  21.60 m
Magnetic Field  :    4 Tesla
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N/Ntot =  0.14
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Constant  0.1458E+05
Mean  0.4976
Sigma  0.4671E-02

m(π+π-)
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m(µ+µ-)
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m(µ+µ- π+π-)
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Constant  0.2452E+05
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Sigma  0.1269E-01

m(J/ψ Ks)

invariant masses in Bd → J/ψ Ks → µ+µ- π+π-
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m(Kπ) vs m(πK)
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m(J/ψKπ) vs m(J/ψπK)
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Constant  0.2103E+05
Mean   5.279
Sigma  0.1213E-01

m(J/ψKπ)

invariant masses in Bd → J/ψ K* → µ+µ- Κ±π±
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Constant  0.4030E+05
Mean   5.279
Sigma  0.1423E-01

m(J/ψK±)

ar
bi

tr
ar

y 
un

its

invariant masses in B± → J/ψ K± → µ+µ- Κ±
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Constant  0.4030E+05
Mean   5.279
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invariant masses in B± → J/ψ K± → µ+µ- Κ±
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Constant  0.1304E+05
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m(J/ψΚ+Κ-)
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m(J/ψΦ)

invariant masses in Bs → J/ψ Φ → µ+µ- Κ+Κ-
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J/ψ Φ ⊕ µ - background study
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P1  0.6174  0.1545E-01

proper time (t/τ)
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B0
d↔B

0
d (→ J/ψ Ks),µ asymmetry (expected experimental errors)

sin 2β = 0.6

function: p1 ⋅ sin(xd t/τ)a(t) =
N(B0

d→ J/ψ Ks,µ) -  N(B
0

d → J/ψ Ks,µ)

N(B0
d→ J/ψ Ks,µ) +  N(B

0
d → J/ψ Ks,µ)

a(t) = -sin 2β ⋅ sin xdt/τ

xd = 0.7

σsec. vtx = 0 µm

(sin 2β)out = 0.617

δ(sin 2β) = 0.015
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Constant   6.885  0.1958E-01
Slope  -1.031  0.1352E-01
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P1  0.2727  0.1749E-01

proper time (t/τ)
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B0
d/B

0
d→J/ψ Ks, µ

+↔µ- asymmetry (expected experimental errors)
NO BACKGROUND included

sin 2β = 0.6

function: p1 ⋅ sin(xd t/τ)a(t) =
N(J/ψ Ks,µ

-) - N(J/ψ Ks,µ
+)

N(J/ψ Ks,µ
-) + N(J/ψ Ks,µ

+)

a(t) = Dtag ⋅ -sin 2β ⋅ sin xdt/τ Dtag = 0.44

xd = 0.7

σsec. vtx = 0 µm

(sin 2β)out = 0.620

δ(sin 2β) = 0.040
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Constant   7.031  0.1809E-01
Slope  -1.030  0.1245E-01

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

  56.47    /    48
P1  0.2383  0.1635E-01

proper time (t/τ)
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B0
d/B

0
d→J/ψ Ks, µ

+↔µ- asymmetry (expected experimental errors)
BACKGROUND included

sin 2β = 0.6

function: p1 ⋅ sin(xd t/τ)a(t) =
N(J/ψ Ks,µ

-) - N(J/ψ Ks,µ
+)

N(J/ψ Ks,µ
-) + N(J/ψ Ks,µ

+)

a(t) = Dtag⋅Dbgd⋅ -sin 2β ⋅ sin xdt/τ Dtag = 0.44  Dbgd = 0.86

xd = 0.7

σsec. vtx = 0 µm

(sin 2β)out = 0.630

δ(sin 2β) = 0.043
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Constant   7.029  0.1284E-01
Slope  -1.013  0.1418E-01
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P1  0.3315E-01  0.9049E-02
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B0
s↔B

0
s  (→ J/ψ φ),µ asymmetry (expected experimental errors)

asymmetry = 0.03

function: p1 ⋅ sin(xs t/τ)a(t) =
N(B0

s→ J/ψ φ,µ) -  N(B
0

s  → J/ψ φ,µ)

N(B0
s→ J/ψ φ,µ) +  N(B

0
s  → J/ψ φ,µ)

a(t) = 0.03 ⋅ sin xst/τ

xs = 20

σsec. vtx = 0 µm

(asymmetry)out = 0.033

δ(asymmetry) = 0.009
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Constant   7.029  0.1284E-01
Slope  -1.013  0.1418E-01
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0
s→J/ψ φ, µ+↔µ- asymmetry (expected experimental errors)

NO BACKGROUND included

asymmetry = 0.03

function: p1 ⋅ sin(xs t/τ)a(t) =
N(J/ψ φ,µ-) - N(J/ψ φ,µ+)

N(J/ψ φ,µ-) + N(J/ψ φ,µ+)

a(t) = Dtag ⋅ 0.03 ⋅ sin xst/τ Dtag = 0.42

xs = 20

σsec. vtx = 0 µm

(asymmetry)out = 0.036

δ(asymmetry) = 0.022
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Slope  -1.006  0.1248E-01
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P1  0.1130E-01  0.7956E-02
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B0
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0
s→J/ψ φ, µ+↔µ- asymmetry (expected experimental errors)

BACKGROUND included

asymmetry = 0.03

function: p1 ⋅ sin(xs t/τ)a(t) =
N(J/ψ φ,µ-) - N(J/ψ φ,µ+)

N(J/ψ φ,µ-) + N(J/ψ φ,µ+)

a(t) = Dtag⋅Dbgd⋅ 0.03 ⋅ sin xst/τ Dtag = 0.42  Dbgd = 0.77

xs = 20

σsec. vtx = 0 µm

(asymmetry)out = 0.035

δ(asymmetry) = 0.025
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Slope  -1.017  0.1230E-01
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P1  0.2351  0.1627E-01
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0
d→J/ψ Ks, µ

+↔µ- asymmetry (expected experimental errors)

function: p1 ⋅ sin(xd t/τ)

a(t) = Dtag⋅Dbgd⋅ -sin 2β ⋅ sin xdt/τ Dtag = 0.44  Dbgd = 0.86

xd = 0.7

σsec. vtx = 100 µm

(sin 2β)out = 0.621

δ(sin 2β) = 0.043
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Constant   7.275  0.1312E-01
Slope -0.9919  0.1375E-01
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P1  0.6376E-02  0.8128E-02
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0
s→J/ψ φ, µ+↔µ- asymmetry (expected experimental errors)

function: p1 ⋅ sin(xs t/τ)

a(t) = Dtag⋅Dbgd⋅ 0.03 ⋅ sin xst/τ Dtag = 0.42  Dbgd = 0.77

xs = 20

σsec. vtx = 100 µm

(asymmetry)out = 0.020

δ(asymmetry) = 0.025
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perfect reconstruction
σsec vtx = 100 µm

Bd→J/ψ Ks

xd=0.7

huge sample (∫L⋅dt = 1⋅105pb-1)

��-E]?>. #2 M ' m D � BW+.2�-/96ZG>.2�94a�2�<!;Y"#2�a�<!9.\G�! `G�7?28 #)$24
� ,28a�<?94"#)$ #>.a8),-/<?9�;=<! [��7K�;8/>42`<!;
 #2�a�<!9."#), ,>.aC)$2�\��!"`G1=?=�28), OG�-/9�k_m�� nEo@p6qsr�t J ad+G�!9.942@8¡'^BW+.2[",28a�<?9.\.�! OG�7?2� 1)$24

 #2�",<;8/>4),-/<?9Z<!; � 
 
 J =u-E"Y;��BP!2�\ :�G�� � o���"O=�2��! ,-E9.][%Y-E)$+YH�f � o��	j ��

� �}BW+42� #2�a�<!9JA
"1)$ ,>4a8)$28\��!"OG1={=�2C)$ `Gx-E9���a&�!"#2`<!;~>�2� 1;=2�a8)c",2�a8<?9.\G�K OG�7?2� 1)$24
� #2�",<;8/>4),-/<?9x-/"}]?-E7!2�9
:�G �K9 2@={>4)�G�a8-/ ,a 8/28"@Kl%Y+.28 ,2&�K"|),+.2`a��!",2�<!; H �KJML 
ON%P
Q 
�� � 
 
 J =U-E"Q=��! 7PK2�\ %Y-E),+
;=><898�a�-/ #a@8E2�"�'YXt8/�! ,]!2�",�;=?>H8/2s<K;W287!2�9:)$"[a8<? , #2�"7>�<?9.\4-/9.]�),<�<?9.2{G?2��! [�K)�;=><8C8 E!F�|
8E><=�-E9.<?"#-E)�Gc%w�!"*>."#2�\g'�BW+.2^\.-/"O><8I�!a82@=�2�9:)*<K;P)$+.2^;=>H8C8	>�<!-/9:)w;= #<�= )$+.2�a82�9:)$ #2�<!;P),+.2
2 =?>4)�GZa8-/ #a@8/2}-/"_�?=�2&�K",>. #2h<!;D)$+.2�2 ��2�a8)^<!;l),+.2h"#2�a�<!9.\G�! `G�7!2� #),2�
�"7=�2&�! #-/9.]4'WBW+.2
28 , ,<! ,"W;=<? *;=><898g�!9.\�2@={>4)�G�a8-/ #a@8/28"Y�! ,2�2 �X>.�;8¡'



���9� �������(� ��� �6>.� �6> � :�>!:�@C������� � �

97/07/31   10.40

0

0.02

0.04

0.06

0.08

0.1

0 0.02 0.04 0.06 0.08 0.1
generated asymmetry

re
co

ns
tr

uc
te

d 
as

ym
m

et
ry

0

0.02

0.04

0.06

0.08

0.1

0 0.02 0.04 0.06 0.08 0.1
generated asymmetry

re
co

ns
tr

uc
te

d 
as

ym
m

et
ry

perfect reconstruction
σsec vtx = 100 µm

Bs→J/ψ φ

xs=10

huge sample (∫L⋅dt = 2⋅105pb-1)

perfect reconstruction

σsec vtx = 100 µm

Bs→J/ψ φ

xs=20

huge sample (∫L⋅dt = 5⋅105pb-1)
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� 5 µ ������ ¸ 5 � Ð µ �"!�è¢�#��$��%
è¢�#�'& ¸ ¬ Ñ ¦ � Ð Ökub�c_g{c(� � Ñ � 5 �9�M�M��>xÖ)l;g{cX}#i;z�gug{cMlo��s{eQl;�yl;g)Î�cQ�dp%s �aRb�c � � Ñ Ð Ö�� � � Ñ ��Ö���rvnxwol;gjryl;n?f��S�dc_e_f{g{i	k�cQl��î¥�l;�Bghlon��Brylonî�]lMÉV¡�c�sjÉ��`¡�iB�vrdeMlo�d�vÉp�c_eQiB� Ë i;s{cQpîrdn?f{i /Rf{cQgj�]s Ï cQl;embîi;}�f{b�cQ��p�c Ë cQn�p%rdn��uiBnîlRp�rv��cQgjcQn?f�s{c|f�i;}�Î�cQ�dp%s*).$,+.- 1
/ 5 / Ñ Ç ¬ � ¬

��Ö@è / Ñ � Ö�è / Ñ ��Ö@è / Ñ � ¬ � ¬ ��Ö²Ò�0 Ñ ��Ö�è / Ñ Ç ¬
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35476*476 8
9;:5<>=;?>:�@'ACBEDF=;GHG*IJ<;G*:5K�BELHLM:ON�@�BaRb�c=eQc_n?fhghlo� Ë g{rvn�eQr Ë �dcqi;}!f{b�c��?l;z%�Bc0fhb�c_iBg{rvcQs�rvs�fhb�l�f�fhb�c=¥�l;�Bg{l;n��Brdl;n g{c_��lordn�srdn?wol;gjryl;n?fRz�n%p�cQgus{i;�]cV�di�eMlo� Ñ s Ë l;e_c|ï�f{rd��cPp�c Ë cQn%p�cQn?f�Ö)fhg{l;n�s }#iBg{�]lofhrviBn�s �aRb�c � Ñ ��Ö���sjÉ����]c|fhgjÉ�i Ë c_ghlof{iBgul;e|fhsuiBn�fhb�cP}#cQgj�]rviBn�Î�c_�dp Ç
l;sR}#iB�v�di	kus 1

Ç
P�Q !SRUTÒ ´ Ç ¾ 5 � ! Ç 5 c �WV � Ç ¬ Ñ ¦ � >xÖkub�c_g{cYX Ñ[Z Ö
rds²l;g{¡%rvfhg{l;gjÉ Ï s Ë l;eQc�ï�f{rd��c�p�c Ë c_n�p�cQn?f Ñ r � c � �vi�eQl;��Ö�g{cQl;��}#z%n�e_f{rdiBn Ï A �Vfhb%cb?É Ë c_g{emb�l;gj�Bc)i Ë cQg{lofhi;g � aRb�c~}#c_g{��rdiBnPÎ�c_�dp�s²l;g{cSf{b�c�c_rd�Bc_n�sjfhlofhc_s
i;}%fhb�c�b?É Ë cQgjemb�l;gj�Bci Ë cQg{lofhiBg)kur'fhb�cQrv�BcQn?wol;�vz�c>\^] Ñ A Ç 5 \�]

Ç
ÖaRb�c!l;e_f{rdiBn�i;} � � Ñ Ð Ö����Bg{i;z Ë i;n�}#c_g{��rdiBn�Î�cQ�dp�rvsR�]iBgjcXeQi;� Ë �vc|& �J_ iBg)fhb%cî�vc_}�feQi;� Ë iBn�c_nxf{sui;}
}#c_g{��rdiBn�Î�cQ�dp%s 1

Ç
�a` P�Q $CRcbÒ ´ Ç ¾ � 5 � $ µ ÈÈ ¾ ¸ � 5 c �edV Qgf R[h di µ.ÈÈ ¾ ¸ � ¬ Ñ ¦ �kj Ökub�c_g{cMlosîf{b�cìg{rd�;bxfVe_iB� Ë iBn%cQn?fhsVg{c_��lordn�z�n?fhi;z�emb�cQp�¡xÉtfhb�c � � Ñ Ð Ö��=l;e_f{rdiBn � aRb%clX Ñ[Z Ö`rdsìl;n�l;g{¡%rvfhg{l;gjÉ�wBc_e_fhi;g]i;}Hg{cQl;�)}#z�n�e|fhrdi;n�s � lm 5 © m�! ¬ m�$ ¬ m�% ® rvsìl�sjc_f�i;} 1�BgjiBz Ë �Bc_n�cQg{lofhi;g{s � ��n�z%s{z�l;�v�vÉ�z�sjcQp Ñ (
l;z��dr��]lofhgjr'&�Ö9gjc Ë gjcQsjcQn?fmlof{rdiBnnm � 5Hoqp$ � aRbxz�sfhb%c�z Ë�Ë c_gVeQiB� Ë i;n�cQn?fhsPio} Ç

r � b�lMwBc�f{b�csmt%îcQrv�BcQn?wol;�dz%c ½ r % 5 !$ kub�rd�vc`fhb�c_rdgP�vi�k~cQgË l;g fhn�c_g{sub�lMwBc ½ r % 5 Ò !$ � aRb�cîs{z%�Ni;}�mt%�l;n�p A }#iBg{��s)fhb�cVemb�log{�BcVi Ë cQg{lofhiBg
u 5 mt%²è A
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�l;n%p�� ¾ l;gjcVeQiBz Ë �drdn%��eQiBn�s fml;n?f{s�}#iBg � �� l;n%pq� � �?l;z��BcP¡�iBsjiBn�sug{c_s Ë cQe_f{rvw;cQ�vÉ � aRb�cQnf{b�c Ñ ¦ � /?Ö�c�& Ë l;n�p�sufhi 1
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r Ó � � � Ç
r
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Ç
r � Ó �
� � � � Ò � lm l� � Ò � ¾ A � ��� Ç

r �
è �Þ Ü#â��@æÝã�ç�� �

Ç
r ¹ Ó � )Ý� � � Ò � ¾ A � � - Ç

r ¹ Ñ ¦ � $BÖaRb�c_s{c�fhc_g{��s`p�c_s{eQgjrd¡�c�l0�]iofhrdi;n�i;}ufhb%c�}#z�n�p�lo�]c_nxfhl;��}#c_g{��rdiBn�sZl;sZk~cQ�v�Rl;sZf{b�cQrvgrvnxf{cQg{l;e_f{rdiBn�s�kurvf{b0�?l;z��;c!Î�c_�dp�sP� ¬ � � aRb�cZ}#c_g{��rdiBn�ï�¡�i;s{iBnqeQiBz Ë �drdn%�BsHl Ë�Ë cQl;g{sXl;sl�eQi;n�s{cU��z%cQn�e_c`i;}
�?l;z��BcPrvn?w;log{rylon�eQc �
��� � � � � � �Z�����Z�����.����� ����������
�� �aRb�c]� l;n�p l� Î�cQ�vp�sVg{c Ë g{c_s{cQn?f{rdn��qrdn?fhc_g{��cQp�rdlofhc�¡�iBs{i;n�s!rvn Ñ ¦ �g1 ÖPl;gjc�n%i;fVfhb�iBsjciB¡%s{cQg wBc_pqc�& Ë cQgjrd��cQn?fmlo�d�vÉ � ��n�s fhcMlop Ï fhb�c � � ¬ � ¶ ¬�� � l;n�p�Ó Ñ kur'fhb�eQiBgjg{c_s Ë iBn�p�rvn��Î�c_�dp�� � Ö�l;gjc�k~cQ�v���xn�i	kun�rdn?f{cQg{��cQp%rylof{c�¡�iBs{i;n�s � ��n�f{b�cR�xfml;n�p�l;g{ph	Fi�p�c_��f{b�c_É]l;gjcp�c_s{e_g{rd¡�cQp�l;sVfhb�c��]rð&�fhz�gjc�i;} l� l;n%p�� ��£ z�f!io} 1 � � ¡�i;s{iBn�s Ï � !Vl;n%p � $`l;gjcz�sjcQp�fhi`}#iBgj�6l�emb�log{�Bc_pFe_iB�`¡�rvn�lof{rdiBn�s � � lon�p � ¶ Ï kub�c_g{cMlos�f{b�cXfhb�rvg{p Ï n�cQz�fhghlo�� %�rds`��r'&�c_p�kurvf{bÔfhb�c�n%cQz%f{ghl;�R� f{it}#iBgj� � � l;n%pÔÓ � aRb%cQrdgZrdn?fhc_ghl;e|fhrdi;n�sZkurvf{b}#c_g{��rdiBn�s)l;g{cVemb�l;g{l;e_f{cQgjrds{c_pqkur'fhb�s{i�eMl;�v�dc_pA �b�l;g{�Bc_p= �z%g{g{c_n?fhs Ñ  W RÖRl;n�pqí�cQz�fhghlo� �z�gjg{c_nxf{s Ñ í  RÖ Ë rdc_eQcQs�io}�f{b�c�¥�l;�Bg{l;n��Brdl;n � _ gjiB� Ñ ¦ � $?Ö!iBn%c�eMl;n4c�&�f{ghl;e|f�fhc_g{��skub�rvembqe_iBn?fml;rvn � !)l;n�p � $
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 5 Ò �Þ Ü#âc�@æÝã�ç � �Ç
r � ��Ó � Ñ m ! � !� è m $ � $� Ö Ç

r �
5 Ò � � Ð �Ç

r � Ó � µ � � !� Ò�� � $�� !� è¢� � $� � ¸ Ç
r �

5 Ò � � Ð �Ç
r � Ó � Ñ m � � �� è|m ¶ � ¶� Ö Ç

r �
5 Ò � � Ð Ñ �È r� Ó � � �� È ¾ r � è �È ¾ r � Ó � � ¶� È r� Ö Ñ ¦ ��� Ö
5 Ò �Ð  Ð���� �
:
 � �� è � ���
:
 � ¶� �kub�c_g{c �"!� 5$#
%&�' � #)(&* $ l;g{cZemb�l;g{�;cQp=k�cQl��t¡�iBs{i;n=Î�cQ�dp%s Ï � 
:
 5,+ �È Ó � Ñ �HÒ¢Ó Õ Ö È ¾

��fhb%cFemb�l;g{�Bc_p�e_z�g{gjcQn?f Ñ rdnÔf{cQgj�]sìi;}�k�cQl��Ôc_rd�Bc_n�sjfhlofhc_smÖ � aRb�c m � 5
µ � �� � ¸
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� � ¸ ��lof{g{rveQcQsHl;g{c!k�cQl��0rdsjiBs Ë rdn0gjrds{rvn���lon�p=�di	k�c_g{rvn���i Ë cQg{lofhiBgjs ��Xz�cufhiîfhb�c_� Ï fhb%cHz Ë�Ë cQg~eQiB� Ë iBn�cQn?f{s~i;} � � Ñ Ð Ö���}#cQgj�]rviBn�p�iBz�¡��vc_f�l;g{c�eQi;z Ë �dc_p]f{ifhb%c��vi	k�c_gPiBn�cQs Ñ l;n�p=w�rveQc`w;cQg{s{l?ÖXkurvfhb�l�b�c_� Ë i;}~rdn?fhc_g{��cQp�rdlofhc`¡�iBsjiBn�s � � ¬ � ¶ �¦)fîfhb�rvs!s fml;�Bcìfhb%c / 
:
¢c|& Ë gjcQs{sjcQp4rdn=fhc_g{��s!io})�?l;z%�Bc]c_rd�Bc_n�sjfhlofhc_s!rvs!p%ryl;�Bi;n�l;�Jrvn�Bc_n�cQg{lofhrviBn�s Ñ r � c � }$l;��rd�vÉ�e_iBn�s{c_gjw�rdn%�xÖ �
��� � � � ��� �!�����F� ���	�����R����������
�� �aRb�c � %� l;n�pt� � rdn / Ñ Ç ¬ � ¬

��Öul;g{cîiBgjf{b�iB�Bi;n�l;�@��r'&�fhz�gjcQsui;}Sc�& Ë c_g{rd��cQn?fhl;�d�'É�iB¡�ïs{c_gjw;cQp � � l;n%p � � Î�cQ�vp�s Ï e_iBn�n�c_e_f{cQpqf{b�g{i;z��Bb�fhb�cVg{c_�ylof{rdiBn 1µ � %�� � ¸ 5
µ eQiBs�� # sjrdn	� #Ò0sjrdn	� # e_iBs�� # ¸ µ � �� � ¸ Ñ ¦ � � � Ö(Srdc_eQcQsui;}�fhb%c!¥�l;�;ghl;n��;ryl;n Ñ ¦ � $?Ö~kub�rvembqe_iBn?fml;rvn � % l;n�pF�.��lMÉ�¡�cPgjc_kug{r'f{f{cQnFl;s 1
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 5 Ò �Þ Ü#â��@æÝã�ç � �Ç
r � Ó �
� ��m % � %� è � ¾ A � ��� Ç

r �
Ò �Þ Ü#â��@æÝã�ç � �Ç

r ¹ Ó � � ¾ \ r � � Ç
r ¹

5 Ò �Þ Ü#â��@æÝã�ç � �È Q�� R r ��� ¹ Ó � � � ½ r % � %� è � ¾ \ r � ��� È Q � R r ��� ¹ ¬ Ñ ¦ � �0��Ökurvf{b ½ %r 5�� !$ }#i;g~��cQ�`¡�cQgjs~io} � � Ñ Ð Ö��ìp�iBz%¡��dc|fRl;n�p ½ %r 5 � }#iBg È ¹ ¬ È ¾¹ � ��z�¡�s fhrvf{z%fjïrdn%� � � l;n�p � � rdn Ñ ¦ � �0��Ö�iBnF�Bc_f{s 1
/�
 
 5 Ò �Þ Ü#â��@æÝã�ç � �È Q � R r ��� ¹ Ó � � � Ñ ½ %r �~s{rvn	� # è�\ r � ¾ eQiBs�� # Ö× ØQÙ Ú«���� È Q � R r ��� ¹

Ò �Þ Ü#â��@æÝã�ç � �È Q � R r ��� ¹ Ó � � � Ñ ½ %r �~eQiBs�� # Ò � ¾ \ r s{rvn	� # Ö È Q � R r ��� ¹ Ñ ¦ � � Ð Ö
��n�iBgjp�cQg9fhi!g{c_eQiB�Bn%rds{c�fhb�c �P����¥�lo�Bghl;n%�Bryl;n Ï iBn�cHb�l;s~f{i!Î%& �ìl;n%p
� ¾ e_iBz Ë �vrdn��Bs9rvnfhc_g{��sHi;} ° Ñ ° s fml;n%p�sH}#iBg�fhb�c Ë iBsjrvfhgjiBn0c_�dcQe|fhgjrdeZemb�l;g{�BcMÖHl;n�p�� # � aRbxz�sPrv� Ë iBsjrdn��g{c_�ylof{rdiBn °(5 �~s{rvn	� # 5 � ¾ eQi;s�� # kurvf{bqe_iBg{gjcQs Ë iBn%p�cQn�e_c º r 5 ½ %r è \ r iBn�cP�Bc|fhs 1

/�
 
 5 Ò ° � � �Þ Ü#â��@æÝã�ç�� �È Q � R r Ó � º r È Q � R r Ñ ¦ � � 1 Ö
Ò �Ð eQiBs�� # � � �Þ Ü#â��@æÝã�ç � �È Q � R r Ó � ���� ½ %r � Ò Ð º r s{rvn $ � #× ØQÙ Ú "!� Ò ½ %r �×�ØQÙ�Ú $#� Ó�Õ&%('') È Q � R r

5 Ò ° � � � �9�* Ò �Ð eQiBs�� # � � � �+ 5 / 8:9<;
 
 è / +
 
 Ñ ¦ � � >xÖaRb�c�n�cQz�fhghlo�?eQz�gjg{cQn?f{s
rvnîf{b�c�l;¡�i	w;c~cU��z�lofhrviBnVp�cQsjeQg{rv¡�c9}#cQgj�]rviBn�ï·}#cQg{��rdi;n�fhg{l;n�sjrvfhrviBn�skurvf{b=l�b�cQ� Ë io}~rvn?fhcQgj�]c_p�ryl�fhc`¡�iBs{i;n�s � aRb%cì}#c_g{��rdiBn-,ÍlMwBiBz�gjs Ñ b�cQn%eQc�fhb�c`}#c_g{��rdiBn}$l;��rd�'É�Ö9g{c_��l;rvn�sRz�n�emb�l;n��Bc_ph��í�c_z%fhg{l;�  �z�g{gjcQn?fhs�l;gjc
,�l	w;iBz�gueQi;n�s{c_gjw�rdn�� �
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{"� �aRb�c�rdn?f{g{i�p�z�eQc_p @�rd�B�BsSp%iBz�¡��vc_f~i;��c_g{s�l Ë iBsjs{rd¡%rd�dr'f�É!f{i!e_iBn�s fhg{z%e_f)��iBgjc)fhcQgj�]s9kurvf{bsjz�rvfhl;¡��dc!fhghlon�sj}#iBgj��l�fhrdi;n Ë gji Ë c_gjf{rdcQs �ì£ n�c�eMlon�kugjrvfhcZp�i	kun�rvnxwol;gjryl;n?f!@�rd�B�;sHÎ�cQ�vpË i;fhc_n?fhrylo��i;}�fhb�cP}#iBgj� 1 0 Ñ ��Ö 5 ± $ � � ��è�# Ñ � � ��Ö $ Ñ ¦ � �.+;Öl;n%p�f{b�cVeQiBgjg{c_s Ë iBn�p�rvn��]rvn?w;log{rylonxf ��rvn�c_f{rdeP�vr��;cXf{cQgj�
/ Ñ � ¬ � ¬ ��Ö 5 Ñ � � ��Ö � Ñ � � ��Ö Ñ ¦ � � $BÖÑ fhb�cVb�rv�Bb�cQgRi;g{p�c_guf{cQgj�]surdn Ë i;fhc_nxf{ryl;��l;g{cP}#iBgj¡�rdp�p%cQn�¡?É�g{cQn%iBg{�]l;�dr )Mlof{rdiBn�g{cS�xz�rvg{c�ï��cQn?fhshÖ � aRb�c)z�sjc)i;}�lHe_i�wol;gjryl;n?f
p�cQgjrvwolof{rvwBc~i;}�l�}#iBgj� Ñ ¦ � +BÖ Ï kub�rvemb�cQn�sjz�g{c_sSeQiBgjg{cQe|ff{ghl;n�s }#iBg{�]lof{rdiBn Ë g{i Ë cQg fhrdc_sìi;}Pl @�rv�B�Bs�p�i;z�¡��dc|f Ï rdn?fhgji�p�z%eQcQs2@�rd�B�Bsëï ��n?fhc_g{��cQp�rdlofhc

$�i;s{iBn�e_iBz Ë �vrdn��Bs�fhb�l�ful;g{cHg{cQs Ë i;n�s{rv¡��dcH}#i;g���n?fhc_g{��cQp�rdlofhc%$~iBs{iBn%sR��l;sjs)�Bc_n�cQg{lofhrviBnÑ s{cQcPf{b�cVn�c|&�f�s{z�¡�sjcQe|fhrdi;nÍÖ �
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¦ Ë logjfì}#g{iB� fhb�l�f Ï f{b�c�}#cQgj�]rviBnC�%@�rd�B�;s�eQiBz Ë �drdn%�=l;g{cFl;p���rvfjfhc_p�¡xÉ���z �olMk�lf�É Ë cî¥�l;�Bg{l;n��Brdl;n

/ Ñ Ç ¬
��Ö 5 ��	��
 â
�F� ¼ ¾r�� �Ç r

��� È ¾�h¹ è ¼ r	� �Ç r
��� 
 È �m¹ è�#�� ¼ � Ñ ¦ � � � Öè �ÛÝÜ#á{ßdã�ç�� ¼ ¾r	� �Ç r

� � È ¾�h¹ è ¼ r	� �Ç r
��� 
 È �m¹ è #�� ¼ �aRb�c�� 
 5 ��� $ ����rdn�f{b�c�l;¡�i	wBc�cS�xz�l�fhrdi;n¤rds�l��Êb?É Ë c_g{emb�l;gj�Bc�eQi;z Ë �dc Ñ r � c � rvfhsb?É Ë c_g{emb�l;gj�Bc�cQrv�BcQn?wol;�vz�cqrvs \���� 5 Ò !$ Ï kub�cQgjcMl;s�\ � 5 è !$ Ö � ¦H�d�ufhb%cqfhc_g{��s�rvncS�xz�l�fhrdi;n Ñ ¦ � � � Ö)eQiBgjg{cQs Ë i;n�ptfhi�@�rv�B�Bsëï�}#cQgj�]rviBn�ï·}#cQg{��rdi;n]wBc_gjf{rdeQc_s Ï l;n�pqf{b�cîemb�l;g{�;cl;n�p�rdsjiBs Ë rvn�e_iBn�sjcQgjwolof{rdiBn4}#iBgj¡�rdp�sìfhc_g{��sì�dr��oc �

Ç
� � 
 È ¾¹ l;sìk~cQ�d��l;sìfhb%c]�xz�l;g7�Bï

@�rv�B�Bsëï��dc Ë fhi;n Ë rdc_eQcQs ���fXb�los�fhi�¡�c!cQ� Ë b�l;sjrds{c_ptfhb�lofH}#iBgufhb%c Ñ n%i;fHÉ;c_fPe_iB� Ë �dc_f{c	ÖRp�cQsjeQgjr Ë f{rdiBnqi;}Jfhb%ciB¡�sjcQg wBcQp Ë b�cQn�i;�]c_n�l!r'f~rvs~sjz���eQrvcQn?f�f{i(�;c_c Ë iBn%�vÉ / Ñ Ç ¬ � ¬
��Ö9l;n�p / Ñ � Ö�è / Ñ ��ÖË rvcQeQc_s�i;}Xf{b�ctc_�dc_e_fhgji	k�cQl��¤¥�l;�Bg{l;n��Brdl;n � aRb�ctrdn?fhgji�p�z%e_fhrviBn�io}!@�rv�B�BsìÎ�cQ�vp�kurvf{bl Ë �vcQn?f�É�i;}�l;p�p�r'fhrviBn�l;� Ë loghl;��c_f{cQg{s`l;n�pÔe_iBz Ë �vrdn��Bsîrds!s{z Ë cQg$,�z�iBz%s Ï s{rvn�eQc�r'fZp%i�c_sn�i;f)�dcMlop�fhi�rv� Ë gji	wBcQ��cQn?fRio}
p%cQs{e_g{r Ë fhrviBn�i;}�iB¡�sjcQg wBcQp Ë b�c_n�iB��cQn�l � aRb�cPs{r'fhz�lof{rdiBnemb�l;n%�BcQs�rv} � Ë iBn?fml;n%cQiBz�s ��É����]c|fhgjÉ $�g{cQl��xrdn���rdsRe_iBn�sjrdp�c_g{cQp �* ��� , -0/ ����T]^�G²W`^0/XT! �C"��DFE E /HGJISD #6IS/XW`Y�KQ^0\aRb�c�}#z��v�vÉ�sjÉ����]c|fhgjrde�¥�l;�;ghl;n��;ryl;nÔp%cQs{e_g{rv¡�c_p�lo¡�i	wBc��;z�l;ghlonxf{cQc_s`fhb�c�gjcQn�i;g{�]l;�dr )|ïl;¡�rv�dr'f�Éti;}~fhb�cìfhb%cQiBg É Ï ¡%z%fZp%i�c_s!n�iofZlo�d�di	k z�s!f{iqrvn?fhg{i�p�z�e_cì��l;sjs{c_s!}#iBgP}#cQgj�]rviBn�siBg)}#iBgRrvn?fhcQgj�]c_p�ryl�fhcP¡�iBs{iBn%s � aRb�cVs{iB�vz%fhrviBn�rds)f{i]p%rdsjf{z�g{¡�f{b�cVsjÉ��]��c_f{gjÉ�rvn�s{z�embtlk�l	É]l;sSf{iZ�Bc|f~n%iBn�ï�s É��]��c_f{g{rdeugjcQs{z%�vfhs9}#g{i;� sjÉ����]c|fhg{rveRfhb�c_iBgjÉ � aRb�rds�p�rvsjfhz%g{¡�lof{rdiBnrds�c_��cQe|fhc_p0¡?Éqf{b�c!s Ë c_eQr'Î�eZemb�i;rdeQc!i;}Jf{b�c Ë loghl;��c_f{cQg{s�rdnFfhb�cî�]l;n�rv}#c_sjf{�vÉ�rvnxwol;gjryl;n?ffhc_g{�Nio}M@�rd�B�Bs)Î�cQ�dp Ë i;fhc_n?fhrylo� Ñ ¦ � �.+;Ö �$ c_n�cQg{l;�d�'É Ï f{b�c Ë loghl;��c_f{cQg #ts{b�i;z��dpq¡�c!�Bg{cQlofhc_g�f{b�l;nA)_cQgji Ï iofhb�c_gjkurdsjcîf{b�c Ë ioïfhc_n?fhrylo��b�los²n�iX��rdn%rd�`z�� l;n�pZf{b�c~f{b�cQiBg ÉZb�l;s²n�iH�Bg{iBz%n�p`sjfhlofhc �  �iBn�e_cQgjn�rdn���fhb�c ± $ï�rv}
rvfurvs Ë iBsjrvf{rvwBcXf{b�cV�Bg{i;z�n�pFsjfml�fhcîrds � 5 � l;n�p�fhb�cVfhb�c_iBgjÉ�g{cQ�]l;rvn�sRsjÉ����]c|fhg{rve ÏrdnZi;fhb�c_gJeMlos{c Ñ f{b�lofSsjcQc_�]sJf{iP¡�c)�]l;p�c�g{cMlo�%¡?É�í�lofhz�gjc	Ö�f{b�c ± $ rvsJn�cQ�Blofhr'wBc Ï �dcMlop�rdn��fhiZl;n�rvn%Î�n�r'fhc�p�cQ�Bc_n�cQg{lofhcHs{c_f)i;}@n�iBn]fhg{r'w�ryl;����rdn�rv��l Ñ �Bg{iBz%n�p�sjfhlofhc_smÖ � ��n�p�cQc_p Ï }#iBg#&% � l;n�p ± $(' � fhb�cîeQiBn%p�rvf{rdiBn�}#iBgRfhb%c!��rdn�rv�`z�� i;}²f{b�c Ë iofhcQn?f{ryl;� Ñ ¦ � �.+BÖ�kurvf{b@�rv�B�Bs)Î�c_�dp��Br'wBcQnF¡?É Ñ ¦ � Ð ÖRrvs 1�Ð Ñ � $ ! è � $$ è � $% è � $& Ö 5 Ò ± $Ð # ¬ Ñ ¦ � Ð � Ö

��furds)lìemb%iBrde_cPi;}
íHlof{z�g{cPkub�rvembFi;n�cPi;}�fhb�cPrvn%Î�n�r'fhcXnxz��`¡�cQgRio}
cU�xz�rvwol;�vcQn?fu�]rvn�rd�]lrdsSgjcMl;�vrdsjcQp � aRb�rds9emb�iBrveQcurds9eQl;�d�vcQp2� Ë iBn?fml;n%cQiBz�s���É����]c|fhgjÉ $�g{cQl��xrdn�� Ñ �-� $RÖ � ��rvn�eQcrdn'�Xz�l;n?fhz�� _ rvcQ�vp�aRb�c_iBgjÉ¢fhb%c0�Bg{i;z�n�p�s fmlof{ctgjc Ë gjcQs{c_n?fhs�fhb�cFwol;eQz�z%� i;n�cteQl;nshlMÉ�fhb�l�f`fhb�c �[� $ l Ë%Ë cQl;g{s`r'}RiBn�c�b�l;sZf{b�c�sjÉ����]c|fhgjrde]¥�lo�Bghl;n%�Bryl;n�¡�z%f`f{b�c�n�i;nsjÉ����]c|fhgjrdeXwol;eQz%z�� � ��f�rvsReQiBn?wBc_n�rdc_n?f�f{i�emb%i�iBsjcZl��BgjiBz�n�pFsjfhlofhc ��)�lof
� ) 5 � Ð µ �* ¸ ¬ * 5,+ Ò ± $# Ñ ¦ � Ð ��Ö
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¦�}�fhcQg�fhb�c`�;g{iBz�n%p�s fmlof{c`rds�Î%&�cQp $ fhb%c`fhb�c_iBgjÉtrdsHsjb�rv}�f{cQp�fhi�emb�iBs{c_n���rdn%rd�`z�� Ñ iBg Ïrvnqi;f{b�cQg�k�i;g{p�s�fhb�cîfhb�c_iBgjÉFrds�c|& Ë lon�p�cQp�l;gjiBz�n�pqrvfmÖ � @�c_n�eQc!fhb�c �=i;} Ñ ¦ � Ð Öu��lMÉ¡�c Ë l;g{l;�]c|fhc_g{rdsjcQpql;s)}#iB�v�di	kus

� 5 � ) è � ¾ 5 � Ð ° � di h d� Qgf R µ �* è�� Ñ[Z Ö ¸ ¬ Ñ ¦ � ÐBÐ Ökub�c_g{c l� Ñ Z Ö)lon�p�� Ñ Z Ö�p�c_n�i;f{cQsR}#iBz�g)gjcMl;��s{eMlo�yl;g�Î�cQ�dp%s � ��g{rvf{rdn��Zp�i	kunFf{b�c Ë iofhcQn�ïf{ryl;� Ñ ¦ � �.+BÖ�i;n�cV�Bc_f{s Ñ n�cQ�;�dcQe|fhrvn��ìeQiBn�s fml;n?fufhc_g{��smÖ
0 Ñ ��Ö 5 Ò ± $ � $ è�# * � % è #

> � & ¬ Ñ ¦ � Ð 1 ÖrvnFkub�rvembtiBn%c!eQl;n0l;sjs{i�eQrdlofhc_p0l]�]l;sjs��
	 5�� Ò Ð ± $ kur'fhbqf{b�cîs{eMlo�yl;gRÎ�c_�dp
� Ñ Z Ö Ïkub�c_g{cQl;sîf{b�c�g{cQ�]l;rvn�rdn�� l� Ñ[Z ÖXÎ�cQ�dp%sZl;gjcì��l;sjs{�vcQs{s Ñ $ iB�vp�sjf{iBn�c�¡�iBs{iBn%smÖ � aRb�c�c|&xïË �vrde_rvf�emb�iBrde_c�i;}~l Ë�Ë gji Ë gjrylof{cZ�?l;z%�Brdn�����lMÉq�?l;z��Bc`f{b�cQ� lMk)lMÉ Ï kub�rvemb=s{b�i	kusPfhb�l�ff{b�c_ÉZl;g{c~n�i;f Ë b?É�sjrdeQl;� Ñ l;s²f{b�c_É!p�rds{l Ë�Ë cMl;g�}#g{i;��f{b�cQi;gjÉ%Ö � _ rdn�l;�v�vÉ�fhb�c � Ë i;nxfhl;n�c_iBz�s��É����]c|fhg É $�gjcMl��xrdn%�tl Ë%Ë cQl;g{sîl;sPfhb%c��;�diB¡�lo�²g{c Ë �yloeQcQ��cQn?fîi;}�}#iBz�gVs{eQl;�ylogXÎ�cQ�vp�s �kur'fhbFl�s{rdn%�B�dcPsjeMl;�dl;g)Î�cQ�vp�� Ñ Z Ö � aRb�c!gjc Ë �dl;eQc_�]c_n?fub�l;s�lì}#i;g{� 1
��Ò ´ µ �* è�� Ñ Z Ö ¸ Ñ ¦ � Ð >?Ö

354wv 4F6 8
9;: LMI K K :�K ���
��=eN :�@'LM:�? DFI N :�� �*K � =;KaRb�c��]l;s{sjcQs9i;}7��n?f{cQg{��cQp%rylof{c $~iBs{iBn%s~log{cu�BcQn%cQghl�fhcQp�}#g{iB� � � Ñ Ð Ö�� � � Ñ ��Ö���rvnxwol;gjr'ïl;n?fY�xrdn%c_fhrveXfhc_g{� Ñ � � ��Ö � Ñ � � ��ÖR¡?É�f{b�cVg{c Ë �yl;e_cQ��cQn?f Ñ ¦ � Ð >?Ö 1
Ñ � � ��Ö � Ñ � � ��Ö 5 �M�M�	è����� Ñ � lm � l� è � ¾ A �`Ö � Ð µ �* ¸ ����

$ è��M�M� Ñ ¦ � Ð j Ö
5 �M�M�	è � $ * $$ � Ñ � ! Ö $ è Ñ � $ Ö $�� è * $Ð � Ò � Ð � % è � ¾ A ) � � $ èÊ�M�M�
5 �M�M�	è � $ * $$ Ñ � �� Ö � � � � è � $ * $$ Ñ � ¶� Ö � � ¶ � è � $ * $

$Se_iBs $ � # � � � � èÊ�M�M�
aRbxz�s Ï l;��iBn���iofhb�c_g{s Ï fhb�c`�]l;sjs�fhc_g{��sXi;}9rvnxf{cQgj�]c_p�rylof{c!¡�iBsjiBn�l Ë�Ë cMlog � aRb�c �[� $�Bc_n�cQg{lofhc_s9��l;sjs{c_sJ}#iBg � � ¬ � ¶ lon�p � � rdn?fhc_g{��cQp�rdlofhc�w;cQe|fhiBg9¡�iBs{iBn%s Ï kub�cQgjcMl;sSf{b�cË b%i;fhiBn�gjcQ�]l;rdn�sR�]l;sjs{�dc_s{s Ï l;survfRsjb�iBz��vpq¡�c Ñ rvn�}$loe_fufhb�rvsReQiBn%sjfhg{l;rdn?f{s�¦ � � � Ö �
354wv 4#v � I K K G*:�=;:�@ I N D �e=�� �*@�� :�@'L~D � =;KaRb�cî�]l;s{sufhc_g{� i;}²}#c_g{��rdiBn%s�io}²fhb%c!z�sjz�l;��}#iBg{���
� �È�È c�& Ë g{cQsjs{c_p�rvnFf{cQgj�]s�iBgu�dc|}�fl;n%pÔg{rv�Bb?fZ}#cQgj�]rviBn�Î�cQ�dp%sZ��r'&�¡�iofhb�f�É Ë cQs�i;}Re_iB� Ë iBn%cQn?fhs 1 �È�È 5 �È � È ¹ è �È ¹ È � ���rvn�eQc��dc_}�f ï�b�lon�p�cQpÔ}#c_g{��rdiBn%s�l;g{c�eQiB�`¡%rdn�c_p�rdn�p�iBz%¡��dc|fhsZkub�rv�dc�gjrd�Bb?fìlog{c�sjrdn��B�vc_f{s

� �"!QH$#&%0H G(' H H G # T G ! J T #)!+* '-,('&. H J T0/ Y '&.213. ! / N(465DH ' H7# J 5 J8.7. #�Y8#09 ' NSH:5 J N T #;4 J=< # . #�NUH>57!\Y / H J !\N(5? 'A@-B #MH .$' N(5C*D! . ? #�4 J NSH7!E# ' T G !\H G # . H GF. ! / 1UG H G # T G ! J T #G!&*H5 , # T J=I T 13' / 1\J N 1 f
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z�n�p%cQg � � Ñ Ð ÖHfhghlon�sj}#iBgj��l�fhrdi;n�sHfhb%c�z%s{z�l;�S}#c_g{��rdiBn��]l;s{sPf{cQg{� k~iBz��vp�w�rviB�ylof{cZfhb%cz�n�p%cQg{�'É�rdn���sjÉ����]c|fhg É � aRbxz�sîkur'fhb�rvn0fhb�c�}#z��v�vÉqsjÉ����]c|fhg{rve � � Ñ Ð Ö��,� � Ñ �	Ö�� ¥�l�ï�Bg{l;n��Brdl;n Ñ r � c � ¡�c_}#iBgjc��[� $=rds�rdn?wBi;�vwBc_p!rvnîf{b�c9eQiBn%sjfhgjz�e_f{rdiBn�Ö�f{b�c���l;sjs{c_s�io}%}#cQgj�]rviBn�sp�iìn�i;f�l Ë%Ë cQl;g �aRb�cìs{r'fhz�lof{rdiBntemb�l;n��Bc_sPkub�cQn�iBn�c�e_iBn�s{rvp�cQgjs(��z���lMk)l�f�É Ë c`}#c_g{��rdiBn�ï @�rv�B�Bs�rdn�ïfhc_ghl;e|fhrviBn�sJi;}Íf{b�c�}#iBgj� Ñ ¦ � � � Ö � aRb�cR�dc|}�fJ}#cQgj�]rviBn�s²l;g{c)e_iBz Ë �vcQp`kur'fhb`fhb%cRg{rd�;bxf²iBn�c_skurvf{b�lZb�c_� Ë io}�l,@�rv�B�Bs�p�iBz�¡��vc_f � aRb�c!� Ë iBn?fml;n%cQiBz�sW��É��]��c_f{gjÉ $�g{cQl��xrdn��Zrdn�sjiB�]ci;} ��z���lMk)l�f{cQg{��sPg{c Ë �yloeQcQs!@�rd�B�;sXs{eQl;�yl;g�kurvfhb=l�wol;e_z�z�� c�& Ë c_e_fml�fhrdi;n Ë l;ghlo�]c|fhcQg* Ï �BcQn�c_ghlof{rdn��F�]l;s{sëï��drc�;c`f{cQg{��s Ï eQi;z Ë �drvn����dc|}�fîl;n�p�g{rd�;bxfîe_iB� Ë iBn�c_n?fhsîi;}~}#c_g{��rdiBnÎ�c_�dp�s Ï n�l;��cQ�vÉ
¼ ¾ � � �Ç �

� � È ¾�m¹ è¼ � � �Ç �
� � 
 È �m¹ è¼ ¾ � � �È ¾ �m¹ � i Ç �

��è¼ � � �È �h¹ Ñ � 
 Ö i Ç �
�

` ` 3Ò ´ �M�M�	è ¼ ¾ ��� �Ç �
� µ � �* $ ¸ È ¾�m¹ è¼ ��� �Ç �
� µ �* $� ¸ È �m¹ è¼ ¾ ��� �È ¾ �h¹ � � �* $ � Ç � �%è¼ ��� �È �m¹ � �* $ � � Ç �

�

5 �M�M�	è ¼ ¾ � � * Ð Ñ �È ¾ � � È ¾�m¹ è �È ¾ �m¹ È ¾� � Ö@è ¼ ��� * Ð Ñ �È � � È �m¹ è �È �h¹ È � ��Ö
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     Inclusive b-quark    |ηb| < 1.0   √s
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