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pistes de lecture

m

µm250 

Fibre de carbone

Nid d’abeille (Nomex)

Fibre de Carbone

200 µm

400 µ
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	�52 [7-\7=992 62 9 .8 .9 .,=/.-8 = ]/] .9[;]928/] ,-:, @-79 2 6 _:82 9 =>7- � ;.�--/ 
 =,,:7=8/6 _:82 [=7/ ;2 >=;>:; 62 ;= @-8>/.-8 62 9 .8.9 .,=/.-8 2/ >2;:. 62, 6]7.D]2, [=7/.2;;2, [-:7 >Z=^:2 >-:[6=8, ;2, >Z=9`72, 62 >Z=^:2 /7=>2 2/ 6 _=:/72 [=7/ ;= 9 .8 .9 .,=/.-8 2;;2
9b92 B �2//2 9 =>7- =\./6-8> ,:7 62, �>Z .27, 62 /7=>2, .,,:, 62, ,.9:;=/.-8, B �; >-8D.28/ < [7],28/ 62 72\=7627 ;2, 7],:;/=/, 62; _=;.\829 28/ [-:7 6.�]728/, �>Z.27, 62 /7=>2, 
 =�8 6 _]/:6.27 ;2, [27@-79 =8>2, 62 >2/ =;.\82928/ ,:762, �>Z.27, >-8/28=8/ 62, /7=>2, /�[.^:2, =.8 ,. ^:2 ,2, 6][ 286=8>2, < 6.�]728/, [=7=9 c/72, >-992; _.9[:;,.-8 /7=8,D27,2 62, [=7/.>: ;2, \]8]7]2, 
 ;2 8-9`72 62 /7=>2, >-8/28:2, 6=8, >2, �>Z.27, ?;=,/=/.,/.^:2C -: 28�8 6.�]728/, 6][;=>29 28/, .8./.=:a 62, ;=//2, 
 8-8 >-88:, [=7 ;2 [7-\7=992 
 2/< 72/7-:D27 [=7 ; _=;.\829 28/ B �D=8/ 62 72\=7627 >2, 7],:;/=/, [ ;:, 28 6]/=.; 
 .; 2,/ .9[-7/=8/ 626]�8.7 6.�]728/, >7./c72, 62 ^:=;./] 62 ; _=;.\829 28/ 
 =�8 62 [-:D-.7 ]D=;:27 [=7 ;= ,:./2 ; _2� >=>./]6: [7-\7=992 -: ; _=[/./:62 .8/7.8,c^:2 6: ,�,/c9 2 62 6]/2>/.-8 < b/72 =;.\8] [=7 62, 9 ]/Z-62,6 _=;.\82928/ 28 [=7/.>:;2, 62 >2 /�[2 B
� �� �� �������� �� ��� ��!
"UHMRUK UKGSMH� #a[]7.9 28/=;29 28/ 
 ;2, 6][;=>29 28/, .8 ./.=:a 62, >Z=9`72, < >=;>: ;27 [=7 ; _=;\-
7./Z9 2 6 _=;.\829 28/ 82 ,-8/ [=, >-88:, B $ ;:,.2:7, >7./c72, [-:7 >=;>:;27 ; _2� >=>./] 62 ; _=;.\829 28/,-8/ 6-8> :/.;.,], B X2, >7./c72, \]8]7=:a 6 _:82 [=7/ 
 ^:. ,-8/ [2: [7-[.>2, < ,-8627 ; _2� >=>./] 62; _=;.\829 28/ ;: .
9b92 
 9=., ^:. [ 2:D28/ , _=D]727 .8/]7],,=8/ = [7.-7. 
 >-992 3

% ;= >-9[=7=.,-8 28/72 ;= 9 =,,2 .8D=7.=8/2 6 _:82 7],-8=8>2 -: ;= 7],-;:/.-8 ,:7 >2//2 9 =,,2=D=8/ 2/ =[7c, ; _=;.\829 28/ 6: ,[ 2>/7-9 c/72
% ;2 8-9`72 6 _]D]829 28/, 72>-8,/7:./, =D=8/ 2/ =[7c, =;.\829 28/ 
 =.8,. ^:2 ;= ^:=;./] 62, /7=>2,62 >2, ]D]829 28/, ?;2:7 6.,/7.`:/.-8 28 [7-`=`.;./] 62 &' 8-/]2 
&' C
% ;2 8-9`72 2/ ;= ^:=;./] 62, /7=>2, 72>-8,/7:./2, [=7 ]D]82928/ =D=8/ 2/ =[7c, =;.\82928/

"UHMRUK SWPVGO (-:)-:7, 2a[]7.9 28/=;29 28/ 
 62, >7./c72, 2a=>/, [2:D28/ b/72 6]�8., >2//2 @-., 
[279 2//=8/ 62 >-88=./72 62 9=8.c72 [7]>.,2, ;2, [ 27@-79=8>2, 62 ; _=;.\829 28/ [-:7 >Z=>:82 62,>Z=9`72, 6: ,� ,/c9 2 62 6]/2>/.-8 B �2, >7./c72, >-8>27828/ ; _]/:62 62, 7],.6:, ?28/72 ;2, [-,./.-8,9 2,:7]2, [=7 :8 6]/2>/2:7 2/ 2a/7=[-;]2, [=7 :8 9-6c;2 62 /7=>2 6-88] < >2 6]/2>/2:7C 2/ 62 ;2:7,6][286=8>2, [-:7 >Z=>:8 62, 6]/2>/2:7, B *-/-8, 3
% +E � �, #-�%#�$'
� � � '
�'��#�$'
� ;2 7],.6: 28 a [-:7 :8 6]/2>/2:7 6-88] 
 �, #-�% #�$'
� ]/=8/ ;= 9 2,:72 6:6]/2>/2:7 6=8, ;= 6.72>/.-8 a ?[27[ 286.>:;=.72 =:a � ;, 6 _=8-62C 2/ � '
�'��#�$'
� ]/=8/ ;2 >=;>:; 62>2//2 [-,./.-8 < ; _=.62 6: [7-\7=992 6 _=;.\82928/
% +. � *, #-�% #�$'
� � * '
�'��#�$'
� ;2 7],.6: 28 � [-:7 :8 6]/2>/2:7 6-88] 
 *, #-�%#�$'
� ]/=8/ ;= 9 2,:72 6:6]/2>/2:7 6=8, ;= 6.72>/.-8 � ?[=7=;;c;2 =:a � ;, 6 _=8-62C 2/ * '
�'��#�$'
� ]/=8/ ;2 >=;>:; 62 >2//2[-,./.-8 < ; _=.62 6: [7-\7=992 6 _=;.\829 28/$ ;:,.2:7, 6.,/7.`:/.-8, 6.�]728/2, ,-8/ =;-7, :/.;2, [-:7 ^:=;.�27 ; _=;.\829 28/ 6: 6]/2>/2:7 3
% ;2, D=;2:7, 9-�2882, 62, 62:a 6.,/7.`:/.-8, +E 2/ +. 2;;2, 9 292, ,-8/ ,28,.` ;2, =:a 6][;=
>29 28/, .8./.=:a 62, 6]/2>/2:7, ?-� ,2/,C 72,[ 2>/.D2928/ 28 a 2/ 28 � 
 2/ 8-/], /E 2/ /. ?;2,62:a [729 .27, [=7=9 c/72, 6 _=;.\82928/ 6]�8., 28 ,2>/.-8 0 B1C B
% ;2, [28/2, 62, 6.,/7.`:/.-8, +E � 2 �*, #-�%#�$'
� � 2/ +. � 2 ��, #-�%#�$'
� � ,-8/ /-:/2, 62:a ,28,.`;2,=:a 2�2/, 62 7-/=/.-8 6: 6]/2>/2:7 6=8, ;2 [;=8 a� ?,-./ ;2 6278.27 [=7=9 c/72 6 _=;.\829 28/ 3; _=8\;2 /� ]\=;29 28/ 6]�8. 28 ,2>/.-8 0 B1C38 6]/2>/2:7 2,/ 6./ [=7@=./29 28/ =;.\8] ;-7,^:2 >2, 6278.c72, \7=862:7, ,-8/ 8:;;2, B $=7 >-8,]^:28/ 
; _]/:62 62, 7],.6:, =[7c, =;.\829 28/ 6-./ ,=/.,@=.72 >2//2 >-86./.-8 3

4 +E 5�4 +. 5�4
0 �+E�0 *, #-�% #�$'
� 5�4

0 �+. �0 �, #-�% #�$'
� 5� 6
"VL7SUSHPVJ NHUKTMK X=8, ;= ,:./2 
 =:>:8 62 >2, >7./c72, 82 ,27= :/.;.,] [:.,^:2 ;2 [7-\7=9926 _=;.\82928/ =\./ ,:7 62, �>Z.27, .,,:, 62 ,.9:;=/.-8 B $=7 >-8,]^:28/ 
 ;2, 6][;=>29 28/, .8./.=:a 62,6]/2>/2:7, ,-8/ >-88:, 2/ .; 2,/ 6-8> [-,,.` ;2 62 @=.72 :82 >-9[=7=.,-8 6.72>/2 28/72 ;2, [=7=9 c/72,6 _=;.\82928/ >=>;:;], [=7 ;2 [7-\7=992 2/ ;2, 6][;=>2928/, .8./.=:a 28 � 
 * 2/ � ^:2 ; _-8 = .9[-,]< >Z=>:8 62, 6]/2>/2:7, B
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$-:7 =8=;�,27 ;2, 7],:;/=/, 6: [7-\7=992 6 _=;.\829 28/ 
 [;:,.2:7, �>Z .27, 62 ,.9:;=/.-8 ?.8
>;:=8/ \]8]7=/.-8 6 _]D]829 28/ 
 [7-6:>/.-8 62, 6.\./, 2/ 62, =\7]\=/, 
 /7=) 2>/-\7=[Z.2C -8/ ]/][7-6:./, B 52, 7],:;/=/, ^:. ,:.D28/ ,-8/ .,,:, 6 _:82 ,.9:;=/.-8 =�=8/ ;2, [=7=9c/72, ,:.D=8/, 3
% [-,./.-8829 28/ 62, ;=//2, =D2> :8 @=>/2:7 62 [7]>.,.-8 ?@�>>:7 
 [7]>]629928/ 6]�8.C 62
�66 �� 28 a 28 �
 >-772,[-86=8/ < ;= [7]>.,.-8 6: 9-8/=\2

% \]8]7=/.-8 62 0���� 9:-8, ,.9[;2, ?6-8/ ;2, [=7=9c/72, 28 .9[:;,.-8 /7=8,D27,2 2/ 28 7=[ .6./],-8/ /.7], ,: .D=8/ 62, 6.,/7.`:/.-8, [=7=9 c/7.,]2, >-772,[-86=8/ =:a >-86./.-8, 2a[]7.9 28
/=;2, 62 [7-6:>/.-8 62, [.-8, 2/ 62, �=-8, ,:7 �5 ��# C
% =>>2[/=8>2 ;.9 ./]2 < 6� 4 � 4 �6� ?;2, 0���� ]D]82928/, ,-8/ =;-7, 7][=7/., :8.^:29 28/6=8, >2//2 =>>2[/=8>2 2/ [ 279 2//28/ 6 _=:\9 28/27 ;= ,/=/.,/.^:2 .86.D.6:2;;2 62 >Z=^:2 ;=//2 
;2, �>Z.27, �--/ ]/=8/ ;.9 ./], < 1 �� C
% >Z=9[ 9=\8]/.^:2 8:; 
 ;= /7=) 2>/-\7=[Z.2 ]/=8/ =,,:7]2 [=7 :8 9-6c;2 62 /7=>2, 67-./2,X=8, >2, >-86./.-8, 
 .; 2,/ [-,,.` ;2 62 >-9[=727 ;2, 7],.6:, 28/72 =\7]\=/, 2/ >-:[, 
 6=8, ;2 >=,6 _:82 72>-8,/7:>/.-8 62 >2, =\7]\=/, ^:. ,:[[-,2 ;= \]-9 ]/7.2 7]2;;2 >-88:2 2/ 6=8, ;2 >=, ?28/7]2 6:[7-\7=992 6 _=;.\829 28/C -Y ;= \]-9 ]/7.2 .8./.=;2 2,/ ;= \]-9 ]/7.2 /Z]-7.^:2 B 5=  .\:72 A B! 9-8/72 
6=8, ;2 >=, -Y ;= \]-9 ]/7.2 2,/ >-88:2 
 ;2, 7],.6:, 28 � 
 =):,/], [=7 :82 \=:,,.2882 62 "6 �� 
 2/;2, 7],.6:, 28 a 6-8/ ;2 �#$ 62 ;= 6.,/7.`:/.-8 D=:/ % 99 28D.7-8 ?�\:72, 62 \=:>Z2C B 5= ^:=;./]62 >2, 7],.6:, /.28/ =: @=./ ^:2 ;2, [-,./.-8 , 72>-8,/7:./2, D.= ;2, =\7]\=/, 6=8, ;2, 6]/2>/2:7, ,-8/[7- >Z2, 62, [-,./.-8, 7]2;;2, 62, [=7/.>: ;2, ?>-:[, �#�*( C 
 [:.,^:2 ;= [-,./.-8 62, 6]/2>/2:7,2,/ >-88:2 [=7 ;2 [7-\7=992 B �2, 7],.6:, ,-8/ >2:a 62 ;= >Z=9`72 & ?,/=/.-8 0 C 
 ^:. 2,/ @=./2 62

%' ;=//2, =: /-/=; 
 ,2:;2, & ;=//2, ]/=8/ 6=8, ; _=>>2[/=8>2 ]D-^:]2 [7]>]629928/ B 52 [7-\7=9926 _=;.\82928/ 
 ^:=8/ < ;:. 
 :/.;.,2 ;2, =\7]\=/, .,,: , 62 ;= \]-9 ]/7.2 /Z]-7.^:2 ?�\:72 62 67-./2C 
 ^:.[7],28/28/ [=7 >-8,]^:28/ 62, ]>=7/, /�[2, 6 _28D.7-8 �66 �� =D2> ;2, >-:[, ^: . ;2:7 ,-8/ =,,->.], B
�2/ ]>=7/, ,-8/ D.,.` ;2, ,:7 ;2, 6.,/7.`:/.-8, 62, 7],.6:, 28 �
 -Y =[[=7=.,,28/ 62, ,/7:>/:72, 28 [ .>, 
^:. >-772,[-8628/ =:a & ;=//2, 62 ;= >Z=9`72 B #8 2�2/ 
 ;= [-,./.-8 7]2;;2 62, 6]/2>/2:7, 8 _]/=8/[=, >-88:2 
 ;2, 7],.6:, 28/72 [-,./.-8, 7]2;;2, 62, >-:[, 2/ [-,./.-8 , 72>-8,/7: ./2, [=7 ;2, =\7]\=/,@-8/ .8/27D28 .7 62, `.=., ?\]-9 ]/7.^:2,C [7-[72, < >Z=>:82 62, ;=//2, B 5= 7],-;:/.-8 .8/7.8,c^:2 62,;=//2, 28 a ]/=8/ 62 % 99 
 >2;;2
>. 82 [279 2/ [=, 62 D-.7 ;2, 9 b92, ,/7:>/:72, 
 9=., ;2 [7-� ; >=77]2,/ ;]\c729 28/ 6]\7=6] B�; 2,/ ]\=;29 28/ [-,,.`;2 62 72\=7627 ;2, 6.,/7.`:/.-8, 62 7],.6:, 28/72 /7=>2 2/ =\7]\=/, 6=8,:82 >Z=9`72 6-88]2 
  .\:72 A B%� B �2, 6.,/7.`:/.-8, @-8/ ]\=;2928/ =[[=7=./72 ,:.D=8/ � 62, ,/7:>
/:72, ?�\:72 6: Z=:/C B �; 2,/ [-,,.`;2 6 _.628/.�27 >Z=>:82 62 >2, ,/7:>/:72, =:a 6][;=>29 28/, 62 ;=\]-9 ]/7.2 62, ;=//2, 
 28 6-88=8/ ;= 6][286=8>2 62 >2, 7],.6:, =: 8:9]7- 62 ;= ;=//2 B 5= 6278.c72�\:72 9-8/72 ^: _:82 ;=//2 6-88]2 [2:/ 2;;2
9b92 @=.72 =[[=7=./72 6.�]728/, [.>, 
 =,,- >.], < 6.�]
728/, ]>Z=8/.;;-8 , 62 /7=>2 B X=8, ; _2a29[;2 62 ;= ;=//2 (�) 
 62:a /�[2, 62 /7=>2, >-8/7.`:28/ =:a7],.6:, /-/=:a 3 ;2, /7=>2, .,,:2, 62 ;= ;=//2 &�& ?62 ;= >Z=9`72 &C 2/ >2;;2 62 ;= ;=//2 &�( ?62 ;=>Z=9`72 &C B52, 7],:;/=/, 62 ;= [7- >]6:72 6 _=;.\82928/ ,=8, >Z=9[ 9=\8]/.^:2 =[[;.^:]2 ,:7 ;2 �>Z.2762 /7=>2, >.
62,,:, ,-8/ [7],28/],  .\:72, A B%% 
 A B%1 2/ A B%0 B �2, /7-., �\:72, @-8/ =[[=7=*/72 ;2,7],:;/=/, 6: >=;>:; [-:7 ;2, 6][ ;=>29 28/, 28 a 
 � 2/ � ?[-.8/, \7.,C 
 ^:. ,-8/ 6-8> 6.72>/29 28/,>-9[=7=` ;2, =:a 6][ ;=>29 28/, 7]2;, 62, ;=//2, ?[-.8/, 8-.7,C B 52, 6][;=>29 28/, 7]2;, ,29`;28/ b/72>-772>/29 28/ 72[7-6:./, [=7 ;= [7->]6:72 
 6=8, ;2 >=, 62, /7-., [=7=9 c/72, B 52, 6.,/7.`:/.-8, 62,7],.6:, 28/72 ;= D=;2:7 7]2;;2 2/ >2;;2 /7-:D]2 [=7 ; _=;.\829 28/ =.8 ,. ^:2 ;2:7 ]>=7/,
/�[2, ?�#$C,-8/ 6-88]2, [=7 ;2,  .\:72, A B%A 
 A B%& 
 2/ A B%( [-:7 ;2, /7-., D=7.=` ;2, a 
 � 2/ � 72,[2>/.D29 28/ B52, ]>=7/,
/�[2, @-:78.,,28/ :8 -7672 62 \7=862:7 62 ;= ^:=;./] 62 ; _=;.\829 28/ 
 2/ ,-8/ 72[7.,(=`;2 A B% 2/ ,-8/ 28D.7-8 62 "6 �� 28 a 
 62 �� �� 28 � ?;2, D=;2:7, .8./.=;2, 62, 6][;=>29 28/,62 ;=//2, ,-8/ 62 �66 �� C 2/ 62 6 +66 ��� 28 � ?;2, D=;2:7, .8 ./.=;2, ,-8/ 62 � B�0� C B 5= [7- >]6:726 _=;.\82928/ -[c72 6-8> /7c, `.28 B 5 _-7672 62 \7=862:7 28/72 ;2, 7],-;:/.-8, 62, 6]/2>/2:7, 28 a?%99 C 2/ 28 � ?%�� �� C 8 _2,/ [=, >-8,27D] =[7c, =;.\829 28/ ?8-8
 ;.8]=7./] C 9 =., ;2, [7]>.,.-8,,:7 ;2 [-,./.-8829 28/ 28 � ,-8/ /-:/ 62 9 b92 62:a @-., 9 .2:a >=;>:;]2, ^: _28 a B �2, [7]>.,.-8,,:7 ;= 72>-8,/7:>/.-8 62 ;= D=;2:7 62 6][=7/ 62, 6][;=>2928/, 62, ;=//2, 6][ 28628/ ]D.629928/62, D=;2:7, .8./.=;2, 62, 6][ ;=>29 28/, 62, ;=//2, 2;;2,
9b92, 
 2/ .; 2,/ 6-8> :/.;2 6 _]D=;:27 >2//2
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 ;= 6][286=8>2 < ; _.9 [:;,.-8 =[[=7=./ >;=.729 28/ 3 [;:,;2, >-:[:72, ,:7 ;2, Z=:/2, .9[:;,.-8, ,-8/ @-7/2, 
 2/ 9 2.;;2:72 2,/ ;= 72>-8,/7:>/.-8 62 ;= [-,./.-8 B�; 2,/ 6-8> [279 ., 62 [ 28,27 ^:2 6=8, ;2 >=, 6 _=;.\82928/, =D2> >Z=9[ 9=\8]/.^:2 
 ;2, ;=//2, ;2,[;:, 6]>28/7]2, ,-8/ ;2, [;:, 6.� >.;2, < =;.\827 
 ;2, ;=//2, ;2, [;:, =: >28/72 82 ,-:� 7=8/ [=, 62 >2,6.� >:;/], ?;=  .\:72 A B1) 9-8/72 ^:2 ;2, [-,./.-8, 62 >2, ;=//2, ,-8/ 72>-8,/7: ./2, =D2> ;2, 9 b92,[7]>.,.-8, ^:2 6=8, ;2 >=, 62, =):,/2928/, < ; _=.62 62 /7=>2, 67-./2,C B�; 72,,-7/ 62 >2, >-8,.6]7=/.-8, ^:2 ; _=;.\829 28/ 28 [7],28>2 6: >Z=9[ 9=\8]/.^:2 6-882 62`-8, 7],:;/=/, [-:7 ;2, ;=//2, >28/7=;2, 
 2/ ^:2 ;2, 7],:;/=/, ,2 6]\7=628/ 2�2>/.D29 28/ [-:7 ;2,;=//2, [ ;:, 2a>28/7]2, B �8 8-/27= ^:2 >2 ,-8/ ;2, ;=//2, ;2, [;:, >28/7=;2, ^:. >-8/7.`:28/ ;2 [;:,< ;= 7],-;:/.-8 ,:7 ;= 9 =,,2 .8D=7.=8/2 72>-8,/7:./2 62, 7],-8=8>2, ;-:762, 
 >=7 ;2, 6.,/7.`:/.-8,>.8]9 =/.^:2, 62 >2, 7],-8=8>2, ,-8/ [.^:]2, =:a 7=[.6./], �< ; _=D=8/ _B�86][286=928/ 6: [7-\7=992 6 _=;.\829 28/ 
 [;:,.2:7, D-.2, 6 _=9 ];.-7=/.-8, ,-8/ < >-8,.6]727 3
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total
Entries  35
Mean   -0.002773
RMS    0.006834
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Entries  35
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Final Xoff-Xcalc distrib

��� � A B11 % X.,/7.`:/.-8 � 7]2;
� >=;>:;] ?28 >9 C 62 ; _28 ,29`;2 62, ;=//2, /-:>Z]2, 
 7],: ;/=8/ 62; _=;.\829 28/ =D2> >Z=9[ 9=\8]/.^:2 B
% 6 _:82 [=7/ 
 ;-7, 62 ; _]/=[2 62 /7=) 2>/-\7=[Z.2 
 ;2, 7],:;/=/, 62 ; _=):,/29 28/ 28 >Z=9[ 9=\8]
/.^:2 ,-8/ 2a]>7=` ;2, 28 7=.,-8 62, 6.D27\28>2, 62, [7- >]6:72, 6=8, ;2 >=, 62 /7=>2, 62 &'/7c, ];2D] B #8 2�2/ 
 ;2, D=;2:7, 62, [=7=9c/72, 62 /7=>2, 6-88]2, [=7 ;= [729 .c72 ]/=[2 62/7=) 2>/-\7=[Z.2 82 /.28828/ [=, >-9[/2 62 ;= [-,./.-8 7]2;;2 62, 6]/2>/2:7, 
 ,:[[-,], [ ;=>],< ;2:7 [-,./.-8 /Z]-7.^:2, 
 2/ ,. ;2, ]>=7/, 28/72 [-,./.-8 /Z]-7.^:2 2/ [-,./.-8 7]2;;2 ,-8/ /7-[\7=86 
 ; _=):,/29 28/ 82 ,:[[-7/2 [;: , ;2, D=;2:7, /7-[ ];2D]2, 62, &' B � .8,. 
 ;2, =):,/2928/, 62,/7=>2, ,-8/ 62 /7c, 9=:D=.,2 ^:=;./] 
 ,:7/-:/ ,. ;2, [=7/.>: ;2, ,-8/ 62 @=.`;2 .9[:;,.-8 B �; [ 2:/6-8> /-:/ 62 9 b92 b/72 :/.;2 
 6=8, >2 >=, 
 62 7]>:[2727 ;2, [=7=9 c/72, 6 _=;.\829 28/ >=;>:;],2/ 62 [7- >]627 < :82 ,2>-862 ./]7=/.-8 3 ;2, =):,/2928/, `.28 [ ;:, �8, 6-.D28/ [ 2792//728/=;-7, 62 72>-8,/7:.72 [;:, [7]>.,29 28/ ;2, [-,./.-8, 62, 6]/2>/2:7, B
% 6 _=:/72 [=7/ 
 ;-7, 62 >2//2 9b92 ]/=[ 2 62 /7=) 2>/-\7=[Z.2 
 ;2, /7=>2, 6-8/ ;2, .9[:;,.-8,=):,/]2, ,-8/ @=.`;2, [7],28/28/ 62, &' 62 9 =:D=.,2 ^:=;./] B #8 2�2/ ;= 6.�:,.-8 9:;/.[ ;2

�-:;-9`.2882 [27/:7`2 ;= /7=) 2>/-.72 62 >2, [=7/.>: ;2, B � .8,. 
 ;2, ]>=7/, .9[-7/=8/, 28/72;2, [-,./.-8 , 92,:7]2, [=7 ;2, >Z=9`72, 2/ =):,/]2, [=7 :8 9-6c;2 62 /7=>2 >-:7` ]2 ,-8/.9[-7/=8/, 2/ .8/27@c728/ @-7/29 28/ =D2> ; _=;.\829 28/ 62, 6]/2>/2:7, B X=8, ;2 >=, -Y ;2 >Z=9[9=\8]/.^:2 2,/ 8-8 8:; 
 ;= @=.`;2 D=;2:7 62, ]>=7/,
/�[2, 62, 6.,/7.`:/.-8, 62, [7-`=`.;./],62 &' 9-8/72 ^:2 ; _=):,/29 28/ 2,/ 62 9-.8672 ^:=;./] 72;=/.D29 28/ < :8 =):,/29 28/ [=7 :89-6c;2 62 /7=>2 67-./2 
 6=8, ;2 >=, ,=8, >Z=9[ 9=\8]/.^:2 B* ]=89-.8, 
 ; _]>Z2> 62 ; _=;.\829 28/ 62, 6]/2>/2:7, 2a>28/7], 2,/ ,:7/-:/ ;.] 6=8, ;2 >=, [7],28/ < ;=;.8]=7.,=/.-8 62, ]^:=/.-8, 6: 9-6c;2 62 /7=>2, >-:7` ]2, B #8 2�2/ 
 ; _]^:=/.-8 A B% 7=[[2;;2 ^:2 ;29-6c;2 62 /7=>2, :/.;.,] ;-7, 62 ;= [7- >]6:72 6 _=;.\829 28/ 2,/ 6-88] [=7 :8 6]D2;-[[29 28/ ;.9 ./]=: [729 .27 -7672 6 _:8 9-6c;2 @-792; 62 /7=>2 >-:7` ]2 
 6]D2;-[[29 28/ ;.9 ./] D=;.62 ,. 2/ ,2:;29 28/,. ;2 >Z=9[ 9=\8]/.^:2 8 _2,/ @-8>/.-8 ^:2 62  B � 7 
 8-:, =D-8, D: ^:2 ;2, D=7.=/.-8, 6: >Z=9[28 �� � * � ,-8/ =: 9=a.9:9 62 %&� 
 9=., >2, D=7.=/.-8, ,-8/ ;2, [;:, =`7:[/2, [7c, 6: 6.[� ;2 B� .8,. 
 9b92 /Z]-7.^:29 28/ 
 ; _=;.\82928/ 28 >Z=9[ 9=\8]/.^:2 82 [2:/ -[ ]727 ,:7 ;2, [=7/.>:;2,/7=D27,=8/ ;2, ;=//2, ;2, [;:, 2a/]7.2:72, B
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total
Entries  35
Mean   0.009224
RMS    0.02051
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Entries  35
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Final Yoff-Ycalc distrib

��� � A B10 % X.,/7.`:/.-8 �7]2;
�>=;>:;] ?28 >9 C 62 ; _28 ,29`;2 62, ;=//2, /-:>Z]2, 
 7],:;/=8/ 62; _=;.\829 28/ =D2> >Z=9[ 9=\8]/.^:2 B

total
Entries  31
Mean   -0.004994
RMS    0.01251
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total
Entries  31
Mean   -0.004994
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Final Toff-Tcalc distrib

��� � A B1A % X.,/7.`:/.-8 �7]2;
�>=;>:;] ?28 � C 62 ; _28,29`;2 62, ;=//2, /-:>Z]2, 
 7],: ;/=8/ 62 ; _=;.
\829 28/ =D2> >Z=9[ 9=\8]/.^:2 B
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��� � A B1& % �2>-8,/7:>/.-8 62, [=7=9c/72, 28 @-8>/.-8 62 6.�]728/2, D=;2:7, .8./.=;2, 6: 6][ ;=>2
928/ 62, ;=//2, 
 7],:;/=8/ 62 ; _=;.\829 28/ =D2> >Z=9[ 9=\8]/.^:2 B
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��� � A B1( % �2>-8,/7:>/.-8 62, [=7=9 c/72, 28 @-8>/.-8 62 ;= ,/=/.,/.^:2 ,-:9 .,2 =: [7-\7=9926 _=;.\82928/ 
 7],:;/=8/ 62 ; _=;.\82928/ =D2> >Z=9[ 9=\8]/.^:2 B
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total
Entries  5
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Final abs(Yoff-ycalc)=f(tracknum) distrib
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Final abs(Yoff-ycalc)=f(tracknum) distrib
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Final abs(Yoff-ycalc)=f(tracknum) distrib
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total
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Final abs(Yoff-ycalc)=f(tracknum) distrib

��� � A B1) % �2>-8,/7:>/.-8 62, 6][;=>29 28/, 28 � ?28 >9 C 62 >Z=>:82 62, ;=//2, 28 @-8>/.-8 62;= ,/=/.,/.^:2 62 >2, ;=//2, 
 7],:;/=8/ 62 ; _=;.\829 28/ =D2> >Z=9[ 9=\8]/.^:2 B �2, 7],:;/=/, ,-8/[7],28/], [-:7 >Z=^:2 >Z=9`72 3 62 \=:>Z2 < 67-./2 2/ 62 Z=:/ 28 `=, [-:7 ;2, >Z=9`72, & < %� B
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��� � A B1' % �2>-8,/7:>/.-8 62, 6][;=>2928/, 28 a 2/ 28 � ?72,[2>/.D29 28/ �\:72 6: Z=:/ 2/ 6:`=, 
 28 >9 C 62 >Z=>:82 62, ;=//2, 28 @-8>/.-8 6: 9-928/ 9 .8.9:9 62, [=7/.>:;2, 
 7],:;/=8/ 62; _=;.\829 28/ =D2> >Z=9[ 9=\8]/.^:2 B
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� �� ���� ��� ����5 _=;.\82928/ �Z-7,
>Z=9[� 62, 6]/2>/2:7, 62, ,/=/.-8, 0 
 A 2/ & 2,/ >-8>;:=8/ B #8 2�2/ 
 ,-:,62, Z�[-/Zc,2, @-7/2, >-8>278=8/ ;2 6][;=>29 28/ .8./.=; 62, ;=//2, 
 ;2 [7-\7=992 72>-8,/7:./ ;2,[=7=9 c/72, a 
 � 2/ � =D2> 62 /7c, `-882, [7]>.,.-8, B � .8 ,. 
 ,. ;2, ;=//2, ,-8/ /-:/2, 6][;=>]2,.86][28629 28/ 62 &�� �� 
 .; 2,/ [-,,.`;2 62 72/7-:D27 >2, 6][ ;=>29 28/, < (� �� [7c, 28 a 
 %� ��[7c, 28 � 2/ < � B�� %� 28 � B �; 2,/ [-,,.`;2 6 _]D=;:27 ;2, >-8,]^:28>2, 62 >2, 2772:7, =[7c, =;.\82928/,:7 ;2, [ 27@-79=8>2, 62 72>-8,/7:>/.-8 28 9 =,,2 .8D=7.=8/2 6: ,[ 2>/7-9 c/72 B 5=  .\:72 A B1! 6-882:82 >-9[=7=.,-8 62, 7],-;:/.-8, 28 9=,,2 .8D=7.=8/2 =:/-:7 6: � 6=8, 62:a >=, 
 -Y ;2, >Z=9`72,,-8/ 6][;=>]2, 62 &�� �� 62 ;2:7 [-,./.-8 .8./.=;2 3 6=8, ;2 >=, -Y ;= [-,./.-8 62, 6]/2>/2:7,2,/ >-88:2 62 9 =8.c72 [=7@=./2 
 ;= 7],-;:/.-8 28 9 =,,2 .8D=7.=8/2 6: � 2,/ 62 �6� � �	 2/ 6=8,;2 >=, -Y >2;;2
>. 2,/ /-/=;29 28/ .8>-88:2 
 =[7c, /7=) 2>/-\7=[Z.2 2/ =;.\829 28/ 62, 6]/2>/2:7, 28/7=>2, 67-./2, 
 [:., 9 .,2 28 9 =7>Z2 6: 6.[� ;2 2/ /7=) 2>/-\7=[Z.2 28 /7=>2, >-:7` ]2, 
 ;= 7],-;:/.-8,:7 ;= 9 =,,2 .8D=7.=8/2 72>-8,/7:./2 2,/ =;-7, 62 ��� � �	 B 5= 6]\7=6=/.-8 2,/ 62 �6 � �	 
 [=7>-9[=7=.,-8 =: �� � �	 6=8, ;2 >=, -Y ;= [-,./.-8 62, 6]/2>/2:7, 2,/ /-/=;29 28/ .8>-88:2 B �2//26]\7=6=/.-8 62 �6 � �	 2,/ < =,,- >.27 =:a �66 �� 62, 6][;=>29 28/, .8./.=:a 62, ;=//2, 
 2/ =:a
(���� /7=>2, :/.;.,]2, [=7 ;2 [7-\7=992 6 _=;.\829 28/ B �; 2,/ `.28 28/286: [-,,.`;2 62 72>-8,/7: .72;2, [-,./.-8, 62, >Z=9`72, 62 9 =8.c72 [;:, [7]>.,2 
 =D2> [;:, 6 _]D]829 28/, B 52 /7.\\27 6: `7=,6.9:-8 6 _�5 ��# @-8>/.-882 < :82 @7]^:28>2 9 =a.9 =;2 62 % �
� 3 6=8, >2, >-86./.-8, 
 % 9.8:/262 [7.,2 62 6-88]2 6-./ ,:� 72 < -`/28 .7 (���� /7=>2, 
 ,. ; _-8 82 >-8,.6c72 ^: _:82 ,2:;2 /7=>2 [=7]D]829 28/ B 52, 9:;/.[ ;.>./], ];2D]2, 
 9b92 [-:7 62, [7.,2, 62 6-88]2, ;-7, 62 >-;;.,.-8 [
[ 
 =.8 ,.^:2 ;= D./2,,2 6: [7-\7=992 6 _=;.\829 28/ ?& ,2>-862, [=7 [=^:2/ 62 (���� /7=>2,C ;=.,,28/ [ 28,27^: _.; 2,/ [-,,.`;2 62 >-8/7� ;27 ;= [-,./.-882928/ 62, ;=//2, 28 /29[, 7]2; B

hInvMassRes
Entries  9055
Mean    9.674
RMS     0.374
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��� � A B1! % � 2>-8,/7:>/.-8 62 ;= 9 =,,2 .8D=7.=8/2 =:/-:7 6: � 62, 6.9:-8, 6]/2>/], 6=8, ;2,[2>/7-9c/72 B  .\:72 6: Z=:/ 3 ;2, ;=//2, ,-8/ 6][;=>]2, 62 &�� �� 62 ;2:7 [-,./.-8, /Z]-7.^:2, 
 9=.,>2, 6][ ;=>29 28/, ?,:[[-,], [=7@=./29 28/ >-88:,C ,-8/ [7., 28 >-9[/2 ;-7, 62 ;= /7=) 2>/-\7=[Z.2 B
 .\:72 6: `=, 3 ;2, ;=//2, ,-8/ 6][;=>]2, 62 &�� �� 
 9=., >2, 6][;=>2928/, ,-8/ ,:[[-,], .8>-88:, 3=[7c, /7=) 2>/-\7=[Z.2 2/ =;.\829 28/ 62, >Z=9`72, < ; _=.62 62 /7=>2, 67-./2, 
 ;2 >Z=9[ 9=\8]/.^:22,/ =>/.D] 2/ :82 ,2>-862 ]/=[2 62 /7=) 2>/-\7=[Z.2 28 /7=>2, >-:7`]2, [ 279 2/ 62 72>-8,/7:.72 ;=9 =,,2 .8D=7.=8/2 B52 >=, 62 ; _=;.\829 28/ 62, >Z=9`72, =D2> :8 >Z=9[ 9=\8]/.^:2 8-8 
8:; 6-882 62 `-8, 7],: ;/=/,28 a 
 9=., ;2, 72>-8,/7:>/.-8, 62, [-,./.-8, 62, >Z=9`72, 28 � 2/ 28 � ,-8/ @-7/29 28/ >-77];]2, =:a
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.9 [:;,.-8, 62, [=7/.>:;2, B $ . ;2, ;=//2, >28/7=;2, ,-8/ 72>-8,/7: ./2, =D2> ;2, 9b92, [7]>.,.-8, ^:26=8, ;2 >=, [7]>]628/ 
 ;2, ;=//2, ;2, [;:, 2a>28/7]2, ,-8/ 9 =; [-,./.-88]2, [=7 ; _=;.\829 28/ 
 28 7=.,-862, D=7.=/.-8, ];2D]2, 6: >Z=9[ 9=\8]/.^:2 D: [=7 ;2, ;=//2, ;2, [ ;:, 2a/]7.2:72, B 5=  .\:72 A B0�[7],28/2 ;2, 7],:;/=/, 62 ; _=;.\829 28/ 62, 6]/2>/2:7, =[7c, 9 .,2 28 9 =7>Z2 6: 6.[� ;2 3 ;= [7- >]6:726 _=;.\82928/ =.8,. ^:2 >2;;2 62 /7=) 2>/-\7=[Z.2 ,-8/ 6-8> 7]=;.,]2, < ; _=.62 62 /7=>2, >-:7` ]2, B5= 9 =,,2 .8D=7.=8/2 72>-8,/7:./2, 6-882 :82 7],-;:/.-8 62 ��� � �	 B 5= 6]\7=6=/.-8 62 ;= 9 =,,2.8D=7.=8/2 [=7 7=[[-7/ =: >=, .6]=; 2,/ 6-8> 62 9-.8, 62 �6 � �	 6=8, ;2 >=, 62, /7=>2, >-:7` ]2, BX2 [;: , 
 ; _=;.\829 28/ 62, ;=//2, 28 >Z=9[ 9=\8]/.^:2 6=8, >2 /7=D=.; ,:[[-,=./ 62, >-86./.-8,.8./.=;2, /7c, 6]@=D-7=`;2, ?9-:D29 28/, .86][286=8/, 62 �66 �� 62 >Z=>:82 6 _28/72 2;;2,C B � 7 
; _=;.\829 28/ < ; _=.62 62 /7=>2, 67-./2, ?,=8, >Z=9[ 9=\8]/.^:2C 6-./ [ 2792//72 62 9 2,:727 ;2,[-,./.-8, 62 >Z=>:82 62, ;=//2, 6=8, :8 [729 .27 /29[, 
 [:., 
 =[7c, ;= 9 .,2 28 @-8>/.-8829 28/ 6:6.[� ;2 
 .8/27D.2867= ; _=;.\829 28/ 28 >Z=9[ 
 /28=8/ >-9[/2 62, [-,./.-8, 62, ;=//2, 6-88]2, [=7;2 �#$ B $=7 >-8,]^:28/ 
 >2//2 6]�28>2 6: [7-\7=992 6 _=;.\829 28/ 28 >Z=9[ 9=\8]/.^:2 2,/ <72;=/.D .,27 [-:7 62:a 7=.,-8, 3 6 _:82 [=7/ 
 ;2, 6][;=>2928/, .8 ./.=:a 62, ;=//2, ,27-8/ =,,2� @=.` ;2, 
2/ 6 _=:/72 [=7/ >2, 6][;=>29 28/, 62 ;=//2, 82 ,27-8/ [=, .86.D.6:2;, 9 =., >--76-88], [=7 [;=8, 626]/2>/.-8 B
hInvMassRes
Entries  839

Mean    9.675

RMS    0.3912

 / ndf 2χ  404.4 / 5

Constant  0.6282±  87.5 

Mean      0.001116±  9.54 

Sigma     0.001357± 0.1227 
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Mu+Mu- invariant mass (GeV/c2) around Upsilon

��� � A B0� % � 2>-8,/7:>/.-8 62 ;= 9 =,,2 .8D=7.=8/2 =:/-:7 6: � 62, 6.9:-8, 6]/2>/], 6=8, ;2,[2>/7-9c/72 B 52, ;=//2, ,-8/ 6][;=>]2, 62 &�� �� 
 9=., >2, 6][;=>29 28/, ,-8/ ,:[[-,], .8>-88:, 3;2 >Z=9[ 9=\8]/.^:2 2,/ =;-7, =>/.D] 2/ =[7c, /7=) 2>/-\7=[Z.2 2/ =;.\829 28/ 62, >Z=9`72, 28 /7=>2,>-:7`]2, 
 ;= 9 =,,2 .8D=7.=8/2 2,/ 72>-8,/7:./2 B



� �� � FJJK
K 	�	
� �� ������5 _]^:=/.-8 A B) 
 ^:. , _]>7./ @-792;;29 28/ >-992 ; _]^:=/.-8 A B( -Y ; _.86.>2 . 2,/ 9:2/ [ 2:/ ,27]
]>7.72 >-992 ,:./ 3

�
�����������

� � � + + + 	 � + + +
+ +
+ + 6 6
+ +	
� 6 � � 6
+ +
+ 6 6 +
+ +

�










�

�
�����������


 ��
���
+
+
+
 ��!%
'# ��
+
+
+

�










�
�

�
�����������

� ��
+
+
+� �
+
+
+

�










�

?A B%� C
-: 3

% � � 2/ �� ,-8/ >-9[-,]2, :8 .^:2928/ 62, 6]7.D]2, 62 	e [=7 7=[[-7/ =:a [=7=9 c/72, 6 _=;.\82
928/ 
 fghf� 
%����% � � 2/ � � ,-8/ >-9[-,]2, :8.^:29 28/ 62, 6]7.D]2, 62 	e [=7 7=[[-7/ =:a [=7=9 c/72, 62 /7=>2 
fghf� 
% �����% ;= 9 =/7.>2 	 � .8>;:2 62, /279 2, >7-.,], 62 /�[2 3 � fghf� 
%���� � � fghf� 
%����� ��8D27,27 :82 9 =/7.>2 >-992 >2;;2 62 ; _]^:=/.-8 A B%� 2,/ :82 -[]7=/.-8 6-8/ ;2 /29[, 62 >=;>:;2,/ [7-[-7/.-882; < ;= 6.928,.-8 62 ;= 9 =/7.>2 ?D-.7 9 b92 .9[-,,.`;2 28 7=.,-8 62 6.D27\28>2,8:9 ]7.^:2,C B � 7 
 ,. ; _-8 [7286 :8 >=, /�[.^:2 [-:7 ; _=;.\829 28/ 62, ;=//2, 6: ,[2>/7-9 c/72 6.9:-8 
.; � = %01 ;=//2, =D2> 0 [=7=9 c/72, 6 _=;.\82928/ >Z=>:82 
 ,-./ 0!( [=7=9 c/72, 6 _=;.\829 28/ B $-:7-`/28.7 :8 =;.\82928/ 62 ^:=;./] 
 6 _2a[]7.28>2 .; @=:/ 28D.7-8 %���� ?-7672 62 \7=862:7C 
 2/ 6-8>A���� [=7=9c/72, 62 /7=>2, 6=8, ;2 >=, ;2 [;:, ,.9[;2 62, /7=>2, 67-./2, B �: /-/=; 
 ;= 6.9 28,.-8 62;= 9 =/7.>2 < .8D27,27 2,/ 
 6=8, ;2 9 2.;;2:7 62, >=, 62 [;: , 62 A���� � *]=89-.8, 
 .; 2,/ [-,,.`;2 62/.727 [=7/. 62 ; _28,29`;2 62, /279 2, 8:;, 62 >2//2 9 b92 9 =/7.>2 
 [-:7 6]>-9[-,27 ; _.8D27,.-8 28[;:,.2:7, .8D27,.-8, 62 9 =/7.>2, 62 [;: , [2/./2 6.9 28,.-8 B�; 2,/ [-,,.`;2 6 _]>7.72 ;= 9 =/7.>2 62, [=7=9 c/72, 6 _=;.\829 28/ ,-:, ;= @-792 3
 ��
��� � � �����28 :/.;.,=8/ ;2, 9 =/7.>2, ,:.D=8/2, 3
� � � ����������

� � � ���������� 	 ����� 	
�2/
�� � ��������� �

�� � ���������� 	 ����� � �
� 7 ;2 >=;>:; 62 >2, 62:a 6278.c72, 9 =/7.>2, 82 @=./ .8/27D28.7 ^:2 ; _.8D27,.-8 62, 9 =/7.>2, � � :82[=7 :82 ?:82 9 =/7.>2 [=7 /7=>2C 
 2/ 62 9 b92 
 ; _.8D27,.-8 62 ;= 9 =/7.>2 � � 2,/ [-,,.`;2 [:.,^:2 ;=6.9 28,.-8 62 >2//2 6278.c72 2,/ ]\=;2 =: 8-9`72 62 [=7=9 c/72, 6 _=;.\82928/ ?%01 0 C B



�������� �

	
��	 
� ������� ��
�

	� �������� 
�
� � ��	� �	 
� 	��������	 
����� 
	
� �	�� ��	��	 !"#$%

#8 %!!) 
 & B B �:8.-8 2/ � B '-\/ 6]D2;-[[c728/ :82 8-:D2;;2 =[[7- >Z2 :/.;.,=8/ ;2, ,:[[72,
,.-8, 72;=/.D2, 62, 7],-8=8>2, 62 ;= @=9 .;;2 6: � 
 =�8 62 6]�8.7 ; _2a .,/28>2 2/ ;= 8=/:72 6: $ ;=,9 =62 (:=7� , 2/ 62 � ;:-8, 6=8, ;2, >-;;.,.-8, 6 _.-8, ;-:76, :;/7=
72;=/.D .,/2, =: 5
� ))�* B �2//2 =[
[7- >Z2 8]>],,./2 [;:, [7]>.,]9 28/ ; _]/:62 6: 7=[[-7/ +,+ 28 @-8>/.-8 62 ; _.9 [:;,.-8 /7=8,D27,2 
 
62 ;= 7],-8=8>2 B (-:/ 6 _=`-76 
 ) 2 7=[[2;27=. ;2, 7=.,-8, 62 ; _]/:62 62 >2//2 -`,27D=`;2 
 =.8 ,. ^:2;2, D=7.=`;2, :/.;.,]2, 6=8, >2 9-6c;2 /Z]-7.^:2 62 ,:[[72,,.-8 62, 7],-8=8>2, 6=8, ;2 [;=,9 = B &2[7],28/27=. 28,:./2 ;2, 7],:;/=/, 6: 9-6c;2 [7-) 2/] 6=8, ;2 >=8=; 6.9:-8.^:2 2/ 9-6.�] =�8 62[728672 28 >-9[/2 ;2, /7=D=:a ;2, [ ;:, 7]>28/, ,:7 ;2, ,2>/.-8, 2� >=>2, 62 [7-6:>/.-8 6.72>/2 62,7],-8=8>2, )AA * 
 ;2, 7=[[-7/, 6 _29`7=8>Z29 28/ 6-88], [=7 )A(* 
 2/ ;2, /29[]7=/:72, 62 6]>-8�82
928/ >=;>:;]2, 7]>29928/ [=7 $ B X .\=; 
 $ B $2/72>���
 2/ 
 B $=/� )' %* B �; >-8D.2867= =;-7, 62 ,/=/:27^:=8/ < ;= D=;.6./] 62 >2 9-6c;2 =:a 7=[.6./], �< ; _=D=8/� =,,- >.]2, < ; _=>>2[/=8>2 6: `7=, 6.9:-86 _�5 ��# B X2, ,.9:;=/.-8, 62, [27@-79 =8>2, 6: ,[ 2>/7-9 c/72 6.9:-8 >-8,/./:27-8/ ;= ,2>-862 [=7
/.2 62 >2//2 ]/:62 B �; , _=\.7= 62 [7-6:.72 ;2, ,[ 2>/72, 28 9 =,,2 .8D=7.=8/2 ;2, [;:, 7]=;.,/2, [-,,.`;2,=,,- >.], =:a 6.�]728/2, >-9[-,=8/2, 6: `7:./ 62 @-86 2/ 62, 7],-8=8>2, B �; ,27= =;-7, [-,,.`;2 626]�8.7 :82 [7- >]6:72 6 _=):,/29 28/ 62 >2, ,[ 2>/72, .,,:, 62, ,.9:;=/.-8, � ;.�--/ 
 [7- >]6:72 [27
92//=8/ 62 >=;>: ;27 ;2 7=[[-7/ 62 [7-6:>/.-8 � -+ , .� -+ .
2/ ,-8 2772:7 ,/=/.,/.^:2 =,,- >.]2 B �2//2 ]/:62,27= @=./2 6=8, ;2 >=, 6 _:8 ,� ,/c92 [:729 28/ Z=67-8.^:2 9 =., =:,,. [ -:7 ;2, 6.�]728/, ,>]8=7.-, 62[;=,9 = ]D-^:], [7]>]629928/ 
 2/ >2 [-:7 6.�]728/2, /7=8>Z2, 28 
 
 B 52, 7],:;/=/, ,27-8/ 6.,>:/],< ;= �8 6: >Z=[./72 B �2, /7=D=:a ,-8/ ; _-` ) 2/ 6 _:82 8-/2 �5 ��# 28 >-:7, )(&* B

� �/ 0� 1 �23 ��
� ���� 4�� ���� 
� ���� �� � ��  �����
� �� �� ���!�5� ��  �!����

#8 %!') 
 6 =7,>Z 2/ $2/7-8� .- .8D2,/.\:28/ ;2, 2�2/, [-/28/.2;, 62 ;= @-79 =/.-8 6 _:8 [;=,9 = ,:7;2, D=7.=` ;2, >.8]9 =/.^:2, 62, ]/=/, >Z=79-8.:9 [7-6:./, ;-7, 62, >-;;.,.-8, 6 _.-8, ;-:76, :;/7=
72;=/.D .,/2, )()* B #8 %!'' 
 & B$ B � ;=.�-/ 2/ & B� B � ;;./7=:;/ [:`;.28/ :8 =7/.>;2 < [7-[-, 62, 2�2/,62 ; _]D-;:/.-8 ,[=/.-
/29[-72;;2 6 _:8 $(� ,:7 ;= [7-6:>/.-8 6: 789 )(( * B �2, /7=D=:a ]D-^:28/28 [=7/.>:;.27 ;= [-,,.`.;./] 62 >-882>/27 ;2, 6.,/7.`:/.-8, 28 .9[:;,.-8 62, 7],-8=8>2, =: /29[,62 D.2 6: [;=,9 = B X2, /7=D=:a ,.9 .;=.72, ,-8/ =;-7, [:`;.], ^:2;^:2, 9-., [ ;:, /=76, [=7 �Z: 2/
# =/,:. )('* B X .a =8, [ ;:, /=76 
 � B �: 
 X B 6Z=7�22D 2/ 
 B $=/� )' * :/.;.,28/ >27/=.82, Z�[-/Zc,2, 62>2 9-6c;2 62 ,:[[72,,.-8 62, 7],-8=8>2, 6=8, ;2 [;=,9 = [-:7 [7]D-.7 ;2, ,:[[72,,.-8, 6: 789 2/6: 9 � 28 @-8>/.-8 62 ;2:7 .9[:;,.-8 /7=8,D27,2 =:a ]827\.2, 6: �
 �� 2/ 6: 5
� B #8 [=7/=8/ 626.,/7.`:/.-8, 62, \;:-8, .,,:2, 62 >=;>:;, [;:, >-9[;2/, 
 & B B �:8.-8 2/ � B '-\/ ))�* 72[728828/ >2//2]/:62 
 28 >=;>:;=8/ =;-7, ;2, 7=[[-7/, 62 [7-6:>/.-8 : ,;<: 2/ +,+ B �2, 7=[[-7/, 62 [7-6:>/.-8 [2:D28/

%&1
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��� � & B% % �=[[-7/ 62 [7-6:>/.-8 + ,+ 28 @-8>/.-8 6: 
 
 92,:7] [=7 ;= >-;;=`-7=/.-8 �X ;-7, 62>-;;.,.-8 , 
 � �
 < �� � � +� � �	 B
[7],28/27 62, =9[;./:62, 28 @-8>/.-8 62 
 
 =,,2� .9 [-7/=8/2 
 6-8> 9 2,:7=` ;2, 2a[ ]7.9 28/=;29 28/ B5 _.8/]7b/ 62 ;= 9 2,:72 62 >2, 7=[[-7/, 2,/ /7.[ ;2 3

% 6 _:82 [=7/ 
 ;2, 2�2/, 6 _]>7=8/=\2 62, \;:-8, ?;2 � ,Z=6-� .8\� 62, \;:-8,C ,-8/ 2�=>], < /7=D27,; _2a[72,,.-8 6: 7=[[-7/ 62, [7-6:>/.-8 : ,;<: -: +,+ [:.,^:2 >2;: .
>. 2,/ .628/.^:2 [-:7 ;2 9 2/;2 9 � =.8,. ^:2 [-:7 ;2 � 2/ ;2 � � B
% 6 _=:/72 [=7/ 
 `.28 ^:2 @=.` ;2, =:a ]827\.2, 6: 5
� 
 ;2, ,2>/.-8, 2� >=>2, 6 _=`,-7[/.-8 8:>;]=.7262, 7],-8=8>2, 6 _:82 9 b92 @=9 .;;2 [ 2:D28/ b/72 6.�]728/2, 2/ [2:D28/ \]827 ;2, ]/:62, 28>28/7=;./] 62, [7-6:>/.-8, 72;=/.D2, 62, 7],-8=8>2, B 5 _2a[72,,.-8 62 ;= 6][ 286=8>2 28 
 
 62,7=[[-7/, 62 [7-6:>/.-8 62, 7],-8=8>2, , _=� 7=8>Z ./ 62 >2//2 2�2/ 6 _=`,-7[/.-8 3 28 2�2/ 
 [-:7:82 >;=,,2 62 >28/7=;./] 6-88]2 
 ;2, ,2>/.-8, 2� >=>2, 6 _=`,-7[/.-8 8:>;]=.72 6: � 2/ 6: � �,-8/ >-8,/=8/2, ?2;;2 82 6][ 28628/ 28 [=7/.>: ;.27 [=, 6: 
 
 C B $ . >2, 62:a ,2>/.-8, 2� >=>2,6 _=`,-7[/.-8 ,-8/ 6.�]728/2, 
 2/ �a28/ ;= D=;2:7 6: 7=[[-7/ 62 [7-6:>/.-8 +,+ 
 2;;2, 82 ,-8/[=, < ; _-7.\ .82 62, D=7.=/.-8, 62 >2 7=[[-7/ B � .8,. 
 9b92 ,. ;2 8.D2=: \;-`=; 6: 7=[[-7/ 2,/=�2>/] [=7 =`,-7[/.-8 8:>;]=.72 
 ,2, D=7.=/.-8, 82 ;2 ,-8/ [=, B
% 28�8 
 =:>:8 2�2/ 62 6][286=8>2 28 
 
 62, 7=[[-7/, 62 [7-6:>/.-8 : ,;<: -: +,+ 8 _= 28>-72]/] -`,27D] B 52, 6278 .27, 7],: ;/=/, 62, 9 2,:72, 62 [7-6:>/.-8 6: � ��� � 2/ � ��� � 62 ;=>-;;=`-7=/.-8 �X =: (2D=/7-8 ))%* [279 2//28/ 62 >=;>:;27 >2 7=[[-7/ ?.86.^:]  .\:72 & B%C2/ >-8� 79 28/ >2//2 Z�[-/Zc,2 3 ):,^: _< 62, .9[:;,.-8, /7=8,D27,2, 62 �6 	 �	 8	 
 ;2 7=[[-7/2,/ 28 2�2/ >-8,/=8/ ?8-:, 72D.2867-8, ,:7 >2 [-.8/ ;-7, 62 ; _]/:62 62, 6.,/7.`:/.-8, 28 
 
 62>Z=>:82 62, 7],-8=8>2,C B
�2, >-8,/=/, >-9`.8], ;=.,,28/ [ 28,27 ^:2 /-:/2 6][ 286=8>2 28 
 
 6: 7=[[-7/ 62 [7-6:>/.-8+,+ ;-7, 62 >-;;.,.-8 $`
$` =:a ]827\.2 6: 5
� 82 [2:/ b/72 =//7.`:]2 ^: _< ;= @-79 =/.-8 6 _:8 ]/=/6]>-8�8] ))� * B �; 2,/ 6-8> .9[-7/=8/ 6 _2,,=�27 62 ^:=;.�27 ; _=[/./:62 6: ,[2>/7-9 c/72 < 6.,>27827>2, 2�2/, [-/28/.2;, 28 .9[:;,.-8 /7=8,D27,2 B
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^:=7� =: [729 .27 >Z=[./72 62 >2 /7=D=.; 
 8-:, =D.-8, .8
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$(� $3 ?* C =D2> � � � � +�� 	 �	 2/ �� � 6 +� 2��� �2� � �� �� �	 � 
 
 �, 
� �	 �	 �
� 1 BA! 0! % 1! B&
� � ' BA)A 1(� A0 B&
& � ' BA)A 1(� 0� B)

$(� 0
,=D2:7, =D2> � � � ��6 � �	 2/ �� � 6 +� 2��� �2� � �� �� �	 � 
 
 �, 
� �	 �	 �
� � B%! %%1& �
� � 0 B�! AA) %1 B'0& � & B&0 0(' %' B&'

��� � & B% % '=;2:7, =: 5
� [-:7 62, >-;;.,.-8, >28/7=;2, < ��

� �
� � +� � �	 �8:>;]-8 62 �� 
 62 ��2/ 62 
 
 �, 
� [-:7 6.�]728/2, 7],-8=8>2, 62 ;= @=9 .;;2 6: � 
 [-:7 62:a >Z-.a 62 � �� � B 
 
 �, 
� 2,/;2 ,2:.; 28 
 
 ?D-.7 /2a/2C B

9 =,,2 
 6./2 9 =,,2 6 _]>7=8/=\2 
 62 /2;;2 9 =8.c72 ^:2 � �� � � ��
-
 .

B �2//2 9 =,,2 , _]>7./ 28 �	 �	 ) 2/,:[[-,2 ]D.629928/ ;2 ,� ,/c92 6 _:8./], 8=/:72;;2, �� � 	 � �B �; 2,/ =;-7, [-,,.`;2 62 7]]>7.72 ;2[-/28/.2; ^:=7��=8/.
^:=7� ,-:, ;= @-79 2 3
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� �� � �� � ��� ��� �� � +� �� � �"
� -� ��� ��� �� �� �52 9-6c;2 62 & B B �:8.-8 2/ � B '-\/ ))�* :/.;.,2 /-:/ 6 _=`-76 62:a @-792, @-8>/.-882;;2, 62 ;=9 =,,2 6 _]>7=8/=\2 � �� � 6 _:8 ^:=7�-8.:9 B 5= [729 .c72 2,/ -`/28:2 < ; _=.62 6 _:82 [=7=9 ]/7.,=/.-862 ,.9:;=/.-8, 62 * >-:;2:7, ,:7 7],2=: ))1* ?2;;2 ,27= 6],.\8]2 ,-:, ;2 /279 2 62 $(� $3 ?* C -:

$3 ?* C (�$ C 3
� �� �
� ' � � �� '2/ ;= ,2>-862 2,/ :82 2,/.9 =/.-8 < [=7/.7 62 ;= /Z]-7.2 62, [ 27/:7`=/.-8, =[[;.^:]2 =: \7-:[2

$3 ?	
 �0C ?-Y 	
 2,/ ;2 8-9`72 62 ,=D2:7,C B �2//2 @-8>/.-882;;2 ,27= 8-/]2 $(� 0
,=D2:7, -:0
�=D-7, (�$ 
 2/ 6-882 3
� �� �
� ' � �

� � � 	

� � � �� ' � �� '#8 :/.;.,=8/ ;2 9-6c;2 62 �)-7�28 ))( * 62 ; _2a[=8,.-8 .,28/7-[.^:2 6 _:8 ,� ,/c9 2 6-8/ ; _]D-;:/.-82,/ =,,.9 .;]2 < >2;;2 6 _:8 �:.62 Z�67-6�8=9 .^:2 [=7@=./ ?>2 ,�,/c9 2 2,/ 8-/=9 28/ >=7=>/]7.,] [=762:a >-86./.-8, .8./.=;2, 3 � � 
 ;= /29[]7=/:72 6: ,� ,/c9 2 2/ �� 
 ,= 6:7]2 62 9 .,2 < ; _]^:.;.`72C 
 .; 2,/[-,,.`;2 62 >=;>:;27 ;2 /29[, 6 _]>7=8/=\2 �� [7-[72 < :8 ]/=/ ^:=7�-8.:9 6-88] 
 2/ >-772,[-86=8/< :82 /29[]7=/:72 6 _]>7=8/=\2 �� ?(=`;2 & B%C < ; _=.62 62 ;= 72;=/.-8 3
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 � �
�� ��-Y ;2, �� ,-8/ >=;>:;]2, =D2> :82 /29[]7=/:72 >7./.^:2 � ' � ��6 � �	 6=8, ;2, 62:a 9-6c;2, BX2:a 2�2/, [ 2:D28/ >-8/7� ;27 ;= ,:[[72,,.-8 6 _:8 ]/=/ ^:=7�-8.:9 6-88] B 52 [729 .27 2,/ :82�2/ /29[-72; )-:=8/ ,:7 :82 D=;2:7 ,2:.; 6: 
 
 6: ^:=7�-8.:9 
 =[[2;]2 
 
 �, 
� B #8 2�2/ 
 :82[=.72 � �� @-79 2 :8 ]/=/ ;.] 28 :8 /29[, �g B $ . !�!� 5 � 
 =;-7, ;= [=.72 82 [ 2:/ [=, b/72 ,:[[7.9 ]2D.= ;2 9 ]>=8.,9 2 6 _]>7=8/=\2 62 X2`�2 B � 7 �g ?;2 /29[, [7-[72 [-:7 @-7927 :8 ]/=/ ;.] 6=8, ;27]@]728/.2; 62 ;= [=.72C 2/ �g ?;2 /29[, 62 @-79 =/.-8 9=., 6=8, ;2 7]@]728/.2; 6: ;=`-7=/-.72C ,-8/;.], [=7 ;2 @=>/2:7 72;=/.D .,/2 � 
 2/ [=7 >-8,]^:28/ 3�g � � �g
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/7=6:./ >2/ 2�2/ 72;=/.D.,/2 62 6.;=/=/.-8 6: /29[, B �; , _28 ,:./ 3�g � � � � �
 
� �' �g-Y 
 
 2/ ;2 9 -928/ /7=8,D27,2 62 ; _-8.:9 2/ � ,= 9 =,,2 B � .8,. 
 ;= D=;2:7 6: 9-928/ /7=8,D27,2
 
 �, 
� =: 62;< 62 ;=^:2;;2 =:>:8 9]>=8.,9 2 62 ,:[[72,,.-8 82 [2:/ .8/27D28.7 
 2,/ -`/28:2 <7=[.6./] >28/7=;2 =D2> ; _]^:=/.-8 3 
 
 �, 
� � � � 
���g � � �
�2, D=;2:7, 6: 9-928/ /7=8,D27,2 ,-8/ 6-88]2, (=`;2=: & B% [-:7 6.�]728/, ]/=/, ;.], =,,- >.], =:[=.72, ��� B52 ,2>-86 2�2/ ^:. [ 2:/ >-8/7� ;27 ;= 6.,/7.`:/.-8 62 ;= [7-`=`.;./] 62 ,:[[72,,.-8 62, 7],-8=8>2,2,/ ;= 6.9 28,.-8 ,[=/.=;2 �8.2 6: ,� ,/c9 2 >-;-7] 28 ]D-;:/.-8 B #8 2�2/ 
 ,. ;2 ,.8\:;2/ 62 >-:;2:7 � ��]>Z=[[2 62 >2//2 ]/286:2 ,[=/.=;2 =D=8/ 62 [7-6:.72 :8 ]/=/ ;.] 
 =;-7, 62 9 b92 
 =:>:82 ,:[[72,,.-882 [2:/ .8/27D28 .7 2/ ; _]/=/ � �� @-79 27= :82 7],-8=8>2 B $ . ;= [=.72 � �� 82 ,-7/ [=, 6: 9 .;.2: 
 =;-7, -8>-8,.6c72 ^: _2;;2 ,2 6.,,- >.2 2/ 82 [2:/ @-79 27 62 7],-8=8>2 B 52 >=;>:; 6: ,>Z]9= 62 ,:[[72,,.-8 28@-8>/.-8 6: 
 
 62 ;= [=.72 .9[-,2 62 ^:=8/.�27 >2/ 2�2/ 3 28 ,:[[-,=8/ ^: _:8 ]/=/ � �� 2,/ >7]] =D2>;= [-,./.-8 /7=8,D27,2 �� � �6 � �� � 6 � 2/ ;2 9 -928/ /7=8,D27,2 
 � � ��� ' � 
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 � �
 
 � 6 � 
 =;-7, ; _]/=/;.] 2,/ @-79 ] =: /29[, �g 62 >--76-88]2, �� � �� � � ���	 
' �g � �� � ��	 �
 
 � 6 � B $=7 >-8,]^:28/ 
 ,. ;=72;=/.-8 3 ����� � �g� �
 
 ��� 
 ��2,/ ,=/.,@=./2 
 ;= [=.72 , _]>Z=[[2 6: $(� 2/ @-79 2 ; _]/=/ ;.] 
 ,.8-8 2;;2 2,/ ,:[[7.9 ]2 B �� 2,/ ;2 7=�-86 _]>7=8/=\2 6: [;=,9 = 28 ]D-;:/.-8 2/ � � �� �6� ;= /=.;;2 .8 ./.=;2 �a]2 62 >2 [;=,9 = ?=: /29[,� � 6 C B� _2,/ :82 >-9[]/./.-8 28/72 ;2, 2�2/, ,[=/.=:a 2/ /29[-72;, ^:. 2,/ < ; _-7.\ .82 62 ;= 6.,/7.`:/.-8�8=;2 62 ;= [7-`=`.;./] 62 ,:7D.2 � �
 
 � 62, 7],-8=8>2, .86.D.6:2;;2, 
 >=;>:;]2 =D2> ;2, ]^:=/.-8,9 28/.-88]2, >.
62,,:, B 5=  .\:72 & B1 72[7],28/2 ;= [7-`=`.;./] 62 ,:7D.2 6=8, ;2 >=, 6 _:8 $(�
$3 ?* C 
 [-:7 62:a D=;2:7, 6.�]728/2, 6: 7=�-8 62 [;=,9 = 3 � � � 2� 
 2/ � � � +� 2� ?>2 6278.277=�-8 >-772,[-86 =: 7=�-8 6 _:8 8-�=: 62 [;-9`C B 52 >=, 6: $(� 0
,=D2:7, 2,/ 6-88] [=7 ;=
 .\:72 & B0 6=8, ;2 >=, � � � 2� B �2, �\:72, .86.^:28/ ^:2 ;2, [7-`=`.;./], 62 ,:7D.2 62, 7],-8=8>2,,-8/ 6 _=:/=8/ [;:, ];2D]2, ^:2 ;2 7=�-8 6: [;=,9 = 2,/ @=.`;2 
 >2 ^:. 2,/ /7.D .=; 6=8, ;2 >=672 62 >29-6c;2 B #8 :/.;.,=8/ >2, @-8>/.-8, 62 [7-`=`.;./], 62 ,:7D.2 
 .; 2,/ [-,,.`;2 6 _2a/7=.72 6=8, :8[729 .27 /29[, ;2 7=[[-7/ �� -�� .�� ,�� -� � .�� [:., 62 >=;>:;27 ;2 7=[[-7/ 62 [7-6:>/.-8 6.72>/2 ?-: [7-9[/2C 
>2 6278.27 ]/=8/ 8-/] �+,+ � � 2/ 6]�8. [=7 3

�� �
� �� � �� �� � � + �� �
 
 �)+,� � �� � + �� �
 
 �)+-Y ;2, � � ,-8/ ;2, ,2>/.-8, 2� >=>2, 62 [7-6:>/.-8 62 >Z=>:8 62, ]/=/, -8.:9 B �2, ,2>/.-8, 2� >=>2,,27-8/ >=;>:;]2, 6=8, ;= ,2>/.-8 ,:.D=8/2 B 52:7, D=;2:7, 8:9 ]7.^:2, ,-8/ [7.,2, ]\=;2, =:a D=;2:7,.86.^:]2, [=7 ; _=7/.>;2 ))� * ?>@ �=8>.2882,� D=;2:7, (=`;2=: & B1C B �2 7=[[-7/ 62 [7-6:>/.-8 6.72>/272[7],28/2 ;= D=;2:7 -`/28:2 28 6.D.,=8/ ;2 8-9`72 62 � � [=7 ;2 8-9`72 62 � 28 8]\;.\2=8/ ;2,6]>7-.,,=8>2, 62, ]/=/, 62 7],-8=8>2 ;2, [;:, 2a>./], >-8/7.`:=8/ < ;= [7-6:>/.-8 6 _:8 ]/=/ ;.]6-88] B � .8,. 
 ;=  .\:72 & BA 9 -8/72 ^:2 ;2, 9-6c;2, 62 [;=,9 = $3 ?* C 2/ 0 ,=D2:7, [7]6.,28/ 62,7=[[-7/, +,+ 72,[ 2>/.D29 28/ ,:[]7.2:7, 2/ .8@]7.2:7, < ;= [7-6:>/.-8 ,=8, 2�2/ 62 [;=,9 = B �2,7=[[-7/, ,-8/ .,,:, 
 >-992 8-:, ; _=D-8, D: 
 6 _:8 2�2/ 62 >-9[]/./.-8 =,,2� >-9[;2a2 28/72 ;2,/29[, 62 @-79 =/.-8 62, 7],-8=8>2, 2/ ;2:7, /29[]7=/:72, 62 6.,,->.=/.-8 B X=8, ;2 >=, 6: $(�

$3 ?* C 
 ;2, 62:a 7],-8=8>2, � 2/ � � ,-8/ @-7/29 28/ ,:[[7.9 ]2, ?;2, /29[]7=/:72, .8 ./.=;2, 6: 5
�,-8/ ];2D]2, 
 2/ ;2 9 -6c;2 $3 ?* C [7]D-.2 62, /29[]7=/:72, 62 6.,,- >.=/.-8 @=.`;2,C 2/ < `=, 
 
 ;2 �2,/ [;: , ,:[[7.9] ^:2 ;2 � � ?,-8 /29[, 62 @-79 =/.-8 2,/ [ ;:, @=.`;2 ^:2 >2;:. 6: � � 
 2/ .; , _]>Z=[[2[=7 >-8,]^:28/ 6 _=:/=8/ 9-.8, @=>.;29 28/ 6: 9 .;.2: ^:2 ,-8 .9[:;,.-8 /7=8,D27,2 2,/ @=.`;2C B X=8,
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>2 9-6c;2 
 ;2 7=[[-7/ +,+ [7],28/2 6-8> 62, D=;2:7, ,:[ ]7.2:72, < ;= [7-6:>/.-8 ,=8, [;=,9 = < `=,
 
 B 52 9-6c;2 $(� 0 ,=D2:7, [7]D-./ 62, /29[]7=/:72, 62 6.,,- >.=/.-8 [;:, ];2D]2, ^:2 ;2 9-6c;2
$3 ?* C 
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� B 5=/29[]7=/:72 6: � 28 [=7/.>:;.27 ?���� � �	 C 2,/ 9 b92 [;:, ];2D]2 ^:2 ;= /29[]7=/:72 .8./.=;2 6:9 .;.2: 6=8, >2 9-6c;2 ?��6 � �	 C B $=7 >-8,]^:28/ 
 6=8, >2 >=, ;2 � 82 ,2 6.,,- >.2 [=, 6: /-:/ 
 2/;2 7=[[-7/ 62 [7-6:>/.-8 +,+ 2,/ .8@]7.2:7 =: 7=[[-7/ ,=8, 2�2/, 62 [;=,9= 3 .; /286 D27, � ;-7,^:2;2 � � D-./ ,-8 
 
 /28672 D27, � ?;= 7],-8=8>2 72,/2 6=8, ;2 9 .;.2: C B5= 6278.c72 [=7/.2 6: /7=D=.; >-8,.,/2 < -`/28.7 ;2, 7=[[-7/, 62 [7-6:>/.-8 �+ ,+ � .8 >;:=8/ ;2,6]>7-.,,=8>2, .86.72>/2, 
 8-/], �+,+ �
 
 > _2,/ < 6.72 ;2 7=[[-7/ /-/=; -: 9 2,:7=`;2 62, � � 2/ 62, � B
��8 62 >=;>:;27 >2 7=[[-7/ 
 .; >-8D.28/ 62 >-8,.6]727 ;2, 7=[[-7/, 6 _29`7=8>Z29 28/ 62 /-:, ;2, ]/=/,2a>./], 62 7],-8=8>2 >-8/7.`:=8/ < ;= [7-6:>/.-8 6: � -: < >2;;2 6: � � B #8 :/.;.,=8/ ;2, D=;2:7,8:9 ]7.^:2, 62 >2, 7=[[-7/, 6 _29`7=8>Z29 28/ 62, 6.�]728/, ]/=/, ;.], ��� 
 .; 2,/ [-,,.`;2 62 >=;>:;27�+,+ �
 < [=7/.7 62, >=8=:a 62 6]>7-.,,=8>2 [7.8>.[=:a 3�� �

� �
 � � � � & ��� � �� � �� � � �� �� � � �
� � & � ��� � �� � �� � � � � � �� � � � � �� �� � �=D2>

� �	� � �� � �� � �� � � � �� �	� � � � �� � �� +� � �� �	� �� + �� �
 
 �)+ -(� .-Y ;2, D=;2:7, 62, 7=[[-7/, 6 _29`7=8>Z29 28/ � � ,-8/ 2a/7=./, 62 ))0* B 52, 7],:;/=/, 62, >=;>:;,.8>;:=8/ >2, 6]>7-.,,=8>2, .86.72>/2, ,-8/ 6-88],  .\:72 & B& B $ . ;2, ,>Z]9 =, 62, 7=[[-7/, 62 [7-
6:>/.-8 6.72>/2 2aZ.` 28/ 62 ;=7\2, =9[;./:62, 28 @-8>/.-8 6: 9-928/ /7=8,D27,2 
 
 
 2/ [ 279 2//28/62 6.,>7.9 .827 @=>.;2928/ ;2, 6.�]728/, 9-6c;2, ?=: 9-.8, ;2, 9 -6c;2, $(� 0
,=D2:7, 2/ $(�
$3 ?* C 
 ^:. .86.^:28/ 72,[ 2>/.D29 28/ 62, [7-6:>/.-8, =>>7:2, 2/ 7]6: ./2, 62 � � =:a D=;2:7, 62 
 
;2, [;:, @=.` ;2,C 
 .; 8 _28 72,/2 [=, 9-.8, ^: _:82 /2;;2 9 2,:72 ,:[[-,2 6 _b/72 >=[=`;2 62 9 2//72 :8D2/- ,:7 ;2, 6]>7-.,,=8>2, 7=6.=/.D2, 62, ]/=/, 2a>./], 62 7],-8=8>2 D27, ;2, ]/=/, 9-.8, 2a>./], BX=8, ;= 9 2,:72 -Y >2>. ,29`;2 b/72 .9[-,,.` ;2 < 7]=;.,27 2a[ ]7.9 28/=;29 28/ 28 7=.,-8 6: `7:./62 @-86 ];]>/7-9 =\8]/.^:2 /7c, .9[-7/=8/ ;-7, 62, >-;;.,.-8, $`
$` 
 .; >-8D.28/ 62 >-8,.6]727 ;27=[[-7/ +,+ .8>;:=8/ ;2, 6]>7-.,,=8>2, .86.72>/2, B �2 6278.27 [=7=*/ 72[7-6:.72 ;2, 9 b92, D=7.=/.-8,^:2 ;2, 7=[[-7/, 6.72>/2, 
 9=., =D2> 62 [;:, @=.`;2, =9[;./:62, B
� ���� � ����� �� ��

��� ��� �� �������� �� � � �	��  � �
 ������ ���� ��


���� � �����

� HPK � � VOU NKP PKTMHVJP K� TSTKP NHUKTMKP NK 7UVNOTMHVJ NKP U�PVJSJTKP52, 7],:;/=/, [7]>]628/, ,-8/ -`/28:, >-8@-79]928/ =: >=;>:; 62, ,2>/.-8, 2� >=>2, 6.72>/2, � �62 [7-6:>/.-8 62 >Z=>:8 62, ]/=/, ;.], B 52, 6]/=.;, 6: >=;>: ; ,-8/ 6-88], ))�* 
 9=., .; >-8D.28/ .>.6 _28 7=[[2;27 ;2, ]/=[ 2, [7.8>.[=;2, B52 [-.8/ 62 6][=7/ 6: 7=.,-8829 28/ :/.;.,2 62:a /=:a 72;=/.@, 62 [7-6:>/.-8 62 ^:=7�-8.:9 3

� 
 �� � �� 
 �� � � 6 +�"
� 
 �� �� �� 
 �� � � 6 +��-Y � 
 �� � � 72[7],28/2 ;= ,2>/.-8 2� >=>2 /-/=;2 62 [7-6:>/.-8 62 ;= 7],-8=8>2 �

� B � ; _=.62 62,7=[[-7/, 6 _29`7=8>Z2928/ D27, ;2 >=8=; 6.;2[/-8 .^:2 � � �� �
� �� �� � 2/ 6 _:8 7=[[-7/ 6 _29`7=8
>Z29 28/ 9-�28 � � ?� � 6 +66 �� 
 D-.7 ))&*C 62, 7],-8=8>2, � � 28 6.;2[/-8 
 .; 2,/ [-,,.`;2 6 _2a/7=.72

��� ���� ��� � ������� !�� ��� " �#� $##% � �%� �&%#��� ��� �� ����'�# $� (%��� (�# �'#���� �# � ) �� �� � �� *
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��� � & B1 % �8>.2882, ?[=7/.2 ,:[ ]7.2:72C 2/ 8-:D2;;2, ?[=7/.2 .8@]7.2:72C D=;2:7, 62, ,2>/.-8, 2� >=>2,6.72>/2, � � 2/ 62, 7=[[-7/, 62 `7=8>Z29 28/ � � [-:7 ;2, 6.�]728/, ]/=/, ;.], ��� 
 6=8, ;2 >=, 62>-;;.,.-8 , $`
$` < ��

� �
� � +� � �	 �8:>;]-8 B X=8, ;= /=` ;2 62, 8-:D2;;2, D=;2:7, �\:72 ]\=;29 28/ 
[-:7 .86.>=/.-8 
 � � �[=.72, 62 8:>;]-8 �� �� B;2, ,2>/.-8, 2� >=>2, .86.D.6:2;;2, � 
 �� � � 3

� � �� �� � �� � �� �� � � � � �� � �� � �� � � �� �� � � � � �� �� �� � �� �� � �� �� � � � ��-Y �� 2,/ :82 ,2>/.-8 2� >=>2 62 [7-6:>/.-8 9-�2882 62, 6.�]728/, ]/=/, � B �2//2 ,2>/.-8 2� >=>2 2,/.,,:2 62 6]D2;-[[29 28/ *5� ?* 2a/ (- 52=6.8\ � 7627C 6=8, ;2 >=672 6: 9-6c;2 6 _]D=[-7=/.-8 62>-:;2:7 
 2/ [=7 >-8,]^:28/ ; _=):,/29 28/ 62 � 2,/ ]\=;2928/ 9-6c;2
6][286=8/ B 5= 6278.c72 ]/=[2>-8,.,/2 < 6]>-8D-;:27 >2, ,2>/.-8, 2� >=>2, � 
 �� � � 62, 2�2/, 62 ;= 6]>7-.,,=8>2 62, ]/=/, [;:,2a>./], =�8 6 _-`/28.7 ;2, ,2>/.-8, 2� >=>2, 6.72>/2, � � �� � � 
 < ; _=.62 62, 7=[[-7/, 6 _29`7=8>Z2928/62 ))0 * BX2[:., %!!) 
 62, >=;>:;, [:729 28/ *5� @:728/ 6]D2;-[[], 
 :/.;.,=8/ ;2, 628,./], 62 \;:-8,
#� $( 
� )))* B �2, >=;>:;, =`-:/.,,28/ < 62, ,2>/.-8, 2� >=>2, 6.72>/2, 62 [7-6:>/.-8 62, ]/=/,;.], � � @-7/29 28/ 9-6.�]2, 
 [=7/.>:;.c729 28/ [-:7 ;2, 7],-8=8>2, & � ��� � �� � 3 28 2�2/ 
 62 8-:
D2=:a =):,/29 28/, 62, 6-88]2, -8/ [279 ., 62 6]�8.7 62, @-8>/.-8, 62 6.,/7.`:/.-8, 62, [=7/-8,[;:, [7]>.,2, 
 2/ 62 [;:, 62, 6-88]2, 7]>28/2, 62 ;= >-;;=`-7=/.-8 �X >-8>278=8/ ;2, 7],-8=8>2,& � ��� � �� � -8/ [ 279 ., 62 72>=;>: ;27 ;2, 7=[[-7/, 62 [7-6:>/.-8 62, 6.�]728/, `-//-9-8.:9 B 52,8-:D2;;2, D=;2:7, 62, ,2>/.-8, 2� >=>2, 6.72>/2, ,-8/ :/.;.,]2, < [7],28/ 
 < ;= [ ;=>2 62, D=;2:7, >=;>:
;]2, 28 ))� * B 382 >-9[=7=.,-8 28/72 �=8>.28� 2/ �8-:D2=:� 7],:;/=/, 2,/ 6-88]2 (=`;2=: & B1 B X =8,>2 /=`;2=: 
 ;2, =8>.2882, 2/ ;2, 8-:D2;;2, D=;2:7, � � �� � � ,-8/ 8-79 =;.,]2, < � � �� � ?,2:; ;2, D=;2:7,72;=/.D2, 62, � � ,-8/ 6 _.8/]72/ .>. >=7 /-:/2, ;2, [7-6:>/.-8, ]/:6.]2, ,-8/ 72;=/.D2,C B �; 2,/ < 8-/27^:2 ;2, 8-:D2;;2, D=;2:7, 62, ,2>/.-8, 2� >=>2, 62 [7-6:>/.-8 6.72>/2, 62, 7],-8=8>2, .8>;:28/ ;2,2�2/, 62 ,Z=6-� .8\ 
 ^:. ,-8/ 6 _28D.7-8 )!� ?>2//2 @7=>/.-8 6-882 ;= @7=>/.-8 62, ]/=/, 8-8 6.,,- >.],[=7 2�2/ 62 ,Z=6-� .8\C B * ]=89-.8, 
 >2, 2�2/, 82 )-:28/ [=, ,:7 ;2 7=[[-7/ 62 [7-6:>/.-8 + ,+ 9=.,:8 .^:2928/ ,:7 ;= [7-6:>/.-8 =`,-;:2 -: ,:7 ;2, 6.,/7.`:/.-8, >.8]9 =/.^:2, 62, 7],-8=8>2, 
 ^:.,27-8/ :/.;.,]2, [=7 ;= ,:./2 B
� HPK � � VOU NKP MKL 7 �USMOUKP NK NHPPV THSMHVJ �:/72 ;2, ,2>/.-8, 2� >=>2, 62 [7-6:>/.-86.72>/2 
 ^:. >-8/7� ;28/ 62 @=d-8 .9[-7/=8/2 ;2, [7-`=`.;./], 62 ,:7D.2 62, [=7/.>: ;2, 
 6 _=:/72, D=;2:7,:/.;.,]2, [=7 ;2 >=;>:; @:728/ 7]=>/:=;.,]2, B *-/=9928/ ;2, 9 =,,2, 62, `-//-9-8.:9 ,-8/ 2a/7=./2,62 ))A * 
 2/ ;2, /29[]7=/:72, 62 6.,,- >.=/.-8 6=8, ;2 >=672 6: 9-6c;2 $(� $3 ?* C 62 )' %* B �2,/29[]7=/:72, 62 6.,,- >.=/.-8 ,-8/ .86.^:]2, (=`;2 & B0 
 -Y �\:728/ ]\=;29 28/ [-:7 .86.>=/.-8 >2;;2,6: >Z=79-8.:9 B # ;;2, ,-8/ 6-88]2, 72;=/.D29 28/ < ;= /29[]7=/:72 62 6]>-8�829 28/ � ' 
 >=7 2;;2,,-8/ .,,:2, 6 _:8 >=;>:; ^:. 82 6][286 ^:2 62 � 8� ' B�; 2,/ < [7],28/ [-,,.`;2 62 72[7-6:.72 ; _]/:62 62 ;= ,:[[72,,.-8 62, 7],-8=8>2, 28 @-8>/.-8 6:
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$3 ?* C ?/7=./ [;2.8 C 
 2/ $(� 
$3 ?0 C ?[-.8/.;;],C [-:7 62:a >Z-.a 62 7=�-8, B
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 =.8 ,. ^:2 >2;;2 62, 7=[[-7/, 62 [7-6:>/.-8 6.72>/2 =D2> >2, 8-:D2;;2, D=;2:7, B 52 ,>Z]9 = 62,:[[72,,.-8 7],:;/=8/ =[[=7=./  .\:72 & B( 6=8, ;2 >=, 6 _:8 [;=,9 = $3 ?* C 
 2/  .\:72 & B) 6=8, ;2 >=,6 _:8 [;=,9= 0
,=D2:7, B 52, 7=[[-7/, 62 [7-6:>/.-8 [7-9[/2 ? .\:72 & B'C ,-8/ >-9[=7=` ;2, < >2:a62 ))� * 
 6=8, ;2:7 .8/27[7]/=/.-8 ^:=;./=/.D2 B
	 �TUVHPPSJTK KJ NHGK7MVJ52, 7=[[-7/, ]/:6.], [7]>]629928/ ,-8/ -`/28:, < [=7/.7 62 92,:72, 62 ,2>/.-8, 2� >=>2, /-/=;2,62 ;= [7-6:>/.-8 6 _]/=/, -8.:9 .86.D.6:2;, B $ _=\.,,=8/ 62 ; _]/:62 28 @-8>/.-8 6: 9-928/ /7=8,D27,2
 
 =D2> ;2 ,[ 2>/7-9 c/72 6.9:-8 6 _�5 ��# 
 ;2, 7=[[-7/, 62 [7-6:>/.-8 6-.D28/ b/72 72
>=;>:;], 28/28=8/ >-9[/2 62 ;= 6]>7-.,,=8>2 6=8, ;2 >=8=; 6.9:-8 B 52 @=>/2:7 .8/27D28=8/ [-:7 [728672 >2/ 2�2/28 >-9[/2 2,/ /7.D .=; 
 2/ .; 2,/ [-,,.`;2 6 _:/.;.,27 6.72>/29 28/ ;2, 9 2,:72, .86.^:]2, 7]@]728>2 ))0 * 3

� ��� � � ���� � +���

� ��� � � ���� � +"�$=7 >-8,]^:28/ 
 .; 2,/ ,:� ,=8/ 62 6.D.,27 ;2, 7=[[-7/, 62 [7-6:>/.-8 [7-9[/2 2/ .86.72>/2 [=7:8 @=>/2:7 � +� [-:7 -`/28.7 ;2, 7=[[-7/, +,+ [7]6./, [=7 ;2 9 -6c;2 6=8, ;2 >=, 6: `7=, 6.9:-8 B5=  .\:72 & B! /.28/ >-9[/2 62 >2 >Z=8\29 28/ 2/ [7],28/2 ;2, 7=[[-7/, 62 [7-6:>/.-8 .86.72>/29 2,:7=`;2, B 5=  .\:72 & B%� 72[7286 >2, 9 b92, 7],:;/=/, 28/72 � 2/ �� 	 �	 ?; _]/:62 ,:7 ;2 `7=,6.9:-8 2,/ ;.9 ./]2 < 62, D=;2:7, .8@]7.2:72, < �� 	 �	 C 9 =., :8.^:29 28/ [-:7 62:a 7=�-8, 62 [;=,9 =6.�]728/, ?� 2� 2/ � � � � � +� 2� C 
 28 >-9[=7=8/ ;2, [7]6.>/.-8, 62, 9-6c;2, $3 ?* C 2/ 0 ,=D2:7, B
�2, 7=[[-7/, 62 [7-6:>/.-8 .8>;:=8/ ;2, 6]>7-.,,=8>2, .86.72>/2, ,-8/ ,28,.`;29 28/ 6.�]728/, 62>2:a 62 ))� * ? .\:72 & B&C B #8 2�2/ 
 ,. ;2, D=7.=/.-8, 28 @-8>/.-8 6: 9-928/ /7=8,D27,2 ,-8/ ;2,9 b92, 6=8, ;2, 62:a >=, 
 ;2, 7=[[-7/, 62 [7-6:>/.-8 .8>;:=8/ ;2, 6]>7-.,,=8>2, .86.72>/2 :/.;.,=8/;2, ,2>/.-8, 2� >=>2, ;2, [;:, 7]>28/2, ,29`;28/ [7],28/27 62, =9[;./:62, [;:, @=.` ;2, 6=8, ;2 >=,6: 9-6c;2 $3 ?* C ?,:7
[7-6:>/.-8 62 � � < @=.`;2 
 
 C B 38 7=[.62 2a=9 28 6: (=`;2=: & B1 .86.^:228 2�2/ ^:2 ;= 7],-8=8>2 & � ��� � = :82 ,2>/.-8 2� >=>2 62 [7-6:>/.-8 6-:`;]2 [=7 7=[[-7/ =:a=8>.2882, D=;2:7, B � 7 >2//2 7],-8=8>2 6]>7-./ :8.^:29 28/ 6=8, ;2 >=8=; � ��� � 3 ;= [7-6:>/.-8 62>2//2 7],-8=8>2 2,/ =;-7, @=D-7.,]2 [=7 >2 `.=., 
 2/ .; 28 6]>-:;2 ^:2 ;2 7=[[-7/ +,+ 2,/ [;:, [7->Z262 ; _:8./] 6=8, ;2 >=, 6: [;=,9 = $3 ?* C B
�KP US7 HN HM�P �� G �S�SJM�52 9-6c;2 2a[-,] @:/ 6]D2;-[[] [-:7 ;2, 2a[]7.28>2, [279 2//=8/ 62, 9 2,:72, < 7=[.6./] 8: ;;2 B52 `7=, 6.9:-8 6 _�5 ��# 2,/ :8 6.,[-,./.@ 2a[]7.9 28/=; D-:] =:a 92,:72, =:a 7=[.6./], �=D=8/�/2;;2, ^:2 � +� 4 * 4 � B � [7.-7. 
 ;2, 7=[.6./], >28/7=;2, 2/ ];2D]2, 62D7=.28/ b/72 ;.]2, [=7 :82/7=8,@-79 =/.-8 /2;;2 ^:2 3 
 
 � 
 
 kli� �* �
�2//2 /7=8,@-79 =/.-8 , _-`/.28/ < [=7/.7 62 >-8,.6]7=/.-8, \]-9 ]/7.^:2, ,:7 ;2, [=7/.>: ;2, 6 _.9 
[:;,.-8 ;-8\./:6.8=;2 8-8 8:;;2 B �2[286=8/ 
 /-:/2 ; _]/:62 72[-,2 ,:7 ; _Z�[-/Zc,2 62 �)-7�28 ^:.>-882>/2 ;2 /29[, 2/ ; _28/7-[.2 6 _:82 2a[=8,.-8 .,28/7-[ .^:2 >=7=>/]7.,/.^:2 62 ; _]D-;:/.-8 62,,� ,/c9 2, 628,2, 2/ >Z=:6, @-79 ], [=7 ;2, >-;;.,.-8, 6 _.-8, ;-:76, : ;/7=
72;=/.D .,/2, 3

�� �� � �� ��X=8, ;2 >=, 62 >2, ,� ,/c9 2, 72;=/.D .,/2, 
 ; _=`,28>2 62 6][ 286=8>2 28 7=[ .6./] 62 [;:,.2:7, [=7=
9c/72, 
 >-992 ;= 628,./] 6 _]827\.2 
 ;-7, 62, >-86./.-8, .8 ./.=;2, .9[;.^:2 ; _=`,28>2 62 6][ 286=8>228 7=[.6./] ;-7, 62 /-:/2 ; _]D-;:/.-8 6: 9 .;.2: 
 [-:7 72,[ 2>/27 ; _.8D=7.=8>2 [=7 /7=8,@-79 =/.-8 625-728/� 62 ;= 6�8=9 .^:2 ))(* B X _=.;;2:7, 
 62, 7],:;/=/, 7]>28/, 62 ;= >-;;=`-7=/.-8 ���
#$ [-:762, >-;;.,.-8, �:
�: < �66 	 �	 �8:>;]-8 .86.^:28/ ^: _< >2, ]827\.2, .; 2,/ [-,,.`;2 62 9 2,:727 :82]/286:2 ;-8\./:6.8=;2 6: ,� ,/c9 2 < ; _=.62 62 [=7/.>:;2, 62 \7=862 .9[:;,.-8 B �; 2,/ 6-8> [279 ., 62[ 28,27 ^: _.; 28 ,27= 62 9b92 =:a ]827\.2, 28>-72 [;:, ];2D]2, 6: 5
� ?,. /2; 8 _]/=./ [=, ;2 >=, 
 62,2�2/, 62 ,2:.; 28 * 62D7=.28/ b/72 [7., 28 >-9[/2 [=7 ;2 9 -6c;2C B X=8, ;= ,:./2 
 >2, 2�2/, 82 ,-8/6-8> [=, >-8,.6]7], 2/ ;= 6278.c72 [=7/.2 62 >2 >Z=[./72 [7],28/27= [=7 >-8,]^:28/ :82 >-9[=7=.,-8
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   With Indirect DecaysΥ’/ ΥProduction Ratio   

 (T)µSU(N) form of    (T)µ3-flavors form of   
E. Dumonteil, PhD Thesis
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 � ���� 28@-8>/.-8 6: 9-928/ /7=8,D27,2 6=8, ;2, >=, $(� 
$3 ?* C ?/7=./ [ ;2.8 C 
 2/ $(� 
$3 ?0 C ?[-.8/.;;],C[-:7 62:a >Z-.a 62 7=�-8, B 5= D=;2:7 �a2 62 � B1( 6: 7=[[-7/ 62 [7-6:>/.-8 ,=8, 2�2/ 62 [;=,9 =2,/ .86.^:]2 28 /7=./ [;2.8 [-:7 >-9[=7=.,-8 B
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��8 62 6]>7.72 =: 9 .2:a ;2, [ 27@-79=8>2, 6: ,[ 2>/7-9 c/72 6.9:-8, >-8>278=8/ ;= 9 2,:72 628-/72 -`,27D=`;2 
 :8 ,[ 2>/72 28 9 =,,2 .8D=7.=8/2 62, 6.9:-8, ;2 [;: , 7]=;.,/2 [-,,.`;2 6-./ b/7272[7-6:./ B 52, [7- >]6:72, [7-6:.,=8/ 62 /2;, ,[ 2>/72, < ; _=.62 6: ;-\.>.2; � ;.�--/ ,-8/ 6]>7./2,6=8, )AA * B �; >-8D.28/ 62 7=[[2;27 .>. ;2, [7.8>.[=;2, ]/=[ 2, 62 >2//2 [7- >]6:72 
 =.8,. ^:2 62 [7]>.,27;2, 6.�]728/2, D=7.=` ;2, :/.;.,]2, [-:7 -`/28.7 ;2, ,[ 2>/72, �8=:a B 52, 6.�]728/2, >-9[-,=8/2, 62>2, ,[ 2>/72, ?>-992 ;2, 7],-8=8>2, 
 ;2 `7:./ 62 @-86 >-77];] -: 8-8
>-77];]C ,-8/ >=;>:;]2, [-:7 62,]D]829 28/, .,,:, 62, %�� 62, >-;;.,.-8, $` 
$` < � +� � �	 �8:>;]-8 ;2, [ ;:, >28/7=;2, B �2//2 /7=8>Z228 >28/7=;./] 62 ;= ,2>/.-8 2� >=>2 \]-9 ]/7.^:2 � � �� �� #$ >-772,[-86 < :82 /7=8>Z2 28 >28/7=;./] 62 A��62 ;= ,2>/.-8 2� >=>2 6:72 /-/=;2 
 8-/]2 � � �� �"
%� 
 [-:7 ;= [7-6:>/.-8 62 [7- >2,,:, .8>;: ,.@, ))!* B 52[=7=9 c/72 6 _.9[=>/ � >-772,[-86=8/ 2,/ ,./:] 28/72 6 2/ � 2� )AA * B 52, ]>Z=8/.;;-8, 6 _]D]829 28/,-8/ :82 ,/=/.,/.^:2 >-772,[-86=8/ < % =88]2 5
� ?% 9-., 62 [7.,2 62 6-88]2, 2�2>/.D2 [-:7 ;2,>-;;.,.-8 , $`
$` 
 2/ :82 2� >=>./] 62 ;= 9=>Z.82 6 _28D.7-8 A�� C B
� �� �� 
���� �� ����� ����  � ��� �� � ������ 
���� ��� ������ ����
� VLWUK MVMSG NK � I�J�U�P52 [729 .27 [=7=9 c/72 < 6]�8.7 2,/ ;2 8-9`72 /-/=; 62 � < \]8]727 B 5= ,2>/.-8 2� >=>2 6.72>/262 [7-6:>/.-8 [-:7 ; _28 ,29`;2 62, 7],-8=8>2, 62 ;= @=9 .;;2 6: � >-8,.6]7]2, ?� 
 � � =86 � �� C ;-7,62 >-;;.,.-8 , [
[ < � +� � �	 
 2/ 8-/]2 �+�� 
 2,/ 62 6 +"� � � B 52 @=>/2:7 62 8-79 =;.,=/.-8 =:a >-;;.,.-8,�
� 2,/ 6]�8. [=7 3 	 � +� � �� �� +	 '-Y 	 � 2,/ ;2 @=>/2:7 62 � @226
6-�8� /28=8/ >-9[/2 62 ;= 6]>7-.,,=8>2 62, ]/=/, 2a>./], 
 � � �� �� 2,/;2 7=[[-7/ 6 _29`7=8>Z29 28/ 6=8, ;2 >=8=; 6.;2[/-8.^:2 
 2/ 	 ;2 8-9`72 62 8:>;]-8, 6: 8-�=: � B$=7 >-8,]^:28/ 
 ;= ,2>/.-8 2� >=>2 62, ]/=/, � 6]>7-.,,=8/ 28 6.9:-8, ;-7, 62 >-;;.,.-8, $`
$` <
� +� � �	 �8:>;]-8 2,/ 3 �+
�� ��� �� � � � -" +	 � +� � �� �� +�6�' +�+��=D2> � -" 72[7],28/=8/ ;2 @=>/2:7 62 >-772>/.-8 62, 2�2/, 62 ,Z=6-� .8\ B 52 8-9`72 /-/=; 62 � [7-6:./28 :82 =88]2 2,/ 3



� �
 � � UVNOTMHVJ NKP P7 KTMUKP KJ LSPPK HJ�SUHSJMK 	��

� � � � ��� �� [=.72 62 8:>;]-8 �� �� � B%! � B%1 � B�)
� � �('	 ' �� �� � B%& � B�!A � B�&)

� + -(� .
 ����� �� � 6=8, /-:/ ; _=8\;2 ,-;.62 �'A6 �1% B'6 � %16
� + -(� .
�� ��� �� � 6=8, ; _=>>2[/=8>2 A��� %��� (��

��� � & BA % $2>/.-8, 2� >=>2, 62 [7-6:>/.-8 6.72>/2 2/ .86.72>/2 62, `-//-9-8.:9 
 2/ 8-9`72,=//286:, 28 % 9-., 62 [7.,2 6-88]2 
 6=8, /-:/ ; _=8\;2 ,-;.62 2/ :8.^:29 28/ 6=8, ; _=>>2[/=8>2 B �2,D=;2:7, ,-8/ >=;>: ;]2, [-:7 62, >-;;.,.-8, $` 
$` < ��

� �
� � +� � �	 �8:>;]-8 B

� +
�� ��� �� � � �� �+
����� �� �
� ]/=8/ ;= ;:9 .8-,./] 2/ � ;2 /29[, 62 [7.,2 62 6-88]2, 2�2>/.@ B #8 :/.;.,=8/ ;2, D=;2:7, � �� +�6'�	� �' ��� 
 � � �6�� 
 2/ � -" +	 � +� � �� �� +�6�' >-992 .86.^:] 6=8, )'�* ?>2//2 7]@]728>2 .8>;:2:8 @=>/2:7 % B0' =�8 62 72[7-6:.72 =: 9 .2:a ;2, 7],:;/=/, 7]>28/, 62 ;= >-;;=`-7=/.-8 �X C 
 -8-`/.28/ 3

� +
�� ��� �� � � � +�� �6�2/ 28 72,/72.\8=8/ ;2 >=;>:; =: %�� 62, >-;;.,.-8, ;2, [;:, >28/7=;2, 
 -8 /7-:D2 ;2 8-9`72 62 7],-8=8>2,[7-6:./2, 6=8, �� 3
� +
�� ��� �� � � " +�6� + �6�66 � ���666

�; 2,/ [-,,.`;2 
 62 9b92 
 62 >=;>:;27 ;2, 8-9`72, =//286:, [-:7 >Z=>:8 62, `-//-9-8.:9 B 5=(=`;2 & BA [7],28/2 ;2, 7],:;/=/, 6: >=;>:; [-:7 >Z=>:82 62, 7],-8=8>2, 
 28 .86.^:=8/ ;= D=;2:7 62,,2>/.-8, 2� >=>2, 62 [7-6:>/.-8, 6.72>/2, 2/ .86.72>/2, 62 ;= 7]@]728>2 )))* B $-8/ .86.^:], ]\=;2928/;2, 8-9`72, 62, ]/=/, � �	� � =//286:, ?6=8, /-:/ ; _=8\;2 ,-;.62C 2/ ;2, 8-9`72, =//286:, 6=8,; _=>>2[/=8>2 ?28D.7-8 A B'� 
 D-.7 )'� *C B
� S77 VUMP +,+ KM +,,+X2, 6-88]2, 62 ;= >-;;=`-7=/.-8 �X -8/ [279 ., 62 [=7=9 ]/7.,27 ;= 6][ 286=8>2 28 
 
 62 ;=[7-6:>/.-8 62 >27/=.8 , `-//-9-8.:9 B �2//2 [=7=9 ]/7.,=/.-8 [2:/ , _]>7.72 >-992 ,:./ )' %* 3

�� �� � �
�* �
 '
 � � � ��� ��6 +� ��
 
 �

-Y � � 6],.\82 ;= D=;2:7 62 ;= ,2>/.-8 2� >=>2 /-/=;2 62 ; _]/=/ � B � .8,. 
 ):,^: _< 9 =.8/28=8/ 
 =:>:826][286=8>2 28 
 
 8 _=�2>/2 ;2 7=[[-7/ >-8,/=8/ +,+ B �2//2 729=7^:2 2,/ 6 _:82 .9[-7/=8>2 >7:>.=;26=8, >2//2 ]/:62 
 >=7 .; 2,/ =;-7, [-,,.` ;2 6 _.9[:/27 /-:/2 6][ 286=8>2 28 
 
 6: 7=[[-7/ < 62, 2�2/,62 [;=,9 = B X=8, ;2 >=, 62 ;= 9 =/.c72 [:729 28/ Z=67-8.^:2 
 72[7-6:./ .>. [=7 ;2, ,.9:;=/.-8, 
 ;2/=:a 62 [7-6:>/.-8 +,+ ,29`;2 b/72 6 _28D.7-8 � B1( ?[-:7 ;2, 6]>7-.,,=8>2, 28 6.9:-8C B �2 7=[[-7/>-772,[-86 =:a 6278.27, >=;>:;, /Z]-7.^:2, 62 � B '-\/ )))* 
 2/ 2,/ :/.;.,] [=7 ;2 \]8]7=/2:7 6 _]D]82
928/, 6 _� ;.�--/ B �; 2,/ 28 2�2/ [-,,.`;2 62 >=;>:;27 ,= D=;2:7 \7�>2 =:a ,2>/.-8, 2� >=>2, .8>;:,.D2,?� � � � � � �
� � � C 62 >Z=>:82 62, 7],-8=8>2, 3

� �
� � � � +� �(' �� � � +	 '

� � +� �(' �� � +	 ' � �� +� � �
"6� � � � 6 +���X2 ;= 9 b92 9=8.c72 
 -8 /7-:D2 [-:7 ;2 7=[[-7/ + ,,+ 3

� ��
� � � � +� �(' �� �� � +	 '

� � +� �(' �� � +	 ' � �� +� � �
"6� � � � 6 +���



� �
 � � UVNOTMHVJ NKP P7 KTMUKP KJ LSPPK HJ�SUHSJMK 	��

�SUSL �MUHPSMHVJ KJ 
 
 KM KJ *X2, 6.,/7.`:/.-8, ,][=7]2, ,-8/ :/.;.,]2, [-:7 [=7=9 ]/7.,27 ;2, 6][ 286=8>2, 28 
 
 2/ 28 * 62 ;=[7-6:>/.-8 62, ]/=/, `-//-9-8.:9 ;-7, 62, >-;;.,.-8, [ 
[ < ��

� �
� �� � �	 B �2, [=7=9 ]/7.,=/.-8,,-8/ .,,:2, 62, 6278.27, >=;>: ;, #�$( 
� 62 � B '-\/ B # ;;2, ,-8/ .628/.^:2, [-:7 /-:, ;2, � � 2/6-88]2, [=7 ;2, @-79:;2, 3

��
�
 
 � 
 

� � �� �� 4� � '� (

=D2> 
 �
 � � +" 	 �	 8	 2/ 	 � � +� 
 2/ 3
��
�* � ��� 
� �* � *� �'

� �=D2> *� � " B5= [=7/.2 ,:[ ]7.2:72 62 ;=  .\:72 & B%% [7],28/2 >2, 62:a 6278 .c72, 6.,/7.`:/.-8, B 382 [=7=9 ]/7.
,=/.-8 [;:, >-9[;2a2 9 =., [;:, 7]=;.,/2 2,/ ]\=;29 28/ .86.^:]2 6=8, ;2 >=, 62 >2, 9b92, >-;;.,.-8,? .\:72 & B%% =: 9 .;.2: C B #8�8 
 :82 [=7=9 ]/7.,=/.-8 62 ;= [7-6:>/.-8 62, `-//-9-8.:9 ;-7, 62>-;;.,.-8 $` 
$` < ��

� �
� � +� � �	 �8:>;]-8 2,/ :/.;.,]2 [=7 � ;.�--/ 
 2/ 2,/ .86.^:]2 ,:7 ;= [=7/.2.8@]7.2:72 62 ;=  .\:72 & B%% B �; 72,,-7/ >;=.729 28/ 62 >2//2 �\:72 ^:2 ;2, D=;2:7, ;2, [;: , ];2D]2, 6:
 
 =>>2,,.`;2, 6=8, >2, >-;;.,.-8, ,-8/ ,./:]2, =:/-:7 62 �68�� 	 �	 B

�7 KTMUK KJ LSPPK NO PHIJSG
#8 :/.;.,=8/ >2, [=7=9 c/72, [-:7 \]8]727 ;2, 7],-8=8>2, � �� � �� �� 
 2/ 28 [7-[=\2=8/ >2, 627
8.c72, 6=8, ;2 ,[ 2>/7-9 c/72 6.9:-8, 
 ;2 9-6:;2 62 ,.9:;=/.-8 7=[.62 6 _� ;.�--/� [279 2/ 6 _-`/28 .7;2, ,[2>/72, 28 9 =,,2 .8D=7.=8/2 62 >Z=>:82 62, 7],-8=8>2, B 5=  .\:72 & B%1 [7],28/2 ;2, 6.,/7.
`:/.-8, 28 9 =,,2 .8D=7.=8/2 72>-8,/7: ./2 � �� �� [-:7 /7-., 8 .D2=:a 6.�]728/, 62 `7:./ 62 @-86 3

�6��� 
 � B& -: % B 38 `7:./ 62 @-86 ]\=; < � .86.^:2 ^:2 ,2:;2, ;2, 7],-8=8>2, ,-8/ 72>-8,/7:./2, 
,=8, /28.7 >-9[/2 6: `7:./ >-8,/./:] [=7 ;2, =:/72, [=7/.>: ;2, B 5= ^:=;./] 62 ;= /7=) 2>/-\7=[Z.2,2 6]\7=6=8/ [7-[-7/.-882;;29 28/ < ;= 9:;/.[;.>./] 
 .; ]/=./ .9[-7/=8/ 62 @-:78.7 62, 7],-;:/.-8,28 9 =,,2 .8D=7.=8/2 =,,- >.]2, < 6.�]728/, 8.D2=:a 62 `7:./ 3 �6��� B& 6-882 ;2, 6.,/7.`:/.-8, 289 =,,2 >-772,[-86=8/ =:a 9:;/.[;.>./], =//286:2, ,-./ �� 8�* � �666 B �6�� % >-772,[-86 < :8@=>/2:7 1 62 ,]>:7./] 72;=/.D2928/ < >2 6278.27 8.D2=: B X=8, ; _]/:62 ^:. ,:.D7= 
 ;2 `7:./ >Z-.,. 2,/ 62
% ?,=:@ 9 28/.-8 >-8/7=.72C 
 =�8 62 \=7627 :8 @=>/2:7 62 ,]>:7./] ,:7 ;2, 9:;/.[ ;.>./], 
 2/ 62 [72867228 >-9[/2 ;2, 2�2/, .8 ,/7:9 28/=:a ?>-992 ; _=;.\829 28/ 62, >Z=9`72,C ,:7 ;= 7],-;:/.-8 B 5 _:8.^:2>-:[:72 28 9-928/ /7=8,D27,2 2,/ >2;;2 6: ,� ,/c9 2 62 6]>;28>Z29 28/ ,:7 ;2, 9:-8, ,.9[;2, 
 �a]2< 
 
 �� � ��� �� � � � 	 �	 B �2//2 >-:[:72 [ 279 2/ 6 _];.9 .827 :82 [=7/.2 .9[-7/=8/2 6: `7:./ 62 @-86 
,=8, =�2>/27 ;2 ,.\8=; ?; _]/:62 6: � ,27= 6 _=.;;2:7, @=./2 =D2> :82 >-:[:72 28>-72 [;:, Z=:/2 
 <
" 	 �	 
 [;:, 2� >=>2 [-:7 ;2 7=[[-7/ ,.\8=;�`7: ./ C B 5 _28,29`;2 62, [=7=9 c/72, 6]�8., [7]>]629 
928/ ,27= :/.;.,] [=7 ;2 9 -6:;2 62 ,.9:;=/.-8 7=[.62 6 _� ;.�--/ [-:7 ;= \]8]7=/.-8 62 >Z=>:82 62,=:/72, >-9[-,=8/2, 6: ,[ 2>/72 28 9 =,,2 .8D=7.=8/2 �8=; B � ; _=.62 62, ,[ 2>/72, 28 9=,,2 62 >Z=>:8262, 7],-8=8>2, 
 .; 2,/ [-,,.` ;2 62 6-8827 ;= ,/=/.,/.^:2 =,,- >.]2 < ;= 6]/2>/.-8 62 >Z=>:8 62, ]/=/,
�
� B �2//2 ,/=/.,/.^:2 .8>;:/ 6-8> ;2, 2�2/, 6 _=>>2[/=8>2 \]-9 ]/7.^:2 2/ 62 >-:[:72, >.8]9=/.^:2,6: 6]/2>/2:7 B 52, 7],:;/=/, ,-8/ 6-88], (=`;2=: & B& B

� �� �� 
���� �� ����� ����  � ��� �� ���!����� ��!���� �� 
  ��� �
	 HPMUHWOMHVJP KJ 
 
 KM JVLWUK NK � �	� � I�J�U�P

��8 62 72[7-6:.72 ;2, 2�2/, 6: [;=,9 = ,:7 ;= 6][ 286=8>2 28 
 
 62 ;= [7-6:>/.-8 62, `-//-9-
8.:9 
 ;= 6.,/7.`:/.-8 :8.^:2 28 
 
 62 ;=  .\:72 & B%% [-:7 62, >-;;.,.-8, $` 
$` ?8-/]2 � � �� � �
 
 �C
��� ���%(� �� #$�%(��$�� ���$�� � �� ($���� �� ($���� ��#��$� � ���$#��$�%� (�# 	��$��(�#  $�'� ��$�%�# ��# �%��#

$��$	 $�%�(# � �( %('�# ��� (� �'�'����%� � �'		��� ��� � �� ������  ����� �� (� �'���#� ����� '��$#'� ��# �'�� ��%�#
�$##%� �� ��#�# �� ��$# ��% �� �� #$�%(��$�� � (���(�� * 
�# 	��$��(�#  $�'� ��$�%�# ���$�'�# � ��� ������ �(��# ��  �( %(��
(� ������$($�' �� �'�� �$�� ��# �%��# �� �� �� ��#��%$�� (� � �##� $�	��$���� �
 �� *



� �
 � � UVNOTMHVJ NKP P7 KTMUKP KJ LSPPK HJ�SUHSJMK 	��

��� ����� '��$#��$�� ��%� ��#  �(($#$��# ���

�� � ����� '��$#��$�� ��%� ��#  �(($#$��# ���

 (GeV)Tp
0 1 2 3 4 5 6 7 8 9

 (
a.

u.
)

T
/d

p
σd

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

y
-6 -4 -2 0 2 4 6

/d
y 

(a
.u

.)
σd

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

� � ����� '��$#��$�� ��%� ��#  �(($#$��# �����

��� � & B%% % X.,/7.`:/.-8, 28 7=[.6./] * 2/ 9-928/ /7=8,D27,2 
 
 62, ]/=/, � � B 52, 62:a �\:72,6: Z=:/ 6-8828/ 62:a >Z-.a 62 [=7=9 ]/7.,=/.-8 [-,,.`;2 [-:7 ;2, >-;;.,.-8, [
[ 
 2/ >2;;2 6: `=,6-882 ;2, [=7=9 ]/7.,=/.-8, 6=8, ;2 >=, 62, >-;;.,.-8 , $`
$` ?6=8, ;2 >=, 62, >-;;.,.-8, [
[ 
 ��

� �
��� � �	 �8:>;]-8 2/ 6=8, ;2 >=, 62, >-;;.,.-8, $`
$` 
 ��

� �
� � +� � �	 �8:>;]-8C B



� �
 � � UVNOTMHVJ NKP P7 KTMUKP KJ LSPPK HJ�SUHSJMK 	��

)2 (GeV/c-µ+µ
M

8 8.5 9 9.5 10 10.5 11 11.5 12
0

200

400

600

800

1000

��� �����

)2 (GeV/c-µ+µ
M

8 8.5 9 9.5 10 10.5 11 11.5 12
0

100

200

300

400

500

600

700

800

900

�� � ����� *�

)2 (GeV/c-µ+µ
M

8 8.5 9 9.5 10 10.5 11 11.5 12
0

100

200

300

400

500

600

700

800

� � ���� �

��� � & B%1 % $[2>/72, 28 9 =,,2 .8D=7.=8/2 ���� 62, � � 72>-8,/7:./, [=7 ;2 ,[ 2>/7-9 c/72 6.9:-86 _�5 ��# 
 [-:7 :82 [7.,2 62 6-88]2 62 �6� , 2/ 62, .8/27D=;;2, 62 �66 � �	 B (7-., >=, 62 `7:./ 62@-86 ?�6� C ,-8/ >-8,.6]7], ?D-.7 /2a/2C B

#D]829 28/, \]8]7], #D]829 28/, 72>-8,/7:./,
� 'A(!1 0'A&
� � 1%'&� %��'
� �� %%'&) &&)

��� � & B& % *-9`72 62 7],-8=8>2 � � 
 =D=8/ 2/ =[7c, 72>-8,/7:>/.-8 [=7 ;2, ,[ 2>/7-9 c/72 6.9:-86 _�5 ��#



� �
 � � UVNOTMHVJ NKP P7 KTMUKP KJ LSPPK HJ�SUHSJMK 	�	

� � �
$ 7-6:>/.-8 ,=8, [;=,9 = '0!�� 1 %)&�$(� $3 ?* C � 2� 0(��� %%1��$(� $3 ?* C � � � A��� %���$(� 0 ,=D2:7, � 2� (1��� 11���$(� 0 ,=D2:7, � � � 0(��� 1'��

��� � & B( % *-9`72 62 7],-8=8>2, [7-6:./2, 28 % 9-., [-:7 6.�]728/, ,>]8=7. 62 [;=,9 = ?;= [7-
6:>/.-8 ,=8, [;=,9 = 2,/ .86.^:]2 [-:7 >-9[=7=.,-8 C B
6-./ b/72 >-8D-;:]2 [=7 ;2, @-8>/.-8, 62 ,:[[72,,.-8 6: � 2/ 6: � � B �2, @-8>/.-8, 62 ,:[[72,,.-8,-8/ =,,- >.]2, < >Z=>:8 62, 9-6c;2, 62 [;=,9 = 3 6=8, ;= ,:./2 62 ; _]/:62 
 8-:, =;;-8, 6-8> >-8,.
6]727 ;2, A 9-6c;2, 62 ;=  .\:72 & B%� ?1 9-6c;2, 62 [;=,9 = < [7-[72928/ [=7;27 2/ 62:a 7=�-8,6 _]>7=8/=\2 6.�]728/,C B 5=  .\:72 & B%0 [7],28/2 ;2, 6.,/7.`:/.-8, 28 
 
 62, 7],-8=8>2, � ��� � 2/
� ��� � >=;>:;]2, ,:.D=8/ 3

�+, �
 
 � � � � �� � �
 
 � � �� � � & ��� � �� � � � � � �� �� � ��)
�+ �
 
 � � � � �� � �
 
 � � �� � & � ��� � �� � �� � � � � � �� � � � � �� �� � �)2/ 82 /.28/ [=, >-9[/2 62 ;= 6]>7-.,,=8>2 28 6.9:-8, 
 ^:. 2,/ \]7]2 [=7 ;2 ;-\.>.2; $�(
 �� B �2,6.,/7.`:/.-8, [279 2//28/ 62 >=;>:;27 ;= [7-6:>/.-8 =`,-;:2 6: � 2/ 6: � � =[7c, ,:[[72,,.-8 [-:7>Z=>:8 62, 9-6c;2, 62 [;=,9 = ?(=`;2 & B(C B 5 _.8/]\7=;2 62, 6.,/7.`:/.-8, 6-882 6.72>/2928/ ;2, [-:7
>28/=\2, 62 ,:[[72,,.-8 < =[[;.^:27 =: 8-9`72 >=;>:;] ,=8, 2�2/ 62 [;=,9 = >=7 ;2, 6.,/7.`:/.-8, ,=8,2�2/, 62 [;=,9 = ,-8/ 8-79 =;.,]2, BB 5= �\:72 92/ 28 ]D.628>2 ;2, >=7=>/]7.,/.^:2, =,,- >.]2, < >Z=>:862, ,>]8=7. B X=8, ;2 >=, 6 _:8 [;=,9 = $3 ?* C 62 7=�-8 � 2� 
 ;2, 62:a 7],-8=8>2, ,-8/ 72;=/.D2928/[ 2: ,:[[7.9 ]2, 
 2/ ;2 � � 2,/ ;]\c729 28/ � ,:7
[7-6:./� 72;=/.D29 28/ =: � ?>2 ^:2 ; _-8 72/7-:D2 28>-8,.6]7=8/ ;2, 7=[[-7/, 62 [7-6:>/.-8 
 ,:[]7.2:7, < � B1( 
 =[7c, 6],.8/]\7=/.-8 28 6.9:-8,C B $-:7;= 9 b92 @-79 2 62 ;= 9 =,,2 6 _]>7=8/=\2 9=., =D2> :8 7=�-8 � � �� � 
 ;2, 62:a 7],-8=8>2, ,-8/@-7/29 28/ ,:[[7.9 ]2, B 52, 9-6c;2, 62 [;=,9 = 0 ,=D2:7, [7]D-.28/ 62, � ,-:,
[7-6:>/.-8� 6: � � [=77=[[-7/ =: � ?>-9[=7=/.D29 28/ < ;= [7-6:>/.-8 ,=8, 2�2/ 62 [;=,9=C 
 2/ ,29`;28/ ,:[[7.927 `2=:
>-:[ 9-.8, ;2, 62:a 7],-8=8>2, ^:2 6=8, ;2, 9 -6c;2 $3 ?* C B *]=89-.8, 
 6=8, ;2 >=, 6 _:8 7=�-8.9[-7/=8/ 
 ;= [7-6:>/.-8 62 � � >Z:/2 /7c, @-7/29 28/ B 5 _28,29`;2 62 >2, 9-6c;2, 72[7-6:./ 62,>-9[-7/29 28/, 62 ,:[[72,,.-8 ^:. [ 2:D28/ ,27D.7 62 7]@]728>2 [-:7 6.�]728/, ,>]8=7. 62 [ ;=,9 = B5 _]/:62 62, [ 27@-79=8>2, 6: ,[ 2>/7-9 c/72 6=8, >Z=>:8 62, >=, 2,/ 6-8> 6 _.8/]7b/ B

�SUSL �MUHPSMHVJ NO US77 VUMP +,+ KJ �VJTMHVJ NO 
 
 5= \]8]7=/.-8 62, 7],-8=8>2, ,-:,� ;.�--/ = .9[-,] 6 _=):,/27 ;2, 6.,/7.`:/.-8, 28 
 
 [7]>]629928/ 6]�8.2, 
 =�8 62 @-:78.7 =: ;-\.>.2;;2, @-8>/.-882;;2, < :/.;.,27 B ��8 62 \=7627 :82 `-882 [7]>.,.-8 6=8, >2//2 -[ ]7=/.-8 
 ,2: ;2, ;2,6.,/7.`:/.-8, 28 
 
 6: � @:728/ =):,/]2, 
 28 >Z-.,.,,=8/ 62 82 [=, 72[7-6:.72 >2;;2, 6: � � 
 9=.,[;:/�/ >2;;2, 6: 7=[[-7/ � �8� B 5 _=):,/2928/ 62, 6.,/7.`:/.-8, 28 
 
 62 >2 7=[[-7/ 2,/ @=./ 6=8, ;2,A ,>]8=7. 62 [;=,9 = ]D-^:], [7]>]629928/ 
 < [=7/.7 62 ;=  .\:72 & B%� B 52, @-8>/.-8, 6 _=):,/29 28/,-8/ .86.^:]2,  .\:72 & B%A B
� �� �� 
���� �� ����� �� ���� ����! !

�-992 8-:, ; _=D-8, D: =: >Z=[./72 1 
 ;2 `7:./ 62 @-86 >-77];] 2,/ .,,: 62, =,,- >.=/.-8, 28/729:-8, 62 ,.\82, -[[-,], >-77];], [Z� ,.^:29 28/ B $=7 2a29[;2 
 6=8, ;2 >=, 6: >Z=79 2 2/ 62 ;=` 2=:/] -:D27/2 
 ;2, 9:-8, 62 ,.\82, -[[-,], .,,:, 62, 6]>7-.,,=8>2, ,29 .
 ;2[/-8.^:2, ,:.D=8/2,,-8/ >-77];], 3
� � � �	�� � �� � �� � �

� � �	�� � �� � �� � �

� � � ��� � � �� � �� � �
� � ��� � � �� � �� � �



� �
 � � UVNOTMHVJ NKP P7 KTMUKP KJ LSPPK HJ�SUHSJMK 	�


 (GeV)Tp
0 5 10 15 20 25 30 35 40 45

 (GeV)Tp
0 5 10 15 20 25 30 35 40 45

T
/d

p
σd

0

0.05

0.1

0.15

0.2

0.25

)
T

 S(p⊗
T

/dpσ distribution and Indirect d
T

/dpσ Normalized d

��� ��� �� �� � �	� �� � ��
 (GeV)Tp

0 5 10 15 20 25 30 35 40 45
 (GeV)Tp

0 5 10 15 20 25 30 35 40 45

T
/d

p
σd

0

0.05

0.1

0.15

0.2

0.25

)T S(p⊗T/dpσ distribution and Indirect dT/dpσ Normalized d

�� � ��� �� �� � �	� �����

 (GeV)Tp
0 5 10 15 20 25 30 35 40 45

 (GeV)Tp
0 5 10 15 20 25 30 35 40 45

T
/d

p
σd

0

0.05

0.1

0.15

0.2

0.25

)
T

 S(p⊗
T

/dpσ distribution and Indirect d
T

/dpσ Normalized d

� � ��� � #�	�%�# �	� �� � ��
 (GeV)Tp

0 5 10 15 20 25 30 35 40 45
 (GeV)Tp

0 5 10 15 20 25 30 35 40 45

T
/d

p
σd

0

0.05

0.1

0.15

0.2

0.25

)T S(p⊗T/dpσ distribution and Indirect dT/dpσ Normalized d

�� � ��� � #�	�%�# �	� �����

��� � & B%0 % X.,/7.`:/.-8, 28 
 
 62, 7],-8=8>2, 6=8, ;2, >-;;.,.-8, $` 
$` < ��

� �
�� +� � �	 �8:>;]-8 8-79 =;.,]2, < % ?/7=./ �8 >-8/.8:C 2/ >-8D-;:]2, [=7 ;2, @-8>/.-8, 62 ,:[[72,
,.-8 .86.72>/2, 6: � ��� � ?/7=./ [;2.8 ][=.,C 2/ 6: � ��� � ?/.72/, ][=.,C =,,- >.]2, < A ,>]8=7. 62[;=,9 = B



� �
 � � UVNOTMHVJ NKP P7 KTMUKP KJ LSPPK HJ�SUHSJMK 	��

  (GeV/c)Tp
0 5 10 15 20 25 30 35 40 45

  (GeV/c)Tp
0 5 10 15 20 25 30 35 40 45

Υ’/ 
Υ

0

0.05

0.1

0.15

0.2

0.25

0.3

Indirect Ratio for SU(N) form and R=1fm

��� ��� �� �� � �	� �� � ��
  (GeV/c)Tp

0 5 10 15 20 25 30 35 40 45
  (GeV/c)Tp

0 5 10 15 20 25 30 35 40 45

Υ’/ 
Υ

0

0.05

0.1

0.15

0.2

0.25

0.3

pbIndirect Ratio for SU(N) form and R=R

�� � ��� �� �� � �	� �����

  (GeV/c)Tp
0 5 10 15 20 25 30 35 40 45

  (GeV/c)Tp
0 5 10 15 20 25 30 35 40 45

Υ’/ 
Υ

0

0.05

0.1

0.15

0.2

0.25

Indirect Ratio for 3-flavors form and R=1fm 

� � ��� � #�	�%�# �	� �� � ��
  (GeV/c)Tp

0 5 10 15 20 25 30 35 40 45
  (GeV/c)Tp

0 5 10 15 20 25 30 35 40 45

Υ’/ 
Υ

0

0.05

0.1

0.15

0.2

0.25

pbIndirect Ratio for 3-flavors form and R=R

�� � ��� � #�	�%�# �	� �����

��� � & B%A % �):,/29 28/ 62, 6.,/7.`:/.-8, 28 
 
 6: 7=[[-7/ � �8� >=;>:;] [-:7 ;2, A 9-6c;2, 62[;=,9 = B 52 /7=./ [;2.8 72[7],28/2 ;= [=7=9 ]/7.,=/.-8 62, 7=[[-7/, 62 [7-6:>/.-8 +,+ >=;>: ;], [7]>]
629928/ B



� �
 � � UVNOTMHVJ NKP P7 KTMUKP KJ LSPPK HJ�SUHSJMK 	��

�� �� � �6 4 � 4 � 2� � � �" +� � ��� � & �&
�� ?� �C � & �&

-"	 �	 ( B(A � B(&��� � B1 % � B'A
��� � & B) % $=7=9 c/72, :/.;.,], [-:7 ;= \]8]7=/.-8 6: `7:./ 62 @-86 >-77];] B5= \]8]7=/.-8 6: `7:./ 62 @-86 >-77];] :/.;.,2 62, �>Z.27, 62 >Z=79 2 2/ 62 `2=:/] -:D27/2 [7-6:./,[=7 $�(
 �� B $=8, 28/727 6=8, ;2 6]/=.; 62, >=;>:;, 
 .; 2,/ :/.;2 62 [7]>.,27 62:a >=7=>/]7.,/.^:2,62 >2, �>Z .27, B (-:/ 6 _=`-76 
 >2:a >. >-8/.28828/ [;:,.2:7, .8/27D=;;2, 28 
 "
%�
 ?>-772,[-86=8/ =:a[7- >2,,:, 6:7, < ; _-7.\.82 62 ;= >7]=/.-8 62 >2, ,=D2:7,C 
 >Z=>:8 62 >2, .8/27D=;;2, ]/=8/ \]8]7] [=76.�]728/, [7- >2,,:, ?;2, [7- >2,,:, 5� -: *5� < [728672 28 >-9[/2 6][ 28628/ 62 ;= \=992 28 
 "
%�
C 2/ =D2> 6.�]728/, ]>Z=8/.;;-8, ,/=/.,/.^:2, ?;= ,/=/.,/.^:2 /-/=;2 ]/=8/ 8-79=;.,]2 < :8 ]Dc829 28/C B$=7 >-8,]^:28/ 
 :82 >-772>/.-8 =[[7-[7.]2 6][ 286=8/ 6: `.8 >-8,.6]7] 6-./ b/72 =[[;.^:]2 B #8,: ./2 
;2 `7: ./ 62 @-86 >-77];] 2,/ [7-6:./ [-:7 62, >-;;.,.-8, [
[ B � .8,. 
 ;2, 7],:;/=/, 62 >2, �>Z.27, 6-.D28/b/72 728-79 =;.,], =:a >-;;.,.-8 , �
� B �-992 .86.^:] [=7 ))! * 
 >2 @=>/2:7 62 8-79 =;.,=/.-8 2,/.8/7-6:./ 6=8, ;2 >=;>: ; 62 ;= ,2>/.-8 2� >=>2 ,: .D=8/2 3

� & �&
� �� � � ��� ��� +� & �&

�� +
� & �&

-"=D2> � & �& ;= ,2>/.-8 2� >=>2 62 [7-6:>/.-8 62 ;= [=.72 � �� ?-8 :/.;.,27= � '�' -7 ���� [-:7 6],.\827 ;2,,2>/.-8, 2� >=>2, 72,[ 2>/.D2, 62 [7-6:>/.-8 6: >Z=79 2 2/ 62 ;= ` 2=:/] -:D27/2C 
 2/ -Y ��� ��� 2,/;= @-8>/.-8 8:>;]=.72 62 72>-:D729 28/ 62, 8-�=:a [-:7 :82 >-;;.,.-8 �
� 62 [=7=9c/72 6 _.9[=>/� B � & �&
-" 2,/ ;2 @=>/2:7 62 >-772>/.-8 62, 2�2/, 62 ,Z=6-� .8\ [-:7 ;2, [=.72, 	 �	 2/ ��� B 52, D=;2:7,8:9 ]7.^:2, 62 >2, @=>/2:7, ,-8/ 6-88]2, (=`;2=: & B) B �[7c, >-772>/.-8 62 >2 6278.27 2�2/ 
 8-:,-`/28-8, ;2 `7:./ 62 @-86 >-77];] =,,- >.] < :8 ]Dc82928/ >28/7=; $`
$` B 52 8-9`72 6 _]Dc829 28/,;2, [;:, >28/7=:a ?%�� C $`
$` 28 :8 =8 62 [7.,2 62 6-88]2, =: 5
� 2,/ 6-88] [=7 3

� � �� � � �� � � #$,� �� � �6 4 � 4 �2� �
� � #$,� �� � �6 4 � 4 �2� � ]/=8/ ;= ,2>/.-8 2� >=>2 \]-9 ]/7.^:2 62, >-;;.,.-8, $`
$` ;2, %�� ;2, [;:,>28/7=;2, 
 .; @=:/ 6-8> �8=;29 28/ 9:;/.[ ;.27 ;2, ,[ 2>/72, >-77];], =,,->.], < :8 ]Dc829 28/ [=7 3

� � �� � � � +�6�52 ,[ 2>/72 =,,- >.] < >Z=>:82 62, ,=D2:7, -:D27/2, 
 =[7c, 726.,/7.`:/.-8, 62, [=7=9 c/72, >.8]9 =
/.^:2, :/.;.,=8/ ;2 9-6:;2 62 ,.9:;=/.-8 7=[.62 6 _� ;.�--/ 
 2,/ 6-88]  .\:72 & B%& B �-992 8-:,; _=D-8, D: [7]>]629928/ 
 ;= \]8]7=/.-8 62 [7- >2,,:, 6:7, < ; _=.62 62 $�(
 �� .9 [-,2 :8 6]
>-:[=\2 28 6.�]728/, ]>Z=8/.;;-8 , 28 9-928/ /7=8,D27,2 
 "
%�
 62 ,/=/.,/.^:2 6.�]728/2 ?D-.7 )'A *C B52 8-9`72 62 [7- >2,,:, 6:7, ];]9 28/=.72, @:/ >Z-.,. ,:� ,=9928/ \7=86 [-:7 729[;.7 ; _2,[=>262, [Z=,2, 62 >Z=>:8 62, .8/27D=;;2, B $=7 >-8,]^:28/ 
 ,. ;2, 6.,/7.`:/.-8, 2/ ;2, 8-9`72, 9-�28,6 _]Dc829 28/, 6=8, ;2, ,[2>/72, 7],:;/=8/, ,-8/ >-772>/, 
 ;2, �:>/:=/.-8, ,/=/.,/.^:2, 8 _-8/ /-:)-:7,[=, ]/] [7.,2, 28 >-9[/2 B � .8 ,. 
 ;=  .\:72 & B%( [7],28/2 :82 9 ]/Z-62 :/.;.,]2 =�8 62 72[7-6:.72>2, �:>/:=/.-8, ,/=/.,/.^:2, =,,- >.]2, < :8 =8 62 [7.,2 62 6-88]2, 3 >Z=>:82 62, 62:a >-9[-
,=8/2, 62 ,=D2:7, 2,/ =):,/]2 ,:7 :8 .8/27D=;;2 28 9=,,2 .8D=7.=8/2 ���� 6-88] B �2/ .8/27D=;;2/2; ^:2 � 4 � ���� 4 �� >-772,[-86 < ;= 7]\.-8 62, 9=,,2, .8D=7.=8/2, 62, 7],-8=8>2, ]/:6.]2, B52, @-8>/.-882;;2, .,,:2, 62 ; _=):,/2928/ [ 279 2//28/ 62 /.727 =;]=/-.72928/ ;2 8-9`72 6 _]Dc829 28/,>-772,[-86=8/ < ;= ,/=/.,/.^:2 6],.7]2 
 2/ >2 [-:7 >Z=>:8 62, .8/27D=;;2, 28 9 =,,2 .8D=7.=8/2 B 382a29[;2 62 >2 /�[2 62 [7- >]6:72 2,/ 6-88]  .\:72 & B%( B
� �� �� 
���� �� ����� �� ���� ���
����! !5= 6.,/7.`:/.-8 28 9 =,,2 .8D=7.=8/2 ���� 6: `7:./ 62 @-86 8-8 
>-77];] 2,/ .,,:2 62 6.�]728/2,>-8/7.`:/.-8, B #8 2�2/ ;2 `7: ./ 62 @-86 8-8
>-77];] 2,/ [7.8>.[=;29 28/ 6� < A 9]>=8.,9 2, 6.�]728/,



� �
 � � UVNOTMHVJ NKP P7 KTMUKP KJ LSPPK HJ�SUHSJMK 	��

massTotaleCorr

Entries    1.600245e+14

Mean    2.492

RMS     1.492

2

 s6

10

10
2

4

massTotaleCorr

Entries    1.600245e+14

Mean    2.492

RMS     1.492

Correlated BackgroundCorrelated Background

 [GeV]µµm
0 2 4 6 8 10 12

6
E

n
tr

ie
s
/1

0
0
 M

e
V

 /
1
0
 s

10

10
2

10
3

10
4

Correlated BackgroundCorrelated Background

charme

beauté

��� � & B%& % $[2>/72 28 9 =,,2 .8D=7.=8/2 ���� 6: `7: ./ 62 @-86 >-77];] 72>-8,/7:./ =D2> ;2 ,[2>
/7-9c/72 6.9:-8 62 ; _2a[ ]7.28>2 �5 ��# 2/ >-772,[-86=8/ < :82 [7.,2 62 6-88]2, 62 �6� � 2/ [-:762, .8/27D=;;2, 62 �66 � �	 8	' 3 ;2, >-8/7.`:/.-8, 6: >Z=79 2 ?=;/278],C 2/ 62 ;= ` 2=:/] ?/.72/,C ,-8/,-99]2, ?/7=./ [;2.8 C B 382 >-:[:72 62 � 	 �	 8	 = ]/] :/.;.,]2 ,:7 ; _.9[:;,.-8 /7=8,D27,2 62, 9:-8,.86.D.6:2;, B
massTotal cc
Entries    6.023154e+12

Mean    2.404

RMS     1.411

0 2 4 6 8 10 12
10

-1

1

10

10
2

10
3

massTotal cc
Entries    6.023154e+12

Mean    2.404

RMS     1.411

Correlated Charm with bad statistical fluctuations

6 7 8 9 10 11 12
0

5

10

15

20

25

background charm
Entries  396
Mean    7.143
RMS     1.075

6 7 8 9 10 11 12

1

10

charm
Entries  396
Mean    7.143
RMS     1.075

Correlated Charm good statistic

massTotal bb
Entries     5.15858e+13

Mean    2.522

RMS     1.517

0 2 4 6 8 10 12

10

10
2

10
3

massTotal bb
Entries     5.15858e+13

Mean    2.522

RMS     1.517

Correlated Beauty with bad statistical fluctuations

6 7 8 9 10 11 12
0

20

40

60

80

100

120

background beauty
Entries  2079

Mean    7.413

RMS     1.229

6 7 8 9 10 11 12

1

10

10
2

beauty
Entries  2079

Mean    7.413

RMS     1.229

Correlated Beauty good statistic

��� � & B%( % �-772>/.-8, 6: `7:./ 62 @-86 >-77];] /28=8/ >-9[/2 62, �:>/:=/.-8, ,/=/.,/.^:2, 7]=
;.,/2, B 52, ,[ 2>/72, 62 >Z=79 2 -:D27/ ?[=7/.2 ,:[]7.2:72C 2/ 62 `2=:/] -:D27/2 ?[=7/.2 .8@]7.2:72C,-8/ =):,/], ?[=7/.2 \=:>Z2 
 28 ]>Z2;;2 ;-\=7./Z9 .^:2C 2/ ;2, @-8>/.-882;;2, 7],:;/=8/2, ?=: >28/72 
28 ]>Z2;;2 ;.8]=.72C ,-8/ :/.;.,]2, [-:7 /.727 =;]=/-.729 28/ ;2, 6.,/7.`:/.-8, �8=;2, 62 `7:./ 62 @-86>-77];] ?[=7/.2 67-./2 28 ]>Z2;;2 ;-\=7./Z9 .^:2 
 =D2> :8 =\7=86.,,29 28/ 28/72 � 2/ �� 	 �	 8	' C B 52,7],:;/=/, ,-8/ 6-88], [-:7 :82 []7.-62 62 [7.,2 62 6-88]2, 62 �6� � 2/ [-:7 62, .8/27D=;;2, 62�66 � �	 8	' B 382 >-:[:72 62 � 	 �	 8	 = ]/] :/.;.,]2 ,:7 ; _.9 [:;,.-8 /7=8,D27,2 62, 9:-8, .86.D.
6:2;, B



� �
 � � UVNOTMHVJ NKP P7 KTMUKP KJ LSPPK HJ�SUHSJMK 	��

 [GeV]µµm
0 2 4 6 8 10 12 14

 s6
E

n
tr

ie
s
/1

0
0
 M

e
V

 /
1
0

10

10
2

10
3

10
4

10
5

10
6

Uncorrelated Background

charme/charme

beauté/beauté

charme/décroissance

décroissance/décroissance

��� � & B%) % $[2>/72 28 9=,,2 .8D=7.=8/2 ���� 6: `7:./ 62 @-86 8-8
>-77];] 72>-8,/7: ./ =D2>;2 ,[ 2>/7-9 c/72 6.9:-8 62 ; _2a[]7.28>2 �5��# 2/ >-772,[-86=8/ < :82 [7.,2 62 6-88]2, 62�6� � 2/ [-:7 62, .8/27D=;;2, 62 �66 � �	 8	' 3 ;2, >-8/7.`:/.-8, ` 2=:/]�`2=:/] ?=;/278],C 
 6]>7-.,
,=8>2�6]>7-.,,=8>2 ?[-.8/.;;],C 
 >Z=79 2�>Z=79 2 ?/.72/,C 2/ >Z=79 2�6]>7-.,,=8>2 ?/7=./ �8C ,-8/ ,-9 
9]2, ?/7=./ ][=.,C B 382 >-:[:72 62 � 	 �	 8	 = ]/] :/.;.,]2 ,:7 ; _.9[:;,.-8 /7=8,D27,2 62, 9:-8,.86.D.6:2;, B
9 28=8/ < 62, =,,- >.=/.-8, @-7/:./2, 62 9:-8, ,.9[;2, 62 ,.\82, -[[-,], 3�	 �	�� � �����	 �	�' � ����

�
	���� �8	���� ������� � ���������' � ����
� ���E��8���E���� 8� �� <�� � �� <��� 8� ��<�' � ��<� � ��	������	 	�8��	������	 	�

�	 �	� � ������ 8� �� <� � ����
�
	���� �8��	������	 	�

�2, >-8/7.`:/.-8, -8/ ]/] [=7=9 ]/7.,]2, 28 :/.;.,=8/ ;2, 6.,/7.`:/.-8, 28 9-928/ /7=8,D27,2 
 
2/ 28 7=[.6./] * .86.^:]2, )AA * B 52 8-9`72 /-/=; 6 _]Dc829 28/, 8-8 
>-77];], 2,/ >=;>:;] 28 :/.;.
,=8/ ;2 8-9`72 62 >-;;.,.-8 , $`
$` ?� � �� � C 6]�8. [7]>]629928/ B 52, 6.,/7.`:/.-8, �8=;2, ,-8/72[7],28/]2,  .\:72 & B%) B
� �� �� ���� � ��� ���!������ ���
�������5= 6.,/7.`:/.-8 28 9 =,,2 .8D=7.=8/2 ���� 62, � � 
 =.8,. ^:2 >2;;2, 62, `7:./, 62 @-86 >-77];],2/ 8-8
>-77];], ,-8/ ,-99]2, =�8 6 _-`/28.7 :8 ,[ 2>/72 28 9 =,,2 .8D=7.=8/2 � ���� ? .\:72 & B%' 
[-:7 ;2 >=, 62, 2�2/, [:72928/ Z=67-8.^:2, . B2 B ,=8, 2�2/, 62 [;=,9 =C B �2 ,[ 2>/72 �8=; ,27= :/.;.,][-:7 ;2, ]/:62, 28 
 
 ^:. ,: .D7-8/ B



� �� � � UV T�NOUK N �S� OPMKL KJM KM SJSGQPK KJ 
 
 	��

)2 (GeV/c-µ+µM
0 2 4 6 8 10 12

 s6
E

nt
rie

s/
10

0 
M

eV
 /1

0

10

10
2

10
3

10
4

10
5

10
6

��� � & B%' % $[2>/72 28 9 =,,2 .8D=7.=8/2 ���� 62 ; _28,29`;2 62, ]Dc829 28/, 72>-8,/7:./, =D2>;2 ,[2>/7-9 c/72 6.9:-8 6 _�5 ��# 2/ >-772,[-86=8/ < :82 [7.,2 62 6-88]2, 62 �6� � 2/ [-:7 62,.8/27D=;;2, 62 �66 � �	 3 ;2, >-8/7.`:/.-8, 62, `7:./, 62 @-86 >-77];], ?`;=8>C 2/ 8-8
>-77];], ?8-.7C,-8/ =66./.-88]2, =: ,.\8=; D28=8/ 62, 7],-8=8>2, � � ,=8, 2�2/, 62 [;=,9 = ?\7.,C B
� �� �����2��� 2 �
� ��	�� ��	 �	 
�
���� �� �

�52 ,[ 2>/72 �8=; 62 9 =,,2 .8D=7.=8/2 62, 6.9:-8 ]/=8/ [7-6:./ 
 .; 2,/ < [7],28/ [-,,.` ;2 626]�8.7 :82 [7- >]6:72 6 _=8=;� ,2 B �2//2 [7- >]6:72 6 _=8=;� ,2 D.,2 < 6]8-9`727 ;2, 8-9`72, 62 � 2/62 � � < [=7/.7 6: ,[2>/72 28 9 =,,2 
 =.8,. ^: _< 6]�8.7 ;2, `=772, 6 _2772:7, ,/=/.,/.^:2, =,,- >.]2, <>2 6]8-9`72928/ 
 2/ >2 =D2> ;= 9 2.;;2:72 [7]>.,.-8 [-,,.`;2 B *-:, ,:[[-,27-8, 6=8, >2//2 ,2>/.-8^:2 ;2 `7:./ 62 @-86 8-8 
>-77];] 82 >-8/7.`:2 [=, =: ,[2>/72 62 9 =,,2 .8D=7.=8/2 B #8 2�2/ 
 62,9 ]/Z-62, [ 27@-79 =8/2, 62 ,-:,/7=>/.-8 62 >2 `7: ./ [ 2:D28/ b/72 :/.;.,]2, ?>-992 ;= 9 ]/Z-62 6 _
�#D28/ 9 .a .8\� � C [ 279 2//=8/ 62 82 \=7627 ^:2 ;2, >-9[-,=8/2, >-77];]2, 6: ,[2>/72 ?;2, 7],-8=8>2,2/ ;2 `7:./ 62 @-86 >-77];]C B $2: ;2 ;= ,/=/.,/.^:2 =,,->.]2 =: `7:./ 62 @-86 8-8
>-77];] 2,/ [7.,2 28>-9[/2 B #8 2�2/ 
 ,. ; _ �#D28/ # .a .8\� [279 2/ 6 _-`/28.7 62, 2772:7, ,� ,/]9=/.^:2, [7- >Z2, 62 � 
 ;28-9`72 6 _]Dc829 28/, ,-:,/7=./, 6-./ b/72 >-8,27D] 6=8, ;= `=772 6 _2772:7 ,/=/.,/.^:2 B 52, ]/:62,^:. ,:.D28/ ,-8/ ;.9 ./]2, < :8 .8/27D=;;2 28 9 =,,2 .8D=7.=8/2 /2; ^:2 � 4 � �� �� 4 �� B 5= � ,/7=/]\.2�29[;-�]2 >-8,.,/2 < =):,/27 :8.^:29 28/ ;2 `7:./ 62 @-86 6=8, :8 [729 .27 /29[, 
 =�8 62 ,-:,/7=.72;= @-8>/.-882;;2 7],:;/=8/2 =: ,[ 2>/72 28 9=,,2 B �; 2,/ =;-7, [-,,.`;2 6 _=):,/27 6.72>/29 28/ >2 6278.27^:. 82 >-8/.28/ [;:, ^:2 ;= >-9[-,=8/2 62 ,.\8=; B ��8 62 [-:D-.7 , _=� 7=8>Z.7 =: 9 .2:a 62, 2772:7,,� ,/]9 =/.^:2, =,,- >.]2, < :82 [7->]6:72 62 >2 /�[2 
 :82 62:a.c9 2 ]/=[ 2 >-8,.,/2 < [7->]627 <:8 6278 .27 =):,/2928/ 
 -Y ;2, [=7=9 c/72, 62, @-8>/.-882;;2, 72[7-6:.,=8/ ;2 ,.\8=; 2/ ;2 `7: ./ 62@-86 ,27D28/ < .8./.=;.,27 :8 =):,/29 28/ \;-`=; 28 :82 ]/=[ 2 6: ,[2>/72 /-/=; .8>;:=8/ ;2, 62:a>-9[-,=8/2, B �2>. [ 2792/ 62 82 �a27 =:>:8 [=7=9 c/72 ?:8 =):,/2928/ \;-`=; 28 :82 ]/=[ 2 62 >2/�[2 [-,,]6=8/ [;:, 62 6.a [=7=9 c/72, ;.`72,C 2/ [=7 >-8,]^:28/ ;2, `=772, 6 _2772:7, 72/-:78]2, [=7; _=):,/29 28/ ,-8/ 6.72>/29 28/ ;2, `=772, 6 _2772:7 ,/=/.,/.^:2 7]2;;2, B

�� �%�($#��$�� �� (� � '�!��� � � ��	��� � $	 $��
 #%�� �#� �� ��%	�$� ���  '��� � %�� ���(�#� '		��� ��� ��� '		���
���� * � ((�  ��#$#�� � �'����� (� ��� �$����((� �% ��%$� �� ���� ���  ���'(' �� ��'���� ��# �##�  $��$��# �� �%��#
�� #$���# ����#'# $##%# � �'		��� ���# �$
'����# * ��# ��$��# �� ��#��%$��# �� ��%	��� ��� ��# ���� ��# '		��� ���#
 ���'('# ) � �$# ��%��$##��� ��# �$#��$�%�$��# �� � �##� $�	��$����#  ��� �'�$#�$�%� �% ��%$� �� ���� ���� ���'(' *



� �� � � UV T�NOUK N �S� OPMKL KJM KM SJSGQPK KJ 
 
 	��

resoNew
Entries  120

Mean    8.949

RMS     1.309

 / ndf 2χ  43.67 / 25

Cte1       1989± 730.6 

expo1     0.185± 0.6111 

Cte2       2151±  5495 

expo2     0.03208± 0.6111 

)2   (GeV/c-µ+µM
6 7 8 9 10 11 12

1

10

10
2

10
3

resoNew
Entries  120

Mean    8.949

RMS     1.309

 / ndf 2χ  43.67 / 25

Cte1       1989± 730.6 

expo1     0.185± 0.6111 

Cte2       2151±  5495 

expo2     0.03208± 0.6111 

Background Fit

��� � & B%! % �):,/29 28/ 6: `7: ./ 62 @-86 =:/-:7 62 ;= 7]\.-8 62 9 =,,2 62, 7],-8=8>2, � � 
 < ; _=.6262 ;= ,-992 62 62:a @-8>/.-8, 2a[-828/.2;;2, B �� 2/ �� 6],.\828/ 72,[ 2>/.D2928/ ;2, >-8,/=8/2, � �� �2/ � �
 � � 6=8, ;2 /=`;2=: >-8/28=8/ ;2, [=7=9 c/72, 6 _=):,/29 28/ B
� �� �� ������� ��� �� ��� �� �� ����

�-992 6]/=.;;]2 [7]>]629928/ 
 ;= [729 .c72 ]/=[ 2 >-8,.,/2 < 8 _=):,/27 ^:2 ;= >-9[-,=8/2 6:`7:./ 62 @-86 B � >2//2 �8 
 .; >-8D.28/ 62 6]�8.7 :8 .8/27D=;;2 6 _=):,/2928/ 	 � B X2 ;= 9 b92 9=8.c72 
.; >-8D.28/ 62 6]�8.7 ; _.8/27D=;;2 28 9 =,,2 .8D=7.=8/2 =,,- >.] < ;= 7]\.-8 6: ,.\8=; 
 8-/] � � B �2/.8/27D=;;2 6-./ 28 2�2/ b/72 2a>;: 62 ; _=):,/29 28/ 6: `7:./ 62 @-86 B 	 � 2/ � � ,-8/ 6]�8., 62 ;=9 =8.c72 ,: .D=8/2 3
� 4 	 � 4 ��� 4 � � 4 ��5= @-8>/.-882;;2 6 _=):,/29 28/ 2,/ :82 ,-992 62 62:a @-8>/.-8, 2a[-828/.2;;2, 3� � ��� ���� � � �' ��� ��'��

�2//2 @-8>/.-882;;2 >-772,[-86 < ;= 6.,/7.`:/.-8 28 9 =,,2 [Z�,.^:2 62, 62:a >-9[-,=8/2, 62 `7:./62 @-86 >-77];] 
 < ,=D-.7 >2;;2 62 >Z=79 2 -:D27/ 2/ >2;;2 62 `2=:/] -:D27/2 
 ^:. [ 2:D28/ b/72 ,][=
7]9 28/ =):,/]2, [=7 62, 2a[-828/.2;;2, ,.9[;2, B $-:7 62, 7]\.-8, 28 9 =,,2 -Y >Z=>:82 62, 62:a>-9[-,=8/2, [7],28/2 62, =9[;./:62, 6: 9b92 -7672 62 \7=862:7 
 ;2, [=7=9 c/72, 62, 62:a 2a[-
828/.2;;2, ,-8/ ,:`,/=8/.2;;2928/ 6.�]728/, 
 .86.^:=8/ :8 =):,/29 28/ [728=8/ 28 >-9[/2 ;2, 62:a6.,/7.`:/.-8, B X=8, 8-/72 >=, 
 ;= `2=:/] -:D27/2 2,/ 6-9 .8=8/2 62, 62:a >�/], 6: ,.\8=; 2/ [=7>-8,]^:28/ 
 ;2, =):,/29 28/, 6-.D28/ /28672 < �a27 :8 62, [=7=9 c/72, �� < � B 5=  .\:72 & B%! 92/>2/ 2�2/ 28 ]D.628>2 B
� �� �� ������� ��� �� �
 ����� ��� �!��������

�; 2,/ /-:/ 6 _=`-76 :/.;2 62 6]�8.7 :82 @-8>/.-882;;2 6 _=):,/2928/ ^:. [:.,,2 6]>7.72 ;= 6.,/7.`:
/.-8 28 9 =,,2 .8D=7.=8/2 ���� 62 ; _28,29`;2 62, 7],-8=8>2, 62 ;= @=9 .;;2 6: � B �-992 ;2 9-8/72;=  .\:72 & B%1 
 ;2, � � 72>-8,/7:./, ,29`;28/ [7],28/27 62, 6.,/7.`:/.-8, �=:,,.2882, [-:7D:2, 62^:2:2, 62 6.,/7.`:/.-8, =:a 9 =,,2, .8D=7.=8/2, ;2, [;:, @=.`;2, B �2, ^:2:2, 62 6.,/7.`:/.-8, < \=:>Z2,-8/ 6:2, =:a �:>/:=/.-8, 62 ;= [27/2 6 _]827\.2 62, 9:-8, ;-7, 62 ;2:7 /7=) 2/ 6=8, ; _=`,-7`2:7 B�; 2,/ [-,,.`;2 62 >-77.\27 28 9-�2882 >2, [ 27/2, 6 _]827\.2 
 9=., [=, ]Dc829 28/ [=7 ]Dc829 28/ B
�27/=.82, [27/2, 6 _]827\.2 82 ,-8/ =;-7, [=, [7.,2, 28 >-9[/2 6=8, ;= [7- >]6:72 62 72>-8,/7:>/.-8 
2/ [7-D-^:28/ 62, ,/=/.,/.^:2, ,:7
],/.9 ]2, =:a 9 =,,2, ;2, [;:, @=.`;2, B X=8, >2 >=672 
 .; [ 2:/ b/72



� �� � � UV T�NOUK N �S� OPMKL KJM KM SJSGQPK KJ 
 
 	��
*-9`72 62 7],-8=8>2, 72>-8,/7:./2, *-9`72 62 7],-8=8>2, 6]8-9`7]2, #� >=>./]

� 0'A& 0'&)�(0 !! B)�
� � %��' %� %A�0' !! BA�
� �� &&) &&'�1) !! B'�

��� � & B' % �-9[=7=.,-8 28/72 ;2, 8-9`72, 62 7],-8=8>2, 72>-8,/7:./2, [=7 ;2 ,�,/c9 2 62 /7=) 2>
/-\7=[Z.2 ?>2 8-9`72 62 � � 2,/ 6-88] 62 9=8.c72 2a=>/2 [=7 ;2 [7-\7=992 62 ,.9:;=/.-8 C 
 2/ ;2,8-9`72, 62 7],-8=8>2, 6]8-9`7]2, [=7 ; _=;\-7./Z9 2 6 _=):,/29 28/ ?< [=7/.7 62, ,[2>/72, 28 9 =,,2.8D=7.=8/2 62, � � 72>-8,/7:./,C 6=8, ;2 >=, �6��� B 52, `=772, 6 _2772:7, .86.^:]2, ,-8/ 72/-:78]2,[=7 ;= [7- >]6:72 6 _=):,/29 28/ B 5 _2� >=>./] 62 ; _=;\-7./Z9 2 2,/ 6-88]2 [-:7 ;2, /7-., 7],-8=8>2,,.9:;]2, 6=8, ;= [=7/.2 67-./2 6: /=` ;2=: B
.8/]7],,=8/ 62 >-8,.6]727 62, 6.,/7.`:/.-8, 62 5=86=: .8D27,]2, ?;= 6.,/7.`:/.-8 62 5=86=: -7.\.8=;2[-,,c62 :82 ^:2:2 62 6.,/7.`:/.-8 < 67-./2C B $ ;:,.2:7, /2,/, @:728/ 7]=;.,], ,:7 62, ,[2>/72, [:7, ?.,
,:, :8.^:29 28/ 62 ;= \]8]7=/.-8 62 7],-8=8>2C 72>-8,/7: ./, [=7 ;2, >Z=9`72, 62 /7=) 2>/-\7=[Z.2 2/=):,/], :8.^:29 28/ [=7 62, �=:,,.2882, -: :8.^:29 28/ [=7 62, 6.,/7.`:/.-8 62 5=86=: .8D27,]2, B52, 9 2.;;2:7, &' [=7 62\7] 62 ;.`27/] 62, =):,/2928/, -8/ 8]=89-.8, ]/] -`/28:, [=7 62, @-8>
/.-882;;2, 62 >-8D-;:/.-8 62 6.,/7.`:/.-8 62 �=:,, 2/ 62 5=86=: .8D27,]2 B �[7c, =D-.7 6]D2;-[[]:8 =;\-7./Z9 2 6 _=):,/29 28/ 62, /7-., 6.,/7.`:/.-8, 28 9=,,2, 28>Z2D]/7]2, >-772,[-86=8/ =:a /7-.,7],-8=8>2, � � 
 .; @:/ [-,,.`;2 6 _]D=;:27 ;2, [27@-79 =8>2, 62 >2//2 [7->]6:72 =�8 62 >-9[=727 ;28-9`72 62 � 2/ 62 � � 7]2;;29 28/ \]8]7], 
 2/ ;2, 8-9`72, 6]8-9`7], =[7c, 72>-8,/7:>/.-8 B52, [=7=9c/72, 6 _:8 =):,/29 28/ .86.D.6:2; 62 ;= 6.,/7.`:/.-8 28 9 =,,2 6 _:8 �

� ,-8/ 3 � � � 
 ;=D=;2:7 ;= [;:, [7-`=`;2 62 ;= 6.,/7.`:/.-8 62 5=86=: 
 � ���� � 
 ,= ;=7\2:7 
 	� ��� �� 
 ; _]>=7/
/�[2 62;= [=7/.2 �=:,,.2882 62 ;= 6.,/7.`:/.-8 
 2/ 	���� 
 ;2 8-9`72 /-/=; 6 _]Dc829 28/, 6=8, ;2 [.> B $-:77]6: .72 >2 8-9`72 62 [=7=9c/72, ;-7, 62 ; _=):,/29 28/ ,.9:;/=8] 62, /7-., 6.,/7.`:/.-8, 28>Z2D]/7]2,62, � � 
 .; 2,/ [-,,.`;2 62 �a27 ;2, [=7=9 c/72, 	� ��� �� 2/ � ���� � [-:7 � � � � " ?� � 2/ � �� C B #8 2�2/ 
62, 2,,=., 6 _=):,/29 28/ -Y /-:, ;2, [=7=9 c/72, ,-8/ ;.`72, -8/ 9-8/7] ^:2 ;2, 7=[[-7/, �
� ��, 
 ��
� ��, 
� 2/

� ��!"�� ��!" � ?[-:7 � � � � " C [2:D28/ b/72 >-8,.6]7], >-8,/=8/, B 52 8-9`72 62 [=7=9c/72, 62 ; _=):,/29 28/\;-`=; 2,/ =;-7, 7]6:./ 62 %1 < ' B
�-992 ; _.86.^:28/ ;2 (=`;2=: & B' 2/ ;=  .\:72 & B1� ?6=8, ;2 >=, �6���C 
 >2/ =;\-7./Z9 26 _=):,/29 28/ ,29`;2 [7],28/27 6 _2a>2;;28/2, >=[=>./], 62 6]8-9`729 28/ B X2 [;:, 
 ,. ;2 8-9`72 62

� 2,/ 6.72>/29 28/ :8 [=7=9 c/72 62 ; _=):,/29 28/ 
 .; 8 _28 D= [=, 62 9 b92 [-:7 ;2 � � 2/ ;2 � �� 3 282�2/ 
 ;2, 7=[[-7/ � -+ ,.� -+ .
2/ � -+ ,, .� -+ .

,29`;2 b/72 62, ^:=8/./], [;:, .8/]7],,=8/2, ^:2 ;2, 8-9`72, 2:a9 b92, 6=8, ;= 92,:72 -: ;2, `=772, 6 _2772:7, ,:7 >2, 7=[[-7/, ,-8/ =;-7, 6.72>/29 28/ >=;>:;]2, [=7; _=;\-7./Z9 2 2/ ,27D28/ 62 >7./c72 62 7]@]728>2 < ;= 9 .8.9 .,=/.-8 B � 7 
 >2, \7=862:7, ,-8/ >2;;2, ^:28-:, ,-:Z=./-8, 2a/7=.72 [7.-7./=.729 28/ [-:7 >-9[=7=.,-8 =D2> ;2, 9 -6c;2, /Z]-7.^:2, B382 @-., ;= [7- >]6:72 6 _=):,/29 28/ 6]�8.2 
 .; 2,/ [-,,.`;2 62 ; _=[[;.^:27 =: ,[2>/72 28 9 =,,2.8D=7.=8/2 .,,: 62 ;= ,-:,/7=>/.-8 28/72 ;2 ,[ 2>/72 >-8/28=8/ ;2 `7: ./ 62 @-86 >-77];] 2/ ;2 ,.\8=;2/ ;2 ,[2>/72 >-8/28=8/ ;2 `7: ./ 62 @-86 :8.^:2928/ ?>2 6278.27 ,[2>/72 2,/ .,,: 6 _:8 /.7 =;]=/-.72,:.D=8/ ;= @-8>/.-882;;2 =):,/]2 ,:7 ;2 `7:./ 62 @-86 >-77];] 
 2/ [7286 28 >-9[/2 ;2, `=772, 6 _2772:7,.,,:2, 62 ;= ,-:,/7=>/.-8 6: `7: ./ 62 @-86 8-8
>-77];]C B 5-7, 62 >2//2 ,-:,/7=>/.-8 62 ,[2>/72, 
;2, .8/27D=;;2, 6-8/ ;= D=;2:7 2,/ .8@]7.2:72 < � ,-8/ �a], < � B X2 [ ;:, 
 ;2, `=772, 6 _2772:7, 62,62:a ,[2>/72, 62 ;= ,-:,/7=>/.-8 ,-8/ [7-[=\]2, < ;= 6.,/7.`:/.-8 28 9 =,,2 7],:;/=8/2 ?;= `=7726 _2772:7 2,/ �� � � �� 
 � � ]/=8/ ;2 8-9`72 6 _]Dc82928/, 62 ,.\8=; 6=8, :8 `.8 6-88] 
 2/ �� ;28-9`72 6 _]Dc829 28/, 2a/7=[-;] [-:7 ;2 9b92 `.8 28 :/.;.,=8/ ;= @-8>/.-882;;2 62 `7:./ 62 @-86C B52, 7],:;/=/, ,-8/ [7],28/],  .\:72 & B1 % B
� �� �� ������� ��� �  ��� �� �!�� ���� ���� ����� �� 
  ��� �F� OPMKL KJM IGVWSG52, -[]7=/.-8, [7]>]628/2, -8/ [ 279 ., 62 6]�8.7 2/ 6 _2a/7=.72 ;2, [=7=9 c/72, 62, @-8>/.-882;;2,6]>7.D=8/ ;2, 6.,/7.`:/.-8, 28 9 =,,2 62, >-9[-,=8/2, 6: ,.\8=; 2/ 6: `7:./ 62 @-86 B $-:7 -`/28 .7;2, `=772, 6 _2772:7, ;2, [;:, @=.`;2, ,:7 ;2 6]8-9`729 28/ 62, 7],-8=8>2, 
 .; >-8D.28/ < [7],28/ 62



� �� � � UV T�NOUK N �S� OPMKL KJM KM SJSGQPK KJ 
 
 	��

massY
Entries  149
Mean    9.665
RMS    0.3691

 / ndf 2χ   26.9 / 13
Width     0.001147± 0.01715 
MP        0.002407± -9.538 
Area       6.34± 385.7 
GSigma    0.00203± 0.08235 
MP2       0.004598± -10.1 
Area2/Area1  0.01018± 0.263 
MP3       0.005547± -10.44 
Area3/Area1  0.007501± 0.1447 

)2   (GeV/c-µ+µM
8 8.5 9 9.5 10 10.5 11

0

200

400

600

800

1000

1200

1400

massY
Entries  149
Mean    9.665
RMS    0.3691

 / ndf 2χ   26.9 / 13
Width     0.001147± 0.01715 
MP        0.002407± -9.538 
Area       6.34± 385.7 
GSigma    0.00203± 0.08235 
MP2       0.004598± -10.1 
Area2/Area1  0.01018± 0.263 
MP3       0.005547± -10.44 
Area3/Area1  0.007501± 0.1447 

 distributions and associated fiti  Υ

��� � & B1� % �):,/2928/ 6: ,[ 2>/72 28 9 =,,2 .8D=7.=8/2 ���� =:/-:7 62, 7],-8=8>2, � � ?�6���C B5 _=):,/29 28/ 2,/ 7]=;.,] [=7 ;= ,-992 62 /7-., @-8>/.-882;;2, >-8D-;:=8/ 62, 6.,/7.`:/.-8, 62 �=:,,2/ 62, 6.,/7.`:/.-8, 62 5=86=: .8D27,]2, B

massY
Entries  89

Mean    9.681

RMS    0.3562

 / ndf 2χ  21.54 / 12

Width     0.002962± 0.02045 

MP        0.004785± -9.542 

Area      5.991± 287.8 

GSigma    0.00454± 0.1156 

MP2       0.01004± -10.09 

Area2/Area1  0.01786± 0.2763 

MP3       0.0125± -10.43 

Area3/Area1  0.01238± 0.1562 

)2 (GeV/c-µ+µ
M

9 9.2 9.4 9.6 9.8 10 10.2 10.4 10.6 10.8

0

100

200

300

400

500

600

700

800

massY
Entries  89

Mean    9.681

RMS    0.3562

 / ndf 2χ  21.54 / 12

Width     0.002962± 0.02045 

MP        0.004785± -9.542 

Area      5.991± 287.8 

GSigma    0.00454± 0.1156 

MP2       0.01004± -10.09 

Area2/Area1  0.01986± 0.2763 

MP3       0.0125± -10.43 

Area3/Area1  0.01238± 0.1562 

��� � & B1 % % �):,/29 28/ 6: ,[ 2>/72 28 9 =,,2 .8D=7.=8/2 ���� =:/-:7 62, 7],-8=8>2, � � B �2 ,[ 2>/722,/ -`/28: < [=7/.7 62 ;= ,-:,/7=>/.-8 6: ,[ 2>/72 >-8/28=8/ ;2, >-9[-,=8/2, 62 ,.\8=; 2/ 62 `7:./62 @-86 
 2/ 62 >2;:. >-8/28=8/ :8.^:29 28/ ;2 `7:./ 62 @-86 B



� �� � � UV T�NOUK N �S� OPMKL KJM KM SJSGQPK KJ 
 
 	�	

resoNew
Entries  120
Mean    8.812

RMS     1.382

 / ndf 2χ  8.708 / 47
Width     0.006823± 0.02425 
MP        0.007195± -9.546 
Area       10.3± 292.8 

GSigma    0.008301± 0.1102 
MP2       0.01552± -10.09 
Area2/Area1  0.01747± 0.2705 
MP3       0.02054± -10.43 
Area3/Area1  0.01888± 0.1598 
Cte1      2.196e+04± 1.345e+04 

expo1     0.03933± 0.7333 
Cte2       40.8± 3.056 
expo2      1.11± 0.02241 

)2 (GeV/c-µ+µ
M

6 7 8 9 10 11 12

0

100

200

300

400

500

600

700

800

900

resoNew
Entries  120
Mean    8.812

RMS     1.382

 / ndf 2χ  8.708 / 47
Width     0.006823± 0.02425 
MP        0.007195± -9.546 
Area       10.3± 292.8 

GSigma    0.008301± 0.1102 
MP2       0.01552± -10.09 
Area2/Area1  0.01747± 0.2705 
MP3       0.02054± -10.43 
Area3/Area1  0.01888± 0.1598 
Cte1      2.196e+04± 1.345e+04 

expo1     0.03933± 0.7333 
Cte2       40.8± 3.056 
expo2      1.11± 0.02241 

��� � & B11 % �):,/2928/ \;-`=; 62 ;= 6.,/7.`:/.-8 28 9 =,,2 .8D=7.=8/2 ���� =:/-:7 62, � � B
[7- >]627 < :8 =):,/29 28/ 28 :82 ]/=[2 62 >2, 62:a >-9[-,=8/2, B X=8, ;= 9 2,:72 -Y ;2 8-9`7262 [=7=9 c/72, 62 >2/ =):,/2928/ 2,/ ];2D] ?%1 [=7=9 c/72, =: /-/=; 3 A [=7=9 c/72, [-:7 6]>7.72 ;2`7:./ 62 @-86 
 2/ ' [-:7 6]>7.72 ;2 ,.\8=;C 
 62, D=;2:7, 6 _.8 ./.=;.,=/.-8 62, [=7=9 c/72, 6 _=):,/29 28/>-772>/2, 6-.D28/ b/72 :/.;.,]2, =�8 62 \=7=8/.7 :82 >-8D27\28>2 62 ; _=;\-7./Z9 2 62 9 .8 .9 .,=/.-8 BX=8, >2 `:/ 
 .; 2,/ [-,,.` ;2 6 _:/.;.,27 ;2, D=;2:7, [7]>]629928/ >=;>:;]2, ;-7, 62, [7- >]6:72, 6 _=):,
/29 28/ ,][=7] 62, ,[2>/72, 62 `7:./ 62 @-86 2/ 62 ,.\8=; B �2/ =):,/2928/ \;-`=; 2,/ 7]=;.,] ,:7 ;=6.,/7.`:/.-8 �8=;2 28 9 =,,2 .8D=7.=8/2 62 ;=  .\:72 & B%' 
 2/ >2 [-:7 ; _.8/27D=;;2 28 9=,,2 ,[ ]>.�][7]>]629928/ B 52, 7],:;/=/, ,-8/ .86.^:],  .\:72 & B11 B �2//2  .\:72 9-8/72 ^: _28 :82 =88]2 62[7.,2 62 6-88]2, =: 5
� 
 :82 ]/:62 62, >-;;.,.-8, ;2, %�� ;2, [ ;:, >28/7=;2, 2/ .8/]\7]2 28 
 
[279 2/ 62 92,:727 ;2 7=[[-7/ 62, ,2>/.-8, 2� >=>2, 62 [7-6:>/.-8 � -+ , .� -+ .

=D2> :82 [7]>.,.-8 /2;;2^:2 3 � �� � �� �� � � 6 +�� � 6 +6 ��
�2 7=[[-7/ .,,: 62 ; _=):,/2928/ 2,/ >-772>/ >=7 .; >-772,[-86 `.28 =: 7=[[-7/ :/.;.,] [=7 ;2 \]8]7=/2:76 _]Dc829 28/ ;-7, 62 ;= ,.9:;=/.-8 
 2/ ;= `=772 6 _2772:7 2,/ 6 _28D.7-8 (� B $=7 >-9[=7=.,-8 < ;=
 .\:72 & B1% 
 >2//2 `=772 6 _2772:7 2,/ ;]\c729 28/ 9 2.;;2:72 B �2>. 2,/ 6� < ;= ,:7
2,/.9 =/.-8 62 ;=>-8/7.`:/.-8 ,/=/.,/.^:2 6:7=8/ ;= [7-[=\=/.-8 62 ; _2772:7 6=8, ;2 >=, 62, =):,/2928/, ,][=7], B 52,`=772, 6 _2772:7, 72;=/.D29 28/ .9[-7/=8/2, < \=:>Z2 6: ,.\8=; ,-8/ .,,:2, 62 ;= ,-:,/7=>/.-8 6: `7:./62 @-86 8-8
>-77];] 
 6-8/ ;= ,/=/.,/.^:2 2,/ /7c, ];2D]2 BFJSGQPK KJ LVLKJM MUSJP�KUPK 
 
(-:/2 ;= [7- >]6:72 9 28=8/ < ;= [7-6:>/.-8 62, ,[ 2>/72, 28 9=,,2 .8D=7.=8/2 6]/=.;;]2 28 ,2>-862,2>/.-8 2,/ < [7],28/ 72[7.,2 [-:7 62, ]>Z=8/.;;-8, 6 _]Dc829 28/, =D2> 62, >-:[:72, 6.�]728/2, ,:7;2 9 -928/ /7=8,D27,2 
 
 62 ;= [=7/.>:;2 72>-8,/7:./2 B � .8,. 
 62 6 < �6 	 �	 8	 
 ;2, ,[ 2>/72, 28 9 =,,2.8D=7.=8/2 =,,- >.], < 62, .8/27D=;;2, 28 
 
 >-8,]>:/.@, 62 " 	 �	 8	 62 ;=7\2 ,-8/ [7-6:./, 2/ =8=;� ,],,:.D=8/ ;= [7- >]6:72 62 ;= /7-.,.c9 2 ,2>/.-8 B 382 @-., ;2 7=[[-7/ � -+ ,.� -+ .

>=;>:;] [-:7 >Z=>:8 62 >2,.8/27D=;;2, 
 ;2 7],:;/=/ 2,/ 8-79 =;.,] < ;= D=;2:7 � B1( [-:7 , _=� 7=8>Z .7 62, �:>/:=/.-8, ,/=/.,/.^:2,>;=,,.^:2, 
 ;= `=772 6 _2772:7 ]/=8/ 8-79 =;.,]2 2;;2 =:,,. 6=8, ;2, 9 b92, [7-[-7/.-8, B 5=  .\:72 & B109-8/72 ;2, `=772, 6 _2772:7 >=;>:;]2, ,:7 ;= 9 2,:72 6: 7=[[-7/ � -+ ,.� -+ .
[-:7 >Z=>:8 62, .8/27D=;;2, 
,:[ 27[-,]2, ,:7 ;2, 62:a 9-6c;2, 6.�]728/, 62 [;=,9 = 
 $3 ?* C 2/ 0
,=D2:7, B $-:7 62, D=;2:7, @=.`;2,6: 
 
 
 -Y ;2, 6.,/7.`:/.-8, ,/=/.,/.^:2, 6: � 2/ 6: � � ,-8/ /-:/2, 62:a @=D-7.,]2, ?;= 6.,/7.`:/.-8
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   With Indirect DecaysΥ’/ ΥProduction Ratio   

 (T)µSU(N) form of    (T)µ3-flavors form of   
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��� � & B10 % $ 7]>.,.-8 6: ,[ 2>/7-9 c/72 6.9:-8 6 _�5��# ,:7 ;= 9 2,:72 6: 7=[[-7/ +,+ =[7c, % =862 [7.,2, 62 6-88]2, 
 2/ [-:7 62, .8/27D=;;2, 28 9-928/ /7=8,D27,2 
 
 62 " 	 �	 8	 B �2, 7],: ;/=/,,-8/ ,:[27[-,], ,:7 ;2, 62:a 9-6c;2, 62 [ ;=,9 = 62 ; _]/:62 B
62 5-728/� 2,/ [.^:]2 < 62, D=;2:7, .8@]7.2:72, < � 	 �	 C 
 ;= [7]>.,.-8 6: ,[2>/7-9c/72 ,29`;2 b/72,:� ,=8/2 [-:7 ,][=727 ;2, 9 -6c;2, [7]>]629928/ 6]>7./, 3 .; 62D7=./ b/72 28 2�2/ [-,,.` ;2 62 ,=D-.7,. 2�2>/.D2928/ ;2 7=[[-7/ � �8� 8 _2,/ [=, =�2>/] [=7 ;2 [;=,9 = ?=D2> :82 =9[;./:62 .9[-7/=8/2 28/-:, >=,C B 5-7,^:2 ;2, 2�2/, 62 [ ;=,9 = =9-.867.,,28/ ;2, [7-6:>/.-8, 62 7],-8=8>2, 
 .; 2,/ < [7.-7.[;:, 6.� >.;2 62 ,2 [7-8-8>27 B 5= [=7/.2 ,:.D=8/2 /7=./2 62 >2 [-.8/ B
� �� �� 
 !�� ���� 
���  �� ���!����� ��!���� �� 
  ��� �FJSGQPK KJ LVLKJM MUSJP�KUPK 
 
 X2 9b92 ^:2 [-:7 ;2, 2�2/, [:729 28/ Z=67-8.^:2, 
 .; 2,/[-,,.`;2 62 72[728672 ;= [7- >]6:72 28 :/.;.,=8/ ;2, [7-6:>/.-8, 62 7],-8=8>2, [7-[72, < >Z=>:8 62,9-6c;2, 62 [;=,9 = B 5=  .\:72 & B1A .86.^:2 ;2, 9 2,:72, 62, 7=[[-7/, [-:7 >2, 9-6c;2, =.8,. ^:2 ;2:7,`=772, 6 _2772:7, 
 2/ >2 [-:7 62, .8/27D=;;2, 28 .9[:;,.-8 /7=8,D27,2 62 " 	 �	 B 52, `=772, 6 _2772:7,D27/.>=;2, 6-8828/ ;= [7]>.,.-8 ,/=/.,/.^:2 
 2/ ;2, `=772, 6 _2772:7, Z-7.�-8/=;2, >-772,[-8628/ <;= /=.;;2 62, .8/27D=;;2, 62 ; _=8=;� ,2 B 382 ]/:62 .8/]\7=8/ ; _28,29`;2 62 ;= 6.,/7.`:/.-8 28 
 
 2,/]\=;29 28/ 72[-7/]2 ,:7 ;2, \7=[Z2, 
 [-:7 ;2, A ,>]8=7. 62 [;=,9= B �2, 6278.27, [-.8/, ,-8/ [;=>], ,:7;2 9 =a.9:9 62 ;= 6.,/7.`:/.-8 ,/=/.,/.^:2 62, 7],-8=8>2, ?9 =a.9:9 62 [7-`=`.;./]C 2/ [ 279 2//28/6 _29`;]2 62 ^:=;.�27 ; _=[/./:62 6: ,[2>/7-9c/72 < ,][=727 0 62, ,>]8=7. 3 28 2�2/ 
 6=8, ;2, >=, $3 ?* C� � � 2� 
 0
,=D2:7, � � � 2� -: � � � � � 
 ;2, `=772, 6 _2772:7, 62 >2//2 =8=;�,2 .8/]\7]2 28 
 
9-8/72 ^: _.; 62D7=./ b/72 [-,,.`;2 6 _:82 [=7/ 62 6.,>27827 ;= [7-6:>/.-8 [:729 28/ Z=67-8.^:2 62 ;=[7-6:>/.-8 6=8, ;2 [;=,9 = 
 2/ 6 _=:/72 [=7/ 62 6.�]728>.27 ;2, 9 -6c;2, 28/72 2:a B X=8, ;2 >=, $3 ?* C� � � � � 
 -Y ;2, [7-6:>/.-8, 62 � 2/ 62 � � ,-8/ /-:/2, 62:a @-7/29 28/ ,:[[7.9 ]2, 
 ;= `=772 6 _2772:7,/=/.,/.^:2 2,/ /7c, ];2D]2 
 2/ ; _]/:62 2,/ .9[-,,.`;2 B 52, .8/27D=;;2, 62 " 	 �	 9-8/728/ ]\=;2928/^: _:82 ]/:62 [;:, �82 6: 7=�-8 6: [;=,9= ,29`;2 28D.,=\2=`;2 28 =>>:9:;=8/ [;:, 6 _]Dc829 28/, 
[-:7 ;2, 0 9-6c;2, >./], [7]>]629928/ 
 ;2 9 -6c;2 $3 ?* C � � � � � 8 _=�=8/ [=, [ 279 ., 62 6]\=\2762, `=772, 6 _2772:7 B
� UUKOUP PMSMHPMH�OKP ��8 62 ,=D-.7 ,. ;2, `=772, 6 _2772:7, .86.^:]2, ,:7 ;= 9 2,:72 62, 7=[[-7/, 62[7-6:>/.-8 ,:.D28/ ;= ;-. ,/=/.,/.^:2 /7.D .=;2 28 ���


 .; 2,/ :/.;2 62 >-9[=727 [-:7 >Z=>:8 62, 9-6c;2,;2, 2772:7, ,/=/.,/.^:2, /7.D .=;2, 2/ ;2, 2772:7, ,/=/.,/.^:2, 9 2,:7]2, B $-:7 :8 9-6c;2 [7]D-�=8/ ;=[7-6:>/.-8 62 � 7],-8=8>2, � 2/ [7]D-�=8/ :8 7=[[-7/ � �8� 8-/] � 
 28 ; _=`,28>2 62 `7:./ 62 @-86
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��� � & B1A % $ 7]>.,.-8 6: ,[ 2>/7-9 c/72 6.9:-8 6 _�5��# ,:7 ;= 9 2,:72 6: 7=[[-7/ +,+ =[7c, % =862 [7.,2, 62 6-88]2, [-:7 ;2, A ,>]8=7. 62 [ ;=,9 = 
 2/ [-:7 62, .8/27D=;;2, 28 9-928/ /7=8,D27,2
 
 62 " 	 �	 8	 62 ;=7\2:7 ?/7.=8\;2, [;2.8, .8D27,],C -: [-:7 :82 =8=;� ,2 .8/]\7=8/ ; _28,29`;2 62 ;=6.,/7.`:/.-8 28 
 
 ?/7.=8\;2, -:D27/,C B
2/ 6 _2772:7, ,� ,/]9=/.^:2, ;= `=772 6 _2772:7 ,:7 ;= 9 2,:72 6: 7=[[-7/ � �8� 62D7=./ b/72 62 3

� ' �� �� � � �� ' � ' ��+, � � 
�+,� ' � ' � ' �� �,-./ 3 � �� �� � � � � �� � � �
�

�2//2 @-79:;2 82 [ 2:/ b/72 =[[;.^:]2 6.72>/2928/ < :8 9-6c;2 
 >=7 .; @=:/ ]\=;2928/ /28 .7>-9[/2 6: 7=[[-7/ � ��(
�� %��! B #8 72D=8>Z2 
 28 7=[[-7/=8/ ;2, `=772, 6 _2772:7, 62, 6.�]728/, 9-6c;2, <:8 9-6c;2 28 [=7/.>:;.27 
 >-992 ;2, >-9[-,=8/2, 6: `7:./ ,-8/ 6=8, /-:, ;2, >=, .628/.^:2, 
 .; 2,/[-,,.`;2 62 , _=,,:727 ,. ;= `=772 6 _2772:7 6 _:8 9-6c;2 6-88] ,:./ >2//2 ;- . ,/=/.,/.^:2 B 52, 7],: ;/=/,62 >2//2 >-9[=7=.,-8 ,-8/ [7],28/], ,:7 ;= [=7/.2 67-./2 62 ;=  .\:72 & B1& B �2//2  .\:72 9-8/72 ^:2;2, `=772, 6 _2772:7, ,/=/.,/.^:2, [7]D:2, [=7 ;2, 6.�]728/, 9-6c;2, ,:.D28/ ` .28 ;= ;- . /7.D .=;2 
 >2 ^:.8 _]/=./ < [7.-7. [=, ]D.628/ >=7 ; _=):,/29 28/ 6: ,.\8=; [279 2//=8/ 6 _2a/7=.72 ;2 7=[[-7/ � �8� 82 ,:./[=, @-7>]928/ ;= ;- . ,/=/.,/.^:2 9 =., [2:/ .8>;:72 62, 2�2/, ,�,/]9 =/.^:2, B 5= [=7/.2 62 \=:>Z2 62;=  .\:72 & B1& 6-882 ; _]D-;:/.-8 62 >2//2 ;-. ,: .D=8/ � 2/ � ?; _2772:7 ,/=/.,/.^:2 [-:7 � � � =88]262 [7.,2 62 6-88]2, 2/ � � 6 +�� ?[=, 62 [;=,9 =C 2,/ 7=[[-7/]2 < %C B �2//2 ;- . 9 -8/72 28 [=7/.>:;.27^:2 ;2, 9 -6c;2, 62 [;=,9= 0
,=D2:7, ^:. [7]6.,28/ :82 � ,-:,
[7-6:>/.-8� 6: � � 72;=/.D29 28/ =: �,-8/ ,/=/.,/.^:29 28/ =D=8/=\], ?� 2,/ @=.`;2 
 6-8> � =:,,.C B#8 :/.;.,=8/ >2//2 @-79:;2 
 .; 2,/ < [7],28/ [-,,.` ;2 62 6]>7.72 ; _]D-;:/.-8 62 ;= `=772 6 _2772:7 ,:7;= 9 2,:72 6: 7=[[-7/ +,+ [-:7 62, 8.D2=:a ,/=/.,/.^:2, 2�2>/.@, 62 % 9-., 
 1 9-., 2/ A 9-., 62 [7.,262 6-88]2, ?> _2,/ < 6.72 
 72,[ 2>/.D29 28/ 
 % =8 
 & =8, 2/ %� =8, 62 [7.,2 62 6-88]2, 5
� C B � .8,. 
 ;=
 .\:72 & B1( 72[7286 ;2, 7],:;/=/, 62 ;=  .\:72 & B1A 
 28 .86.^:=8/ ;2, `=772, 6 _2772:7, =,,- >.]2, < >2,/7-., ]>Z=8/.;;-8, ,/=/.,/.^:2, B �; =[[=7=*/ >;=.729 28/ ,:7 >2//2 �\:72 ^:2 1 9-., 2�2>/.@, ,:� ,28/< 6.,>7.9 .827 8-8 ,2:;29 28/ ;2, 9-6c;2, 28/72 2:a 
 9=., ]\=;2928/ ;2 9-6c;2 $3 ?* C � � � 2�6 _:82 [7-6:>/.-8 [:729 28/ Z=67-8.^:2 B �; 8 _2,/ =,,- >.] =:>:82 `=772 6 _2772:7 =: 9-6c;2 $3 ?* C
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��� � & B1& % 52 \7=[Z2 62 \=:>Z2 6-882 ;= `=772 6 _2772:7 ,/=/.,/.^:2 /7.D.=;2 28 @-8>/.-8 6: 8-9`726 _]Dc829 28/, � 2/ 6: 7=[[-7/ 62 [7-6:>/.-8 � �8� 8-/] � ?;2, 7],: ;/=/, ,-8/ 8-79 =;.,], < %[-:7 % 9-., 62 6-88]2, 2/ :8 7=[[-7/ � �8� � 6 +�� B 52 \7=[Z2 62 67-./2 9-8/72 ; _2� >=>./] 62>2//2 62,>7.[/.-8 ,/=/.,/.^:2 28 .86.^:=8/ ;2, 2772:7, [7]6./2, 2/ 9 2,:7]2, [-:7 0 62, 9-6c;2, B �2,2772:7, ,-8/ 7=[[-7/]2, < >2;;2, 6: 9-6c;2 $3 ?0C 
 � � � 2� B
� � � � � 
 >=7 ;2, 7=[[-7/, 62 [7-6:>/.-8 � �8� [-:7 62, .8/27D=;;2, 62 " 	 �	 6=8, ;2 >=, 6 _:8 9-.,62 [7.,2 62 6-88]2 8 _-8/ [=, [: b/72 6]�8., ?[=, =,,2� 6 _]Dc82928/,C B �2[286=8/ 
 28 72[728=8/;2, 7],:;/=/, 62 ;= (=`;2 & B( 
 .; 2,/ D.,.` ;2 ^:2 ;= ,/=/.,/.^:2 62 >2 9-6c;2 2,/ 6.a @- ., 9-.8672 ^:2>2;;2 6: 9-6c;2 $3 ?* C � � � 2� B $=7 >-8,]^:28/ 
 9b92 [;:,.2:7, =88]2, 62 [7.,2 62 6-88]2, 82,:� 7=.28/ [=, < =//2.8672 ;= ,/=/.,/.^:2 6 _:8 9-., =,,- >.]2 < >2 ,>28=7.- 62 [;=,9 = B
� UUKOUP PQPM�LSMH�OKP $ . ;2 >=;>: ; 62, `=772, 6 _2772:7, ,/=/.,/.^:2, 2,/ /-:)-:7, [-,,.` ;2 
 ; _]/:6262, 2772:7, ,�/]9=/.^:2, =,,- >.]2, < :82 92,:72 [2:/ ,2 7]D];27 [;: , >-9[;2a2 B *]=89-.8, 
 6=8,;= 9 2,:72 -Y 8-/72 ]/:62 >-8>2782 ;= 9 2,:72 6: 7=[[-7/ � -+ , .� -+ .


 ,2: ;, ;2, 2�2/, 6.�]728/.2;, 28/72 ;=[7-6:>/.-8 62, 7],-8=8>2, � 2/ � � ,-8/ 6 _.8/]72/ B*-:, =D-8, D: ^:2 ;-7, 62, ,.9:;=/.-8, 
 ;2, [=7=9 ]/7.,=/.-8, 28 7=[.6./] * 2/ 28 9-928/ /7=8,
D27,2 
 
 62 >Z=>:82 62, 7],-8=8>2, �
� ,-8/ .628/.^:2, 
 >2 ^:. 2,/ >-8@-79 2 =:a 6-88]2, 62,2a[]7.28>2, 9 28]2, ,:7 6.�]728/, =>>];]7=/2:7, ):,^: _< =:)-:76 _Z: . B $=7 >-8,]^:28/ 
 =:>:8 `.=.,,� ,/]9 =/.^:2 =,,- >.]2 =: 6.,[-,./.@ 2a[ ]7.9 28/=; 62 6]/2>/.-8 82 [2:/ =�2>/27 ;= 9 2,:72 6: 7=[
[-7/ � -+ ,.� -+ .


 [:.,^:2 ;2, 6.,/7.`:/.-8, 6=8, ; _2,[=>2 62, [Z=,2, 62, 7],-8=8>2, .86.D.6:2;;2, � � ,-8/]^: .D=;28/2, B � .8,. 
 ,2:; ;2, `=772, 6 _2772:7, ,/=/.,/.^:2, ,27-8/ >-8,.6]7]2, 6=8, >2//2 ]/:62 B �2>.6./ 
 62:a /�[2, 6 _2�2/, [ 2:D28/ =�2>/27 ;= ,2>/.-8 2� >=>2 62 [7-6:>/.-8 62, � � 
 2/ b/72 .[,- @=>/-< ; _-7.\.82 6 _2772:7, ,�,/]9 =/.^:2, 3
% >-8>278=8/ ;2, 2�2/, 8-8
 ;.], =: [;=,9 = 
 ; _=`,-7[/.-8 8:>;]=.72 8-79 =;2 -: ; _=`,-7[/.-8 [=7;2, �>-
9-D27,� [2:/ .86:.72 62, 6.�]728>2, 6=8, ;2, [7-6:>/.-8 72;=/.D2, 62 � 2/ 62 � � 
6.�]728>2, ^:. ,-8/ @-8>/.-8 62 ;= 628,./] 6 _]827\.2 2/�-: 62 ;= /29[]7=/:72 =:
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