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∑
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∫
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qg → gbb
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p+ p −→ b+ b +X

\��M9> +��R_F��Y9%7�J!9�C!�?9>�!��6;7��MFY�! SD+���!9
RE@
O (α3

s)
C�9;�?7:Q���Rm��7��MFY� 7:J!9;FY�?@ � � ` � � � b � � � � � A

RK@n��G ��6;7�FY�zF�G
2.5 ± 0.4

�M��7:J!9��?9>XY��FY� |η| < 0.8
���!���eG ��6;7�FY�WF�G

3.6 ± 0.8
���

7�J!9%�?9>XY��FY�
2.4 < |η| < 3.2
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GU����6;7��MFY��7:FZGUFY��D

B±
D+9; �FY�! ~��9;\w��7�����9�7�FoF�7�J!9>�~73@LC_9> pF�G ��J!���!��F��! V���?9=X����Y9;�e�� 

B± : B0
d : B0

s :
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0.375 ± 0.023 : 0.375 ± 0.023 : 0.160 ± 0.044 : 0.090 ± 0.029
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Level 0
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Level 2 Trigger

Level 3 Trigger/DAQ Tape
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50 Hz

Hardware

Hardware
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132 ns crossing interval SVX Chip
Digitization Rate

Calorimeter
Digitization Rate

Tape Storage Rate
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Shift Register
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8 Event Buffer
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Create Scripts

Configurators

)I�<[XOMFZD�-ia � � ^��aRY[YF�RYN ;I9CT�KP�<WM[�BE9CD:N/VA�zFZOMWo�ZTX| � �<WMnYDGF$xXKL9!�<V]9bB_RYnAD$;�R�N/D6B_RYQTRAB_R
QMDG;IVGF��J@iB:�JTYW�TYf�BI9MDLK?TXFZn � T�K RAWMQe�JWpBID$FI@CFIDGBI;���Bp�<W/BID$FIN\; TYf+V$TYWX��[XOMF`RABETYFI;$xsKL9!�<V]9
RYFZD\BI9MD$W ;IDGB7OM@ RYVGV$TXFZQ!�JWC[�BET�BE9MD/N/D6B_RYQTRAB_RCx5BET�@MFITUQMOMVGD Rg;ZDGB7TYf:D��iDGV$OCB�RY|MPJD
B�RY;Ins;$xMKL9��JV]9�BI9MD%� �JWMnAD$FL;IOC|MN+��BE; BIT RYW1D��CDGV$OCB��JTXW�FIDG;ITXOCFIV$DAa

�[b (



c Bd^`_ xYN\VY�LFIOCWo�ZTX|^�<;��JN\@MPJDGN/DGWpBED$Q~;IT`BE9TRAB D�RYV]9"TYf BE9MD N R��ZTXF-D��iD$VGOCB_RA|MPJDG;
�<;`FID$@CFID$;ZD$WpBEDGQ RY;�R�VGTXWX��[YOMF�RABITXF$x RYP<PJT�KP�JWC[�OM;IDGFI;�BET�V$TXWX�M[XOMFID"BE9CD\N\TX;yB~TAfkBED$W
V]9^RAWM[XD$Q RY;Z@'DGVGBE;�fmTXF�BI9MD$;ZD/D��CDGV$OCB�RY|MP<D$;�KP�<BE9CTXOCB�9^R)���JWM[�BIT �MWMQ}BI9MD RY@M@MFZTX@MF?��{
RABID $:=5
 ��PJDG;%RYWMQ�D$Q��<B:�<WM[�BI9MD$N |s�g9^RYWMQ ab�ic�q �JWpBEDG[XF�RAB��JTXW��J; RYP<;IT @CFIT����JQMDGQ
|p��V$TXWJ��[XOMF`RABETXFZ;zBIT�;yB_RYFyBS@MFZTo�ZD$V6BE;'RYWMQ�fmDGD$Q��<WM@MOCB=�JWpBIT/D��CDGV$OCB�RY|MP<D$;$a $LOMWpB:�JN\D
�<WM@MOCB?V$TXWX�M[XOMF�RoB:�JTYW ��P<D$;�RYFZD
RYP<;ITb9TRYWMQMP<D$Q |p� N\VY�LFZOMWo�ZTX|vxXRYPJTYWM[~KP��BE9 N RYW!�<@i{
OMP RAB:�<TXW TYf RYP<P ��P<D �8! B_RY;Zns;z|rDGBlK3D$DGWvD��iDGV$OCB�RY|MPJDG;$x RYP<PJT�KP�JWM[RBE9MD�R)�XDGF�RY[YD~OM;ZD$F:BET
D��C@CFID$;Z; RvV$TXN\@MP��JV]RoBED$Q}@MFZTiVGD$;I;?�JWM[vB�RY;In RY; R�;��JWC[XPJDAxH;��<N/@CPJD"BED��UB)N RYVGFITMxHBI9^RAB
QMD�RYPJ; KP��BE9"@M9p�U;��<V$; @MFITX@rD$FyB:�<D$;�RYWMQ"9!�<QMD$;>BE9CDzOC;ID$F>fmFZTXN�BE9CDzWCD$D$Q"BET�OMWCQMD$FZ;ZB_RAWMQ
BI9MD:V$TXN\@MP<D��L�<B��JD$;-TYf BE9MDL^�_Q)�F�RYN\DGK3TXFZnrxpN\VY�LFZOMWo�ZTX|)TX@rD$F`RABEDG;BRY;BR � |CPaRYV]n~|'T]� �
;y�i;yBEDGNhKL9!�JV]9�BI9MD)OM;IDGF`fmD$D$QC;z�JW R ;��<N/@CPJD7;ZDGB�TYf3V$TYN/N RYWMQM;'RYWMQ
t R�fmD6K�9CTXOMFI;
P RABEDGF]wS[XD6BE;R|^RYV]n�OM;ZDGfmOMPdTXOCBI@MOCB%��P<D$;$a �dD$Fy��[XD$WMDGF��<V RAW^RYP<�U;?�J;`V$TYWX��[XOMF`RABETYFI; RYFID
RYP<;IT�R��2R��<PaRY|CPJDYxFRYP<PJT�KP�JWM[�BE9CDgOM;ZD$F�BIT ;I@rD$V;�<fk��BE9MD;�JF\T�KLW RYW^RYP��i;?�J;\D��iD$VGOCB_RA|MPJDG;
OM;?�JWM[�TXWMP<� R�N\DGB�RYQ^RAB�R�QMD$;ZV$F?�J@CB��JTXW;RAWMQvBEF`RYWM;I@rTXFyB�BE9MD7WMD$VGD$;I;`RYFZ�vV$TXN\@'TYWMD$WpBE;
BIT1BI9MD"D��iD$VGOCB:�<TXW};��<BIDYa)c ;y�i;yBEDGN�TYf?FZOMWpB:�<N/D)N\TXW!��BETXF?�JWM[/OCB:�<PM�<B��JDG;
RYFZD RYPJ;ZT
�<Wi{
VGPJOMQMDGQ+�<W"N/VA�zFZOMWo�ZTX|1xs;IT�BE9TRAB��ZTX|M;�RYFID:D��iD$V$OiBED$Q RYWMQ\N/TXW��<BETYFID$QbBIT~N RYnADz;ZOMFID
BI9MDG� RYFZD�|rD$9TR����<WM[�RA;/FZD$�sO!�JFZD$Q�x RYWMQ fmD$D$Q��JWM[};ZB�RABEOM;\OM@rQ^RABID$;"BET R �2RYF��<DGBl� TAf
N\TXW!��BETXF?�JWM[~;Z�U;ZBID$N\;$a

 "!$#�� � ��� ,�( � ��, � ��0�(54G&	�

c ; N/VA�LFIOMWo�ZTY| RYPJP<T�KL;3V$TXN\@MP<D��`�ZTX|M;?BIT)|'DSD��i@MFIDG;I;ZD$Q,RA; N/D6B_RYQTRAB_RCx��<B?|'DGV$TXN\D$;
;yBEF�R��J[X9pBIfmTYFZK RYFIQ�BET1;ZD$WMQ}@MFITUV$DG;I;?�JWM[1B_RY;Zns;RBIT%�2RYF?�JTXOC;�Q!�J;yBEF?�J|MOCBID$Q�PJTUV]RoB:�JTYWM;SBET
|rD"V$TXW��XDGFZBID$Q��<WsBIT�P<TiV�RYP D��CDGV$OCB�RY|MP<D`�ZTX|C;$a\N/VA�zFZOMWo�ZTX|n�J;�fmOCPJP<���JWpBEDGFZf(RYVGD$Qn�JWpBET

�[b -



�ic�q ���aR1BE9MD��ic�q � ;ZD$F~c

 �%
 �UBI9MTXW��JWpBEDGFZf(RYVGD\KL9!�<V]9 RYP<PJT�KL;�N/VA�zFZOMWo�ZTX|�BET
�<WsBID$[XF`RABED��Uc`q B�RY;Ins;S�JWpBET�BI9MD �0RAF��JTYOM;)V$TXWJ��[XOMF`RABETXF"TX|s�ZD$VGBI; RA;\FZD$�sO!�<FID$Q x3fmTXF
D��TRAN/@MP<DYxU;ZB�RYFZB��JWM[~@MFITo�ZDGVGBI; fmFITXN BE9CD�@MFIDG@MFITUV$DG;I;ZTXF$xMTYF?;ID6BIB��JWM[ �2RYP<OMD$; fmTXF?�ic`q1{
q RAW^RY[XDGFdBIT~@CFIT����JQMDP�JWC@MOCB>BET�BE9CD D��CDGV$OCB�RY|MP<D$;$a � ��BE9/�ic�q |rD>�JWC[ R�Q!�<;ZBEF?�J|MOiBED$Q
FZD$;ITYOMFIVGDYx5BE9!�<; RAPJPJT�KL;Rqv= @MFITUV$DG;I;?�JWM[1BET�|'D"9^RAWMQMPJDGQ�KP�<BE9��JW��ic`q}x�|p��;yBETXF?�JWM[
FZD$�sOMD$;yBEDGQ qv= QMD6B_R��<PJ;��<WvBE9MD\�Uc`q V]RAB�RYPJTY[XOMD RA; � @rTYBEDGWpB:�aRAP � qv= Q^RAB�RCx KL9!�<V]9
�<;�B�RY[X[XDGQ�KP��BE9 R1OMW!�<�sOMD�FZD$�sOMD$;yB^�<QMD$WpB:�\��D$FGa�8:9MD$W�KL9MD$W R�FIDGN/TYBID";��<BID/WCD$D$QC;
BIT�FZOMW R}V$D$FyB_R��<W qg= FID$�sOMDG;ZB$x[�<BS�J;";IDGWpB�BE9TRAB�FZD$�sOMDG;ZB]� ;e�<QMD$WpB:�\��D$FGx����aR�;ITYN/D
�sOMDGO!�JWM[�;Z�U;ZBID$N�xIRYWCQ��<BZ�<;R@TRY;I;ZD$Q BIT�N\VY�LFIOCWo�ZTX|�KL9��JV]9 D��UBEF�RAVGBE;RBE9MD\FIDG�sOMD$;yB
N\DGB�RYQ^RAB�R\fmFITYNh�Uc`q�BIT V$FZD]RABID RYWMQv;ZOM|MNS�<B D��iD$VGOCB_RA|MPJD7B�RY;Ins;`;ZO!�<B�RY|MPJD�fmTXFLBE9MD
P<TiV�RYP FZD$;ITYOMFIVGD RY;L;Z9MT�KLW%�<W )g�J[MaB-Ua � a

^SD��XD$P<TX@MN\D$WpB~TYf3BI9MD"FIDG�UOCD$;ZB~;IOC|MN+�<;I;?�JTXW�@MFZTiVGD$QMOCFIDS�J;`|rD>�JWC[
�<WMV$TYFI@rTXF�RABID$Q
�<WsBIT �0RAF��JTYOM;�FIDGN/TYBID�V$TXN\@MOCB��JWM[ [YF��JQ�@MFZTo�ZD$V6BE;�;IOMV]9 RY;�BE9MD�� �yq �ic`q ��F?�JQ
@MFZTo�ZD$V6B + � / 1�x~BET DGW^RY|MP<D N RABEV]9!�<WM[ TYf\D��CDGV$OCB��JTXW FZD$;ITYOMFIVGD$;�|^RY;ZD$Q TXW 9^R)���JWM[
BI9MD ;ITAfkBlK5RYFZD R)�0R��JPaRA|MPJD�BET QCT BE9MD @CFITUV$D$;Z;��<WM[Mx~BI9MD PJTUV]RAP R)�2R��JP RY|!�<PM�<Bl�
TYf RYWp�
�<WM@MOCB ��PJDG;�WMDGD$QMDGQHRYWMQ BI9MD�fmFZD$DvFZD$;ITYOMFIVGD$;�BI9^RAB V�RYW |rDgQMD��XTYBID$Q BET}BE9MD"�ZTX|�a
N\VY�LFIOCWo�ZTX|�N RAnYD$;`BI9!�J;�B�RY;InvN7OMV]9�D�RY;��<D$F%RY;`BI9MD"D$WpB:�<FID �ZTX|}V]RYW�|rD"D��i@MFIDG;I;ZD$Q
RY; N\DGB_RAQ^RAB_Rix RYWMQ/BI9MDzD��iD$VGOCB:�<TXW ;���BEDG;3V�RYW RYQ��XD$FyB:�<;IDLBE9MD;�JF V]RY@^RA|!�JP��<B:�<D$;��<W\BID$FZN/;
TYf+BI9!�J;3N/D6B_RYQTRAB_RCxJRYP<PJT�KP�JWM[�BE9CD�[XF��<Q ;IV]9CD$QMOMP<D$FZ; BETbN RABEV]9~�ZTY|M;3BIT)FID$;ZTXOMFZV$D$;Ga��lW
RYQCQ!�<B��JTXW�x5;?�JWMVGD�N\VY�LFIOMW��ZTX| nsWMT�KL;7BI9MD�QMD6B_R��<PJ;�TYf BI9MD�D��iD$V$OiB_RY|MP<D$;Gx��<B/�J;RD$W�����{
;?�JTXWMDGQ�BE9TRAB[�<B KP�JP<P'|rDSOC;ID$Q�BITbQ!�J;yBEF?�J|MOCBIDS;ZTYfkBlK5RAFID%RY; @TRYFZB?TYf �<BI;?D��iDGV$OCB��JTXW RYWMQ
�ZTX|7|MO!�JP<Q!�JWC[ @MFZTiVGD$;Z;$xXBETSD$W^RY|CPJD?BI9MD:^`_ ;ITAfkBlK5RYFZD BET�|rD FZOMWbTXW);Z9^RYFIDGQ)FIDG;ITXOMFZV$DG;
KL9MDGFIDZ�<B[�<;:WMTYBz@rTX;I;?�J|MP<DSBETS�JWM;yB_RYP<P'BI9MDR^`_ ;ZTYfkBlK5RAFIDYa

�[b��



Process
Request X

Job Job Job

Request X

Metadata 

Output

1. User Makes Request for data that
is described by a set of metadata

2. Metadata is stored in SAM
and tagged with a request IDSAM DB

3. Request is approved and submitted to 
a resource which gets sent the request ID

4. The Request Metadata is 
extracted and converted
into jobs tailored to the

capability of the execution 
site and run

5. When Complete, the output of the
job is stored in SAM and the metadata

checks that the job produced the correct
data specified by the requestor
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BI9MD`WMDGK QMDGBID$V6BETXFLPaR��YD$F RYWMQ1FZD$;ZBIF��<VGB:�<WM[bBE9CD�KP�<WMQMT�K ;��HBGD�BET"|rD�BE9MFZD$D`B:�<N/DG;?BE9MD
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KP��BE9�N7OMP<B��J@MP<D�RA;I;ITUV>� RABEDGQ 9!��BE;~�JW�BI9MDS;`RYN/D PaR��XDGF?|rD>�<WM[7;Z@MPM��B?T0�%�JWpBIT R7;ZD$@^RYF`RABED
9p�U@'TABE9MDG;��J;bfmTYFbD]RYV]9�9!��B�a )�TXF7;yBEDGFID$T�9!��BE;Gx>D]RYV]9�9p�U@'TYBI9MD$;?�J;)N R�� |rD�FIDG@'D�RABEDGQ
N RYWp�"B:�JN\D$;Gxi;?�JWMVGDSBE9CD$FID��J; WMT);IDG@^RYF�RoB:�JTYWv�JW/BE9MD�;yBEDGFID$T�t�B6{ Q!�JFZD$VGB��JTXW\@^RYF`RYPJP<D$P�BET
BI9MD�|rD]RYN P��JWMD�w�QMOCD/BET�BE9MD\BlK?T�Q!�<N/DGWM;��<TXW^RYP>WTRABEOMFZD�TYf?BE9MD�BIF�RYV]n�;ZD]RYFZV]9�avcS;
N\TXFID~QMDGBID$V6BETXF�;yBEDGFID$T�P R��XD$FZ;%RYFID/�JWMVGPJOMQCD$Q�x'N+�<;I;��<WM[�;yBEDGFID$T�9��<BE;SV]RYWv|rDbOM;ZD$Q�BET
D��CVGPJOMQCD7N RYWp��TAf BE9MDR9p�U@'TYBI9MD$;ZD$;Gx RYP<BI9MTXOM[X9�;ITYN/D�KP�JP<P+FID$N R��<W�a��`D$D$@��JWM[/D��UBEF`R
;yBED$FZD$T~@MFITo�ZDGVGB��JTXWM;FRYWMQ\OM;?�JWM[RBE9MDGN�BETR;ID$P<D$V6B3BI9MD |rD$;yB?@CFITo�ZDGVGB:�<TXWv�<W RY;I;ZTiV;�aRAB��JTXW
KP��BE9 R%�YD$FZBID���V]RAW�|rD/OC;ID$Q}BET
�JN\@MFIT��YD"BI9MD\�UOTRYPM��Bl��TYf VGTXN\@MPJD��vBEF`RYV]n�TX|U�ZDGVGBI;
;ZOMV]9,RY; �YD$FZB��JVGD$; RY;I;ZTiV;�aRABID$Q1KP�<BI9�TY|U�ZD$V6BE;LPM�<nYD%&�9^RYQMFZTXWM;$a

^SOMF?�JWM[)BI9MD`;ID�RYFIV]91fmTXF BEF`RYV]ns;$x�NS�J;Z;ID$; RAFID%RYP<;ITbfmTXOMWCQ RAWMQ1FID$VGTXFIQCD$Q1BET"N/D�Ro{
;ZOMFID`BEF`RYV]n �sO^RYP��<Bl�Yadq%�J;Z;IDG;�RAFID�PaR��XDGFI;:TYf�BE9CDRQCDGBEDGVGBITXF KL9MD$FZD R)9!��B[�J;:WCTYB:fmTXOMWMQ
KP��BE9!�<W"BI9MDLD��i@rD$VGBID$Q�KP�<WMQMT�K�x RY;d;I9MT�KLWe�<W )I�J[Ma � a ( RCa q%�J;Z;ID$; RYFIDLVGPaRY;Z;�� �MD$Q��JWpBET
BI9MFIDGD~Bl�U@'DG;z�JW�BE9MD � ���	� ��� � cSP<[XTXF���BE9MN � �JWM;?�JQMDRN+�<;I;ZD$;$xrKL9!�JV]9gTiVGV$OMF�|rDGBlK3D$DGW
BlK3T�9��<BE;%RAPJTXWM[ BI9MD)BEF`RYV]nv9p�U@'TYBI9MD$;?�J;Gx�fmTXFyK5RAFIQ}N+�<;I;IDG;$x�KL9!�<V]9�TUV$VGOMF�|'D6fmTXFID RYP<P
BI9MD:BEF�RAV]nU; 9!��BE;$x RYWCQ/|^RAV]nsK RYFZQM;?NS�J;Z;ID$;>KL9!�<V]9�TUV$VGOMF�RAfkBEDGFFRAPJPMTYfrBE9CDzBIF�RYV]ns; 9!�<BI;$a
8:9MDG;ID"Bl�U@'DG;~TYf3NS�J;I;ZD$;%RYFZD��JPJP<OM;ZBIF�RABID$Q��<W )I�J[Ma � a ( |�a)8-F`RYV]ns; RAFID)D��UBIF�RY@rTXPaRoBED$Q
OMWpB��JPsBE9MD3D$WMQ)TYfCBE9MD?BIF�RYV]nE�<WM[SQMD6BEDGVGBETYF��J;-FID]RAV]9MD$Q)TXF�BE9MDGFID RYFID BE9MFZD$D VGTXWM;IDGV$OCB�� �YD
NS�J;Z;ID$; fmTYOMWMQ RAB:BE9MD�DGWMQ�TAf-BI9MD`BEF�RAV]nra
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8�F�RYV]n�9s�U@rTYBE9CD$;IDG;
RYFZD�;�R)�XDGQ�fmTXF5��P�BEDGF��JWC[x�<f�BE9MD6��N RoBEV]9�BE9MD`fmTXP<PJT�KP�JWC[bV$F?�<BEDGF�� R �
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)I�<[XOMFZD � a b � ^�� RY[XF`RYN ;Z9MT�KP�JWM[\9MT�K BE9CD~D��C@rD$V6B_RAB��JTXW1KP�JWCQMT�K �J;LOM;ZD$Q�BIT/;ZD]RYFZV]9
fmTXF>9��<BE;'�<W"fmOCFZBE9CD$FdPaR��XDGFI;dTYf'BE9MDLQMD6BED$V6BETXFGxi9��<BE; KP��BE9!�<W)BE9MDLD��UBIF�RY@rTXPaRoBED$Q)KP�<WMQMT�K
RYFZD RYQCQMD$QvBIT/BE9CDb9p�i@rTYBI9MD$;?�J;$x'KP�<BE9�NbOMP�B:�J@CPJD�9!�<BI; V�RYOM;?�JWM[�BI9MDbVGFID]RoB:�JTYWgTYfdWMD6K
9p�U@'TABE9MDG;ID$;zfmTXF:D]RAV]9�D��iBIF�R"9!�<B$a

• q R �L�JNbOCN TYf b �JWM;?�JQMD`NS�J;Z;ID$;Ga

• q R �L�JNbOCN TYf � fmTXFZK RYFIQ�TXF:|^RAV]nsK RYFZQM;SNS�J;Z;ID$;Ga

• q R �L�JNbOCN TYf � �JWM;?�JQMD`NS�J;Z;ID$;:KP��BE9!�<W BE9MD~�Mq�8`a

• 8:9MDRBITYB_RAP+WUOCNb|'DGFSTYfH9!�<BI;LQ!� ���JQCD$Q�|s� -ix NbOC;ZB |'DR[XFID�RABEDGF:BE9^RYW�BE9MD�BETAB_RYP
WsOMN7|'DGFzTAfHNS�J;Z;ID$;Ga

• � f R�9p�i@rTYBI9MD$;?�J;�9TRY; RYW �<WM;��<QMD�NS�J;I;Gx BI9MD$W �<B"NbOC;ZB\9^R)�XD�PJD$;Z;)BE9^RYW�fmTXOMF
BITYB_RAPV�JWM;?�JQMD RAWMQ fmTYFZK RYFIQ N+�<;I;ZD$; RYWMQ WMT}N/TXFZD BE9^RAW BI9MFIDGD�BITYB_RYP��JWM;?�JQMD
RAWMQ1|^RYV]npK5RAFIQM; N+�<;I;IDG;$a

8:9MDG;ID:VGF��<BID$F?�aR'RAFID�R�;ZDGB>TYf TY@CB:�<N/;ZD$QbVGOCBE; BI9^RAB 9TR��YDL|'DGD$W)QMD��XD$P<TX@rD$Q)BET#�<N/@CFIT��XD
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)I�<[XOMFZD � a ( � ^�� RY[XF`RYN �JP<PJOM;yBEF�RoB:�JWC[:N+�<;I;IDG; RA;HQMD���WMD$Q)|p��BE9CD ������� �����7c PJ[XTYF��<BI9MN�a
RpwS�i9MT�KL;�9MT�K�NS�J;I;ZD$;�TUV$VGOMFz�JWvBI9MD)D��UBIF�RY@rTXPaRoB:�JTYWvTYfdBE9MDbBIF�RYV]n x5|p� ��WCQ!�JWM[1WMT
9!��BE;�KP�<BI9!�JW}BE9MD D��UBEF�RA@'TXP RAB:�<TXW�KP�JWMQMT�K�a�| wR;Z9MT�KL;7BE9MD/BE9MFZD$D�Bl�U@rD$;bTYf N+�<;I;IDG;$x
�<WM;��<QMDYxCfmTYFZK RYFIQ RYWMQ�|^RYV]npK RYFIQC;S9!��B:N+�<;I;ZD$; RYPJTYWM[bBE9MD�D��iBIF�RY@rTXP RABEDGQ1BIF�RYV]n a
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K3D$P<PH@rTX@MOMP RABEDGQv|p�v9!��BE;$a�8�F�RYV]ns;�KL9!�<V]9�@^RY;I;�BI9MD$;ZD)V$F?�<BEDGF�� R RYFZD7BE9MDGW�;ITXFyBED$Q�|p�
WsOMNb|rD$F TYf>9!��BE;Gx'WsOMNb|rD$F TYf BITYB_RYP5NS�J;Z;ID$;�RYWMQgV]9!��{ ;I�sO^RYFZD$Q �2RYP<OMD/�<W�BI9^RAB TXFIQMDGF$a
^��\� DGFIDGWsB"BIF�RYV]n 9p�U@rTYBE9MDG;IDG;/V�RYW
;Z9^RYFZD1BI9MD�;�RAN/D�9!��BE;Gx3;ZT�fmOCFZBE9CD$F"V$F?�<BEDGF�� R;RYFID
RY@C@MPM�<D$Q"BET~BI9MDSWsOMN7|'DGF3TYf�;I9^RYFZD$Q�R ��� RYP 9!�<BI;$xsFIDG�sO!�JF?�JWM[RBE9^RAB3WMTYB3N\TXFIDLBE9^RAW/BlK3T
BI9!�JFZQM;?TYf5BI9MDSBETAB_RYP R �L�aRYPr9!��BE;�RYFZD�;I9TRYFIDGQ�9��<BE;GxiKP��BE9 N\TXFID ;ZBIF��JWC[XD$WpB:FZD$;ZBIF��<VGB:�<TXWM;
RY@C@MPM�<D$Q/BIT7BEF`RYV]n\9s�U@rTYBE9CD$;IDG; KL9!�JV]9�VGTXWpB_R��<W NS�J;I;ZD$; RYWMQ�QMTbWCTYB ;Z@^RYW BE9CD�D$WpB:�<FID
BIF�RYV]nE�JWC[\QCDGBEDGVGBITXF$a

� 4$6�4$3 � � � �LG � ���,< � EJ< � � �#C'O �#C �

c ;RN\D$WpB��JTXWMDGQ�D]RYFZPM�JDGF$x�BI9MD"nUWCT�KLP<D$QM[YD/TYf BE9CD\@CF��JN RYFy� �XDGFZBID��}@rTX;���B:�JTYW�V]RYW}|'D
OM;ZD$Q BIT�FZD$QMOCV$D/f(RAnYD"BEF�RAV]n�9s�U@rTYBE9CD$;IDG;bQMOMD"BET�;ZBID$FIDGTgVGTXNb|!�<W^RABETYF��JVG;$x RYWMQ}V]RAW
RYP<;IT |rDbOM;ZD$Q�BET�FZD���WMDbBI9MD ��P�BEDGF��JWC[ TYf 9p�i@rTYBI9MD$;ZD$;�|p�vV$TYN/@^RAF��JWC[�BE9MDGN BIT BE9MD
@MF?�JN RYFZ� �XDGFZBID��}@rTX;���B:�JTYW;RY;�;I9MT�KLWn�JW )I�<[Ma � a -iab8:9CD\@rTX;?�<B:�<TXW�TYfdBE9CD\@CF��JN RYFy�
�YD$FZBID����J;�QMD6BEDGFINS�JWMDGQ�OM;?�JWM[1BE9CD"BIF�RYV]n�9p�U@rTYBE9MDG;IDG;7fmTXOMWMQ�fmFITYNhBE9MD��Mq�8`x RYWMQ
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KL9!�<V]9
N\D]RAWM;)BE9^RAB"BI9MTX;ID�BIF�RYV]ns;�VGPJTX;ZD$;yB\BIT�BE9MD�@MF��<N RAFZ� �XD$FyBED�� TUV$VGOMF"9!�J[Y9MD$F
�<W}BI9MD/TYFIQMDGF$xH|COCBbQMTUD$;RWMTYB~D��iVGPJOMQMD\BEF`RYV]ns;7T0�';ID6B~fmFZTXN BE9MD\@MF?�JN RYFZ���YD$FyBED����<f
BI9MDG�
9^R)�XDvP<TYBE;\TYf`9��<BE;/OMW!�<�UOCD�BET�BE9^RAB/9p�U@'TYBI9MD$;?�J;Ga 8:9MD ��P�BEDGF��JWC[�@MFZTiVGD$;Z;e�J;
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�����	������� !�|U�ZDGVGBI;LfmTYF BE9MD�[Y� �XD$W�D��YD$WpB�a

�)( /



Primary 
Vertex

Rejected
Hypothesis

Preferred
Hypothesis

)I�<[XOMFZD � a - � ^�� RY[XF�RAN ;Z9MT�KP�JWM[19MT�K BE9MD"@MF?�JN RYFZ�%�XDGFZBID��}@rTX;���B:�JTYWvV]RYW�|rD)OM;IDGQ
BIT�;ZD$P<D$VGB`BIF�RYV]ng9s�U@rTYBE9CD$;��<;~|p��@CFIDGfmDGFIF?�JWM[�BEF`RYV]ns;`KL9!�JV]9 RY@M@MFZT RYV]9�BE9CD\@CF��JN RYFy�
�<WsBID$F`RYVGB��JTXW �YD$FZBID��1BIT\BI9MTX;ID`BI9^RABLQMTXW � B$a

�/!�
 � 4G&1.�4$&	� �*� �`* ���L. � � ���+,~& � ��46( � (+* �R2 �/4G&	�

8�T ��WMQ�BE9CD
B+ N\D$;ZTXW�OM;��<WM[ BEF`RYV]ns;$x�BI9MD)D]RY;?�JDG;ZB`K R����J;SBIT�;ID�RYFIV]9�fmTXF#��B ���aR

BI9MD�QMDGV]R��
B+ → K+J/ψ → µ+µ−

RY;/�<BRKP�JPJPdTUV$VGOMF RY; R�BE9CFID$D/BEF�RAV]n �YD$FZBID��
fmTXFZN/DGQ1|s��BI9MD�BlK?T\NbOMTXWC;�RAWMQ

K+ V]9^RYFZ[XD$Q�BEF�RAV]nU;Gx RY;P�JPJP<OM;ZBIF�RABID$Q��<W )g�J[Ma � a � a
8:9!�<;/TUV$VGOMFI;/|'DGV]RYOC;ID�BI9MD

J/ψ
P��<fmD6B:�JN\De�<; �YD$Fy� ;Z9MTXFZB RYWMQ��<B\|^RYFZD$P<��N\T��XDG;

R�K R��\fmFITYN�BI9MD�@rTY�JWpB3TYf �<BI;?@MFZTiQCOMVGB��JTXW/|'D6fmTXFID�QCD$V]R����JWC[MxC9MDGWMV$D BE9MDSBI9MFIDGDSBEF`RYV]n
�YD$FZBID��'a>8:9MD

B+ �<;I�JW��<B:� RYPJP��S@CFITUQMOMV$DGQ��JW7BI9MD @MF?�JN RYFZ�W�<WsBID$F`RYVGB��JTXW7KP��BE9bDGWMTXOM[Y9
DGWMD$FZ[Y�gBIT Q!�J;Z@MPaRAV$D^��BSfmFITYNeBI9MD)@MF?�JN RYFZ� �YD$FZBID���|rDGfmTYFID^��B�QMDGV]R��U;$x+;IT�BI9MD7BE9CFID$D
BIF�RYV]n �YD$FyBED���;Z9MTXOMP<Q�|rD%R";I9MTXFyBLQ!�J;yB_RYWCV$D�R�K5R���fmFITYN�BE9CDR@CF��JN RYFy� �YD$FZBID��'a

�)( '



)I�<[XOMFZD � a � � �lPJPJOC;ZBEF`RAB:�<TXW ;I9CT�KP�<WM[�BE9MD1;��<[XW^RABIOMFID�TAf R
B+ ��� R�BI9MD

K+ J/ψ

µµ
V]9^RYWCWMD$P�a�8:9MD\;ID�RYFIV]9��<;�@'DGFZfmTXFZN/DGQ�|p��;ID�RYFIV]9��JWM[�fmTXF�R1BI9MFIDGD\BIF�RYV]n��YD$FZBID��

VGTXWpB_R��<W!�JWM[ R"Q��JNbOMTYW�@^R��JF3fmFITXN R
J/ψ

RYWCQ RAWMTYBE9CD$F:V]9^RYFZ[XD$Q1BEF`RYV]n�RY;Z;ITUV>� RABEDGQ
KP��BE9gBI9MD

K+ a`8:9MDo�JWM;ZDGB`;Z9MT�KL;�BE9MD RAVGBEOTRYP-@CFITUV$D$;Z; � �<WM;��<QMD � BI9MD �XDGFZBID�� RA;SBE9MD
J/ψ

QMD$V�R��i;'RYPJN\TX;yBV�JWC;ZB_RAWsB�RYWMDGTXOM;IP���FIDG;IOMP�B:�<WM[��JW BE9CD�BI9MFIDGDRBIF�RYV]n�;��J[YW^RABEOCFIDYa
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� 4�� 487 = GSEJG �5G�� �
P#< �5<DP8< � E+�8MBC

�z;��JWC[ BI9!�J;1N\TiQMD RYP<PJT�KL;1D]RY;y��;IDGPJD$V6B:�<TXW TYf7D��YD$WpBE;��<W�Q^RAB_Rix`;��JWCV$D�BE9MD}NbOMTXW
;y�i;yBEDGN �<;/VGTXN/@CPJDGBID RAWMQ fmOMP<P<� K3TXFInE�<WM[ fmFITYN R}BEF?�J[X[YD$F��<WM[}@'TY�<WpB�TYf �L�<DGK�x:|p�
RYP<PJT�KP�JWC[)D��XRYNS�JW^RAB��JTXW1TYf D��XDGWpBE;SKL9!�<V]9 ��FZD R\;��JN\@MP<DRQ��JNbOMTYW�BIF��J[Y[XD$FLFIDG�sO!�JF?�JWM[
BlK3T�NbOMTXWM;>FZD$VGTXWM;ZBIFIOMV6BEDGQv�JWbBI9MD BEF?�J[X[YD$F ;y�i;yBEDGN�KP�<BI9 |η| PJDG;I; BE9TRYW � a ( aS)�OMFZBI9MD$F
D��XD$WpB);ZD$P<D$VGB��JTXW��J;�QMTXWCD�|p�}D��XRYNS�JW!�<WM[�BI9MD\Q!�JNbOCTXWM; RYWMQ ;ZD$P<D$VGB��JWM[�BE9MTY;ID/BI9^RAB
TUV$VGOMF)KP�<BE9��JW�BE9MD

J/ψ
N RA;I;"KP�JWMQMT�K�a
8:9MD�QTRAB_R};�RYN\@MPJD�OC;ID$Q��J;bBE9CD�T��\V;�aRYP

^`_�Q!�<NbOMTXW
D��XDGWpB1;InE�JN KL9!�JV]9 VGTXFIFZD$;Z@'TXWCQM; BET RAW��JWpBEDG[XF�RABID$Q P<OMNS�JWMTX;?�<Bl� TAf
114pb−1 a 8:9!�<;?Q^RoB_R~;`RYN\@MPJDLV$TYWsB�R��JWC; � ' �p� ' � J/ψ

;��J[YW^RYP�V]RAWMQ!�JQTRABEDG;$xs�L�<D$P<Q!�JWM[
R N\D]RY;ZOMFIDGN/DGWpB�TYfdBE9MD

J/ψ
N RY;Z;�BET�|rD

3072 ± 2
q�D��bx�KP��BE9vBI9MD)N RA;I;`@MP<TYB

;Z9MT�KLW��JW )g�J[Ma � a � a

� 4�� 4$6 � C�� < � EJG �#CFE+�#< � M�C EJ:'<
J/ψ
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 Run 2 Preliminary∅D
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2 0.0002 GeV/c± = 0.0741 σ
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2 0.0021 GeV/c±Mass = 3.6680 2  0.0022 GeV/c± = 0.0711 σ
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TXWCD\fmTXF`BI9MD�;?�J[XW^RAP>@'D�RYn a��iOM|CBIF�RYV6B:�JWC[�BI9MD & RYV]ns[XFITXOCWMQ��MBRfmOMWMV6B:�JTYW�fmFITYNhBE9MD

� -0/



Q^RoB_R�FZD$;ZOMP<BI;o�JW�BE9CD�Q!�<;ZBEF?�J|MOiB:�JTYW};Z9MT�KLW��JW�)I�J[Ma � a ��� a��iOM|CBIF�RYV6B:�<WM[�BI9MD�|^RAV]np{
[XFZTXOMWMQ1fmOMWMV6B:�<TXW�fmFITXN BI9MD�;�RYN\@MP<D%RYWMQ�QMD���W��JWM["BE9MD�@rD]RYn�FZD$[Y�<TXW BET\|rDR@CPJOM;LTXF
NS�JWsOM;�BE9MFZD$D ;yB_RYWCQ^RYFIQ QCD����aRAB��JTXWC;~fmFITYN BI9MD�@rD]RAn �MB7N/D�RYW �2RYP<OMD�FZD$;IOCP<BE;/�JW R
;?�J[XW^RAP�TYfI- bC� D��YD$WpBE;�RYWMQ R\�UB_RYWCQ^RYFIQ �>FIFZTXF:TYf ±1.87MeV

a
8:9MD�& RYV]ns[XFITXOCWMQ fmOMWMV6B:�JTYW��J;%�MB7T��YD$F7BI9MD DGWsB��JFZD�F�RAWM[XD�TAf BE9MD/@MPJTAB RYWCQ��J;

N R��JWCP<�1QMOMDbBIT�BE9CDx�JW^RY|��JPM��Bl� BET�Q��J;ZB��JWM[YO!�J;Z9gBE9MD
K+ fmFITXNeBE9MD

π+ ;IT BE9TRABz�<B��J;
@rTX;I;?�J|MP<D�BET�VGTXWM;yBEFIOCVGB �XDGFZB:�<V$DG;"KP��BE9 V]9^RAFI[XDGQ @��JTXW BIF�RYV]ns;��JWM;yBED�RYQ TYf'R ��RATXW�a
��= ^ @MFITUV$DG;I;IDG; ;ZOMV]9,RA;LBI9MD�OMWMQMDGFIP��L�<WM[)D��YD$WpB�[�� �XD`F?�J;ZD�BET"N RAWs� V$TXNb|��JW^RABITXF��<V
VGTXWpBEF��<|MOCB��JTXWM;:BIT\BI9MD~DGFIFZTXF$x RY;:BE9CD$FID RYFID�N RYWp�1V]9^RYFZ[XD$Q ��RATXW RAWMQg@!�<TXW�BEF`RYV]ns;
fmFZTXN�BI9MD�FID$N\W^RYWpBI;zTAf-BI9MD�9^RYQMFZTXW!�JV`VGTXPJP��J;?�JTXW\BE9^RABzN R�� V]RAOM;ID`f(RYP<;ID��XDGFZB��JV$DG;$a

c:QMQ!��B:�<TXW^RYP<P<�Xx�BE9CD$FIDP�<;SR`V$TXWpBEF?�J|MOiB:�JTYW7fmFITXN�TYBE9CD$F>QMDGV]R��)N\TiQMDG;$xXfmTXFHD��XRYN\@MPJD
fmFZTXN�BI9MD�QMD$V�R��

B+ → K+J/ψπ+π−
a

8:9MD"FIDG;IOMP�B:�<WM[�N RA;I;��2RYPJOCDbfmTXFSBE9CD
B+ N\D$;ITYWn�<;`QMD$QCOMV$DGQ�fmFITYN BE9CD);��J[YW^RYP

�MB RAWMQ�|TRYV]ns[XFITXOCWMQg;ZOM|CBEF`RYVGB��JTXW1;Z9MT�KLW��JW )g�J[Ma � a ��� RYWCQ%�<; fmTXOMWMQ1BET"|rD �

MB+ = 5281 ± 1.870
q�D��

(statisical)
t � a � w

8:9MDR;ZB�RAB:�<;��JV�RYP+OMWMVGD$FyB_R��<WsBl�T�<;:BE9MD�;ZB�RYWMQ^RAFIQgDGFIFZTXFLTXW�BI9MDR@'D�RYn �MB�xMKP��BE91BE9MD
WsOMNb|rD$F)TAfSD��XD$WpBI;+�<W�BI9MD�@rD]RYn |rD>�<WM[�QMD6BED$FZN+�<WMD$Q BIT}|rD BE9CTX;ID1D��YD$WpBE;\KP�<BI9!�JW
±3σ

TYf�BE9MD�@rD]RYn N\D]RAW%�2RYP<OMDYa
��RYF?�aRAB��JTXWM;~TYfLBE9MD�|TRYV]ns[XFITXOCWMQ �MB"FIDG;IOMP�Bx�JW R �2RYF?�aRAB��JTXW�TYfLBE9MD�WsOMNb|rD$F)TAf

;?�J[XW^RAPYD��YD$WpBE;g�JW�BI9MDd@'D�RYnSFZD$[Y�<TXW�x RYWMQ�BE9��J;�[Y� �XDG;�F?�J;ZD BET R:;Z�U;ZBID$N RAB:�<V>OMWMV$DGFZB�R��JWpBl�
QMOCDgBET BI9MDgBl�U@rD�TYf �MB�OM;ZD$Q�a 8�T D$;yB:�<N RABID�BI9!�J;/OMWMV$DGFZB�R��JWpBl�XxLTYBI9MD$F/Bl�i@rD$;�TAf
|^RAV]nU[YTXOMWMQ �MB)K3D$FZD�OC;ID$Q BIT�V$TXN\@^RYFZD RYWMQ [ R)�XD�F?�J;ZD BET�Q!�\� DGF��JWC[vWsOMNb|rD$FI;)TAf

� - '



)I�<[XOMFZD � a �X� � 
>PJTYBzTYf BI9MDo�<W��0RAF��aRAWsBzN RY;I;LfmTXF
B+ V�RYWMQ!�<Q^RABID$; fmTYFIN\D$Q1KP�<BE9�BE9MD

BI9MFIDGD�BEF`RYV]n �XDGFZBID��
BED$V]9CW!�J�sOMDAa 8:9MD�FIDG;IOMP�B�[Y� �XDG; ( ' b /�;ZOMV]9 V]RAWMQ!�JQTRABEDG;$x RYWMQ
R ;ZOMN/N\D$Q [ RYOM;I;?�aRYW �MBe�J;�@rD$FZfmTYFIN\D$Q BET N\TUQMD$PzBE9MD�|^RAV]nU[YFITXOMWCQ RYWCQ ;��J[YW^RYP
Q!�<;ZBIF��J|COCB:�<TXWM;$a

���
�



)I�<[XOMFZD � a ��� � 
dP<TYB�TYf3BE9MDS�JW��2RYF�� RYWpB`N RY;I;`fmTXF
B+ V�RYWMQ!�<Q^RABEDG;RKP��BE9�BE9MD &5RAV]np{

[XFZTXOMWMQvfmOCWMVGB��JTXW�;IOC|CBEF`RYVGBID$Q�fmFITXNeBE9MD)QTRAB_RCx+FZD$;ZOMP<B��JWM[e�<W - bC� ;?�J[XW^RAPHD��YD$WpBE;Z�JW
BI9MD�@'D�RYn FIDG[Y�JTYW�a

���C�



)I��B:8d�i@rD � OMNb|rD$FLTYf �L�<[XW^RYP � �YD$WpBE; �sB_RYWMQTRYFIQ �>FIFITYF 
Xq�D��
�%RYOM;Z;��aRAW - bC� � a./ ���
� �JWCD]RYF �
�p� � a - �
�
� �i@'TYWMD$WpB:� RYP ( - � � a �X�X� /

8 RY|MP<D � a ��� 8 RY|MPJD/�i9CT�KP�<WM[1BE9MD\WsOMNb|rD$FRTYf ;?�J[XW^RAP>D��XDGWpBE; RYWCQ �UB�RYWMQ^RAFIQ �>FZFITXF
fmTXFRQ!�\� DGFID$WpBbBl�U@rD$;bTAfL|^RYV]ns[XFITYOMWMQ �MBE;Gav8:9MD �%RYOM;Z;�� RYW �MBbOM;IDGQ BETvQMD6BEDGFINS�JWMD
BI9MD�;��J[YW^RYP��<;:;I9MT�KLW��<W )I�J[Ca � a ���

;?�J[XW^RAPMD��YD$WpBE;Ga c ;IOCN/N RYFZ�7TYfrBE9MDG;ID �2RYF?�aRAB��JTXWC;��J;>@MFZD$;ZD$WpBEDGQ��JW"8 RA|MPJD � a � aI)�FZTXN
BI9MD �2RYPJOMDG;z�JW�BE9CDbB_RY|MP<D R �2RYF�� RAB:�<TXWvTYf ±75

;��<[XW^RYPHD��XDGWpBE; RYF��<;ID$;`|TRY;IDGQ�TXW�BI9MD
V]9MT��JV$D TYf+|^RAV]nU[YFITXOMWCQ �MB�a>8:9!�<;?V]9^RAWM[XDSP<D]RYQC;3BET R7Q!�\� DGFID$WCV$D��<W�;yB_RYWMQTRYFIQ�DGFIFITYF$x
|^RA;ID$Q�TXW1BE9MD�V]9MTY�<V$D�TYf �MB�RYWMQ�V]RYW�|'D�RYVGV$TXOCWsBID$QgfmTYF RY; R\;y�i;yBEDGN RAB��JV�D$FZFITXFLTXW
BI9MD�N RY;Z;:N/D�RY;IOCFID$N\D$WpBzTYf ±0.3

q�D��7a
� WCV$D$FyB_R��<WpB:�JDG;HTXW~BE9!�<;-N\D]RY;ZOMFIDGN/DGWpB QMOMD3BET BI9MD @MFZDGfmTXFZN RAWMV$D TYf�BE9CD?QMD6BED$V6BETXF

RYF?�J;ZDzfmFZTXN ;ID��XD$F`RYP ;ZTXOMFZV$D$;Gx!�JWCV$PJOCQ!�JWM[�OMWCV$D$FyB_R��<WpB:�JDG;��<W\BI9MDS|rD]RYN�;Z@'TYB3@rTX;���B:�JTYW�x
OMWCV$D$FyB_R��<WpB:�JDG;'�JW)BE9MD RYP��J[XWCN/DGWsB TYf'BI9MD:BEF`RYV]nE�JWM[RQMDGBID$V6BETXFFRYWMQ"BE9MDLT��XDGF�RYP<P RY|!�<PM�<Bl�
BIT V$TXWC;ZBEFZOMVGB�RAV$V$OCF�RABID7BEF`RYV]ns;$a`8:9MDG;ID"V$TXWpBIF��J|COCB:�<TXWM;zV]RYW�|rDbV$TYWM;IDGF �2RAB:� �XDGP<� RYV6{
VGTXOMWpBEDGQgfmTXFLKP�<BE9 R ±1%

D$FZFITXFzTXW�BE9MD~N RY;Z; QCOMD7BET/N/TYN/DGWsBIOMN N\D]RY;ZOMFIDGN/DGWpB
OMWCV$D$FyB_R��<WpBl� +./0/21ua>8:9��J;LFIDG;IOMP�BE;P�JW RYW1OMWMVGD$FyB_R��<WsBl�1TAf ±52.81

TYW1BI9MD�N RA;I;$a
&3�`f(RYF�BI9MD PaRYFZ[XD$;yB5V$TXWpBEF?�J|MOiB:�JTYWZ�<;+fmFITXN BI9MD N/TXN\D$WpBIOMN ;ZV]RYP<D3D�� DGVGBE;GxY;?�JNS�JPaRAF

BITvBE9MTX;ZD�;I9MT�KLW fmTXF7BI9MD
J/ψ

N\D]RY;ZOMFIDGN/DGWsB��<W � � a b a � a�cSW�DG;ZB:�<N RoBED�TAfzBI9!�J;
f(RYV6BETXFLV�RYWg|rD/�<WCfmD$FZFIDGQg|p�1V$TXN\@^RYF?�JWM[ R\F�RYWM[YD~TYf ^`_ N RY;I;LN\D]RY;ZOMFIN\D$WpBI;
RYWMQ
V�RYPJVGOMPaRAB��JWM[zBE9MD:Q�� �'D$FIDGWMV$D:|rDGBlK3D$DGW/BI9MTX;IDLN\D]RY;ZOMFIDGN/DGWpBE;BRYWMQ)BI9MD 
 RYFyB:�<V$PJD ^
RAB_R

���p�




 RAFZB:�<V$P<D ^`_ q RA;I; 
0��D�� 
 ^
� q RY;I; 
 �`D�� q RY;Z;S^=� �'D$FIDGWMV$D 
 �`D��
ω 0.7747 ± 0.0016 0.7826

� a �
��� '

φ 1.0093 ± 0.0017 1.0195
� a �C�
�p�

J/ψ 3.0718 ± 0.0002 3.0968
� a �p� - �

Υ(1S) 9.423 ± 0.008 9.4603
� a � b��2b

8 RY|MP<D � a � � 8 RY|CPJDd;I9MT�KP�<WM[ VGTXN\@^RYF��<;ITXW`TAfCN RY;I;ZD$; RY;5N/D�RY;IOCFID$Q RAB�^`_�V$TYN/@^RAFID$Q
BITgBE9MD 
 RYFyB:�JVGPJD/^
RAB�R ��FZTXOM@ �2RYP<OMD$;Gav8:9MD$;ZD �2RYPJOMDG; RYFZD OM;ZD$Q BET�DG;ZB��JN RABED"BE9MD
VGTXFIFZD$VGB��JTXW1QMOCD�BIT)BE9MD�N\TXN/DGWpBEOMN�;IV]RAPJD�TYf�BE9MD�QMD6BED$V6BETXFGa +./ ( 1 + / � 1$+ / � 1

�`FITXOC@ �0RAPJOMDG;$aHc P��JWMD�RYF �CB>BET�BE9CD$;ID �2RYP<OMD$;��<;HBE9CD$W\@'DGFZfmTXFZN/DGQ RYWMQ)D��UBIF�RY@rTXPaRoBED$Q
BIT\BI9MD

B+ N RY;I;Gx RAPJPJT�KP�<WM[ RYWgDG;ZB��JN RAB:�<TXW1TYfHBI9MD7VGTXFIFZD$VGB��JTXW1BE9TRABSWCD$D$QC;SBET\|'D
RYVGV$TXOCWsBID$Q�fmTXF`QMOMDbBIT1QMDGBID$VGBITXF�N/TYN/DGWsBIOMN FID$;Z@'TYWM;IDAa)c�B_RY|MP<D)TYf @MFIDGPM�<N+�<W^RYFZ�
^`_ N RY;I; N/D�RY;IOMFZD$N\D$WpBE;��J;S[�� �XDGW��JW�8 RY|CPJD � a � RAPJTXWM[\KP�<BI9gBE9MD 
 RYFyB:�JVGPJD7^
RAB_R
�`FITXOC@ �0RAPJOMDG;BRYWMQ)BE9MDLQ!�\� DGFIDGWMV$DG; |rDGBlK3D$DGW/BI9MD$N�a 8:9MDG;IDL�sO^RYWpB:��B:�JDG;BRYFID:@CPJTYBZBED$Q
�<W )I�<[Ma � a �[b RYWCQ ���JD$P<Q RYW D$;ZB��JN RABEDGQ VGTXFIFZD$VGB��JTXW}fmTXF�BE9MD

B+ N RY;I;RTYf
32.24

q�D��7a+^SOMD)BIT BE9MD)@MFZD$P��JNS�JW^RYFy�1W^RABIOMFID)TYf BE9CD)N/D�RY;IOMFZD$N\D$WpBE;`OC;ID$Q�BET1DG;ZB:�<N RoBED
BI9!�J;zV$TXFZFIFZD$VGB��JTXW x BI9MD$FZDo�<;�RAWgOMWMVGD$FyB_R��<WsBl� RY;Z;ITUV>�aRoBED$Q1KP�<BI9�BI9!�J;zV$TXFZFIDGVGB:�<TXW�BI9^RAB
�<;3DG;ZB:�<N RoBED$Q\BET~|'DzBED$W�@'DGFIV$DGWpB�ad8:9sOM;$xCBI9MDSN\TXN\D$WpBEOCN V$TXFZFID$V6B:�<TXWv�<;3DG;ZB:�<N RoBED$Q
BIT\|rD

32.24 ± 3.22
q�D��ba

c��iOMN\N RAFZ�/TYfHDGFIFZTXFLV$TXWpBEF?�J|MOiB:�JTYWM;[�J;:[Y� �XDGW
�<W18 RY|CPJD � a b a

��� b



)I�<[XOMFZD � a �[b � 
dP<TYB3TYf5N RA;I; Q!�\� DGFIDGWMV$D�|rDGBlK3D$DGW 
 ^
� N RY;I; �0RAPJOMDG;5RYW1^`_ N RY;I;
N\D]RY;ZOMFIDGN/DGWpBE;�RY[ R��<WM;ZBSBE9MD 
d^ � N RY;I;Ga)c �sBEF�R��J[X9pB�PM�<WMD �MBW�<;`@MFID6fmTXFIN\D$Q RYWMQ
OM;ZD$Q�BET\D$;ZB��JN RABED%R)N RY;I;LQ!�\� DGFIDGWMV$D RAB:BE9CD��2RYP<OMD`TYfHBI9MD

B+ N RY;Z;$a � ;��<WM[)BE9MD
�MB\;Z9MT�KLW��JW BI9MD�[XF�RY@C9�x BI9MD1N RA;I;)Q!�\� DGFID$WCV$D RAB - �
� 'ia � q�D�� �J;bfmTYOMWMQ�BET�|'D
bp� a ��( q�D��bx�KP�<BI9 RAW�DG;ZB��JN RABEDGQ�OCWMV$DGFZB_R��JWpBl�1TYf�BED$W�@rD$FIVGD$WpB�a

��� (



� WMVGD$FyB_R��<WsBl�1=5RYOM;ID ��RYPJOCD 
Xq�D��
�UB_RoB:�J;yB:�<V]RYP � WMVGD$FZB�R��JWpBl� ±1.870
�U�U;ZBID$N RAB:�<V � WMVGD$FZB�R��JWpBl�1QMOCD�BIT"|^RYV]ns[XFITYOMWMQ �MB ±0.3
� WMVGD$FyB_R��<WsBl� QMOMD`BET\QMDGBID$V6BETXFLN\TXN/DGWpBEOMN�N/D�RY;IOMFZD$N\D$WpBE; ±52.81
q�TXN\D$WpBEOCNe�iV]RAPJDR=?TXFZFID$V6B:�<TXW ) RAVGBETYF

+32.24 ± 3.22

8 RY|MP<D � a b � 8 RY|MP<D?;ZOMN/N RYF?�J;��<WM[ BI9MD:OMWMVGD$FyB_R��<WsBl�7V$TXWpBIF��J|COCB:�<TXWM;-BIT�BE9MD
B+ N RY;I;

N\D]RY;ZOMFIDGN/DGWpB=�<W BE9!�<; RYW^RYP��i;?�J;Ga

��� -



� ����� �1
 � �

� � ����� � ��� � �	�

�"!$# �h4 �~4 ( � � �/*-,7&)( � &1. �}*-4 � ��� * �/, ��( � ��* �

�L�<WMV$D/BE9MD�VGTXN/@CPJDGB��JTXW�TYf:BE9CD1^��J[Y��B_RYP�)�FITYWsB �dWCQ t ^
)I� w~8�F��<[X[XD$F)�U�U;ZBEDGNNRYWMQ
��BE;ST2� V;�aRYP5;ZB�RYFZBIOM@�TXWvc @MF��<P � -oBE9 � �
� b x��<B 9^RY;�|rD$VGTXN/D RYW��JWpBID$[XF`RYP-@TRYFZBSTYf>BE9MD
^`_ D��i@rD$F?�JN\D$WpB�a>8:9MD%RAOCBE9MTYF�� ;L^
)I� � RAFID�;ZTYfkBlK5RAFID�@^RYV]n RY[XD��J;�R �X�UBIOMFIDz�<W�BE9MD
VGTXWpBEFITYPMFITUTXN RYWMQ"9^RY;>|rD$DGW/FZD$N RYFInAD$Q RY;>|rD>�JWC[`TXWMD:TYfrBE9MD:N\TXFZD D��'D$V6B:� �YDL@!�JDGV$D$;
TYf V$TXWpBIFITXP�;ZTYfkBlK5RAFIDSOC;ID$Q/|p�)BE9MDz;I9!��fkBEDGFI;$aHcSWp�\@MFITX|CPJD$N\; KP�<BI9\BI9MD ^
)I���U�U;ZBID$N
RYFZD1�UO��JV]nsP<��Q!� RY[XWMTY;ID$Q RYWMQ �X�iD$Q
KP�<BE9CTXOCB"FIDG�sO!�JF?�JWM[n�JWpBEDGF �YD$WpB:�<TXW
TAf�D��i@rD$FyBE;$a
� RYFZ[XD�;ZV]RYP<Dg;y�i;yBEDGN N R��JWpBEDGW^RYWMVGD�B�RY;Ins;�RYWCQ V$TXN\@MP<DGBED�Q!� RY[XWMTX;yB:�<V1BID$;yBE; 9^R)�YD
|rD$DGWv|MO!�<P<B=�JWpBET\BE9MD7^
)I� � RAFIDb@^RAV]n2RA[XD RYP<PJT�KP�JWC[\D��i@'DGFZBE;�BITv�<WsBID$F`RYVGB KP�<BE9�BE9MD
N RYWp��V$TYN/@rTXWMDGWsBI;~TAf BE9MD/^
)I� 9TRYFIQCK RYFZDYxHD;�<BI9MD$F�TXW�R�NS�JVGFIT1TXF�N RAV$FITY;IV$TY@!�JV
P<D��XDGP RY;LFIDG�UO��JFIDGQ�a

�����



�"!�� � ,~&)( � � ��* �6, � � �L&)( � � ���L2 (5,R*

8:9MD RYOCBI9MTXF�� ;LQ � �LN\D$;Z;z@TRYV]n RY[XDZ�J; RYW
�JWMQ��J;I@rD$WC;��J|CPJD`@^RYFyBzTYf>q�TXWpBED7=5RYFIP<T\@CFITA{
QMOCVGB:�<TXW RAB\^`_ RAPJPJT�KP�<WM[vD��UBIFID$N\D$P�� ��WMD�V$TYWsBIFITXP:T��YD$F)BE9MD1QMD6B_R��<PJ;)TYf ;�RAN/@MP<D$;
@MFZTiQCOMV$DGQ�ad8:9MD`@^RYV]n RY[XDz�<; PM�<WMnYDGQ��JWpBET)N\TX;yB:TYf5BE9MD`T �/V;�aRYPr[XDGWMD$F`RABETXFZ; RYWMQ�KP�JP<P
fmTXFZN R�@^RYFyB�TYf N RYWp� RYW^RAP<�U;IDG;$aS8:9CD � D��L�<|MPJDRW^RABIOMFIDbTAf BE9MD~Q � �LN\D$;I;S;ITYfkBlK RYFID
N\D]RYWC; BI9^RABV��B��<;3|rD>�<WM[7D��i@^RYWMQMDGQ BET RYPJP<T�K fmOMFZBI9MD$F3V$OM;yBETXNS�J;`RAB:�<TXW"TYf+BE9MD�q�TXWpBED
=5RYFZPJT)@MFZTiQCOMV$DGQ�xB�JWMVGPJOMQ!�<WM[bN\TiQCD$PJP��JWM[RBE9MD�QMD6BEDGVGBETYFI;LBEF��<[X[XDGF?BEOMFZW�TYW�VGOMF �YD$;Ga

�"!�
 � ,�*�����,�� �/, ��( � ��* �
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