SESII

Observation of y.q, » 2 E* and 20E°

QI Hang(USTC), Xiongfei Wang(LZU), Guangshun Huang(USTC)

September 2019

Charmonium group meeting



Outline

» Motivation > x¢o — EVEC

> Datasets v Event selection

= v" Background stud
> X > EET s extract
v" Signal yields extraction

v .
Event selection v’ Calculation of branch

v’ Background study fractions
v’ Signal yields extraction O Systematic uncertainty
v" Calculation of branch > S

fractions Himary

O Systematic uncertainty

v" Done O Ongoing



Motivation

® The large branching fractions of ¥(2S) — yx.; make
ete™ collisions at the ¥(25) energy a very clean

environment for y.; investigation.

® Charmonia decay properties are essential to test the

QCD based effective field theory: ::‘AA
® Helicity Selection Rule AOA __ 3i o0
® Color Octet Mechanism %02 #ﬂ; m ad
SIS TN %0 a3 a40 245 a5 955 as0

M(pp) (GeV/c?)



® BES[1] and CLEO!2I’s result:

BES: 53+274+09 BES: <34 BES: < 3.7
B()(C] - E_§+) x10™* CLEO: 514+0.6+05 CLE0:094+02+0.1 CLEO:1.54+0.3+0.2
PDG: 4.8+ 0.7 PDG: 0.8+ 0.2 PDG: 1.4+0.3
CLEO:3.3+ 0.7+ 0.5 CLEO: <0.6 CLEO: < 1.0
=00 -4 — —
Bte) = = )% 10 PDG: 3.1+0.8 PDG: < 0.6 PDG: < 1.0
g 7‘ B: =0 =0
o L. . ;_||“H|||MMHH|H| T
w Mz Geviet) o " Invariant Mass (GeV/ﬁQ) |

[1]PhysRevD.73.052006

[2]PhysRevD.78.031101

® Limited statistics, more precise measurements are needed



Datasets

® (2S) data: 107+0.8 M(2009) and 341.1+2.1 M(2012)

® Signal MC (100k for each decay mode):
® cte™ - Y(25) - vy — yE~ 5T > Anything (KKMC)
® cte™ - YP(25) - Yy — yE® 50 - Anything (KKMC)
® Inclusive MC: 506M, y(2S) — Anything

® BOSS version: 664p03
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Event Selection

© Tagging Final State: y5~ -» yA%n~ - ypn 7~ +cc

* Good Charged Track :
|cosO| < 0.93,
N,>1&&N_>2,

* PID with dE/dx and TOF:
N,=1&&N; =2,
* Good Neutral Shower :
6 =10,
Barrel :
E > 25 MeV && |cosfB| < 0.8,
Endcap :
E =50 MeV && 0.86 < |cosO| < 0.92,
N, =1,

* Reconstruction of A :
Do Vertex and Second Vertex Fit of A by
looping all (pm) combinations, keep the

one with minimum value of |M,; — M;P¢|

* Reconstruction of Z:
Same strategy as A by using the other
 with A ,keep the one with minimum
values of |M, — MEPC|.
« Gamma Selection :
looping all the neutral showers, keep the one with

recoil __ MgDG ) where:

minimum values of |My AT

M)T;flftOil = \/(Ee+e— — Epn — Ey)z - (ﬁe+e— - ﬁAn - ﬁy)z



® The decay length of A and Z larger than zero
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Further Selection

® Mass window of (y=)"écou

|MJgeot — MEPC| < 50 MeV
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® Remove background: ete™ - X - 5~ 57
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Background study

Recoil mass of gammma:

M)?/"ecoil — \/(Ee+e— _ Ey

)2 - (ﬁe"‘e‘ - ﬁy)z
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M;/ecoil (GGV/C2)

3.63.3 3.4

3.5

M}:{ecoil (G@V/Cz)

® Signal is clear;

® Sideband is smooth.



Event / 0.003 GeV/c’
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Background study

Recoil mass of gammma: Mt = \/(Ee+e_ — E],)2 — (Pote- — ﬁy)z

> Y onn]/Y
> J/Pp - X0X0 ETET, AA
> J/p > AZ°, 3°4

> Y - ETET

> Y o vag

> Xy = vI/W
»  Xcj — 3 hadrons

» Y' > 3o0r4 hadrons

recoil 2
M, (GeV/cT)

® Backgrounds distribute smoothly on recoil mass spectrum;

® Cuts on recoil mass can remove most of these backgrounds.
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Signal yields extraction
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Signal: MC shape®Gaussion

Bkg: 2" order polynomial function
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Events/0.003GeV/c?

Calculation of branch fraction

_ Nobs
€ X Nt/)(3686) X B¢(3686)—>V)Cc]

B

- =t
XC]_>\_¢ —

® Efficiency from signal MC (~28%):

—— . T . T . . . . . = . T T T T . . . T . T — — ; ; T T
1800 [ [ Y o [
r Eﬂil:iem:y(xcn) =26.0+0.1% ; Efficiency(y 1) =28410.1% o Eﬂiciency(xczj =29.7+01%
o~ — s
1400 ; — 000 ;_ 3500 i
1200 [— —] = ”"‘"E
E 2800 — F
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E 2000 [ F
w00 — — E 2000 —
E q s — E
wor— - F 10|
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- 1 = b
E 1 ! . . . ; : E . T . = E ! . . i
i3 CE R , 35 36 33 34 - . 36 33 34 ) 35 3.6
M (GeVic?) M (GeVic?) meeo! (GeVic?)

® Branch fraction:

Yoo = B E 260+01  4683.7+940  979+020  4.11+0.12
Yoy = EE 284401  657.1+43.1 9.75+0.24  0.53 +0.04

e = B B 29.71+ 0.1 1756.7 £ 68.2 9.52 +0.20 1.39 £ 0.06
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Event Selection

© Tagging Final State: y5° - yA%7° - ypr~yy + cc.

* Good Charged Track :
|cosO| < 0.93,
N,>1&&N_>1,

* PID with dE/dx and TOF:
N,=1&&N; =1,
* Good Neutral Shower :
6 =10,
Barrel :
E > 25 MeV && |cosfB| < 0.8,
Endcap :
E =50 MeV && 0.86 < |cosO| < 0.92,
N, = 3,

* Reconstruction of A :
Do Vertex and Second Vertex Fit of A by
proton and pion.

» Reconstruction of 7 :
Do 1C Kinematic Fit of w° by looping all
(yy) combinations, keep the one with
minimum value of |Myy — Mﬁg) G |

« Gamma Selection :

looping all the other neutral showers, keep the one

with minimum value of |M recoll _ MPPG|  where:

yAn®

M = [(rree — Eamo = 5, (e = s 5,)°



® Decay length of A and %, of °:
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Further Selection

® Mass window of (y=)"écou

1000 —
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500 —
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® Background: ete™ - X - 59 50
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Background study

i : 2 - L N\2
Recoil mass of gammma: M)C“O” = (Ee+e_ —E,) — (Dete- — py)

[y

33 34 3.5 34 3.5 3.6

recoil (GeV/C2) recoil (GeV/CZ)

® Signal can be seen in data, background is too much;

® Sideband is smooth.



Background study
J (Eete- —

. ~ \2
Recoil mass of gammma: M)fe“’” (pe+e py)
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® Backgrounds distribute smoothly.
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Events/0.010GeV/c>

Signal yields extraction

v?Indof=1.5

- N, =1735.8+ 70.9
- N, =324.0+ 44.3
— N, =8123+ 67.6

Ny = 5241.7 +131.4

N I
34 3.5 3.6

mmcnil (G 9‘”02)

Signal: MC shape®Gaussion

Bkg: 2" order polynomial function
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Events/0.003GeV/c?

Calculation of branch fraction

® Efficiency from signal MC (~7%):

B

- =t
XC]_>\_¢ —

_ Nobs
€ X Nt/)(3686) X B¢(3686)—>V)Cc]

‘“é Emciency(xm}=8.510.1;u | | _; ; Eﬁiciency(xﬂ}=9.810.1°.|/u 1 | emcisncyty ) =107+ o.ml,
i3 s 363 oy i 3. ; 34 35
M7 (GeVic?) M= (GeVic?) M (GeVic?)
® Branch fraction:
Xco = Z0 E° 85+0.1 1735.8 £ 70.9 9.79 £ 0.20 4.66 + 0.22
xe1 = E°Z0  98+0.1 324.0 + 44.3 975+ 024 076+ 0.11
Xeo = =0 =0 10.7 + 0.1 812.3+ 67.6 9.52 +0.20 1.78 + 0.15




Summary

=0

® Measured the branch fraction of ., — Z~E* and £°Z° by using the single tag
method:

BES: 53+27+09 BES: < 3.4 BES: <37
E-5+(x 104 CLEO: 51+0.6+0.5 CLEO: 09+0.2+0.1 CLEO: 1.5+ 0.34+0.2
PDG: 484 0.7 PDG: 0.8+ 0.2 PDG: 1.4 +03
ThisWork: 4.11 + 0.12 ThisWork: 0.53 + 0.04 ThisWork: 1.39 + 0.06
CLEO: 3.3+ 0.7+ 0.5 CLEO: <06 CLEO: <1.0
F950(x10™%) PDG: 3.1+0.8 PDG: < 0.6 PDG: < 1.0
ThisWork: 4.66 + 0.22 ThisWork: 0.76 + 0.11 ThisWork: 1.78 + 0.15

. . =050
® First observationof y.q , = Z°E7,

® Nextto
® Systematic uncertainty

® Angular distribution Thank You!
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Event/ 2 Me
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