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Motivation

» Exclusive P-wave Charmonium states y.; (J=0,1,2)=>Z~Z* into

baryon-antibaryon pairs (BB) are considered to be a favorable test of
pPQCD theory and also to test the color octet mechanism (COM).

» The x.; meason are not produced directly in e*e~annihilations but

assumed to process via annihilations of the constituents ¢c pairs into
three gluons or virtual photon.
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Figure: Feynman graphs for 1(2S) decay into BB (a) Three-gluon contribution
(b) Electromagnetic contribution.



» The large BFs of )(2S)>yyx.; make e*e~collision at the y(2S)
energy a very clean environment for ., investigation.

* BF of x.; = Z¥ 2~ had been well measured by BeslIl and CLEO.
[https://arxiv.org/abs/1710.07922,PhysRevD.78.031101].

» Experimentally, no measurements for y.; - 2~ X% has been
performed yet.



Data Sets

 Boss Version:
» Analysis Environment: Boss 664p03

* Data Sets:
» 107.0 M v’ of 2009 year and 341.1 M ¢’ of 2012 year

* Signal MC : Generated 1M Events.
» MC Sample: Use KKMC Event Generator.
» Decay Chain :
v '= yxqo In P2GCO.
v ¥c0 = X XTin PHSP.
v Y - nm and Xt — nmtare in PHSP.
* Inclusive MC: 506 M 3’ MC, 1’— Anything
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Pre-Selection
 Good Charged Tracks:

> |V,| <30cm, |V,.| < 10cm and |Cos@| < 0.93, p>1.0 GeV/c
» Ngooq = 2and ), Q;=0.

* PID : dE/dX + TOF

» Prob; > Prob,,Prob; > Probyand Np- = N +=1
» Good Neutral Tracks:

> Eparrer > 80MeV; Egngcap > 80MeV
» At least 2 photons tracks N,, = 2 (1 for Gamma, 1 for Anti-Neutron).

» The most energetic shower consider as n candidate, Ez> 0.2 GeV,
numHits>20,Secmom>20.

 Further Slection :
» Do Kinematics Fit 1C:y y.012 = yX X7
» For N, >2: Minimum 21c(YE~ZT) is chosen
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x4 and m®Reconstruction

For Further Selection: Other criteria are used
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Study of Peaking and Non- Peaking Background in
X¢— X7 to measure the BF.
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Event Selection to Minimized the Background

» Event Selection: ¢ ' - w°n°J /-
8
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Event Selection to Minimized the Background

>Event Selection: ¢ '— 't ]/
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Event Selection to Minimized the Background

»>Event Selection: 1 '—» X X"OR 2 X+
Y Xars- > Xypis-

[ Extracted BKG Channel In Inclusive MC }

No. decay chain final states iTopology nEvt nTot
0D ¢ —-YX ¥ ¥ Snr .Yt sart o arlastn 0 3148 3148
1 ¢ =AY ST % s nae 27 - ant T fr Ty 2 487 3635
2 ¢ =2 ¥t Y s B2t — axt T nwtn 1 476 4111
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Background channel Extracted from Inclusive MC Sample
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Signal MC Efficiency

No. of | Selection Criteria Survived Percentage Percentage
Obs. Events Efficiency % | Total Efficiency %

01. Total Number 1000000 100 100

02. | Charge Track cut 644720 65 65

03. | EMC Shower cut 513507 79.6 51.4

04. | Nbar Shower cut 513507 79.6 51.4

05. Pass PID 484992 75.3 48.6

06. Pass KM Fit 319121 62.1 31.9

Rate of Cut Flow for chi_c0 After KM Fit
211:
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3=
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27 FE'

Tot. Signal MC Efficiency = 9.6 %




Invariant Mass of y. and X~
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Measurement of Branching Fractions of
Xcoa2 = L7E7



Events / ( 0.015 GeV/c?)

Extraction of Signal

* There are peaking background in both £~ and y.; mass spectrum.
 The constitution of peaking backgrounds are complex.

* Here, we fit the M(x;) In each £~ mass interval of data and extracted the

number of signal events of N, , N, ., N, .
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Preliminary Fitting Results

bs. _
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Numerical Result for Branching Fractions of y,— £~ 2%

NObS.

° -yt — o
23(Xc] —> 27X ) N:pzi 23(1[}’—>yxc]) B(Z -nn")BEt-nnt) ¢
ata

Number used to Calculate the Branching Fractions:

210 + 56

8.6
448.1
9.55

99.848
99.848

1.B(xeo>272%)=4.99+0.3+«10"* inPDG 3.9 * 10

- This result taken from
-5+) — -5 -5 S_ -
2.8(xc1 »2Z*)=574£1.5+10"° inPDG <6 * 10 ‘)(Co—)Z*Z‘justasa

3.8(xe; Z7E")=44+1.5+10"° inPDG <7%10°5 Reference
Channel This work ~ PDG  Previous BESIII [6] CLEO [5] Theory Bprod
Xeo =+ E5TET 504+2542739+7 437+40+28 325457443 5.5-6.9 [3] 4.99+024£0.24
Xe1 E+g_ 37+06+£02 <6 52+£1.340.5(<8.3) < 6.5 3.3 [4] 0.35£0.06 £0.02
Xe2 = E'_"._E__ 35+07+£03 <7 47+£18+0.7(<84) < 6.7 5.0 [4] 0.32 £0.06 £0.03

Ref: https://arxiv.org/abs/1710.07922
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Summary and Next to Do...

» By Reconstruction ynnm* ™ final states, the process of y,; —» Z~ 27 are

observed for the first time.
» The signal Is extracted by bin-by-bin fit of y.; mass spectra in each X~ mass

Interval.
» The branching fractions of y.; — Z~Z™ are given which are consistent with

Xo — ZTEZ process.
» Systematic uncertainty study Is ongoing.
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Background channel Extracted from Inclusive MC Sample
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Events

[ Preliminary Fitting Results of Inclusive MC }

Sigma [1.15,1.25] Sigma Sideband [1.25,1.35]
; @Chiecd sigma % 350 :_ @ChicJ(Sigma Sideband)
350 — N, =13578:163 & F Ny, =12086:153
N, =1204:85 300 N,, = 940+ 79
300 Nujg = 1027+ 57 - NS,; = 1042+ 56
C N, = 622+ 54 — N =
250 - by , =0.3610.02 250 - Nag, = 732153
C tugm"2 =.0.11:0.02 - b9, =0-38:0.02
200 = y2indf = 115/94 200 - x%indf = 110/94
-
mnE : 00 @ d T
50 :—i © 5 50— :
- ] .‘II'T.: | L :-:.T.'.T...F"I-l-i-....J:..-]-....L. i......l":.i.-.-.-— E.:'!'l-- : eodondod e et Treepe. = %l
13 3.35 34 345 35 3.55 3.6 %3 3.35 3.4 3.45 3.5 3.55 3.6
M(x_) (GeVi/c) M(x_) (GeVic®)
Difference of Signal events to Sideband events
(1). Difference of Signal Events around chi_c0 =1204 - 940 =264 +31
(2). Difference of Signal Events around chi_cl1 =1027-1042 =-15 +11
(3). Difference of Signal Events around chi_c2 =622-732 =-110+10
5/21/2018
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Events

Preliminary Fitting Result of Data

Sigma [1.15,1.25]

Sigma Sideband [1.25,1.35]
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@ChicJ(Sigma Sideband)
Ny, 115252149
Ny, = 87776

Events
[ X ]
3

Ny = 647250

200
Ny, = 563+ 51
by =0.43:0.02

150— y2indf = 120/94

b
Lt
""""
.
e

100

Difference of Signal events to Sideband events

(1). Difference of Signal Events around chi_c0 = 1359- 877 = 482+44
(2). Difference of Signal Events around chi_c1 =720 - 647 =73 +23
(3). Difference of Signal Events around chi_c2 =585 - 563 =22 +21

50 __i :
P q..---l'f:.T L :.I".T"'!"u.-u.-l-l'j".l...l...i:.u.'ﬂi:]--u s
3.55 36 93 3.35 3.4 3.45 3.5 3.55 6
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Numerical Result for Branching Fractions of y

° ?B(XC] - Z+f_) =

Number used to Calculate the Branching Fractions:

- 482 73 22

NObS.

XcJ

N

data

" B(Y' >vxe) BEt-nat) B(Z--nan")

fit
Efficiency(¢;) % 9.97 8.94 7.27
Ny (M) 448.1 448.1 448.1
B(Y' > yx)% 9.99 9.55 9.11
BT > nnt)% 48.31 48.31 48.31
B(Z~ - an" )% 48.31 48.31 48.31

1.B(xeo > ZtE7)= (46+0.4)x10"* inPDG 3.9 * 10
2.8(xc1 > X*27)=(82+2.5)%«107° inPDG <610
3.8(y» > ZtE7)=(3.2+3.2)+107° inPDG <7%105

Channel This work ~ PDG  Previous BESIIT [6] ~ CLEO [5] Theory Bprod

Yo = STE7 504 £2542739+7 437440428 325457443 5.56.9 [3] 49940241£0.24
Xe1 = E'I'?_ 37+£06+02 <6 52+13405(<8.3) < 6.5 334 0.35 £0.06 £0.02
Y2 = YT 35407403 <7 47+1.840.7(< 84) < 6.7 5.0 [4] 0.32 £0.06 £0.03

Ref: https://arxiv.org/abs/1710.07922
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