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Motivation

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

baryon-antibaryon pairs (BB) are considered to be a favorable test of
pPQCD models and QCD based calculations.

* 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)>vy.; make e*e~collision at the 1)(2S) energy
a very clean environment for y.; investigation.

* The COM play an important role to describing these P-wave quarkonium
decays and predictions of this model y., to pair of mesons and baryons

are In agreement with earlier experiment.
* BF of y.; —» 2%~ had been well measured by BesllI iy and CLEO .

[1].Phys. Rev. D 97, 052011, [2].PhysRevD.78.031101

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



Data Sets

* Boss Version:
» Analysis Environment: Boss 664p03

* Data Sets:
» 107.0 M 1’ of 2009 year and 341.1 M v’ of 2012 year

* Signal MC : Generated 1M Events.
» MC Sample: Use KKMC Event Generator.
» Decay Chain :
v YP'= yx InP2GCO, P2GC1 and P2GC2.

v x¢ — Z~Z%in PHSP.
v ¥ > nm and X" — nmtare in PHSP.
* Inclusive MC: 506 M ¢’ MC, 1'— Anything
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Pre-Selection

Good Charged Tracks:

> |V, <30cm, |V,| < 10cmand |Cosf| < 0.93, p>1.0 GeV/c
» Ngooa =2and ), Q;=0.

PID : dE/dX + TOF

» Proby; > Prob,,Prob; > Probgxand N- = N +=1

T
Good Neutral Tracks:
> Eparret > 80MeV; Egngeap > 80MeV  (Phys. Rev. D 83, 112009 — Published 27 June 2011)

> Opening angle: 6, chgey > 20°

» At least 2 photons tracks N, wer = 2 (1 for Gamma, 1 for Anti-Neutron).
n _candidate:

» The most energetic shower consider as nn candidate.

> Variable to the further selection for n.
v Egz: Deposited energy of 7 in EMC; E;> 0.2 GeV.
v" Second Moment of 77 in EMC; Secmom>20

v 7 number of hit in EMC within 40 degree cone; numHits>20 Kinematic fit: Loop all the neutral tracks

Further Slection : >
» Do Kinematics Fit 1C iy y.012 > yZ7 27
> ForN, >2: Minimum »?,-(yZ~X7) is chosen.
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and minimum y?

v" Miss Neutron 3-momentum

v' Miss Anti-Neutron Energy

v/ Mass constraint on nm™*

v" 4-momentum constraint on y'.
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Comparison b/w Data and Signal MC
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x4 and m®Reconstruction

For Further Selection: Other criteria are used
Reconstruct r° to Minimize the BKG
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Study of Peaking and Non- Peaking Background in
XC]_) Z_f"'

12/19/2018



» Event Selection: ¢ ' - w°nw°J /Y -
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Extracted BKG Channel In Inclusive MC ]
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>Event Selection: ¢ '— wtn ]/

‘/Mn+1r_ <1.2
V| M+~ — My | > 0.01GeV
V|Myecou(mtn™) — My | > 0.01 GeV

‘ Extracted BKG Channel In Inclusive MC

decay chain
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Minimized the Background
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Minimized the Background

>Event Selection: ¢ '— 2 2 OR 2"t
Y Xrs- > Xyris-

L Extracted BKG Channel In Inclusive MC ]

No. decay chain final states 1Topology nEvt nTot
0 v - X2tV s nr .Yt s ant aarlzstn 0 3148 3148
1 ¢ — f}fE_i"', Y —nr Yt = ant n Amw Ty 2 ART 3635
2 P 522t ¥ s nr Xt - ant T RnTn 1 476 4111
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Background channel Extracted from Inclusive MC Sample

No. decay chain final states iTopology nEwvt  nTot
0 o — Jjpn®5, Jfy — EEF 5" — nr B — fnt T ATt a T n 44 3616 3616
1 v =2 A A" A" s nr A~ — Art T ir?rta 19 2137 5753
2 @ — Jfpa®n®, Jfp - A~ n, AT — art T in’montn 0 1922 7675
3y — Jfpa®x®, Jfp - °A- AT, AT S At AT — mir’rxOxtn 8 1841 9516
4y — Jfyr®x®, Jfy — nArta ain’m’ntn 31 1185 10701
5w g
6y — Jfpa®n® Jfp - AA- A s ar , AT — art T mr":r":r+ B 775 12341
T ¥ — YXe0, Xeo — Z0E+HT—, 5% — qA, =+ — Axt A — nx® - arrtnyy 59 661 13002
8 y — Jfpa®n®, Jfp - 4" EH, 5~ = pr— , Bt — Axt ﬂ‘ﬁ:r“:r"fr"’n"r 163 628 13630
9 @ — JfynTaT S — nn T fim T n 406 624 14254

10 o — Jfyn®n®, Jfp — A=A~ A= — ant, A® — na® n arlr’n’rtn 25 590 14844
11 4 — AXer: Xe1 — VI, Jfp — E-E+ 8= — pr— B+ — fimgt T ATty 33 569 15413
12 ot — Jfpn®n0, Jfp — A—wti, A — no— a-fnrlrtn 17 555 15968
13 o — Jfm S — E-EY g — ey, T — nr— B — amt afr Ry 36 486 16454
14 o — JfpaOx0, Jfyp — E+Es— T+ o gt B~ — Ax—, A — nal T artr0nlrtn 112 448 16902
15 ' — AXer: Xe1r — Y If0, Jfp — AOA-A- A~ — pr—, A- — fint g arlartnyy 20 434 17336
16 g = APA—g— AP — a0 A- — figrt r—fnlrtn 7 433 17769
17 o — Jfpa0x0, Jfyp — T+p0E- B o figt ¥ — na— T fAn0r0xlrtn 52 410 18179
18 o' — yxen. \,(. — T+ Y—q0 ¥+ & axt, ¥ — nw— wfxlrtny 133 409 18588
19 o — JfoataT Jfp — fingg — 4y T fr T Ry 150 385 18973
20 W — VX1 X — VIO T — ATrTn, AT — fint T Rr T nyy 110 358 19331
21 o — Jfpa®x0, Jfg — axT AT AT — nrt rar?rrtn 114 339 19670
22 o — AXea.Ye2 = E0ETT B0 4N BT S Axt, A — na® x arlrtnyy 207 330 20000
23 L"’ — YXe1s Xe1 = 07T ET,E? = 4A B — firt A — nat x Al nyy 181 330 20330
24 o' — Jfyn®x® S — gin,g — o rta? ran?rnPrtn 10 316 20646
25 o = ATAT AT s nr AT — Ant ‘Jl'_ﬁ‘ll'+ﬂ 68 314 20960
26 ¥ — Y0, Xeo — T AET A — el B — fxt - intr Ry 22 310 21270
27 o — Jfynta, I — A-AaY, ﬁ_ — firt AT — nw” - fArtrtrtn 142 307 21577
28 ' — VYoo Xeo — AT A AT =, AT — fnt - iintr Ry a97 272 21849
20 o' — Jfyr®n® S = EYE- St S Apt = — Ar A s A, A — e A" Prte 120 270 22119
Now dt?{:ay chain final states iTopology nEvt nTot
30 Y — X Yo — T ATAT AT — fir T, AT — ng” TR Ry 37 270 22389
31 ¢ — Jfuas" Jf — aATFAYE AT o prm AT ot a~prtn"nlnrtp 229 263 22652
32 v,_’ s A" rn A" —frt T artn 225 257 22909
33 o — Jfyn, i — A 1"A g — . AT — Art AT = onae a ATt nyy 139 250 23159
34 v,_l' — JfPr =m0, Jfp — APrt A= A® - [ AT — nxT - iar’r?rrtn 293 247 23406
35 P — YYe2, X2 = TETET,EY s Ant, BT — na ATt Ry 174 247 23653
a6 Y — JfentaT, Jfy — o'ni - Ar’rtn 327 245 23898
37 Y — g ""*7.' LIy = 7B B = oar— Bt = int - r " fintatn 320 245 24143
38 l' — Jfvwta~, S — pin, g — 770" - iar’m?rrtn 130 243 24386
39 v,_l' — YXers Xer — Y U, Jf — nimtaT T ir gy 55 241 24627
40 o 186
41 ' = Jfdm Yy — A-nmng — vy A T intnyy 146 230 250096
42 P = AXels Y — EETRO, BT — np—, Bt — fint T intrtny 30 227 25323
43 Y — VX Yoo — nr~ AT AT — dint T fint ey 215 224 25547
44 P — YXes Yeo — PAK*™ R — prt, K*~ — K~ - pKpmtap 86 215 25762
45 P — X Yoo — OK KT 9 — KYK—- K* — KV~ K*t — Kt g~ K-K KpntyKt 69 204 25966
46 Y — Y Xes Yeo — TOR TR~ K*t — KOt K*— — K%~ T Ky Kpmty 135 201 26167
a7 o 692
48 ' — JfestaT, Jfy — nrm A AT — fint -~ firtatn 621 190 26553
49 @ — Jfea"=0 Jfy — ATeT A" AT — prt A — fig? - iarr?rOrtn 663 189 26742
50 o — pk* K K — K%K — prt T pKptp 78 187 26929
5l 9 — e Yer — ATRYAT AT — nr~ AT — finrt ATt Ry 173 187 27116
52 v,;l' — K* nEt K* K%, 5t — ant T iaKprtn G5 186 27302
53 W — Jfm Jfp — ETET g — o770 B — firt, X7 — nn— - iarr?rOrtn 103 186 27488
5 Y — e Xe2 — 7- I,’L Jfp = ETET B — figt X7 — nr” T Ar T nyy G40 183 27671
55 Y — Xels Y — AZ ‘.IT — A —nr", Bt — agt Fat:t e ‘JT+P1‘} 5 179 27850
56 4 — Yxea, \.:z — A —nr", Y — agt ATt Ry 165 170 28020
57T " — Xels e — pAI\ “ A —prt K"~ — K%~ T pKpmtap 502 169 28189
152/197420182 =1/ [ — A=7A~ A~ —nr~, A — ax wAnOwt ey 71 168 28357
59 o — Jfym, Jfp — nantaT g — yy xaAr T nyy 491 160 28517

~ Categorization of the BKG In Inclusive MC
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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

R11:

mpi0<0.12 || >0.15:
mpippim<1.2:
|mpippim-0.4
|mrecpip-3.0
msigmam<1.5:

€3.6| ImchicT >3.3:

gam match>10:

Tot. Signal MC Efficiency = 9.6 %

Rate of Cut Flow for chi_c1 After KM Fit

gam match>10:

Tot. Signal MC Efficiency = 8.6 %

Rate of Cut Flow for chi_c2 After KM Fit

All:

mpi0<0.12 || >0.15:
mpippim<l.2:
|mpippim-0.

gam match>10:

308394
c

Tot. Signal MC Efficiency = 6.9 %



Invariant Mass of y. and £~
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Measurement of Branching Fractions of
XC] — Z_Z-I_



Events / ( 0.015 GeV/c?)

Extraction of Signal y; - Z7X*

* The peaking background have been seen in both 2~ 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, . and upper limit for y.qand y.
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35 Firaa = 446427 o annfLiad= 206280 | [ o 160y ~ ot a0 04
30 frpat = 0.474 £ 0.081 5 400 ot - 0323 £ 0.0 [! S 140 f; 01832 £ 0.04
. o ) H _ It ) po1 = -0. 0.
o5 ;_pb‘l =-0.1603 £ 0.09 o 0 pb1 = 0.040 £ 0.038 I o 120 3
g Z 100 4
8200 0 Ji N N o 80F
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o 3 40
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[ Fitting Result ]

NObS. — 2098 + 57 Nobs. =208 + 52 Nobs. =132 + 21
Xco - Xc1 Xc2
C 220F- . 1605 e epe
1000 200F- Significance = 40 - Significance = 70
::; r ,;:130;— ;;140:_
;.;800_— >160F 5120
(4] B (5140:_ ‘5100:
gstm_— 2120F + 3 anz H
s [ : fral = 2098 + 57 ~100E & fra 4}2 HT" =%k ftaj = 32\+2
400~ ! fra2 = 3735 + 70 € 80 iy 1t T 60 tra2 2 25
a - f pal = 0.323 + 0.028 & 60 : : paI 0. 51+ 1 & 40: palz 0. 75«&-
200 b7 = -0.4620 + 0.032 405, Py pb1 = -0.5420 +u 71 - pb1 4 -0.3666 - 0.046
B ".p+* 20? : 20r
0_ T |"T--|-J-A ety Loy oo o a 0 Lodbedeanog J--b“l‘"l L .I"n-I.J AP I D AT N O S A 0:“ Loy _“.‘c",‘*, | ,“"ﬁ..nj [T A PR T R O
12 125 13 1.35 1.4 11 1.15 1.2 1.25 13 1.35 1.4 *31 115 12 1.25 13 1.35 1.4
M(Z')(GeVic?) M(Z)(GeVic?) M(Z)(GeV/c?)

O Root Version 5.34/14 - 2013
O Root Version 5.34/19 — 2014
O Root Version 5.34/34 - 2015
O Root Version 5.34/36 — 2016

Resolve Problem: Fix the computation of fit parameters errors in y?goodness of fit, since root version
5.34 -14 till up to now.
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[ Fitting Result for Upper Limit ]

N9PS- = 594 with 90% C.L

00 E o 1_— N_Upper Limit for xc1=594
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Numerical Result for Branching Fractions of y.— rxt

NObS.

° -yt = oo
?B()(C] - XX ) an& EB(IIJ'—WXc]) B ->nn") BEt-nnt) €
ata

Number used to Calculate the Branching Fractions:

208 + 52
594 (90%C.L)

8.6
448.1

9.55

99.848

99.848
1.B(xeo 2 272%)=4.90+0.13 10~ * inPDG 3.9 = 10

2.B(x;y > 2°EY)=5.67+1.42+107° < 16.2+107° inPDG <6105
3.8(x; > 2"2Y)=4.654+0.74%10°5 < 5.6 105 inPDG <7 %105

Channel This work ~ PDG  Previous BESIIT [§] ~ CLEO [3] Theory Bprod

Xeo = 78T 5044254273947 437440428 325457443 5.5-6.9 3] 499+£024£0.24
Xe1 = E+§::_ 37£06+02 <6 52+1.3+05(<83) <6.5 3.3 4] 0.35 £ 0.06 £ 0.02
Xe2 = E‘_*’_E__ 35207203 <7 47T+£18+£0.7(< 84) <6.7 5.0 [4] 0.32£0.06 £0.03

[ Ref: M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 97, 052011 ]

This result taken
from y.; = Z*E
as a reference



Measurement of Systematic Uncertainty



Systematic Uncertainty in M(m®) Rejection

Xc0_>2_2+ XcO_)E_E+ Xcl_’z‘_f-l— Xc1 -z zt Xc2 - Xzt Xc2 - Xzt
M(m?) € M(m°) € M(m?) € M(m°) € M(m?) € M(m°) €

[0.115,0.155]GeV [0.125,0.145]GeV [0.115,0.155]GeV [0.125,0.145]GeV [0.115,0.155]GeV [0.125,0.145]GeV

NZpe 207 + 52 209 + 52
Efficiency(e;) % 8.3 8.9
Ny, (M) 448.1 448.1
B(YP' > yxe)% 9.55 9.55
B(E >nm )% 99.848 99.848
B+ - ant)% 99.848 99.848
M(m®) € [0.115,0.155]GeV M(m°) € [0.125,0.145]GeV
1. B(xeo—=2"3t)=504+10"* 1. B(reo - L EY)=4.76+107"
2 By -2 ) =585+10"° 2. B(xy > 2 EY)=550%10"°
3 By, > 27EF)=4.89+107° 3 B(xe > X7EY)=4.43+107°
Ny’ =2093 £ 56 N%er =207 £ 52 N9bs: = 132 + 21 N9PS- = 2102 + 57 N9PS- =209 + 52 NgPs =132 + 21
= - =] .
. l 2 DA = 4
gam; fmc I g:i 4 St = 2102 257 %‘Né B i 3 A e} = a1 ]
ot v ++ +++ ‘;;;g i for 1 ! + | Y B Wi A + K "»i-ftig e TL ﬁ m%tﬁfi
gos | N o 3 il o %" Ll odes I e o P R A
o 1_;5“";?”1‘2 :t'l_i?_,)*#s *1“)‘5 T_‘ m; "E‘f‘ 1.{5“" 1‘3“;_“&.1'5’& .fs ,"36 N4 e ‘i(m‘k'?f:') Woorsee ¢ ‘J" “|‘5 “’m.u&:{?ﬁ “J’l 1155 “a e ‘%l(!:‘l(f-‘ﬁz\?fﬂ R
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Systematic Uncertainty in M (™t )Rejection

Xc0_>2_f+ XCO_)Z_EH- Xcl_)z_f-'- Xc1_>2_2+ Xc2 _>2_2+ Xc2 _)E_f+
IM(t~t™) — 0.497| IM(t~mt™) — 0.497| IM(t~nt™) — 0.497| IM(t~t) — 0.497| IM(t~t™) — 0.497| IM(t~t™) — 0.497|

Channel > 0.015 GeV > 0.02GeV > 0.015 GeV > 0.02 GeV > 0.015 GeV > 0.02GeV

NZEs 208 + 52 207 + 52
Efficiency(e;) % 8.4 8.2
Ny (M) 448.1 448.1
B(Y' - yxy)% 9.55 9.55
B ->nn )% 99.848 99.848
B > nnt)% 99.848 99.848

IM(t~mtt) — 0.497| > 0.015 GeV
1. B(yeo— X Z¥)=499+10"*
2. B(x; > 27 E")=580+10""°
3 B(yp—=X2F)=474+10"°

IM(m~m*) — 0.497| > 0.02 GeV
1 By X Zt)=510«10"*
2. By 22 E)=592+10""°
3 B(ye 227 2F)=4.83%107°

obs. _
N°Ps- = 2096 + 56 N;){bs. =208+ 52 N°bs. — 132 + 21 N9Ps- = 2095 + 56 Ng{bls- =207 +52 N$S =132+ 21
Xco c1 Xc2 - Xco

g : "l :

E 1000 0

S s

& e

E o JEL J[ Ss00) S ++ % | m o tq

3 o Do o st M-z | o0 . e i

E fra2 z 2025 |+ 2400f - : i3

i = momn fe oY il {H I
F ; . : 200: gr-n.«ns:a.nzz :Z pb1 = -9.5121 0.071 pbi = -0.3667 + 0.046
R 12u:£'|(¢"-§v;t=ﬁ 1o e AN - Fr-‘LE L : ki, L F R 1‘2“:[)(&'2\,5,0}] I - Y L T 11'.;‘;_'"&%,& TR

M(E ) GeVic?)
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Systematic Uncertainty in M,...(t* w~)Rejection

XC0_>2_2'+ Xco _’E_E+ Xc1 _)Z_E'+ )(c1_>2_f+ Xc2 _)Z_E+ Xc2 _)E_E+
IMyec(trm™) — 3.097| My ec(mtm™) — 3.097| M, ec(mtm™) — 3.097| [Myec(mim™) —3.097| M, ec(mrm™) — 3.097| |M,oc(mttm™) — 3.097|

> 0.015 > 0.02 > 0.015 > 0.02 > 0.015 > 0.02

NZhs 208 + 52 207+ 52
Efficiency(e;) % 8.5 8.3
Ny (M) 448.1 448.1
B(YP' > yxy)% 9.55 9.55
B(E ->nnm )% 99.848 99.848
B(Zt - ant)% 99.848 99.848
|Myec (™) = 3.097| > 0.015 |M,oc(mtm™) — 3.097| > 0.02 GeV
1. B(xeo > E7L) =499« 104 1. B(xe - X" It)=504+10"*
2. B(Yey »EEY)=574+107° 2 By » 2 Z*)=5.85%10"5
3 By 2L ZH) =471+ 10°° 3 By, — TEY) =4.78 * 105
obs. _
NY’s = 2095 £ 56 N%er =208 + 52 N9bs: = 132 + 21 N9PS- = 2092 + 56 N;’{’jf- =207 + 52 NgPs =132 + 21
il S— 3 Juo - e | S e
s =y - RGN e
I e | “ JA 3 - - e :::;ign i
MM e ™ M e 2 M4 E R 1'-‘;.‘;!&%“’) 3R L T 12M(£);;1séﬁc’> 13 1% 14 j1‘.1 145'1‘2"(”25:21 EETE - N 15“;’)((;:?1!73 s
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5 GeV/c?

B
=]

(900
[=]

&)
=]

Events /

-

Systematic Uncertainty in Fitting Method
For x.o

Bin Size 5 MeV Bin Size 15 MeV  Signal MC ® Gaussian 2" to 3@ Order poly.

citcency@)% 96 s B a5 -t +10
I\; o 2.B(xco »272%) =5.01 +107*
Vi M) 481 - 3. B(xeo > 251 =4.89 <10~
B ovxa)% 9% 09 4.B(teo > Z7EY) =4.79 « 107
T e
bs. — bs. —
N?{bg' = 2177 + 101 N;){lcwg. = 2155+ 57 N;){C: = 2097 + 57 N)o{c: = 2053 £ 57
1600; E [
o= 10001 10001
ézouf— gano:— gaun:—
Qoo & t & :
5 oF + = Se00-
frat = 2177 101 ;ano; fral= 2155 +57 5k fral = 2097 =57 St Trals 2053 257
fra2 = 3472 + 168 £600 fra2 = 3780 +69 ghor fra2= 3735 + 68 Za00- fra2= 3772 + 71
pal = 0.340 +0.077 & 00 pal = 0.316 +0.028 & meano0 = -0.000016 + 0.00 2t pat = 0,338 £ 0.0
s 2001 g w_._wss s 200 |ob) = 04478 + 031
........................................ he et (* e A r pol 4 b44130.027

The maximum difference on the No. of Signal Events are assigned as the systematic uncertainty in the fitting methods.

12/19/2018 25



Systematic Uncertainty in Fitting Method
For y-1

Bin Size 5 MeV Bin Size 15 MeV  Signal MC ® Gaussian 2" to 3@ Order poly.

3

N2Es 272 + 31 _ -
-9+ — —
Efficiency(e,) % 8.6 LB(Yey »2727) =5.65 10
. (I\jl) a1 2.8B(xe1 > 27E%) =7.08 +107°
Wiata : 3.B(Ye1 »X7EY)=6.54 1077
B(Y' - yxe)% 9.9 4.B(xe1 = 2727 =4.01 +10°°
B - 99.848
B+ - ant)% 99.848
Nobs = 217 + 51 Nobs: = 272 + 31 N9Ps- = 251 + 57 N9PS = 154 + 54
c1 -
=
200;_ "‘1805—
180 Y F
fra1= 272 £ 31 §120; 3160; +
T‘ 27 +51 fra2 = 3162 +62 8107 i 5::2: (NS +
2031 £ 113 0.108 +0.03 Sra0e Zi0f ra
pq ﬁ nt + ;_#ﬁ I*“"ﬁ‘ gwo;: Ira -gﬁﬂ;_ + . + ++ :rat} r}
+"b I 2 e "arl( %’jﬁ G oo pai £ ssg(
e ; jg: :;a 01200300 o aof- i pb = 0.5204 + 0Jiga
¥ 20 : -
Co 1, |\| ol A IR TR S 2:* L bt L ey A O = 12 ' TETTE TS e
11 115 12 125 13 135 14 s 12 125 0 13 135 14 s 12 125 M(Z)(GeVic?)

M()(Gevic?) M(EYGeVic) ME)Gevie)

The maximum difference on the No. of Signal Events are assigned as the systematic uncertainty in the fitting methods.
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&8 8 8 8

Events / ( 0.005 GeV/c?)

n
=]

=
T T

Systematic Uncertainty in Fitting Method
For y.o

Bin Size 5 MeV Bin Size 15 MeV  Signal MC ® Gaussian 2" to 3@ Order poly.

ffidency(e)% 697 697 LB(e, »2727) =3.73 «10
2.B(xey 2 27°2Y)=3.67 +10°°
Mo ™) 481 a8l 3. By, = 251 =4.24 1075
By ovxg)% 99 9% 4. Bty »2757) =3.31 +10°°
B(Z~ - - 99.848
Bt >ant)% 99848 99.848

bs. _ obs. _ +
N%PS- = 116 + 50 NSPs: = 114 + 22 Ny, =103+21

3 j:g%: wf + oot +
C fral= 116 +50 ’216"? ;;140? '::40_
31405 Z1201 51207
r fra2 = 164199 w1201 ©00f =100
Nl * g0 1 g1oof L 5 +
hooad s Stof - S sl CaNENILAN P S wf + 1 ST
2 o | 1‘_ ET £ :2;: j+155 250+ £ eni— | . r ﬁ‘ :*1 tjasa : T £ soF + :Lz 20:L z;P
il fo vt b i 20 il T e,
I S O S 2g, Y 2of FEY pb1 =-0.3668 + 0.046 20 pe1 = 0208 5009
KR T I T S Y T B R X T Y R T '1I2‘ - N R KR K R ] N 5 “J.... Lo o L T NS U R -
M(E ) GeV/cd) Mz’ )(G eVic?) M(Z)(GeVic?) M()Z }(GeWc)
The maximum difference on the No. of Signal Events are assigned as the systematic uncertainty in the fitting methods.
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Sources
Charged Pions (t*7t™)
Neutral particle (y)
Nbar (77 ) Selections

Kinematic Fit

m°mass Window

7~ mass Window

Recoil =" 7~ mass Window

Fitting Method

Branching Fraction
Number of 1(3686)
Total

TABLE: Summary of Relative Systematic Uncertainties for the measurement of y.— X xt

Systematic Uncertainty

Comments

1.4 per charged track
Ref: PhysRevD.83.112009

Select control sample of J/p —» Z* T+

Varying the region [0.12, 0.15] =[0.115, 0.155]
(OR) [0.125, 0.145] GeV

Varying the region - 0.01 GeV - 0.015 GeV
(OR) 0.02 GeV

Varying the region - 0.01 GeV - 0.015 GeV
(OR) 0.02 GeV

Using different bin size of y.,mass spectrum
5 MeV (OR) 15 MeV

By Changing MC to (Signal MC ® Gaussian)

By Changing 2" Order Chebychev
polynomial to 39 order poly. function.

Uncertainty from (3686)— yx
Ref: Chin. Phys. C 42, 023001 (2018)

Systematic Uncertainty (%o)

Xco
2.9

4.1

2.9

3.7

2.0

0.6

2.4

9.6

2.8 (By Dr.Xiaorong)
1.0

5.0 (By Dr.Xiaorong)

Xc1
3.2

4.4

3.2

24.9

15.3

29.3

3.3
0.6
42.4

Xc2
5.2

3.9

2.8

21.1

8.8

28.8

3.4

38.1



sSummary

> By Reconstruction of ynnr*r™ final states, the process of x.; — X~ X" are observed for the first time at BESIII.

> The signal is extracted by fitting of M (jx.;) mass spectra (un-binned) in each £~ mass interval (bin-by-bin).

» The branching fraction of x.; — X~ X% to be given, which are consistent with Xg ™ X+~ process.

» Memo is ready and uploaded soon.

Previous BESIII [1]

Channel This Work PDG — — Theory
Xg™ Itx Xg™ z030

Xeo = Z°Zt (4.90+0.13 + 0.47) 1074 (3.9+0.7) 107 (5.04 £0.25 +£0.27) « 10™* (4.8+1.8+3.5)+107% (0.55—0.69) « 1074 [2]

_ -5
X > 27ZY (5.67+ 1<'4126J—r2(1' ig)_;k 10 < 6+107° (3.7+0.6+0.2) 107> (434+0.5+0.3)*1075 3.3x1075[3]

-5
Xz > 27Xt (4.65 % 2‘ Z‘g ff(;};” *10 <7%1075 (35+0.7+0.3)+107> (3.9+0.5+0.3) 1075 5.0 1075 [3]
References:

[1]. M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 97, 052011

[2]. X. H. Liu and Q. Zhao, J. Phys. G 38, 035007 (2011)
[3]. S. M. H. Wong, Eur. Phys. J. C 14, 643 (2000).




Backup

Measurement of Branching Fractions of
XC] — Z+Z_



Background channel Extracted from Inclusive MC Sample

No.  decay chain final states 1Topology  nEvt  nTot
0 — Jh=, Iy — A%an® A= —nr- ] 17 1716 1716
1 o — Jfnx Iy — A=A=x" A= — gt A= — nm= w=fintalaxlrtn 32 1292 3008
2 o BRSO ot BT e w=dirtn 33 1262 4270
3 o = Jfa"m" Y — niataT = ar'awtn 11 1177 5447
4 — JfnOst S — THE= T ot B = a=fanrlalxtn O 2T 6344
5 o — Jfpmta= Iy — ni w=fin*n 15 652 BU9E
6 o — Jheaxt Sy — atATAR AT — oprm AT — frl x=fir%2x"rtn 4 520 7525
7 i = A=gUA= A= nr= AT — Axt a=firlatn ] 410 7935
8 ¢ — JfOat Sy — mrm A= A= s Rt w=fintmx*n 20W) 379 #5314
9 — JfmOat Sy — mrt At At s fne x—firtalxtn a0 aTE HGRY
10 o — Jhemta= S — fingn — vy wfirtnyy 122 IG5 WIHT
11— ers X — vl g — A=atia, AT — nr™ w=fimtayy 280 i) 06
12 1 — Yxen, Yoo — TEHE" B _onpt B ofire wfimatny 82 338 OTH
13 o — Jfeax S — iy — m-atat *—ar'z"xPztn 116 2509 10023
M = xer Xa — T T — w".&'é', A= —pr= A= — firt reAntmteyy b 284 10307
15 " — TXep: Xen — P27 B = A B — fir~, A — na” wfimatnyy 104 265 10672
16 o — Jpgpata=, Jfp — A=A=7" A= — fnt, A" = an~ s~ firtrtatn 118 24i 10818
17 o — Jfenta=, Iy — 2%in wfir%atn 170 235 11053
15 " — TXer X — 70 T — niiwta w=fimtayy 273 232 11285
19 o — Jhpa®a®, Jfh — AYFAFEGO At o prt At Gr= w=pra rtatp 236 238 11513
MY S TRz Xz — EFEma? B¥ oot B i = firlatny 43 237 11740
21§ = YXers X — EYE=7", B¥ — npt B — fir= w=firtmtny Al 207 11967
22 4 = S, S — E=E+ B i, B0 Art A —oan® s fin%a%x %t 27 231 12188
23 o — Jppata= Iy — fing, n — 72020 =fir'a"x®z¥tn 25 27 12405
24 ¥ = Yens Yoo — K*HAF, K** = K9%% A — pr= =Kt 215 214 12619
25 4 — g S — AATwt g — 9y, AT — nr™ = frtnyy 51 212 12831
L L% 0 Yol VR S Y - wfintmtn 343
27— Jppam S — atACA* AL ot A* @i =fir'axr*n 0 03 135245
98 — D= B Apt B o Rem A — nr® A — fn® a=artalxtn 14 196 13441
2 = Fren X — KK K= B%= K = K%+ =K Kypmty 200 187 13698
No.  decay chain final states Eopolugy nEvt  nTot
W W — e e — KTR 8 KF = R0t K- = KV ¢ = KR~ 7 K-KoKetqkt 19 T80 13808
3 o — Iy Jf — A=A =y AT = onem A et s anlwtnyy 206 178 13086
32 o = Jfpa® Jfh — 4D-E+ T opp— B Loant r=ar?xrtny 114 174 14160
W — Jfea"w T — '12"2'__2“'_ — nx* E= — g~ e anzarFny 195 174 14334
Hoo — s T — ATA %R AT — ant, A" — pa® r=fax"7"x*n 164 168 145402
35 o = Jfpats" T — AEat A — o BT S din r=ialxPrixtn 102 167 14669
W — Jfeatas T — Avaat AT — onre rrantatn TR 165 14834
4T = e, xa — AR Kt = K%+ A — pr— T fKextyp 283 164 145098
3 — Ty, Yo — THATE, AT — nr= T=fixtny 342 155 15153
W —any .y =Ty — vy T aatnyy 12 154 15307
a0 o — Jhpatas i — A%PAP AP L fir® A% gt T iaxr 'z tn 208 150 15457
a1 o = Tz T — B B —frt BT — e ranxlatn 206 148 156405
a2 — I, T — ntaT oy — oy Tantnyy ad 147 15752
43 o — I I f — EAEe EY gt 27 — nx r=iax"r"x*n 261 142 15804
44 o = atAPA AT fp? AT onE— rfn"ztn 558 142 16056
45 W S Yz ez — EPAHES TP g, B i A = el = ianmFnyy 111 Wl 16177
A6 1 =YX e — ATHES A — a7 £° — fin= T fanx*my 106 141 16318
AT P — APA*E* A0 e A% L g aala*n 746 10 16458
B TXes e — T S — DYES B ot B e T=aatnyy 48 138 16546
A — JfymtaT I — nirteT _ r=r-axtatn 22 136 16732
50 = YXer. Xey — TTEE BT S qh B i, A — ona® s fnlwtnyy 235 136 16868
61 o — Jfnp e — EFE= g — 41, BF = net B — fin Tantnyy 520 153 170M01
52 o — Jpas I — 'y — gy g — wtee e anmtarFny 420 153 17134
5% — TXem ez — PAKH A — pr= K — K% T=gKgx*yp a8 132 17266
M =YX Xeo — APTAY AY o pr® A* s fin roaaw ey 411 130 17396
85 o — APRKTF A — pr— K — K%+ T aKgxtp a7 128 17524
T T o e St o ' = K=-a%"m"z+ K+ 115 128 17652
57 o — .ya,i'nnvr“,_.?fw — ppata= T galnta*p 39 125 17777
5% ¢ — A~ron, A — At it 109 122 178490

50 o _Ab:‘ B — e w — e T iaxr oy 318 120 18019
%ﬁ%&%u 1O

hmsigmap
Entries 53180

#w Mean 1.283
E B + RMS 0.1111
I
To00[— il

800~

600[—

e

200

I
105 11 145 1.2 125 13 135 14 145 1.5
M.

Entrles 53180

Mean 3473
RMS _ D.07893

[ hmsigmap | hmchicJ
Entries 53180 Entries 53180
#200 Mean  1.283 ® Mean 3473
[ } RMS _ 0.1111 $a00 ;Typel of BKG RMS _ 0.07883
> > C
Choo - W F [real Data
r jL228 F []Left BKG = y'-=Anything
a00]— =
00 E
a00f- E
200 F
ok L T FEETE FEETE PN TR FETE ST e C PR A B MV B AV
105 1.1 115 12 125 1.3 135 14 145 15 !.3 335 34 345 15 355 - 36
e o
hmsigmapt11 hmchicJmti1
Enirles 1473 Entrles 1473
8 Mean 1484 50 Mean 3488
€ RMS _ 0.03773 E Types of BKG RMS 007757
2

100|

80|

60

105 14 115 12 125 13 135 14 145 15
M.
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Extraction of Signal for y; - Z*X~

» The peaking background have been seen in both £* and y; mass spectrum.
» The constitution of peaking backgrounds are complex.

* Here, we fit the M(x,;) mass spectra in each Z* mass interval of data and extracted the

number of signal eventsfor N, ,N, , N

Xco’ """ Xc1?' " Xc2®

40f-fra1 = 28 +13
‘fra2= 7.7 +8.2
z “Hra3= 1:20

S 3ftrad = 385 227
£ [pal= 0.464 £ 0.
& 5Epbi =-0.054 +0.10

—~140

fral= 88 +25 T [lfral= 93222
40/fra2 = 73 £17 8 1pgllira2 = 63 £15
w n H
E 3= 17 £15 z [fra3=70%16
2 “Hraa = 1303 + 49 < jo[Lfrad = 908 42
2. ollpal= 0.449 0. £ [lpat= 0470 £0.06
& 3 gollpb1 =-0.1309 + 0.069

60

0

20

Firat = 298 + 34
Hfra2 = 72 +19
2180 fra3 = 74 + 19
< t60ffrad = 1700 £ 59
2140 “pal = 0.413 +0.
& Fpb1=-0.0693 +0.058f -

g2 28 8

- T 120
. L & B o weaiaial
15 s0f- :_
eof
" 3!
20:_ :l .. ‘l:-"
¥ Hy S 38 e IR T B R 36 13 3% 3 EY T g 36
M‘., (GeVic®) M'_ (GeVrc®) M“L (GeVic®)

12/19/2018 32



bs. —
NSPS =22 419

bs. _
N9 =513+ 73

N;asof—
gmf_ 4 O Version 5.34/19-2014
s, F T Q Version 5.34/34-2015
€250 ral = + .
g F ra2 = 2428 + 138 Q Version 5.34/36-2016
2001 pal = 0.360 + 0.093

= pb1 = -0.292 +0.10

i

+ .,
! o £l
0 L |_ L I.uh-.l.llL“Tll 1 1 | I"T'lhnl | dead, Jo ) J Joalaeolo L |_ R R |

11 1.15 12 1.25 13 135 14
M(E") (GeV/c?)

Resolve Problem: Fix the computation of fit parameters errors
in weighted Extended Maximum likelihood fit since root version
5.34-19-2014 till up to now.

12/19/2018

S100—
@ |-
O =
5 [
S 80—
5 [
“ g0 {
B Fr§1=| 19u '
40—
L fra2=1 +
[/ pall= 0.164 + 0.0
20 pb1)=-0.3357 £ 0.100
0% ....................................................................................
=1 ‘ L 1 | 1 L1 | L Ll L ‘ 1 L1 1 | L1 Ll ‘ L1 L1
1.1 1.15 1.2 1.25 13 1.35 1.4
M(E*) (GeVic?)
obs. _ +
N9bs: =71 + 37
v OF
> 80—
S -
3 70
2 ol
D =
i T
40— ral|= 71+ 37
30; fra2 = 1898 +9
: patl = 0.33 +0.12
20H ph1 =-0.093 + 0.14
10
0 (. \|-r'||\.'.'\"'b|.4111LL|.L\|JJJA]L
K| 1.15 12 1.25 13 135 1.4

M(E") (GeV/cH)
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Numerical Result for Branching Fractions of y— Ity

) %(X - Z""Z'_) = N)(ggls
cJ sz& B(P'->yxy) BET->nnt) B(Z-An") ¢
ata

Number used to Calculate the Branching Fractions:

NZEs 513 + 73 22 +19 71+ 37
Efficiency(e;) % 9.97 8.94 7.27
Ny (M) 448.1 448.1 448.1
B(Y' - yxy)% 9.99 9.55 9.11
B >nmt)% 48.31 48.31 48.31
B(Z~ - nan )% 48.31 48.31 48.31

1.B(xeo 2 Zt27)= (494 0.7)«10™* inPDG 3.9 x10*
2.B(x;1 = 2tE)=(25+2.1)*10"> inPDG <6%10°5
3.8(x, > 2tE7)=(10.245.3)*107° inPDG <7%10°

Channel Thiswork ~ PDG  Previous BESIIT [6] ~ CLEO [3] Theory Bprod

Xeo # ETET 5044254273947 437440428 325457443 5.5-6.9 [3] 4.99+£024+0.24
Xt =S8 37406402 <6 52+£134+05(<83) < 6.5 334 0.35 £ 0.06 = 0.02
X2 = ETE7 35407403 <7 47+£1840.7(<84) <6.7 5.0 [4] 0.32 £ 0.06 = 0.03

Ref: https://arxiv.org/abs/1710.07922
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Signal MC Efficiency without chisg_sigma cut

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 Rate of Cut Flow for chi_cl After KM Fit Rate of Cut Flow for chi_c2 After KM Fit
All: ; All: 30839

mpi0<0.12 || »0.15:

mpippim<l.2:

|mp1

|mrecpip-3.0

All:
mpi0<0.12 || >0.15:

ms

>3.3: >3.3:

gam match>10:

gam match>10:

Tot. Signal MC Efficiency = 11.9 % Tot. Signal MC Efficiency = 11.7 % Tot. Signal MC Efficiency = 10.2 %



Latest Root Version Comparison with chi*2 method



Version

5.34/3¢6

5 April 2016

Version

5.34/09

June 2013

1000(—

.:; L

800~

@

U =

2600~

5 L fral = 2098 + 57

400 fra2 = 3735 + 70

@ - pal= 0.323 +0.028

200(— b1 = -0.4620 + 0.032
C L2 ¥ @
0 P I IR T B UFTR SN TR OroS IR

1.1 115

Version

1.2 1.25
M(Z)(GeVic?)

5.34/34

13 1.35 1.4

2 October 2015

1000

Vic?)
2
(=]

(0.01 Ge
o
=1
=]

Events /
Y
[=]
(=]

-+

fral1= 38 =88

fra2 = 67 =156
1= 0324 +£0.028
4603 +0.032

1.1 1.15

Version

1.2 1.25
M(Z')(GeV/c?)

1.3 1.35 1.4

9 July 2014

1000[—

.:;‘ L

@

G -

S600[—

w L frat = 2098 + 57

£400 fra2 = 3735 + 70

& r pal = 0.323 +0.02B
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Uncertainty in Fitting Methods
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Normalized Likelyhood
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Normalized Likelyhood

Uncertainty in Fitting Methods
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Normalized Likelyhood

Uncertainty in Fitting Methods
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Angular Distribution of
Chi cJ
In lab and C.M frame
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In Lab
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In Lab
Frame For X~ FOI" Y- For Y-

35000/ £ 70000~
E 50000/ E
30000 £ Goooof-
E 400001 E
250001 F s0000f
E r 000}
ém; :?noo:— & :
o F W ﬁm%
150005 20000/ F
E F 20000
10000 £ F
E 10000 10000
5000 £ E
Eoeein, \ | T T R T I K I S T M P Y is
L AT T g
U8 07 o0& 08 14 11 12 13 14 15 R : pjtu](c.-w:) e :
p,(E NGeVic)
14000 14000 140001
120007 12000 120001
E E 10000 —
10000/ o g E
iw r Booo[
= - &
@ F E 6000~
6000 E E
E E 4000}~
4000— 4000t E
C F 2000~
2000 2000 E
E £ A5 15
43 5 A% s
x40’ «10°
r 800 900,
- E 800/
500 700
F E 700
F 600"
4001~ E 600,
£ g500F E)
Eaf 3 £
23 ﬁwng 400
200 m? 300
F 2005 200
100~ E 100
F 100F
r E ) L 1 ! ! L I Vi |
o | . , | | ) . P P T T T P | L 8 07 08 09 10 ff 12 13 14 15
96 07 08 oe i a2 T as U6 07 03 09 1. 12 13 14 15 P, [L)(GeVic)
p.EQKGn\ﬂl:] ".B'G'w‘)
E 14000 140001
14000/ E 20001
F 12000 _ 12000—
120001 F MC Truth E
F 10000 10000~
10000~ g F Sooo.
fonok- oo &
@ F 6000/ Sooor-
6000{— F 4000
£ 4000 r
4000 20001 2000~
20001 E E I S P |
F C I | 1 I -ni 5 -1.0 0.5 00 05 1.0 15
L | | L I | A5 1.0 0.5 00 05 1.0 15 Cosh(z’)
A5 1.0 05 00 05 1.0 1.5 Cos8(X)
Cosb(x)

12/19/2018



	Measurement of Branching Fractions of   𝝌 𝒄𝑱 → 𝚺 −   𝚺  +  with BESIII
	Outline
	Motivation
	Slide 4 
	Data Sets 
	Pre-Selection 
	Slide 7 
	Slide 8 
	Slide 9 
	Slide 10 
	Slide 11 
	Slide 12 
	Slide 13 
	Signal MC Efficiency 
	Slide 15 
	Measurement of Branching Fractions of   𝝌 𝒄𝑱 → 𝚺 −   𝚺  + 
	Extraction of Signal  𝝌 𝒄𝑱 → 𝚺 −   𝚺  + 
	Slide 18 
	Slide 19 
	Numerical Result for Branching Fractions of  𝝌 𝒄𝑱 → 𝜮 −   𝜮  + 
	Measurement of Systematic Uncertainty
	Systematic Uncertainty in  𝑴(𝝅 𝒐 ) Rejection
	Slide 23 
	Systematic Uncertainty in  𝑴 𝒓𝒆𝒄 ( 𝝅 +  𝝅 − )Rejection
	Systematic Uncertainty in Fitting Method
	Systematic Uncertainty in Fitting Method
	Systematic Uncertainty in Fitting Method
	Systematic Uncertainty
	Slide 29 
	Measurement of Branching Fractions of   𝝌 𝒄𝑱 → 𝚺 +   𝚺  − 
	Slide 31 
	Extraction of Signal for  𝝌 𝒄𝑱 → 𝚺 +   𝚺  − 
	Slide 33 
	Numerical Result for Branching Fractions of  𝝌 𝒄𝑱 → 𝜮 +   𝜮  − 
	Signal MC Efficiency without chisq_sigma cut 
	Latest Root Version Comparison with chi^2 method 
	Slide 37 
	Slide 38 
	Slide 39 
	Slide 40 
	Upper Limit for chi_c1 & chi_c2 
	Uncertainty in Fitting Methods
	Slide 43 
	Uncertainty in Fitting Methods
	Uncertainty in Fitting Methods
	 Angular Distribution of Chi_cJ   in lab and C.M frame
	 MC_Truth Angle Gamma in C.M frame
	Slide 48 
	Slide 49 



