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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
PQCD 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 ¥/(25)>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.; - 22" have 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 '= yxy In P2GCO, P2GC1 and P2GC2.

v X — Z7ZTin 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

T
* Good Neutral Tracks:
> Eparrer > 80MeV; Egnacap > 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.

° FU rthe r S I eCtl On ;(r:gerrrnitllr(;llilrtn )Izzoop all the neutral tracks
. . . = v' Miss Neutron 3-momentum
> Do Kinematics Fit 1C Y Xco12 )/Z Z+ ' > v" Miss Anti-Neutron Energy

v Mass constraint on nm™

» For Ny > 2: Minimum lec(y).“.‘f+) IS chosen v 4-momentum constraint on .
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For Further Selection: Other criteria are used

Events
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Study of Peaking and Non- Peaking Background in
XC]_) Z_E-I_
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Event Selection to Minimized the Background

> Event Selection: ¢ ' — w°m°J /1 :
15
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Extracted BKG Channel In Inclusive MC ]
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Event Selection to Minimized the Background

»Event Selection: ¢ '— wtfnJ/y
‘/Mn"'n‘ <12
VM +,- — M| > 0.01GeV
‘/erecoil(n+7T_) - M]/¢ | > 0.01 GeV

‘ Extracted BKG Channel In Inclusive MC
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Event Selection to Minimized the Background

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

[ Extracted BKG Channel In Inclusive MC ]

No. decay chain final states 1Topology nEvt nTot

0 v =X ¥t ¥ s nr— .Yt s anrt a arlstn 0 3148 3148
1 ¢ =42 27,2 s nn, Xt s At T ATy 2 ART 3635

2 o 522t Y s B2t - ant Tt 1 476 4111

il

-
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Background channel Extracted from Inclusive MC Sample

No. decay chain final states iTopology nEvt  nTot
0 ¢ — Jpr’n’ JfY — X5 BT — nr ,EF — firT T Artala T n 44 3616 3616
1 ' = A ®A" A" = nr A~ = art T inrta 19 2137 5753
2 Y — J{w‘r":r". Jfp — A~r~n, A~ — ant min’m?ntn 0 1922 7675
3 ¢ — Jfyr®n®, Jfy - 7®A-AT A~ = Art, AT = nn— LTt o o 8 1841 9516
1 ¢ — Jfyn®n®, JfY — nArtaT L s o 31 1185 10701
5 ]

6 — Jfpr®n®, Jfp - AAT AT ST AT - At r arr’rtn 7] 775 12341
7 — YXe0s Xen — EOEFTT, X% — 4A £F — Art, A — na® rarrtnyy 59 661 13002
8 — Sy Iy — 4ETEYET —arn,EY — Art m A r ey 163 628 13630
9 ¢ = JfentaT g — ni T fintn 406 624 14254
10 ' — Jfyn®n®, Jfp — A- A%~ A= — ant, A® — na® ﬂ“ﬁ:r“:r“:r“:r"’ 25 590 14844
11 g — YXers Xer — VIO, Jfp — E-E+ B- — pr— B+ — At —fmrtnyy 33 569 15413
12 — JfpnOx0, Jfp — A—wtA, AT — o a-fntrOrtn 17 555 15968
13 — Jfyn, Jf — E-E+ g — gy, B — nr— Bt — axt afrtnyy 36 486 16454
14 — Jfpa0x0 Jfyp — B+Ee— Bt o gt B o Ax—, A — nal T ar0r0nlr+tn 112 448 16902
15 ¢ — AXers Xer — VI U, I — 7OA-A— A~ — pr—, A~ — fmt wfrlrtnyy 20 434 17336
16 o = AOA—g— AP _ a0 A- — firt r—finlrtn T 433 17769
17 o — Jfpa0x0 Jfep — T+a0E- T+ L f@xt, B — na— Ll iter oF o o 52 410 18179
18 ' — YXens Xeo — EFE-a0 5 — firt ¥ — na— —frlrtny 133 409 18588
19 o — Jfnte~ Ty — fing,p — ¥ 150 385 18973
20 ¥ — AYer. e — V0T — A rn, AT — firt y 110 358 10331
21 o — Jfr®x0, Jf — anT AT AT -t Ttn 114 339 19670
22 Y — Yxer ez — E0ETr T B! A BY . fixt A — nal tHnyy 207 330 20000
23 L"" — VX1 Xer — 0T TET, % 5 AN EY = fint A — nat a0mtnyy 181 330 20330
24 o — Jfpa®70, Jfv — pan,g — o ata? Famt ;T of oF o 10 316 20646
25 ¢ = AA- AT s A — ant fa mr+ﬂ 68 314 20960
26 ¥ — YXens Xen — T AET A — nrl EY — fxt ity 22 310 21270
27 Y — JfyrtrT Sy — AATRY AT — mr"' AT —nn— ﬂ“ﬂ“ﬁ:r":r"’fr"’n 142 307 21577
28 W — YXeo: Xeo — AT A T AT —nr, AT fi xRy a7 272 21849
20 o — Jfynn® 0y — ir?, A — nr?  a A" %% tn 120 270 22119
No. dt‘:{:ay chain iTopology nEvt nTot
30 9 — v X — T A ALA- — arT, A7 a7 370 22380
31 v,_l — Jfrx0 T — cPATTATT A 5 a~prlalnlntp 229 263 22652
32 o = A7 n A" — fxt _ T artn 225 257 22909
33 W — T, Jfp — AT5PA g =y A — art AT — nwT a ATl rtnyy 139 250 23159
34— JforO=, Jfyp — APt A= AY oA AT — nam rarr?rrtn 203 247 23406
35 W — Y Xe2 — OEtE- Bt —figt YT — na— 'aT_'uT“aT*'rn 174 247 23653
36 ¢ — Jfys . /i — 7'nq T artrtn 327 245 23898
37 W' — Jfys LA — EEH ET —oar Bt = it T artrtn 320 245 24143
38 o — JfymtaT, JfY — pin, g — 77070 rar’r®rOrtn 130 243 24386
39 Y — vyya, Ya — 10 Y — nintaT T ir gy 55 241 24627
40 ity
41— Jfum, Y — A-wn, 1= A-— m1'+ wfintnyy 146 230 25096
42 Y — Yver, Xel — T iinlrtny 30 227 25323
43 P — YNy e — BT ! T fintny 215 224 25547
44 P = YXes Yeo — PAK*™ K — prt, K*~ — KV~ - pKpatap 86 215 25762
45 P — YN Yo — R TR 9 — KTK— K* — KV~ K** — K%+ g~ K-K KpntyK+t 69 204 25966
46 P — YN Yo — TORTR T Kt — KOt K*~ — K9~ T Ky Kypmty 135 201 26167
47 692
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56 —. A — nnt, L"‘ — art - ar?r oy 165 170 28020
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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

10<0.12 && >0.15:

mpippim<1.2

Rate of Cut Flow for chi_cl After KM Fit

|mpippim-0. 4G"| >0.01:
|mrecpip-3.097]>0.01:

gam match>10:

Tot. Signal MC Efficiency = 9.6 %

Inq&‘ﬁlm 0.497(>0.01:
Imlwrplp—B 097]|>0.01:
151gmam<1.5:

mchicd <3 6| |mchicd >3.3:
mchi :

153363
l4l 5‘#1
nbdl_sccmam
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<1.2:
Impippim-0.497]>0.01:
[mrecpip-3.097/>0.01:
msigmam<1.5:

mchicd <3.6||mchicd >3.3:

MJrﬁnmum>.J
gam match>10:

Tot. Signal MC Efficiency = 6.9 %



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



Events / ( 0.015 GeV/c?)

Extraction of Signal y; - 27X+

* 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 ;) In each £~ mass interval of data and extracted the number of

signal eventsof N, N, | N

Xco' " Xc1' " Xc2*

"""""" —_ L L L _ TR APV R B IR
45 friral = 24 £ 14 Ny 600 e 1073254 &, 220" = 144 £'31
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40 o >  fra * > 200
{ fra3 = 0065 @ S00[ - 158426 D o [Frad= 7719
il 0] i N O 18024 - 1948 + 61
35 Firas = a4 + 27 0 [ frad = 2062 +80 | |: + © 16001 - 0574 0043
b1 = - . 1 o1 - P , Fpb1 = -0.1832 % 0.
= 0.1603 + 0.0 S ago LR = 004020034/ S b N\
- C — 100:_ """""
£ 200F o 80F
C L C
o) S 60F-
1] 100F Z 40
= & Y = s g s 20 4 N
8-I ey T Y Coedesi e U L e ] FURURPURN DUPUPRPEI Ll EPRPN s LI o
30 8% 540 45 850 855 360 030 535 540 545 350 385 360 g i L i
Mix,) (GeVicT) M(x ) (GeVic) Mix_) (GeV/c?)
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Fitting Result

J

bs. —
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fral = 2116 + 114
fra2 = 3631 + 168
pal = 0.330 £0.07
pb1 =-0.4604 +(.083

1.1

1.2

1.25 1.3 1.35 1.4
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O Version 5.34/19 — 2014
O Version 5.34/34 — 2015
O Version 5.34/36 — 2016

Resolve Problem: Fix the computation of fit parameters errors in

weighted Extended Maximum likelihood fit since root version 5.34-19

till up to now.
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bs. _
N%bS: = 204 + 55

%

3220 fral = 204 +55

5200 fra2 = 3093 £ 116
g0 pal= 0.135 + 0.06
£160 pb1 = -0.5480 + 0.080
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N9bs = 126 + 43
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fral = 126 +43
fra2 = 2053 + 106
pal = 0.337 +0.0
pb1 =-0.449 +0.11
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Numerical Result for Branching Fractions of y,— 2~ 2%

NObS.

) -yt — XC]
23()(c] —> 27X ) th{i B(Y'-yxy) B(E ->nn) BE-nant) ¢
ata

Number used to Calculate the Branching Fractions:

204 + 55

8.6
448.1
9.55

99.848
99.848

1.B(xeo = 2751 =49440.27+«10"* inPDG 3.9 * 104

This result taken
from y; = Z*E just

2.8(x;1 22 ZY)=56+1.5x10"> inPDG <6105

3.8((ez 22 ZY)=44+1.5+10"> inPDG <7%10°5 as a 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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Measurement of Systematic Uncertainty



Systematic Uncertainty in M(m®) Rejection
M(mr®) € [0.115,0.155]GeV M(m°) € [0.125,0.145]GeV

191 + 51 184 + 55
8.3 8.98
4481 4481
9.55 9.55
99.848 99.848
99.848 99.848
1.B(xeo > 272Y) =493 107" 1.B(Ye = 2 51) =494+ 107*

2.B(xe1 > 27EY)=54+107° 2.8B(Xe1 » Z75F) =4.80x 107°
3.8B(xez » E7E) =3.9+107° 3.8y » 2751 =3.97107°

obs. _ obs. _
N9PS = 2045 + 110 Nya =191+51 NSPS =106 + 38 NP = 2191 + 118 Njyer =184+ 55 NPS =119 + 43
?'mf - §|m? F 3 r & Srea
s L Sia ™ S N
S0 - F b < S
§r 2 Zano 180 g r
it | & }t |
800— | T 0 R I S r .
f : E L 9 | ol e 4] 10 |i 1] ll |
r 1r|1_2045f110 100 ] 1 S108-3 L fral = 2191 118 - [ 1=|1 5[55 au:— k ] :l11 " |
Py R pat = 0139 F B 1= 0310 + C ::i:fmifﬁ1 o pal = 013 ar . pa +J0.084
£ pb = 05334 0] . pbi = ML' " o = - u pbi = 0.5514 =0 al pb1=-01427 £0.40
L o + .-‘:: 2 ‘ & S %7 S
(T R ] Eol Loty 1y ] | \ . Lo 1 | | T ¥ F R ¥ R . b o L] I ! - Lt 1 I I
MENGeVic®) (GeVis) Wi iz i 13 i 14 T I N ME)(GeV) (Gevic”) R R R i s 1z 1B i3 1% 4
WEYGeVic) (GeVie?) ME)GeVIE?) (Gevic?) MIE)(GeVic?) (GeVic) MENGeVie') (Gevic)
6/17/2018



Systematic Uncertainty in M (™t )Rejection

|M(n—n+) —0.497| > 0.015 GeV IM(~1t*) — 0.497| > 0.20 GeV

8.45
448.1
9.55

99.848
99.848

1.B(xeo = 2727) =492+ 10"*
2.B(xe1 = 27Z%) =549+ 107°
3.B(xp = 272Y)=4.15%107°

bs. _
Nyey = 2063 £ 112 N3Ps =198 + 54

fra1 = 2063 =112
fra2 = 3591 = 165

pat = 0.353 = 0.073
pb1 =-0.4514 + 0.085

., FEvens/(001 GeVic?)
B |E\H3\ngEluguwguwzuz g8

ST T T T T T T

198 + 54

Events / ( 0.01 GeV/c” )
B 85 8 8 383 8B &5 3
AN R RN R R e RN R

186 + 53
8.28
448.1
9.55

99.848
99.848

1. B(xeo = 27E%) =4.86 x107*
2.B(xey 2 X7EY)=5.27+107°
3.B(x; > 27EY)=4.01+107°

bs. _ bs. — bs. _ bs. _
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Systematic Uncertainty in M,...(m_mt*)Rejection
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Systematic Uncertainty in Fitting Method

For Bin Size 5 MeV For Bin Size 15 MeV
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Systematic Uncertainty in Signal Shape

By Signal MC ® Gaussian
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Systematic Uncertainty in Background Shape
By Changing 2"d Order polynomial to 3¢ Order polynomial.
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Sources
Charged Pions (t* ™)
Neutral particle (y)
Nbar (in) Selections

Kinematic Fit

m°mass Window
T mass Window

Recoil =7~ mass Window

Fitting Method

Branching Fraction
Number of 1/(3686)
Total

Systematic Uncertainty

Comments

1.4 per charged track
Ref: PhysRevD.83.112009

Select control sample of J/y — "X+

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"d Order Chebychev
polynomial to 379 order poly. function.

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

Systematic Uncertainty (%0o)
2.8 (By Liu Liang)
1.0

5.0 (By Liu Liang)

Xco Xc1 Xc2
0.20 14.3 11.4
1.6 5.89 8.9
2.6 5.7 12.3
2.2 30.1 13.6
0.0 1.6 3.9
0.6 23 26.5
2.4 3.3 3.4
0.6
7.4 42 36

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



Summary

> By Reconstruction of ynnr™n™ final states, the process of y — X~ X" are observed for the

first time at BESIII.

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

(bin-by-bin).
» The branching fraction of y.,; - £~Z* to be given, which are consistent with y; — Z*2~

process.

_ Previous BESIII [1]
Channel This Work PDG - - Theory
Xg— ZYET X 2020

X0 = 2 ZF (494+0.27 +0.36) 104 (3.9+0.7) 1074 (5.04+0.25+0.27) »10~* (4.8+1.8+3.5)«10°* (0.55—0.69) * 107* [2]

X1 = 2 ZF (5.6 +1.5+2.3) 1075 < 6x107° (3.7+0.6+0.2) 1075 (43+0.5+0.3) 1075 3.3%1073[3]

Xz = L7ZF (44+1.54+1.6)+107°> <7%1075 35+0.7+03) %1073 (3.9+0.5+0.3) 107> 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
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Extraction of Signal for . — X~

» The peaking background have been seen in both Z* and x.; 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 events for N, , N, ., N, _,.
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Numerical Result for Branching Fractions of y.—

Ity

Obs.
%(X N Z+z'—) — NXc]
cJ N:/in B(Y' >vxe) BEt-nnt) B(Z--nan")
ata

Number used to Calculate the Branching Fractions:
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513 + 73 22+ 19 71 + 37
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3.8B(xe; 2 ZE7)=(102+5.3) 107> inPDG <7 %105

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

Xeo = 58T 5044254273947 43.74£404£28 325457443 5.5-6.9 [3] 499+0.24+0.24
Xer = 5787 37406402 <6 52+41.3+0.5(<8.3) < 6.5 334 0.35 £0.06 £ 0.02
Xe2 = E"'E_ 30£0.7£03 <7 47+£18£0.7(<84) <6.7 50 4 0.32£0.06 £ 0.03

6/17/2018

Ref: https://arxiv.org/abs/1710.07922
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Comparison b/w different Root versions
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Extraction of Signal
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Problem: To fit the parameters errors in
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