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Motivation

a) Search for the potential excited baryons, refer to Y(3686) —» AAn [1] and ¢(3686)— g
AAw [2] ;
b) Search for the threshold enhancement in Mgg, refer to ¢(3686)— AAw [2] and Y(3686) AR, )
A M (Aw) (GeV¥ct)
— AAP [3] g ; } .
¢) Recently, x; = BBP (¥ — AAn) are observed at BESIII [4], Similarly, Search for x4 - g
BBV decays, such as g — AAd, is interested § BT
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Data samples

Data set Number of events BOSS version
09+12 y(3686) data 4.5x 108 6.6.4.p03
V(3686) - 2.8Billion P
2021 y(3686) data ~2.3x 10° 707p01
09+12 Y(3686) inclusive MC 5.06x 108 6.6.4.p03
2021 P(3686) inclusive MC 5x 108 707p01
PHSP MC 0.5 million for each channel (09+12) 6.6.4.p03

2.5 million for each channel (2021) 707p01




Charged tracks

* |cosB| < 0.93
* No vertex constraint
* N>6,Ny >3,N, >3

\.

Good photon
« 0<TDC< 14

N, > 1

\

Event selection

A(A) reconstruction :
» 2nd vertex fit

o Amin = (Myp- —mp)" + (Myps —my)" > 4

in’ Amin

 Barrel: E > 0.025 GeV, |cosb| < 0.8
« Endcap: E > 0.050GeV,0.86 < |cosB| < 0.92

Particle identification

* For Kaon:

Prob(K)> Prob(p), Prob(K)> Prob(pi)
* Ng+ =Ng- =1;
© |V <10, [Vl <1

\_

4C-kinematic fit with

U(3686) —» YAAK+K™

» Additional 4C kinematic

for 7 VAAKTK™ final

states.
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Further Event selection:

4C kinematic fit

60 - —e— data 1
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Final event selection:
* xic(yPp KK m*n™) <60
*  xac(yPp K*K ™) < xi. Qypp K*K m*n™)

N _/

*The blue histograms are backgrounds from inclusive MC which remove signal channel, the same below.



Further Event selection:

Decay length
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Final event selection:
* lengh1>0
* lengh2>0
9 b




Further Event selection:

M(A) & scatter plot: M(pr™) v.s. M(pmt™)
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Further Event selection:

Mass window of ¢
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M(K'K') GeV/c?

25 ¢ Signal region:
IM(K*K™) —m(¢)| < 0.018 GeV/c?
¢ Sideband region:

1.055 < M(K*K™) < 1..127 GeV/c?
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We fit the mass spectrum of K*K~,0 = 6.07MeV . And a sideband region is selected. Details can be found in the baé:kup.



Further Event selection:

M(AK) & scatter plot: M(AK*) v.s. M(AK ™)
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Xco12 — AAQ is estimated to be:
0.3%, 1.2% and 1.65% , respectively
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Background study

Table 1: Decay trees and their respective final states. / \
rowMNo decay tree decay final state  1DeyTr nEtr nCEtr TO InveStlgate pOSSIbIe baCkg round
1 ¢ xarxz oMo KT K- AsnpAoap nn K Kppy 0 232 232 from continuum processes, the same
2 ¥ = xaT X - 0Ad = KTK- A= pA=xtf atoa KtYK ppy 1 110 342 . . . -
R S K - A o rekonts K K- 2 30 12 selection criteria are applied to a
1 Y AR e KYKT A2 p 0 5 Ay ANon'p  wtn KYKTppy 4 8 380 data sample of collected at /s = 3.65
5 v s AN g 2 KTK- A—sa p Aoty ata  KYK pp 5 f 386 -
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Events/ 5 (MeV/c?)

Background study

50:_ — bata ' ' UL L =
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Signal region normalization : 25.6%
Sideband region normalization : 50.7%
normalization factor:

fo =25.6%/50.7% = 0.51
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Dalitz Plot (I)

in Y .1 mass region
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Dalitz Plot (II)

in Y., mass region
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Fit to data

: : N . B(xgy->MP)=—— 0000000000000
" sideband region - signal region bt )= Ny (ses6) - B(¥(3686) - vx) - B(A - pr) - B(A > pr*) - B(p — KK™) - &y,
_ 10 —+-data o - 40; —4— data
g | IR I 8 b e O For the decay of 3,7 ¢ (b sideband region), the fitting function is described as
= Smooth Bkg. S Tl ARKK
= | <~ [ | Smooth Bkg. below:
2 s £ 200
A g NpPe- NP
10
i l i O Forthe decay of x g (¢ signal region), the fitting function is described as
oL IAFAS et DR oissabadate : b bk
340 345 350 355 3.60 340 345 350 355 3.60 below : N)(?ZS - SigMCShape ® Gauss + fy, - N7™° - + N 8.
M(AAK*K')(GeV/c?) M(AAG)(GeV/c?)
« The is the MC-simulated shape of decay y(3686) — yxj,
+ The is the MC-simulated shape of decay {(3686) — yAAd
- pAA + ~2.2 >
Xeo = ¢ A S o . Nfbs is fixed according to the previous fitting of the sideband region.
Xe1 = PAA 47.3+7.4 1.2 ~7.28 10.9
— «  Assume that N$3%2 = = 2.8 Billion
X2 = GAA  82.849.8 1.7 ~8.46 14.1 | b(3686)
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Determining the statistical significance of y,

B Assuming that the numbers of total events (n) in x., signal region , n =s + b, s and b are denote signal and background,
respectively. The probability distribution is expressed as

P(n;s, b) = (SJ;—?)ne‘(”b),

If taking 25 width as the signal region, we have n =5, b = 0.03, and s = [n—b] =~ 4. Suppose s =0, P-value=4.06x 10~° .
The statistical significance is 5.50.

Therefore, the statistical significance of x., = AAg is not less than 5.50.

Events / (0.005)

10+

- signal regio

/

n —+data

\

\

338 340 342 34
M(AAO)(GeV/c?)

[5] M. Ablikim et al. (BESIII Collaboration), Phys.

- signal region

— X SARKK [ — Total Fitting

[ —-% AAKK

Events / ( 0.005)

M(AAG)(GeV/c?)

Rev. D 97, 032008 (2018)



Systematic uncertainty [I]

V.

V.

Total number of ¥(3686)!¢!
Tracking Efficiency and Photon Detection efficiency!Zl

PID!Z!
Mass window: The main Background comes from decay y.; —
Q0% ¢ mass window and A(A) mass window.
» The systematic error of the above mass window is obtained by
changing the interval comparison of the mass window.
¢ sideband

» The systematic error of ¢ sideband is obtained by changing

the sideband region (changing the multiple of signal region).

VI.

Kinematic fit . Two control samples are employed to
study the systematic error due to 4-C kinematic fit, the are
¥(3686) > ]/, ]/ — AAand Y(3686) — 1]/,
J/Y -t AA.

» The signal events is extracted once again after imposing the 4-C

kinematic fit on the candidate charged and neutral track.

We define the efficiency of 4-C kinematic fit systematic error as

below:

e . = _Nops(with-4cfit)
4C 7 N, ps(Without—4Cfit)

The difference between data and inclusive MC is found to be

systematic uncertainty.

[6] ABLIKIM M, et al. Determination of the number of 1)(3686) events at BESIII[J/OL]. Chin.Phys. C, 2018, 42(2):023001. DOI: 10.1088/1674-

1137/42/2/023001
[7] M. Ablikim et al. [BESIII], Phys. Rev. D 83 (2011), 112005
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Systematic uncertainty [II]

VIII. Simultaneous fit

» Signal Shape: We describe the probability density function of the signal by replacing the
SigMCShape ® Gauss with SigMCShape , and take the difference between before and after as the

systematic error.

» Background shape: Second order polynomial is used to describe the background shape, and the
difference from the original result is taken as the systematic error of this term.

» Fitting range: By changing the fitting range , the one with greatest difference from the original result

IS taken as the systematic error.
IX. Branching fraction quoted

» The uncertainties to the quoted decay branching fraction of the intermediate particles are extracted
from the PDG.

18



Systematic uncertainty [I1I]

Yoo ARG | e = ALY Xe2 > ARG

) mass window 21% 0.8% 0.6%
¢ mass window 11.3% 3.3% 0.8%
A(A) mass window 4.5% 1.3% 0.4%
¢ sideband 0.7% 1.3% 3.8%
Fit 4.9% 2.5% 2.4%
Kaon PID 2% 2% 2%
Tracking for Kaon 2% 2% 2%
Detection for proton 2% 2% 2%
Kinematic fit 1.28% 1.28% 1.28%
Branching fraction 2.5% 2.9% 2.6%
quoted (from PDG)

The total number of 0.6% 0.6% 0.6%
1 (3686)

Total 25.2% 6.6% 6.5%

19



Summary & Next to do

Using about ~2.8 billion (3686) data sample collected at BESIII in 2009, 2012 and 2021
v The decay of x — AAd is searched for the first time, with full reconstruction.
v Signal of x4 » = AA¢ are observed with significance of 10.9¢ and 14.10,respectively.

v" Signal of x.o — AA¢ is observed with significance not less than 5.5a-

v" No obvious structure found in the A¢ and AA system .

v The systematic uncertainty of the decay of x¢912 = AA is 25.2%, 6.6% and 6.5%,respectively.

Next to do
O Systematic uncertainty of A(A) reconstruction.

OO0 Update the systematic uncertainty of tracking efficiency , photon detection efficiency and PID.
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Back up
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111.115 1.
Mipn) (GeV/c?)

We fit the mass spectrum of pr~, pr™, 0,,- = 2.4MeV, Opm+ = 2.6MeV

We fit the mass spectrum of K¥K~,0 = 6.07MeV . And a sideband region is selected.
1055 < M(K+K_) sideband < 1.091 GeV/CZ
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Final Event selection:

Final event selection:
* xic(yPp KK m*n™) <60
* xic(yPp K*K™m*n™) < xi. 2ypp K*K n*n™)
lengh1>0 && lengh2>0
e |M(pr~) —m(A)| < 8 MeV/c?2&& [M(prt) — m(A)| < 8 MeV/c?

IM(K*K™) —m(¢)| < 0.018 GeV/c?

1.055 < M(K*K™) < 1.127 GeV/c?

[ IM(AK™) = m(Q7)] < 10 MeV/c? & [IM(AKY) — m(Q%)| < 10 MeV/c? ]
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Event selectionof ¥ > n J/y, J/¥ - AN ' [1]

Charge track
With the same selection criteria as 1(3686) — yx.; — YAA

Npositive =3, Nnegative =3

Good photon

y =2

A (A)reconstruction
Looping over all the combination of positive and negative charged tracks pairs. We require two virtual particle, A and A can be reconstructed in this combinations. Then ,the minimum

mass deviation is combined ( A, see previous description) of AA to selected them.

Amin = (Mpﬂ.'_ - mA)Z + (MﬁT['" - mz)z = Am' /Tmin

n list
« A kinematic fit is performed on the selected photon pairs by constraining their invariant mass to the n mass.

n* and and 7~ (not from A or A decay) selection

« the charged track not belonging to any of A(A) candidates

© Vyl <10,|Vyy| < 1

The signal events is extracted once again after imposing the 4-C kinematic fit on the candidate charged and neutral track. We define the efficiency of 4-C kinematic fit systematic error as
below:

Nops(With—4Cfit)
Nops(Without—4Cfit)

€4c =

The difference between data and inclusive MC is found to be systematic uncertainty.



Final Event selectionof ¥ —» nJ /vy, J/¥ —» AA ttn[2]

* lengh1>0

* lengh2>0

«  |M(pr™) —m(A)| <5 MeV/c2&& IM(prt) — m(A)| < 5 MeV/c?
« M) —m(/¥)| < 0.006 GeV/c?

« M(mtrT)™ —m(J/¢)| > 0.005GeV/c?

Table 1: Decay trees and their respective final states.

rowMNo decay tree decay final state iDeyTr  nEtr  nCEtr

1 o s plftg =y s aTeTALA s 7 p Ao atp rtat o ppyy 101 540 540
P = ndf,n =y, Jfp = EFET B 5 optA B o A, ot . o

2 Ao phortp AT W ppyy 0 243 783
b vy, I = BT B S TR BT o oa

3 57 1/ = v JfY = BT ATAET A, wtrt T a T gy 7 239 1022
A—=ratpA—ap o

4 o = a7 J, Sy s T ARA s o p A atE nrtat e x T pp 201 153 1175
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scatter plot: M(pr™) v.s. M(pm™)
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