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Motivation

1. The branching fraction of ¥(3686) — AA¢ has not been measured in PDG.
2. Search for new intermediated states in AA and A¢.



Analysis Method

1. Partial reconstruction:
only one A or one A.

2. Fitthe recoil mass of @A to obtain signal yield.



Data set

BOSS version: 6.6.4.p03

Data: (448.1+2.9) x 10° 1(3686) events (2009+2012)[1].

Inclusive MC: 5.06 x 108 (2009+2012), study backgrounds.

Signal MC: 6.84 x 10° events, study the efficiency.

¥ (3686) = pAA (PHSP) : ¥ (3686) = pAA (PHSP) : Y(3686) - ¢pAA (PHSP) ;
¢ - KK~ (VSS); ¢ - KK (VSS); ¢ > KK (VSS);

A - pr~ (PHSP); A - pr™ (PHSP); A->nonpm”;

A — pr* (PHSP). A - nonprt. A > prt (PHSP).

[1] M. Ablikim et al. (BESIII Collaboration), Chin. Phys. C 42, 023001 (2018).



Event Selection

- Good charged tracks:

|V,;| <20 cm, |cos 0] < 0.93;

Ngood = 4.
 PID (dE/dx and TOF):

For (anti-) proton: prob(p) > prob(K),prob(p) > prob(m);

For Kaon: prob(K) > prob(p),prob(K) > prob(m);
* Ng+=1,Ng- =1
« Vertex fiton K*K~, but no requirement on yZ,,.

A(A) candidate:

Second vertex fit; If there are more than one A(A) candidates, select the best candidate

with the smallest yZ...



A(A) candidate:
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Background study

 Peaking background

* Non-peaking background



Peaking background
veto £ background
The observed events from inclusive MC sample after above event selection criteria:

No. Decay mode final states nEvt
0 W — AN A = pn-,A = pnt prn K*K prnt 9537
l W — ¢AA A — pr, A — an’  pm K*K-an® 3589
2 W — dAA A - nr® A — prt na’K*K prt 3515
3 W — QO Q" — AK pan K"K prn* 12
4 W — yxel. xel = AAY prn K*K prty |1
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Peaking background

The events in the ¢ sideband region:
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Non-peaking background

The events in the A sideband region:
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Non-peaking background

The background from the continum process ete™ — AAd is studied using the
off-resonance samples of 44.49 pb-1 taken at +/s=3.650 GeV, No significant
signal can be observed here, so we can ignore the continuous contribution .
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Cut flow from signal MC

Cut flow Number of events (efficiency %)
Number of generated events 6839520 (100.00)

Ngood =4 & |cosf| < 0.93 4533917 (66.29)

Ng+ =1,Ng- =1 1915065 (27.99)

A/A Reconstruction

1645201 (24.05)

|Mg+g-—mg| < 15 MeV/c?

1515955 (22.16)

|Mpy— my| < 5MeV/c?

1229695 (17.97)

x5 < 100

1216394 (17.78)

|Mg-p— mg| > 10 MeV/c?

1175046 (17.18)

1.02 < M('I;‘jlc < 1.22 GeV/c?

1171682 (17.12)

13



Fitting function:
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Fitting result

Signal MC simulation ® a free Gaussian + 2" Chebychev

(a). In ¢ and A signal regions
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(b). In ¢ sideband region
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Events / 10 MeV/c?

Projections on invariant mass
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Dalitz plot
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Events/ 2.4 MeV/c*

Efficiency

Since the shapes from the signal MC (PHSP) is different from Data, we choose M 53 to
reweight the signal MC to get the right efficiency.
Divide M3 into 14 bins from 2.19 to 2.70 GeV/c? :

Fit results in the ¢ and A signal regions for each bin
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Events/ 2.4 MeV/c®
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Events

Ndata/ ch

Efficiency

Reweighted detection efficiency:

B —=—data 3
80 — signalMC - x10°

mean = 0.209 + 0.000

6 G = 0.004 +0.000

Events /0.0005
N
|

Ni, netyield
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2 — —
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L _; gsig = _ZiVme' S 50 9oy
i t t + 1 2N generate*/
i + - : o
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Branching fraction

Nnet

B (3686 AR) = M
W ) = AL Ny (3686) - €59 - B(¢p = K*K™) - By

= (1.16 + 0.0644¢) X 107°

where B, = 1 —[1— B (A - p n~)]? based on the following three processes:

(3686) > pAA (PHSP) ;
& - K K~ (VSS);

A - pr~ (PHSP);
A - prrT (PHSP).

(3686) > ¢pAA (PHSP) ;
& - K K~ (VSS);
A - prt (PHSP);

A - nonprt.

Y(3686) > ¢pAA (PHSP) ;
- KK (VSS);
A->nonpmn~;

A - prrT (PHSP).

20
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change the number of reweight bins to 20,

Events/0.0005

Systematic uncertainty from MC model
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Finally, we assign 1.7% as this uncertainty.

22



Systematic uncertainty of A reconstruction

Reconstruction efficiency of A is different for Data and Signal MC, we reweight the
signal MC to get the right reconstruction efficiency

* A vertex fit efficiency is calculated in 4x5 (c0s6, p, /z)bIns;

« Correction factor: f'= g:%“‘, where the efficiencies are obtained from the control
sig

sample J/y — pK*A[1].

After doing the correction,the final efficiency changes from 20.9% to 21.3%.The
difference (1.9%) between corrected MC sample and with uncorrected MC sample is
taken as the systematic uncertainty of A reconstruction.

[1] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett. 121, 062003 (2018). 23



Systematic uncertainty of vetoing 2~ 027

changing [M(K*tA) — m(Q")| > 0.010 GeV/c2 to [M(KtA) — m(Q*)| > 0.015 GeV/c?

(a). In ¢ and A signal regions (b). In ¢ sideband region
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The difference (0.6%) on the net signal yield is taken as this systematic uncertainty.
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Systematic uncertainty from Fitting

From Signal shape From background shape
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Systematic uncertainty from Fitting

From fitting range

Vary the range of Mg from [1.02, 1.22] GeV/c?to [1.02 + 0.01, 1.22 + 0.01] GeV/c?.

sig=

504 £

26 |
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Do the fit again, and take the largest
difference (1.9%) of branching fraction
as systematic error.
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From others

« For tracking efficiency of K*, a clean control sample of | /3 — K2K*rn+[1]
Is used, and 1.0% is taken as the systematic uncertainty from tracking
efficiency per kaon.

» For the PID of K*, control sample J/y — K*K~rCis used. It is found that
the difference on the PID efficiency between data and MC is less than 1%
for each kaon[1].

* The systematic uncertainty due to the total y' number is determined to be
0.6% according to[2]

* Uncertainty in Branch of A and ¢ is quoted from PDG[3],which is 0.5%

both.

[1] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. D 83, 112005 (2011)
[2] https://arxiv.org/pdf/1709.03653.pdf
[3] http://pdglive.lbl.gov/Particle.action?init=0&node=S018&home=BXX X020
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Systematic uncertainty

Source Relative systematic uncertainty(%o)
Tracking for KK~ 2.0
PID for KK~ 2.0
A reconstruction 1.9
Veto Q- O 0.6
B(¢p > K*K™)-B(A->pmn™) 0.7
Ny (3686) 0.6
MC modeling 1.7
signal shape 1.0
Fitting | packground shape 3.4
fitting range 1.9
Total 5.7
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Summary

Based on 4.48 x108 y(3686) data collected with the BESIII
detector at BEPCII, we measure the absolute branching fraction
of Y(3686) — ¢AA for the first time ,which is

(1.16 £ 0.065¢a¢ £ 0.075y5¢) X 107°.



Thank You !
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/A construction

Edata(¥0) P {GeV /)
|cas#)| (0, 0.3) (0.3, 0.5) (0.5, 0.7) (0.7, 0.9) (0.9, 1.1)
(0,00, 0.20) | 828+ 038 2003+037 35434+032 3968 +047 40821014
{f.l.?ﬂ, 0.40) | 822+ 037 28281037 35.00+0.33 39271050 4021 £0.14
{f.l.wiﬂ', 0.65) | 801 £0.31 2656033 33.25+032 36.56+£0.60 37.76+£0.12
{ﬂ-f’nﬁ, 1.00) | 4.45£0.21 14.98 &£ .21 HL15 £ 025 2380 £ 0.51 2997 +£0.11
exrc | #o)
|cosd) P{GeV fc)
(0.0, 0.3) (0.3, 0.5) (0.5, 0.7) (0.7, 0.9) (0.9, 1.1)
{f.l-l'[l', 0.20) | 831025 283029 394027 3911034 3998+0.14
[ﬂ-?ﬂ', 0.40) T.73 02 2T.T8 X028 H22L£0.26 3511 £ 0033 3933 £ 0.14
{f.l--iﬂ', 065) | 677021 25524024 32201023 35524031 37.00+£0.12
{ﬂ-ﬂﬁ, 1.00) | 393 +£0.14 14.66 £0.15 1898 £0.15 2206 £ 032 2543 £0.11

[1] arXiv:1803.05706



https://arxiv.org/abs/1803.05706
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Events / 10 MeV/c?
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After reweighted:
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Efficiency for signal MC
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