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1 Introduction

—The BESIII detector at the 

symmetric e+e− collider BEPCII 

is a large solid-angle magnetic 

spectrometer running in τ-charm 

energy region with a geometrical 

acceptance of 93% of 4π solid angle. 

—BESIII consists of 4 sub-detectors:

• Main drift chamber (MDC)

• Time-of-Flight system (TOF)

• Electromagnetic Calorimeter (EMC)

• Muon chamber system (MUC)

—𝑵𝑱/𝝍 = (𝟏𝟎𝟎𝟖𝟕 ± 𝟒𝟒) × 𝟏𝟎𝟔

at 𝑠 = 3.097 GeV

➢ BESIII and BEPCII ➢ Motivation

— Τ𝐽 𝜓 meson can decay into a single charmed meson accompanied by light hadrons or leptons via weak decay. The 

inclusive branching fraction (BF) of  Τ𝐽 𝜓 weak decays to a single charmed meson was predicted to be at the order of 

10−8 or below in the Standard Model (SM). So far, weak decays of the Τ𝐽 𝜓 meson have not yet been observed.

—Some new physics models can enhance the BF of 𝐽/𝜓 weak decay to 10−5. e.g. Top-color model, two-Higgs 

doublet model.

—Muon channel of Τ𝐽 𝜓 weak decay have no been reported.

—Searching semi-muonic decay of Τ𝐽 𝜓 not 

only tests the SM prediction but also 

probes new physics theories 

beyond the SM.

2 Event selection

➢ Tracking and PID

—𝐷− → 𝐾+𝜋−𝜋− mode is used 

to reconstruct the D meson

—𝐾±𝜋∓𝜋∓𝜇± will be 

detected and identified

—Neutrino is missing

➢ Further selections

— 𝑀𝐾𝜋𝜋: The invariant mass of 𝐾𝜋𝜋, should be in [1.85, 1.89] GeV/c2

— |𝑃miss|: Missing momentum,  > 0.05 GeV/c for  neutrino  candidates

— 𝜒1𝐶
2 : 1C kinematic fit for 𝐾+𝜋−𝜋− to D mass, > 4.4 for  D  candidates

— 𝐸𝜇
EMC: The deposited energy of 𝜇 in EMC, < 0.26 GeV for 𝜇 candidates

— 𝐸γ
tot: The energy of photons, <0.1 GeV to suppress the photon background

—Punzi model is performed to optimize the selections

FOM =S/ 3/2 + 𝐵, where  𝑆(𝐵) is  the number of signals(background).

3.1 Background suppressions I
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—𝐽/𝜓 → 𝐾+𝜋−𝜋+𝜋−𝜋0 ， 𝐽/𝜓 → 𝐾+𝜋−𝜋+𝜋− background

• have the process 𝐾𝑆 → 𝜋+𝜋−

• 𝑀𝜋𝜋 = (σ𝜋,𝜋𝐸𝑖)
2
−|σ𝜋,𝜋𝑃𝑖 |

2, where 𝐸𝜋 = 𝑀𝜋
2 + 𝑃𝜋

2

—𝐽/𝜓 → 𝐾+𝐾−𝜋+𝜋− background

• have the process 𝐾+ → 𝜇+𝜈𝜇 or 𝐾+ → 𝜋0𝜇+𝜈𝜇
• Bad kaon : the kaon which has decay

Good particle : the particle which does not decay

• 𝑀2𝐾2𝜋 = |σ𝐸𝐾,𝜋,𝜋
Good + 𝐸𝐾

Bad|2 − | σ𝑃𝐾,𝜋,𝜋
Good + 𝑃𝐾

Bad|2

where 𝑃𝐾
Bad is from recoiling, and 𝐸𝐾

Bad = 𝑀𝐾
2 + 𝑃𝐾

Bad
2

3.2 Background suppressions II

—𝐽/𝜓 → 𝜋+𝜋−𝜋+𝜋−𝜋0 background

• 𝑀4𝜋𝜋0 = | σ𝐸𝜋 + 𝐸𝜋0|
2 − | σ𝑃𝜋 + 𝑃𝜋0|

2

where 𝑃𝜋0 is from recoiling, and 𝐸𝜋0 = 𝑀𝜋0
2 + 𝑃𝜋0

2

4 signal extraction and upper limit

—𝐹fit = 𝑁sig × 𝑃𝐷𝐹sig⨂𝐺(𝜇, 𝜎) + 𝑁bkg × poly(𝑐0, 𝑐1)

• 𝑃𝐷𝐹sig: Signal shape of 𝑈𝑚𝑖𝑠𝑠 spectrum from signal MC

• 𝐺(𝜇, 𝜎): The resolution difference between data and MC

• 𝑝𝑜𝑙𝑦(𝑐0, 𝑐1): 2nd-Chebychev to describe the backgrounds
• 𝑁sig (𝑁bkg): Signal (background) events number, floating

—𝑵𝐬𝐢𝐠 = 𝟑𝟓 ± 𝟐𝟖, no significant signals above background

— BF 𝐽/𝜓 → 𝐷−𝜇+𝜐𝜇 + 𝑐. 𝑐. =
𝑁sig

𝑁𝐽/𝜓×ො𝜖×BF(D
+→K−π+π+)

where Ƹ𝜖 = 14.29 ± 0.05 % (signal efficiency)

— Fit curve of likelihood: 𝐿1 𝐵 ∝ exp(−
(𝐵− 𝐵)2

2𝜎𝐵
2 )

5 summary

Fig.2 Event reconstruction of 𝐽/𝜓 → 𝐷−𝜇+𝜐𝜇

Fig.3 Further selections of 𝐽/𝜓 → 𝐷−𝜇+𝜐𝜇

Fig.4 Veto cuts for 𝐾𝑆 and 𝐾𝐾𝜋𝜋
background

Fig.5 Veto cuts for 4𝜋𝜋0 and 

𝐾3𝜋𝐾𝐿 background

Using (10087 ± 44) × 106 𝐽/𝜓 events collected with BESIII, we present

the first search for the semi-muonic weak decay 𝐽/𝜓 → 𝐷−𝜇+𝜐𝜇 + 𝑐. 𝑐.

and the upper limit of the BF to be BF 𝐽/𝜓 → 𝐷−𝜇+𝜐𝜇 + 𝑐. 𝑐. <

5.6 × 10−7 @90% C. L. This result is compatible with the SM.

Fig.6 Signal extraction in data Fig.7 Upper limit scan in likelihood
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—𝐽/𝜓 → 𝐾+𝜋−𝜋+𝜋−𝐾𝐿 background

• 𝑀𝐾3𝜋𝐾0 = | σ𝐸𝐾3𝜋 + 𝐸𝐾0|2 − | σ𝑃𝐾3𝜋 + 𝑃𝐾0|2

where 𝑃𝐾0 is from recoiling, and 𝐸𝐾0 = 𝑀𝐾𝐿
2 + 𝑃𝐾0

2

—Define 𝑼𝐦𝐢𝐬𝐬 as the blind parameter: 𝑈miss = 𝐸miss − 𝑃miss ∙ 𝑐, 

where 𝐸miss = 𝐸𝐽/𝜓 − 𝐸𝐷 − 𝐸𝜇, 𝑃miss = 𝑃𝐽/𝜓 − 𝑃𝐷 − 𝑃𝜇

— Convoluted curve of likelihood: to consider the uncertainty       

𝐿2 𝐵 ∝ 0
1
exp[−

𝜖𝐵

ො𝜖
− 𝐵

2

2𝜎𝐵
2 ] ×

1

2𝜋𝜎𝜖
exp[−

(𝜖−ො𝜖)2

2𝜎𝜖
2 ]𝑑𝜖

where 𝜎𝜖 = ∆sys · Ƹ𝜖, ∆sys= 9.5% (systematic uncertainty)

—Integral of  the likelihood curve out to 90%

• 𝐁𝐅 𝑱/𝝍 → 𝑫−𝝁+𝝊𝝁 + 𝒄. 𝒄. < 𝟓. 𝟔 × 𝟏𝟎−𝟕 @𝟗𝟎% 𝐂. 𝐋.

— Unbinned extended maximum likelihood fit in 𝑈𝑚𝑖𝑠𝑠

Fig.1 BEijing Spectrometers III
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