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Motivation

• The Electromagnetic Dalitz decays of Τ𝑱 𝝍 → 𝝁+𝝁−𝑷 𝑷 = 𝝅𝟎, 𝜼, 𝜼′ have not been 

studied so far, due to the difficulty from the identification between pion and muon, 

especially for the soft muon.

• Based on 10 billion Τ𝑱 𝝍 events collected by BESIII, we search for the Electromagnetic 

Dalitz decay Τ𝑱 𝝍 → 𝝁+𝝁−𝜼′, and try to study the transition factor of Τ𝑱 𝝍 decays to 𝜼′.

• The predicted branching fractions of Τ𝑱 𝝍 → 𝝁+𝝁−𝑷 𝑷 = 𝝅𝟎, 𝜼, 𝜼′ [1] are listed in the 

Table.
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[1] J. L. Fu, H. B. Li, X. S. Qin, and M. Z. Yang, Mod. Phys. Lett. A, 27, 1250223 (2012). 



Data Set 

➢BOSS version : BOSS 708

➢Data sample :  Τ𝑱 𝝍 data in 2009

➢ Inclusive MC : Τ𝑱 𝝍 MC in 2009

➢Signal MC : 0.225 million events
Τ𝑱 𝝍 → 𝝁+𝝁−𝜼′ DalitzJPLL 3.686

𝜼′ → 𝝅+𝝅−𝜼 PHSP

𝜼 → 𝜸𝜸 PHSP 

𝜼′ → 𝜸𝝅+𝝅− Etap2gpipi 0 
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Basic Event Selection criteria 

 Good charged track selection

• 𝒄𝒐𝒔𝜽 < 𝟎. 𝟗𝟑

• 𝑹𝐱𝐲 < 𝟏 cm , 𝑹𝒛 < 10 cm

• 𝑵𝐆𝐨𝐨𝐝 = 𝟒, σ 𝑸𝐧𝐞𝐭 = 𝟎

 Particle identification (PID) 

• Use dE/dx+TOF+EMC;

• Obtain the 𝝌𝑷𝑰𝑫
𝟐 value for each

assumed combination of

𝝁+, 𝝁−, 𝝅+, 𝝅−.

 Good photon 

• 0 ≤ 𝑻𝑫𝑪 ≤ 𝟏𝟒 (x50ns)

• Barrel : 𝐜𝐨𝐬𝜽 < 𝟎. 𝟖, 𝑬𝜸 > 25 MeV; 

• End cap : 𝟎. 𝟖𝟔 < 𝐜𝐨𝐬𝜽 < 𝟎. 𝟗𝟐 , 𝑬𝜸 > 50 MeV;

• 𝑵𝜸 ≥ 𝟏, or 𝑵𝜸 ≥ 𝟐. 

PID
The good charged track

1th 2th 3th 4th

𝝌𝐏𝐈𝐃𝟏
𝟐 𝝁+ 𝝁− 𝝅+ 𝝅−

𝝌𝐏𝐈𝐃𝟐
𝟐 𝝁+ 𝝅− 𝝅+ 𝝁−

𝝌𝐏𝐈𝐃𝟑
𝟐 𝝅+ 𝝅− 𝝁+ 𝝁−

𝝌𝐏𝐈𝐃𝟒
𝟐 𝝅+ 𝝁− 𝝁+ 𝝅−
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⚫ For 𝜼′ → 𝝅+𝝅−𝜸 case

 4C kinematic fit

• Choose the best photon with the 

least 𝝌𝟒𝑪
𝟐 .

⚫ For 𝜼′ → 𝝅+𝝅−𝜼, 𝜼 → 𝜸𝜸 case

 5C kinematic fit 

• The invariant mass of the two good 

photons is constrained into the 𝜼 mass 

in PDG.

• Choose the best two photons with the 

least 𝝌𝟓𝑪
𝟐 .
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 The best candidate in an event

• select the best combination with the minimum value of 𝝌𝒕𝒐𝒕
𝟐 = 𝝌𝐏𝐈𝐃

𝟐 + 𝝌𝐯𝐞𝐫𝐭𝐞𝐱
𝟐 +

𝝌𝟒𝑪
𝟐 + 𝝌𝟏𝑪

𝟐 𝜼 → 𝜸𝜸 from the four combinations of 𝝁+, 𝝁−, 𝝅+, 𝝅−.



Background analysis The main ones: the pion mis-identified as muon. 
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Further Event Selection criteria for muon/pion identification

80% of the signal events survived. The background of Τ𝑱 𝝍 → 𝝅+𝝅−𝜼′ 

can be suppressed by 92.2%. 

[1] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 96, 112012 (2017).

 𝝌𝐭𝐨𝐭
𝟐 𝝁+𝝁−𝜼′ < 𝝌𝐭𝐨𝐭

𝟐 (𝝅+𝝅−𝜼′)
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For 𝜼′ → 𝝅+𝝅−𝜼 case 

PWA results for Τ𝑱 𝝍 → 𝝅+𝝅−𝜼′ MC [1].    

𝐌𝛍+𝛍− (𝐆𝐞𝐕/𝒄𝟐)

Signal MC



Events: 157/1893=8.2% Events: 254/1223=20%

9

09 data09 inclusive MC

 𝝌𝐭𝐨𝐭
𝟐 𝝁+𝝁−𝜼′ < 𝝌𝐭𝐨𝐭

𝟐 (𝝅+𝝅−𝜼′)



The depth for 𝝁+ in MUC vs. its momentum

 The depth for 𝝁+𝐨𝐫 𝝁− in MUC 

10

The momentum (𝒑) 

of 𝝁+/𝝁− (𝐆𝐞𝐕/𝒄)

The depth (𝐋) 

in MUC (cm)

𝒑 < 𝟎. 𝟔 No cut

𝒑 ∈ [𝟎. 𝟔, 𝟏. 𝟏) 𝐋 > (−𝟑𝟕. 𝟒 + 𝟔𝟖 × 𝒑)

𝒑 > 𝟏. 𝟏 𝐋 > 𝟒𝟐

Signal MC
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The energy deposited in EMC (𝑬𝐄𝐌𝐂) for 𝝁+ vs. its momentum

 𝑬𝐄𝐌𝐂 𝝁± ∈ 𝟎. 𝟏𝟓, 𝟎. 𝟐𝟑 𝐆𝐞𝐕

Signal MC



The number of hit layers in MUC for 𝝁+
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 𝑵𝐥𝐚𝐲𝐞𝐫𝐬
𝐌𝐔𝐂 ≥ 𝟑 for 𝝁+𝐨𝐫 𝝁−

𝑵𝐥𝐚𝐲𝐞𝐫𝐬
𝐌𝐔𝐂 (𝝁+)

𝑵𝐥𝐚𝐲𝐞𝐫𝐬
𝐌𝐔𝐂 ≥ 𝟑



⚫𝝌𝟓𝒄
𝟐 < 𝟓𝟎;

⚫𝝌𝐭𝐨𝐭
𝟐 (𝝁+𝝁−𝜼′) < 𝝌𝐭𝐨𝐭

𝟐 (𝝅+𝝅−𝜼′);

⚫The number of hit layers in MUC is at least three;

⚫The energy deposition in EMC can be in the range of 0.15 GeV to 0.23 GeV;

⚫ If 0.6 < 𝑝 < 1.1 GeV/c, the depth in MUC should be greater than −37.4+ 68×𝑝 (cm);

⚫ If 𝑝 > 1.1 GeV/c, the depth in MUC should be bigger than 42 cm.

 Summary of  the event selection criteria so far

13



14

Next, use TMVA method to further reduce the mis-

identification between muon and pion.

(Thanks for the help from Dr. Yilong Wang!)



 The first TMVA

Input variables for 𝝁+

1 info_raw_charged_tracks[2][7] The energy deposited in EMC of 𝝁+

2 info_raw_charged_tracks[2][8] The 𝐏𝒙 in  EMC of 𝝁+

3 info_raw_charged_tracks[2][9] The 𝐏𝒚 in  EMC of 𝝁+

4 info_raw_charged_tracks[2][10] The 𝐏𝒛 in  EMC of 𝝁+

5 info_raw_charged_tracks[2][13] The 𝜽 in EMC of 𝝁+

6 info_raw_charged_tracks[2][18] The last hit layers in MUC of 𝝁+

7 info_raw_charged_tracks[2][22] The 𝐏𝒛  of 𝝁+

8 info_raw_charged_tracks[2][30] latMoment of 𝝁+

9 info_raw_charged_tracks[2][37] e3x3/e5x5 of 𝝁+

10 info_raw_charged_tracks[2][39] dedxnumGoodHits of 𝝁+
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Input Variables for 𝝁−

11 info_raw_charged_tracks[3][7] The energy deposited in EMC of 𝝁−

12 info_raw_charged_tracks[3][8] The 𝐏𝒙 in  EMC of 𝝁−

13 info_raw_charged_tracks[3][9] The 𝐏𝒚 in  EMC of 𝝁−

14 info_raw_charged_tracks[3][10] The 𝐏𝒛 in  EMC of 𝝁−

15 info_raw_charged_tracks[3][13] The 𝜽 in EMC of 𝝁−

16 info_raw_charged_tracks[3][18] The last hit layers in MUC of 𝝁−

17 info_raw_charged_tracks[3][22] The 𝐏𝒛  of 𝝁−

18 info_raw_charged_tracks[3][30] latMoment of 𝝁−

19 info_raw_charged_tracks[3][37] e3x3/e5x5 of 𝝁−

20 info_raw_charged_tracks[3][39] dedxnumGoodHits of 𝝁−
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The large correlations between some input variables happen.

 The first TMVA results on the correlation matrix



 The first TMVA results for ROC curve
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ROC curve: the background rejection vs. signal efficiency



The Classifier Output Distributions

19

 The First TMVA results on the response for each method

BDTD method BDTG method BDT method
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Input variables for 𝝁+

1 info_raw_charged_tracks[2][9] The 𝐏𝒚 in  EMC of 𝝁+

2 info_raw_charged_tracks[2][10] The 𝐏𝒛 in  EMC of 𝝁+

3 info_raw_charged_tracks[2][18] The last hit layers in MUC of 𝝁+

4 info_raw_charged_tracks[2][22] The 𝐏𝒛  of 𝝁+

5 info_raw_charged_tracks[2][30] latMoment of 𝝁+

6 info_raw_charged_tracks[2][37] e3x3/e5x5 of 𝝁+

7 info_raw_charged_tracks[2][39] dedxnumGoodHits of 𝝁+

 The second TMVA
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Input variables for 𝝁−

8 info_raw_charged_tracks[3][9] The 𝐏𝒚 in  EMC of 𝝁−

9 info_raw_charged_tracks[3][10] The 𝐏𝒛 in  EMC of 𝝁−

10 info_raw_charged_tracks[3][18] The last hit layers in MUC of 𝝁−

11 info_raw_charged_tracks[3][22] The 𝐏𝒛  of 𝝁−

12 info_raw_charged_tracks[3][30] latMoment of 𝝁−

13 info_raw_charged_tracks[3][37] e3x3/e5x5 of 𝝁−

14 info_raw_charged_tracks[3][39] dedxnumGoodHits of 𝝁−
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 The second TMVA results on the correlation matrix

The second TMVA removes the positive (negative) correlation greater than 50%.
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 The Second TMVA results for ROC curve

ROC curve: the background rejection vs. signal efficiency



➢ Finally,  the BDTG method is selected to suppress the pion mis-identification, and

require the BDTG response to be greater than 0.
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The Classifier Output Distributions

 The Second TMVA results on the response for each method

BDTD method BDTG method BDT method



 Dalitz plot after applied above criteria
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Signal MC 09data + small 17 data
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 Fit to 𝑴(𝝅+𝝅−𝜼)

In the fit: 

Signal: a double Gaussian function;

Background: Chebychev function;

𝑴 𝝅+𝝅−𝜼 ∈ 𝟎. 𝟗𝟑, 𝟎. 𝟗𝟖 𝐆𝐞𝐕/𝒄𝟐
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 Two-dimentional fit on 𝑴(𝝅+𝝅−𝜼) and 𝑴(𝝁+𝝁−)

Signal Τ𝑱 𝝍 → 𝝁+𝝁−𝜼′ MC Τ𝑱 𝝍 → 𝝅+𝝅−𝜼′ bkg MC Other bkgs: Chebychev

The number of events for each part is  floated.

Need more checks

𝐌 𝝅+𝝅−𝜼 (𝐆𝐞𝐕/𝒄𝟐) 𝐌 𝛍+𝛍− (𝐆𝐞𝐕/𝒄𝟐)

09data + small 17 data
Total fit result



 Summary and next to do

⚫ By using 𝝌𝐭𝐨𝐭
𝟐 𝝁+𝝁−𝜼′ < 𝝌𝐭𝐨𝐭

𝟐 (𝝅+𝝅−𝜼′),  we can effectively suppress the background 

from pion mis-identification.

⚫ The data from 2017,2018 will be added.

⚫More check on the 2D fit on 𝐌(𝝁+𝝁−𝜼)and 𝐌(𝝁+𝝁−).

⚫ Study the form factor of Τ𝑱 𝝍 transitions to 𝜼′. 
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Back up



The momentum of 𝜇 +
30


	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23
	幻灯片 24
	幻灯片 25
	幻灯片 26
	幻灯片 27
	幻灯片 28
	幻灯片 29
	幻灯片 30

