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Introduction

•Standard Model (SM):
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�𝑢𝑢𝑢𝑢 + �𝑑𝑑𝑑𝑑𝑑′ = �𝑢𝑢𝑢𝑢 + cos2 𝜃𝜃𝑐𝑐 𝑑̅𝑑𝑑𝑑 + sin2 𝜃𝜃𝑐𝑐 𝑠̅𝑠𝑠𝑠
+𝑠𝑠𝑠𝑠𝑠𝑠𝜃𝜃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑐𝑐(𝑑̅𝑑𝑠𝑠 + 𝑠̅𝑠𝑑𝑑)

1964, Nicola Cabibbo

1970, S.Glashow, J.Iliopoulos, 
L.Maiani

�𝑢𝑢𝑢𝑢 + ̅𝑐𝑐𝑐𝑐 + �𝑑𝑑𝑑𝑑𝑑′ + �𝑠𝑠𝑠𝑠𝑠′ = �𝑢𝑢𝑢𝑢 + ̅𝑐𝑐𝑐𝑐 + 𝑑̅𝑑𝑑𝑑 + 𝑠̅𝑠𝑠𝑠



Introduction

•Flavor-changing neutral current (FCNC) process:

•GIM mechanism
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Type of FCNC process

• FCNC process:
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Features of FCNC process

• Features of FCNC:

• Very small Branching fraction:
• 10-13~10-10 in theoretical prediction in SM.
• Enhanced to above 10-6 in other model, e.g. MSSM, 2HDM.

• Hard to fully reconstruct:
• Contains at least a 𝜸𝜸 (no tracks, fake 𝜸𝜸, FSR).
• Contains 𝒍𝒍+𝒍𝒍− pairs (identification of 𝒍𝒍).
• Contains 𝝂𝝂𝒍𝒍 �𝝂𝝂𝒍𝒍 pairs (invisible).

• Confusable background:
• 𝜸𝜸 conversion (𝜸𝜸 → 𝒆𝒆+𝒆𝒆−).
• Long-distance process (through vector particle).
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FCNC analysis at BESIII

• FCNC at BESIII (from BESIII publication page):

• 𝑫𝑫𝟎𝟎 → 𝜸𝜸𝜸𝜸:  PRD 91, 112015 (2015)

• 𝑱𝑱/𝝍𝝍,𝝍𝝍 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 → 𝑫𝑫𝟎𝟎𝒆𝒆+𝒆𝒆−: PRD 96, 111101(R) (2017)

• 𝝍𝝍 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 → 𝚲𝚲𝐜𝐜+�𝒑𝒑𝒆𝒆+𝒆𝒆−: PRD 97, 091102(R) (2018)

• 𝑫𝑫+ 𝑫𝑫𝟎𝟎 → 𝒉𝒉 𝒉𝒉′ 𝒆𝒆+𝒆𝒆−: PRD 97, 072015 (2018)
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4 FCNC out of 369 papers!

http://english.ihep.cas.cn/bes/chnl/245/index.html


Techniques in FCNC research
• Techniques in FCNC research:

• Blind analysis
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Nature volume 526, pages187–189 (2015)“Blind Analysis in Particle Physics”

https://www.nature.com/articles/526187a
https://arxiv.org/pdf/physics/0312102.pdf


Techniques in FCNC research
• Techniques in FCNC research:

• Single-tag/Double-tag:

• Single-tag -> larger sample, higher background

• Double-tag -> smaller sample, lower background
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𝒆𝒆− 𝒆𝒆+

𝑫𝑫+,𝑫𝑫𝟎𝟎,𝚲𝚲𝐜𝐜+

𝑫𝑫−, �𝑫𝑫𝟎𝟎, �𝚲𝚲𝐜𝐜−

𝑁𝑁𝑖𝑖
tag = 2𝑁𝑁𝐷𝐷+𝐷𝐷− � ℬ𝑖𝑖

tag � 𝜀𝜀𝑖𝑖
tag

𝑁𝑁𝑖𝑖
sig = 2𝑁𝑁𝐷𝐷+𝐷𝐷− � ℬ𝑖𝑖

tag � ℬ𝑖𝑖
sig � 𝜀𝜀sig � 𝜀𝜀𝑖𝑖

tag

ℬsig =
∑𝑖𝑖 𝑁𝑁𝑖𝑖

sig/𝜀𝜀sig

∑𝑖𝑖 𝑁𝑁𝑖𝑖
tag



Techniques in FCNC research
• Techniques in FCNC research:

• 𝜸𝜸 conversion veto:

• Occurs when 𝜸𝜸 through matter. 
(Beam pipe and inner wall of MDC)

• Veto through vertex fit of 𝒆𝒆+𝒆𝒆−.
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Techniques in FCNC research
• Techniques in FCNC research:

• Calculate upper limits:

• Likelihood scan. 

• TRolke package.
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Search for 𝑫𝑫𝟎𝟎 → 𝜸𝜸𝜸𝜸

•𝑫𝑫𝟎𝟎 → 𝜸𝜸𝜸𝜸 :  PRD 91, 112015 (2015)
[Hajime Muramatsu, Xianghu Zhao and Daniel Ambrose et al.]

• Theoretical prediction: 

• BaBar previous result:
• < 𝟐𝟐.𝟐𝟐 × 𝟏𝟏𝟎𝟎−𝟔𝟔, based on 250 million 𝑫𝑫𝟎𝟎.

• This analysis:
• Using 2.92 fb-1 data taken at 𝒔𝒔 = 𝟑𝟑.𝟕𝟕𝟕𝟕𝟕𝟕 GeV, 20 million 𝑫𝑫𝟎𝟎.
• Double-tag.
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MSSM
10-6

SM long distance
10-8

SM short ditsance
10-13



Search for 𝑫𝑫𝟎𝟎 → 𝜸𝜸𝜸𝜸

•𝑫𝑫𝟎𝟎 → 𝜸𝜸𝜸𝜸 :  PRD 91, 112015 (2015)
[Hajime Muramatsu, Xianghu Zhao and Daniel Ambrose et al.]

• Analysis strategy:

• Tag reconstruction: 5 tag modes.
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Search for 𝑫𝑫𝟎𝟎 → 𝜸𝜸𝜸𝜸

•𝑫𝑫𝟎𝟎 → 𝜸𝜸𝜸𝜸 :  PRD 91, 112015 (2015)
[Hajime Muramatsu, Xianghu Zhao and Daniel Ambrose et al.]

• Analysis strategy:

• Signal reconstruction: 𝚫𝚫𝑬𝑬𝜸𝜸𝜸𝜸, 𝚫𝚫𝑬𝑬𝐭𝐭𝐭𝐭𝐭𝐭.
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Search for 𝑫𝑫𝟎𝟎 → 𝜸𝜸𝜸𝜸

•𝑫𝑫𝟎𝟎 → 𝜸𝜸𝜸𝜸 :  PRD 91, 112015 (2015)
[Hajime Muramatsu, Xianghu Zhao and Daniel Ambrose et al.]

• Results:
• Likelihood scan.
• Systematic uncertainties & upper limits.
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ℬ 𝐷𝐷0 → 𝛾𝛾𝛾𝛾 < 3.8 × 10−6



Search for 𝑱𝑱/𝝍𝝍,𝝍𝝍(𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑) → 𝑫𝑫𝟎𝟎𝒆𝒆+𝒆𝒆−

• 𝑱𝑱/𝝍𝝍,𝝍𝝍(𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑) → 𝑫𝑫𝟎𝟎𝒆𝒆+𝒆𝒆−: PRD 96, 111101(R) (2017)
[ Yateng Zheng et al.]

• Theoretical prediction: 10-13~10-10

• MSSM/2HDM prediction:
enhance 2~3 order

• BESIII previous result: 
• To the order of 10-5, based on 𝟓𝟓𝟓𝟓× 𝟏𝟏𝟎𝟎𝟔𝟔 𝑱𝑱/𝝍𝝍 data.

• This analysis:
• Using 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏× 𝟏𝟏𝟎𝟎𝟔𝟔 𝑱𝑱/𝝍𝝍 data and 𝟒𝟒𝟒𝟒𝟒𝟒× 𝟏𝟏𝟎𝟎𝟔𝟔 𝝍𝝍 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 data.
• Single-tag.
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Search for 𝑱𝑱/𝝍𝝍,𝝍𝝍(𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑) → 𝑫𝑫𝟎𝟎𝒆𝒆+𝒆𝒆−

• 𝑱𝑱/𝝍𝝍,𝝍𝝍(𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑) → 𝑫𝑫𝟎𝟎𝒆𝒆+𝒆𝒆−: PRD 96, 111101(R) (2017)
[ Yateng Zheng et al.]

• Analysis strategy:

• Fully single-tag reconstruction.

• Reconstruction of 𝑫𝑫𝟎𝟎.

• Require a pair of 𝒆𝒆+𝒆𝒆− to be found.
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Search for 𝑱𝑱/𝝍𝝍,𝝍𝝍(𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑) → 𝑫𝑫𝟎𝟎𝒆𝒆+𝒆𝒆−

• 𝑱𝑱/𝝍𝝍,𝝍𝝍(𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑) → 𝑫𝑫𝟎𝟎𝒆𝒆+𝒆𝒆−: PRD 96, 111101(R) (2017)
[ Yateng Zheng et al.]

• Results:
• Likelihood scan.
• Systematic uncertainties & upper limits.
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ℬ 𝐽𝐽/𝜓𝜓 → 𝐷𝐷0𝑒𝑒+𝑒𝑒− < 8.5 × 10−8

ℬ 𝜓𝜓(3686) → 𝐷𝐷0𝑒𝑒+𝑒𝑒− < 1.4 × 10−7



Search for 𝝍𝝍(𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑) → 𝚲𝚲𝐜𝐜+�𝒑𝒑𝒆𝒆+𝒆𝒆−

•𝝍𝝍(𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑) → 𝚲𝚲𝐜𝐜+�𝒑𝒑𝒆𝒆+𝒆𝒆−: PRD 97, 091102(R) (2018)
[ Yang Zhang et al. ]

• Theoretical prediction: 10-14~10-10

• MSSM/2HDM prediction: 
enhance 2~3 order

• This analysis:
• First search.
• Using 𝟒𝟒𝟒𝟒𝟒𝟒× 𝟏𝟏𝟎𝟎𝟔𝟔 𝝍𝝍 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 data.
• Single-tag.
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Search for 𝝍𝝍(𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑) → 𝚲𝚲𝐜𝐜+�𝒑𝒑𝒆𝒆+𝒆𝒆−

•𝝍𝝍(𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑) → 𝚲𝚲𝐜𝐜+�𝒑𝒑𝒆𝒆+𝒆𝒆−: PRD 97, 091102(R) (2018)
[ Yang Zhang et al. ]

• Analysis strategy:

• Fully reconstruct 6 charged tracks.
• Looking at 𝒎𝒎𝒑𝒑𝑲𝑲−𝝅𝝅+.

• Results:
• Using TRolke package.
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𝓑𝓑 𝝍𝝍 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 → 𝚲𝚲𝒄𝒄+�𝒑𝒑𝒆𝒆+𝒆𝒆− < 𝟏𝟏.𝟕𝟕 × 𝟏𝟏𝟏𝟏−𝟔𝟔



Search for 𝑫𝑫+(𝑫𝑫𝟎𝟎) → 𝒉𝒉(𝒉𝒉𝒉)𝒆𝒆+𝒆𝒆−

•𝑫𝑫+(𝑫𝑫𝟎𝟎) → 𝒉𝒉 𝒉𝒉′ 𝒆𝒆+𝒆𝒆−: PRD 97, 072015 (2018)
[ Dong Xiao, Yu Zhang et al. ]

• Theoretical prediction: <10-9

• MSSM/2HDM prediction: 10-6

• CLEO2 previous results:
• ~10-5

• This analysis:
• First search for 𝑫𝑫+.
• Using 𝟐𝟐.𝟗𝟗𝟗𝟗 fb-1 data at 𝒔𝒔 = 𝟑𝟑.𝟕𝟕𝟕𝟕𝟕𝟕 GeV.
• Double-tag.
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Search for 𝑫𝑫+(𝑫𝑫𝟎𝟎) → 𝒉𝒉(𝒉𝒉𝒉)𝒆𝒆+𝒆𝒆−

•𝑫𝑫+(𝑫𝑫𝟎𝟎) → 𝒉𝒉 𝒉𝒉′ 𝒆𝒆+𝒆𝒆−: PRD 97, 072015 (2018)
[ Dong Xiao, Yu Zhang et al. ]

• Analysis strategy:

• Tag reconstruction: 6 tag modes for 𝑫𝑫+, 3 tag mods for 𝑫𝑫𝟎𝟎.
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Search for 𝑫𝑫+(𝑫𝑫𝟎𝟎) → 𝒉𝒉(𝒉𝒉𝒉)𝒆𝒆+𝒆𝒆−

•𝑫𝑫+(𝑫𝑫𝟎𝟎) → 𝒉𝒉 𝒉𝒉′ 𝒆𝒆+𝒆𝒆−: PRD 97, 072015 (2018)
[ Dong Xiao, Yu Zhang et al. ]

• Analysis strategy:

• Signal reconstruction: count & sideband subtraction & MC.
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Search for 𝑫𝑫+(𝑫𝑫𝟎𝟎) → 𝒉𝒉(𝒉𝒉𝒉)𝒆𝒆+𝒆𝒆−

•𝑫𝑫+(𝑫𝑫𝟎𝟎) → 𝒉𝒉 𝒉𝒉′ 𝒆𝒆+𝒆𝒆−: PRD 97, 072015 (2018)
[ Dong Xiao, Yu Zhang et al. ]

• Results:
• Likelihood scan.
• Systematic uncertainties & upper limits.
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BESIII data set & capability

• BESIII data set: (from BESIII physics page)
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For above 4.6 GeV:

http://english.ihep.cas.cn/bes/doc/2248.html


FCNC analysis in future

• On-going analysis:
• 𝑫𝑫𝒔𝒔

+ → 𝒉𝒉 𝒉𝒉′ 𝒆𝒆+𝒆𝒆−, [Liang Sun, WHU]
[NPG Group meeting Report]

• Analysis suggest in future:

• Update of 𝑱𝑱/𝝍𝝍 → 𝑫𝑫𝟎𝟎𝒆𝒆+𝒆𝒆− : more data sample

• Update of 𝑱𝑱/𝝍𝝍 → 𝚲𝚲𝐜𝐜+�𝒑𝒑𝒆𝒆+𝒆𝒆− : more data sample

• Search for 𝚲𝚲𝐜𝐜+ → 𝒑𝒑𝒆𝒆+𝒆𝒆− : large data sample + sufficient tag modes

• Other suggestion ? ...
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https://indico.ihep.ac.cn/event/13586/contribution/22/material/slides/0.pdf
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Summary

• BESIII has advantages in search for 𝒄𝒄 → 𝒖𝒖 FCNC process.

• 4 Analysis of different kind FCNC have been carried out at BESIII, 
4 papers produced.

• 𝑫𝑫𝟎𝟎 → 𝜸𝜸𝜸𝜸:  PRD 91, 112015 (2015)
• 𝑱𝑱/𝝍𝝍,𝝍𝝍 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 → 𝑫𝑫𝟎𝟎𝒆𝒆+𝒆𝒆−: PRD 96, 111101(R) (2017)
• 𝝍𝝍 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 → 𝚲𝚲𝐜𝐜+�𝒑𝒑𝒆𝒆+𝒆𝒆−: PRD 97, 091102(R) (2018)
• 𝑫𝑫+ 𝑫𝑫𝟎𝟎 → 𝒉𝒉 𝒉𝒉′ 𝒆𝒆+𝒆𝒆−: PRD 97, 072015 (2018)

• Techniques are mature for FCNC analysis at BESIII.

• More data sample is needed.

• More analysis can be studied in future.
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Thanks for your attention!
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