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BESIIIOutline

 Introduction

 Preliminary results from BESIII

– Quantum correlation analysis on 𝐷0 𝐷0 mixing

– Leptonic D decays

– Semi-leptonic D decays

– Hadronic D decays

– Rare D decays

– Ds decays

 Summary
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BESIII

𝑓𝐵&𝑓𝐵𝑠

𝑓+(0)

Theoretical errors dominate 

width of bands

Major charm physics

 Precision quark flavor physics

– Decay constants

– Form factors

– 𝑉𝐶𝐾𝑀 extraction

– Validate QCD

 Probe for New Physics (NP)

– 𝐷0 𝐷0 mixing

– Searching for CP violation decays of 𝐷 mesons

– Searching for rare decays of 𝐷 mesons
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BESIIIBESIII detector
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BESIII
Charm meson production near 

threshold

 Near the peak of 𝝍 𝟑𝟕𝟕𝟎 resonance, only 𝑫 𝑫 pairs 

are produced

 Analysis technique

– Single tag, Double tag, Flavor tag, CP tag
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Pros
 Clean environment

 Known initial energy and quantum 

numbers (quantum correlated for 

𝐷0 𝐷0 pair)

 Both 𝐷 and  𝐷 can fully 

reconstructed

 Absolute measurement



BESIIIData samples

 We have the largest 𝝍 𝟑𝟕𝟕𝟎 dataset

 We have also collected 482 pb-1 𝝍(𝟒𝟎𝟒𝟎) data @ 

4.009 GeV

– Primary to search XYZ particles

– Enhanced 𝐷𝑠𝐷𝑠 production

– Below 𝐷𝑠𝐷𝑠
∗ threshold, low bkg
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BESIIIQuantum correlation analysis

 𝑫𝟎 𝑫𝟎 mixing

– Flavor eigenstate ≠ mass eigenstate

– Expected to be very small in SM, sensitive to New Physics

 Mixing parameters

– Mixing parameters: 𝑥 =
Δ𝑀

Γ
, 𝑦 =

ΔΓ

2Γ

– Mixing rate: 𝑅𝑀 =
𝑥2+𝑦2

2

– 𝐷0/ 𝐷0 relative strong phase: 𝛿

– Effective parameters: 𝑦′ = 𝑦𝑐𝑜𝑠𝛿 − 𝑥𝑠𝑖𝑛𝛿; 𝑥′ = 𝑦𝑠𝑖𝑛𝛿 + 𝑥𝑐𝑜𝑠𝛿
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QCA primarily sensitive to 𝑦, 𝑐𝑜𝑠𝛿



BESIIIQuantum correlation @ 𝝍(𝟑𝟕𝟕𝟎)
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Running near 𝒄 𝒄 threshold produces quantum correlated 𝑫𝟎 and  𝑫𝟎

 𝑒+𝑒− → 𝜓 3770 → 𝐷0 𝐷0 [𝐶 = −1]
 CP+ CP- decays are enhanced

From 

David Asner

Charm 2010



BESIIITime-integrated decay rates
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Correlated amplitudes
 Γ𝑖,𝑗 = | |𝑖|𝐷0 𝑗| 𝐷0 ∓ 𝑗|𝐷0 𝑖| 𝐷0 2

 where 
𝑖|  𝐷0 𝐷𝐶𝑆

𝑖|𝐷0 𝐶𝐹 = −𝑟𝑒−𝑖𝛿

For some special states:
- CP eigenstates: r = 1, 𝛿 = 0 or 𝜋
- Semileptonic: r = 0

Parameters can be extracted by ratios of 

yields of carefully constructed exclusive  

modes and inclusive modes
- 𝑐𝑜𝑠𝛿𝐾𝜋: CP mode + flavor mode / CP mode
- y: CP mode + semileptonic mode / CP mode



BESIIIStrong phase in 𝑫𝟎 → 𝑲𝝅 decay
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ST

DT

 Omitting higher order mixing parameters and assuming CP conservation, 
we have

– 2𝑟𝐾𝜋𝑐𝑜𝑠𝛿𝐾𝜋 + 𝑦 = 1 + 𝑅𝑊𝑆 𝐴𝐶𝑃→𝐾𝜋

– 𝐴𝐶𝑃→𝐾𝜋 =
𝐵𝐷2→𝐾−𝜋+−𝐵𝐷1→𝐾−𝜋+

𝐵𝐷2→𝐾−𝜋++𝐵𝐷1→𝐾−𝜋+

–  |𝐷1 =
|  𝐷0 +|   𝐷0

2
,  |𝐷2 =

|  𝐷0 −|   𝐷0

2

 Single Tag (ST): CP tags
– Flavor tags: 𝐾−𝜋+, 𝐾+𝜋−

– CP+ tags: 𝐾+𝐾−, 𝜋+𝜋−, 𝐾𝑆
0𝜋0𝜋0, 𝜋0𝜋0, 𝜌0𝜋0

– CP- tags: 𝐾𝑆
0𝜋0, 𝐾𝑆

0𝜂, 𝐾𝑆
0𝜔

 Double Tag (DT): 𝑲𝝅 + CP tags

 𝑩𝒓 𝑫𝑪𝑷± → 𝑲𝝅 =
𝒏𝑲𝝅,𝑪𝑷±

𝒏𝑪𝑷±

𝝐𝑪𝑷±

𝝐𝑲𝝅,𝑪𝑷±

– Most systematics cancelled within 𝐷 → 𝐶𝑃 ± modes



BESIIIPreliminary results of 𝜹𝑲𝝅

 With measured 𝑩𝒓 𝑫𝑪𝑷± → 𝑲𝝅 , we get

– 𝐴𝐶𝑃→𝐾𝜋 =
𝐵

𝐷2→𝐾−𝜋+−𝐵
𝐷1→𝐾−𝜋+

𝐵𝐷2→𝐾−𝜋++𝐵𝐷1→𝐾−𝜋+
= (12.77 ± 1.31−0.31

+0.33)%

 With external inputs of the parameters in HFAG2013 
and PDG2012, we get

– 𝑐𝑜𝑠𝛿𝐾𝜋 = 1.03 ± 0.12 ± 0.04 ± 0.01

 Compare to CLEO’s result
– 0.8 fb-1 𝜓(3770) data

– Without external inputs: 𝑐𝑜𝑠𝛿 = 0.81−0.18−0.05
+0.22+0.07

– With external inputs: 𝑐𝑜𝑠𝛿 = 1.15−0.17−0.08
+0.19+0.00

PHIPSI13 11

Our results have the best precision and 

compatible with the world average



BESIII𝒚𝑪𝑷 measurement

 Neglect term y2 or higher order

– 𝑦𝐶𝑃 ≈
1

4
(

Γℓ,𝐶𝑃+Γ𝐶𝑃−

Γℓ,𝐶𝑃−Γ𝐶𝑃+
−

Γℓ,𝐶𝑃−Γ𝐶𝑃+

Γℓ,𝐶𝑃+Γ𝐶𝑃−
)

 Tag modes

– ST: CP tag

– DT: CP tag + semileptonic tag
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Preliminary

ST

Preliminary

DT



BESIIIPreliminary results
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BESIII preliminary results 
𝒚𝑪𝑷 = −𝟏. 𝟔 ± 𝟏. 𝟑 ± 𝟎. 𝟔 %

Best precision in Charm factory

The average value do not include 

the last two measurements



BESIII𝑫+ leptonic decays

 In the SM, the leptonic decays of the 𝑫 𝒔
+ provide a clean 

way to measure the decay constant 𝒇𝑫 𝒔

+

 Test the LQCD calculation of the decay constant. The 

verified LQCD can help extract Vtd, Vts from B(s) mixing

 Search for possible new physics (charged Higgs 

contribution, R-parity violating SUSY …)
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BESIIIEvent reconstruction
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𝑁𝐷−
𝑡𝑎𝑔

= 1.566 ± 0.002 × 106 in 2.9 fb-1

 One charged tracks only
 Positive identified muon
 No isolate photon

425 signal candidates

BESIII Preliminary

After bkg subtraction, N𝜇𝜈 = 377.3 ± 20.6 ± 2.6



BESIIIPreliminary results
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Best experimental precision to date!



BESIII𝑫 semileptonic decays to 𝑲 and 𝝅

 Charm mesons can decay into other hadrons by 
emitting a ℓ+𝝂 lepton pair via the weak interactions

 Use theory for form factors, extract CKM parameters

 Use unitarily for CKM parameters, test QCD

 Verified QCD can help extract Vub from 𝑩 → 𝝅ℓ𝝂
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BESIIIEvent recon. & BR meas.
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4 tag modesTag side:

Signal side:

BR results:
1/3 data, consistent with CLEOc’s



BESIIIPartial decay rates and 𝒇(𝒒𝟐)
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𝐷0 → 𝐾𝑒𝜈 𝐷0 → 𝜋𝑒𝜈

ΔΓ

f(𝑞2)
Points: data with stat. err. only

Curves: from Fermilab-MILC within 

one stat. err. (arXiv: 1111.5471)

Measured in each q2 bin, by fitting 

U distribution



BESIIIForm factor fits
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𝐷0 → 𝐾𝑒𝜈 𝐷0 → 𝜋𝑒𝜈

Series expansion: 

Becher and Hill 

PLB 633, 61 (2006)



BESIII
Comparisons of form factor 

normalization results

PHIPSI13 21

 Numbers are from HFAG 2012 report (arXiv:1207.1158) 

 Error bar of BESIII prel. will shrink with full data 



BESIIIDalitz plot analysis of 𝑫+ → 𝑲𝑺
𝟎𝝅+𝝅𝟎

 There are many three bodies final states with large BR and 
including 𝑲𝝅 and 𝝅𝝅 two body resonances

 𝑲𝝅 S wave and low-mass 𝑲𝝅 scalar resonance 𝜿 have been 
observed significantly in earlier experiments (E691-791, 
CLEO) through MIPWA in 𝑲−𝝅+𝝅+

 The 𝑫+ → 𝑲𝒔
𝟎𝝅+𝝅𝟎 decay is also a golden mode. Previous 

dalitz plot analysis of 𝑲𝒔
𝟎𝝅+𝝅𝟎 from MARK III only include 

𝑲𝑺
𝟎𝝆+ and  𝑲∗𝟎𝝅+

 With much larger dataset, we can do much more precise 
measurement.
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BESIII

The dalitz plot

Data fitting
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Fully reconstruct 𝑫+ → 𝑲𝑺
𝟎𝝅+𝝅𝟎 final states

Using isobar model to fit data
Coherent sum of 6 intermediate resonances 

(𝐾𝑆
0𝜌+, 𝐾𝑆

0𝜌 1450 +,  𝐾∗0𝜋+,  𝐾0 1430 0𝜋+, 
 𝐾 1680 0𝜋+, 𝜅0𝜋+)

+ a non-resonant component 

Float  𝐾 1430 0 and 𝜅 800 0 parameters



BESIIIResonance parameters
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 The mass and width of K*0(1430) are consistent with E791 and CLEO-c 

from D+→K-π+π+

 The pole of κ(800) is consistent with the model C of CLEO-c



BESIIIFit fraction & BR results
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Fit fraction & phase

Fit fractions * world average 𝐵𝑟 𝐷+ → 𝐾𝑆
0𝜋+𝜋0



BESIIISearch for 𝑫𝟎 → 𝜸𝜸

 Flavor Changing Neutral Current (FCNC) (𝒄 → 𝒖 + 𝜸) is 

forbidden at tree level

 Dominated by long-distance effect

 In SM, 𝑩𝒓 𝑫𝟎 → 𝜸𝜸 ~𝟏𝟎−𝟖 or less (see Fajfer et al. 

PRD 64, 074008 (2001))

 In minimal super-symmetric standard model, the 

predicted rate is ~𝟏𝟎−𝟔 (see Prelovsek and Wyler, 

PLB500, 304 (2001))
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BESIII

 Upper limit

– Another double-tag technique is ongoing

– Intend to look for other radiative decays of 𝑫+, 𝑫𝟎 and 𝑫𝒔
+ as well

Gives : −2.9 ± 7.1 events

No significant signals

Signal reconstruction
 Reconstruct two photons
 Extract signals from a 𝚫𝐄 distribution

Preliminary results
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BESIII𝑫𝒔 decays

 Taken data @ 4.009 GeV. Only 𝑫𝒔
+𝑫𝒔

− pairs are 

produced (below 𝑫𝒔𝑫𝒔
∗ threshold)

 Many analysis can be studied by exploiting the 

“tagging” technique (MARK III’s method)

 𝑫𝒔
+ tagging is clean compared to CLEO-c’s 𝑫𝒔𝑫𝒔

∗ data 

taken @ 4.17 GeV

– But statistics limited : Low Xsection compared to 4.17 GeV (See 

slide 5)
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BESIII𝑫𝒔 tagging
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Several ongoing analysis

Results will come out soon ….



BESIIISummary

 Many new results come from BESIII
– Quantum correlation analysis

• Strong phase 𝛿𝐾𝜋: with the best accuracy

• mixing parameter 𝑦𝐶𝑃: compatible with the world average

– 𝐷+ leptonic: most precise 𝐷+ → 𝜇+𝜈 measurement

– 𝐷0 semiletonic: 1/3 data analyzed 𝐷0 → 𝐾/𝜋𝑒𝜈, comparable 
precision to CLEO-c, better precision expected

– 𝐷+ hadronic: dalitz analysis of 𝐷+ → 𝐾𝑆
0𝜋+𝜋0 is performed, the 

measured partial branching fraction are consistent with E791 & 
CLEO-c

– 𝐷0 Rare decay: have searched for 𝐷0 → 𝛾𝛾, confirm the latest 
results from BaBar

– 𝐷𝑠
+ decays: clean tags, results coming soon
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Thanks for your attention!


