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Topics of charm mesons @ BESIII

◉ Decay constant 𝑓!(")$ , form factor 𝑓"": calibrate Lattice QCD.

◉ CKM matrix element |𝑉#$(&)|: test the unitarity of the CKM matrix.

◉ Lepton flavor universality (LFU) test.

Pure leptonic decay Semi-leptonic decay
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Topics of charm mesons @ BESIII

◉ Amplitude Analysis of multi-body hadronic charm decays
• Mass and width of light hadrons which are beneficial to understand light hadron spectroscopy.

◉ Branching Fraction Measurements
• Test theoretical calculations of these BFs  or decay asymmetry parameters.
• Benefit the understanding of the quark SU(3) flavor symmetry and its breaking effect.
• Explore the effects of 𝐷( − &𝐷( mixing and CP violation in charm sector.

Amplitude Analysis Branching Fraction Measurements
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Production & Methodology

◉ Double Tag◉ Datasets
• 2.93 fb)* @3.773 GeV : 𝐷&𝐷 threshold
• 7.33 fb)* @4.128-4.226 GeV : 𝐷&∗&𝐷&
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Determination of spin and parity of 𝐷 !
∗ mesons

◉ 3.19 fb%& @4.178 GeV

◉ There is no decisive experimental results of spin and parity have been reported for the 
ground 1S states 𝐷(')∗ since their discovery.

◉ The spin and parity of 𝐷)∗*, 𝐷∗+and 𝐷∗* are firstly determined in the process of 

• 𝑒*𝑒% → 𝐷)∗*𝐷)%

• 𝑒*𝑒% → 𝐷∗+*𝐷+

• 𝑒*𝑒% → 𝐷∗*𝐷%

◉ Partial reconstruction of 𝛾 and 𝐷'* and recoil side missing 𝐷'% (similar technique for 
𝐷∗+ and 𝐷∗* )

◉ An application of a helicity amplitude analysis results in a preference of the quantum 
number 𝐽, = 1% over the hypotheses 2* and 3%  with significance more than 10𝜎.

highlight

arXiv: 2305.14631
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Pure leptonic decay
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𝑫𝒔$ → 𝝉$𝝂 

ℬ 𝜏" → 𝜇"𝜈,𝜈̅- = 17.39%

ℬ 𝑫𝒔" → 𝝉"𝝂 = 5.21 ± 0.25#$%$ ± 0.17#&# %

ℬ 𝜏" → 𝑒"𝜈<𝜈̅- = 17.82%

ℬ 𝑫𝒔" → 𝝉"𝝂 = 5.27 ± 0.10#$%$ ± 0.12#&# %

ℬ 𝜏" → 𝜋"𝜋(𝜈̅- = 25.49%

ℬ 𝑫𝒔" → 𝝉"𝝂 = 5.29 ± 0.25#$%$ ± 0.20#&# %

𝑓!"$ 𝑉#& = (244.4 ± 2.3 ± 2.9)MeV 𝑓!"$ 𝑉#& = (243.2 ± 2.3 ± 3.3)MeV 𝑓!"$ 𝑉#& = (244.8 ± 5.8 ± 4.8)MeV

PRL 127 171801 (2021) PRD 104 052009 (2021) PRD 104 032001 (2021)

◉ Based on 6.32 fb)* @4.178-4.226 GeV
Methodology:
1)Missing Mass
2)𝐸-./01/2/ : Sum of isolated the energy deposit in calorimeter
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𝑫𝒔$ → 𝝉$𝝂: 𝝉$ → 𝝁$𝝂𝝁'𝝂𝝉 

◉ Based on 7.33 fb)* @4.128-4.226 GeV

◉ Compare to the previous measurement:
• From Missing Mass to 𝐸<>?@A?B? Methods
• 15% more data.

◉ 𝐸<>?@A?B? Methods
• Sum of isolated the energy deposit in calorimeter
• Signal: 𝐸<>?@A?B? <0.4GeV 
• BKG: 𝐸<>?@A?B? >0.6GeV 

ℬ 𝑫𝒔" → 𝝉"𝝂 = 5.34 ± 0.16#$%$ ± 0.10#&# %

𝑓!"$ 𝑉#& = (246.2 ± 3.7 ± 2.5)MeV

arXiv: 2303.12468update

ℬ 𝑫𝒔" → 𝝉"𝝂 = 5.21 ± 0.25#$%$ ± 0.17#&# %

𝑓!"$ 𝑉#& = (243.2 ± 2.3 ± 3.3)MeV

update
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𝑫𝒔$ → 𝝉$𝝂: 𝝉$ → 𝝅$𝝂
◉ Based on 7.33 fb)* @4.128-4.226 GeV

BDT input

BDT output on signal channel for measurement

ℬ 𝑫𝒔" → 𝝉"𝝂 = 5.41 ± 0.17&?A?. ± 0.13&G&?. %

𝑓!"$ 𝑉#& = (247.6 ± 3.9 ± 3.2)MeV

arXiv: 2303.12600new

BDT output on control channel for validation

𝑫𝒔" → 𝜂𝜋" Other 𝜏" decays

𝑫𝒔" → 𝜇"𝜈 𝒆"𝒆' → 𝜏"𝜏'/𝑞P𝑞
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𝑫𝒔$ → 𝝉$𝝂 arXiv: 2303.12600
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𝒇𝑫𝒔"  & 𝑽𝒄𝒔

Input:
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𝑫𝒔∗$ → e$𝝂

◉ Motivated by theoretical prediction[1,2]

◉ First study based on 7.33 fb%& @4.128-4.226 GeV with𝐷'∗*𝐷' process.

◉ 𝐵(𝐷'∗* → 𝑒*𝜈) = 2.1%+.4*&.5
'/1/ ± 0.2'6'/ ×10

%7.  (2.9𝜎)

◉ Combine  
8
!"
∗$
$

8
!"
$
$ = 1.12 ± 0.01 from LQCD calculation

• Γ9"∗$
/2/1: = (121.9%75.5*;4.; ± 11.8) eV

• Agree with 70 ± 28 eV predicted by LQCD in ±1𝜎

• Indirectly constrains the upper limit on the total width Γ9"∗$
/2/1: from 

MeV to keV level. First experimental result on 𝑓!!∗#

Double Tag

arXiv: 2304.12159new

1)EPJC 82, 1037 (2022)
2)PRL 112, 212002 (2022)
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Semi-leptonic decay



Jun 6, 2023Hadron 2023Yunxuan Song 14 / 20

𝑫𝒔$ → 𝝅$𝝅)𝒆$𝝂 new

◉ Based on 7.33𝑓𝑏)* @4.128-4.226 GeV

◉ The BF of 𝐷&" → 𝑓((980)𝑒"𝜈, 𝑓( 980 → 𝜋"𝜋) is measured to be 1.72 ± 0.13&?A? ± 0.10&G& ×10)Q , 2.6 times more 
accurate than previous measurement. 

◉ Determine  𝑓"
R< 𝑉#& = (0.504 ± 0.017&?A? ± 0.035&G&?) for the first time in 𝐷&" → 𝑓((980)𝑒"𝜈, 𝑓( 980 → 𝜋"𝜋)

◉ The measured FF and BF are both important to probe the quark component in 𝑓( 980 .
• Using the relation between the BF and the mixing angle 𝜙 involved in the 𝑞K𝑞 mixture picture for 𝑓( 980 [*], we find 

that the 𝑆 ̅𝑆 component is dominant.

arXiv: 2303.12927

Signal yields: 439 ± 33

[*]PRD 80, 074030 (2009)
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Hadronic Decays

Amplitude Analysis Branching Fraction Measurements
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Observation of 𝒂𝟎 𝟏𝟖𝟏𝟕 $at 𝑫𝒔$ decays

◉ 𝑀 = 1.817 ± 0.008 ± 0.020 GeV/𝑐5

◉ Γ = 0.097 ± 0.022 ± 0.015 GeV/𝑐5

◉ ℬ 𝐷'* → 𝑎+ 1817 *𝜋+ = (3.44 ± 0.52 ± 0.32)×10%=

◉ Significance > 10 𝜎

◉ The isovector partner of 𝑓+ 1710  or 𝑋(1812)?

◉ A simultaneous amplitude analysis of 𝐷'* → 𝐾)+𝐾*𝜋+ and 
𝐷'* → 𝐾)+𝐾)+𝜋* can be expected.

highlight

𝐷&" → 𝐾S(𝐾S(𝜋"

𝐷&" → 𝐾S(𝐾"𝜋(

PRD 105, 051103 (2022)

PRL 129, 182001 (2022)

destructive interference:
𝑎( 980 and 𝑓( 980

𝑎" 1817 # in	𝐾$"𝐾# mass	spectrum

constructive interference: 𝑎" 1817 and 𝑓" 1710 ?
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𝑫 → 𝑲𝑺
𝟎𝑿 

◉ The precision of BFs 𝐷" → 𝐾S(𝑋 and 𝐷( → 𝐾S(𝑋 are improved by factors of 9.0 and 8.1.

◉ The differences between the inclusive and exclusive decay BF are 
• For 𝐷": 1.10 ± 0.41 %
• For 𝐷(: 2.38 ± 0.75 %

arXiv: 2302.14488

BF of exclusive 𝐷(/"decays involving 𝐾S(
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𝑫 → 𝑲𝑳
𝟎𝑿 

◉ First measurement of their decay branching fractions

◉ Cabibbo-favored (CF) and doubly Cabibbo-suppressed (DCS) amplitudes can lead to a significant asymmetry between 
the BFs of 𝐷" → 𝐾$"𝑋 and 𝐷" → 𝐾%"𝑋

◉ Asymmetries of branching fractions of 𝐷(/&𝐷( → 𝐾T(𝜂, 𝐾T(𝜂U, 𝐾T(𝜔,𝐾T(𝜙

PRD 105 092010 (2022)

= 2 tanV 𝜃W 𝜃(: Cabibbo mixing angle
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Doubly Cabibbo Suppressed decays

◉ 𝐵 𝐷( → 𝐾"𝜋)𝜋( = [3.13)(.YZ"(.Z( 𝑠𝑡𝑎𝑡 ± 0.15(𝑠𝑦𝑠𝑡)]×10)[

◉ 𝐵 𝐷( → 𝐾"𝜋)𝜋(𝜋( < 3.6×10)[@90%𝐶𝐿.

◉ 𝐵 𝐷" → 𝐾"𝜋(𝜋( = [2.1 ± 0.4 𝑠𝑡𝑎𝑡 ± 0.1(𝑠𝑦𝑠𝑡)]×10)[

• 𝐵 𝐷" → 𝐾∗ 892 "𝜋( < 4.5×10)[

◉ 𝐵 𝐷" → 𝐾"𝜋(𝜂 = [2.1 ± 0.5 𝑠𝑡𝑎𝑡 ± 0.1(𝑠𝑦𝑠𝑡)]×10)[

• 𝐵 𝐷" → 𝐾∗ 892 "𝜂 = [4.7)*.Z"*.\ 𝑠𝑡𝑎𝑡 ± 0.2(𝑠𝑦𝑠𝑡)]×10)[

PRD 105 112001 (2022)
JHEP 09 107 (2022)

𝐷( → 𝐾"𝜋)𝜋( 𝐷( → 𝐾"𝜋)𝜋(𝜋(
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Quantum correlated 𝐷-3𝐷- at BESIII
◉ 𝑒*𝑒% → 𝐷+*𝐷+ +𝑚 𝜋+ + 𝑛(𝛾)

◉ 𝐶 𝐷+*𝐷+ = −1 >*&

◉ QC samples:

◉ Best laboratory to measure strong-phase parameters 

◉ Inputs for CPV studies at B experiments.

◉ Precision test of perturbative QCD calculation in charm 
decays, mixing and CPV

◉ Compare the double tag yields w/w.o. quantum correlation

◉ Strong-phase measurements using various tags

◉ Provide comprehensive constraints on strong-phase parameters.
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Determination of 𝜹𝑫𝑲𝝅

◉ An update measurement of the asymmetry between CP -odd and CP -even eigenstate decays 
into 𝐾)𝜋"

◉ Using the predominantly CP -even tag 𝐷 → 𝜋"𝜋) 𝜋( and CP-odd eigenstate tags, we 
measured: 

◉ 𝛿!]^ = (187.6)\._)Z.["`.\"Y.[)°
• With events containing both 𝐷 → 𝐾)𝜋" and 𝐷 → 𝐾S,T( 𝜋"𝜋) decays, which sensitive to 
𝑟!]^co𝑠𝛿!]^

• Studied in bins of phase space of the three-body decays
• Precision test of the theoretical prediction 𝛿!]^ = (183 ± 5.7)°[*] 
• Most precise single measurements.

• 𝑟!]^, 𝑦 and 𝐹"^^^
<

are constrained to measured values .

30% more precise ！

EPJC 82 1009 (2022)

[*]PRD 99, 113001 (2019)
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CP-even fraction measurements

𝐷+ → 𝜋*𝜋%𝜋*𝜋%
𝐹* = 0.735 ± 0.015'/1/ ± 0.005'6'/

𝐷+ → 𝐾*𝐾%𝜋*𝜋%
𝐹* = 0.730 ± 0.037'/1/ ± 0.021'6'/

PRD 107 032009 (2023)PRD 106 092004 (2022)

𝐷+ → 𝐾)+𝜋*𝜋%𝜋+
𝐹* = 0.235 ± 0.010'/1/ ± 0.002'6'/

arXiv: 2305.03975

new
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More

◉ Making progress in past few years.

◉ Many ongoing projects, eventually 20𝑓𝑏%&𝜓(3770) data samples.

Decay mode Quantities Status（2.93 fb&'）
𝐾$"𝜋#𝜋& 𝑐( , 𝑠( Finished(2020)

𝐾$"𝐾#𝐾& 𝑐( , 𝑠( Finished(2021)

𝐾&𝜋#𝜋#𝜋& 𝑅, 𝛿 Finished(2020)

𝐾#𝐾&𝜋#𝜋& 𝐹# 𝑜𝑟 𝑐( , 𝑠( 𝐹#Finished(2022),𝑐( , 𝑠( on going

𝜋#𝜋&𝜋#𝜋& 𝐹# 𝑜𝑟 𝑐( , 𝑠( 𝐹#Finished(2022),𝑐( , 𝑠( on going

𝐾&𝜋#𝜋" 𝑅, 𝛿 Finished(2021)

𝐾$"𝐾±𝜋∓ 𝑅, 𝛿 On going

𝜋!𝜋"𝜋# 𝐹# On going

𝐾$"𝜋#𝜋&𝜋" 𝐹# 𝑜𝑟 𝑐( , 𝑠( 𝐹#Finished(2023),𝑐( , 𝑠( on going

𝐾#𝐾&𝜋" 𝐹# On going

𝐾&𝜋# 𝛿 Updated Finished (2022)
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Summary and Prospects

◉ In recent years, many important results of charm mesons decays were reported by BESIII.

◉ In the near future, BESIII will collect 20 fb)*@3.773 GeV data sample, further results are expected:
• Precision of 𝑓!$, 𝑓!$, 𝑉#& , 𝑉#$ , 𝑓"!→] 0 and 𝑓"!→^ 0 reached (0.5-1.0)% level;
• Intensive LFU tests with (semi-)leptonic decays → the expected best precision is better than 1% for 𝜇 − 𝑒 and 3% for 𝜏 − 𝜇;
• Improved measurement of strong phase differences of neutral 𝐷 decay → constrain the 𝛾 measurement to about 0.5° level;
• Precision of the absolute BFs of the golden decays 𝐷( → 𝐾)𝜋", 𝐷( → 𝐾)𝜋"𝜋"𝜋), 𝐷" → 𝐾)𝜋"𝜋", 𝐷" → 𝐾"𝐾)𝜋" reaches 

1% level.

◉ BESIII has the great knowledge in charm mesons, especially in 
• Branching fraction measurement.
• Amplitude analysis for multibody hadron final states.
• Form factors in semi-leptonic decays.
• Provide the  great decay model in EvtGen !



BACKUP
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Observation of 𝑎- 1817 $at 𝐷!$ decays
highlight

𝐷+# → 𝐾$"𝐾$"𝜋#

𝐷+# → 𝐾$"𝐾#𝜋"
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Joint angular distribution
Ø Decay chains: 𝑒h𝑒i → 𝐷j∗h𝐷ji, 𝐷j∗h → 𝛾𝐷jh , 𝐷jh → 𝐾l𝐾h

𝑒h𝑒i → 𝐷∗m &𝐷m, 𝐷∗m → 𝜋m𝐷m, 𝐷m → 𝐾i𝜋h and 𝜋m → 𝛾𝛾
𝑒h𝑒i → 𝐷∗h𝐷i , 𝐷∗h → 𝜋m𝐷h, 𝐷h → 𝐾i𝜋h𝜋h and 𝜋m → 𝛾𝛾

Partial reconstruction of 𝛾 and 𝐷jh and recoil side missing 𝐷ji (similar technique for 𝐷∗m and 𝐷∗h)

ØThe joint amplitude of  process 𝑒h𝑒i → 𝛾∗ → 𝐷j∗h 𝜆n 𝐷ji, 𝐷j∗h → 𝛾 𝜆o 𝐷jh shown as 

𝐴 𝑚, 𝜆$, 𝜔 =(
%b
𝐹%b,#𝐷',%b

$∗ 𝜙#, 𝜃#, 0 𝐵𝑊 𝑚$) 𝐹#,%c
* 𝐷%b,"%c

*∗ 𝜙$, 𝜃$, 0 	

• 𝜔 = 𝜃#, 𝜙#, 𝜃$, 𝜙$, 𝑚$) , 𝐷',%b
$∗ 𝜙#, 𝜃#, 0 is the Wigner-D function, 𝐵𝑊 is the Breit-Wigner function,

• 𝑚$) is the 𝛾𝐷+! invariant mass, and 𝐹%b,# and 𝐹#,%c
* are the helicity amplitudes of the two sequential decays

• 𝒲(*d)  is the differential cross section of the sequential decay: ∑',%c 𝐴 𝑚, 𝜆$, 𝜔
)

𝒲($e) ∝ (3+cos2𝜃# ) 3 + cos 2𝜃$ − 4 cos 2𝜙$ sin) 𝜃# sin) 𝜃$
𝒲()f) ∝ (3+cos2𝜃# ) ( 2+cos2θ$+cos4𝜃$)−
4 (1+2 cos2𝜃$) cos2𝜙$ sin)𝜃# sin)𝜃$
𝒲(.e) ∝ (3+cos2𝜃# )(398+271cos2𝜃$+130cos4θ$ + 255𝑐𝑜𝑠6𝜃$)
− 8(163+380cos2θ$ + 225cos4θ$)cos2𝜙$ sin)𝜃# sin)𝜃$


