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Introduction to the BESIII experiment
• Located in the symmetric 𝑒!𝑒" BEPCII collider at IHEP, Beijing
• Operates in 𝐸#$ = 2 − 5GeV with peak L~1033 cm-2s-1

• The detector has ~93% radial acceptance optimised for low momentum 
particles (~1 GeV)
• R-value, 𝜏, charm, light hadron, charmonium physics + more
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Double-tag reconstruction

• Producing two D mesons on resonance allows for clean reconstruction
• Allows use of beam constrained and missing mass/energy variables
• Can determine branching fractions without knowledge of NDD
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Observation of D! → K"#a# 980 !

• Hadronic charm decays not yet accurately described by theory
• The diagrammatic approach1 works for 𝐷 → 𝑃𝑃 and 𝐷 → 𝑉𝑃

decays but progress in𝐷 → 𝑆𝑃 is limited due to W-annihilation 
amplitudes
• D! → K"#a# 980 ! contains no contributions from W-annihilation 

diagrams
• Discrepancies from predicted BF could tell us more about the a0
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[1] Phys. Rev. Lett. 56, 1655

http://doi.org/10.1103/PhysRevLett.132.131903
http://doi.org/10.1103/PhysRevLett.56.1655


Observation of D! → K"#a# 980 !

• Observed in an amplitude analysis of D! → K56𝜋!𝜂 decays using 2.93 fb-1

data collected at ECM=3.773 GeV
• Highly pure sample of ~1100 signal candidates obtained using the 6 

hadronic DT final states method
• 𝐵 𝐷! → K56a6 980 !, 𝑎6! → 𝜋!𝜂 = (1.33 ± 0.057898 ± 0.047:78)%
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Search for purely leptonic D$∗! → e!ν& decays
• The decay has never been observed but can be excellent probes of c→s 

transitions, CKM unitarity and LFU
• QCD effects absorbed into 𝑓;!∗# which provides test of LQCD 

• Measurement uses 7.33 fb-1 data collected between ECM=4.128-4.226 GeV 
where e!e" → D." D.∗! production is possible
• Double-tag method used with 16 hadronic D." decays 
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Search for purely leptonic D$∗! → e!ν& decays
• Signal yield extracted from a fit to the squared missing mass

• First	evidence	for	this	decay	and	measurement	of	decay	constant
• 𝐵𝐹 D.∗! → e!ν= = 2.1"6.?!$%$

!@.A ± 0.27:78 ×10"B (<4×10"B at 90%CL)

𝑁#$ = 6.2"%.'!(.) (2.9𝜎)
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where k loops over all 
particles used in 
reconstruction



Measurement of 𝐷'! → 𝜇!𝜈(
• Measure |Vcs|, LFU tests and LQCD checks

• Measurement uses 7.33 fb-1 data collected between ECM=4.128-4.226 GeV 
where e!e" → D.! D.∗" production is possible
• Double-tag method used with 16 hadronic D." decays with fully 

reconstructed D.∗" → D."γ or D."π6 
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Phys. Rev. D 108, 112001

http://doi.org/10.1103/PhysRevD.108.112001


Measurement of 𝐷'! → 𝜇!𝜈(
• Branching fraction determined using yields from fit to MH/..

A

• Determine 𝐵 𝐷7! → 𝜇!𝜈I = 0.5294 ± 0.0108 %

With input for 𝑓!*+:  𝑽𝒄𝒔 = 𝟎. 𝟗𝟔𝟖 ± 𝟎. 𝟎𝟏𝟎𝒔𝒕𝒂𝒕 ± 𝟎. 𝟎𝟎𝟗𝒔𝒚𝒔𝒕

With input for |𝑉'(|:𝑓!*+ = 248.4 ± 2.5()*) ± 2.2(+()  MeV

BESIII results: ,(!*
+→/+0,)

,(!*+→2+0-)
= 10.05 ± 0.35

Theoretical prediction = 9.75
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Slide from Tengjiao Wang presented at CKM 2023 

Phys. Rev. D 104, 034505



Quantum correlated 𝐷!"𝐷! pairs

• 𝑒!𝑒" → 𝜓(3770) proceeds through 𝛾∗ which is C-odd -- conserved in final 
state so decays of the 𝐷6 and Z𝐷6 are correlated

• Interference between the 𝐷6 and Z𝐷6 decays is sensitive to the strong-
phase difference in the signal and tag final states

• Key inputs in measurements of the CKM angle 𝛾 and charm mixing and 
CPV parameters

𝜓(3770)
𝐷. -𝐷.

TAG (T)SIGNAL (S)

𝒜 = 𝑆 𝐷6 𝑇 2𝐷6 − ⟨𝑇|𝐷6⟩⟨𝑆|2𝐷6⟩

Innes Mackay, BEACH 2024 11



Measurement of the CP even fraction of 𝐷! → 𝐾"!𝜋#𝜋$𝜋!

• C-odd constraint places CP restrictions on the final states

• Allows for measurement of the CP even fraction (𝐹!) in a decay, which is 
key input to measurements of the CKM angle 𝛾
• Multiple different tag final states are used with different CP properties

𝐷62𝐷6 − 2𝐷6𝐷6 = 𝐷"𝐷! − |𝐷!𝐷"⟩
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http://doi.org/10.1103/PhysRevD.108.032003


Measurement of the CP even fraction of 𝐷! → 𝐾"!𝜋#𝜋$𝜋!

• 𝐹3 is determined using 5 CP even and 4 CP odd tags
• Single tags used for cancellation of systematic uncertainties and 𝑁!4!
• Fit to M,5 (𝑀67((

8 ) for tags without (with) 𝐾9: particles
• Similar procedure for the quasi-CP tags e.g. 𝜋3𝜋;𝜋:

𝑅∓ =
𝑁(𝑆|𝑇)
𝑁(𝑇)

= 𝐵𝐹 𝑆 𝜖 𝑆 [1 − 𝜂"
±(2𝐹$ − 1)]

where 𝜂!" is the CP 
eigenvalue of the tag 𝐹! =

𝑅!

𝑅! + 𝑅"
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Measurement of the CP even fraction of 𝐷! → 𝐾"!𝜋#𝜋$𝜋!

• Integrated 𝐹!
J',)
* K#K+~0.5 so measurement performed in PS regions

• Symmetric 16 bin scheme is used to describe the PS

• Likelihood fit to the double tag yields performed to determine 𝐹! with 
Gaussian constrained 𝐾L, 𝑐L
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Measurement of the CP even fraction of 𝐷! → 𝐾#𝐾$𝜋#𝜋$

• Same procedure as in 𝐷6 → 𝐾M6𝜋!𝜋"𝜋6

• 𝐹3 = 0.730 ± 0.037 𝑠𝑡𝑎𝑡. ± 0.021 𝑠𝑦𝑠𝑡.
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Measurement of U-spin breaking parameters in 𝐷! → 𝐾)!𝜋#𝜋$

• Interference between CF and DCS contributions to the 𝐷6 → 𝐾N6 𝜋!𝜋" O,-
final state can break U-spin symmetry 
• 𝐷 → 𝐾M6𝜋!𝜋" strong-phases measured using 𝐾N6𝜋!𝜋" tags at BESIII with 

assumptions about U-spin breaking parameters (𝜌̂)
• Measuring will reduce systematic uncertainties on measurements of the 

CKM angle 𝛾

𝐴 𝐷6 → 𝐾N6 𝜋𝜋 O,-

=
1
2
𝐴 𝐷6 → Z𝐾6 𝜋𝜋 1 − 𝜌̂O,- tan

A 𝜃#
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Measurement of U-spin breaking parameters in 𝐷! → 𝐾)!𝜋#𝜋$

• 𝐷6 → 𝐾N6𝜋!𝜋" amplitude analysis performed (first with a 𝐾N6) constraining 
to well-studied 𝐷6 → 𝐾M6𝜋!𝜋" mode assuming

• Significant deviations from 1 show U-spin symmetry breaking

𝐴 𝐷6 → 𝐾N6 𝜋𝜋 O,- = 𝐴 𝐷6 → 𝐾M6 𝜋𝜋 O,- 1 − 2b𝝆𝒌𝑪𝑷 tan
A 𝜃#
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Measured strong-phase 
differences agree with 
assumptions in 𝐾!"𝜋#𝜋$ 
analysis - but now with 
justified errors 



Summary

• BESIII is an excellent laboratory for charm physics – clean reconstruction 
and quantum correlations
• Exciting new measurements in amplitude analyses, leptonics, flavour 

physics
• Much more to come with the collaboration having recently finished 

collection of ~20fb-1 data at ECM=3.773 GeV (~7x larger)

Questions?
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