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(Semi)leptonic D decays
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Direct
measurement:
(semi)leptoni
c D decays

V., Vs and V , are the best determined due to flavor symmetries: I, SU(3),

|V ¢s(ay| measurements before BESII|

Indirect
constraint:
Hadronic D
decays
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Vgl = (8.4 4 0.6) x 1073 Vis| = (40.0 £ 2.7) x 1073 [Vgp| = 1.021 £ 0.032 _)

HQS. Charm (V.4 & V_,) and rest of the beauty sector (V,,, V.4, V,) are poorly
determined. Theoretical errors on hadronic matrix element dominate.
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LFU tests in semileptonic D decays before BESIII

Tension in B physics
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2010:
2011:

2012:

2013:

2014:

20089:
2015:

Data samples at BESII|I

106M P (3686)

225M /Y

0.98 fb1y(3770)

2.93 fb11p(3770) (D°H), total)
0.48 fb'l @4.01 GeV

0.45B 1(3686) (total)

1.30B J/y (total)

1.09 fbl @4.23 GeV (XYZ&D)
0.83 fbl @4.26 GeV

0.54 fbl @4.36 GeV

10x0.05 fb1 XYZ scan@3.81-4.42 GeV
1.03 fb'l @4.42 GeV

0.11 fb'l1 @4.47 GeV

0.11 fb! @4.53 GeV

0.05 fb'l @4.575 GeV

0.57 fbl @4.60 GeV (XYZ&A)
0.80 fb! R scan @3.85-4.59 GeV
106M P (3686)

R-scan 2-3 GeV+2.175 GeV

2016:
2017:

2018:
2019:
2020:

2021:

2022:

3.20fb 1 @4.178 GeV (XYZ&D?)

7%x0.50 fb'l @4.19-4.22 GeV (XYZ&D}),
@4.24-4.27 (XYZ)

More J/i+tuning new RF cavity

10B J/1 (total)

8x0.50 fb1XYZ scan@4.13, 4.16 (XYZ&D?),
4.29-4.44 GeV

3.8 fbl @ 4.61-4.7 GeV (XYZ&A})

2.0fbl @ 4.74-4.946 GeV

2.7B Y¥(3686) (total)

0.4 fb* @3.650 GeV

0.4 fb* @3.682 GeV

2.97.9 fb'1 (3770) (D°H), total)

2023-2024: 7.9—20.3 fb11)(3770) (D°), total)

2x0.42 fbt4(3770) scan
0.14 fb! @3.800-3.885 GeV
0.13fb? @3.554 GeV

0.025 fb'! @1.84-2.00 GeV

>50 fb! at E_ between 1.84 and 4.95 GeV in 15 year running



The world largest threshold charmed mesons at BESII|I

:  Produced in pair > Double tag method
'IT Low background - low systematic uncertainties

et 3 ‘_ Quantum correlation for y(3770) —» D°D° pairs
W e—

Yields of Singly Tagged (ST) charmed hadrons

E.. DEYERE (T AT L (fb-1) ST DY ST D ST D}
(GeV) yield Yield yield

3.773 2010-11 (+2022, 23, 24) 2.9 (=>7.9>20.3) 2.7M(~7x) 1.7M (~7x)
4.13-4.23 2016 (+2017, 2012, 2019) 3.2 (=>6.3,7.3) 0.8M

Total yields of various charmed hadrons at BESIII are lower than Belle and LHCb by 2-3 orders.
However, BESIII, Belle and LHCb have complimentary advantages in various charm physics



Publications of BESIII (as of Feb. 06 2026)
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Leptonic D decays



Precision measurements of D™ — [Tv; and LFU test

PRD89(2014)051104, 2.93 fb-'1@3.773 GeV PRL123(2019)211802, 2.93 fb-'@3.773 GeV
PRL135(2025)061801, 20.3 fb-1@3.773 GeV JHEP01(2025)089, 7.9 fb'@3.773 GeV
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Precision~5.5%
Precision~1.2% 10



Precision measurements of D} — [Tv; and LFU test

PRL122(2019)071802, 3.19 fb-'@4.18 GeV

PRD104(2021)052009, 6.3 fb-1@4.18-4.23GeV
PRD108(2023)112001, 7.33 fb-1@4.18-4.23GeV
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B[D — u*v] = (5.29 + 0.11 + 0.09) x 1073
fpr|Ves| = (241.8 £ 2.5 + 2.2) MeV

Precision~1.4%

The most precise to date
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Comparisons of f,+ and f ¢

[ [ [ [ [
lFLAG24(2+1+1}|rXiv:2411,04£63

FMILC (2+1+1) PRD98(2018)074512
FMILC (2+1+1) PRD90(2014)074509
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Events / (0.05 GeV?/¢4)

First experimental study of D;* - e*v,

PRL131 (2023) 141802
7.33 fb-'@4.13-4.23 GeV
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Search for D** - [Ty,

6.3 fb-'1@4.18-4.23 GeV PRD110 (2024) 012003
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(Semi)leptonic D decays

= Semileptonic decays of D —» P/S/V /Ae*v,



D - P/Sl-l_VlEIé éﬂ

drl X GE| Vcd(s)|2
dg2 2473

Dynamic study
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Form factor parameterizations:

— Single pole form

— Modified pole
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— Series expansion
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Studies of ¢ - sl*v, semileptonic decays
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@3.713 GeV\—————————————
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Very recent results of D°(Y) - K¢*v, (£ = e or )
PRD110(2024)112006 = arXiv:2601.21185, 2601.21196

7.9 > 20.3 fb' @3.773 GeV
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Earlier studies of ¢ — dI*v, semileptonic decays

PRD92(2015)072012 PRD96(2017)012002 PRL122(2019)061801
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Recent studies of D
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Recent studies of D - Sl*v;
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Recent results of D* —» K*%e*v,
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Observation of D - Ae*v,

2.93 fb'@3.773 GeV

* - K}(1270)e*v, PRL123(2019)231801 D° - K,(1270)"e*v, PRL127(2021)131801
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Helps to test various theoretical calculations New window to explore the property and
which are sensitive to K; mixing angle nature of K; and K; mixing angle

| S. Momeni, Combined analysis of D - K,e*vand B - yK,
.2, JPG46(2019)105006

helps to constrain new physics effect in the
studies of photon polarization in b - sy process

Wei Wang et al. PRL125(2020)051802
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More studies of D - K,(1270)e* v,

2.93 fb-1@3.773 GeV 20.3 fb-1 @3.773 GeV
D - Ksmrme'v, JHEP09(2024)089 D - Kwe'v, arXiv.2601.01817
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Observation/Evidence of D — Ae*v,
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7.33 fb-1 @4.13-4.23 GeV
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Status of semielectronic D decays at BESII|I
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Status of semimuonic D decays at BESIII

--_—

K~ 4%>054% 1%5068% n  NA>33%
____ n’ NA>7.7%
¢ sitv (K- KOm ) [13%325%. K°O(KIn®) NA>2.1% NA->5.0%
K; NA->25%.. 1‘(0 NA->25%.. -_
K  NA>10%
____-_
NA->9.4%... 17%->10%..
c-dltv fO(SOO) NA->21%...
w NA->12%...
n NA->4.6%
n NA->15%

ERNE102/) SRETHED: NitRESEEIETHCARES

36



Summary of LFU tests at BESIII

NN R N EETIT SM predictions for semileptonic
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u-e LFU tests with semileptonic decays in different g2 bins

PRL122(2019)011804 >
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Summary

= With current 20.3 fb-'@3.773 GeV and 7.33 fb-1@(4.13-4.23) GeV,
many results of (semi)leptonic D decays have been obtained

IV |: 1.6% 2> <0.5% IV4|: 3.6% > ~1%...
f,P>X(0): 0.3% f,b>(0): 1.6%...
LFU /et ~0.5% LFU,,: ~3.5% e

= Studies of Cabibbo-suppressed decays are relatively slow

15359 !

= More data around 4.2 GeV?
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Belle @ KEKB
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Production of charmed mesons at BESIII
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vents / 1.4 MeV/c?

Single-tag charmed mesons at BESIII
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Comparisons of other D —» P form factors
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