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Why heavy flavour physics?

» Studying the properties of hadrons containing heavy quarks
gives insight into two fundamental questions:

» Does physics beyond the Standard Model affect the
interactions of quarks?

» |s the Cabibbo-Kobayashi-Maskawa matrix unitary?
» Do heavy hadron decay rates follow the predictions of the
Standard Model?

» How do quarks bind to form hadrons?

» Can we accurately predict the spectroscopy, form factors, and
decay constants of heavy hadrons?
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Why heavy flavour physics?

» Studying the properties of hadrons containing heavy quarks
gives insight into two fundamental questions:

» Does physics beyond the Standard Model affect the
interactions of quarks?

» |s the Cabibbo-Kobayashi-Maskawa matrix unitary?
» Do heavy hadron decay rates follow the predictions of the
Standard Model?

» How do quarks bind to form hadrons?

» Can we accurately predict the spectroscopy, form factors, and
decay constants of heavy hadrons?

» Precision measurements of hadrons probes new physics energy
scales much higher than those achievable from direct searches
with modern colliders (10* GeV-10'" GeV), but in practice we
need to disentangle these two questions when interpreting
measurements!
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Beijing Electron-Positron Collider Mk. II (BEPCII)

» Symmetric et e~ collider
» Diameter of storage rings: ~ 75 m (LHC: ~ 8 km)
» FEoy: 2—5 Ge

FGANJIAKOU: 2

¢ > Construction Phase

from 2004-2008
» Upgrade from BEPC and BESII
» First Data Taking in 2009
» ~600members representing
85 institutions from 17 countries
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Beijing Electron Spectrometer 1l (BESIII)

Muon Counter

Gilman

SC magnet

CsI(Tl) calorimeter

“Onion"-style detector designed for
studies of charm hadrons

Hermeticity: 93% of 4

Gaseous Drift Chamber for tracking

charged particles: % ~ 0.5%

Time-of-Flight system for particle
identification: ocpror = 80 ps
Calorimeter for e~ identification and
neutral particle reconstruction:
og/E ~25%

Some notable differences with a
typical LHC experiment:

»> Low boost = (almost) no
displaced vertices

> Momentum of final state
particles in the lab frame:
50 — 1500 MeV/ ¢

> ~ 100% trigger efficiency

» Muons more challenging than
electrons
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LHCb Event Reconstruction
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BESIII Event Reconstruction

Simulated D1 D event
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BESIII Physics Program

» In March 2025, BESIII published its 700th paper. Primary
topics of interest:
» Light Hadron Physics
» e.g. Weak phases in double-strange baryons, Nature 606,
64-69 (2022)
» R-value inputs to g — 2
> g PRL 128, 062004 (2022)
» Precision 7 Physics
» Projected uncertainty on 7 mass < 0.1 MeV
» Charmonium and Exotic Hadron Spectroscopy
> e.g. Discovery of Z:(3900)/ T},(3900) in 2013
» Open-Charm Physics:
(D°(cu), Dt (cd), DF (¢3), At (cdu),...)
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https://www.nature.com/articles/s41586-022-04624-1
https://www.nature.com/articles/s41586-022-04624-1
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.062004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.252001

Open Charm at BESIII

» Threshold e*e™ machines are complementary to physics
program at hadron colliders and B-factories. Advantages
include:

» Full event reconstruction

» Improved neutral reconstruction efficiency

» Precision measurements of absolute branching fractions
> Inference of missing particles (e.g. neutrinos or K?)

» Leveraging quantum entanglement of the initial state

> My goal is to give an overview of Open-Charm Physics at
BESIII, giving a sense of measurement design and capabilities,
and highlight selective physics outputs — highly
non-exhaustive!
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Pair-produced Open-Charm Datasets © BESIII

- Dt 203 fb~t E,,, = 3.773 GeV, near 1)(3770) — DD

> 2.9 fb~!in 2011
> 5.0 fb~!in 2022
> 12.1 fb~! in 2023-2024

- D 7.33 fb~!' @ E,,, = 4.13 — 4.23 GeV. Collected 2013-2017
» D} collected through DT D, Dt — ~/7%D} due to larger
o(ete” = D¥TD;) =~ 30 (ete” — DY D7) at threshold

- Af 6.4 b @ E,,, =4.600 — 4.951 GeV. Collected 2019-2022
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Double Tag Method @ BESIII

» Reconstruct D through clean decay mode (the tag)
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Double Tag Method @ BESIII

» Reconstruct D through clean decay mode (the tag)
» Search for signal process of the D. Can identify missing particles with
M2

miss OF Unmiss = Eimiss — Pmiss
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Double Tag Method @ BESIII

NSignal/ETag & Signal
NTag/eTag

» Reconstruct D through clean decay mode (the tag)

B(D — signal) =

» Search for signal process of the D. Can identify missing particles with
M2

miss OF Unmiss = Eimiss — Pmiss
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Double Tag Method @ BESIII

NSignal/ETag & Signal
NTag/eTag

» Reconstruct D through clean decay mode (the tag)

B(D — signal) =

» Search for signal process of the D. Can identify missing particles with
Mr?liss or Uniss = Emiss — DPmiss
» Advantages: Don't need to know N5, removes backgrounds,

allows access to recoil variables
Gilman TU Dortmund
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Leptonic and Semileptonic Decays of Charmed Mesons

Gilman TU Dortmund

Open Charm @ BESIII



What can we learn from (semi)leptonic decays?

q
O s a O
| ' F;(¢*) 7+

o] _pernonn 0 "
/ — wt ) |Vcd/s| ’
c v ¢ VW
w+ v
+ 2 2 , ‘
T (D(s) — EJFU) X fD<5) | Vcd/s| ;—(; o< > Fil@®)? Veass|?, ¢ = €Tv 4-mom.

» Charmed hadrons provide a rigorous testing ground for our
understanding of heavy-quark physics and provide:
> Test of CKM unitarity with | V.4| and | V]
> Study QCD, e.g. fp, and F;(¢?)
» Search for new physics through tests lepton universality,
forward-backward asymmetries, etc.
» Provide laboratory for light hadron physics
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D* — pTv,: PRL 135 (2025) 061801

> Analysing full 20.3 fb~* sample @ Ecy = 3.77 GeV
» Nine D~ tag modes employed, tag yields from fit to

Mpc = \V Egeam - |pD‘2

600t D - K'mrre D - K 40D = T
400
S 200 l
X
) P Kert
3
O 40
8
< | \
3 150l D = KT O~ Kk 84 186 1688
g 40
& 100
50 20

Uea 186 188
My (Gevicd)
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https://arxiv.org/abs/2410.07626
https://arxiv.org/abs/2410.20063

D* — pTv,: PRL 135 (2025) 061801
> Analysing full 20.3 fb~* sample @ Ecy = 3.77 GeV
» Nine D~ tag modes employed, tag yields from fit to
Mpc = \/ B — |PDI?
» Identify ;T with selections on EMC deposition and MUC penetration

[ +Data ! i B (D+ — ,U/+Z/H) =
. 6001 " Sra por 1 (4.034 £ 0.080 + 0.040) x 10~*
h2) —AIl background
% L ?jnnrrv)v - ]
8 400 *—O'fr:er background - - fD+ ‘ Vcd‘ -
s | 1 (48.02£0.48 +0.24 £ 0.12¢, = 0.15gpm)
% S0l with PDG2024 7p+
@ r 2.3x improved precision

92 =y 00 ol 0.2

MZ

miss

Complemented by new DT — 771 with 8 fb~': JHEP 01 (2025) 089

(Gev?ct)
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https://arxiv.org/abs/2410.07626
https://arxiv.org/abs/2410.20063

D — KlUTv: arXiv:2601.21196

> DY — K~ (et/ut)v and DT — K3(et /ut)v with 20 fb~' @ Ecwm = 3.77 GeV
> Golden Channel for | V]

> Six D tag decays and six D~ tag decays

> Signal yields from fits to Upiss =

miss — Pmiss

o E @D’ ke, L D' Ky, Peaking backgrounds in
x*/ndf=133/94, x¥ndf=132/93
10°F g w1 sample from challenges
3 -~ .
- igz +pua -] of low-p p/7 separation
s — Total £
o —-Signal . .
= 10f ‘ Thakbke ¥ ‘ ‘ ‘ Bp_ ke Rel. Precision:
P 10°F (¢ p* Kle*v, F (@)D" R, 0.5% — 0.7%
§ E x*/ndf=99/94 E x*/ndf=126/9
2 Most precise charm LFU test
D+ _
R / = 0.982(2)stat. (4)syst
, . el . R = 0.972(3)stat.(4)syst
01 00 ol 01 00 o1 “/e . . 2
GeV) GeV) Consistent with SM?:
o . 0.975(1)
¢ L. Riggio, G. Salerno, S. Simula, EPJC 78 (2018) 501
Gilman
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https://arxiv.org/abs/2601.21196
https://link.springer.com/article/10.1140/epjc/s10052-018-5943-5

D — K{Tv: arxiv:2601.21196

> DY — K~ (et/ut)v and DT — K3(et /ut)v with 20 fb~' @ Ecwm = 3.77 GeV
» Golden Channel for | V]

> Six D tag decays and six D~ tag decays

» Signal yields from fits t0 Uniss = Emiss — Prmiss

2 100f D'>Kety, [ D'->Kptv,
>
dr —
i measured (q = pg,) <
Form factors parametrized & 50 Dat
. . . ~ -pData
with power-series expansion ) —Fit
. . ~
Simultaneous fit to 5

D — Klv: D'-Ke'v, DKy,
DK (0)] V| = '
0.7355(07)stat (14)sys

-
0N
T

£.(q)

-
>
T

0'3.0 05 1.0 1500 05 1.0 1500
“ L. Riggio, G. Salerno, S. Simula, EPJC 78 (2018) 501 Q* (GeVZ/ch)

Gilman TU Dortmund

Open Charm @ BESIII


https://arxiv.org/abs/2601.21196
https://link.springer.com/article/10.1140/epjc/s10052-018-5943-5

D — K{Tv: arxiv:2601.21196

> DY — K~ (et/ut)v and DT — K3(et /ut)v with 20 fb~' @ Ecwm = 3.77 GeV
» Golden Channel for | V]

> Six D tag decays and six D~ tag decays

» Signal yields from fits t0 Uniss = Emiss — Prmiss

T T T T T T T T T T T T
LCSR Int. J. Mod. Phys. A 21, 6125 (2006)  0.661+0.067 —_—
LFQM J. Phys. G 39, 025005 (2012) 0.79+0.01 -
CCQM Front. Phys. 14, 64401 (2019) 0.78+0.12 —_—
RQM  Phys.Rev.D 101, 013004 (2020) 0.716 . H
LQCD Phys. Rev. D 96, 054514 (2017) 0.765+0.031 —/ Wlt h ’ Vcs ’
LQCD Phys.Rev.D 104, 034505 (2021) 0.7380:+0.0044 - from PDG 2024
LQCD Phys.Rev.D 107, 014510 (2023) 0.74411+0.0040 id
LQCD_ PhysRev.D 107, 094516 2023) 07452800031 ] MR D—K 0
Belle | Phys.Rev.Le(t. 97, 061804 (2006)  0.695+0.00750.022 — f+ ( ) =
BaBar Phys.Rev.D 76, 052005 (2007) 0.727+0.007+0.009 -
CLEO  Phys.Rev.D 80, 032005 (2009) 0.739+0.007+0.005 - 0 . 73 55 (0 7) stat ( 1 4) sys
BESIII Phys.Rev.D 92, 112008 (2015) 0.748+0.007+0.012 et
BESIII Phys.Rev.D 96, 012002 (2017) 0.724610.0041+0.0115 -
BESII Phys.Rev.Lett. 122, 011804 (2019)  0.7327+0.0038+0.0030 - F LAG2024 Average:
BESII Phys.Rev.D 92, 072012 (2015) 0.7368+0.0026:0.0036 +
BESIII Phys. Rev. D 110, 112006 (2024) 0.736610.0011+0.0013 14 0 . 7430 ( 27)
This work Simultaneous fit of D— KI'v 0.7355+0.0007+0.0014 *
L ! ! ! ! ! | ! ! ! |
0.2 04 0.6 0.8
£,(0)

¢ L. Riggio, G. Salerno, S. Simula, EPJC 78 (2018) 501
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https://arxiv.org/abs/2601.21196
https://link.springer.com/article/10.1140/epjc/s10052-018-5943-5

D® — ao(980) " etv: PRD 111 (2025) L091501

> Analysis of 7.9 fb~! sample @ Ecy = 3.77 GeV, six D~ tag modes
> a0(980)~ studied through n[yy]m™

» Signal yields from 2-D fit to Uniss and My

» ay(980) parameterized with Flatté, N.R. 7~ found to be negligible

N
=)

n
=]

w
=]
[

n
=]
o

=)

Events / (0.03 GeV)
Events / (0.04 GeV/é)

(3]

o

(GeV) ' ' ' M",,((;eV/cz)
B (ap(980~ [mr—] etve)) = (0.86 £0.17 £ 0.05) x 1074

See appendix for citations.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L091501

D® — ao(980) " etv: PRD 111 (2025) L091501

> Analysis of 7.9 fb~! sample @ Ecy = 3.77 GeV, six D~ tag modes
> a0(980)~ studied through n[yy]m™

» Signal yields from 2-D fit to Uniss and My

» ay(980) parameterized with Flatté, N.R. 7~ found to be negligible

0.8

@ wlo ]

e
2N
T

|

e
=

o
N}

dr/dg? (ns/GeV¥ct)

o

0.|2 0!4 0.‘6 0 04‘2 0!4 0.l6
g (GeVZ/cY) g (GeVZcY)
With | V4| from PDG2024

D700 — (0.550 + 0.056 + 0.013) x 10~

=3

See appendix for citations.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L091501

D® — ao(980) " etv: PRD 111 (2025) L091501

> Analysis of 7.9 fb~! sample @ Ecy = 3.77 GeV, six D~ tag modes
> a0(980)~ studied through n[yy]m™

» Signal yields from 2-D fit to Uniss and My

» ay(980) parameterized with Flatté, N.R. 7~ found to be negligible

Theory or experiment F0) B(D° = ay(980)"e*v,,ay(980)~ = na~) (x10~%)
CCQM [25] 0.5550%2 1.434+0.13°

Ads/QCD [26] 0.72 £0.09 2.08 +0.26*

LCSR 2017 [27] 1.7540% 3481147

LCSR 2021 [28] 0. 8513;? 115

LCSR 2023 [29] 1.05870068 13305038

SU(3) flavor symmetry [20] 0.46 + 0.06

BESIII 2018 [24] 1.337033 o £0.09

This work 0.559 % 0.056 4y £ 0.013,, 0.86 = 01745 £ 0.05¢

“The narrow width approximation is further applied to estimate the 3 [ for uncomputed cases (denoted by the superscript *).

Important information to discriminate models® of ag(980)

See appendix for citations.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L091501

Summary of Impacts and Prospects in SL Decays

» Impacts on CKM elements:
> |Vl
> D — ¢ty :< 1% uncertainty, limited by exp. uncertainty
> D — K¢ty :< 1% uncertainty, limited by lattice
> |V5d|:
» Dt — ¢ty 1% uncertainty, limited by exp. uncertainty
> D — w/Tv :Soon to achieve 1% uncertainty, limited by lattice
» Cut for time:
» Amplitude analyses and branching fraction measurements of
D — Krnlv
» Inclusive studies of semileptonic decays : e.g. Dy — X/v
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Quantum Correlated Decays of DD’ pairs
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D" Amplitude Parameters

» CP-violation in B — Dh and D%-mixing depend on parameters of
the D° decay:

> Ratio of D° — X and D’ — X amplitudes r¥
> Strong phase between amplitudes 6%

I'(B— DK) —T' (B — DK)  rpsin (6g + 6p) siny
DY ——— f
yop = 1o (w12 cos ¢ sin 6 + y12 cos gl cos ip)
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Quantum Correlations @ (3770)

- CP Eigenstates )
Flavour Eigenstates
Self-Conjugate

LT — T

et e~
A A
7 N

0,

K.
s / \ Signal D°
+

T T

» Production through virtual photon constrains DD state to be C-odd

» BESIII collects data at the DD threshold, so it is guaranteed that
there are no other particles in the final state

. —0
» (C-constraint correlates DY and D" :

PODD XD gy (i) — 208 cos (550 + 632)
P(D° — X1)P(D° — X»)
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Quantum-Correlated Tag Decay Modes
» Flavour Tags

—0 . - .
> D — Kte v, is flavour-definite, so allow for a normalising
determination of P (D° — X))

» Cabibbo-favoured decays, e.g. 50 — K7, used as quasi-flavour
tags

» CP Tags

» D - nm, KT K~ Kin°, etc. are CP-eigenstates
(neglecting O(1073) CP violation)

P(DD — X kcp)
P(D° — X)P(D° = kep)

=1+ (7‘5)2 T 217 cos (5%)

» Note that other tags with non-trivial phases needed to determine
sin (5%) KO/Lﬂ' T
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Updated D° — K(S)/Lwﬂr* phases: JHEP 06 (2025) 086

» Measurement of Do/ﬁ0 — KOt~ parameters ¢; [s;] = amplitude-weighted
cos [sin] dp in phase-space bin 7 with 7.93 fb~! @ E¢p = 3.773 GeV

» Phase space described by m+ = m (Kowi)

» 20 tag modes employed, yields determined with 2-D fits to Mgc = \/m

o o ~N ®

Events/

L
L.

0.5 1.0 1.5 20 25 3.0
m2 (Geverct)

teTET
My (Gevic?)

'Optimal ' Binning scheme from CLEO PRD 82,112006 (2010)
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https://arxiv.org/abs/2503.22126
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.112012

Updated D° — K(S)/Lwﬂr* phases: JHEP 06 (2025) 086

>

» In terms of fractional yields of flavour-tagged Kg7r+7r_

Measurement of Do/ﬁ0 — KOt 7~ parameters ¢; [s;] =
cos [sin] dp in phase-space bin 7 with 7.93 fb~! @ Ep =

Phase space described by m4+ = m (Kowi)

amplitude-weighted
3.773 GeV

K;

> K9ntr~ vs. OP tags M = hep (Ki + K—; — 2¢i7/KiK—;)

> Kontr~ vs. KJ ntr~ tag:

Gilman

Mi; = hpp (K,»Kﬁ} + KK g2y /Kik) Kk <cc§ )t sis ’))

(GeV¥ct)

K

M,

T T
Flavor vs. K{TeT0

(GeV¥ch)

Miyon

T T
CP-even vs. K3TUTT

(GeV¥ct)
o

K

M

T ]
CP-odd vs. K§TeTC

Open Charm @ BESIII
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https://arxiv.org/abs/2503.22126
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.112012

Updated D° — K(S)/Lwﬂr* phases: JHEP 06 (2025) 086

» Measurement of Do/ﬁ0 — KOt~ parameters ¢; [s;] = amplitude-weighted
cos [sin] dp in phase-space bin 7 with 7.93 fb~! @ E¢p = 3.773 GeV

» Phase space described by m+ = m (Kowi)

3.0

T
25 [
- 0.5
o 20 [
s S
S} o Or

~ 15 r '
NEI r
-0.5r
1.0 [
A‘ _1;
05f [

! | o L L L L L

05 1.0 15 2.0 25 3.0 -1 -05 0 05 1

m2 (GeVi/ct) c

: Model-constrained U-spin
between KOntn~ and K{ntm™
Red crosses: No U-spin constraints

Blue circles: Predictions from

BaBar and Belle,

PRD 98, 110212(2018)

'Optimal ' Binning scheme from
CLEO PRD 82,112006 (2010)
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https://arxiv.org/abs/2503.22126
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.112012

Impacts on beauty-sector CPV Measurements
With 3fb~! BESIII +(3770) data

B+ — D[KOhth—]K+ BT — D[K3m|K+
using K37 binning
LHCb, JHEP02 (2021), 169 LHCb-PAPER-2022-017
o1 T T T T ] _ . .
s el % me b A
o.e? E ; — DK”.Bin 4{“& — DK*,Bin 1
0'4;’68.3% * Rl # ﬁ m ’
0.2;95_5% ] 1: L tl“hzu NML ihubbasin ;\ i dut bttt ‘“r“‘;
% "6 0 8 G ')\b/ N
y [
o +6 + 6 +6.7\°
v = (68.7727%) 7= (54 8758 206 47)
from Aéthﬂf +1° K3n _+6.7
D from Adp°" =T 7!
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https://link.springer.com/article/10.1007%2FJHEP02%282021%29169
https://inspirehep.net/literature/2148941

Impacts on charm-sector CPV /Mixing Measurements

Gilman

» LHCb Average from LHCb-CONF-2025-003

— 150
S >

m + DD

0.60 =

0.45F
030
015

LHCb |

Preliminary]
Autumn 2025}

0.00

1
x (%)

E Preliminary
10 F Autumn 2025

- L+
[ Al Modes
|

I
—0.1

0.0

0.1

0.2
lg/pl-1

With 3fb~! BESIII ¢(3770) data and 9fb~" LHCb data
Adp ~ 50% of total uncertainty on z (small contribution to y)
and small contribution to CPV-in-mixing params.
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https://cds.cern.ch/record/2948394

Correlations beyond /(3770) — DD
0

> QC DD’ pairs should exist at higher energies from ete™ — XD°D
with C = (—1)"™"" for X with n, photons.

0970707-009

Final State DD C

¢ voo | DD -1

=~ 6 D*D — s yDD +1

% .1 L 90, DD | DD DD -1

® | D*b* WO’YDP +1

2 — yyDD -1

AR AAA ] 9 | 079DD —1
415420 42 D*+*D*~ rtr- DD’ 0 (Uncorrelated)

Ecu (GeV)

M. Goldhaber and J. Rosner, PRD 15 (1977) 1254 | CLEO PRD 80 (2008) 072001,
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.15.1254
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.072001

Correlations beyond /(3770) — DD
0

> QC DD’ pairs should exist at higher energies from ete™ — XD°D
with C = (—1)"™"" for X with n, photons.

0970707-009

Final State DD C
¢ voo | DD -1
= 6 D*D —] T vDD +1
2 . - @ QoQ ® D*D* b DD 7DD -1
© L ] DD 7%yDD +1
2 — yfyDﬁi -1
\RAAAR] 9 | 707°DD -1
415 420 4.25 _ — 070
D** D* +*7=D°D" 0 (Uncorrelated
Ecu (GeV) o ( )

» (-even constrained pairs have linear sensitivity to charm-mixing
effects, enhanced 2x relative to flavour-definite D mesons.
P([D°D"]c — X1 Xo)
P(DY — X1)P(D° — Xa)

=1+ < X1 gQ> +2('r§1 rgz cos (5)D(1 + §g2> + 1+ CYO(=, y)

M. Goldhaber and J. Rosner, PRD 15 (1977) 1254 | CLEO PRD 80 (2008) 072001,
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.15.1254
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.072001

|dentifying e" e~ — XDD
PRL 135 (2025), 171901 PRD 112, (2025) 072006
> Analysis of 7.3 fb~! of data @ E¢y; = 4.13 — 4.23 GeV
» Reconstruct DD pair

» Identify DD production mechanism with kinematic selection variables:
efe” = DD & ete” — D*D

> — 3 — DD
© I — Z 1500F — DD
= 1500 &} R
= — = — DD
g = D*+D*1
& 1000F < 1000F Bkg.
g 8
<} i =
: i 2
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|dentifying e" e~ — XDD
PRL 135 (2025), 171901 PRD 112, (2025) 072006
> Analysis of 7.3 fb~! of data @ E¢y; = 4.13 — 4.23 GeV
» Reconstruct DD pair
» Identify DD production mechanism with kinematic selection variables:
» For D*D* ID, reconstruct a D* — ~D candidate and veto D** — 7t DO
ete” — D*D*
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|dentifying e" e~ — XDD
PRL 135 (2025), 171901 PRD 112, (2025) 072006
Analysis of 7.3 fb™! of data @ E¢y; = 4.13 — 4.23 GeV
Reconstruct DD pair

For D*D* ID, reconstruct a D* — ~D candidate and veto D** — 7+ D°

>
>
» Identify DD production mechanism with kinematic selection variables:
>
» Separate intermediate decays with missing-mass variables

ete” — D*D ete™ — D*D*
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Measuring correlations in ete” — XDD
PRL 135 (2025), 171901 PRD 112, (2025) 072006
» Analysis of 7.3 fb~! of data @ Ecy = 4.13 — 4.23 GeV

» Reconstruct DD pairs: Normalization DD — K~ 7t vs. Ktn—
and CP vs. CP final states: D — nt7~, KK~ , nt7r 7, and Kon°
» Sort into et e~ — XDD production hypotheses

ete” — D*D*

DD — K*n~ vs. K—nt DD — K970 vs. K9r0
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Measuring correlations in ete” — XDD
PRL 135 (2025), 171901 PRD 112, (2025) 072006
> Analysis of 7.3 fb~! of data @ E¢y; = 4.13 — 4.23 GeV

» Reconstruct DD pairs: Normalization DD — K~ 7t vs. Ktn—
and CP vs. CP final states: D — nt7~, KK~ , nt7r 7, and Kon°
» Sort into et e~ — XDD production hypotheses

» Fit to M(DO) to determine yields, account for efficiencies and production
mechanism cross-feed

ﬁtrue = A_INmeas.
A;; = prob. of prod. mech 7 being identified as j

Identified as
DD D*D-—~+DD D*D— 7DD D*D* - ~yn°DD D*D* — vv/7°7°DD
DD 32.45 2.98 0 0 0.07
g D*D — DD 0 25.44 1.57 0 1.94
= D*D — 7°DD 0 0.40 30.06 0.55 0.50
D*D* — y7°DD 0 0 0 25.23 1.04
D*D* — ~v/7°7°DD 0 0 0 0.25 8.83

(for D— Ktm— vs. K~ T)
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Measuring correlations in ete” — XDD
PRL 135 (2025), 171901 PRD 112, (2025) 072006

> Analysis of 7.3 fb~! of data @ E¢y; = 4.13 — 4.23 GeV

» Reconstruct DD pairs: Normalization DD — K~ 7t vs. Ktn—
and CP vs. CP final states: D — nt7~, KK~ , nt7r 7, and Kon°

» Sort into et e~ — XDD production hypotheses

» Fit to M(DO) to determine yields, account for efficiencies and production
mechanism cross-feed

» Compare corrected yields of DD — CP vs. CP to normalization

--- Quantum-correlated prediction
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Demonstration of correlations: v* Procedure verified for strong-phase measurements v’
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6P with ete” — XDD
PRL 135 (2025), 171901 PRD 112, (2025) 072006
> Analysis of 7.3 fb~! of data @ E¢y; = 4.13 — 4.23 GeV

» With similar procedure, can measure 515“ with DD — Kt7n~ vs. Y,
where Y is a CP-eigenstate or ngﬂr*

Compare to
D _ +11.0+1.9\° 945410
Opn = (192-842.4*2.4) 0%. = (187.61577571)
with 2.9 fb~1 @ ¢(3770)

> Higher stat. error per fb~* due to exclusion of D*D* — 7°7°DD and
part. reco. tags, e.g. D — Kortm™

» Significantly reduced syst. error due to mixed C-even and C-odd sample.
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6P with ete” — XDD
PRL 135 (2025), 171901 PRD 112, (2025) 072006
> Analysis of 7.3 fb~! of data @ E¢y; = 4.13 — 4.23 GeV

» With similar procedure, can measure 515“ with DD — Kt7n~ vs. Y,
where Y is a CP-eigenstate or ngﬂr*

Compare to
D _ +11.0+1.9\° 945410
Opn = (192-842.4*2.4) 0%. = (187.61577571)
with 2.9 fb~1 @ ¢(3770)

> Higher stat. error per fb~* due to exclusion of D*D* — 7°7°DD and
part. reco. tags, e.g. D — Kortm™

» Significantly reduced syst. error due to mixed C-even and C-odd sample.

BESIII combination
of 7.3 fb~! of data @ Ecyy = 4.13 — 4.23 GeV
and 2.9 fb™! of data @ E¢yy = 3.77 GeV:

0%, = (189.27%4755)"
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Outline

Studies of Charmed Baryons
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Polarization in ee™ — ATA_: arxiv:2508.11400
> o (e"’e‘ — AiA:) parametrized by electric FF G and magnetic FF G,

» If Gg and G)s have a relative phase A® and \‘gﬁll # 1, transverse polarization can occur:

3 ; - |Gl
1 — a2 sinfgcosfp sin A®, apg = ap (
)\/70 |Gl

PU(GO):M

> Measured in Af — BP (Baryon+Pseudoscalar) decays: pKY, Ant S0nt Stp—

> A7 — pK— a7t included with inputs from LHCb?
y

A
1
|
4

@ LHCb, JHEP 07 (2023) 228 | LHCb, PRD 108 (2023) 012023
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Polarization in ee™ — ATA_: arxiv:2508.11400
> o (e"’e‘ — AZ{'A:) parametrized by electric FF G and magnetic FF G,

|GEl
[Guml

3 ) . |GEl
Py (00) = m\/l —a%sm@ocos@O sin A®, ap = ap <|GM\

» Simultaneous fit of helicity angles in all decays

» If Gg and G)s have a relative phase A® and # 1, transverse polarization can occur:
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Polarization in ee™ — ATA_: arxiv:2508.11400

> o (e"’e‘ — AiA:) parametrized by electric FF G and magnetic FF G,

» If Gg and G)s have a relative phase A® and \‘gﬁll # 1, transverse polarization can occur:

3 . . G
Py (00) = m\/l — ag sin g cos O sin A®, ag = g <|‘G1\E/[|\)

» Simultaneous fit of helicity angles in all decays

25

¢ This work
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2021: J.y. Yao, Y.I. Yang, Z. Lu, EPJP 136 (2021) 949 | 2024: C. Chen, B. Yan, J.j. Xie, CPL 41, (2024) 021302
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Observation of A — netv,: Nature Comm. 16 (2025) 681

> Analysis of 4.5 fb™* of data @ Ecyy = 4.6 — 4.7 GeV
» Major background: A¥ — A[n7%letr,
» GNN trained on J/¢ control samples for n/A[n7°] discrimination

”n x10° 22 x10°
20¢ (a) t Data: Jjy — pr'n 2b () o © 4
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Observation of A — netv,: Nature Comm. 16 (2025) 681

> Analysis of 4.5 fb™* of data @ Ecyy = 4.6 — 4.7 GeV
» Major background: A¥ — A[n7%letr,
» GNN trained on J/¢ control samples for n/A[n7°] discrimination

» Simultaneous fit to corrected GNN output of A} — ne*v and
A7 — me v to determine branching fraction
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GNN output for n/A classification GNN output for it/ classification

B (A — netv) = (0.357 £ 0.034 + 0.014) %
With LQCD input and 7, +2, | Vea| = 0.208 % 0.011 . + 0.0071qcp + 0.001

@ S. Meinel, Phys. PRD 97 (2018) 034511 | Belle I, PRL 130 (2023) 071802
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Studies of Inclusive A, — AX decays: arxiv:2602.24089

Analysis of 4.5 fb~! of data @ Eqyy = 4.6 — 4.7 GeV
Double-tag analysis with 11 A, tag modes

A — pr~ decays identified with displaced vertices
Fit to Ma vs. Mpc to determine signal yields

\AA A A4

[ == Signal

[ s AL, background
103 Jre Hadron 1 background
E = Hadron 2 background
F — . Unmatch background
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Studies of Inclusive A, — AX decays: arxiv:2602.24089

VVYVYVYY
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Analysis of 4.5 fb~! of data @ Eqyy = 4.6 — 4.7 GeV

Double-tag analysis with 11 A, tag modes

A — pr~ decays identified with displaced vertices

Fit to Ma vs. Mpc to determine signal yields

Examine yields in bins of cos 8, efficiency correct yields assumed to

satisfy —2— = 14 Pra_ cosf, (& C.C.)

dcos b,

with a4 from PDG2024
T Pa = —0.393 £ 0.055 &= 0.020
Py = 0.288 £0.056 £ 0.017
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Studies of Inclusive A, — AX decays: arxiv:2602.24089

VVYVYVYY
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Analysis of 4.5 fb~! of data @ Eqyy = 4.6 — 4.7 GeV

Double-tag analysis with 11 A, tag modes

A — pr~ decays identified with displaced vertices

Fit to Ma vs. Mpc to determine signal yields

Examine yields in bins of cos 8, efficiency correct yields assumed to

satisfy —2— = 14 Pra_ cosf, (& C.C.)

dcos b,

B(A, — AX) = (38.07 £ 0.38 & 0.49) %, with exclusive modes from
PDG 2024 implies unobserved A branching fraction of (6.71 4+ 1.25) %

Measurement CP-asymmetry in both integrated decay width and
polarization

Adln — (1541.0£1.00%  AYL = (0.1540.12 4 0.04) %
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Future Prospects & Summary
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Future Prospects

» Much more analysis to come of BESIII data samples discussed
today, particularly 20 fb™! +(3770) sample

» BEPCII Upgrade has been completed

» Much higher instantaneous luminosity at higher energies, and
access to Egpy up to 5.6 GeV

» Access to X, =, ., pair-production
» Currently collecting 9 fb more A data
» Collection at > 5 GeV in 2028

Upgrade BEPCII
(BEPCII-U)

BEPCII

20 30 40 50 56
Ecm (GeV)
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Summary

» BESIII has collected large samples of D, D+, D and A} hadrons.
» These provide unique opportunities in the study of open-charm
hadrons:
» Detailed studies of charm semileptonic decays
> Demonstration and leverage of entanglement of DD pairs due to
C-symmetry
» Studies of charm baryon production, polarization, and decays
» BEPCIII accelerator upgrade achieves higher luminosity at higher
energies:
» Much larger A samples to come, and access to heaver charm
baryons: ¥.,=2.,Q,
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