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Outline
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ØA brief introduction to BESIII

ØHeavy quarkonium spectroscopy

ØD meson and Lc baryon decay

ØNew physics search

ØSummary



三代北京谱仪

1988年10⽉24⽇，邓⼩平同志“中国要在⾼科技领域占有⼀席之地”
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BEPCII
Beijing Electron Positron Collider (BEPCII)

e+

e-BESIII

Ø First collision in 2008 & physics run in 2009.

Ø 𝑠 = 2.0 – 4.946 GeV (tau-charm factory).

Ø Design Luminosity LD=1×1033  cm-2s-1 @ 3.773 GeV 
(2016 achieved; 2022-2023 achieved 1.1×LD).

Ø Continuous injection (top-up mode).

13km West of Forbidden city

Linac
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BESIII
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BEijing Spectrometer (BESIII)

A 4p detector

BESIII 130 µm 2.5%6%



Data – On resonance & Scan
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10 B J/y events: light hadron, hyperon
2.7 B y(2S) events: charmonium

20 fb-1 y(3770): D mesons

t mass scan

Low energy scan: R-value, baryon pair High luminosity scan: XYZ, Ds, Lc…



500+ publication & 30个新强⼦
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12个（类）粲偶素

18个轻强⼦

Zhiqing Liu & Ryan Mitchell, Science Bulletin 68 (2023) 2148–2150

https://doi.org/10.1016/j.scib.2023.08.025


Heavy Charmonium(-like) Spectroscopy



BESIII high luminosity scan
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Start from 2013, 0.5 fb-1/10 MeV step scan from 4 – 4.9 GeV

21.5 fb-1

500 pb-1, ~ 1 month 
beam time

精确扫描能够研究⽮量态粒⼦的精细结构、向更⾼能量出发…



Y(4260) fine structure
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PRL118, 092001 (2017)

Fine structure

Ø There are fine structures in the famous “Y(4260) bump”

Ø Mass=(4222.0±3.1±1.4) MeV, Width=(44.1±4.3±2.0) MeV

Ø Most precise and significantly lower than 4.26 GeV

PRD106, 072001 (2022)



e+e-àK+K-J/y 
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PRL 131, 211902 (2023)

CPC 46, 111002 (2022)

M=(4708+17-15±21) MeV, G=(126+27-23±30) MeV; significance>5s

Ø One of the heaviest vector charmonium-like state
Ø Vector Hybrid, 5S charmonium, 5S-4D/6S-5D mixing

Ø No obvious Zcs structure (only small hint at 
some Ecm)

<0.03 @ 90% CL

5.85 fb−1

https://dx.doi.org/10.1088/1674-1137/ac945c


e+e-àKsKsJ/y 
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PRD 107, 092005 (2023)
21.2 fb−1

M=4704.0±52.3±69.5 MeV/c2
G=183.2±114.0±96.1 MeV

Y(4710) statistical significance of 4.2σ



e+e-àDs*Ds* cross section
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Ø A semi-inclusive method: Ds*àgDsàgKKp

Ø y(4160) or Y(4260) [strong coupling to Ds*Ds*?]
Ø Consistent with y(4415)àfirst observation
Ø Necessarily to improve fit quality (>6.1s)

PRL 131, 151903 (2023)

DsDs & DsDs* is ongoing



Y(4660)àp+p-y2(3823)
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Ø BESIII measure the Ecm dependent e+e-àp+p-y2(3823) 
cross section

Ø Resonance structure with >5s significance

Ø One single BW resonance

Ø Two coherent Y(4360)+Y(4660)

• f0(980)y(2S) molecule
• Y(4260) radial excitation
• Baryonium…

11.3 fb-1, PRL 129, 102003 (2022) 

M=4417.5±26.2±3.5 MeV
G=245±48±13



e+e-àD*0D*+p-
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PRL 130, 121901 (2023)

àY(4230), coupling similar to D0D*+p- [ Gee>40 eV ]
àY(4500), coupling much larger than KKJ/y
àY(4660), first open-charm decay



e+e-àwX(3872) production
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PRL130, 151904 (2023)

Ø 4.7 fb-1 data between 4.66 – 4.95 GeV

Ø wàp+p-p0 & X(3872)àp+p-J/y, one of the 4p could 
be missing to improve reconstruction efficiency

Ø New production mode: N(signal)=24.6±5.3 events, 
significance 7.8s

Ø Potential connection to Y(4710)?
Ø What’s about e+e-àgX(3872)?
Ø What’s about e+e-àwcc1/wX(3872)?
Ø What’s about e+e-àfX(3872)



Couple channel analysis of X(3872) line shape
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arXiv:2309.01502

Hanhart, Kalashnikova, Nefediev, PRD 81, 094028 (2010) 

FWHM=

Weinberg’s compositeness: 𝑍 = 1 (elementary state); 𝑍 = 0 (composite state)



D & Lc decay



(semi)Leptonic decay
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' CKM matrix elements:  fundamental Standard 

Model (SM) parameters describing the mixing of 
quark fields due to weak interaction

Ideal bridge to access the strong and weak effects between quarks



Leptonic decay of 𝐷(")$ → 𝑙$𝜈%
PRL122(2019)071802

𝑫𝒔" → 𝝉"(𝒆"𝒗𝒗)𝒗
PRL127(2021)171801

𝐟𝐃𝐬"|𝐕𝐜𝐬| = (𝟐𝟒𝟒.𝟒±𝟐.𝟑±2.9)	MeV

PRL123(2019)211802

Observation

𝐟𝐃"|𝐕𝐜𝐝| = (𝟓𝟎.𝟒±𝟓.𝟎±2.5)	MeV

137±27

𝑫" → 𝝉"(p"𝒗)𝒗 𝑫𝒔" → µ"𝒗

~4.9K

PRD89(2014)051104

409±21

𝐟𝑫"|𝑽𝒄𝒅| = 	𝟒𝟔.𝟕±𝟏.𝟐±𝟎.𝟒	MeV

𝑫" → µ"𝒗

µ-like

p-like

PRD104,052009(2021)
PRD108,092014(2023)𝑫𝒔" → 𝝉"(p"𝒗)𝒗

𝐟𝑫𝒔"|𝐕𝒄𝒔| = 𝟐𝟒𝟑.𝟎±𝟓.𝟖±4.0	MeV

𝑫𝒔" → 𝝉"(r"𝒗)𝒗
PRD104(2021)032001

𝐟𝑫𝒔"|𝐕𝒄𝒔| = 𝟐𝟒𝟒.𝟖±𝟓.𝟖±4.8	MeV

6.32 fb-1
6.32 fb-1

d~2.7% d~11%

d~3.1% d~2.1% d~1.5%
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𝑫𝒔∗" → 𝒆"𝒗 PRL 131, 141802 (2023)

2.9s

G[D$∗&] input from Lattice

7.3 fb-1
~2.5k

d~1.4%

JHEP09(2023)124
𝑫𝒔" → 𝝉"(µ"𝒗𝒗)𝒗

d~2.2%



Status of 𝑓&! and 𝑓&"!
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Studies of 𝒄 → 𝒔𝒍!𝝂𝒍 semileptonic decays
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PRD92(2015)072012 PRD96(2017)012002 PRD92(2015)112008

f#$→&(0)|V'(| = 0.717(03)(04)

PRL122(2019)011804

f"$→&(0)|V'(| = 0.7148(38)(29)

PRD108, 092003 (2023)

𝑫𝟎 → 𝑲*𝝁#𝝂𝝁

𝑫𝟎 → 𝑲*𝒆#𝝂𝒆 𝑫# → 3𝑲𝟎𝒆#𝝂𝒆 𝑫# → 𝑲𝑳𝟎𝒆#𝝂𝒆

f#$→&(0)|V'(| = 0.705(04)(11) f#$→&(0)|V'(| = 0.728(06)(11)

arXiv:2307.12852𝑫𝒔# → h(0)𝒆#𝝂𝒆

0.525 ± 0.024stat ± 0.009syst



Studies of 𝒄 → 𝒅𝒍!𝝂𝒍 semileptonic decays
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PRD92(2015)072012 PRD96(2017)012002

f#$→2(0)|Vcd| = 0.144(02)(01)

PRL122(2019)061801

𝑓#
$)→&(0)|V'3| = 0.162(19)( 03)

PRL124(2020)231801

𝑓"
$→h 0 |V')| = 0.087(08)(02)

PRD97(2018)092009

𝑫* → p+𝒆"𝝂𝒆

𝑫" → h𝝁"𝝂𝝁𝑫" → h𝒆"𝝂𝒆

𝑓"
$→h 0 |V')| = 0.079(06)(02)

𝑫" → p*𝒆"𝝂𝒆

f#$→2(0)|Vcd| = 0.140(03)(01)

First 
extraction

First 
extraction

𝑫𝒔# → K𝟎𝒆#𝝂𝒆



Status of 𝒇$𝑫→𝑲 𝟎 and 𝒇$𝑫→𝝅(𝟎)
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Experimental precision of 𝒇9𝑫→𝝅(𝟎) is still 
dominated by statistical uncertainties

Experimental precision of 𝒇9𝑫→𝑲 𝟎 is 
comparable to the latest LQCD precision

0.7%

2010à2021 >4%

1.6%

2.4à0.6%



Status of |Vcs| and |Vcd|

25
𝒇"𝑫→𝑲 𝟎 @HPQCD2021

precision: 2.4%à0.6%



Hadronic D decays – strong phase
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•In SM, CKM matrix is unitary: four free parameter, one of 
them is the complex phase, the only one source of CPV 
in quark sector in SM !

•Precisely test the CKM matrix unitary & hunt for New 
Physics !

(most precise)

•Need information of the D decays, e.g. strong-phase difference.
•CLEO-c and BESIII provides model-independent external inputs.

(theoretically clean)



Hadronic D decays – strong phase
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𝑫 → 𝑲𝑺/𝑳
𝟎 𝝅"𝝅+

Constraint sensitivity on g measurement ~ 
0.7° - 1.2°

PRL124(2020)241802

𝑫 → 𝑲𝑺/𝑳
𝟎 𝑲"𝑲+

Constraint sensitivity on g measurement ~ 1.3° – 2.3°

PRD102(2020)052008
𝑫 → 𝑲+𝝅"𝝅"𝝅+ 𝐚𝐧𝐝 𝑲+𝝅"𝝅𝟎

Constraint sensitivity on g measurement ~ 6°

JHEP05(2021)164 

𝒆"𝒆& →𝛙 𝟑𝟕𝟕𝟎 → 𝑫𝟎)𝑫𝟎 quantum correlated 
pair production at 3.773 GeV



Hadronic D decays – strong phase
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PRD108, 032003 (2023)

“GLW” extended strategy require CP even fraction – F+

PRD 107, 032009 (2023)

PRD 106, 092004 (2022)

Joint amplitude analysis

F+ =

arXiv: 2312.02524



D decays – light mesons
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arXiv:2303.12927

Further study of a0(980), f0(500)… is ongoing

àss is dominant

arXiv:2309.05760

Critical information on the role of a0(980) in 
charmed meson decays and the nature of a0(980).



e+e-à𝜦𝒄$𝜦𝒄, pair production 
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PRL 131, 191901 (2023)

• Single Tag for the golden channel

• High efficiency & low background

• Double Tag for the BF of pK-p+

• A plateau from threshold to 4.66 GeV 
(agree with previous measurement)

• No evidence for Y(4630)à 𝜦𝒄"𝜦𝒄+

• A local structure near 4.75 GeV



𝜦𝒄$ decays
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PRL128(2022)142001

𝑩 𝜦𝒄# → np+
𝑩 𝜦𝒄# →𝒑𝝅𝟎

= 𝟒.𝟐%𝟏.𝟗#𝟐.𝟐

Observation 𝜦𝒄" →np+
𝜦𝒄> → 𝜦𝒆>𝝂𝒆 dynamics

4.5 fb-1

PRL129(2022)231803
3.7s evidence 𝜦𝒄" → 𝒑p0

arXiv: 2311.06883

𝑩𝑭 𝜦𝒄" → 𝒑𝝅𝟎 = (𝟏.𝟓𝟔+𝟎.𝟓𝟖"𝟎.𝟕𝟐±0.20)×10-4



𝜦𝒄$ decays

32

pure W-exchange diagram 

N=378±21 arXiv: 2309.02774

• aΞ0K+= 0.01 ± 0.16(stat.) ± 0.03(syst.)

• Phase shift: (δp − δs) = [−1.55 ± 0.25(stat.) ± 0.05(syst.)] 
rad or [1.59 ± 0.25(stat.) ± 0.05(syst.)] rad.



New Physics Search



Dark photon & Axion(-like)
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Improve by ~ (2 – 3) 

e+
g

χ

χg¢
e-

• Invisible dark photon 
( 14.9/fb> 4 GeV)

• 17/fb @ 3.773 GeV coming

• Visible dark photon ( 2.93/fb 
@ 3.773 GeV)

• 17/fb is coming

PLB 774 (2017) 252–257 

PLB839(2023)137785

ALP search at BESIII [PLB 
838 (2023) 137698]

• 2.7B y(2S)àppJ/y with J/yàga
• With J/y decay directly (10 B)



BNV & LFV & Z’
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PRL 131, 121801 (2023) 1.3B
arXiv:2311.01076(9B)

• Extra U(1) group – X0 & X1 only couple to muon 
& tau

• Muon from J/y decay is 22 times larger than 
QED production

• Invisible model – gD is large, invisible decay

SCPMA 66, 221011 (2023)
PRD 103, 112007 (2021) 

𝓑 𝑱/𝝍 → 𝒆𝝁 < 𝟒. 𝟓×𝟏𝟎*𝟗@𝟗𝟎%𝐂. 𝐋.
𝓑 𝑱/𝝍 → 𝒆𝝉 < 𝟕. 𝟓×𝟏𝟎*𝟖@𝟗𝟎%𝐂. 𝐋.



BEPCII-U upgrade
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Ø Luminosity increased by a factor of 3 @ 2.35 GeV

Ø Beam energy up to 2.8 GeV

Ø Start running in 2025…

BEPCII-U vs. BEPCII From Y. Zhang @ FPCP2021
BESIII White paper
Chinese Physics C Vol. 44, No. 4 (2020) 040001



Summary
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ØBESIII is still an active and productive experiment after 15 years running.

ØNew Charmonium(-like)/light hadron discoveries year-by-year.

ØPrecise measurement of Ds properties; 20/fb y(3770) data will greatly 
improve D measurement precision.

ØStudy of Lc decays make a big contribution (dominant PDG list).

ØNew Physics search is also popular.

ØBEPCII-U upgrade will be done in 2024 & Machine commissioning in Jan. 
2025

!!"#$



BESIII – A Hyperon/light meson factory
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Ø Br(J/yàgh’) ~ 5*10-3, h’ yield ~50 Million

Ø Br(J/yàgh) ~ 1*10-3,  h yield ~10 Million

Ø Br(J/yàLL) ~ 1.9*10-3; L yield ~20 Million

Ø Br(J/yàS+S-/S0S0) ~ 1.2*10-3; L yield ~12 Million

Ø Br(J/yàX-X+/X0X0) ~ 1*10-3; L yield ~10 Million

Polarization / NP Search (CP violation, EDM) / Decay dynamics



backup
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