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Selected results on:

• Light hadron spectroscopy
• Charm physics
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• R&QCD
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• Summary



• GlueX@JLAB (Photo-production, phase-1 stopped, phase-2 to 2027 ): 

• CLAS12 @ JLAB, MesonEX program

• BESIII @BEPCII (unique advantages)

• !𝒑 p @ PANDA (under construction, ~2031)

• STCF (proposal, c.m. energy 2-7 GeV)

• COMPASS ++/Amber (proposal, cover a broad Q2 range )

Light meson spectroscopy contributors
• COMPASS (stopped running in 2021): 

a high-energy physics experiment at the Super Proton Synchrotron (SPS) at CERN
the study of hadron structure and hadron spectroscopy. 
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BESIII 
Detector

LINAC

2004: started BEPCII upgrade,
BESIII construcYon

2009 - now: BESIII physics run   

BESIII @ Beijing Electron Positron Collider (BEPC) – charm facility

beam energy: 1.0 – 2.3 GeV (2.45)

e+

e- • 1989-2004  (BEPC): 
Lpeak=1.0x1031 /cm2s 

• 2009-now (BEPCII):   
Lpeak= 1.0 x1033/cm2(4/5/2016)t-charm Physics

MDC: spatial reso. 115µm
dE/dx reso: 5%

EMC: energy reso.: 2.4%
BTOF: time reso.: 70 ps
ETOF: time reso.: 60 ps

Lpeak~ 1.1 x1033/cm2 @3770 MeV

• Production at thresholds
• Fixed initial and final states
• Low background
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Glueball spectrum – La6ce QCD

PRD 73 (2006) 014516

LQCD predicts:

• The lowest glueball state is 0++. 
The mass around 1.5 GeV – 1.7 GeV.

• The next lightest glueball is 2++. The mass is 
around 2.4 GeV.

• The lightest 0-+ glueball mass is > 2.4 GeV

• The mix of glueballs with ordinary qq
mesons makes the situation more difficult.

Unquenched calculations have similar results.



J/y®gff (225M J/y)J/y®ghh (225M J/y)
PRD87, 092009 (2013） PRD 93, 112011(2016)



Current status for scalar glueball candidate ( 𝟎!!) 

𝑩𝒓 ⁄𝑱 𝝍 → 𝜸𝒇𝟎 𝟏𝟓𝟎𝟎 → 𝜸𝑲𝒔𝑲𝒔 = 𝟏. 𝟓𝟗#𝟎.𝟏𝟔#𝟎.𝟓𝟗)𝟎.𝟏𝟔)𝟎.𝟏𝟖 ×𝟏𝟎#𝟓

⁄𝑱 𝝍 → 𝜸𝑿 → 𝜸𝝅𝝅

𝑩𝒓(𝑱/𝝍 → 𝜸𝒇𝟎(𝟏𝟕𝟏𝟎) → 𝜸𝝅𝝅)= 4.01 ± 𝟏. 𝟎 ×𝟏𝟎#𝟒

𝑩𝒓(𝑱/𝝍 → 𝜸𝒇𝟎(𝟏𝟓𝟎𝟎) → 𝜸𝝅𝝅)= 1. 𝟎𝟏 ± 𝟎. 𝟑𝟒 ×𝟏𝟎#𝟓

BES,  PLB(2006)441

⁄𝑱 𝝍 → 𝜸𝑿 → 𝜸𝜼𝜼 BESIII,  PRD87(2013)092009

𝑩𝒓(𝑱/𝝍 → 𝜸𝒇𝟎(𝟏𝟕𝟏𝟎) → 𝜸𝜼𝜼)= 2.35#𝟎.𝟕𝟕)𝟏.𝟐𝟕 ×𝟏𝟎#𝟒

𝑩𝒓(𝑱/𝝍 → 𝜸𝒇𝟎(𝟏𝟓𝟎𝟎) → 𝜸𝜼𝜼)= 1.65#𝟏.𝟓𝟎
)𝟎.𝟓𝟕 ×𝟏𝟎#𝟓

⁄𝑱 𝝍 → 𝜸𝑿 → 𝜸𝑲𝒔𝑲𝒔

𝑩𝒓(𝑱/𝝍 → 𝜸𝒇𝟎(𝟏𝟕𝟏𝟎) → 𝜸𝑲𝒔𝑲𝒔) = 𝟐. 𝟎𝟎#𝟎.𝟎𝟐#𝟎.𝟏𝟎)𝟎.𝟎𝟑)𝟎.𝟑𝟏 ×𝟏𝟎#𝟒

BESIII，PRD 98, 072003 (2018)

⁄𝑱 𝝍 → 𝜸𝑿 → 𝜸𝜼𝜼’ BESIII，PRL 129 192002(2022) , PRD 106 072012(2022

𝑩𝒓(𝒇𝟎 𝟏𝟓𝟎𝟎 ®hh¢)
𝑩𝒓(𝒇𝟎 𝟏𝟓𝟎𝟎 ®pp) = (8.96 +2.95

-2.88) X 10-2

𝑩𝒓(𝒇𝟎 𝟏𝟕𝟏𝟎 ®hh¢)
𝑩𝒓(𝒇𝟎 𝟏𝟕𝟏𝟎 ®pp) < 𝟏. 𝟔𝟏 X 10-3 @ 90% C. L.

⇒ 𝑩𝒓(𝑱/𝝍 → 𝜸𝒇𝟎(𝟏𝟓𝟎𝟎)) = 𝟐. 𝟗×𝟏𝟎*𝟒

⇒ 𝑩𝒓( ⁄𝑱 𝝍 → 𝜸𝒇𝟎 𝟏𝟕𝟏𝟎 ) > 𝟏. 𝟗×𝟏𝟎#𝟑

f0(1710): large overlap with scalar glueball
Theoretical calculation:

𝑩𝒓(𝒇𝟎 𝟏𝟕𝟏𝟎 ®hh¢)
𝑩𝒓(𝒇𝟎 𝟏𝟕𝟏𝟎 ®pp) < 𝟎. 𝟎𝟒



Current status for tensor glueball candidate ( 𝟐66)

⁄𝑱 𝝍 → 𝜸𝑿 → 𝜸𝜼𝜼 BESIII,  PRD87(2013)092009

𝑩𝒓(𝑱/𝝍 → 𝜸𝒇𝟐(𝟐𝟑𝟒𝟎) → 𝜸𝜼𝜼)= 𝟓. 𝟔𝟎*𝟎.𝟔𝟓*𝟐.𝟎𝟕/𝟎.𝟔𝟐/𝟐.𝟑𝟕 ×𝟏𝟎*𝟓

⁄𝑱 𝝍 → 𝜸𝑿 → 𝜸𝝋𝝋 BESIII,  PRD93(2016)112011

𝑩𝒓(𝑱/𝝍 → 𝜸𝒇𝟐(𝟐𝟑𝟒𝟎) → 𝜸𝝓𝝓)= 𝟏. 𝟗𝟏 ± 𝟎. 𝟏𝟒*𝟎.𝟕𝟑/𝟎.𝟕𝟐 ×𝟏𝟎*𝟒

⁄𝑱 𝝍 → 𝜸𝑿 → 𝜸𝑲𝒔𝑲𝒔
𝑩𝒓(𝑱/𝝍 → 𝜸𝒇𝟐(𝟐𝟑𝟒𝟎) → 𝜸𝑲𝒔𝑲𝒔) = 𝟓. 𝟓𝟒*𝟎.𝟒𝟎*𝟏.𝟒𝟗/𝟎.𝟑𝟒/𝟑.𝟖𝟐 ×𝟏𝟎*𝟓

BESIII，PRD 98, 072003 (2018)

𝜞(𝑱/𝝍 → 𝜸𝑮𝟐/) =
𝟒
𝟐𝟕𝜶

|𝒑|
𝑴𝑱/𝝍
𝟐 𝑬𝟏(𝟎) 𝟐 + 𝑴𝟐(𝟎) 𝟐 + 𝑬𝟑(𝟎) 𝟐Lattice QCD: 

𝜞(𝑱/𝝍 → 𝜸𝑮𝟐") = 𝟏. 𝟎𝟏(𝟐𝟐)𝒌𝒆𝑽
𝜞(𝑱/𝝍 → 𝜸𝑮𝟐")/𝜞𝒕𝒐𝒕 = 𝟏. 𝟏(𝟐)×𝟏𝟎#𝟐

Y.B. Yang ,et al .(CLQCD Collaboration)
Phys. Rev. Lett. 111, 091601 (2013))

f2(2340): consistent with LQCD’s calculation for the mass of tensor glueball
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X(1835) and X(2370) in J/yà gp+p-h’ (h’®gr/hpp) at BESII and BESIII

???
X(1835)

BESIII: 225 M J/y events

PRL 106, 072002 (2011)PRL 95,262001(2005)

BESII: 58 M J/y events BESIII: 1.1B J/y events

PRL 117, 042002 (2016)

BESIII: 10 B J/y events

PRL 129, 042001 (2022)

High statistics bring us more opportunities and challenges

• Detailed structures shown at ~1835 MeV

• New resonances X(2120), X(2370) and X(2600) 

• X(2370) observed in J/yà gKKh’ 

• The mass of X(2370): consistent with LQCD’s prediction
to a pseudo-scalar glueball.

X(2370) in J/yà gKKh’ 

EPJC 80, 746 (2020)



• JPC = 0--, even+-, odd-+ are forbidden for 𝒒!𝒒
• Light hadrons with exotic quantum numbers are unambiguously signatures of 

exotic states
• Three 1- (1-+) candidates: 

States with exotic quantum numbers

From a recent couple channel analysis, p1(1400) and p1(1600) could be from one pole.
PRL 122, 042002 (2019)



LQCD predicUons to hybrid states:

• The lightest exoUc state is 1-+

• The dominant decay mode of p1 is b1(1235)p
-- study p1 in more decay modes

• The observaUon of I=0 h1 exoUc state crucial



Observation of 0+(1-+)h1(1855) in J/y®ghh¢ at BESIII
h¢®hp+p- mode h¢®gp+p- mode

10 B J/y
PRL 129, 192002 (2022)， PRD 106, 072012 (2022)



PWA results 

StaYsYcal significance for an addiYonal h1

~4.6s at ~ 2.15 GeV, 0.4%



From the interference of S and P waves.

h1(1855) is needed



Charm physics



Charm decays + LQCD Charm decays + 
B decays + LQCD

CKM matrix

16

• 3X3 unitary complex matrix
• 4 parameters
• 3 mixing angles and 1 phase

Precision ~5-10% 
before BESIII Precision: |Vub|exc ~ 4%

|Vcb| ~ 2%

VudVub*+VcdVcb*+VtdVtb* = 0



Charm physics contributors

§ LHCb/hadron machine: huge production X-section, excellent lifetime resolution due 
to the boost; large combinatorial BG, difficult with neutral and missing particles

§ B factories: clean environment, good to detect neutral particles; lower boost, poorer 
lifetime resolution



Unique data sets at open charm thresholds

18

• No boost, no lifeYme measurement
• Almost free of background
• y(3770) à DD, quantum correlaYon à strong phase measurement 

20 fb-1

6 fb-1



Double tag method (DT)

4178
𝑒!

𝑒"

𝐷#"

𝐷#∗!
𝐷#! 𝛾(𝜋%)

𝐾! 𝐾"
𝜋"

X

Tag side

Signal

Signal side:  µ+ is reconstructed, n is reconstructed by MM2

𝑬𝐦𝐢𝐬𝐬 = 𝑬𝐛𝐞𝐚𝐦 − 𝑬𝝁B , 𝒑𝐦𝐢𝐬𝐬 = −𝒑𝑫C − 𝒑𝝁B

𝑴𝐦𝐢𝐬𝐬
𝟐 = 𝑬𝐦𝐢𝐬𝐬𝟐 − 𝒑𝐦𝐢𝐬𝐬 𝟐 , 𝑼𝐦𝐢𝐬𝐬= 𝑬𝐦𝐢𝐬𝐬 − |𝒑𝐦𝐢𝐬𝐬|

ST yield:
DT yield:

Absolute Br.
sig

tot
ST

tot
DT

sig
e´

=
N

NB
Average eff.:

iii BNN STSTDDST 2 e´´´=

åå
==

´=
N

i

i
N

i

iii NN
1

ST
1

STsig  vs.STSTsig /)/( eee

iii BBNN sig  vs.STsigSTDDDT 2 e´´´´=

Tag side: K+K-p- +…., very clean decay modes

Non-𝑫𝒔∗!𝑫𝒔Q events can be suppressed
by beam-constrained mass cut 𝑴𝑩𝑪 ≡

𝑬𝑪𝑴
𝟐

𝟐
− 𝒑𝑫𝒔C

𝟐

Advantages:  almost background free, absolute Brs.



Charm Leptonic Decays

• Exp. decay rate + |Vcs(d)|CKMfitterà calibrate LQCD @charm & extrapolate to Beauty
• Exp. decay rate + LQCD à CKM matrix elements

• Charm leptonic decays involve both weak and strong interactions. 
• The weak part is easy to be described as the annihilation of the quark-antiquark 

pair via the standard model W+ boson. 
• The strong interactions arise due to gluon exchanges between the charm quark and 

the light quark. These are parameterized in terms of the ‘decay constant’.

Decay rate (Exp.)
Decay constant (LQCD)

CKM matrix element

20



Charm semi-leptonic decays
(s)

• The effects of the strong and weak interactions can be separated in semi-leptonic decays
• Good place to measure CKM matrix elements and study the weak decay mechanism of 

charm mesons; calibrate LQCD

At zero positron mass limit:

(s) ln )Differential 
rate (Exp.)

CKM matrix element

Form factor
(LQCD)

• Analyze exp. parYal decay rates à q2 dependence of f+
K(p)(q2), extract f+

K(p)(0) with 
|Vcs(d)|CKMfiFer as input – calibrate QCD

• Exp. + LQCD calculaYon of f+
K(0) and f+

p(0) à Vcs(d) – constrain CKM 21



Hadronic decays of charm mesons
Ø Strong phase measurement with quantum correlated 𝝍 𝟑𝟕𝟕𝟎 → 𝑫𝟎"𝑫𝟎 is crucial 

in the model-independent determinations of g and charm mixing/direct CPV.

• In SM, CP violation is studied by measuring CKM matrix, represented 
by the unitarity triangle in complex plane. The angle g is the only one 
that can be extracted from tree-level processes, for which the contribution
of non-SM effects is small.

• Measurement of g provides a benchmark for the SM with minimal 
theoretical uncertainty. Precision measurement of g provide tests of 
SM CP violation and probe for new physics.

• g is the least well known CKM constraint
• g status:

Direct measurement g= (73.5 +4.2 
-5.1)o, 

indirect measurement g= (65.8 +1.0 
-1.7)o

ØProbe non-perturbative QCD
• Help to understand hadron spectroscopy
• Study SU(3) flavor symmetry
• Study short and long distance effects

22Short-distance Long-distance effect



Test of lepton universality (LU)
• BaBar, LHCb and Belle found evidence of lepton universality violaYon in semi-

leptonic B decays, either via the Cabibbo-suppressed (CS) transiYon b à c or 
flavor-changing-neutral-current (FCNC) transiYons in last couple of years.

• Study the analogous decays in charm quark sector:

In Standard Model, (for decays rate: Phys. Rev. D 38, 214 (1988))

𝑅 ≡
Γ 𝐷 #

! → 𝜏!𝜈
Γ 𝐷 #

! → 𝜇!𝜈
=

𝑚&"
' 1 −

𝑚&"
'

𝑀( #
"
'

'

𝑚)"
' 1 −

𝑚)"
'

𝑀( #
"
'

' = 2.67 ± 0.01 (9.75 ± 0.01)

0.97~
v)eπB(D
v)μπB(DR (0))0(

(0))0(
)0(

+-+

+-+
+

®
®

= 0.97~
v)eKB(D
v)μKB(DR (0))0(

(0))0(
)0(

+-+

+-+
+

®
®

=

EPJC, 78 (2018) 501 , Z. Phys. C46 (1990)93, PRD69 (2004)074025, PLB633(2006)61 

0.985



Split data into two:
• µ-like: EEMC ≤300 MeV (mixture of D+ ➝

τ+(➝ π+ ν̅τ)ντ and D+ ➝ μ+ νμ)
• p-like: EEMC >300 MeV (mostly D+ ➝ τ+(➝

π+ ν̅τ)ντ).

• D+ ➝ μ+ νμ peaks at MM2=0
• D+ ➝ τ+(➝ π+ ν̅τ)ντ peaks near MM2=0,  

as MD ~ Mτ

𝑫# → 𝝉#(→ 𝝅#&𝝂𝝉)𝝂𝝉 : first evidence (4s)

24

2.93𝐟𝒃*𝟏@𝑬𝒄𝒎 = 𝟑. 𝟕𝟕𝟑𝐆𝐞𝐕

• 6 tagging modes
• Signal: D+ ➝ τ+ ντ extracted from MM2. 

µ-like p-like

Consistent with SM predicBon，R = 2.65±0.01, within ~0.9σ

• Fit two MM2 distribuYons simultaneously, 
MC based shape Å G

• Fix D➝μ ν component to the world average

PRL123(2019)211802



Take |Vcd|CKMfiFer as input： Take fD
LQCD as input：

|Vcd|=(0.2210±0.0058±0.0047) (µ+n mode)fD+=(203.2±5.3±1.8) MeV (µ+n mode)

PRL 123, 211802, tn

PRL 123, 211802 



3.𝟏𝟗𝐟𝒃Q𝟏@𝑬𝒄𝒎 = 𝟒. 𝟏𝟕𝟖𝐆𝐞𝐕, 𝒆!𝒆Q → 𝑫𝒔±𝑫𝒔∗∓ → 𝛄/𝝅𝟎𝑫𝒔!𝑫𝒔Q
s(𝒆!𝒆Q → 𝑫𝒔±𝑫𝒔∗∓) ~ 6 nb,  ~ 6 M 𝑫𝒔± produced. 

Ds
+ à µ+nµ

𝑩 𝑫𝒔/ → 𝝁/ 𝝂

𝒇𝑫𝒔) 𝑽𝒄𝒔 = 𝟐𝟒𝟔. 𝟐 ± 𝟑. 𝟔𝒔𝒕𝒂𝒕. ± 𝟑. 𝟓𝒔𝒚𝒔𝒕.𝑴𝒆𝑽

Signal side: fit missing mass square 

BESIII: PRL 122 (2019) 071802

𝑩𝑷𝑫𝑮 𝑫𝒔/ → t/ 𝝂 = 𝟓. 𝟒𝟖 ± 𝟎. 𝟐𝟑 ×𝟏𝟎*𝟐

𝑩 𝑫𝒔/ → 𝝁/ 𝝂 = 𝟓. 𝟒𝟗 ± 𝟎. 𝟏𝟔 ± 𝟎. 𝟏𝟓 ×𝟏𝟎*𝟑

𝑩 𝑫𝒔/ → t/ 𝝂 = 𝟗. 𝟗𝟖 ± 𝟎. 𝟓𝟐 (𝐒𝐌: 𝟗. 𝟕𝟓)

Tag side: 14 Ds- decay mode
No. of single tags: (388.7±2.6)X103

No. of double tags: 1135.9 ± 33.1



𝑫𝒔# → 𝒍#𝝂𝒍
𝑫𝒔! → 𝝁!𝒗 + 𝝉!(p!𝒗)𝒗

6.3 fb-1@4.18-4.23GeV
𝑫𝒔! → 𝝉!(r!𝒗)𝒗

6.3 fb-1@4.18-4.23GeV
𝑫𝒔! → 𝝉!(𝒆!𝒗𝒗)𝒗

6.3 fb-1@4.18-4.23GeV

µ-like

p-like

B[𝐷*+ → 𝜇+𝑣] = (5.35 ± 0.13 ± 0.16)×10,-

B 𝐷*+ → 𝜏+𝑣 = 5.22 ± 0.25 ± 0.17 %
f.0/|V/0| = 243.1 ± 3.0 ± 3.7 MeV[𝜇]

f.0/|V/0| = 243.0 ± 5.8 ± 4.0 MeV[𝜏]

A12[𝜇𝑣] = (−1.2 ± 2.7)%

A12[𝜏𝑣] = (2.9 ± 4.9)%

B 𝐷*+ → 𝜏+𝑣 = 5.29 ± 0.25 ± 0.20 %

f.0/|V/0| = 244.8 ± 5.8 ± 4.8 MeV

B 𝐷*+ → 𝜏+𝑣 = 5.27 ± 0.10 ± 0.12 %

f.0/|V/0| = 244.4 ± 2.3 ± 2.9 MeV

Take BESIII results and world average：

𝑩 𝑫𝒔/ → 𝝁/ 𝝂
𝑩 𝑫𝒔/ → t/ 𝝂 = 𝟗. 𝟔𝟕 ± 𝟎. 𝟑𝟒

(𝐒𝐌: 𝟗. 𝟕𝟓)

Tag side inv. mass Minv(Ds
-)Mmiss

2

BESIII: PRL 127 (2021) 171801BESIII: PRD 104 (2021) 032001 BESIII: PRD 104 (2021) 032001



28

Take |Vcs|CKMfiFer as input： Take fDs
LQCD as input：

Most precise measurement

fDs+=(251.1±2.4±3.0) MeV (𝝉!(𝒆!𝒗𝒗)𝒗) |Vcs|=(0.978±0.009±0.012) (𝝉!(𝒆!𝒗𝒗)𝒗)



Form factor in D0®K-µ+nµ

D0® K-µ+nµ is studied in the recoiling 
system of three tag modes: 

D0® K-µ+nµ

D0® K-p+p0 BG

• Signal shape: MC simulated shape convoluted with 
Gaussian.

• BG shape in tag side: ARGUS func.
• BG in signal side: 

• D0® K-p+p0 MC simulated shape convoluted with 
Gaussian 

• ConVnuum background shape : MC simulated shape

29

BESIII: PRL 122 (2019) 011804

2. 𝟗𝟑 𝒇𝒃Q𝟏@𝑬𝒄𝒎 = 𝟑. 𝟕𝟕𝟎 𝑮𝒆𝑽

No. of single tags: (2241.4±2.1)X103

No. of double tags: 47100 ± 259
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D0®K-µ+nµ Fit to parRal decay rates

Series expansion parameterizaYon for form factor (2nd order):
BESIII: PRL 122 (2019) 011804

PRD91(2015)094009

Red: SM
Grey: New physics
constrained by
previous experiments

Solid curve: SM 
prediction with our 
fitted parameters

In full q2 interval:  Rµ/e = 0.974±0.007±0.012

SM prediction: 0.97
No deviaYon larger than 2s is observed in 

q2 interval of (0.2, 1.5) GeV2/c4.

f+
K(0)|Vcs| = 0.7148 ± 0.0038 ± 0.0029
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𝒇#𝑫→𝑲 𝟎 𝒂𝒏𝒅 𝒇#𝑫→𝝅

BESIII: 20 fb-1 @ 3770 MeV
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2019 

Belle II (arXiv:1808.10567): 1.50 with 50 ab-1

LHCb (arXiv:1808.08865v2): < 1o, 50 fb-1, phase-1 upgrade (2030), 
< 0.4o, 300 fb-1, phase-2 upgrade (> 2035)

> year of 2030 (BESIII 20 `-1 data as inputs)

BESIII data @3770 MeV (2.93 W-1 è 20 W-1 )
y(3770)à𝐷:𝐷: quantum correlationèstrong phase parameters between D0 and D0 decays 

èinputs to LHCb measurement of g

BESIII White Paper, Chinese Phys. C 44 (2020) 040001



Summary ??
Long history of the collaboration among BES experimentalists and theorists.

- Predictions from LQCD or other models: guidance to the exps.
- Exp. results: test models
- Spectroscopy: PWA

Many joint workshops



Backup sides





Charm is charming
• Over-constrain the SM, probe for new physics

üPrecision CKM physics in B sector needs input from charm

• CPV and mixing 
üThe only up-type quark to form weakly decaying hadrons, 

complementary to K and B systems

• Unique to test QCD in low energy

Charm is challenging
• Intermediate mass, compared to LQCD -- not heavy, not light
• Do methods like Heavy Quark Expansion and FactorizaUon work?
• CKM and GIM suppression can be strong – low rates

à Theory

à Large data sample
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For a physical process producing D0 D0 such as

The  correlated state

00'' DDee ®®-+ y

The D0 D0 pair  will be a quantum-correlated state+e -e

0D

0D

For a correlated state with -=C
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2
1 0000 DDDD -=-y
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ˆ
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CP tag at threshold 
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Strong phase measurements at 

n 𝑫 → 𝑲𝑺/𝑳
𝟎 𝝅7𝝅8 Constraint on g

measurement ~ 0.90PRL 124 (2020)241802
2.93𝐟𝒃*𝟏@𝑬𝒄𝒎 = 𝟑. 𝟕𝟕𝟑𝐆𝐞𝐕
𝒆/𝒆* → 𝛙 𝟑𝟕𝟕𝟎 → 𝑫A𝑫

n𝑫 → 𝑲𝑺/𝑳
𝟎 𝑲7𝑲8

Constraint on g measurement ~ 1.30

PRD102(2020)052008

n𝑫 → 𝑲8𝝅7𝝅7𝝅8 𝐚𝐧𝐝 𝑲8𝝅7𝝅𝟎

Constraint on g measurement ~ 60

JHEP 2021 (5)  (2021) 164 



• The only kinematic allowed baryonic charm decay mode
• For the weak annihilation processes, Brs. expected to be ~10-6(chiral suppression 

by the factor (mp/mDs)4)
• Long distance effect may enhance Br: ~10-3  

• First evidence by CLEO-c:                                            (PRL 100, 181802(2008)) 

BESIII: 𝑫𝒔#→ 𝒑0𝒏

Weak annihila[on (~10-6) Long-distance effect

• Weak annihilaYon process is not the driving mechanism
• The hadronizaYon process driven by non-perturbaYve 

dynamics determines underlying physics

[PLB 663, 326(2008)]
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PRD 99 (2019) 031101 (R)

𝑩𝒓(𝑫𝒔!→ 𝒑𝒏) = 𝟏. 𝟐𝟏±𝟎. 𝟏𝟎±𝟎. 𝟎𝟓 ´𝟏𝟎Q𝟑



)%41.028.050.9(0 ±±=++® hppsD
B

)%2.12.9(PDG18
0 ±=++® hppsD

B

)%44.048.044.7( ±±=++® hrsD
B

)%34.022.020.2(
)980(0

±±=
®+ paDs

B

Observa(on of abnormally large branching frac(on for annihila(on process. 
It is larger than those of known W-annihila(on decays by one order of magnitude.

40

Amplitudes of Ds
+®hp+p0

PRL123(2020)112001

M(pp) > 1.0 GeV
to exclude rh.

a0(980) a0(980)
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Observation of DCS decay 𝑫! → 𝑲!p!p"p𝟎
PRL 125 (2020) 141802

𝐁𝐃𝐂𝐒/𝐁𝐂𝐅 = (1.81±0.15)%

n The BF and BDCS/BCF of 𝑫! → 𝑲!p!p"p𝟎 are significantly larger than 
those of known DCS charm decays

n May indicate massive isospin asymmetry between 𝑫! → 𝑲!p!p"p𝟎 and 
𝑫𝟎 → 𝑲!p"p"p! due to final state interaction and different resonances

The single tag D- yield: (1150.3 ± 1.5)X103

𝐁𝑫)→𝑲)p)p3p𝟎 = (0.113±0.008)%

after remove h/w/f K+ components

tan4qC = 2.88 X 10-3

BESIII new analysis: arXiv: 2105.1431
confirms above results.
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n Direct measurements of absolute BFs of 
14 exclusive hadronic D0(+)àhX decays

n Comprehensive information about CP violation in D decays

n Combining PWA results gives 2-body decay BFs, benefiting the 
understanding of quark SU(3)-flavor symmetry and its breaking effect

PRL124(2020)241803

Absolute BFs of D0(+)àhX decays



• positive and negative muon beams with a nominal momentum of 160 GeV/c or 200 GeV/c,
• positive hadron beams with momentum of 190 GeV/c and a composition of 75% protons, 24% 
pions and 1% kaons,
• negative hadron beams with momentum of 190 GeV/c and a composition of 1% anti-protons, 97% 
pions and 2% kaons,
• low intensity electron beam for calibration purposes (60 and 40 GeV/c).

COMPASS ++/Amber:  (proposal)
The proposed measurements cover the range from lowest-Q 2 physics as the 

determina;on of the proton radius by elas;c muon-proton sca=ering, over average-Q 2 -
reac;ons to study hadron spectroscopy, to high-Q 2 hadron-structure inves;ga;ons using the 
Drell-Yan process and Deeply Virtual Compton Sca=ering. 

COMPASS
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PRD88, 034023

PRL122(2019)121801

First extractions of FFs of 𝑫𝒔# → 𝜼(+)𝒆#𝝂

Statistical errors dominate

BESIII: 3.19 `-1 @ 4180 MeV

𝑫𝒔+ → h 𝒆+𝝂 𝑫𝒔+ → 𝜼5𝒆+𝝂

f!
wE→x(0)|Vyz| = 0.446±0.005±0.004

f!
wE→x{(0)|Vy|| = 0.477±0.049±0.011



First observation of D+ ®hµnµ
BESIII:  PRL 124, 231801 (2020)2.93𝐟𝒃*𝟏@𝑬𝒄𝒎 = 𝟑. 𝟕𝟕𝟑𝐆𝐞𝐕

𝒆/𝒆* → 𝛙 𝟑𝟕𝟕𝟎 → 𝑫A𝑫

𝐑𝐃𝛈 =
𝚪[𝐃! → 𝛈𝛍!𝐯]
𝚪[𝐃! → 𝛈𝐞!𝐯] = 𝟎. 𝟗𝟏 ± 𝟎. 𝟏𝟑

𝒇!
𝑫→h 𝟎 |𝐕𝒄𝒅| = 𝟎. 𝟎𝟖𝟕(𝟎𝟖)(𝟎𝟐)

𝐁[𝑫+ → 𝜼𝝁+𝒗] = (𝟎. 𝟏𝟎𝟒 ± 𝟎. 𝟎𝟏𝟎 ± 𝟎. 𝟎𝟎𝟓)%

No. of single tags: (1522.5±2.1)X103

No. of double tags: 234 ± 22

(SM prediction: 0.93-0.96)
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Study of D0+®ppe+ne
PRL122(2019)062001

veD +-++ ® pp

veD +-® 00 pp

veaDvefDvefD
BBBR ++++++ ®®®

+= 0
0

0
0

0
0 )980()500()980(

/][

favors tetraquark assumption for the light scalar mesons 

First observabon of 𝑫/ → 𝒇𝟎(𝟓𝟎𝟎)𝒆/𝝂𝒆

BESIII: PRL 121 (2018) 081802

>2.7
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𝐵1!→34"
#(6789);!< = (2.30 ± 0.26 ± 0.18 ± 0.25)×10#= 𝐵1#→4"(6789)$;!< = (1.09 ± 0.13 ± 0.13 ± 0.12)×10#=

PRL123(2019)231801 arXiv:2102.10850

Γ1#→4"(6789)$;!<
Γ1!→34"

#(6789);!<
= 1.20 ± 0.20 ± 0.15

Observation of 𝑫 → 𝑲𝟏 𝟏𝟐𝟕𝟎 𝒆J𝝂𝒆

n First observation after it was predicted 
in 1989

n Semileptonic D decays offer ideal 
environment to study light mesons

n Benefit the understanding of K1 mixing 
angle which is controversial.

JPG46,105006

PRL125,051802
Combined analysis of 𝐷 → =𝐾6 𝑒+𝑣
and BàgK1 helps better access 
photon polarization in bàsg


