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(2.0-4.9 GeV from 2019)
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Lpeak=1.0x1033/cm2s

(Apr. 5, 2016)

IHEP campus

19B Yuquan Rd.

Beijing, China 2



3

BESIII detector

Be beam pipe

SC magnet, 1 T
Magnet yoke

MDC, 120 m 

0.5% at 1 GeV/c

CsI(Tl) calorimeter, 2.5% @ 1 GeV

BTOF, 70 ps

ETOF, 60 ps

RPC

Total weight 750 tonnes, 

~40,000 readout channels, 

Data rate: 5 kHz, 50 Mb/s

Has been in full operation since 2008, 

all subdetectors are in very good status!

CGEM-IT is 

being built & 

placed here
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4230+4260

1.9 fb-1

Can cover 0-4.9 GeV from

direct annihilation or ISR

J/

10x109

4130, 4160, 

4190, 4200, 

4210, 4220, 

4236, 4245, 

4270, 4280, 

4290, 4315, 

4340, 4380, 

4400, 4440

7.7 fb-1



Selected topics

• XYZ particles: X(3872), Y(4260), Zc(3900)

• Light hadrons: glueballs & more

• Charm decays: CKM, decay constants, form factors, LFU

• Baryons: form factors & polarization
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X(3872), Y(4260), & Zc(3900)
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Belle 2003, 

PRL91, 262001

BaBar 2005, 

PRL95, 142001

BESIII 2013,

PRL110, 252001

Most famous charmoniumlike states.

Good candidates for exotic states with 

charm quarks.

BESIII supply crucial information!



Discovery of the Zc(3900)
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 Mass  =  (3899.0±3.6±4.9) MeV

 Width =  (46±10±20) MeV

 Fraction = (21.5±3.3±7.5)%

In e+e-+-J/ events at 4.26 

GeV, a particle decays into J/

is observed!

• Couples tocc

• Has electric charge

• At least 4 quarks

• A tetraquark state?

ADD* molecule?

PRL110, 252001 (2013)

Significance 
>8
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Properties of the Zc(3900)
 IG=1+

 JPC=1+-

 Decay modes

 J/

 DD*

 c (4.2)

 hc (2.1)

 Not to light hadrons

 Partner state: Zc(4020)

 IG=1+; JPC=??-

 Couples to hc andD*D*

 Couples possibly to ’

 M=4022.92.8 MeV

 =7.93.7 MeV

PWA of e+e-+-J/

• Asymmetric line shape

• JP=1+ preferred over  

0-, 1-, 2-, 2+ by at 

least 7.

• Significant f0(980) 

contribution

•  D-wave fraction 

increases as Ecm

increases

4.23 GeV
1092/pb

4.26 GeV
826/pb

PRL 119, 072001 (2017)

PRL 111, 242001 (2013)



Evidence for Zc c
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arXiv:1906.00831

Decay mode BR

ηc→ ▬▬ ~0.13%

ηc → 2(K+K−) ~0.15%

ηc → π+π−K+K− ~1.50%

ηc → K+K−π0 ~1.20%

ηc → ▬▬π0 ~0.18%

ηc → KSKπ ~1.80%

ηc → π+π−η ~1.60%

ηc → K+K−η ~0.57%

ηc → π+π−π0π0 ~2.40%

• ὩὩ ᴼ“““–
• –ὧ→9 hadronic decays

• Strong evidence of e+e-→“ὤὧȟὤὧᴼ”–ὧat 

ί 4.23, statistical significance is 4.2ʎ. 

(3.9ʎincluding systematics)

• e+e-→“ὤȟὤᴼ”–ὧnot seen.

e+e-→“ὤὧȟὤὧᴼ”–ὧ@ 4.23 GeV

New



Evidence for Zc c
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• Measure Born cross section at 4.23 GeV:

„ ὩὩ ᴼ“““– τφρςρρ ρπ pb

„ ὩὩ→“ὤὧȟὤὧᴼ”–ὧ τψ¤ 11¤ 11 pb

Ὑᾀ
ὄὤᴼ”–ὧ
ὄὤᴼ“ὐȾ‪

Ὑ
ὄὤᴼ”–ὧ
ὄὤᴼ“Ὤ

A.Esposito, A.L.Guerrieri, A.Pilloni, Phys. Lett. B 746, 194 (2015)

New

Zc states have both tetraquark and molecule components? Refined calculations needed!

arXiv:1906.00831



(e+e
+J/): Y(4260)Y(4220)
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Most precise cross section measurment to date from BESIII

Y(4220): M = 4222.0¤3.1¤1.4 MeV (lower),   = 44.1¤4.3¤2.0 MeV (narrower)

 Y(4320): M = 4320.0¤10.4¤7.0 MeV,   =101.4+25.3
-19.7¤10.2 MeV

8.2 fb−1

19 points

data

PRL118, 092001 (2017)



Y(4260)Y(4220): more modes
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Y(4220) appears in …‫ , ““ J/, ““ ᴂ, ““Ὤ, ὈὈᶻ“

Mass~4220 MeV, width~ 60 MeV!

New!

New!

PRD99, 091103 (2019) PRD96, 032004 (2017)PRL118, 092001 (2017)

PRL122, 102002 (2019)PRL118, 092002 (2017)

Y(4390)



▄▄ ᴼⱫⱫ‪ σχχπ

Study ὩὩ ᴼ““ὈὈ , ὩὩ ᴼ““ὈὈ

Ὀ ᴼὑ “ȟὑ ““ȟὑ “““ and ὑ ““““

Ὀ ᴼὑ ““ȟὑ “““ȟὑ“ȟὑ““̆and ὑ“““
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ὩὩ ᴼ““‪(3770) is observed for the first time, no evidence for ‪ρὈ

Hints of Zc in M( ¤́ɣ(3770)) at 4.04 and 4.13 GeV in ί= 4.42 GeV data 

Clear structure in line-shape of ““‪(3770)

arXiv:1903.08126

5.2ů
4.42 GeV

4.42 GeV

4.42 GeV Y(4390)?
‪(4415)?



▄▄ ᴼ╓ ╓ᴼ ⱫⱫ╓╓

 Three different decay channels (Ὀ““ , Ὀᶻ“ , and Ὀ““ ) are used to search for Ὀ ςτςπ

 Clear structure in the line-shape of ὩὩ ᴼὈ ςτςπὈȢNo abnormal threshold effect seen. 

4.42 GeV 4.42 GeV 4.42 GeV

7.4„

14

arXiv:1903.08126

Y(4390)?
‪(4415)?Y(4260) 

DD1 molecule?



Observation of e+e-
X(3872)
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arXiv: 1310.4101, PRL 112, 092001 arXiv: 1903.04695, PRL122, 232002

New!

11.6 fb-1, 799 evts4.0 fb-1, 205 evts

8σψχςO+*Ⱦʕ



Observation of ╧ ᴼⱷ╙Ⱦⱶ

Signal process: ὩὩ ᴼ‎ὢᴼ‎‫ὐȾ‪, with “““‫ᴼ , ὐȾ‪ᴼὰὰ
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 Signal PDF: 

 3 resonances: (X(3872), X(3915) and X(3960))

ὔ ὢσψχς τυ ω σ

 Two resonances: (X(3872), X(3915))

ὔ ὢσψχς τπ ψ ς

5.7„
3.1„

3.4„

5.1„

6.9„

Hard to distinguish the two hypotheses since only ςȢυ„difference.

arXiv: 1903.04695, 

PRL122, 232002

There were only evidence at Belle (4.3) 
and BaBar (4) experiments!



Observation of ╧ ᴼⱫⱵ╬ ╟

▄▄ ᴼ♬╧ , ╧ ᴼⱫⱵ╬╙(with Ⱶ╬╙O ♬╙Ⱦⱶ, ╙Ⱦⱶᴼ■■

17

 Clear signal of ὢσψχςin Y(4260) region, ὔ ρφȢω Ȣ
Ȣ

 No ὢσψχςevents outside of ὣτςφπ

 Clear cluster of  … ρὖevents in X(3872) mass window 

 First observation of ὢσψχςO“… ρὖwith significance >5„.

arXiv: 1901.03992,

PRL 122, 202001



Measurements of ╧ ᴼ♬╙Ⱦⱶ,♬ⱶ

ὢσψχςO‎ὐȾ‪

ὢσψχςO‎‪σφψφ

ὐȾ‪ᴼ‘‘ȾὩὩ

‪σφψφO““ὐȾ‪

‪σφψφO‘‘

Expectation strength
ᴼ

ᴼ Ⱦ
πȢυωat 90% C.L.

 Simultaneous fit; significance σȢυ„

 Simultaneous fit; NO evident signal! 
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New!

preliminary

Belle (4.9); BaBar (3.6); LHCb (>5)

Belle (0.4); BaBar (3.5); LHCb (4.4)



Measurements of ╧ ᴼ╓╓ᶻ , ♬╓ ╓

ὢσψχςOὈὈᶻ ὧȢὧȢ
Ὀᶻ ᴼ‎Ὀȟ“Ὀ

Ὀ ᴼὑ“ȟὑ““ȟὑ“““

ὢσψχςO‎Ὀ Ὀ

Ὀ ᴼὑ““ȟὑ“““

Relative branching ratio compared with ὢσψχςO““ὐȾ‪

19

New!

preliminary



X(3872) decay BRs
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With recent  "ὢσψχςO““ὐȾ‪ (4.11.3)% from BaBar, one gets

B(known)=(1+14.81+0.79+1.7+0.88)*4.1% = 19.2x4.1% ~ (7932)%!

Find more decay modes, and/or improve the precisions!



X、Y、Z particles are correlated!
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What are they?  Are they all molecules/tetraquarks/…?

Y(4260)

Zc(3900)X(3872) ?



Light Hadron States

22
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Glueball program at BESIII in a nutshell

0+ 2+ 0-

J/˕ҦPɹP

J/˕ҦVɹV

J/˕ҦPɹPP

0+, 2+ : Coupled channel analyses 
J/˕ҦPɹP
J/˕Ҧ̟ κ˒ + X

0- : trajectory, X(2370)
J/˕ҦPɹPP
J/˕ҦʴVɹ 

J/˕ҦXɹҦʴ ʴV 

Flavor Filters̔

J/˕Ҧʴ Ⱦ ᴂᴂ/ / / ἕἡἕἡ

J/˕Ҧʴ̟˒ Ⱦ˒ κ˒̟ ˖

J/˕Ҧ ⱢɹⱫⱫκⱢ╚╚/ⱢⱫⱫȾ╚╚Ⱬ/Ɫ╚╚/ⱫⱫⱫ

• PWA published
• Published, PWA undone
• Ongoing

J/˕Ҧ̟ κ˒ + X

Anti filter: 



PWA of J//KS
0KS

0
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Phys. Rev. D 87, 092009 (2013)

Phys. Rev. D 98, 072003 (2018)

PWA of J/

PWA of J/KS
0KS

0
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Decay rate of pure glueball from LQCD:

CLQCD, Phys. Rev. Lett. 110, 021601 (2013) 

Experimental results from J/ radiative decays to scalars or tensors:

B(J/ f0(1710) ὑὑ)= ψȢυ Ȣ
Ȣ ρπ

B(J/ f0(1710) )=(4.01.0) ρπ

B(J/ f0(1710) )=(3.11.0) ρπ

B(J/ f0(1710) )=(ςȢσυȢ Ȣ
Ȣ Ȣ ) ρπ

B(J/ f0(1710)) > 1.7 ρπ

f0(1710) / f2(2340) : candidates of the scalar/ tensor glueballs ? 

Scalar/tensor glueball candidate (0++/2++) 

B(J/ f2(2340) )=(υȢφπȢ Ȣ
Ȣ Ȣ ) ρπ

B(J/ f2(2340) ff)=(ρȢωρ πȢρτȢ
Ȣ ) ρπ

B(J/ f2(2340) KS
0KS

0)=(υȢυτȢ Ȣ
Ȣ Ȣ ) ρπ

CLQCD, Phys. Rev. Lett. 111, 091601 (2013) 



Anomalous line shape of ɖǋˊ+ˊ- near ▬▬threshold
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X(ἸἸ) observed  in J/ʕᴼɾἸἸX( ) observed  in  J/ʕᴼɾ

1.3B J/ evts

X(1835)  JPC=0 -- +

- -Å6Ⱦὧ

ɜ -Å6Ⱦὧ

X(ἸἸ) JPC=0 -- +

- -Å6Ⱦὧς

ɜ ρσ ρω-Å6Ⱦὧς

( ἙἭἤȾἫ@ 90% C.L.)

• Existence of a broad state with strong couplings to ὴӶὴ, or a narrow

state just below theὴӶὴmass threshold

• Existence of aὴӶὴmolecule-like state or bound state?

PRL 108, 112003 (2012); PRL 115, 091803 (2015) Phys. Rev. Lett. 106, 072002 (2011) 

PRL 117, 042002 (2016) 

Model I: 

Flatte line shape with strong 

coupling to ὴӶὴand one 

additional narrow BW at 

~ 1920 MeV

Model II: 

Two coherent  BW, X(1835) 

and one additional, narrow 

BW at ~ 1870 MeV

significance > 7

0.2B J/ evts



Search for X(1835)’s other decay modes
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J/f:

First observation of (1475)/X(1835)f.

Angular distribution favor JPC = π .

f1(1285)

<5 

(1475) 13.5 

constructive

X(1835) 6.3 
destructive

Phys. Rev. D 97, 051101(R) (2018) Phys. Rev. D 99, 071101(R) (2019)

J/+’:

No obvious signal of X(1835) is found.

B.R.< 6.2 10-5 @ 90% C. L.

Sizeable ίӶίcomponent in X(1835)
New!



10 Billion J/ events by Feb. 2019

28

C
E

R
N

 c
o

u
rie

r

BESIII control room

Unique sample for studying 

light hadron spectroscopy



Charm Physics
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Leptonic & semileptonic decays

1. |Vcs(d)|: better test on CKM matrix unitarity

2. (Semi-)leptonic D(s) decays allow for LFU tests

3. fD(s)+, f+
K() (0): test of LQCD

Leptonic and semileptonicdecays of charmed 

hadrons (D0, D+, Ds
+, Lc

+) provide ideal testbeds 

to explore weak and strong interactions
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PRD89, 051104 (2014)

40921

2.93 fb-1 data@ 3.773 GeV

fD+|Vcd| from D+
l+v

BESIII preliminary

statistical error dominant

New inputs from PDG2018:

410)06.019.071.3(]B[ ++  vD  3

stat 10)24.020.1(]B[ ++  vD 

vD ++  

vD ++ 

Ὢ ὠ τυȢχυ ρȢςπ πȢσω-Å6 Ὢ ὠ υπȢτ υȢπÓÔÁÔ-Å6
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0.48 fb-1 data@4.01 GeV

PRD94, 072004 (2016)

fDs+|Vcs| from Ds
+
l+v

New inputs from PDG2018:

310)21.075.017.5(]B[ ++  vDs 

)%37.083.128.3(]B[  ++ vDs 

3.19 fb-1 data@4.178 GeV

PRL122, 071802 (2019)

310)15.016.049.5(]B[ ++  vDs 

Ὢ ὠ ςτφȢς σȢφ σȢυ-Å6

Ὢ ὠ ρωσυτ ρρ-Å6

Ὢ ὠ ςσωρχ υ-Å6
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Comparisons of fD+, fDs+ and fD+:fDs+

2 difference-1.4 difference +1.5 difference

More discussion in Prof. Gottlieb’s talk next session. 
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Series expansion

parameterization for

form factor (2nd order):

Assumed to be independent of q2 following 

FOCUS’s treatment (PLB607, 233 (2005))

Differential partial widths

PRL122, 011804 (2019)fK
+(0)|Vcs| from D0

K -+v

)29)(38(7148.0|V|)0(f cs +

K
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Comparisons of form factors f+
K()(0)

HFLAV16 averages based on a combined analysis of all 

DK()lv measurements before 2016 using series expansion

)26)(22(7226.0|V|)0(f cs +

K

)08)(17(1426.0|V|)0(f cd +





LFU test with semileptonic decays

36Lepton universality tested at % level!

Mode D0 decay BR (%) D+ decay BR (%)

Ke 3.5050.035 8.600.16

K 3.4130.040 8.720.19

e 0.2950.005 0.3630.009

 0.2720.010 0.3500.015

Ὑ
ɜὈ ᴼ“‘’

ɜὈ ᴼ“Ὡ’
πȢωςςπȢπσχ

Ὑ
ɜὈ ᴼ“‘’

ɜὈ ᴼ“Ὡ’
πȢωφτπȢπτυ

Ὑ
ɜὈ ᴼὑ ‘’

ɜὈ ᴼὑ Ὡ’
πȢωχτπȢπρτ

Ὑ
ɜὈ ᴼὑ‘’

ɜὈ ᴼὑὩ’
ρȢπρτπȢπρχ

4ÈÅÏÒÅÔÉÃÁÌÅØÐÅÃÔÁÔÉÏÎȡ

Ὑ πȢωψυπȢππς

Ὑ πȢωχυπȢππρ



Baryon Form Factors 

&

Polarization
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Nucleon (and baryon) Form Factor

Σ ɽ ɽ, ɽcɽc

Space-like:
FF real Time-like:

FF complex

 Fundamental properties of the nucleon

 Connected to charge, magnetization distribution

 Crucial testing ground for models of the nucleon internal structure

 Necessary input for experiments probing nuclear structure, or trying to 
understand modification of nucleon structure in nuclear medium

 Can be measured from space-like processes (eN) (precision 1%)

or time-like process (e+e- annihilation) (precision 10%-30%)

eN eN

38



Proton Form Factor (ISR+direct)

1905.09001, submitted to PRL

+ PRD99, 092002 (2019)

+ PRD91, 112004 (2015)

#ÏÕÌÏÍÂÉÎÔÅÒÁÃÔÉÏÎÆÏÒ
ÐÏÉÎÔ ÌÉËÅÃÈÁÒÇÅÄÐÁÒÔÉÃÌÅÓ
ÁÔÔÈÒÅÓÈÏÌÄȡ

ɝ„
“‌

ςά

 = 0.85 nb for proton

Agree well with data.

39

New!

A. D. Sakharov, Zh. Eksp. Teor. 

Fiz. 18, 631-635 (1948) 



Lambda Form Factor

1903.09421, submitted to PRL

+ PRD97, 032013 (2018)

 = 0.3050.058 nb in data!

 = 0 for neutral particle!

 = 0.60 nb for charged 

particle with L mass.
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Spin-correlation between L and 

L and the polarization allow a 

measurement of the relative 

phase between GE and GM!

(37126)

Ecm=2.4 GeV

~540 signals

#ÏÕÌÏÍÂÉÎÔÅÒÁÃÔÉÏÎÆÏÒ
ÐÏÉÎÔ ÌÉËÅÃÈÁÒÇÅÄÐÁÒÔÉÃÌÅÓ
ÁÔÔÈÒÅÓÈÏÌÄȡ

ɝ„
“‌

ςά



More study with other baryons
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Threshold behavior of different baryons; |GE|, |GM|, and  over large range of q2.

More studies with polarized baryons  decay parameters, CPV, …
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Polarization of L hyperon and CPV

420K selected J/ LL in 1.3B J/ events.

First observation of L polarization!

Highest sensitivity test of CPV in baryon decays!

arXiv: 1808.08917, Nature Physics (2019)

New!

https://www.nature.com/articles/s41567-019-0494-8

Only 

measurement 

used in PDG 

2019

2% level 

sensitivity for 

CPV test
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Summary

• BESIII achieved a lot in the experimental study of hadron physics 

and weak decays of charmed hadrons;

• BEPCII beam energy is upgraded from 2.3 to 2.45 GeV; 

topup injection increases luminosity by 30%; 

peak luminosity upgrade at high energy is under discussion;

• BESIII detector is in good status, inner detector upgrade in progress;

• BESIII will continue data taking for another 5-10 years and contribute 

more in these fields;

• LQCD calculations are essential to understand our data!



Thank you!

谢谢！
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Charm Production at Threshold

future tau-charm factory, Orsay 7

Double Tag (DT) techniques
Å100% of beam energy converted to D pair (Clean environment, 

kinematic constrains n Recon.  )

ÅD(S) generated in pair Ý absolute Branching fractions

ÅFully reconstruct about 15% of D(S) decays

  

DE = E
D

- E
Beam

M
BC

= E
Beam

2 - p
D

2

u Double tag techniques: Hadronic tag on one side, 
on the other side for missing-mass studies 
(Double tag efficiency is high.)

LXR

• Single tag: fully reconstruct the signal D(s), Lc

• Double tag:

• Fully reconstruct the tag D(s), Lc taking advantage of kinematic constrains

• Search for the signal mode in the recoil system

• Possible to measure absolute branching fraction or suppress background

45
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Polarization of L hyperon and CPV

A non-zero  results in L polarization and makes 
measuring + and  simultaneously possible!
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 Besides (2225), the pseudoscalars above 2 GeV are poorly 

understood. 

 J/ff provides opportunity to study π & ς states 

above 2 GeV.

 Dominant contribution from π states

 (2225) is confirmed

 Newly observed: (2100) and X(2500)

 ς contibutions

 f2(2010), f2(2300), f2(2340) from pffn are observed. 

 Large production rate of f2(2340)

 Model dependent PWA results are consistent with those from 

MIPWA.  

Phys. Rev. D 93, 112011 (2016)

PWA of J/ff


