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BESIII 
detector

LINAC

2004: started BEPCII upgrade,
BESIII construction

2008: test run
2009 - now: BESIII physics run   

Beijing Electron Positron Collider (BEPC)

beam energy: 1.0 – 2.3 GeV          

e+

e-

• 1989-2004  (BEPC): 

Lpeak=1x1031 /cm2s 

• 2009-now (BEPCII):   

Lpeak=1x1033/cm2s 



TOF
BTOF: two layers
ETOF: 48 scintillators for each

MRPC --- new ETOF
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BESIII Detector
MDC

R inner: 63mm ;

R outer: 810mm

Length: 2582 mm

Layers: 43

CsI(Tl) EMC

Crystals: 28 cm(15 X0)

Barrel: |cos|<0.83

Endcap:

0.85 < |cos| < 0.93

RPC MUC

BMUC: 9 layers – 72 modules
EMUC: 8 layers – 64 modules
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t+t- DsDs LcLc

Features of the BEPC Energy Region

 Rich of resonances: charmonia and charm mesons

 Threshold characteristics (pairs of t, D, Ds, …)

 Transition between smooth and resonances, perturbative
and non-perturbative QCD

 Energy location of the new hadrons: glueballs, hybrids, 
multi-quark states
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The Y’s 

PDG



 Conventional hadrons consist of 2 or 3 quarks：

Naive Quark Model：

 QCD predicts the new forms of hadrons:

• Multi-quark states ：Number of quarks >＝ 4 

• Hybrids ： qqg，qqqg …

• Glueballs ： gg， ggg …

New forms of hadrons

g

gg

g

None of the new forms of hadrons is settled !



Charmonium decays provide ideal hunting ground 
for light glueballs and hybrids
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• “Gluon-rich” process

• Clean high statistics data 

samples from e+e-

annihilation

• I(JPC) filter in strong decays 

of charmonium

Odd-balls in 
LQCD



Charmonium spectroscopy

• Charmonium states below 
open charm threshold are 
all observed

Above open charm threshold:

• many expected states not 
observed

• many unexpected observed

from Ryan Mitchell

X(3872)

XYZ(3940)

X(3915)
X(4160)
Y(4008)
Y(4140)
Y(4260)
Y(4360)
X(4350)
Y(4660)

Z(4430)
Z(4250)
Z(4050)
Z(3900)



Precision measurement of CKM elements
-- Test EW theory 
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Three generations of quark? Unitary matrix?

Expected precision < 2% at BESIII

BESIII + B factories + 
LQCD

Precision measurement of CKM matrix elements 
-- a precise test of SM model

New physics beyond SM?9

CKM matrix elements are fundamental SM parameters that describe 
the mixing of quark fields due to weak interaction. 

BESIII + B factories + 
LHCb + LQCD



Nucleon Form Factor

, Λ Λ

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
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Physics at tau-charm Energy Region
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BESIII data samples

4040
0.5 fb-1

4230+4260
1.9 fb-1

4360
0.5 fb-1

4420
1 fb-1

4600
0.5 fb-1

World largest  J/,  (2S), (3770), (4170), 
Y(4260), … produced directly from e+e- collision
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J/

1.3x109 ’0.5x109

(3770)
2.9 fb-1

2175
0.1 fb-1

~130 points for R Scan (~1.3 fb-1)

4170
3 fb-1



Selected results

• XYZ studies

• Light hadron spectroscopy

• Charm physics

• Lc absolute branching fractions



XYZ study at BESIII



Belle with ISR data (PRL 110, 252002) CLE0c data at 4.17 GeV (PLB 727, 366)

A 4-quark state?!
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Observation of Zc(3900)± BESIII: PRL 110, 252001 (2013) 



Summary of Zc’s at BESIII
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𝒆+𝒆− → (𝑫 𝑫∗)𝟎𝝅𝟎



Summary of Zc’s at BESIII



Determination of Jp of Zc(3900) 
from e+e-

 π+π-J/ψ
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Amplitude analysis with helicity formalism 
Simultaneous fit to data samples at 4.23GeV and 4.26GeV 
π+π- spectrum is parameterized by σ, f0(980), f2(1270) and f0(1370)

4.23GeV

4.26GeV
arXiv:1706.04100
accepted by PRL

Jp of Zc favor 1+ with 
statistical significance 
larger than 7.3σ over 
other quantum 
numbers.



Determination of Jp of Zc(3900) 
from e+e-

 π+π-J/ψ

• Jp of Zc favor 1+ with statistical significance larger than
7.3σ over other quantum numbers



Cross section measurement of e+e-
π+π-J/ψ
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Phys. Rev. Lett. 118, 092001 (2017) 

Coherent sum of two BW-like structures + one incoherent ψ(3770)
M = (4222.0±3.1±1.4) MeV, Γ = (44.1±4.3±2.0) MeV 

Lower and narrower than previous Y(4260) PDG values
M = (4320.0±10.4±7) MeV, Γ = (101.4±25±10) MeV 
a little bit lower than Y(4360) PDG value

Compared with one BW fit, the sig. of the second BW is 7.6σ
Y(4260) + Y(4360) ? The first observation of Y(4360)π+π-J/ψ?



Cross section measurement of e+e-
π+π-ψ’
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 Cross section of e+e-
π+π-ψ(3686) has been measured at 16  

energy points from 4.008 to 4.600 GeV. 
 A clear peak around Y(4360), consistent with the results 

from Belle and BaBar, but with much improved precision
 The fit on the cross section is ongoing

arXiv:1703.08787v1

Y(4260)?



Cross section measurement of e+e-
π+π-hc
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Fitted with coherent sum of two BW-like structures 

 The Y(4220) here is consistent with the state observed in 
π+π-J/ψ around 4222MeV    

PRL 118, 092002 (2017)



Cross section measurement of e+e-
ωχcJ

24

 Only ωχc0 has significant signal
 The cross section is fitted with coherent sum of a  BW and 

a phase space term

 The mass and width are compatible with the Y observed in 
π+π-J/ψ and  e+e-

π+π-hc

PRL 114, 092003 (2015)



Light meson spectroscopy at BESIII

(Joint efforts with GlueX in future)
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- Any relations?
- What is the role of the ppbar threshold (and 

other thresholds)?
- Patterns in the production and decay modes

f1(1285)

η(1405)
X(1870)

𝐽/𝜓 → 𝛾𝑝  𝑝

𝐽/𝜓 → 𝛾𝜂′𝜋+𝜋−
𝐽/𝜓 → 𝛾𝜂𝐾𝑆𝐾𝑆

𝐽/𝜓 → 𝛾𝜔𝜙 𝐽/𝜓 → 𝛾3(𝜋+𝜋−)

𝐽/𝜓 → 𝜔𝜂𝜋+𝜋−
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X(𝐩 𝐩) observed in J/ψ→γ𝐩 𝐩X(𝟏𝟖𝟑𝟓) observed in  J/ψ→γ𝛈′𝛑+𝛑−

Anomalous line shape of η′π+π- near 𝒑 𝒑 mass threshold: 
connection between X(1835) and X(𝒑 𝒑) 

Connection is emerging

X(1835)  JPC=0-- +

M = 𝟏𝟖𝟒𝟒 ± 𝟗−𝟐𝟓
+𝟏𝟔 MeV/𝑐2

Γ = 𝟏𝟗𝟐−𝟏𝟕−𝟒𝟑
+𝟐𝟎+𝟔𝟐 MeV/𝑐2

X(𝐩 𝐩) JPC=0-- +

M = 𝟏𝟖𝟑𝟐−𝟓 −𝟏𝟕
+𝟏𝟗 +𝟏𝟖 ± 𝟏𝟗MeV/𝑐2

Γ = 13 ± 19 MeV/𝑐2

(< 𝟕𝟔𝐌𝐞𝐕/𝐜𝟐 @ 90% C.L.)

• Suggest the existence of a state, either a broad one with strong 
couplings to 𝒑 𝒑, or a narrow state just below the 𝒑 𝒑 mass thresh.

• Support the existence of a 𝒑 𝒑 molecule-like state or bound state

PRL 108, 112003 (2012)
PRL 115, 091803 (2015) 

Phys. Rev. Lett. 106, 072002 (2011) 

PRL 117, 042002 (2016) 



• Dominant contribution from pseudoscalars
• η(2225) is confirmed; 
• η(2100) and X(2500) are observed with large significance.

• Three tensors f2(2010), f2(2300) and f2(2340) stated in -p reactions observed. A
strong production of f2(2340).

• Model-dependent PWA results are well consistent with the results from MIPWA

Partial Wave Analysis of J/ψγφφ

28

Besides η(2225) , very little was known in the sector of pseudoscalar
above 2 GeV. The new experimental results are helpful for mapping 
out the pseudoscalar excitations and searching for 0-+ glueball



• Clear evidence for a2(1700) in χc1decays.
• First measurement of  𝒈𝜼′𝝅

′ ≠ 0 using 𝒂𝟎 𝟗𝟖𝟎 → 𝜼𝝅 line shape.

• Measured upper limits for 𝝅𝟏(𝟏
−+) in 1.4 - 2.0 GeV/c2 region.
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Amplitude analysis of 𝝌𝒄𝟏 → 𝜼𝝅+𝝅−

Phys. Rev. D 95, 032002 (2017)



Charmonium decays provide novel insights into baryons 
--- complementary to other experiments
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 Isospin 1/2 filter: 𝝍 → 𝑵 𝑵𝝅, 𝝍 → 𝑵 𝑵𝝅𝝅
Missing N* with small couplings to 𝝅𝑵 & 𝜸𝑵 , but large 

coupling to gggN : 𝝍 → 𝑵 𝑵𝝅/𝜼/𝜼′/𝝎/𝝓,  𝒑𝜮𝝅,  𝒑𝜦𝑲 …
Not only N*, but also 𝜦∗, 𝜮∗, 𝜩∗

Gluon-rich environment: a favorable place for producing hybrid 
(qqqg) baryons

 Interference between N* and  𝑵 * bands in 𝝍 → 𝑵 𝑵𝝅 Dalitz
plots may help to distinguish some ambiguities in PWA of 𝝅𝑵

High statistics of charmonium @ BES III

JLAB, MAMI, ELSA, …..



𝜩− 𝟏𝟔𝟗𝟎 𝒂𝒏𝒅 𝜩− 𝟏𝟖𝟐𝟎 𝒂𝒓𝒆
observed in 𝝍′ → 𝑲−𝚲 𝜩+ + 𝒄. 𝒄.
Resonance parameters consistent 
with PDG values.

𝐈𝐧 𝐭𝐡𝐞 𝐬𝐭𝐮𝐝𝐲 𝐨𝐟 𝛙′ → 𝛄𝐊−𝚲 𝚵+ + 𝐜. 𝐜. ,
𝐭𝐡𝐞 𝐛𝐫𝐚𝐧𝐜𝐡𝐢𝐧𝐠 𝐟𝐫𝐚𝐜𝐭𝐢𝐨𝐧 𝐨𝐟 𝛙′

→ 𝐊−𝚺𝟎 𝚵+ + 𝐜. 𝐜. 𝐚𝐧𝐝
𝛘𝐜𝐉 → 𝐊−𝚲 𝚵+ + 𝐜. 𝐜. 𝐚𝐫𝐞 𝐦𝐞𝐚𝐬𝐮𝐫𝐞𝐝

BESIII PRD91, 092006 (2015)



Charm physics at BESIII

Advantage of open charm at threshold

e+e- colliders@threshold:

Good for charm flavor physics: 

• Threshold production: clean 

• Known initial energy and quantum numbers  

• Both D and Dbar fully reconstructed (double tag) 

• Absolute measurements

32

A joint effort among BESIII, LHCb and Belle-II should be formed 
to understand the charm decay dynamics and insight of CPV 
in charm sector.



fD(s)+: Leptonic decays

33

B(D+ +)=(3.72 0.190.06)10-4

fD+=（203.4  5.2  1.9) MeV

|Vcd|=0.2212 0.0056 0.0047

 LQCD calculated fD = 207±4 MeV  
[PRL100(2008)062002]

BESIII 2.9 fb-1(3770)



B(D+ +) fD+ 

BESIII:  2.7% with 2.92fb-1

BESIII final:  1.5% with 10 fb-1



Semi-leptonic decays
• Provide a good place to study the weak and strong 

interaction

• Measure hadronic form factors 

to verify LQCD

• Extract CKM matrix elements  



D0
 K-e+e and -e+e







Lc study at BESIII

c

u
d

sc
Strange baryons (Λ[uds])

mu, md ≈ ms (qqq)  uniform

Charmed baryon (Λc[udc])

mu, md << mc diquark + quark
(qq)     (Q)

Charmed meson (D+[c 𝒅])

md << mc quark + heavy quark
(q)               (Q)

𝜦𝒄
+: a heavy quark (c) with a unexcited spin-zero diquark (u-d)

𝜦𝒄
+ may provide complementary powerful test on internal

dynamics to charmed meson. 

 The lightest charmed baryon

 Most of the charmed baryons will eventually decay to 𝜦𝒄
+

 𝑩(𝚲𝒄
+ → 𝐩𝐊−𝛑+): dominant error for Vub via b-baryon decay



𝚲𝐜
+ experimental status

PDG2014

• Total BFs < 65%
• Large uncertainties, most larger than 20%
• Most BFs are measured relative to LcpK



Semi-Leptonic decay 𝚲𝐜
+→ Ll+l

Not a direct 
measurement!

 ARGUS first measurement : 

 CLEO  improved measurement :

 Combined with the t(𝛬𝑐
+) and the assumption of form factors

Phys. Lett. B 269, 234 (1991).

Phys. Lett. B 323, 219 (1994).

PDG 2015

Theoretical calculations on the BF ranges from 1.4% to 9.2%



The measurement of 𝚲𝐜
+ → Ll+l

Double tag method    11 tag modes : 

ST yields: 14415±159 events with 11 ST modes



BFs of 𝚲𝐜
+→ Ll+l   decay 

Umiss (GeV)

Ev
e

n
ts

 /
0

.0
1

0
  (

G
e

V
)

( ) (3.63 0.38 0.20)%c eB e + +L  L   

First direct measurement, optimized variables :

B[Lc
+
L+]=(3.490.460.26)%

104±11 
Events 

79±11 
Events

G[Lc
+
L+]/G[Lc

+
Le+e] 0.96±0.16±0.04

Important to test and calibrate LQCD and lepton universality.

PRL115(2015)221805 Phys. Lett. B 767(2017)42



Absolute BFs of 𝚲𝐜
+ Cabibbo-Favored 

hadronic decays

PRL 116, 052001 (2016) 

ST yields

DT yields

Signal Tag Variable :

Almost background free



 Straightforward and model independent

 A least square global simultaneous fit :      [CPC 37, 106201 (2013)]

Results of 12 CF hadronic BFs

PRL 116, 052001 (2016) 

 𝐁 𝜦𝒄
+ → 𝐩𝐊−𝛑+ : BESIII precision comparable with Belle’s

 BESIII 𝐁 𝜦𝒄
+ → 𝐩𝐊−𝛑+ is compatible with BELLE's within 2𝞼

 Improved precisions of the other 11 modes significantly



Observation of 𝚲𝐜
+→ nKS

0p+

First observation of 𝛬𝑐
+ decays involving the neutron in final states.

The relative BF of neutron-involved mode to proton-involved mode is essential to 
test the isospin symmetry and extract the strong phases of different final states.

83±11

B[Lc
+→nKS

0+]=(1.820.230.11)%

B[Lc
+→nK0+]/B[Lc

+→pK-+]=0.620.09

B[Lc
+→nK0+]/B[Lc

+→pK00]=0.970.16

PRL118(2016)112001

The phase difference between I(0) and I(1):

cosd=-0.24  0.08 

and relative strength: |I(1)|/|I(0)|= 1.14  0.11



Upgrade plan and physics prospects



 New ETOF (built by USTC & IHEP) was installed in 2015

to improve the time resolution.

MDC:   Malter effect found in inner chamber in 2012,  

add water vapor to the chamber to cure the aging 

problem. 

• New inner chamber, built by IHEP, is ready now.

• CGEM as the inner chamber ongoing : Italy group in 

collaboration with other  groups.

 New valve box for superconducting magnet

 Other possible upgrade plan is under discussion 48

BESIII upgrade 



Installation of MRPC Endcap TOF

• Scintillator Endcap TOF: 𝐭𝐢𝐦𝐞 𝐫𝐞𝐬𝐨𝐥𝐮𝐭𝐢𝐨𝐧 𝐟𝐨𝐫 𝝅 is 

138ps. 

• New MRPC Endcap-TOF built

• The installation of 

MRPC ETOF completed in the

Oct. of 2015



MRPC Endcap TOF

left end: 70ps right end: 70ps combined: 60ps

Time resolution vs Strip Number Efficiency vs Module Number

Time resolution of 60ps achieved; Efficiency ~97%



New Inner Drift Chamber



The performance of the new chamber 

Spatial res.
129μm

HV @2200V HV @2200V

dE/dx res.
7.8%
55 
samplings

In cosmic ray test, the efficiency > 99%

The chamber is stored in a clean room and is ready to be 

replaced.



Cylindrical GEM Inner Tracker 

BESIII is building a cylindrical GEM detector (CGEM-IT) to replace 
the BESIII Inner MDC to recover some efficiency loss due to aging 
and to improve the secondary vertex resolution.

3 layers 
CGEM

• Low Material budget ≤ 1.5% of X0 for 
all layers

• High Rate capability: ~104 Hz/cm2

• Coverage: 93%
• Spatial resolution srf ~130 m in 1 T 

magnetic filed
• Operation duration at least 5 years

Each layer composed by 
a triple cylindrical GEM

The CGEM is co-funded by the 
European Commission Research 
and Innovation Staff Exchange 
(RISE) project 2015-2018.

Formation of a consortium: INFN 
(Ferrara, Frascati, Perugia and 
Torino), Mainz, Uppsala, IHEP



2012
Initial proposal

2013
R&D and CDR 
preparation

2014
CDR approval
R&D and 
detector design

2015
Detector design
Begin construcition
Start RISE project.

2016
Complete detector design
Coninue detector 
construction
Electronics development

2017
Continue detector and 
electronics production
Full CGEM-IT test

2018
Installation and 
commissioning 
(summer 2018)

Project timeline



Track fitting with Kalman Filter

55

Approaching point resolution
sr

sz

Approaching point resolution

Momentum resolution 

Expected performance of CGEM



• Will challenge BEPCII CM energy limit 

from 2.30 2.35 2.45 GeV(4.6 4.74.9 GeV)

Funding approved (~5 M RMB)

 Λc study

 XYZ study: Y(4660), ….

• BEPCII Top-up project

funding approved (about 12M RMB)

data taking efficiency: increased by 20-30%



BESIII data taking status & plan (run ~8-10 years)
Previous 
data 

BESIII present & future Goal

J/ BESII 58M 1.2 B      20* BESII 10 B

’ CLEO：28 M 0.5 B      20* CLEOc 3B

” CLEO：0.8/fb 2.9/fb 3.5*CLEOc 20 /fb

Above open charm
threshold

CLEO：0.6/fb
@ (4160)

0.5/fb @ (4040)
2.3/fb@~4260,  0.5/fb@4360
0.5/fb@4600，1/fb@4420
Scan from 4.19 – 4.28, 10 MeV 
step, 500 pb-1/point

5-10 /fb

R scan & Tau BESII   3.8-4.6 GeV at 105 energy points
2.0-3.1 GeV at 20 energy points

Y(2175) 100 pb-1 

(4170) 3 fb-1

Thank you

mailto:0.5/fb@4600，1/fb@4420


Backup slides



BESIII Detector

Exps.

MDC

Wire 
resolution

MDC

dE/dx
resolution

EMC

Energy 
resolution

CLEO 110 m 5% 2.2-2.4 %

Babar 125 m 7% 2.67 %

Belle 130 m 5.6% 2.2 %

BESIII 
115 m

<5%
(Bhabha)

2.3%

Exps.
TOF
time 

resolution

CDFII 100 ps

Belle 90 ps

BESIII 68 ps (BTOF)
100 ps (ETOF)
60 ps (MRPC)59

• New ETOF (MRPC) installed
• New Inner MDC, being built 



Data/Monte-Carlo Consistency
• For tracking efficiency, data/MC difference < 1%

• For particle identification efficiency, data/MC difference < 2%



Fit with a constant (pink dashed triple-dot line) and two constant width relativistic 

BW functions (green dashed double-dot line and aqua dashed line).
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e+e-
π+D0D*-



e+e-
π+D0D*-

62

Red circle is the result of  e+e-
π+D0D*-



Model Independent PWA of J/ψ→γπ0π0

63

Extracted Intensity Relative Phase

• Solution  1
• Solution  2

 Extract amplitudes in 
each M(π0π0) mass bin

 Significant features of the 
scalar spectrum includes 
structures near 1.5, 1.7 
and 2.0 𝐆𝐞𝐕/𝒄𝟐

 Multi-solution problem in 
MIPWA is usually 
unavoidable.

Phys. Rev. D 92, 052003 (2015)

 Model Dependent PWA 
of global PWA fit is still 
needed to extract 
resonance parameters



Measurements of  J/𝜓 → 𝜙𝑝  𝑝
BESIII Phys.Rev. D93, 052010 (2016)

No obvious threshold structure of  𝑝𝑝 or 𝜙p 



Study of N* and *

New N*s：N(2300) and N(2570)

N* in π0pp 
PRL. 110 (2013) 022001

* in KΛ

(1690)   (1820)

arXiv:1504.02025

 PWA of

 J/()π0pp 

 J/()ηpp

 J/() pKΛ

 …



Measurement of 𝚲𝐜
+→-++ (0)

The total measured 𝜦𝒄
+ decay BFs is 65%, searching for more decay 

modes are important
Only one 𝜦𝒄

+ decay involved - is observed, B( 𝜦𝒄
+→-+-)=(2.30.4)%, 

where - dominantly decay to n-

𝚲𝐜
+
-++ 𝚲𝐜

+
-++0 

161.3±15.2
Events

88.1±13.9
Events

11 ST modes,  11415±159 𝜦𝒄
+ tagged candidates

B[ 𝚲𝐜
+
-++]    =(1.810.17)%  [Improved precision]

B[ 𝚲𝐜
+
-++0]=(2.11 0.33)%  [first observation]

Statistical only, 
totally uncertainty <5%



Single-Cabibbo-Suppressed decay of 
Λc
+→p+-/K+K-

Sensitive to non-factorizable contributions from W-exchanged process

first observation

improved precision

PRL117(2016)232002



Proton FF measurement at BESIII

Analysis Features:

• Radiative corrections from Phokhara8.0 (scan)

• Normalization to e+e-  e+e-, e+e- γγ
(BABAYAGA 3.5)

• Efficiencies 60% (2.23 GeV) .... 3% (~4 GeV)

•  GE/GM  ratio obtained for 3 c.m. energies 

Ecm/GeV Lint / pb-1

2.23 2.6

2.40 3.4

2.80 3.8

3.05, 3.06, 3.08 60.7

3.40, 3.50, 3.54, 3.56 23.3

3.60, 3.65, 3.67 63.0
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Phys.Rev. D91 (2015) 11, 112004 .

http://dx.doi.org/10.1103/PhysRevD.91.112004




• BESIII superconducting magnet: funding approved 
for a new valve box (~5M RMB)

vacuum T in transition section


