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BEPCII/BESIII at IHEP (Beijing)

2004: start BEPCII construction
2008: test run of BEPCII
2009-now: BEPCII/BESIII data taking

BEPCII:
  Beam energy: 1.0-2.3 GeV
  Energy spread: 5.16 x 10- 4

  Design luminosity 1 x 1033 /cm2 /s @ψ(3770)
  Achieved luminosity: 1.01 x 1033 /cm2 (05.04.2016)

 BES III 
detector

 LINAC
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The BESIII detector

MDC:
● Spatial resolution: σ

xy
= 120μm

● Momentum resolution:0.5% @ 1GeV
● dE/dx resolution: 6%

MDC:
● Spatial resolution: σ

xy
= 120μm

● Momentum resolution:0.5% @ 1GeV
● dE/dx resolution: 6%

EMC: CsI cristal
● Energy resolution: 2.5% @1GeV
● Spatial resolution: 6mm

EMC: CsI cristal
● Energy resolution: 2.5% @1GeV
● Spatial resolution: 6mm

TOF (double layer scintillator):
Time resolution: 80ps (barrel)        

           110ps (endcaps)

TOF (double layer scintillator):
Time resolution: 80ps (barrel)        

           110ps (endcaps)

Muon ID: 
 9 layers RPC (8 for endcaps) in the 
flux-return yoke

Muon ID: 
 9 layers RPC (8 for endcaps) in the 
flux-return yoke

NIM A614, 345(2010)

Super conducting magnet: 1 T Super conducting magnet: 1 T 





Light hadron spectroscopy

➢ Hadron spectroscopy is a key tool to investgate QCD in the 
strong coupling regime.

➢ One of the most intriguing questons is existence of exotc 
QCD states, which have been predicted long ago: multquark 
states (baryonium, tetraquark states,n, glueballs, hybrid states.
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X(pp) and X(1835)
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X(pp) and X(1835)

If caused by resonance:
➢  mass below pp threshold
➢  very strong coupling to pp
➢  baryonium?

Phys. Rev. Lett.91.022001

X(pp) in
J/ψ → γpp

X(1835) in
J/ψ → γπ+π-- η’

BESII

Phys. Rev. Lett.95.262001
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X(pp) and X(1835)

Phys. Rev. Lett.108.112003

PhysRevLett.106.072002

J PC = 0− +

M = 1832+19
−5  +18

−17  ±19 MeV
Γ < 76 MeV @90 % C . L.

FSR corrections notably 
improve data description.

J/ψ → γpp

J/ψ → γπ+π-- η’

BESIII 225M J/ψ
Phys. Rev. Lett.106,072002

Consistent with JP=0-

X(1835)
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X(1835) in J/ψ → γK
s
K

s
η

1.3 billion J/ψ events collected in 2009 
and 2012 were analyzed.

Absent π0-related background.

Clear structure in K
S
K

S
η mass spectrum.

The structure strongly correlates with 
f

0
(980n → K

S
K

S

PWA in M(K
S
K

S
n < 1.1 GeV/c2 region

Phys. Rev. Lett. 115, 091803
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X(1835) in J/ψ → γK
s
K

s
η

slide from Tianjue Min FPCP 2017
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Anomalous line shape of π+π-η' mass spectrum
near pp threshold in J/ψ → γπ+π-η'

Phys. Rev. Lett. 117, 042002 (2016)

η’→γπ+π-

η’→ηπ+π-

1.09 billion J/ψ events collected in 2012

η’ reconstructed from γπ+π- and   ηπ+π- decay 
modes

Clear peaks of X(1835n, X(2120n, X(2370n and η
c
.

The spectrum is signifcantly distorted at pp 
threshold.
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Model 1:
● Flate formula with strong coupling 

to pp for X(1835n
● additonal narrow resonance at 

~1920 MeV/c2

Anomalous line shape of π+π-η' mass spectrum
near pp threshold in J/ψ → γπ+π-η'

Phys. Rev. Lett. 117, 042002 (2016)

Model 2:
● Coherent sum of X(1835n and a narrow 

state with M ~ 1870 MeV/c2

Two solutions with equally good data description.

Solutions support existence of a pp molecule-like (broad with strong 
coupling to pp) or bound state (narrow below pp threshold).
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η(1475) and X(1835) in J/ψ→γ(γφ) 

Use 1.3 billion J/ψ  events collected by BESIII
in 2009 and 2012.

The φ  yield is extracted from K+K- invariant
mass spectrum in γφ invariant mass and cosθ bins.

In the ft of M(γφn  two resonances are observed.
Their mass and width are consistent with η(1475n (PDGn
 and X(1835n (previous BESIII measurementsn.

The photon angular distributons favor JPC=0-+ for
both resonances.

The observaton X(1835n → γφ decay indicates presence
of sizable ss component, disfavoring its
interpretaton as pure NN bound state.

The measurement of η(1475n → γφ process provides
input for the old η(1405n/η(1475n puzzle
(Phys. Rev. D 87, 014023 (2013nn.

Phys. Rev. D97 (2018) no.5, 051101

f
1
(1285)

 < 5σ

η(1475)
13.5σ

X(1835)
6.3σ
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J/ψ → γPP and J/ψ → γVV

Radiatve J/ψ decays have been long 
suggested as an ideal process to search 
for glueballs.

Gluon rich environment.

Mostly, one can consider two body 
dynamics

LQCD predictons for glueball mass:
  scalar:              ~1.5-1.7
  tensor:             ~2.3-2.4
  pseudoscalar: ~2.3-2.6

Systematc studies of hadron spectra and 
resonance producton and decay 
propertes are needed due to possible 
mixing.

Phys. Rev. D 73, 014516
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Variety of theoretical suggestions

from Guofa Xu at Bergamo Resonance 
Worksop, 2017
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J/ψ → γηη

✔ For J/ψ → γPP the only allowed 
quantum numbers for PP are 0++, 2++, 
etc.

✔ 225M J/ψ decays

✔ Isobar model

✔ Dominant contributons from 
f

0
(1710n and f

0
(2100n.

✔ f
0
(1500n observed with much small 

decay fracton

✔ Three tensor states observed 
(f

2
(1525n, f

2
(1810n and f

2
(2340nn

Phys. Rev. D. 87, 092009 (2013n
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Amplitude analysis of π0π0 system in J/ψ → γπ0π0

Phys. Rev. D 92, 052003 (2015)

Problem of “simple” isobar 
approach: rescatering of 
pseudoscalars, especially pions, 
may not be negligible.

Model-independent PWA is 
performed to permit development 
of phenomenological models and 
to embed these data to 
multchannel analyses.

1.3B J/ψ events collected in 2009 
and 2012 were analyzed.

Clean channel (no irreducible 
background from ρπ0, which is 
present in J/ψ → γπ+π-n.

More than 440,000 selected events.
Background level ~1.8%.
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Amplitude analysis of π0π0 system in J/ψ → γπ0π0

Phys. Rev. D 92, 052003 (2015)

Intensites: Relatve phases:

Fit results:
 - Only contributons from 0++ partal wave 
and 3 2++ partal waves are signifcant.
  - Ambiguous soluton.
 - Partal wave intensites and relatve 
phases are available as supplementary 
material.

Solution 1
Solution 2
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J/ψ → γωφ

➢Double OZI suppressed decay

➢Threshold enhancement was frstly observed 
at BESII (Phys. Rev. Let. 96, 162002 (2006nn.  
If it is caused by resonance X(1810), the 
decay rate is unexpectedly high for DOZI 
process (~1/2 B(J/ψ → γφφ) )

➢Confrmed at BESIII:
●   JPС = 0++
●

●

➢ Is f
0
(1810n the same state as f

0
(1710n?

 

Phys. Rev. D.87.032008

 M =1796±7  −5
+13

±19(model)  MeV/c2

 Γ  =95±10−34
+21

±75(model)  MeV/c2
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J/ψ → γφφ
Phys. Rev. D.93.112011Apart from η(2225n 

pseudoscalar spectrum above 
2 GeV is poorly known. New 
experimental results are 
helpful to mapping out 
pseudoscalar excitatons 
searching for 0-+ glueball.

Analysis results:
➢Dominant contributon from 

pseudoscalars. Two new states 
(η(2100n and η(2500nn have 
been observed.

➢Three tensor states f
2
(2010n, 

f
2
(2300n and f

2
(2340n reported 

in π-p reactons were 
observed, with the dominant 
producton of f

2
(2340n.

➢Model-dependent and model-
independent results are well-
consistent.



May 21-25, 2018 21CHARM 2018

Search for Z
S

Similarity of Y(2175n and Y(4260n producton (ISRn and decay (f
0
φ 

and ππJ/ψn propertes may indicate similar nature of these states 
(Phys. Let. B 650, 390 (2007nn.

If this conjecture is true, one may expect narrow Z
S
 states in

Y(2175n → πZ
S
 → ππφ,

with Z
S
 mass close to KK* and K*K* thresholds (Eur. Phys. J. C 72, 

2008 (2012nn.
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Observation of e+e-→ηY(2175) 
 at √s > 3.7 GeV

The joint statstcal signifcance > 10σ
M = 2135 ± 8 ± 9 MeV/c2

Γ  = 104 ± 24 ± 12 MeV

The f
0
φ invariant mass distributon for data samples with √s > 3.7 GeV.

Phys. Rev. D.96.012001

2.9 fb-1

6.2σ
0.5 fb-1

1.0σ
1.1 fb-1

3.8σ
0.8 fb-1

4.2σ

0.5 fb-1

2.9σ
1.0 fb-1

3.2σ
0.5 fb-1

1.5σ
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Observation of e+e-→ηY(2175) 
at √s > 3.7 GeV

Phys. Rev. D.96.012001

➢No clear structures in π±φ invariant mass at 
KK* and K*K* thresholds(1.4 GeV and 1.7 GeVn

➢Low statstcs

(non-Z
S
)
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Search for Z
s
 at 2125 MeV

arXiv:1801.10384 , Submitted to PRL 

➢ Data: 108.49 ± 0.75 pb-1 
collected at collision energy of 
2125 MeV

➢ Two modes: φπ+π-, φπ0π0

➢ No obvious structures in φπ 
invariant mass

➢ PWA ft. Nominal PWA soluton:
 f

0
(980n

 σ
 f

0
(1370n

 f
2
(1270n

  

φπ+π - φπ0π0
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Search for Z
s
 at 2125 MeV

arXiv:1801.10384 , Submitted to PRL 

Upper limits for
 e+e- → Z

s
π → φππ 

cross-secton were 
determined for diferent 
assumptons on Z

s
 mass 

and width.

Additonally cross-sectons
for e+e- → φπ+π- and e+e- → 
φπ0π0  were measured with 
small stat. uncertainty.
 

σ(e+e- → Z
S
π → φππn in pb
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Summary

➢BESIII is a unique laboratory to study hadron spectra 
and hunt for long suggested exotc QCD states.

➢A number of excitng on results, including those 
relevant to search for  baryonium, glueballs, multquark 
states, has obtained.

➢Expect much more results from BESIII in future!



27

Thank You!
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