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The Discovery of J/ψ

Sam Ting with hundred J/Ψs

•On Nov. 11, 1974, Burt Richter (SLAC) 
announced the discovery of the ψ and 
Sam Ting (Brookhaven) announced the 
discovery of the J.

•The J/ψ with a mass of 3.096 GeV was 
soon interpreted as being made up of a c 
and a c-bar quark.
•The existence of the charmed quark had 
been predicted by Glashow, Iliopoulos, and 
Maiani to explain the absence of 
strangeness changing neutral currents.

•The discovery led physicists to finally take 
quarks seriously. 

• They received the Nobel Prize in 1976 for 
their discovery.

丁
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Illustration
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Beijing Electron Positron Collider II
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BESIII Detectors
6
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Spectrum of Ψ(2s) Inclusive Decays

 EMC has an excellent energy resolution.
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Rich and interesting physics region
Threshold for tau-pairs

Open charm

The Energy Region
Charmonium: cc
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Quantum Chromodynamics (QCD)

 Carriers of  the strong interaction are gluons with two color. This is different 
from the carriers of EM, which don’t carry any electric charge.

 QCD predicts all particles are color-singlet.

gluon self-coupling
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Where is the “missing baryons”?
(1)  Does the quark model completely describe the nature of baryons?

The baryon model links number of baryons. In theory: N4>N2>N1>N3, 
however, in experiment:  Nobserved << N1 .

Charmonium decays at the BESIII experiment, give novel insights into baryons 

and provide complementary information to πN experiments.

(2) Do the resonances simply escape from detection?
Almost all existing data results come from πN experiments.

Quark models predict many more 
baryons than have been observed
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Why Charmonium at BESIII?

Interference between N and N*bar could be studied 
Not only N*, but also Λ∗, Σ∗, Ξ∗

High statistics of charmonium@ BESIII 
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Quantum States Allowed within the QCD
Exotic states
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Partial Wave Analysis
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PWA, a powerful analysis strategy aims to find more states and determine 
their properties. 





eventsN

i
iPL

1

)(

The probability to observe the event characterized by the measurement ξ is

where ǫ(ξ) is the detection efficiency and ω(ξ) ≡ dσ/dΦis the differential 
cross section,and dΦ is the standard element of phase space. Aj is the partial 
wave amplitude with coupling strength determined by a complex coefficient cj.

The likelihood for a particular model is

A series of likelihood fits are performed for parameter estimation and model
evaluation. 
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Feynman Diagram Calculation

 Effective 
Lagrangian
approach

 Rarita-
Schwinger 
formalism
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PWA of J/ψγηη
f1500 f1710 f2100

f’2(1525) f2(2340)f2(1810)

0++ PHSP All 0++ All 2++
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PWA of J/ψγηη
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PRL 110(2013) 021601, Long-cheng Gui et al. 
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Need more experimental effort.

PRD 87, 092009 (2013) An indirect way to search for glueball candidates.PRL 48, 458 (1982), Crystal Ball.
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PWA of ψ(2s)ppπ0

Two new baryonic excited states are observed in 
PWA analysis.  N(2300)[1/2]+, N(2570) [5/2]- .

PRL 110, 022001(2013)

)( 0
0   npnpc

PRD 86, 032008 (2012)
ccJ ./ 0 

PRD 86, 052011 (2012)

ppJ  /
See more results about baryons study:

PRD 88, 032010 (2013)

  00 ,' Kp
PRD 87, 012007 (2013)
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η and η ' Physics at BESIII

•Rich physics field:
η/η’→2γ chiral anomaly
η/η’→π+π-π0 quark mass
η ’ →γπ+π- box anomaly
η/η’→ππ CP violation
η/η’→ μ+μ-π0 ,e+e-π0 C violation
η/η’→ μ e LF violation

• Huge samples of prompt η/η’ with 1.2 billion J/psi decays.
•J/psiγη (η’),  J/psiϕη (η’)
B(J/ψ →γη)~1.1×10-3 → 1.32×106 η events
B(J/ψ →γη’)~5.2×10-3 → 6.24×106 η’ events
B(J/ψ →ϕη)~7.5×10-4 → 9.0×105 η events
B(J/ψ →ϕη’)~4.0×10-4 → 4.8×105 η’ events

KLOE, WASA-at-COSY, CB at MAINZ, CLAS, GlueX, PRD 19, 2188(1979).
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η’→πππ in J/ψ→γη’
PRL 108, 182001(2012)
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π0-η Mixing
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Charmonium Spectroscopy
21

predicted, observed

predicted

observed

Z(4430)
Z(4050)
Z(4250)
Z(4200)
Zc(3900)
Zc(3885)
Zc(4020)
Zc(4025)

Y(3940)
Y(4140)
X(4350)

X(3940)
Z(3930)

X(3915)
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22

X(3872)
 Observed by Belle in B± K±+-J/ [PRL91,262001(2003)]
 Close to D0D*0 mass threshold, narrow peak

 JPC=1++ [CDF (PRL98,132002) 1++/2-+; LHCb
(EPJC72,1972) 1++] 

 Nature unclear:
 D0D*0 bound state?
 Mixture of c1(2P) and D0D*0 bound state?
 Conventional charmonium c1(2P)? tetraquark? hybrid?...

 Production 
 pp collison; B decays;
 Y(4260)X(3872) [BESIII, PRL112, 092001 (2014)]

 Decay: +-J/, +-0J/, D0D00, D0D*0, J/, ’
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23
Observation of 
e+e- X(3872)+-J/

Clear ISR ’ signal for data validation; X(3872) signal at around 
4.23-4.26 GeV

4009 4230

4260 4360

[PRL112, 092001 (2014)]
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24

observation of X(3872)

Obvious X(3872) signal 
through radiative decay     

N =20.14.5;   
M = 3871.90.70.2 MeV

[PDG = 3871.68 0.17 MeV]

6.3

 Seems from Y(4260) decays

 (e+e-+-J/) = (62.9±1.9±3.7) 
pb; B(X(3872)+-J/)= 5%

[PRL112, 092001 (2014)]

(e+e-X(3872))
(e+e-+-J/) ~11%
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X(3872) Radiative Decays
 Radiative decays of X(3872) help to understand its 

nature
 X(3872)J/ determines its C-parity
 Ratio (R) of X(3872)’ to J/
 Theoretical predictions:

 DD* molecule: (3-4)×10-3

 Charmonium: 1.2-15
 Mixture: 0.5-5

 Experimental measurements:
 BaBar: 3.4±1.4, 3.5 [PRL102, 132001 (2009)]
 Belle: <2.1 @ 90% C.L    [PRL107, 091803 (2011)]
 LHCb: 2.46±0.64±0.29, 4.4

25

arXiv:1404.0275
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e+e- +-J/ at BESIII
26

1595 events in 
J/ signal 

region, 
purity~90%

525 pb-1 data at 4.260 GeV[PRL110, 252001(2013)]
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Observation of Zc(3900)
27

M = 3894.56.64.5 MeV
 = 632426 MeV
159  49 events

M = 3899.03.64.9 MeV
 = 461020 MeV
307  48 events

>8 

>5.2 

BESIII: [PRL110, 252001(2013)]

BELLE: [PRL110, 252002 (2013)]

[PLB727, 366-370(2013)]

M = 388642 MeV
 = 3748 MeV
81  16 events

>5 

586 pb-1 data at 4.170 GeV
CLEOc data
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e+e-- (D*D)++c.c.
28

 Strategy: 
 reconstruct D0K-+/D+K-++; reconstruct “bachelor” 

require D* in the missing mass using kinematic fit; look at the 
recoil side of 

525 pb-1 data at 4.260 GeV
[PRL112, 022001 (2014)]

M = 3883.91.54.2 MeV
 = 24.83.311.0 MeV
×B 85.36.622.0 pb

Assuming Zc(3885) is Zc(3900)

Large non-DD coupling

(Zc(3885)->DD*)
(Zc(3900)->J/)

= 
6.2±1.1±2.7
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• cos: 
• bachelor pion’s pole angle (relative to beam direction) in the 

CMS

JP  1-

1+

0-

fits favor 1+ assumption

e+e-- (D*D)++c.c.
[PRL112, 022001 (2014)]

29
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Summary

 Fruitful results come from the BESIII 
experiment.

 New highlight in light hadron, XYZ physics. 
 Looking forward to new results, since more 

data is still being taken under energy range 4. 
~ 4.6 GeV.


