
After the discovery of the X(3872), a lot of unexpected states (called 

charmonium-like states or XYZ particles) have been observed 

experimentally.

X(3872)

 Close to DD* threshold, narrow

 JPC = 1++

 DD* bound state? Mixture of cc1´

and DD*? Cusp? Tetraquark?

Y(4260)

 JPC = 1—

 Dip in R scan 

 If charmonium, DD dominant

 Hybrid states? Tetraquark? 

Molecule?

Zc(3900) (Jp = 1+), Zc(4020)

 Charged charmonium-like

 Molecule? Tetraquark?

Motivation & outline

X(3872) → w J/y[1]

Y(4220) →wcc0
[4]

 7 fb-1 sample from 4.178 to 4.278 GeV

 cc0 is reconstructed from 𝜋+𝜋− and 𝐾+𝐾−

M = (4218.5 ± 1.6 ± 4.0) MeV/c2

G = (28.2.0 ± 3.9 ± 1.6) MeV

 Same structure as seen before?

 Angular distribution : 1+ α cos2θω

 2σ over pure S-wave

𝒁𝒄(𝟑𝟗𝟎𝟎) → 𝝆𝜼𝒄
[7]

4.3σ (3.9σ with systematic uncertainties) at 4.226 GeV

Not significant at other points 

(4.258, 4.358, 4.416, and 4.600 GeV)

Compared with theoretical 

prediction[8] , both tetraquark and 

Molecule components in Zc states?

More precise calculations?

Different from p+ p− J/y, this process conserves isospin symmetry

Two possible fit models

 5.7σ, 3.1σ and 3.4σ for X(3872), X(3915) 

and X(3960)

 5.7σ and 6.9σ for X(3872) and X(3915)

Cross section can be describe using

a single BW (Y(4200))


ℬ 𝑋 3872 →ω𝐽/𝜓

ℬ 𝑋 3872 →𝜋+𝜋−𝐽/𝜓
= 1.6

+0.4
−0.3

± 0.2,

agree with BARBAR’s result (0.8±0.3)
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Observation of new charmonium(-like) decays

X(3872) → p0cc1
[2]

S.S. is greater than 5σ for all systematic variations

Relative decay ratio been measured 

(or set upper limit at 90% C.L.)

 Ref.[3] predicts G(X(3872) → 𝜋0cc1)  ~ 0.06keV.

Combining this with our result, total width of 

1.0~2.0 keV is given, which is much smaller 

than other charmonium.

Contact: liutong2016@ihep.ac.cn

4.3𝜎

1.0𝜎

ℬ 𝑋 3872 → 𝜋0cc1

ℬ 𝑋 3872 → 𝜋+𝜋−𝐽/𝜓
= 0.88

+0.33
−0.27

± 0.10

ℬ 𝑋 3872 → 𝜋0cc2

ℬ 𝑋 3872 → 𝜋+𝜋−𝐽/𝜓
< 1.1

ℬ 𝑋 3872 → 𝜋0cc0

ℬ 𝑋 3872 → 𝜋+𝜋−𝐽/𝜓
< 1.9

(a) 4.219 GeV (b) 4.226 GeV (c) 4.236 GeV 
(d) The summed result of the three
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 + − → p+p−y(3770) → p+p−𝑫𝑫[5]

 Y(4260), Y(4360), and Y(4660) have been discovered in π+π−J/ψ and 

π+π−ψ(3686), how about π+π−ψ(3770), π+π− ψ(13D3) ?

 p+p−y(3770) been observed for the 1st time, no evidence for y(13D3)

 Hint of Zc at 4.04 and 4.13 GeV in data sample at 4.42GeV

 Structure in line-shape of p+p−y(3770) 

 Heavy quark-spin-symmetry partner of X(3872) : X2(4013) 

 JPC = 2++, an S-wave bound state of 𝐷
∗
𝐷

∗
, dominantly decay to 𝐷𝐷 or 𝐷𝐷

∗

in D-wave, will be a strong support of X(3872) as a molecule

 No significant signal 

 Y (4260) as a relative S-wave 𝐷1(2420)𝐷 ? [6]

 𝐷1(2420) →𝐷
0𝜋+𝜋−, 𝐷∗+𝜋−, and 𝐷+𝜋+𝜋−

 7.4σ for 𝐷1(2420) →𝐷
0𝜋+𝜋− at 4.42 GeV, evidence for 𝐷+𝜋+𝜋−

 No fast rise above 𝐷1(2420)𝐷 threshold
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→ 

spin violation effect.

4.42 GeV 4.42 GeV Y(4390)?
y(4415)?

7.4 σ

4.42 GeV Y(4390)?
y(4415)?

5.2 σ
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