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Outline

1 Introduction to XYZ States

2 The BESIII Experiment at IHEP (Beijing)

3 Y States
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Section 1

Introduction to XYZ States
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What are XYZ States?
Y(4660) from Ryan Mitchell Below open charm threshold

Good agreement
between prediction and
observation

Above open charm threshold

Expected states missing

Unexpected states
observed (→ XYZ States)

X Neutral, other than 1−−

Y Neutral, 1−−

Z Charged
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Possible Explanations

Tetraquark: Compact four quark state made from
colored (Qq) and (Q̄q̄)

Hybrid: QQ̄ with exited gluon
Hadro-Quarkonium: QQ̄ in cloud of light quarks
Glueball: State only from gluons
Meson-Molecule: Two mesons bound by residual
forces ((Qq̄) and (Q̄q))
Threshold Effect
... Any new ideas?
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Possible Explanations
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Section 2

The BESIII Experiment at IHEP (Beijing)
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The BESIII Experiment
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The BESIII Detector
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The BESIII Collaboration

~450 members from
66 institutions in 14 countries
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Data Sets at BESIII

J/ψ

5× 109

≈ 8 fb−1 above 4 GeV
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Section 3

Y States
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e+e− → π+π−J/ψ Cross Section (1)

Y (4260) discovered by BaBar [PRL 95, 142001 (2005)]
γISR

J/ψ

π+

π−

e+

e−

e+e− → γISR π
+π−J/ψ︸ ︷︷ ︸
Y(4260)

JPC = 1−− ⇒ Y State
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e+e− → π+π−J/ψ Cross Section (2)

BESIII: Two resonances! [PRL 118, 092001 (2017)]

Coherent sum of two BWs + incoherent ψ(3770)
Fit I: + coherent 3rd BW, Fit II: + exponential

M1 = (4222.0± 3.1± 1.4)MeV, Γ1 = (44.1± 4.3± 2.0)MeV
lower and narrower than previous Y(4260) PDG value

M2 = (4320.0± 10.4± 7.0)MeV, Γ2 = (101.4+25.3
−19.7 ± 10.2)MeV

a little bit lower than Y(4360) PDG value

Significance of double BW vs. single BW > 7.6σ
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e+e− → π+π−hc Cross Section

PRL 118, 092002 (2017)

hc reconstructed in hc → γηc,
ηc → 16 exclusive hadronic final states

Coherent sum of two BWs
M1 = (4218.4+5.5

−4.5± 0.9)MeV, Γ1 = (66.0+12.3
−8.3 ± 0.4)MeV

M2 = (4391.5+6.3
−6.8± 1.0)MeV, Γ2 = (139.5+16.2

−20.6± 0.6)MeV

First one has consistent mass with π+π−J/ψ state at 4222 MeV

Significance of double BW vs. single BW is 10σ



15

XYZ States BESIII Y States

e+e− → ππψ ′ Cross Section

e+e− → π+π−ψ ′

PRD 96, 032004 (2017)

• Clear peak around Y (4360),
consistent with results from Belle

and BaBar
• Fit with three resonances:
Y (4220), Y (4390), Y (4660)

• Y (4220) significance is 5.8σ

e+e− → π0π0ψ ′

PRD 97, 052001 (2018)

• Cross section consistent with
isospin expectations from π+π−ψ ′
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e+e− → KKJ/ψ Cross Section

black: high statistics data
gray: low statistics data

PRD 97, 071101(R) (2018)
Different lineshape than
π+π−J/ψ

Evidence for a structure
around 4.5 GeV
Charged and neutral mode
consistent with isospin
expectations
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e+e− → ηhc Cross Section

PRD 96, 012001 (2017)
hc reconstructed
in hc → γηc, ηc →
16 exclusive
hadronic final
states

Clear signals at 4.226 GeV and evidence at 4.358 GeV
Fit with three BWs only for calculation of radiative
correction factors
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e+e− → π+D0D∗− + c.c. Cross Section

Fit with three-body
phase space and
two BWs hadronic
final states

M1 = (4228.6± 4.1± 5.0)MeV,
Γ1 = (77.1± 6.8± 2.7)MeV
M1 = (4404.6± 7.4± 4.8)MeV, Γ1 = (192± 13± 15)MeV
Both masses consistent with those in π+π−hc and
π+π−ψ ′
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"Y (4260)" in the Light of High Luminosity
Measurements

by Ryan Mitchell
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Conclusion

Summary

Lots of progress in exotic charmonium-like studies
Many cross section lineshapes measured
Y (4260)→ Y (4220), seen in many final states

Outlook
More data expected within next few years (high
statistics scan between ≈ 4.2 and ≈ 4.4 GeV)
Machine upgrade aproved (

√
s up to 4.9 GeV + top

up injection)

Thank You!
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X(3872) at BESIII

2014
2018
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Search for X(3872)→ π0χcJ (1)

e+e− γ1 X(3872)

π0 χcJ

γ2J/ψ
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Search for X(3872)→ π0χcJ (2)

Fit to mass(π0χcJ):
J = 0, 2: no evidence
J = 1: 5.2σ

Define
RJ = B(X → π0χcJ)/B(X → π+π−J/ψ):

R0 < 19 (90 % C.L.)
R1 = 0.88+0.31

−0.26 ± 0.14
R2 < 1.0 (90 % C.L.)
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Charged Structure in π+ψ ′
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Structure in π0ψ ′, PRD 97, 052001 (2018)
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Zc(3900) in πJψ
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Quantum Numbers of Z±c (3900)
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Quantum Numbers of Z±c (3900)
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e+e− → ΛcΛ̄c
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e+e− → ΛcΛ̄c
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e+e− → ΛcΛ̄c
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