
Charmonium-like states at BESIII

Will Imoehl
Indiana University

on behalf of the BESIII collaboration

May 24, 2022

1 / 15



Outline

• Intro to the XYZ states

• Intro to the BESIII experiment

• Highlights of past XYZ results

• Recent searches for X (3872) decay modes

• Recent searches for Y decay modes

• The Zcs(3985)
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Intro to the Charmonium Spectrum and the XYZ States
Phys. Rev. D 72, 054026 (2005)
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• Bound state of cc̄

• Modelled by Cornell potential

• States below DD̄ all discovered

• Many states above DD̄ missing

• Several unexpected states above
DD̄

• χc1(3872) (a.k.a. X (3872)) has
JPC = 1++

• More ψ states than expected
(a.k.a. Y states)

• Zc states are isovectors, clearly
exotic nature

XYZ states appear near open charm thresholds
Y (4230) decays to X (3872) and Zc ’s - implies similar nature
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Intro to the BESIII Experiment
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• Symmetric e+e− collisions with

2 < Ecm < 5 GeV

• 10 billion J/ψ (light hadron)

• 2.7 billion ψ(2S) (charmonium)

• 3 fb−1 at ψ(3770) (charm)

• 23 fb−1 at Ecm > 4 GeV for
XYZ physics

Excellent environment for XYZ physics

• Y (4230) can be directly produced via e+e− annihilation

• Perform energy scans and measure cross sections

• Resonance parameters determined by fits to cross sections

• States are produced nearly at rest

• Low backgrounds

• Can reconstruct complicated decay modes of XYZ states
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The BESIII Detector
The BESIII Detector

I 1.0 T magnetic field

I Charged particle trajectories reconstructed with drift chamber

I Neutral particle energies reconstructed with calorimeter

I Identify particles based on dE/dx measurements from drift
chamber and time of flight information

I Installed in 2008 - there are some aging issues that will be
discussed later in the talk

14 / 48
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Highlights of Past Results at BESIII
Phys. Rev. Lett. 112, 092001 (2014)
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FIG. 1: Measured cross section σ(e+e− → π+π−J/ψ) and simultaneous fit to the “XYZ data” (left) and “Scan data” (right) with the coherent
sum of three Breit-Wigner functions (red solid curves) and the coherent sum of an exponential continuum and two Breit-Wigner functions (blue
dashed curves). Dots with error bars are data.

TABLE II: The values of Γe+e−B(R → π+π−J/ψ) (in eV) from a fit to the e+e− → π+π−J/ψ cross section. φ1 and φ2 (in degrees) are
the phase of the resonance R2 and R3, the phase of resonance R1 (or continuum) is set to 0. The numbers in the brackets correspond to the fit
by replacing resonance R1 with an exponential to describe the continuum. The errors are statistical only.

Parameters Solution I Solution II Solution III Solution IV

Γe+e−B[ψ(3770) → π+π−J/ψ] 0.5± 0.1 (0.4± 0.1)

Γe+e−B(R1 → π+π−J/ψ) 8.8+1.5
−2.2 (· · · ) 6.8+1.1

−1.5 (· · · ) 7.2+0.9
−1.5 (· · · ) 5.6+0.6

−1.0 (· · · )

Γe+e−B(R2 → π+π−J/ψ) 13.3 ± 1.4 (12.0 ± 1.0) 9.2± 0.7 (8.9± 0.6) 2.3± 0.6 (2.1 ± 0.4) 1.6± 0.4 (1.5± 0.3)

Γe+e−B(R3 → π+π−J/ψ) 21.1 ± 3.9 (17.9 ± 3.3) 1.7+0.8
−0.6 (1.1+0.5

−0.4) 13.3+2.3
−1.8 (12.4+1.9

−1.7) 1.1+0.4
−0.3 (0.8± 0.3)

φ1 −58± 11 (−33± 8) −116+9
−10 (−81+7

−8) 65+24
−20 (81+16

−14) 8± 13 (33± 9)

φ2 −156± 5 (−132± 3) 68± 24 (107± 20) −115+11
−9 (−95+6

−5) 110± 16 (144± 14)

mode.

In both fit scenarios to the e+e− → π+π−J/ψ cross sec-
tion, we observe the resonance R2 and R3. Since we can not
distinguish the two scenarios from data, we take the differ-
ence in mass and width as the systematic uncertainties, i.e.
1.1 (6.8) MeV/c2 for the mass and 0.0 (3.2) MeV for the
width of R2 (R3). The absolute c.m. energy of all the data
sets were measured with dimuon events, with an uncertainty
of ±0.8 MeV. Such kind of common uncertainty will prop-
agate only to the masses of the resonances with the same
amount, i.e. ±0.8 MeV/c2. In both fits, the ψ(3770) ampli-
tude was added incoherently. The possible interference effect
of ψ(3770) component was investigated by adding it coher-
ently in the fit with various phase. The largest deviation of the
resonant parameters between the fits with and without inter-
ference for the ψ(3770) amplitude are taken as systematic er-
ror, which is 0.3 (1.3) MeV/c2 for the mass, and 2.0 (9.7) MeV
for the width of the R2 (R3) resonance. Assuming all the
systematic uncertainties are independent, we get the total sys-
tematic uncertainties by adding them in quadrature, which is
1.4 (7.0) MeV/c2 for the mass, and 2.0 (10.2) MeV for the
width of R2 (R3), respectively.

In summary, we perform a precise cross section mea-
surement of e+e− → π+π−J/ψ for c.m. energies from√
s = 3.77 to 4.60 GeV. Two resonant structures are ob-

served, one with a mass of (4222.0 ± 3.1 ± 1.4) MeV/c2

and a width of (44.1 ± 4.3 ± 2.0) MeV, and the other with
a mass of (4320.0 ± 10.4 ± 7.0) MeV/c2 and a width of
(101.4+25.3

−19.7 ± 10.2) MeV, where the first errors are statistical
and the second ones are systematic. The first resonance agrees
with the Y (4260) resonance reported by BABAR, CLEO and
Belle [1–5]. However, our measured width is much narrower
than the Y (4260) average width [8] reported by previous ex-
periments. This is thanks to the much more precise data from
BESIII, which results in the observation of the second reso-
nance. The second resonance is observed for the first time in
the process e+e− → π+π−J/ψ. Its statistical significance is
estimated to be larger than 7.6σ. The second resonance has
a mass and width comparable to the Y (4360) resonance re-
ported by Belle and BABAR in e+e− → π+π−ψ(2S) [10]. If
we assume it is the same resonance as the Y (4360), we ob-
serve a new decay channel of Y (4360) → π+π−J/ψ for the
first time. Finally, we can not confirm the existence of the
Y (4008) resonance [3, 5] from our data, since a continuum
term also describes the cross section near 4 GeV equally well.

The BESIII collaboration thanks the staff of BEPCII and
the IHEP computing center for their strong support. This
work is supported in part by National Key Basic Research
Program of China under Contract No. 2015CB856700; Na-
tional Natural Science Foundation of China (NSFC) under
Contracts Nos. 11235011, 11322544, 11335008, 11425524;

Top left: first observation of
e+e− → γX (3872)
Bottom left: first observation of
Zc(3900)+

Top right: Y (4260) resolved into
Y (4230) and Y (4360)
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Search for New X (3872) Decays
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Search for X (3872)→ π0χc0 10.1103/PhysRevD.105.072009
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Search for New Y Decays
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Y (4230) in e+e− → K+K−J/ψ arXiv:2204.07800

Motivation: probe strange quark content of Y (4230) and search
for predicted state near 4.5 GeV
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FIG. 1. The invariant mass distributions of the lepton pairs from different J/ψ decay modes at
√
s = 4.600 GeV. (a) is e+e−

mode, (b) is µ+µ− mode, where the dots with error bars indicate data, the blue line histograms indicate PHSP signal MC
sample, the filled histograms indicate backgrounds from inclusive MC sample, the red solid lines and pink dashed lines identify
the J/ψ signal and sideband regions, respectively.
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FIG. 2. (a), (b), (c) are distributions of M(K+K−), M(K−J/ψ), and M(K+J/ψ), respectively. The black dots with error
bars indicate data from the J/ψ signal region with all data samples, the red dashed curves indicate data from J/ψ sideband
regions, the blue solid curves indicate PHSP signal MC sample, and the yank dashed-dot curves indicated the weighted signal
MC sample.
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FIG. 3. Dressed cross sections of e+e− → K+K−J/ψ, indicated by error bars with only statistical uncertainties. They are
fitted by a coherent sum of two Breit-Wigner functions indicated by red solid curves, and the blue and pink dashed curves are
the amplitudes describing the resonances Y (4230) and Y (4500), respectively. (a) corresponds to solution I, (b) corresponds to
solution II.

• First observation of Y (4230)→ K+K−J/ψ
• Cross section clearly rises after Y (4230), more statistics

needed to figure out what is happening near 4.5 GeV 10 / 15



Light Hadron Decays 10.1103/PhysRevD.104.112009

Motivation: no light hadron decays for charmonium(-like) states
have been observed above 4 GeV
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• Precise light hadron cross section measurements
• Fit with 1√

Ecm
n

• No observed charmonium resonances
• No evidence for Y (4230) for any final state
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Measurement of σ(e+e− → D∗+D(∗)−) arXiv:2112.06477

Motivation: Open charm cross section measurements essential to
fully understand XYZ states (input to coupled channel analyses)
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Improved precision will help coupled channel analysis
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Search for New Z States
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The Zcs(3985) Phys.Rev.Lett.126.102001 and arXiv:2204.13703

Found at DsD
∗ and D∗sD thresholds in e+e− → K (DsD

∗ + D∗sD)
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• Strange partner of Zc

• 5.3σ observation of
charged state (minimally
cc̄sū)

• 4.6σ evidence for neutral
state (minimally cc̄sd̄)

State Mass (MeV/c2) Width (MeV) Significance

Zcs(3985)+ 3985.2+2.1
−2.0 ± 1.7 13.8+8.1

−5.2 ± 4.9 5.3σ

Zcs(3985)0 3992.2± 1.7± 1.6 7.7+4.1
−3.8 ± 4.3 4.6σ
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Summary and Outlook

• BESIII is very active in XYZ studies

• Searches for X (3872) and Y (4230) decays

• More precise open charm cross sections

• Observe Zcs(3985)−, evidence for Zcs(3985)0

• Accelerator upgrade planned for 2024

Luminosity increase up to factor of 3 depending on energy
Energies up to 5.6 GeV

• More analyses are on the way

Thanks for your attention!

15 / 15


	Search for New X(3872) Decays
	Search for New Y Decays
	Search for New Z States

