
December 3, 2013 12:43 WSPC/INSTRUCTION FILE
proceeding˙pic2013˙zhangjq

International Journal of Modern Physics: Conference Series
c© World Scientific Publishing Company

OBSERVATION OF THE X(1840) AT BESIII

JINGQING ZHANG
ON BEHALF OF THE BESIII COLLABORATION

Institute of High Energy Physics, Chinese Academy of Sciences

Beijing 100049, China

zhangjq@ihep.ac.cn

Observation of the X(1840) in the 3(π+π−) invariant mass in J/ψ → γ3(π+π−) at
BESIII is reviewed. With a sample of 225.3× 106 J/ψ events collected with the BESIII
detector at BEPCII, the X(1840) is observed with a statistical significance of 7.6σ. The
mass, width and product branching fraction of the X(1840) are determined. The decay
η′ → 3(π+π−) is searched for, and the upper limit of the branching fraction is set at the
90% confidence level.
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1. Introduction

Within the standard model framework, the strong interaction is described by Quan-

tum Chromodynamics (QCD), which suggests the existence of the unconventional

hadrons, such as glueballs, hybrid states and multiquark states. The establishment

of such states remains one of the main interests in experimental particle physics.

Decays of the J/ψ particle are ideal for the study of the hadron spectroscopy

and the searching for the unconventional hadrons. In the decays of the J/ψ particle,

several observations in the mass region 1.8 GeV/c2 - 1.9 GeV/c2 have been presented

in different experiments1–8, such as the X(pp̄)1–3, X(1835)4,5, X(1810)6,7 and

X(1870)8.

2. Observation of the X(1840)

Recently, the paper Ref. 9 presented the observation of a new structure, theX(1840).

Using a sample of 225.3 × 106 J/ψ events10 collected with BESIII detector11 at

BEPCII12, the decay of J/ψ → γ3(π+π−) was analyzed, and the X(1840) was

observed in the 3(π+π−) mass spectrum with a statistical significance of 7.6σ.

The 3(π+π−) invariant mass spectrum is shown in Fig. 1, where the X(1840)

can be clearly seen. The parameters of the X(1840) are extracted by an unbinned

maximum likelihood fit. In the fit, the background is described by two contribu-

tions: the contribution from J/ψ → π03(π+π−) and the contribution from other
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Fig. 1. Distribution of the invariant mass of 3(π+π−). The dots with error bars are data; the
histogram is phase space events with an arbitrary normalization.

sources. The contribution from J/ψ → π03(π+π−) is determined from MC sim-

ulation and fixed in the fit (shown by the dash-dotted line in Fig. 2). The oth-

er contribution is described by a third-order polynomial. The signal is described

by a Breit-Wigner function modified with the effects of the detection efficiency,

the detector resolution, and the phase space factor. The fit result is shown in

Fig. 2. The mass and width of the X(1840) are M = 1842.2± 4.2+7.1

−2.6 MeV/c2 and

Γ = 83± 14± 11 MeV, respectively; the product branching fraction of the X(1840)

is B(J/ψ → γX(1840))× B(X(1840) → 3(π+π−)) = (2.44 ± 0.36+0.60

−0.74) × 10−5. In

these results, the first errors are statistical and the second errors are systematic.
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Fig. 2. The fit of mass spectrum of 3(π+π−). The dots with error bars are data; the solid line is
the fit result. The dashed line represents all the backgrounds, including the background events from
J/ψ → π03(π+pi−) (dash-dotted line, fixed in the fit) and a third-order polynomial representing
other backgrounds.
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Figure 3 shows the comparisons of the X(1840) with other observations at

BESIII9. The comparisons indicate that at present one can not distinguish whether

the X(1840) is a new state or the signal of a 3(π+π−) decay mode of an existing

state.
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Fig. 3. Comparisons of observations at BESIII. The error bars include statistical, systematic,
and, where applicable, model uncertainties.

3. Search for the decay of η′
→ 3(π+π−)

With the same data sample, the decay of η′ → 3(π+π−) was searched for9. The

mass spectrum of the 3(π+π−) is shown in Fig. 1, where no events are observed in

the η′ mass region. With the Feldman-Cousins frequentist approach13, the upper

limit of the branching fraction is set to be B(η′ → 3(π+π−)) < 3.1 × 10−5 at the

90% confidence level, where the systematic uncertainty is taken into account.

4. Summary

With a sample of 225.3× 106 J/ψ events collected at BESIII, the decay of J/ψ →

γ3(π+π−) was analyzed. The X(1840) was observed in the 3(π+π−) invariant mass

spectrum. The mass, width and product branching fraction of the X(1840) are

M = 1842.2± 4.2+7.1

−2.6 MeV/c2, Γ = 83± 14± 11 MeV and B(J/ψ → γX(1840))×

B(X(1840) → 3(π+π−)) = (2.44± 0.36+0.60

−0.74)× 10−5, respectively. The decay η′ →

3(π+π−) was searched for. No events were observed in the η′ mass region and the

upper limit of the branching fraction was set to be B(η′ → 3(π+π−)) < 3.1× 10−5

at the 90% confidence level.

References

1. J. Z. Bai et al. (BES Collaboration), Phys. Rev. Lett. 91, 022001 (2003).



December 3, 2013 12:43 WSPC/INSTRUCTION FILE
proceeding˙pic2013˙zhangjq

4 JINGQING ZHANG

2. J. P. Alexander et al. (CLEO Collaboration), Phys. Rev. D 82, 092002 (2010).
3. M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett. 108, 112003 (2012).
4. M. Ablikim et al. (BES Collaboration), Phys. Rev. Lett. 95, 262001 (2005).
5. M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett. 106, 072002 (2011).
6. M. Ablikim et al. (BES Collaboration), Phys. Rev. Lett. 96, 162002 (2006).
7. M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 87, 032008 (2013).
8. M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett. 107, 182001 (2011).
9. M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 88, 091502 (2013).
10. M. Ablikim et al. (BESIII Collaboration), Chin. Phys. C 36, 915 (2012).
11. M. Ablikim et al. (BESIII Collaboration), Nucl. Instrum. Meth. A 614, 345 (2010).
12. J. Z. Bai et al. (BES Collaboration), Nucl. Instrum. Meth. A 458, 627 (2001).
13. G. J. Feldman and R. D. Cousins, Phys. Rev. D 57, 3873 (1998).


