
Charged exotic states in charm and
bottom sectors

Qin-Rong Gong

School of Physics,Peking University

in collaboration with Zhi-Hui Guo, Guang-Yi Tang and Han-Qing Zheng

3rd workshop on the XY Z particles

2015/04/03



Outline

• Background

• Theoretical model

• Preliminary numerical results

• Prospection

1



Zc(3900)
±

• BESIII: e+e− → π+π−J/ψ[PRL 110,25001(2013)]
MZc = 3899.0± 3.6± 4.9MeV/c2,ΓZc = 46± 10± 20MeV

• Belle: e+e− → π+π−J/ψ[PRL 110,25002(2013)]
MZc = 3894.5± 6.6± 4.5MeV/c2,ΓZc = 37± 4± 8MeV
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Zc(3900)
±

• BESIII: e+e− → π±(DD̄∗)± [PRL 112,022001(2014)]

• MZc = 3883.9± 1.5± 4.2MeV/c2,ΓZc = 24.8± 3.3± 11.0MeV
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Zc(4020)
±

• BESIII: e+e− → π+π−hc [PRL 111,242001(2013)]; e+e− → π±(D∗D̄∗)±[PRL 112

132001]

M = 4022.9 ± 0.8 ± 2.7MeV/c2,Γ = 7.9 ± 2.7 ± 2.6MeV ;

M = 4026.3 ± 2.6 ± 3.7MeV/c2,Γ = 24.8 ± 5.6 ± 7.7MeV .
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Z0
c (3900)

• IG(JPC) = 1+(1+−)
neutral isospin partner Z0

c (3900), 3.5σ: [T. Xiao,et al.,PLB 727 366]
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Z0
c (4020)

• BESIII: e+e− → π0π0hc: [PRL 113,212002(2014)]
fixed Γ = ΓZ±

c (4020), M = 4023.9± 2.2± 3.8MeV/c2
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Zb(10610) and Zb(10650)

• Belle observed Zb(10610) and Zb(10650) in Υ(5S) → Υ(nS)ππ channels.
[PRL 108(2012)122001]

– MZb
= 10607 ± 2.0MeV,ΓZb = 18.4 ± 2.4MeV,3MeV above BB∗ threshold(10604).

– M
Z
′
b
= 10652.2±1.5MeV,Γ

Z
′
b
= 11.5±2.2MeV,2MeV aboveB∗B∗ threshold(10650).
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Zb(10610) and Zb(10650)

• Υ(5S) → hb(nP )ππ(n = 1, 2)channel: [PRL 108(2012)122001]

• Υ(5S) → B(∗)B̄(∗)π channel:[ArXiv:1209.6450[hep-ex]][a : B∗B̄,b : B∗B̄∗]
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Zc(3900) and Zb(10610)

• Quantum number: IG(JPC) = 1+(1+−)

MZb(10650) − (MB +MB̄∗) ≃ 3MeV
MZc(3900) − (MD +MD̄∗) ≃ 23MeV

• For Zb: molecule test
Shi’ talk

TZ =
4π

M

 △1−γ+
(γ+−△1)(γ+−△2)−γ2−

γ−
(γ+−△1)(γ+−△2)−γ2−

γ−
(γ+−△1)(γ+−△2)−γ2−

△2−γ+
(γ+−△1)(γ+−△2)−γ2−

 (1)
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Zc(3900)

• picture about Zc(3900)

– Hadronic molecules:
E. Wilbring, et al., PRB 726.08059(2013), J. R. Zhang, PRD 87.116004,
· · ·

– Tetraquarks:
J. M. Dias, et al., PRD 88.016004(2013),
Y. Chen, et al., PRD 89.094506(2014), · · ·

– Cusp effects:
Adam P. Szczepaniak, arXiv:1501.01691, · · ·

– · · ·

• molecule? tetraquark?
pure molecule test
pure breit-wigner test
mixing with two components

which is better fit with experimental data?
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Effective Lagrangian

• For X(4260) → J/ψ(hc)ππ channel

LXJ/ψππ = g1Xµψν < uµuν > +g2Xµψ
µ < uνuν > +g3Xµψ

µ < χ+ > + · · ·
(2)

LXZcπ = g4∇νXµ < Zµc u
ν > + · · · (3)

LZcJ/Ψπ = g7∇νψµ < Zµc u
ν > + · · · (4)

LXhcππ = f8∇λ∇ρXµHν < uλuσ > ϵµνρσ + · · · (5)

LZchcπ = f9∇αHν < Zcµuβ > + · · · (6)

• Field Operator:
X : X(4260); ψ : J/ψ; Zc : Zc(3900); H : hc, ∇µX = ∂µX + [Γµ, X]
χ± = u+χu+ ± uχ+u, uµ = i{u+∂µu − u∂µu

+}, Γµ = 1
2[u

+(∂µ − irµ)u +
u(∂µ − ilµ)u+]
χ = 2B(s+ ip),u = exp( iΦ√

2F
)
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Effective Lagrangian

• For X(4260) → DD∗π channel

LXDD∗π = f1∇νXµ < D̄∗
µDuν > +f2X

µ < ∇νD̄∗
µDuν >

+f3∇νXµ < D̄∗
νDuµ > +f4X

µ < ∇µD̄
∗νDuν > + · · · (7)

LZcDD∗ = f7[(D̄
∗0
µ D

+
+D

∗+
µ D̄

0
)Z

−µ
c + (D

∗−
µ D

0
+D

∗0
µ D

−
)Z

+µ
c ] (8)

LDD̄∗DD̄∗ = λ1(D
∗+µD̄0D∗−

µ D0 +D+D̄∗0µD−D∗0
µ +D∗−µD0D∗+

µ D̄0 +D−D∗0µD+D̄∗0
µ )

+λ2(D
∗+µD̄0D−D∗0

µ +D+D̄∗0µD∗−
µ D0 +D∗−µD0D+D̄∗0

µ +D−D∗0µD∗+
µ D̄0)

(9)
LDD∗J/ψπ = λ3∇νψµ < D̄∗µDuν > +λ4ψ

µ < ∇νD̄∗µDuν >

+λ5∇νψµ < D̄∗νDuµ > +λ6ψ
µ < ∇µD̄∗νDuν > + · · · (10)

LDD̄∗hcπ = λ9∇α
H
ν
< D̄

∗µ
Du

β
> +λ10H

ν
< ∇α

D̄
∗µ
Du

β
> + · · · (11)

• Heavy quark limit→ heavy quark spin symmetry→ D and D∗ are degenerate
so λ1 = λ2
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Symmetry

• chiral building block: [JHEP 9902,020(1999)]

• P, C, isospin and chiral symmetry
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Feynman diagram
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Feynman diagram
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Feynman diagram
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Amplitude

• transverse and longitudinal components repectively

1− i(λ1 +
f27

p2−m2
Z
)ΠT ,1− i(λ1 − f27

m2
Z
)ΠL

only focus on the pole in the transverse part, because the pole producing in
the longitudinal component is very far away the energy region under study

• one-loop integration of D and D∗ propagators can be written as:

Πµν =
∫

dDk
(2π)D

gµν−
kµkν

m2
D∗

(k2−m2
D∗)[(p−k)2−m2

D
]
= PTµνΠT + PLµνΠL

PTµν = gµν − pµpν
p2

,PLµν =
pµpν
p2

• p: the momentum of Zc(3900)
pure bubble chain: f7 = 0
pure Breit-Wigner: λ1 = 0
including two components: λ1 ̸= 0, f7 ̸= 0
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Partial wave analysis

• Extract S-wave part for contact tree vertex

– ΓZc ≈ 40MeV, the final state interaction of two pions in the second picture
is very weak.

• For X(4260) → J/ψ(hc)ππ:
M = M tree

ππ α1(s)Tππ→ππ +M tree
KK̄α2(s)TKK̄→ππ +M

′

αi =
ci0

s−sA
+ ci1 + ci2s+ · · ·(sA is Adler zero)

M
′
: amplitude except for contact tree contribution
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M(ππ) spectrum
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M(J/ψπ),M(hcπ) and M(DD∗) spectrum
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Preliminary numerical results

• Preliminary χ2/dof

pure bubble pure breit-wigner mixing

Zc(3900) 497/(332− 28) 535/(332− 25) 456/(332− 32)
X(3872) 83.3/(60− 12) 47.1/(60− 17)

X(3872): arXiv:1411.3106

• Zc(3900) may be very different from X(3872).
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Prospection

• in the pure bubble chain fitting: 1− iλ1ΠT/L + c0
c0 represents the contributions from J/ψπ, hcπ, ρηc, · · ·

• find pole in each Riemann Sheet

• calculate some ratios:
Γ(X(4260) → Zcπ → J/ψπ(hcπ/DD

∗)π) : Γ(X(4260) → J/ψ(hcπ/DD
∗)ππ)

• if know the efficiency and luminosity, we can calculate the decay branching
ratio of X(4260) and Zc(3900)
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Thank you!
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