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Hybrid meson: [qq̄]8c
+ one excited gluonic field

Q̄ Q
g

8⊗ 8 = 1⊕ 8⊕ 8⊕ 10⊕ 10∗ ⊕ 27

arXiv:1208.5125
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Hybrid candidates: π1(1400), π1(1600), π1(2015)

They quantum numbers are identified as IGJPC = 1−1−+:

π1(1400): observed in the ηπ and ρπ channels;
π1(1600): observed in the ρπ, η′π, f1π and b1π channels;
π1(2015): observed in the f1π and b1π channels;
π1(1400) and π1(1600) may be the same state! (PRL,122(2019)042002)
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Observation of η1(1855)

In 2022, BESIII found an isoscalar structure η1(1855) with IGJPC = 0+1−+

in the process J/ψ → γη1(1855)→ γηη′ (PRL129 (2022) 192002;
PRD106 (2022) 072012):
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Theoretical calculations of the 1−+ hybrids

Prog.Part. Nucl. Phys. (2015) 82 21–58

Theoretical predictions of the 1−+ hybrids are consistent with the masses for π1(1600)

and η1(1855).
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φ(2170)

Observed by BaBar in 2006 in the ISR process e+e− → φf0(980)γ:

PRD 74, 091103 PRD 76, 012008

PRD 80, 031101 CPC 34, 1045
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Theoretical interpretations of φ(2170)

The present data can not determine the nature of φ(2170):

2 3D1 or 3 3S1 ss̄ state: PRD85,074024; PRD99,074015;PLB657,49.

Tetraquark sss̄ s̄ state: NPA791,106; PRD98, 014011;D78,034012;D99,036014.

Molecular ΛΛ̄ state: PRD96,074027; PRD87,054034.

φf0(980) resonance with FSI: PRD80,054011.

Three body φKK system: PRD78, 074031; PRD83, 116002.

Hybrid meson s̄gs: PLB650,390;PRD59, 034016;PRD100(2019),034012.
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QCD Sum Rules

Study two-point correlation function of current Jµ(x) with the same
quantum numbers with hadron state:

Πµν(q2) = i

∫
d4xe iq·x〈Ω|T [Jµ(x)J†ν(0)]|Ω〉

Classify states |X 〉 by coupling to current 〈Ω|Jµ(x)|X 〉 6= 0

Hadron level: described by the dispersion relation

Π(q2) =
(q2)N

π

∫
ImΠ(s)

sN(s − q2 − iε)
ds +

N−1∑
n=0

bn(q2)n,

ρ(s) =
1

π
ImΠ(s) =

∑
n

δ(s −m2
n)〈0|J|n〉〈n|J†|0〉
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Hybrid Sum Rules

The hybrid interpolating currents:

Jµ = gs s̄
λa

2
γνG a

µνs, JPC = 1−+, 0++,

Jµ = gs s̄
λa

2
γνγ5G

a
µνs, JPC = 1+−, 0−−,

Jµν = gs s̄
λa

2
σαµγ5G

a
ανs, JPC = 2−+, 1++, 1−+, 0−+ ,

J̃µ = gs s̄
λa

2
γν G̃ a

µνs, JPC = 1++, 0−+,

J̃µ = gs s̄
λa

2
γνγ5G̃

a
µνs, JPC = 1−−, 0+−,

J̃µν = gs s̄
λa

2
σαµγ5G̃

a
ανs, JPC = 2++, 1−+, 1++, 0++ ,

Jµνσ = gs q̄γµγ5Gνσq, JPC = 2+−, 2−−, 1+−, 1−−, 0+−, 0−− .
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Laplace Sum Rules Analyses (LSRs)

Borel transform: suppress the contributions of continuum and higher
excited states in correlation functions:

Πk(M2
B) = M2

B lim
N,Q2→∞

M2
B=Q2/N

(
− Q2

)N
Γ(N)

(
d

dQ2

)N{
(−Q2)kΠ(Q2)

}
,

Quark-hadron duality: Laplace Sum Rules with QCD spectral function

Lk
(
s0,M

2
B

)
=

∫ s0

4m2
s

dse−s/M
2
Bρ(s)sk = f 2

Xm
2k
X e−m

2
X /M

2
B .

where s0 is continuum threshold and MB is the Borel parameter.
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Feynman diagrams at LO of αs
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Correlation functions at LO

Two-point correlation functions at the leading order of αs :

Π
(
q2
)

=αs

(
A1q

6 + A2m
2q4
)
log

(
−q2

µ2

)
+
(
A4q

2〈αG 2〉+ αs(A3q
2m〈qq〉+ A5〈qq〉2

+ A6〈g 3G 3〉+ A7m〈gqσGq〉)
)
log

(
−q2

µ2

)
+ αs

(
B1q

6 + B2m
2q4

+ B3q
2m〈qq〉+ B4q

2〈αG 2〉+ B5〈qq〉2 + B6〈g 3G 3〉+ B7m〈gqσGq〉
)
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LSRs at LO

Mass prediction for the vector s̄Gs hybrid meson:

arXiv: 2506.22412

mX ∼ 2.8− 3.1 GeV is much higher than the mass of φ(2170)!
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NLO Feynman diagrams
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Correlation function at NLO

The renormalized 1−− hybrid current yields CF at NLO:
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NLO contributions

The perturbative series converge very slow, where the NLO contributions
are substantial!
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NLO LSR analyses

Mass prediction for the vector s̄Gs hybrid meson:

QSR at NLO: mX ∼ (2.2− 2.4 GeV), which is much lower than the
predicted result at the LO calculation!

LQCD: mX ∼ (2.2− 2.5 GeV) PRD84(2011)074023;CPC45(2021)013112

Flux-tube model: mX ∼ (1.8− 2.2 GeV) PRD52(1995)5242
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NLO GSR analyses

The predicted hybrid meson masses in both LSR and GSR are in
consistent with the mass of φ(2170)!

Wei Chen (chenwei29@mail.sysu.edu.cn) Hybrids November 12, 2025 20 / 26



Summary

The φ(2170) state was observed almost 20 years ago, but its nature is
still unknown to date.

The mass prediction at LO for the vector strangeonium hybrid meson
is much higher than the mass of φ(2170).

The NLO contributions are crucial for both perturbative term and
nonperturbative condensates.

The mass prediction at NLO is much lower than that at LO,
supporting the hybrid meson interpretation of φ(2170)!

Thank you very much!
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Backup
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Method II: Gaussian sum rules analyses (GSRs)

The unsubtracted GSRs of integer weight k are defined as

Gk(ŝ, τ) =

√
τ

π
lim

N,∆2→∞
τ=∆2/(4N)

(
−∆2

)N
Γ(N)

×

(
d

d∆2

)N {
(ŝ + i∆)kΠ(−ŝ − i∆)− (ŝ − i∆)kΠ(−ŝ + i∆)

i∆

}
=

1√
4πτ

∫ ∞
0

tke−
(ŝ−t)2

4τ
1

π
ImΠQCD(t) dt ,

providing a fundamentally different weighting of the spectral function that makes

them well-suited to analyzing distributed resonance strength hadron models.

QCD Gaussian sum-rules:

GQCD(ŝ, τ, s0) ≡ 1√
4πτ

∫ s0

0

e−
(ŝ−t)2

4τ
1

π
ImΠQCD(t)dt ,

where the GSRs have a duality interval of width ∼
√

2τ near ŝ. By varying the free

parameter ŝ, GSRs can probe a wide region of the hadronic spectral function with

the same sensitivity as the ground state region.
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Gaussian sum rules analyses

The normalized GSRs (NGSRs) are defined as:

NQCD(ŝ, τ, s0) =

1√
4πτ

∫ s0

0 e−
(ŝ−t)2

4τ ρhad(t) dt∫ s0

0 ρhad(t)dt
.

In a double-narrow resonance model

ρhad(t) = f 2
1 δ
(
t −m2

1

)
+ f 2

2 δ
(
t −m2

2

)
.

The normalized GSRs

Nhad (ŝ, τ) =
1√
4πτ

(
re−

(ŝ−m2
1)2

4τ + (1− r)e−
(ŝ−m2

2)2

4τ

)
,

where the normalized couplings are defined as

r =
f 2
1

f 2
1 + f 2

2

, 1− r =
f 2
2

f 2
1 + f 2

2

, 0 ≤ r ≤ 1.
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Gaussian sum-rules analyses

Fitting the ŝ dependence of the QCD prediction and hadronic model

χ2 (r ,m2, s0) =
ŝmax∑
ŝmin

[
Nhad (ŝ, τ)− NQCD (ŝ, τ s0)

]2
,

with the modelled resonance m1 = mY (2175) = 2.188 GeV.
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Gaussian sum-rules analyses

The resulting predictions:

sopt
0 = 9.7± 1.0 GeV2

m2 = mfit = 2.90± 0.16 GeV

r ≤ 0.033 .
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No evidence for a significant hybrid component of the φ(2170).
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