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1−+ mesons as candidate of hybrid

• Mesons classicificaion:
• quark model mesons(q̄q)
• glueball(gg...)
• hybrid(q̄qg)
• ...

• 1−+ is exotic quantum number.
• Candidate of 1−+ hybrid

• iso-scalar: η1(1855)
• iso-vector: π1(1600), π1(1400), π1(2015)

Si-Yang Chen In collaboration with : Juzheng Liang, Ying Chen, Chunjinag Shi, Wei Sun. Chen,
Si-Yang Chen(IHEP) Light 1−+ Hybrid Decay in Nf = 2 Lattice QCD Aug. 1, 2024 3 / 17



Motivation Formalism Numerical Detail Summary

Experimental status

• η1(1855) was observed by BESIII in
J/Ψ→ γηη′ channel(BESIII,
PRL.129,192002(2022))
• Resonance parameters:

• mη1 = 1855± 9+6
−1 MeV

• Γη1 = 188± 18+3
−8 MeV

• Various experimental report of
1−1−+ states on ηπ,η′π,b1π, f1π
and ρπ channel
• Experiment are not consist with

each other for long time.
• In 2018, JPAC’s analysis on

COMPASS data(JPAC, PRL.122,
042002 (2019)) leads to a single pole
around
(m,Γ) = (1564± 89,492± 115) MeV
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Previous Lattice Calculation about π1

Lüscher’s formalism :
• Finite volumn spectrum
• Lüscher’s quantization

condition :
det(1 + iρt(1 + iM))

A.J.Woss (HSC Collaboration), PRD 103, 054502
(2021)
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Lattice Methodology(C. McNeile & C. Michael, PLB 556 (2003) 177)

CX,Y(t) = ⟨OX(t)OY(0)⟩
= ⟨X|e−Ĥt|Y⟩

RH,AB(t) =
CH,AB(t)√

CHH(t)CAB,AB(t)

=
⟨H|AB⟩ − ⟨H|Ĥ|AB⟩t√
⟨H|H⟩⟨AB|AB⟩

+ O(t2)

RH,AB

Ĥ matrix element

coupling constant

decay width

fit

Leff

Leff , experimental para.
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Lorentz structure and transition matrix element

LHAP = gmHHµAµP

LHPP′ = igHµ(P
←→
∂ µP′)

LHVP =
g

mH
ϵµνρσ(∂

µHν)(∂ρVσ)P

LHVV′ = Hν(gVµ∂µV′ν

+ g′V′µ∂µVν + g0Vµ
←→
∂ νV′µ)

|M(h→AP)|2 = 1
3 g2

APm2
H(3 +

k2
ex

m2
A
),

|M(h→ PP)|2 = 4
3 g2

PPk2
ex,

|M(h→VP)|2 = 2
3 g2

VPk2
ex,

|M(h→VV)|2 = 4
3 g2

VVk2
ex

m2
H

m2
V

.
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Flavor structure and the quark contraction

X =

π0
X+η

(l)
X√

2
π+

X

π−X
−π0

X+η
(l)
X√

2


L(−)

HAB =
g(−)

2
Tr(H[A,B])

L(+)
HAB =

g
2

Tr(H{A,B})− ghTrHTr(AB)

− gATrA Tr(BH)− gBTrB Tr(HA)

+ gfullTrHTrATrB
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Lattice Setup

• Lattice action: Tadpole improved gauge action. Tadpole improved anisotropic
Clover action for Nf = 2 degenerate sea quarks.
• Distillation(M. Peardon et al. PRD80(2009)054506) is used to calculate both

the connected and disconnected diagrams.

IE N3
x ×Nt a−1

t (GeV) ξ mπ(MeV) NV Ncfg
L16M415 163 × 128 7.219 5.0 417 70 401
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Coupling constant in Nf = 2 Lattice QCD
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Discussion of 3 flavor decay width

• SU(3) flavor symmetric:
quartet→ nonet
• The mixing of singlet and octet, K1 in 1++(1+−) octet are set according to

previous Lattice or Phenomenological study.(
η
(L)
1

η
(H)
1

)
=

(
cosθh −sinθh
sinθh cosθh

)(
η
(8)
1

η
(1)
1

)
(

K1(1270)
K1(1400)

)
=

(
cosθK sinθK
−sinθK cosθK

)(
K1B
K1A

)
• θP =−10◦,θV =−54.7◦,θA =−34◦,θh = 32.1◦,θK = 45◦
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Result(preliminary)
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Summary

• Light 1−+ meson decay property is calculated with MMP method. This is the
first lattice calculation of η1 decay.
• π1 decay is calculated to be dominated by b1π channel, which is as the

expectation of previous calculation with Lüscher’s formalism.
• Not a small contribution of VV channel is shown in η1 decay, which is

expected to be suppressed in Flux tube model.
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Thank You
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